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Preface

The combination of the high global prevalence of hepatocellular carcinoma (HCC),
the complex nature of hepatic anatomy and physiology, and the continuously
increasing wealth of information and techniques regarding its management, make
HCC one of the most interesting and challenging areas in surgery. As such, itis

also an area where a multidisciplinary approach is a necessity, especially given

the combined medical and surgical issues that these patients face. The role of the
surgeon is critical in the sense that decisions must be made regarding the different
strategies and techniques and which one is best for the specific patient at the
specific stage of the disease.

This book provides an overview of the main challenges and opportunities involved
in the multidisciplinary management of HCC, whether they have to do with epi-
demiology, molecular diagnosis, staging, the role of immunotherapy or, of course,
the great variety of surgical techniques and technologies involved in the therapy. Its
value lies in the fact that the authors present us with their distilled wisdom, which
is the result of substantial experience and daily involvement in this most difficult
field of medicine and surgery.

Overall, this book is a useful resource for any physician, whether they are in training
or in practice, treating patients with hepatic diseases.

Georgios Tsoulfas, MD, Ph.D., FICS, FACS
Professor of Transplantation Surgery,

Chief, Department of Transplantation Surgery,
Aristotle University School of Medicine,
Thessaloniki, Greece
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Chapter1

Hepatitis B Virus (HBV) - Induced
Hepatocarcinogenesis, a Founding
Framework of Cancer Evolution

and Development (Cancer Evo-Dev)

Wenbin Liu and Guangwen Cao

Abstract

In this chapter, we present the founding framework of a novel theory termed as
Cancer Evolution-Development (Cancer Evo-Dev), based on the current understand-
ing of hepatitis B virus (HBV) induced hepatocarcinogenesis. The interactions of
genetic predispositions and HBV infection is responsible for the maintenance of
chronic non-resolving inflammation. Under the inflammatory microenvironment,
pro-inflammatory factors trans-activate the expression of cytidine deaminases and
suppress the expression of uracil DNA glycosylase. The imbalance between the muta-
genic forces and mutation-correcting forces facilitates the generations of somatic
mutations, viral mutations, and viral integrations into the host genomes. The major-
ity of cells with genomic mutations and mutated viruses are eliminated in survival
competition. Only a small percentage of the mutated cells adapted to the hostile
environment can survive, retro-differentiate, and function as cancer-initiating cells,
representing a process of “mutation-selection-adaptation”. Cancer Evo-Dev lays the
theoretical foundation for understanding the mechanisms by which chronic infection
of HBV promotes hepatocarcinogenesis. This theory also plays an important role in
specific prophylaxis, prediction, early diagnosis, and targeted treatment of cancers.

Keywords: Hepatocarcinogenesis, hepatitis B virus, inflammation, mutation,
evolution

1. Introduction

Chronic infection of hepatitis B virus (HBV) is a major cause of hepatocel-
lular carcinoma (HCC). Although the strong etiologic relationship between HBV
infection and HCC has been supported by substantial evidence, the underlying
mechanism is still elusive. There are more than nine thousand studies investigat-
ing HBV-induced hepatocarcinogenesis, which yield 143 genes function in 137
pathways [1]. Most of the studies are one-sided investigations, only a few trying to
provide a theoretical hypothesis and to promote the system-level understanding of
HBV-induced HCC (HBV-HCC). In past decades, continuous attempts have been
made to investigate carcinogenesis from an evolutionary point of view. In 1976,

Dr. Nowell first proposed that most neoplasms originate from a single cell. Malignant
cells are more genetically unstable than normal cells [2]. In 2006, it was pointed out
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that cancer clone genetic diversification and sub-clonal selection occurs within the
microenvironment, which is similar to the process of Darwinian natural selection
[3]. This viewpoint was put forward mainly based on morphological evidence

and only a limited number of gene mutations and related signaling pathways were
discussed. The widespread application of new generation sequencing promotes
the investigation of genetic diversification and clonal selection within tissue
ecosystems. It was found that the number of mutations in cancer range from 10 to
hundreds of thousands. The majority of mutations are “passengers” and a small
part are “drivers” [4]. Cancer cells acquire a variety of critical phenotypes via
driver mutations, which compound to enhance the capabilities of self-renewal,
migration, and invasion. The mutational spectra in cancers can reflect the charac-
teristics of the mutational process, including the error-prone repair and genotoxic
exposure [5]. Interestingly, the cytidine deaminase induced mutation is dominant
in most cancers [6]. Cytidine deaminase is upregulated during inflammation and
defense against many viruses, including HBV. Epidemiological and experimental
evidence identified the co-evolution of HBV and cancer cells during chronic
inflammation. In turn, the mutant cells and viruses also affect the inflammatory
microenvironment [7]. Thus, there is a similarity between the process of carcino-
genesis and Darwinian evolution. Furthermore, the investigation of cancer evolu-
tion can draw upon the understanding of developmental processes. Development
is referred to the process that a fertilized egg develops into an individual. In
humans, the fertilized diploid cell differentiates into various functional and/or
structural cells to form different organs and tissues within 40 weeks. This process
resembles the process of long-term organic evolution morphologically, from single
cell creatures to multicellular creatures, and from aquatic creatures to terrestrial
mammals. Some evolutionarily conserved molecules, like Hedgehog, HOX, and
Myc are essential for the developmental process, suggesting evolution and devel-
opment have similar inherent mechanisms [8-11]. The integration of evolution
and developmental biology was termed Evo-Devo [12, 13]. In this chapter, we
present a scientific theory of Cancer Evolution-Development (Cancer Evo-Dev)
based on the current understanding of HBV-HCC [14]. This theoretical hypothesis
can provide an evolutionary insight of profiling HCC risk and developing more
reasonable predictive and prognostic strategies.

2. Framework of Cancer Evo-Dev

The synergetic effects of genetic predisposition and environmental factors
contribute to the imbalance of the immune system, resulting in the activation and
maintenance of non-resolving inflammation, that functions as the microenviron-
ment for the Cancer Evo-Dev. Activated inflammatory signaling pathways can
trans-activate the expression of nucleic acid editing enzymes, such as the human
apolipoprotein B mRNA-editing enzyme catalytic polypeptides (APOBECs) family,
thus promoting viral and somatic mutations. Viral mutants facilitate the malignant
transformation of normal cells. Most mutant cells are eliminated under the selec-
tive pressure of the inflammatory microenvironment, while a small proportion of
mutated cells survive. These survived mutant clones evolve to tumor-initiating cells
by altering the original cell signal patterns, promoting epithelial-mesenchymal
transition (EMT), or reprogramming the metabolic patterns, etc. Some established
cancer markers, such as a-fetoprotein (AFP) and carcinoembryonic antigen (CEA),
are usually expressed at the embryonic stage, silenced after birth, and re-expressed
in cancer patients. These pieces of evidence imply that the process of Cancer Evo-
Dev can be characterized as “backward evolution” and “retro-differentiation”.
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3. Chronic inflammation is indispensable for HBV-HCC evolution

As a defense mechanism responding to exogenous infection and injury, acute
inflammation is beneficial to humans. However, chronic inflammation, also termed
non-resolving inflammation is essential for carcinogenesis. The weak immunity,
HBV mutation, and HBV genotype contribute to the chronicity of inflamma-
tion. During the development of HBV-induced HCC evolution, non-resolving
inflammation is evident. By relieving hepatic inflammation, antiviral therapy
can significantly lower the risks of HCC occurrence and postoperative recurrence
[15, 16]. Interestingly, the risk of HCC is still significantly higher in the complete
responder group of oral-administered antiviral therapy, compared with the subjects
with inactive chronic hepatitis B (CHB) [17]. The active inflammation on chronic
infection background also indicated postoperative recurrence [18, 19]. The close
association between chronic inflammation and the risk of HCC can be explained
from the perspective of Cancer Evo-Dev. Cancer evolution is based on two condi-
tions: the continuous acquisition of somatic mutations and natural selection acting
on the resultant phenotypic diversity [20]. These two conditions were fulfilled by
HBYV infection-induced chronic inflammation, that induces mutagenic factors such
as APOBECs and provides selection pressure.

3.1 Chronicity of HBV infection and hepatic inflammation

The oncogenic capability of HBV is closely related to its capacity to induce and
maintain chronic inflammation. The chronicity of HBV infection is dependent on 3
aspects: infection occasion, HBV genotypes, and genetic predisposition of the key
immune molecules. HBV infection in early childhood is generally believed to be one
of the major causes of chronic HBV infection in adulthood. The perinatal infection
occurred in 8.7% and 84.2% of infants born to hepatitis B e-antigen (HBeAg)-
positive mothers who did and did not receive immunoprophylaxis, respectively. The
infection rates were 0.4% and 6.7% for infants born to HBeAg-negative mothers
and HBeAg-positive mothers, respectively. Furthermore, the chronicity of HBV
infection acquired perinatally was 28.2% and 64.5% for infants born to HBeAg-
negative mothers and HBeAg-positive mothers, respectively [21]. This vulnerability
of infants may due to the immaturity of the immune system. Although perinatal
HBYV infection is an important cause of chronic HBV infection, the chronic trans-
formation of acute hepatitis B is the predominant cause of chronic HBV infection
in adults. In China, 8.5% of patients with acute hepatitis B develop into chronic
HBYV infection 6 months after acute infection [22]. The HBV genotype and genetic
predisposition of immune molecules contribute to this transformation.

According to sequence divergence of 8% in the whole viral genome, HBV can
be classified into eight genotypes (A to H) [23]. Variant genotypes are distributed
unevenly around the world, and the predominant one in mainland China is geno-
type C (68.3%), followed by genotype B (25.5%) [24]. Under selection pressure
from the inflammatory microenvironment, the fates of different HBV genotypes
are distinct. Genotype B HBV is prone to causing acute infection, whereas genotype
C HBV is associated with chronic infection and contributes independently to the
development of HCC [22, 25, 26].

The genetic predisposition of immune molecules is the third major cause of
chronic HBV infection. The single nucleotide polymorphisms (SNPs) in the loci
encoding human leukocyte antigen class I (HLA-II) are significantly associated
with vaccine response as well as the risk of CHB, HBV-induced liver cirrhosis, and
HBV-HCC [27-32]. Interestingly, the allele frequencies of SNPs affecting the expres-
sion of HLA-DP and HLA-DQ are variant in different human races. The polymorphic
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genotypes that are more frequent in the Han Chinese than in European populations
are significantly associated with the increased risk of chronicity of HBV infection

as well as the immune selection of HBV mutations related to end-stage liver diseases
[21]. These data suggest that the Han Chinese are inherently more apt to progress
into chronic infection once exposed to HBV infection than Europeans. This might be
partly responsible for the fact that chronic HBV infection, HBV-induced liver cirrho-
sis, and HBV-HCC are more frequent in Chinese than in European populations. The
genetic polymorphisms of HLA-II may facilitate the progression of CHB into HCC
through predisposing immune imbalance and maintain HBV infection. Due to the
chronicity of inflammation, the mutagenic force that serves as antiviral immunity is
prone to injury the human genome, thus induce Cancer Evo-Dev.

3.2 HBV promote the generation of inflammatory mutations

The APOBECs are powerful endogenous mutagenic factors that can catalyze
irreversible cytidine and deoxycytidine deamination to convert bases from cytosine
to uracil, creating a cytosine-to-uracil mismatch in minus-strand and reverse-
transcript G-to-A (guanosine-to-adenosine) transitions in plus-stranded DNA.
APOBEC3s play important roles in the innate immune system [7]. Mutagenesis
mediated by APOBEC3s can increase the viral mutation load to a level that exceeds
the threshold for viral viability. Accordingly, APOBEC3s can similarly increase
the number of somatic mutations to a threshold that exceeds the host’s repair
ability and starts the Cancer Evo-Dev. Three mechanisms prevent the induction of
somatic mutations by the APOBEC3s family. First, APOBEC3s rarely express in
normal tissues, and short-term activation of APOBEC3s is beneficial for eliminat-
ing pathogens. Second, the cytidine deaminase activity of APOBEC3s is applied
almost exclusively to single-stranded nucleotides, in which mutagenesis is 200-300
times more efficient than it is in double-stranded DNA. Third, the uracil-induced
mutagenesis of APOBEC3s is counteracted by uracil-DNA glycosylase (UNG), that
plays an important role in the base-excision repair mechanism [7, 33]. However,
genetic susceptibility, viral mutations, and an unbalanced immune system interact
with each other to prevent the absolute elimination of HBV, resulting in chronic
inflammation accompanied with APOBEC3s expression. During the HBV-induced
malignant transformation, inflammatory signaling pathways including interleukin
6 (IL-6)/signal transducer and activator of transcription 3 (STAT3) and tumor
necrosis factor a (TNF-a)/ nuclear factor kappa B (NF-kB) are activated, which
up-regulate the expression of APOBEC3s [7]. Among the members of APOBEC3s,
APOBEC3B was identified as the major subtype responsible for the APOBEC-
signature somatic mutations in multiple cancers [34]. The mutagenic effect of
inflammatory factors on the HBV genome depends on the degree of the damage
to the APOBEC3B-UNG balance. IL-6 can increase the expression of APOBEC3B
and decrease the expression of UNG. The functional polymorphisms located in the
APOBECS3B promoter (rs2267401-G) and UNG enhancer (rs3890995-C) predispose
the IL-6 induced APOBEC3B-UNG imbalance and increase the risk of HCC [35].

3.3 HBV affects the selection pressure of the inflammatory microenvironment

In an inflammatory microenvironment, continuous necrosis and proliferation
can help to accumulate somatic mutations, and tumor-initiating cell clones with
strong viability are selected. HBV replication directly reflects the selective stress
and influences the evolution of HCC. It has been revealed by various studies that
HBV DNA load increases the risk of HCC in CHB patients [25, 36]. A high level of
HBV DNA load either in serum or liver tissue predicts poor postoperative prognosis
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in HCC [37]. Meanwhile, HBV in turn affecting the selective pressure of the inflam-
matory microenvironment. The innate immune and adaptive immune against HBV
are both participate in the selection of malignant cells. During the chronic infection
of HBV, APOBECS3B is stimulated and reduces the occupancy of H3K27me3 on

the promoter of CC-chemokine ligand 2 (CCL2). By this mechanism, APOBEC3B
upregulates the CCL2 to enhance the recruitment of tumor-associated macrophages
(TAMs) and myeloid-derived suppressor cells (MDSCs). TAMs and MDSCs sup-
press the function of CD8"T cells and are associated with a poor prognosis of HCC
[38]. HBV can transmit into natural killer (NK) cells through exosomes, thereby
inducing the disfunction of NK cells, which promotes the HCC evolution [39, 40].
HBYV also induced the exhaustion of HBV-specific CD8" T cells through impairing
the mitochondrial functions, including electron transport, membrane transport,
and the transcription of mitochondrial DNA [41]. The glucose metabolism of T cells
is reprogramed by HBV, which leads to increased lactate production and decreased
migration of T cells [42]. During chronic infection, HBV promotes the recruitment
of regulatory T cells (Tregs) through activating the growth factor-beta (TGF-p)/
miR-34a/ CC-motif chemokine ligand 22 (CCL22) axis [43]. The increased Tregs
suppress HCC antigen-specific immune responses and HBV antigen-specific
immune response at the same time [44]. Thus, the HBV that survives the survival
competition can in turn affect the inflammatory microenvironment.

4. Roles of HBV mutation during the process of HCC evolution

During HBV-induced hepatocarcinogenesis, viruses also experience the process
of evolution. Viral evolution serves as a valuable clue to investigate the mechanism
underlying the HBV-HCC [45]. The generation and accumulation of HBV mutations
abide by the Darwinian model: mutation-selection—adaptation. In the inflammatory
microenvironment, most HBV mutants are eliminated by the antiviral immune
response. Only a tiny fraction of mutant viruses that facilitate the regeneration of
hepatocytes can survive and gradually develop into the HCC-promoting clones.

4.1 The generation of HBV mutation

Two major mechanisms are responsible for the generation of HBV mutation. The
first pattern is the replicative errors. During viral replication, the partially double-
stranded HBV DNA is generated from an intermediate RNA through the reverse
transcription activity of the viral polymerase. Due to lack of proofreading capacity,
the HBV genome has a higher mutation rate than other DNA viruses, which is in
the range of 1.5 x 10~ to 5 x 10~ nucleotide substitutions per site per year, which
can increase after HBeAg seroconversion [46]. The second viral mutation pattern is
induced by host cytidine deaminases [7]. The APOBEC family has a dual effect on
HBV: reduction of HBV and induction of HBV mutations [47]. The expression levels
of APOBEC3s are positively correlated with the quasispecies complexity of HBV
[48]. The genetic polymorphisms predisposing the IL-6 induced APOBEC3B-UNG
imbalance significantly promote the generation of HCC related HBV mutations
[35]. Although many HBV genome fragments, including the Enhancer II (EnhlII) /
basal core promoter (BCP)/ precore region and the S region, are generally sensi-
tive to editing by members of APOBEC3 [49-53], the sequence encoding HBV X
protein (HBx) is more vulnerable. APOBECS3 prefers the HBx region as its editing
target and generates carboxylic acid—terminal truncated HBx (Ct-HBx). Although
most HBV mutations are random, the directional evolution of HBV occurs under
the selective pressures of chronic inflammation. In the immune tolerance phase of
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chronic infection, the immune pressure is weak, and most of the individual viruses
are wild-type. Immune pressure increases with the progression of chronic inflam-
mation, which facilitates the gradual occurrence of viral mutations, especially in
HBeAg-negative individuals [54, 55]. HCC-related HBV mutations are selected by
the immune microenvironment before the occurrence of HCC and can be used as
predictive markers. Single-nucleotide polymorphisms of the inflammatory signal-
ing pathway genes, including STAT3, NF-xB, HLA-DP, and HLA-DQ have been
demonstrated to maintain the chronic infection and to facilitate the selection of
HCC-related HBV mutations that contribute to the risk of liver cancer [32, 56, 57].
However, those viral mutants that affect the pre-cancer hepatocytes are less infec-
tious to normal liver cells, which leads to a process of “dead-end” evolution.

4.2 The “dead-end” evolution of HBV

Hepatitis B virus belongs to the Hepadnaviridae family and is evolutionarily
conservative in the long-term evolution of species [58]. However, the evolution
of the HBV genome is evident in infected individuals during chronic infection.
Previous research by our group established the wild-type HBV sequences of HBV
subgenotypes B2 and C2, based on the whole HBV genome sequenced using 1000
asymptomatic carriers of the HBV surface antigen from community-based epide-
miologic surveys. Based on the wild-type HBV sequences, HCC-related mutations
and their development patterns were subsequently identified. We also observed that
HBV mutations posing a significant HCC risk are located mainly within the BCP
and preS regions [59-61]. During the HBV-induced carcinogenic “trilogy” (chronic
hepatitis, liver cirrhosis, HCC), the species and frequencies of those mutations
often accumulate consecutively and can be used to predict the occurrence and
development of liver cirrhosis and HCC [15, 32, 56, 62]. Retrospective and prospec-
tive cohort studies have both identified a combination of HBV mutations (C1653T,
A1762T/G1764A, and T1753V) that have significant predictive value [32, 63, 64].
Among them, the A1762T/G1764A mutation usually appears in the early stage;
other mutations, including T1753V, C1653T, preS deletion, are evident only in a late
stage of the evolution [65]. Reaction to chronic HBV infection (characterized by the
immune response—induced hepatocyte injury and release of transaminase) is usually
accompanied by HBeAg seroconversion and an increase in HBV mutations, indicat-
ing the selective effect of immune cells on viral mutants. The deficiency of CD8* T
cell epitopes is one of the main features of HBV mutations. The mutant virus with
alow density of CD8" T cells epitopes can evade immune eradication [66, 67]. The
proportion of mutant preS/S region is higher in patients with occult HBV infection
than in CHB patients [67, 68]. Therefore, CD*8 T cell is essential for the immune
selection of HCC-related HBV mutants.

Hepatitis B virus acquired during infancy or early childhood, or at the early
infection stage in adults, is usually the wild type [15, 32, 56]. During the chronic
inflammation process, especially after an HBeAg shift from HBeAg-positive to
HBeAg-negative, mutant HBV subgroups gradually increase. Although the HCC-
related HBV mutants are present in fetal cord blood, neonatal infection is usually
caused by wild-type HBV rather than by mutant subgroups. At 1-15 years in
HBV-infected children, the frequencies of HCC-related mutations increase with
increasing age. However, compared with their mothers, who have been exposed to
chronic infection for at least about 25 years, the children have fewer HCC-related
HBV mutations [65]. The foregoing results are based on analyses of serum HBV. In
individuals with chronic HBV infection, most all HBV is synthesized in hepatocytes
and released into the circulation at a pace of up to 10" viral particles daily [69].
The immune microenvironment of circulation, tumor tissue, and tumor-adjacent
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liver tissue are all necessary for the HBV evolution [48]. Interestingly, HBV evolves
more advanced in the sera than in the tumors of HCC patients. The evolutionary
similarity between the sera-derived HBV strains and adjacent tissue-derived ones
is significantly stronger than that between sera-derived HBV strains and tumor-
derived ones [48]. Although tumor-adjacent tissues are pathologically categorized
as “normal,” they are typical precancerous lesions and have already entered the
middle stage of the cancer evolutionary process. The HCCs that relapse more than
2 years after resection are considered to be recurrent HCC and not a result of the
initial HCC cell diffusion into remnant liver tissue [18]. The species and frequencies
of certain HBV mutations in adjacent tissues are distinct in the different popula-
tions. Together with immune markers and expression levels of inflammatory genes,
they can therefore be used to predict prognosis in HCC patients receiving curative
surgery. For example, HBV mutations in the EnhII/BCP/PreC region, such as
A1762T/G1764A, can serve as predictive markers for survival and recurrence [18],
indicating that HBV evolution in adjacent tissues continues until the patient dies.
Antiviral therapy can block HBV evolution in adjacent tissues by easing inflamma-
tion and notably prolongs survival in HCC patients [15].

Taken together, the Hepadnaviridae family members are highly conservative
across species [65]. Wild-type HBV has the advantage of infecting hepatocytes,
facilitating viral spread from one individual to another, and contributing to the
maintenance of its viral species. The HCC-related mutants can cause malignant
transformation but have lost the advantage of person-to-person infection. Those
mutants are therefore usually eliminated at the death of the carriers, which is
termed “dead-end” evolution.

4.3 High-risk HBV mutations promote the Cancer Evo-Dev

During hepatocarcinogenesis, high-risk HBV mutations are selected by the
immune microenvironment. Because of overlapping open reading frames, HBV
mutations altering the genes necessary for viral replication are unlikely transferred
into their progeny viruses. Natural selection ensures only the fittest survive to
pass their genes on to the next generation. Thus, the random natural mutations
are therefore constrained to special regions of the HBV genome, especially in the
fragment of HBx gene and large envelope protein gene fragment (preS1/preS2/S).
These HBV mutations that survive the selective pressure can promote the evolution
of HCC, which is supported by many pieces of evidence from epidemiology studies
and mechanism studies.

Previous longitudinal studies, especially cohort studies, support that combo
HBV mutations including A1762T/G1764A, C1653T, and T1753V in HBx gene in
sera can predict the occurrence of HCC [64, 70]. The mutations in the HBV preS
fragment, including the preS deletion, accumulate during the process of inflam-
mation-HCC transformation, which is significantly associated with increased risk
of HCC [62, 71, 72]. Epidemiological evidence identified the interaction effect
between HBV mutations and genetic polymorphisms of immune molecules. For
the population with the infection of genotype B HBV, the SNPs of HLA-DP, includ-
ing rs3077 (T allele), rs2281388 (T allele), rs3135021 (G allele), and rs9277535
(G allele) can promote the HBV persistence and are associated with a higher
prevalence of HBV mutation increasing HCC risk. Moreover, the effects of HBV
mutations on HCC risk are selectively significant in subjects with these HLA-DP
SNPs that promote HBV persistence [32]. For the population with the infection
of genotype C HBV, the HLA-DQ SNP, rs9275319 (GG genotype), is significantly
associated with an increased prevalence of preS1 start codon mutation, an HCC-
risk mutation [63]. The SNPs of STAT3 SNPs appear to promote HCC evolution
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in the host with HBV mutations [56]. The interaction effect of STAT3 rs1053004
with T1674C/G and the interaction effect of STAT3 rs4796793 with preS2 start
codon mutation are both significantly associated with an increased HCC risk. The
T allele of rs223406 impairs the promoter activity of NFKBIA, a key molecule of
the NF-«B signaling pathway. The interaction of rs223406 T allele with A1762T/
G1764A is significantly associated with an increased risk of HCC [57]. The genetic
polymorphisms predisposing the imbalance of APOBEC3B and UNG increase the
risk of HCC through through facilitate the generation of APOBEC3B-signature
HBV mutations. Furthermore, the positive rate of APOBEC-signature HBV muta-
tions consecutively increased from asymptomatic HBsAg carrier (ASC) to HCC in
HBV-infected subjects [35]. This line of evidence highlights the important role of
HBV mutation in the process of HCC evolution.

Experimental evidence also confirms that HBV mutation can endow the hepato-
cytes with a survival advantage. The HBx with A1762T/G1764A-based combo muta-
tions can upregulate the expression of S-phase kinase-associated protein 2 (SKP2)
by activating E2F1, a transcription factor, downregulate cell cycle inhibitors, and
facilitate the ubiquitin-mediated proteasomal degradation of p21, thereby enhancing
the proliferation of HCC cells [73, 74]. Moreover, HBx with A1762T/G1764A-based
combo mutations also enhance the cell migration through activating the Wnt/p-
catenin signaling pathway [75]. Ct-HBx mutation can promote cell metastasis and
invasiveness by activating the C-Jun/matrix metalloproteinase protein 10 signal-
ing pathway [15, 76]. The HBx gene with K130M/V131I mutations enhances HCC
evolution by activating the arachidonic acid metabolism and the hypoxia-inducible
factor-1a [77, 78]. Besides the mutated HBx gene, the mutated preS1, preS2, and S
regions also notably facilitate carcinogenesis [18, 61]. The preS2 region with F141L
can significantly downregulate the expression of the p53 pathway and upregulate the
expression of cyclin-dependent kinase 4 and cyclin A, thereby promoting prolifera-
tion and colony-forming rates [79]. The accumulation of mutant envelop protein
in the endoplasmic reticulum (ER) leads to the activation of ER stress signaling
pathway [80]. ER stress promotes HCC evolution through generating reactive oxygen
species (ROS), inducing oxidative DNA damage, and ultimately increasing genomic
instability [81, 82]. Although HBV mutation plays important role in hepatocarcino-
genesis, somatic mutation of the human genome is the direct cause of cell evolution.

5. Roles of somatic mutation during the process of HCC evolution

The spontaneous rate of somatic mutations is not high enough to trigger the
evolution process. HBV participates in the alteration of the host genome, both directly
and indirectly. First, HBV can cause somatic mutations by directly integrating into the
human genome. Second, mutant HBV contributes to the maintenance of non-resolv-
ing inflammation, that induces long-term up-regulation of APOBECs [7]. Somatic
mutations can be classified according to their effects on Cancer Evo-Dev. A small
proportion of the mutations can lead to advantageous phenotypes that are positively
selected during the evolution process and thus are called “driver” mutations. The
remaining mutations are “passengers” that contribute very little to carcinogenesis [4].
Due to survival competition and the positive selection of the inflammatory microenvi-
ronment, driver mutations accumulate sufficiently to promote malignant transforma-
tion. The distribution, combination, and dynamic patterns of driver mutations reflex
the pressure of microenvironmental selection and growth advantage of cell subsets.
As HCC has many etiological causes and experiences a long evolutionary process, the
somatic mutation spectrum is most heterogeneous [6, 83]. The driver somatic muta-
tions affect multiple functions, like signaling pathways, EMT, and energy metabolism.
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5.1 Somatic mutations alter “stem-ness” signaling pathways

Based on the investigations of whole-exome sequencing, it is found that the
somatic mutation in HCC evolution mainly altering six cancer related pathways:
signaling pathway related with telomere maintenance, Wnt/b-catenin pathway, P53
and cell cycle pathway, oxidative stress pathway, epigenome modifiers, RAS/RAF/
mitogen-activated protein kinase pathway, and PI3K/AKT/mTOR pathways [84].
Among them, the somatic mutation related to telomeres pathway is most frequent.
Telomerase is activated in more than 90% HCC patients. Somatic mutation within
the promoter of telomerase reverse transcriptase (TERT) is the major cause with
the prevalence ranging from 54-60%. The second cause is the HBV integration
in the TERT promoter, which is observed in 10-15% of HCC patients. Interestingly,
the mutation of catenin beta 1 (CTNNBI) is more frequent in hepatitis C virus
induced HCC, indicated a different way of Cancer Evo-Dev [85, 86]. The frequen-
cies of mutation in other hot genes range from 5-20%. Although the spectrums
and frequencies of altered genes vary greatly among individuals, they are usually
clustered to pathways or functional groups that are closely related to stem-ness
and embryonic characteristics. In this regard, global mutation rates of functionally
related genes are added together to define the mutation rate of a given signaling
pathway. Mutation rates of Wnt/p-catenin, p53/cell cycle control, JAK/STAT, and
PI3k/mTOR pathways range from 12-72%. Similar outstanding outcomes are also
observed in functional gene groups of chromatin remodeling and telomere mainte-
nance. Therefore, it is promising to use combo somatic mutations as predictive and
prognostic biomarkers just like gene signatures [19].

5.2 Somatic mutations affect HCC evolution through regulating EMT

APOBECs can promote gene demethylation and remove epigenetic memory to sta-
bilize the pluripotent state in embryonic stem cells through deaminating 5-methylcy-
tosine (5mC) or 5-hydroxymethylcytosine (ShmC) [87, 88]. EMT is a landmark event
of Cancer Evo-Dev, which is driven by transcription factors, like ZEB1, ZEB2, SNAII,
and SNAI2. AID, a member of the APOBECs family, is upregulated by inflamma-
tory signals and induces demethylation of the promoters of ZEB1, ZEB2, SNAI1, and
SNALI. Silencing AID leads to increased methylation of CpG island proximal to the
promoters of these EMT regulators, thus inhibits EMT and invasion of cells [89]. AID-
induced, CpG methylation-dependent mutagenesis is proven to be a common feature
of cancer evolution [90]. Therefore, it is reasonable to postulate that re-expression of
embryonic factors in cancers might result from epigenetic reprogramming caused by
APOBECs family, that is upregulated by proinflammatory factors.

5.3 Somatic mutations reprogram energy metabolism

To support the rapid growth of malignant cells, tumor tissues prefer to use
glycolysis for energy production, even in the presence of oxygen. Glucose is more
easily to be metabolized to lactate in tumor tissues than in normal tissues. This pat-
tern of energy metabolism was identified in 1920 and was termed as Warburg effect
[91]. Warburg effect in TAMs promotes vascular network formation, augments
extravasation of tumor cells out of blood vessels, and induces higher levels of EMT
at inflammatory foci within the tumor [92]. In the microenvironment with both
hypoxia and hypoglycemia, stem cell-, angiogenic-, and EMT-biomarkers, as well
as glycoprotein-P content and invasiveness of cancer cells are enhanced [93]. Thus,
we believe that the Warburg effect promotes the evolutionary process of cancer
under both hypoxia and hypoglycemia conditions. The Warburg effect can provide
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essential energy for cell survival in a hostile microenvironment, furthermore,
glycolysis generates the raw material for DNA synthesis of progeny cells. HBV
infection and somatic mutation are both the possible origin of Warburg phenotype.
In HBV-HCC, the major pattern of single nucleotide variants in mitochondrial
DNA (mtDNA) is C > T, that is the character of APOBEC induced mutation. This
kind of mutation mainly occurs in the D-loop region of mtDNA and promotes

the proliferation, invasion, and metastasis of HCC cells [94]. Pyruvate kinase M2
(PKM2), an alternatively spliced variant of the pyruvate kinase gene that is pref-
erentially expressed during embryonic development and in cancer cells, alters the
final rate-limiting step of glycolysis, resulting in the cancer-specific Warburg effect
[95]. Besides the Warburg effect, HCC cells also enhance other patterns of energy
metabolism during evolution. For example, the inactivating mutation of ribosomal
S6 kinase 2 (RSK2) can support cholesterol metabolism in HCC [96].

5.4 HBV integration

HBYV integration is a kind of somatic mutation that is specific to the HBV-
induced Cancer Evo-Dev. Although the HCC in an individual can be monoclonal,
HBYV integration is common in most clones, indicating it is the early driver event for
HCC evolution [83]. The HBV integration can be detected in 85-90% of HBV-HCC
patients [97]. Moreover, the prevalence of HBV integration is 60-75% in HCCs from
patients with occult HBV infection, indicating the HBV integration contributes
to the occult HBV infection induced HCC [98, 99]. Approximately five thousand
HBV integration events have been reported and more than half of them locate in
the intergenic regions. Only the HBV integration events within thirteen genes are
repeated in diverse studies [1]. TERT, mixed-lineage leukemia 4 (MLL4), fibronec-
tin 1 (FN1), cyclin E1 (CCNE1), and cyclin A2(CCNA2) are the top five most fre-
quently integrated genes [85, 100-105]. The X and core genes of HBV are the regions
that most frequently insert into the human genome [103, 105]. Cis-activation of host
genes is an important mechanism by which HBV integration promotes HCC evolu-
tion. The highest frequency of HBV integration is observed in the promoter region
of TERT [85, 100-105]. The HBV integration within the TERT promoter leads to an
increased mRNA level of TERT, that is significantly associated with a poor progno-
sis of HCC [103, 105]. MLL4 is the second most frequently integrated gene and the
HBV integration mainly locate in the introns and exons [85, 105]. Since MLL gene
family has methyltransferase activity, the HBV integration within MLL4 may pro-
mote HCC evolution in an epigenetic way. As the third most frequently integrated
gene, FN1 is reported to create a microenvironment promoting metastasis of lung
cancer [106]. Most HBV integration events within FN1 are detected in the adjacent
tissues of HCC, indicating these mutations may contribute to the microenvironment
of the early stage of HCC evolution [85, 101]. HBV integration is associated with an
increased expression of CCNE1, that is reported to promote hepatic inflammation
and hepatocarcinogenesis [107]. The HBV-CCNA2 chimeric transcript encodes
a chimeric protein promoting cell cycle progression [108]. Besides affecting the
expression or function of coding genes, HBV integration within the region of long
interspersed nuclear elements (LINEs) can generate HBx-LINE1 chimeric transcript
acting as long non-coding RNA (IncRNA). This IncRNA increases the activity of
the Wnt pathway through decrease the level of miR-122 [104]. The DNA fragment
with HBV integration can be used as a circulating biomarker of HCC recurrence.
The HBV-host chimera DNA can be detected in more than 90% of HCC patients
before surgery. After the surgery, HBV-host chimera DNA can still be detected in
20% of HCC patients, which may come from the mutant hepatocytes at the early
stage of evolution and are significantly associated with HCC recurrence [109]. Thus,
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most HBV integration occurs randomly. The integration mutations that endow the
hepatocytes with survival advantage will have the opportunity of accumulation.

As mentioned above, hepatocarcinogenesis involves the co-evolution of HBV
and transformed cells. The interaction between somatic mutation and HBV muta-
tion occurs during this process. The deletion, duplication, and translocation are
observed near the insertion site of integrated HBV fragments [84]. The frequency
of HBV mutation is positive associated with the level of HBV integration. The
prevalence of HBx mutation is significantly higher in patients with HBV integration
in TERT promoter (35%) than in patients without these integration events (19.8%)
[83]. There are studies reporting the selective expression of mutant HBx and preS2
genes in the tumor tissues from patients with occult HBV infection [110]. These
pieces of evidence support that the integration and selection of mutant HBV frag-
ments play important roles in the HCC evolution.

6. Conclusion

Based on studies of HBV-induced hepatocarcinogenesis (a typical evolutionary
process), we put forward the theory of Cancer Evo-Dev. Under conditions of genetic
predisposition, exogenous factors such as viral infection can induce chronic inflam-
mation. The elimination of chronic infection can relieve inflammation, reducing the
incidence of cancer and subsequently extending effective survival. As the theory
describes, tumor-initiating cells obtain survival advantage during the evolutionary
process of mutation-selection-adaptation by activating a “stem-ness” pathway and
simultaneously causing evolutionary heterogeneity. Critical molecules in a functional
subnetwork that maintains and promotes the Cancer Evo-Dev process can be dem-
onstrated using systems biology approaches. The development of high-efficiency
inhibitors that will target these critical molecules and block corresponding signal
pathways could be a powerful treatment strategy in advanced cancers. The theory of
Cancer Evo-Dev will serve three purposes: first, the early prevention that reduces the
cancer incidence and delays its onset; second, targeted therapy that reduces morbid-
ity and mortality rates. Therefore, this theory can contribute to the realization of “P4
pattern” medicine (predictive, preventive, personalized, and participatory).
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Histopathological Features

of the Steatohepatitic Variant of
Hepatocellular Carcinoma

and Its Relationship with Fatty
Liver Disease

Emine Turkmen Samdanci

Abstract

Hepatocellular carcinoma (HCC) is the most common primary malignant tumor
of the liver in adults. Steatohepatitic HCC (SH-HCC) is a recently described, rarer
variant of HCC and is associated with nonalcoholic fatty liver disease (NAFLD).
The relationship between fatty liver disease and/or steatohepatitis and SH-HCC
is now known. This subtype can be confused with lipid-containing nodules (such
as cirrhotic nodules, regenerative nodules, focal nodular hyperplasia) clinically,
radiologically and histopathologically. Here, the histopathological features of
SH-HCQC, its relationship with fatty liver disease and briefly its clinical features will
be discussed. In addition, histopathological features of this specific variant, immu-
nohistochemical staining of the tumor and diagnostic difficulties in tru-cut biopsies
will also be discussed. Actually, I think this article will raise clinicopathological
awareness about this rare variant.

Keywords: Hepatocellular carcinoma, steatohepatitic HCC, steatohepatitis, NASH,
alcoholic steatohepatitis, IHC

1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary malignant tumor
of the liver in adults, the fifth most common cancer in the world and also the third
most common cancer of cancer-related deaths [1]. It is the malignancy of hepato-
cytes with varying degrees of differentiation [2]. The most common cause of death
in patients with HCC is cirrhosis. Despite all the unknowns, heptocarcinogenesis is
a multistep process, and chronic inflammation plays the major role [2-6].

2. Epidemiology and etiology
HCC has a multifactorial etiology, and its incidence and prevalence varies

by country [7]. Although the incidence of HCC is different in different geogra-
phies, the incidence increases with age [8]. It is more common in men than in
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women (male:female ratio; ranging between 2:1 and 4:1 in various countries).
Cirrhosis, viral hepatitis, alcohol, aflatoxin, metabolic diseases, metabolic
syndrome characterized by fatty liver are the main causes of HCC etiology.
Although the activation of the WNT/B-catenin pathway is one of the main
events in HCC, the effects of viral antigens on the nucleus, mutations, and DNA
instability constitute the pathogenesis of HCC [9]. There are also molecular
studies showing that activation of the JAK/STAT pathway also contributes to the
development of SH-HCC [1, 10].

2.1 Cirrhosis

Most patients with HCC have underlying liver cirrhosis. Cirrhosis is therefore
considered a major risk factor for HCC [8, 11, 12]. Although macronodular cirrhosis
is considered as a higher risk for HCC than micronodular cirrhosis, cirrhotic liver
can create HCC for any reason [13]. Cirrhosis also has a geographical distribution,
the etiology of cirrhosis is chronic viral hepatitis in Asian countries, and nonviral
causes in European and American countries [14]. Despite this known association
between cirrhosis and HCC, HCC also develops from the noncirrhotic liver [15-17].

2.2 Viral hepatitis (hepatitis B and hepatitis C)

Most HCCs develop from the background of chronic viral hepatitis, including
hepatitis B and Hepatitis C [18-21]. Viral hepatitis-related HCCs are more common
in countries where hepatitis B and hepatitis C are more prevalent, such as Asia
and Africa. Viral-related HCC appears to be decreasing in countries where clinical
follow-up increases, and whom include hepatitis B vaccine in regular vaccination
programme. Integration of hepatitis B virus into the host hepatocyte genome is
thought to initiate hepatocarcinogenesis. In the etiology of HCC, hepatitis C is as
important as hepatitis B [22-24]. Being men and older, having coinfection (such
as HBV, HIV), alcohol use, diabetes, and fatty liver constitute a high risk for HCC
formation. Even the development of HCC in liver coinfected with hepatitis C and
hepatitis B viruses, is higher than in those infected with other viruses [13]. It is
thought that ongoing liver damage and accompanying regeneration caused by
the immune response and direct cytopathic effect in hepatitis C infection induce
malignant transformation [25, 26].

2.3 Aflatoxin

Consumption of foods contaminated with aflatoxins produced by fungi can lead
to the formation of HCC [8, 27, 28]. Aflatoxin B1, one of the toxin types, is thought
to be mainly responsible for HCC formation [8]. It contributes to the formation of
HCC by making mutations (Guanin and Thymine mutations) in DNA via cyto-
chrome p450. Aflatoxin exposure is thought to affect patients with chronic HCV
hepatitis more [8, 29, 30].

2.4 Alcohol

The relationship between alcohol use and HCC is both by direct effect and being
a cofactor in viral infections [31, 32]. Reactive oxygen radicals, that occur while
alcohol is metabolized to acetaldehyde, initiate hepatocarcinogenesis by causing
damage and transformation in DNA. HCC development in alcoholic cirrhosis is in
the form of DNA instability caused by DNA hypomethylation [33-36].
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2.5 Metabolic diseases

HCC can develop in some of the livers with metabolic diseases. However, the
development of HCC is more common with hereditary hemochromatosis, tyro-
sinemia and al-antiripsin deficiency [37-41]. In these diseases, the direct toxic
effect of accumulations (such as iron), mutation (p53 mutation), immunological
abnormalities and DNA damage by lipid peroxidation initiate the development of
HCC [8, 42, 43].

2.6 Metabolic syndrome and fatty liver disease

Metabolic syndrome is a mortal endocrinopathy that is accompanied by systemic
disorders such as abdominal obesity that begins with insulin resistance, diabetes,
dyslipidemia, hypertension and coronary artery disease. This situation hasled to
an increase in HCC formation, which has the characteristics of metabolic syndrome
[44-47]. The risk of HCC increases 2-3 times in patients with diabetes [37, 48, 49].
The increase in metabolic syndrome in developed countries also brought an increase
in nonalcholic fatty liver disease (NAFLD) [50-55].

In obese patients, the decrease in the release of fatty acids from adipose tissue,
tumor necrosis factor-a and adiponectin causes insulin resistance and thus chronic
hyperinsulinemia. Insulin and insulin growth factor-1 (IGF-1) contribute to hepa-
tocarcinogenesis by preventing apoptosis and increasing cellular proliferation with
the signals they send to insulin receptors and IGF-1 receptors [8].

Since steatohepatitic HCC (SH-HCC) will be mentioned here, NAFLD, steato-
hepatitis and their associated HCC formation mechanism are explained in a little
more detail.

There are many studies on the incidence and prevalence of HCC in NAFLD cases,
with rates varying between 3 and 35% [51, 56, 57]. Steatohepatitis varies between 3
and 5%. In some cohort studies, the rate of development of HCC (1-year cumulative
incidence) was reported as 2-5% in patients with NAFLD compared to hepatitis
C cases. The 5-year incidence was reported as 11% [51, 58]. In another study, the
annual cumulative rate was 2-6%. In a retrospective study, NAFLD was detected in
21.2% of HCC cases. In fact, 23% of NAFLD patients without histopathologically
and radiologically significant cirrhosis developed HCC [59]. In a different study;,
HCC develops in 5% of patients with cirrhosis secondary to NAFLD [53]. In cohort
studies with large case series, both steatosis and steatohepatitis in nontumoral liver
were found to be statistically significant with HCC. Moreover, a close relationship
between the steatohepatitic variant of HCC (SH-HCC), which has been recently
defined, and NAFLD has been described and demonstrated [22, 53, 58, 60].
Although its relationship with fatty liver diseases has been clarified, there are studies
showing that SH-HCC can also develop in viral hepatitis [16, 61].

3. Clinical features

The clinical manifestations of HCC are quite ambiguous and are related to
the tumor and underlying chronic liver disease [1]. Usually, patients show signs
in advanced stages and even miss the chance of treatment. Patients may present
with upper abdominal pain, hepatomegaly, splenomegaly, weight loss, jaundice or
decompensated liver finding such as ascites [1, 8]. HCC most commonly spreads
intrahepaticly via the portal vein [1]. While HCC spreads with intrahepatic portal
vein branches, the main portal vein and hepatic vein involvement can also be seen.
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Invasion of the bile duct causes liver decompensation, resulting in rapid ascites
accumulation, obstructive jaundice, variceal hemorrhages, and hepatic encepha-
lopathy [8]. Although extrahepatic dissemination is rare, it can metastasize to the
lung, lymph nodes, bone, and adrenal gland in advanced disease [1]. Paraneoplastic
syndrome findings such as hypoglycemia, hypercholesterolemia, hyperkalemia,
gynecomastia, carcinoid syndrome, hypertrophic pulmonary osteoarthropathy,
osteopetrosis, hypertension, hyperthyroidism, porphyria cutanea tarda can be seen
[8]. Median suvival in patients with clinical findings who have the chance for cura-
tive treatment is around 1-3 months, and survival over 1 year is also unusual. Today,
thanks to definitive treatments and advanced surgeries, patients at risk of develop-
ing HCC are followed more closely and the tumor is diagnosed at an early stage

[8, 28]. Radiologic imaging methods (ultrasound, computed tomography, magnetic
resonance imaging, angiography) are used for the diagnosis of liver masses and
HCC [8, 17, 62, 63].

4. Pathological features

HCC is a highly heterogeneous tumor. Heterogeneity is both molecular and mor-
phological [64, 65]. Understanding the heterogeneity is important for the diagnosis,
treatment and follow-up of the disease [64].

HCCs below 2 cm are called small HCC (s-HCC) and early HCC (e-HCC)

[1, 64, 66]. These tumors are divided into two as prominent nodular or indistinct
nodules [64]. Early-HCC is in the form of nodules with indistinct borders and
usually develops from a dysplastic nodule background. They are well differenti-
ated, develop from the background of fibrosis-cirrhosis, and are radiologically
hypovascular and rarely vascular invasion (5%) [1, 64]. Small-HCC has a promi-
nent pseudocapsule, is well-moderately differentiated, radiologically hyper-
vascular, and invades more frequently (40%) [1, 64]. Pedinculated HCC has a
growth pattern protruding from the capsular surface [67]. Diffuse HCC is in the
form of proliferation of small tumor nodules and resembles cirrhotic nodules
(cirrhotomimetic) [64]. SH-HCC is more solid than other HCC subtypes and

has more golden-yellow color due to the lipid contains. When the macroscopic
specimen is carefully examined, fibrotic bands that divide the tumor into lobules
can be seen. The tumor usually tends to be well-circumscribed or nodular and
may range in diameter from 0.5 cm to 11 cm [68]. The prognosis of SH-HCC is
similar to that of classical HCC [40, 57, 69, 70]. Although nontumoral liver can
be cirrhotic or noncirrhotic, it is usually yellowish-brown in color suggestive of
fatty liver (Figure1).

After these macroscopic definitions and macroscopic heterogeneity, it is neces-
sary to mention microscopic heterogeneity. This heterogeneity is also reflected in the
histopathological subtyping of HCC [71]. In the 5th edition of WHO classification
of the tumors of the digestive system (2019), the subtypes of HCC are as follows;
fibrolamellar, scirrhus, cear cell type, steatohepatitic, macrotrabecular massive, chro-
mophobe, neutrophil-rich, lympocyte-rich [1]. More on SH-HCC will be mentioned
here. SH-HCC is a newly identified subtype of HCC. It accounts for approximately
5-20% of all HCC:s [1]. It is characterized by steatohepatitic features such as steato-
sis in tumor cells, balloon degeneration, inflammation, Mallory-Denk bodies and
pericellular fibrosis [58, 72]. Tumor is usually related to MetS and steatohepatitis is
detected in the background [22, 39, 57, 61, 69, 72]. Some studies have shown
that steatosis and interstitial fibrosis are the main findings for SH-HCC [22, 40].
However, the minimum amount of steatosis in the steatohepatitic area in some tumors
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Figure 1.
Tumor with nodular border is seen in the brown-yellow noncirrhotic liver. The tumor is lobulated by fibrotic
bands and has yellow areas.

that are histomorphologically SH-HCC, the presence of only steatosis in some cases,
the presence of steatotic areas or cells in HCC are confusing points in the diagnosis of
SH-HCC. Despite all this confusion, the steatohepatitic area in HCC is diagnostic for
SH-HCC. For the histopathological diagnosis of SH-HCC, the cut-off for steatohepa-
titic features was described more than 5% of the tumor before but later moved to 50%
[10, 39, 64, 72]. Hepatocellular carcinoma morphologically has 4 histological growth
patterns: trabecular, solid (compact), pseudoaglandular (pseudoacinar), and macro-
trabecular (trabecular thickness consisting of more than 10 cells) [1]. When SH-HCC
is examined microscopically, a steatotic tumor is seen, separated from the generally
steatotic liver (cirrhotic or non-cirrhotic) by a nodular or infiltrative margin. Large
fat droplets are detected in tumor cells. Mallory-Denk bodies are detected in most
tumors. Thin connective tissue growth (pericellular fibrosis), trabecular fibrosis,

and randomly distributed collagen bundles surrounding tumor cells can be easily
selected. Trabecular fibrosis, including randomly distributed collagen bundles in the
tumor, and fibrosis surrounding tumor cells (pericellular) can be easily distinguished.
Inflammation in the tumor is also remarkable. The inflammation is lymphocyte
predominant with sparse plasma cells. More prominent neutrophil and lymphocyte
infiltrations can be detected around tumor cells which contains Mallory-Denk bodies.
The nuclei of tumor cells have atypia. This atypia is mild in well-differentiated tumors
and quite pronounced in poorly differentiated tumors. They may even have bizarre
nuclei suggested of sarcomas or pleomorphic carcinomas. However, mitotic activity
is very low. Again, as in classical HCC and other subtypes, the tumor does not contain
portal tracts and unpaired arteries can be seen (Figures 2-4) [1, 10, 45, 68, 72, 73].
The differentiation of SH-HCC is the same as that of classical HCC and is graded as
well differentiated (Gradel: Tumor cells resemble mature hepatocytes with minimal
to mild atypia), moderately differentiated (Grade 2: Distinctly malignant and histo-
morphology strongly suggests hepatocellolar differentiation) and poorly differenti-
ated (Grade 3: Clearly malignant, but histomorphology strongly suggests spectrum of
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Figure 2.

The tumor (pale area) is located in the center of the figure, surrounded by cirrhotic nodules (a, Hematoxylin
and Eosin-He?E). Masson’ trichrome (b) and veticulin (c) stains, both the tumor and its surrounding
micronodular cirrhotic background ave move prominent.
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Figure 3.

The parenchymal invasion area of steatohepatitic HCC is seen (arrows) (a), the tumor is seen adjacent to the
fatty civrhotic nodule (stars) (b), presence of large lipid droplets and chronic inflammation (arrows) (c),
Masson’s trichrome stain shows thick fibrous septa (arrows) (d).

poorly differentiated carcinomas) [1]. Most SH-HCCs are moderately differentiated
and have a trabecular pattern and a pseudoglandular pattern [52].
Immunohistochemical antibodies are helpful and supportive in the diagnosis
of HCC [74]. Although heppar-1, glypican-3, glutamine synthetase, arginase,
heat shock protein-70 (HSP-70), B-catenin and sinusoidal staining with CD34,
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canalicular staining pattern with polyclonal carcinoma embryogenic antigen
(pCEA) and CD10 antibodies are used in the diagnosis of HCC, immune studies for
SH-HCC are limited (Figure5) [22, 68, 72, 75].

Figure 4.
Dense inflammation and fibrosis (a), pleomorphism (b), Mallory-Denk bodies (arrows) (c), and ballooning
(cells with pale cytoplasm) (d) are seen in different aveas of the tumor.
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Figure 5.
Glutamine synthetase shows positive cytoplasmic staining (a), CD10 antibody shows positive canalicular

staining (b).
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The histopathological diagnosis of SH-HCC is usually easy in cases with explant
and resection. However, tru-cut biopsies, which represent a small part of the tumor,
may have diagnostic difficulties. These diagnostic difficulties are due to both the
heterogeneity of the tumor and its similar morphological appearance to NAFLD
with advanced fibrosis. A tru-cut biopsy from focal nodular hyperplasia (FNH)
with fatty changes sometimes can be confused with a diagnosis of nodular and
well differentiated SH-HCC. This difference between the diagnosis in the tru-cut
biopsy and the resection material should not be interpreted as a misdiagnosis.
Before interpreting it as an erroneous diagnosis, it should be remembered that
this diagnostic difference is due to the heterogeneous and fat-containing nature of
the tumor. Pathologists should remember that bile duct proliferation, presence of
central scar (histologically and radiologically), and thick-walled abnormal vascular
structures in the fibrous septa are more common in FNH when examining this
tru-cut biopsy. Since fibrosis can be seen in both SH-HCC and FNH, it may not
clarify the differential diagnosis. Non-invasive border and immunohistochemical
staining (sinusoidal CD34 staining, glypican-3 positivity and diffuse glutamine
synthetase staining) may be helpful in the differential diagnosis of steatohepatitis
[8, 11, 68, 72]. Differentiation from classical HCC can be made by evaluating
morphological and immune markers together [68]. In spite of all this, it would be
appropriate to consult a pathologist experienced in liver pathology in cases where
tumor specification could not be made.

The relationship between NAFLD, NASH, and HCC (especially SH-HCC) is
now known. Adequate tumor sampling should be performed in resection materi-
als, explants, particularly when identifying subtypes of large-diameter HCCs. It
should be noted that classical HCC and other subtypes, including SH-HCC, have a
heterogeneous histomorphology. While patients with metabolic syndrome, insulin
resistance, obesity, fatty liver and steatohepatitis are followed up, careful radio-
logical examination should be performed for SH-HCC that may develop from this
background. In other words, the terminology of “neoplastic steatogenesis” should
be kept in mind.
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Abstract

Liver phantom is used at various medical levels, such as detecting hepatocellular
carcinoma (HCC) in the early stages, training medical staff to deal with HCC by
taking biopsies, developing new sequences on medical imaging devices, confirming
the image quality, applying treatments to HCC, and others. All of the trials should
be applied before entering the real human body. The phantom includes properties
very similar to those of the human body, as well as the properties of liver cancer and
how it is treated within the body through its biological form. Therefore, the present
chapter aims to provide comprehensive information to consider when fabricating
HCC-containing phantoms and the characteristics of those phantoms in proportion
to multimodal medical imaging to aid in understanding the main target of dynamic
phantom for HCC.

Keywords: Liver phantom, HCC, Dynamic Phantom, Multimodality Imaging,
phantom characteristic

1. Introduction

Cancer is one of the most common diseases in the world and threatens human
life on an unprecedented scale. Hepatocellular carcinoma (HCC) is one of the
cancer types that originate in the human liver, and usually, it discovers at a late
stage [1, 2]. The detection of HCC at the early stage increases the clinical efficacy of
treatment by 60% compared to late detection. Several methods are used to detect
HCC; alpha-fetoprotein (AFP); Ultrasound (US); computed tomography (CT);
magnetic resonance imaging (MRI); and hybrid fluorodeoxyglucose positron emis-
sion tomography with FDG PET/CT [3].

The difficulties of detecting liver cancer in its early stages lie with researchers
and medical practitioners. Therefore, researchers need to provide any method that
will enable them to achieve this goal. Thus, the researchers turned to a tool that can
be used to detect liver cancer before the actual application to the real patient. One
such tool is the phantom, which mimics hepatocellular carcinoma [4, 5].
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2. Diagnosis of HCC

HCC is detected in several medical methods, one of which is the use of non-
invasive medical imaging technology. For HCC, the detection depends primarily on
the detection of vascular perturbation of cancer. Therefore, contrast media
enhancement is used in medical imaging techniques, which are relied upon to detect
these disorders through the three imaging phases: late arterial phase, Porto-venous
phase (PVP), and delayed phase.

The HCC is supplied by the hepatic artery, while the normal liver parenchymal
cells are nourished by the portal vein. Based on this information, it is possible to
distinguish between HCC and normal liver cells by contrast enhancement in both
CT and MRI scans. The HCC cells show hyper-vascularity in the late arterial phase,
while in the Porto-venous phase it appears less bright because it contains blood free
of contrast (washout), and these features are known as classic features. These
characteristics of cancer depend on the size of cancer itself, as the early stages of
cancer do not have a large blood supply, in this stage are usually less than 1 cm in
size, but in the advanced stages of cancer, it reaches 1-2 cm or more [6, 7].

2.1 HCC diagnosis in CT and MRI

The sensitivity of both CT and MRI to detect HCC varies according to HCC
size. The sensitivity of MRI reaches 62% compared to 48% in CT for the HCC of less
than 2 cm, while it reaches 95% in MRI compared with 92% in CT for HCC more
than 2 cm. The major difference in both modalities lies in the detection of
lesions less than 1 cm. Although MRI shows better results than CT, both have low
specificity [8].

The image characteristics of both MRI and CT scans are similar in detecting liver
cancer through the use of contrast enhancement. It appears as a very bright (strong
signal) in the arterial phase and is less bright (lower signal) in the porto-venous
phase and in the delay phase, it appears black. However, in MRI it appears hyper-
intensity also on T2-weighted and diffusion-weighted images. A specific contrast
agent is used in the MRI to increase the sensitivity of the examination in the
detection of HCC, which is the gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA, Primovist, or Eovist). The reason is that only 50%
of gadoxetic acid is absorbed into the liver cells and it is excreted by bile ducts and
the remaining 50% is excreted by the kidneys [9].

In the arterial stage, the excessive enhancement this stage is caused by increases
in the arterial supply of the nodules. While the washout appearance in the PVP and
delayed phase depends on different factors such as the new drainage in the veins,
the liver background enhancement, the amount of blood supply in the portal vein,
the hyper-cellularity rate of a tumor, and the fundamental components of the
cancer tissue. Indeed, the hemodynamic changing in the nodules through the
development of carcinogenesis starts with decreasing the arterial supplies and pres-
ence of portal perfusion, after that the decreases on both arterial supplies and portal
blood supplies would occur. Subsequently, the increase of arterial vascularity is
developed, and the hypervascular pattern would appear [10]. Figure 1 shows the
typical features for HCC in MRI and Figure 2 Shows a typical pattern of HCC in CT.

2.2 Contrast-enhanced ultrasound

Contrast-enhanced ultrasound (CEUS) can be used in ultrasound imaging to
detect HCC. However, the possibility of error in diagnosis is high in this technique,
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Figure 1.

Typical enhancement patterns of HCC; (A): Hyperintensity on T2 weighted image; (B): Arterial enhancement
(arrow) on arterial phase image; (C): Tumor shows washout on portal venous phase image; and (D): Diffusion
restriction on DWI [11].

Figure 2.

Typical vascular pattern of HCC in CT: Liver lesion in the right hepatic lobe observed in a cirrhotic patient. The
lesion is presenting a typical HCC vascular pattern with arterial hyperenhancement (left images) and venous
wash-out (vight images) visible both in magnetic resonance imaging (MRI) (upper vow) and computed
tomography (CT) (lower row) [12].

due to the rapid washout of the CEUS in less than 60 seconds after contrast material
injection, and thus increases the risk of diagnostic error [7].

The contrast media used in CEUS such as sulfur hexafluoride and octafluor-
opropane combined with a phospholipid shell has a short arterial phase, so the liver
exploration is not adequate to visualize the deep lesions [13]. Another problem with
ultrasound is the inability to review the output image. CEUS and contrast enhanced
MRI in lesions less than 2 cm can be used to improve diagnosis [14].
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2.3 FDG-PET/CT

FDG PET/CT imaging is based on molecular imaging in different diagnoses of
cancers. HCC is characterized by a low uptake of the FDG, and therefore the
sensitivity of the examination is reduced compared with MRI and CT. Where it
reaches less than 70%. In addition, normal liver cells absorb FDG significantly, and
thus the sensitivity of detecting HCC than normal cells would be less [15].

3. Liver dynamic phantom component for hepatocellular carcinoma
3.1 Liver phantom

Different liver MRI phantoms are commercially available, that mimics blood
vessels structures, tumor models, and real appearance [16]. However, none of them
is a dynamic phantom. There are many commercial phantoms that offer 3D liver
designs, but they are quite pricey. Therefore, we need to fabricate a liver phantom
that is available at a lower cost. These phantoms use in multimodal medical imaging
(US, CT and MR) such as CIRS model 057A [17], IOUSFAN® phantom [18], and
Quality Assurance in Radiology and Medicine (QRM) GmbH supplies another ver-
sion of a semi-anthropomorphic liver phantom (QRM-Abdomen Phantom, QRM
GmbH, Mohrendorf, Germany) [19].

In previous studies, many chemical materials have been used to fabricate the
human liver as TMMs. Most of these materials are represented on carrageenan [20],
Poly Acrylic Acid (PAA), agar, PolyVinyl Alcohol (PVA) [21], polysaccharide,
agarose [22], gelatin and silicone [23], polyurethane [4], commercial rigid plastics
[24], and elastomeric (rubber-like) materials [25]. Shevchenko et al., (2011) [26],
and Chmarra et al. (2013) [27], developed a phantom to simulate the liver using
candle gel with cellulose. The simulation included the liver blood vessels in a simple
form and the phantom was used for CT and US imaging. Another study conducted
by Rethy et al. (2018) [4], using polyurethane to simulate the liver due to its
durability. The phantom involved the simulation of the arterial and venous system
of the liver with high accuracy as it was the first phantom that applying the contrast
media. Phantom has been used on various medical modalities including CT, MRI,
and US. All of Advantages and disadvantages of chemical materials for phantom
fabrication were summarized in Appendix A.

The liver phantoms were increasingly used in clinical practices for different
purposes including medical training and education, surgical and interventional
planning, diagnosis and treatment planning, and research aims. Qiu et al., (2018)
[25], developed a 3D phantom used as a surgical assistant for various human organs
to provide an effective pre-operative planning solution. The study used rigid-plastic
materials to create and develop a body that mimics the human liver. Another study
conducted by Zein et al. (2013) [28], in the development of a human liver model
using the Poly]Jet process, where simulated three liver models of three liver donors.
These phantoms were used in anatomical evaluations before and during the surgical
procedure. Javan and Zeman, (2018) [24] developed a 3D-printed model using
polyamide material to fabricate the liver. The study was conducted for liver ana-
tomical evaluation and to develop advanced functional interventional liver phan-
tom. With a different purpose of the phantom, Bazrafshan et al. (2014) [29],
developed a liver phantom made of acrylamide gel used in the development of tools
for thermal mapping and coagulation progress which is applied in thermal tumor
ablation methods such as radiofrequency ablation, and laser-induced interstitial
thermotherapy.
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3.2 HCC phantom

Several previous studies have included liver phantom within HCC samples. All
of these studies focused on differentiating between normal liver cells and HCC by
varying the density, intensity, and echogenicity for CT, MRI, and US, respec-
tively. However, none has dealt with HCC samples in a dynamic way that simu-
lates three phases; Arterial phase; Porto-venous phase; and Delayed phase, as in
typical HCC.

Rethy et al. (2018) [4], designed a phantom similar to the human liver. This
design contained HCC made of polyurethane blended with calcium carbonate.
Where they used the concentration of —100 parts by weight (pbw) of polyure-
thane and 0.6% of Sephadex added with 5% calcium carbonate bw. Chmarra
et al. (2013) [27], also designed another human liver phantom, including HCC
samples which is made from agarose, with glycerol. The samples were made with
7.5 g of agarose, 30 ml of glycerol, 200 ml of distilled water, and 4 g of sephadex.
The phantom was applied to various medical modalities and showed similar
results to human tissue characteristics. In addition, the Javan and Zeman, (2018)
[24] developed a 3D phantom of the liver containing cancer samples using
polyamide material. The normal liver cells were distinguished using resin while
polymer was used to simulate the internal structures which is allowed the cath-
eters and wires for passaging. In contrast, Shevchenko et al. (2011) [26], devel-
oped a liver phantom including tumor model made from agarose-glycerol mix.
The phantom was applied under CT and US imaging while it was not applied
under MRI. K. Li et al., (2017) [30] conducted a study of Evaluation of the
ablation margin of hepatocellular carcinoma for testing Radiofrequency ablation
on the HCC which was made from carrageenan. The phantom was applied in
CEUS, CT, and MRIL

3.3 Dynamic phantom

Dynamic contrast-enhanced (DCE) imaging is a method used to measure the
kinetic perfusion of tumors within the body. It is also used to simulate the motion of
blood circulatory inside the organ and to improve the diagnostic value, radiation
treatment planning, treatment effectiveness, and monitoring [31]. This technique
was used to simulate the perfusion in different tissues. However, most of the
capillaries could not be imitated accurately [32]. This technique relies on the
dynamic movement of contrast agent (CA) through different tissues. Therefore, the
technique depends on the measurement of time-attenuation curves (TAC) for CA
through the intra-arterial, intra-venous, and delay phases. The differences of CA
physio-chemical properties such as solubility, viscosity, and electric charge effect
on tumor pharmacokinetics [32].

The quantitative parameters such as blood flow, permeability, and blood volume
control the amount of blood supply to the cancer cell. Each stage of cancer requires
a different blood perfusion. Thus, it is possible to simulate the stages of cancer
through DCE technique. There are several issues that need to be considered when
using dynamic phantom. The phantom should be in a container that allows the
transfer of contrast material from the arteries to the veins through the study sam-
ples, the substance of the sample should possess the appearance of HCC, the sample
should interact with the contrast material, the sample should work to remove the
contrast material without altering the sample structure, flexibility regarding chang-
ing the HCC samples without affecting the liver parenchyma structure, and the
phantom should allow the pumping and disposal process of the contrast material by
using an automatic injector and suction device [33, 34].
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4. Phantoms properties-related modality

In order to use the phantom instead of the human tissue, different human tissue
characteristics must be present in the phantom. In addition, when simulating an
organ of human body, the shape, size and characteristics of the phantom must be
similar to that organ. The materials used in the simulation must be non-toxic, non-
degradable over time without change in properties, easy to manufacture and inex-
pensive. Each medical imaging modality has its own features to detect a special
tissue charactarestic, the features must exist in the manufactured Phantom to
mimik the human biological tissue. An explanation of these characteristics to be
available in the Phantom according to medical imaging modality type.

4.1 Computed tomography

The phantom fabricated to CT device should has the same mass density (p_m)
resulting in the same CT numbers or Hounsfield units (HU), same linear attenuation
coefficient (AC), same effective atomic number (Zeff), and the same electron density
(p_e) of the human tissue [16]. CT numbers can be calculated by the Eq. (1) [35]:

CTnumber(HU) = Hrissue — Pwater 1000 (1)

/’lwater

While the linear attenuation coefficient (#) can be calculated using the Eq. (2):
L =Igxe™™ (2)

While the effective atomic number (Zeff) can be calculated through the Eq. (3):

Zoy = {/wlz’l‘ + w25 +wsZy + ... +w,Z, 3)

Finally, the electron density (p,) and mass density (p,,) are calculated using the
Eq. (4):

Pe = pm ¥ NAZ/A (4)

Where p,;.,,, is the linear attenuation coefficient for the tissue, yu,,,,,, is the linear
attenuation coefficient of water, I, is x-ray intensity after interact with human tissue,
Iy is x-ray intensity before interact with human tissue, x is the human tissue thick-
ness, w, is the number of atom Z,, in the compound, Z,, is the atomic number of the
element, NA is the Avogadro’s number, and A is the atomic mass of the element [16].

4.2 Magnetic resonance phantoms

The majority of MRI phantoms are represented in a fluid-filled model. These
phantoms differ in their dimensions and forms depending on the body organ to be
simulated. The phantoms are fabricated in order to achieve several purposes
including evaluate image contrast, evaluate image uniformity, estimate spatial res-
olution, improve the signal-noise ratio (SNR), check the accuracy of slice thickness,
and achieve geometric accuracy.

MRI phantom should have several characteristics compatible with MRI technol-
ogy, these characteristics include tissue-specific relaxation for both; longitudinal
relaxation time (T1) and transverse relaxation time (T2); variation of signal inten-
sity with temperature changing; the mechanical properties should be fixed over an
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extended period [36]; and the phantom should be suitable to fit in the existing MRI
coils [37]. The recovery time and decaying time depend on molecular motion in the
local environment. Thus, T1 and T2 relaxation times changing with different dis-
eases such as inflammation, hemorrhage, and any biological dysfunction. Also, the
T1 and T2 relaxation times depend on tissue rigidity and viscosity. Low signal
intensity on TIW and T2W appears when using phantom materials with greater
viscosity and higher rigidity.

MRI phantoms have been manufactured using either aqueous solutions or poly-
mer gels. Aqueous solutions are usually doped with paramagnetic ions like MnCl2,
CuSO4, GdCI3, and NiCI2. These materials are used for testing MRI equipment
because it has the property of stability. However, they are affected by motion
artifacts and need a container to maintain shape [36]. Regarding gel phantoms, a lot
of materials have been used in the literatures for fabricating MRI phantom includ-
ing gelatin [38], gelatin-agar [39], agarose [40], agar [41], PVA [42], polysaccha-
ride TX-150 [43], polysaccharide TX-151 [44], PAA [45], room-temperature-
vulcanizing (RTV) silicone [46], and carrageenan [30, 47].

The properties of materials used to fabricate the MRI phantom are categorized
into four groups including chemical properties, mechanical properties (density,
pressure, elasticity, and hardness), electrical properties (conductivity and permit-
tivity), and imaging properties (relaxation times T1 and T2). The chemical proper-
ties of the material examine using several vibrational spectroscopic techniques
(VST). Different VST was used to know the chemical properties of the different
samples including Fourier transform infrared spectroscopy (FTIR) [48], Near-
infrared spectroscopy (NIRS), Mid-infrared Spectroscopy (MIR), Raman spectros-
copy, and hyperspectral imaging (HSI) [49].

The mechanical properties of the phantom are among the most important prop-
erties that should be taken into considerations to give the best simulation of the
human body organs. These properties consist of density, compressive modulus,
elastic modulus, and toughness. Density depends on the quantity of mass per unit
volume. The material densities should be around 1.03 £ 0.04 g/cm”3 which is
closed to human tissue density [50]. The concentration of materials used in the
phantom fabrication manipulates until reaches the suitable human tissue density.
To confirm the stability of phantom density, several readings take overtime to
monitor any density changes for phantom materials. Compressive modulus or
compressibility expresses the material’s ability to withstand pressure without
changing the shape or size. The unit of compression strength is the pascal (Pa).
Different models are used to measure the compression modulus such as the stan-
dard test method used for polymers; flexible cellular polymeric materials used for
cellular [51]; and tensile strength for fused filament fabrication [52]. According to
these models, the compressive strength measurements are different. Instron
compression-testing machine is widely used in estimating compressive strength.

An electric is any insulated object that polarizes through applying an electric field.
The most common property used in electricity is conductivity (¢) which is varied
with frequency. For example, liver conductivity increases with increasing frequency
[53]. Conductivity is the amount of resistance of the material or a material’s ability to
conduct electrical current. The signal intensity unit of electrical conductivity is
siemens per meter (S/m or S.m-1) [54]. The dielectric Win DETA 5.64 from
Novocontrol Technologies is used to measure the polymer dielectric properties.

4.3 Ultrasound

The phantom fabricated in the ultrasound should have the same velocity of
sound or acoustic velocity, same Attenuation coefficient (AC), same acoustic
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impedance (Z), and same backscatter coefficient of the human tissue [55, 56]. The
acoustic velocity (C;) can be calculated by the Eq. (5):

A\ 05 PACE
- () 1)
(dﬂ P
While the Attenuation coefficient (o) in the ultrasound can be calculated
through the Eq. (6):

1
Ax

as; = Qy

(InA; — InA, —2In[1—R]) (6)

The R magnitude can be calculated by this Eq. (7):

Zr— 724
= 7
Zy+ 24 @
The Backscatter coefficient (BS) is calculated by the Eq. (8):
_ Ss(f>2)
BS(f,z2) _SR(f,z)BSR(f’Z)A(f’Z) (8)

Where d,, is the pressure change in Pascal, d,is the change of density in Kg.m-3,
ks is the modulus of bulk elasticity, a,, is the water attenuation coefficient, A; is the
ultrasound pulse amplitude, A,, is the water amplitude, R is the coefficient of
acoustical reflection at the interface between material and water itself, Z, is the
acoustic impedance of the material, Z; is the acoustic impedance of the water, S; is
the sample spectra, Sg is the phantom spectra, BSg is the reference phantom
backscatter, A is compensates function for attenuation along the propagation path,

f is the frequency of ultrasonic wave, and z is the region depth of analysis [16].

4.4 Scintillation camera imaging

The following characteristics should be present on the phantom under scintilla-
tion camera imaging: same sensitivity, spatial resolution, count rate linearity, and
contrast recovery of some radiopharmaceuticals such as 99mTc, 90Y, and 166Ho
[57]. The Calibration factor (CF) can be calculated by the Eq. (9):

CFepsgy, = Pa 9)

While the sensitivity (S) or minimum detectable activity can be calculated
through the Eq. (10):

4.65+v/N 3
§= CF %t +CF>|<t

(10)

Where cps is count per second of the phantom, A is the activity amount inside
the phantom, N is the total background counts of the region of interest and ¢ is the
count time [16].

5. Conclusions

In summary, in order to achieve the best simulation of hepatocellular carcinoma,
researchers should investigate as much as possible the characteristics of this disease

46



Multimodal Imaging of Hepatocellular Carcinoma Using Dynamic Liver Phantom
DOI: http://dx.doi.org/10.5772/intechopen.99861

and how it behaves inside the real human body. It varies from stage to stage, and
therefore the simulation of HCC should be in a specific for each stage and likes to
take into account the size of the cancer and the blood supply to it in each stage.
Then the characteristics of the phantom should match with the characteristics of the
multimodality imaging to be used for screening.
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Appendices and nomenclature

Advantages and disadvantages of chemical materials for phantom fabrication.

Material Material Material disadvantage = Material used in image
advantage modality
PAA gel Elastic and easily Time stability for Suitable for MRI device

formed

¢ Used for multi-
layered sample.

¢ Inexpensive.

e low |
Temperature
fluctuations.

5 months

Requires storage in sealed

glass tubes

Carrageenan gel

Easily mold to
different shapes.

The relaxation time
different. During

Suitable for MRI device

Inexpensive. hardness.

PAAG gel Provides wide sites  Properties affected by Suitable for MRI device
for hydrogen. temperature.

Agar gel Hydrophilic organic Properties affected by Suitable for MRI, US, CT and
materials. temperature. scintillation camera imaging
Easily formed by Restricted movement in
temperature. free water.

Agarose gel Independent of Time stability for Suitable for MRI and CT

temperature.
Used in different
shape.

Stable in long
period

5 months.
More complicated

components than agar.

Affected by bacterial
infection

PVA (cryogel)

Low-cost price.
Stable in long time.
Easily handling.

Suitable for MRI and US

Polyurethane gel

High elastic
recover.
Resistance to

Complex in molecular
design.

Suitable for US
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Material

Material
advantage

Material disadvantage

Material used in image
modality

bacterial infection
Low.
Low viscosity.

Gelatine-alginate

High Stability.
Store beneath
water.

Complex structure.
Lack of longevity.

Suitable for US and scintillation
camera

Silicone polymer,

Robust material.

Mismatching with

Suitable for CT

RTV High Stability for ~ biological tissues.

long time.

Easily formed.
Commercial rigid ~ High Stability in Stiffness more than Suitable for CT and scintillation
plastics shape. normal tissue. camera imaging.

High Stability for Complex structure.

long time. Need specific device.
Elastomeric Good flexibility. Complex structure. Suitable for MRI and US
(rubber-like) Good Elasticity Need specific device.
materials
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Chapter 4

Hepatocellular Carcinoma:
Diagnosis and Surveillance

Aditya Kale

Abstract

Hepatocellular carcinoma arises commonly on the background of liver cirrhosis.
Patients presenting with clinical symptoms have advanced stage and often are unsuit-
able for curative therapies. Diagnosis of hepatocellular carcinoma is commonly
performed by multiphase computed tomography (CT) and / or magnetic resonance
imaging scans (MRI). Contrast enhanced ultrasound and MRI with hepatobiliary
contrast agents are better in characterizing small lesions. Tumor markers play an
adjunct role in diagnosis. For HCC in cirrhotic liver biopsy is seldom required and
diagnosis is based on typical imaging features of non-rim arterial phase hyperenhance-
ment and washout on delayed phase and pseudocapsule appearance. This is due to
differential blood supply of liver parenchyma, regenerative nodules and tumor. Biopsy
is only required in noncirrhotic liver, vascular liver diseases, atypical imaging features.
Surveillance programs involving high risk groups can help in early detection of lesions
which are amenable for curative therapies. Biannual ultrasound with or without alfa
fetoprotein are commonly used surveillance tests. Multidisciplinary teams provide
platform for care coordination, reassessments of clinical course, and fine changes in
treatment plans required for management of this complex group of patients.

Keywords: hepatocellular carcinoma, surveillance, tumor markers, multiphase
computed tomography, multiphase magnetic resonance imaging, LI-RADS,
multidisciplinary team

1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary malignant tumor
of liver. It is sixth most commonly diagnosed cancer and fourth leading cause of can-
cer related mortality worldwide [1]. Most cases are diagnosed late in course of disease
so that curative treatments could not be offered to such patients and hence incidence
to mortality ratio for HCC approaches 1 [2]. Incidence of HCC is likely to increase due
to increase in population and aging, as well as changing distribution of risk factors
like obesity, hepatitis B and C virus infection and alcohol consumption [3]. Diagnosis
at early stages and implementing surveillance programs in high risk population may
reduce mortality [3]. This chapter focuses on diagnosis and surveillance for HCC.

2. Diagnosis of hepatocellular carcinoma

Diagnosis of hepatocellular carcinoma is primarily based on imaging with mul-
tiphase computed tomography (CT) scan and/or multiphase magnetic resonance
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imaging (MRI) scan. Like in other cancers, biopsy is required in selective cases
where there is diagnostic dilemma. HCC usually becomes symptomatic only in
advanced stages of the disease hence clinical features are seldom useful for the diag-
nosis of disease. Tumor markers are useful blood test in supporting diagnosis and
prognostication of most of HCC however, they have their own limitations in early
diagnosis of HCC. This section throws light on clinical features, imaging investiga-
tions and tumor markers and there role in diagnosis of hepatocellular carcinoma.

2.1 Clinical features of HCC

Early HCC are asymptomatic and are usually picked up during surveillance
imaging. Classic clinical triad of right upper quadrant abdominal pain, palpable
lump and weight loss is noted in 90% of the symptomatic patients [4]. New onset
of abdominal pain and abdominal distension due to ascites are common in patients
with underlying liver cirrhosis [5, 6]. Rapid worsening of portal hypertension
indicates invasion of portal vein by tumor leading to tumor thrombosis [6].
Generalized weakness, anorexia and weight loss are common symptoms noted
in 90%, 74% and 55% patients respectively [7]. Catastrophic presentation in the
form of tumor rupture, hemoperitoneum and shock occurs in 3-15% of cases
[8]. Hepatomegaly with irregular or nodular surface is common finding in nearly
84% cases [7]. Arterial bruit is present in minority of cases (2.6%) [9]. Ascites
in HCC is most commonly due to underlying decompensated cirrhosis or due to
tumor invasion of hepatic veins, portal vein or peritoneum and is often hemor-
rhagic [9]. Paraneoplastic manifestations of HCC include type B hypoglycemia
due to increased production of insulin like growth factors by tumor, hypercal-
cemia, hypertension, carcinoid syndrome, clubbing, polycythemia, porphyria,
thyrotoxicosis, migratory thrombophlebitis, watery diarrhea, sexual changes like
feminization, gynecomastia [9].

2.2 Imaging diagnosis of hepatocellular carcinoma

Almost 90% of HCC develop on the background cirrhotic liver [10].
Regenerative nodules form in cirrhotic livers obtain majority of blood supply from
portal vein, like the normal liver parenchyma. As the nodule progresses from regen-
erative to dysplastic and then into HCC, there is shift in blood supply from portal
vein to hepatic artery [10]. Hence HCC obtains majority of the blood supply from
hepatic artery. This forms the basis of diagnosis of HCC by non-invasive methods
using multiphase computed tomography scan (CT) and magnetic resonance imag-
ing (MRI). Radiology forms the cornerstone in diagnosis of HCC in cirrhotic liver.
Non-invasive methods are applied to nodule =1 cm in cirrhotic liver due to high
pretest probability [10].

Technical details related to machine, required images and additional images to
be taken while evaluating liver nodule are mentioned in Table 1.

2.2.1 Typical appearance of hepatocellular carcinoma in cirrhotic liver on
multiphase CT or MRI scans include

1. Non-rim arterial phase hyperenhancement AND
2. Non-rim washout in portal venous phase

3.Enhancing capsule appearance in portal venous phase or delayed venous phase
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Technical details Multiphase CT scan MRI scan
Machine ¢ Multidetector CT with more than 8 ©15Tor3T
specifications detector rows

* Torso phased array coil

Slice thickness 3 mm

Injection rate 4 milliliter/second

Required images * Non-contrast * Unenhanced T1 weighted in phased
* Arterial phase at 30 seconds with and opposed phase imaging
bolus tracking * T2 weighted imaging (fat suppression
« Venous phase at 65 seconds per institutional preference)
+ Delayed phase at 240 seconds . .All C(:\ntrast agents in T1 weighted
imaging.
* Precontrast imaging
* Arterial phase
* Portal venous phase
* Delayed venous phase
Additional * Multiplanar reformations * Diffusion weighted images
images * Precontrast in patients with locore- * Subtraction imaging
gional treatment * Multiplanar acquisition
Table 1.

Technical details, required images and additional images to be obtained while evaluating liver space occupying
lesion [11].

4.Increase in size of mass > 50% in <6 months measured in same phase sequence
and plane (if possible). To measure the size of lesion largest outer edge to outer
edge dimensions should be taken.

5. Ancillary features for diagnosis of HCC include hyperintensity on T2-weighted
MRI, hyperintensity on diffusion-weighted MRI, intra-lesional fat, lesional
iron sparing, corona enhancement, presence of capsule, mosaic architecture,
nodule-in-nodule architecture, intralesional hemorrhage however, these
features do not have specificity of 100% and do not allow conclusive diagno-
sis of HCC.

2.2.2 Comparison of multiphase CT and MRI with extracellular contrast agents
performance in detecting HCC

Table 2 shows comparative performance of multiphase CT and MRI in HCC
with various sizes [12].

For all sizes and tumors with <1 cm MRI with extracellular contrast agents
appears to be more sensitive than CT scan with comparable specificity and diag-
nostic odds. Hence for small lesions MRI with extracellular contrast agents may
be preferred modality over CT scan. Having said this availability, cost, longer scan
times, more technical complexities, expertise, several patient factors like ascites,
difficulty in breath holding, claustrophobia may limit its use as the first investiga-
tion for evaluation of liver lesion in cirrhotic patients. CT scan on the other had is
technically relatively simple, less number and short duration of sequences, widely
available and less costly than MRI. However, radiation exposure is the disadvantage
of the CT scan. Hence multiple factors like availability, cost, patient related factors,
tumor size, radiation are necessary to be considered to choose between CT scan and
MRI as first investigation for evaluation of liver lesion [12].
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Tumor Sensitivity (CT vs. MRI) Specificity (CT vs. MRI) Diagnostic odds
size CT vs. MRI
Allsizes 0.69 vs. 0.84 (p = 0.0003) 0.92vs. 0.94 22vs. 43
(p=083) (p=0.24)
<lcm 0.48 vs. 0.69 0.46 vs. 0.69 2.05vs.2.3
(p = 0.049) (p=0.08) (p=0.8)
1-2cm 0.64vs. 0.7 0.87 vs. 0.88 13vs. 17
(p=015) (p=0.78) (p=078)
2cm 0.79 vs. 0.88 0.9vs. 0.87 25.79 vs. 64.66
(p=0.09) (p=071) (p=047)
Table 2.

Comparative performance of multiphase CT and MRI in HCC with various sizes.

2.2.3 Role of MRI with hepatocyte specific contrast agents in diagnosis of HCC

This technique uses Gadoxetic acid as a contrast agent. Approximately 50% of
the administered dose is taken up by hepatocyte and excreted into the bile ducts
and remaining half was excreted by kidneys [13]. Images are taken in two phases:
Transitional phase taken at 2-5 minutes after contrast agent and hepatobiliary
phase taken after 20 minutes of contrast injection [13]. Lesions with functional
hepatocytes take up the contrast in hepatobiliary phase and appear hyperintense.
Those without functional hepatocytes like high grade dysplastic nodules or HCC
do not take the contrast in hepatobiliary phase and appear hypointense compared
to background liver parenchyma [13]. These early HCC or high grade dysplastic
nodules may not show typical arterial hyperenhancement resulting in missing some
of the early HCC lesions. Addition of hepatobiliary phase to conventional dynamic
MRI sequences increases likelihood of identifying malignant nodules and reduces
the risk of overlooking malignant lesions [13-15]. Signal intensity of lesion on hepa-
tobiliary phase is also a prognostic factor with hypointense lesions on hepatobiliary
phase which are non-hypervascular, non-HCC have a higher risk of progression to
typical HCC as compared to those lesions which are iso- or hyper-intense [16, 17].

2.2.4 Role of contrast enhanced ultrasound in diagnosis of HCC

It is performed with intravenous injection of a microbubble contrast agent.
Real-time imaging is performed continuously for the 1st minute to capture the arte-
rial phase. This is followed by intermittent scanning every 30-60 seconds for up to
about 5 minutes to evaluate washout [11]. Typical appearance of HCC on Contrast
enhanced ultrasound (CEUS) shows non rim arterial phase hyperenhancement and
washout in delayed phase >60 seconds to differentiate it from mass forming chol-
angiocarcinoma which show early washout. It requires expertise and cannot scan
entire liver at a time like CT or MRI [11]. CEUS has low sensitivity for detection of
lesion as compared to CT and MRI but has higher specificity as compared to CT and
MRI especially for small nodules (< 20 mm) 92.9% vs. 76.8% vs. 83.2% [18]. CEUS
as second imaging modality has highest specificity 76.8% (after MRI) and 70.7%
(after CT) for diagnosis of HCC [19].

2.2.5 Liver imaging veporting and data system (Li-RADS)

Liver imaging reporting and data system (Li-RADS) provides standardiza-
tion for hepatocellular carcinoma (HCC) imaging. Li-RADS defines eight unique
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diagnostic categories LR 1 to 5, LR-M for malignant but not specific for HCC,
LR-TIV for tumor in vein, LR-TR for treated lesion, based on imaging appear-
ance that reflect the probability of HCC or malignancy with or without tumor
in vein. Term LR-NC (non-categorizable observation) is used when observation
that cannot be meaningfully categorized due to lack of one or more major criteria.
LI-RADS criteria are to be applied for liver nodules in cirrhotic livers and lesion
>1 cm. Table 3 describes the each Li-RADS category and risk of HCC and non-
HCC malignancy [11].

LI-RADS is not applicable for liver lesions in noncirrhotic liver, vascular liver
diseases, sinusoidal obstruction syndrome, chronic inflow obstruction and heredi-
tary hemorrhagic telangiectasia.

2.2.6 Role of Fluorodeoxyglucose positron emission tomography (FDG-PET)
in diagnosis of HCC

FDG uptake is seen only in 40% of patients with HCC, so FDG-PET scan is not
useful for diagnosis of HCC [20]. Uptake on 18F-FDG-PET has some potential
prognostic significance and is associated with poor prognosis, increased serum
alpha-fetoprotein and vascular invasion. Therefore, it may facilitate the selection of
patients for surgical resection or liver transplantation [21].

2.2.7 Diagnosis of portal vein thrombosis- tumoral vs. non-tumoral
(bland thrombus)

Cirrhosis without HCC is associated with portal vein thrombosis with preva-
lence ranging from 1% in compensated cirrhosis to as high as 25% in patients with
advanced liver disease requiring liver transplantation [22]. Macrovascular invasion
of the portal vein is a major prognostic factor frequently seen in HCC. Portal vein
thrombosis may create diagnostic dilemma in patients with cirrhosis and HCC.
Presence of arterial phase hyperenhancement, diffusion weighted MRI with high
b values, venous expansion with diameter > 23 mm, thrombus in continuity with
parenchymal HCC are the findings which point towards the diagnosis of tumoral
portal vein thrombosis [23, 24].

2.3 Pathological diagnosis of hepatocellular carcinoma

HCC diagnosis in cirrhotic liver is based on imaging criteria mentioned above.
However biopsy is required in patients with vascular liver diseases, non-cirrhotic
livers, inconclusive radiological investigations, elevation of CA 19.9 or carcino-
embryonic antigen (CEA) and liver lesion without HCC risk factors [24]. Samples
for histological diagnosis of HCC can be obtained by image guided (ultrasound /
CT scan) biopsy sometimes by diagnostic laparoscopy. Resected specimens and
explants after liver transplants need evaluation for resection margin and histologi-
cal assessment [24].

2.3.1 Gross appearance

HCC takes three forms nodular, massive or diffusely infiltrating type. Nodular
form is often associated with liver cirrhosis. Massive form is associated with satellite
nodules and has potential to rupture. Diffuse infiltrating type causes involvement
of large part of liver and its vascular structures mainly portal vein, and is associated
with poor prognosis [25].
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Li-RADS Description Interpretation Risk of overall
category malignancy

Risk of
HCC

LR-NC Observation that cannot be Noncategoriz-able —
categorized into specific category observation
due to inability to assess one or
more major criteria.

LR-1 Benign observation with 100% Benign 0%
certainty

0%

LR-2 High probability of being benign Probably benign 13%
observation. No major features,
LR-M features, ancillary features
favoring malignancy

14%

LR-3 Nonmalignant and malignant Moderate 38%
entities each have moderate probability of
probability. being malignant
Nonrim APHE without any other or nonmalignant
major features OR
Arterial phase iso/
hypoenhancement with size
<20 mm and < 1 additional major
feature or > 20 mm and no major
feature.

40%

LR-4 High probability of HCC but not Probably HCC 74%
100% certainty.
Non rim APHE and < 10 mm
and > 1 additional major feature
10-19 mm with capsule
>20 mm with >1 additional major
feature OR
<20 mm with 2 additional major
features

80%

LR-5 100% certainty of being HCC Definitely HCC 94%
Nonrim APHE and
10-19 mm with non-peripheral
washout OR
10-19 mm with >50% size increase
in <6 months
>20 mm with >1 additional feature

97%

LR-TIV Presence of soft tissue in vein Malignancy with —
regardless of mass in parenchyma tumor in vein

LR-M Targetoid mass with: Probably or 36%
Rim APHE definitely

Peripheral washout malignant but not

Delayed central enhancement specific for HCC

Targetoid diffusion restriction

Nontargetoid mass not meeting

LR-5 criteria and without TIV with
>1 of following
Infiltrative appearance
Marked diffusion restriction

Necrosis or ischemia

93%

Table 3.
LI-RADS criteria with description of terminologies, risk of overall malignancy and risk of HCC.
[APHE — Arterial phase hyperenhancement, TIV- tumor in vein].

2.3.2 Microscopic appearance

Microscopically HCC can be well differentiated, moderately differentiated, undif-
ferentiated and progenitor cell. Most common variety is well differentiated type. It can
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be of trabecular type or acinar type (pseudoglandular type). Malignant hepatocytes
are polygonal with large hyperchromatic nuclei. Bile production is present. Moderately
differentiated HCC can be of solid, scirrhous, sarcomatoid and clear cell varieties.
Solid type tumor shows small hepatocytes with areas of necrosis, inconspicuous
fibrous tissue and absent bile production. In scirrhous variety abundant connective
tissue stroma is noted separating hepatocytes. Clear cell variety has cells having high
glycogen content. Undifferentiated HCC has pleomorphic cells with variable sized
nuclei. Progenitor cell HCC have their origin from stem cells of liver. These tumors
may appear similar to HCC or mixed cholangiohepatocellular carcinoma [25]. On
biopsy specimens differentiation of small HCC from high grade dysplastic nodules is
challenging. Diagnosis of HCC needs to be supplemented with three marker panel as
recommended by International Consensus Group of Hepatocellular Neoplasia and the
World Health Organization. This is because features of interstitial and vascular inva-
sion can be missed on biopsy specimens. Combination of HSP70 (HSPA7), glypican

3 (GPC3), and glutamine synthetase (GS) has sensitivity and specificity of 72% and
100%, respectively in surgically resected specimens and its specificity is validated in
biopsy specimens [26, 27]. Several immunohistochemical markers useful in diagnosis
of hepatocellular carcinoma include Arginase-1 which is most sensitive and specific
marker for hepatocellular differentiation. Hepatocyte paraffin-1 (Hep Par-1) has both
sensitivity and specificity greater than 80% for HCC. Polyclonal carcinoembryonic
antigen (pCEA) shows typical canalicular pattern and has sensitivity of 92% and 88%
for well differentiated and moderately differentiated HCC [28].

HCC is heterogenous tumor in pathogenesis, behavior, phenotype and has dif-
ferent genetic signatures as described by recent studies. As mentioned above several
different subtypes are described. 5th edition of world health organization classifica-
tion of digestive system tumors integrates histopathologic features and molecular
signatures of these tumors. Table 4 shows morphological features, molecular
signatures of different HCC subtypes as per 5th Edition of WHO Classification of
Digestive system tumors [29, 30].

2.3.3 Risks associated with biopsy of the lesion

Biopsy is associated with risk of bleeding in 3-4% cases and severe bleeding
requiring transfusion in 0.5% cases [31]. Risk of needle track seeding of tumor cells
is about 2.7% [32]. Sampling errors can occur for small lesions <2 cm [33].

2.4 Role of tumor markers in diagnosis of HCC

Tumor markers are the substances which can be measured in cells, tissues, body
fluids, indicate presence of cancer and help in prognostication. Ideal tumor marker
should be highly sensitive and specific so as to diagnose lesions early HCC. Alfa
fetoprotein (AFP) is used since long time for surveillance and diagnosis of hepa-
tocellular carcinoma [34]. Now with identification of new molecular signatures,
our understanding of pathological processes involved in HCC is improved leading
development of newer biomarkers. This section will through light on old and new
tumor markers and their utility in diagnosis of HCC [34].

2.4.1 Alfa fetoprotein (AFP)

AFP is a glycoprotein produced by fetal liver. After birth levels of AFP fall and its
synthesis is repressed in adult life. It is expressed under some pathological conditions
like chronic liver disease, cirrhosis, HCC, germ cell tumors and cholangiocarcinoma
[35]. It is the most extensively studied biomarker for surveillance and diagnosis of
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Variant Histopathology Molecular signature Comments

Steatohepatic Features of IL-6/JAK/STAT Less often vascular invasion
steatohepatitis in activation or satellite nodules. Prognosis
tumor. similar to conventional HCC

Clear cell >80% cells Not known Slightly better prognosis
demonstrates clear compared to conventional
cytoplasm due to HCC. Needs differentiation
glycogen. from clear cell type of renal

cell carcinoma.

Macrotrabecular Prominent thick TP53 mutation Associated with HBV
trabeculae. FGF9 amplification. infection, vascular invasion,

poor differentiation, high
alfa-fetoprotein.

Scirrhous Tumor cells mixed TSC1/TSC2 Large tumors, vascular
with dense fibrous mutations, invasion, infiltrative growth.
stroma. transforming growth

factor beta activation.

Chromophobe Cells have clear Alternate lengthening Prognosis similar to
cytoplasm, focal of telomere conventional HCC.
areas of nuclear phenotype.
atypia.

Neutrophil rich Diffuse tumoral Granulocyte Elevated leucocyte count,
infiltration by monocyte colony interleukin-6. Poor prognosis.
neutrophils. stimulating factor

production.

Lymphocyte rich Lymphocytic Not known. Favorable outcome to

infiltration of tumor. conventional HCC.
Table 4.

Shows morphological features, molecular signatures of different HCC subtypes as per s5th edition of WHO
classification of digestive system tumors.

HCC. AFP is elevated in nearly 70% patients with HCC. When cut-off value of 20 ng/
ml is used AFP has sensitivity of 59.9% and specificity of 93% while at the cut-off
value of 200 ng/ml sensitivity drops to 22% and specificity of 100% [35, 36]. AFP
can be falsely elevated in patients with viral infections like hepatitis B and C. Positive
predictive value of AFP in diagnosing HCC in patients with viral etiologies and
non-viral etiologies was 70% vs. 94% in one study using cut-off of 20 ng/ml [34].
AFP also has prognostic significance with values >400 ng/ml have higher tumor
burden, bilobar involvement, tumoral portal vein thrombosis and diffuse and mas-
sive variety of tumors [35]. Limitations of AFP measurement include false negative in
small HCC and 30% of large tumors do not have elevated levels [35]. False positive in
chronic liver disease, cirrhosis, HCC, germ cell tumors and cholangiocarcinoma [34,
35]. AFP-L3 glycoform of AFP is detected in approximately 35% of <3 m size HCC.
Cut-off level of 15% has sensitivities ranging from 75%-96.9% and specificities of
90-92% [35]. Higher levels of AFP-L3 are associated with worse liver function, poor
histology and large tumor mass and portal vein invasion [35].

2.4.2 Glypican-3
It is proteoglycan in plasma membrane. It produced by tumor cells but not
elevated in non-HCC liver diseases. It can be detected in 40-53% of HCC patients

and 33% of HCC patients with negative for both AFP and PIVKA-II. Addition of
Glypican-3 measurements to AFP improves sensitivity from 50-72% [34, 35].
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2.4.3 Des-gamma-carboxyprothrombin or protein induced by vitamin K absence
or antagonist 11 (PIVKA-II)

It is abnormal product from liver carboxylation disturbance during the forma-
tion of thrombogen [34, 35]. It is overproduced in HCC patients. Sensitivity and
specificity of PIVKA-II at the cut-off level 40 mAU/ml is 51.7% and 86.7% while
at the cut-off value of 125 mAU/mL in discriminating HCC from nonmalignant
hepatopathy sensitivities and specificities were 89% and 86.7% [37, 38]. In com-
bination AFP-L3, AFP and DCP achieved 60.6% sensitivity and 100% specificity
while DCP combined with AFP alone increased sensitivity from 65-87%, but
specificity dropped from 84-69% [39, 40]. Japanese clinical guidelines recommend
the combined use of PIVKA-II and AFP for the diagnosis of HCC, management of
high-risk population, and prognosis of anticancer treatment [41].

2.4.4 Long noncoding RNAs (Inc RNAs)

Recent evidences have shown that long noncoding RNAs (IncRNAs) are involved
in cancer diagnosis and prognosis. Pooled sensitivity, specificity, positive likelihood
ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR), and
AUC for IncRNAs in the diagnosis of HCC were 0.83, 0.80, 4.2, 0.21, 20, and 0.88,
respectively [42].

Table 5 summarizes newer biomarkers under evaluation for diagnosis of HCC.

2.5 Fibrolamellar hepatocellular carcinoma (FL-HCC)

Rare variant of HCC accounting for only 1% cases. In contrast to conventional
HCC, FL-HCC is common in young patients aged <40 years, occurs in normal liver
and has normal AFP levels [53]. FL-HCC is chromosomally stable tumor and displays
genomic homogeneity in contrast to conventional HCC. Mutations in AFP, TP53
beta-catenin and surviving are not seen in FL-HCC, however increased expression
of anterior gradient-2, CD133, CD44 and nuclear factor-kB pathway are seen in
FL-HCC. Chromosomal imbalances involving chromosomes 1, 7 and 8 are noted in
aggressive FL-HCC [54-56]. FL-HCC is typically large tan colored well-circumscribed
firm mass without underlying chronic liver disease or cirrhosis. Central stellate
scar is seen in 75% cases. Microscopically it is composed of cluster or sheets of large
polygonal or spindle shaped cells with eosinophilic cytoplasm and prominent nuclei.
Fibrous stroma is seen around the tumor cells. It has capsule and central scar [57, 58].
On immunohistochemistry it shows hepatocyte paraffin 1, CK7, CD133, CD44, a-1-
antitrypsin, fibrinogen, C-reactive protein, carcinoembryonic antigen and copper
[55, 59]. Patient presents with abdominal pain, malaise, weight loss and abdominal
lump [57]. On ultrasound FL-HCC has no specific features [60]. On computed
tomography scan tumors are well defined with lobulated outline. It has hypodense
large >2 cm central scar and radiating fibrotic bands are more common. Central scar
may show calcification. On contrast enhancement in arterial phase it shows heteroge-
nous hyperattenuation. On the portal venous phase and delayed phase, approximately
50% of fibrolamellar HCCs become isoattenuating to liver. However, they may also be
hyperattenuating (36%) or hypoattenuating (16%). Central scar may show delayed
enhancement in 25-65% cases. Venous and biliary obstruction is rare [60]. On MRI,
FL-HCC is hypointense on T1 imaging and hyperintense on T2 images. Central scar is
hypointense on T1 and T2 weighted images. On contrast injection, it shows heterog-
enous enhancement which becomes iso or hypointense in delayed phase [60]. Nodal
metastasis occur in 50-65% of FL-HCC and commonly occur in hepatoduodenal
ligament and hepatic hilum. Cornerstone for treatment is surgical resection with
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Serial Tumor marker Comments

Number

1 Serum Gamma-glutamyl 74% for all HCC and 34% for small HCC. In combination with

transferase II isoenzyme AFP, PIVKA-II sensitivity may be improved.
[43]

2 Alpha-I-fucosidase [44] Activity increases in HCC patients. Sensitivity and specificity
at 870 nmol/ml per hour is 81.7% and 70.7% respectively

3 Alfa-fetoprotein mRNA Serum AFP mRNA detected by reverse-transcription

[45, 46] polymerase chain reaction (RTPCR) is correlated with portal
vein thrombosis, number of nodules of tumor, tumor diameter,
stage and post-operative recurrence.

4 Human telomerase It has sensitivity and specificity of 88.2% and 70% and

reverse transcriptase levels correlate with AFP concentration, tumor size, tumor
mRNA (hTERT) [47, 48] differentiation.

5 Vascular endothelial Serum VEGF levels per platelet count are increased >1.4

growth factor(VEGF) picogram/lO6 in patients with HCC and correlate with stage,
[49] portal vein thrombosis, response to therapy and survival.

6 Interleukin-8 [50] It is chemokine having direct effect on tumor cells,
angiogenesis, tumor migration. Serum levels are significantly
elevated in HCC patients compared to healthy adults and
correlate with tumor size, venous invasion, advanced stage,
absence of capsule and poor prognosis

7 Transforming growth Serum levels elevated in HCC. At cut-off 800 pg./ml sensitivity

factor-beta 1 [51] and specificity is 68% and 95%.
8 Tumor-specific growth Serum TSGF reflects the existence of tumor. It has been
factor (TSGF) [52] indicated that TSGF can be used as a diagnostic marker in
detecting HCC, and its sensitivity can reach 82% at the cut-off
value of 62 U/mL. With other markers like AFP, ferritin
sensitivity and specificity can reach up to >90%
Table 5.

Summary of new tumor markers in HCC.

adequate lymph node dissection. The 5 year overall survival rate after partial hepatec-
tomy was 70%. Radioembolization using °°Y is helpful in unresectable FL-HCC. Liver
transplantation is therapeutic option in selected patients [60, 61].

2.6 Diagnosis of HCC in noncirrhotic liver

About 10% HCC can occur in noncirrhotic liver. Risk factors include alcohol
(21%), chronic hepatitis B(30.60%), chronic hepatitis C infection (14.36%),

diabetes (40%), family history (13.85%) and cryptogenic (39%). Other risk factors
include aflatoxin B, metabolic liver diseases, chemical and industrial carcinogens
like vinyl chloride. HCC in noncirrhotic liver present as advanced disease, larger in
size [62]. Male to female ratio is 2:1. Hepatomegaly, abdominal pain, malaise, weight
loss and anorexia are common presenting features [62, 63]. On ultrasound, lesion
can be hypoechoic, hyperechoic due to intralesional fat or mixed echogenicity due
to necrosis. On unenhanced CT, lesions appear as hypodense circumscribed masses.
Few of them show calcifications, hemorrhagic areas and necrosis. On contrast injec-
tion, it does show arterial phase hyperenhancement and washout in delayed phase
but specificity is lower as other lesions like hepatocellular adenoma and hypervas-
cular metastasis. On MRI these tumors have variable T1 and T2 weighted images
depending on degree of fat, necrosis and fibrosis. On contrast injection, features are
similar to CT scan. Liver biopsy is often required for diagnosis [62, 63].
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3. Surveillance for hepatocellular carcinoma

Surveillance is defined as periodic application of diagnostic test to individuals
who have specific risk factors for disease. Surveillance depends on the incidence of
the surveyed disease in the target population, the availability of efficient diagnostic
test(s) at bearable costs and acceptability for the target population, and the avail-
ability of treatments and their effectiveness if disease is diagnosed early in course
of disease. Primary objective of surveillance program is early diagnosis of disease so
that curative treatments can be offered to the patients [64].

3.1 Target population for surveillance

While deciding the appropriate population it is necessary to consider incidence
of HCC in the population, probability that curative therapies can be offered to the
patients who are diagnosed as having the disease and cost effectiveness of surveil-
lance. In case of HCC, application of curative therapies not only depend on extent
of tumor but also on underlying liver function. Hence appropriate patients should
be enrolled in the surveillance program [3, 24].

3.1.1 Cirrhotic patients

Nearly 90% HCC develop on the background of cirrhosis of liver. The annual
incidence of HCC is 2.0-6.6% in patients with cirrhosis [24]. Cost-effectiveness
studies in western patients have shown that surveillance for HCC would be benefi-
cial if the incidence is 1.5%/year or greater, irrespective of etiology of cirrhosis [65].
However, advanced cirrhosis with Child score C or Child score B with gross ascites,
hepatorenal syndrome, clinical jaundice do not qualify for curative therapies for
HCC and do not warrant surveillance unless they are considered for liver transplan-
tation. Child A cirrhotic patients or those decompensated cirrhotic patients who
are listed for liver transplant warrant surveillance as diagnosis of HCC modifies the
priority and decision to transplant [66-68].

3.1.2 Noncirrhotic patients

HCC can develop in noncirrhotic liver in patients infected with hepatitis B virus.
The risk varies with geographical distribution and is higher in Asia and Africa than
Western countries. Higher levels of HBV replication, age and gender (males higher than
females) are the risk factors for development of HCC which is lower than cirrhotic but
definitely higher than general population [69, 70]. In a cohort study of males belonging
to multiple race and age-groups, risk of HCC was highest among Asian Pacific Islanders,
followed by whites and African Americans. Also, regardless of race, annual incidence
of HCC was more than 0.2% for all patients older than 40 years with high levels of
alanine aminotransferase [71]. A similar HCC incidence rate of 0.2 per 100 person-
years has been observed in inactive carriers with chronic HBV infection from East Asian
countries. Asian females >50 years of age and patients with family history of HCC are
also at increased risk of HCC. Hence, surveillance should be offered in the above subset
of patients as these patients are noncirrhotic with preserved liver function and fit for
curative resection for HCC [66, 67]. Patients with chronic hepatitis B on therapy with
advanced fibrosis or cirrhosis at baseline should also be enrolled under surveillance
program [72, 73]. Various scoring systems are available which can help in stratifying the
patients based on risk of HCC and those with significant risk should be offered surveil-
lance [74]. Examples of such scoring systems include GAG-HCC score, LSM-HCC score,
PAGE-B score, REACH-B score. REVEAL risk model [74].
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Patients with chronic hepatitis C infection with bridging fibrosis are at increased
risk of development of HCC. Transition from advanced fibrosis to cirrhosis cannot
be accurately determined [75]. Several studies show that liver stiffness assessment
performed by transient elastography correlates with risk of development of HCC
[76, 77]. Hence these patients warrant surveillance for HCC. Patients with chronic
HCV infection previously treated, who have achieved sustained virological response
but had advanced fibrosis or cirrhosis need HCC surveillance [74].

Prevalence of nonalcoholic fatty liver disease (NAFLD) is increasing in all part
of the world. Nonalcoholic steatohepatitis (NASH) is associated with morbidity and
mortality due to cirrhosis and its complications and development of HCC [3]. Similar
to cirrhotic patients with other etiologies, patients with NASH cirrhosis should be
included in surveillance program. A systematic review and metanalysis of studies on
HCC in noncirrhotic NASH subjects showed that these subjects were at greater odds
of developing HCC than non-cirrhotic subjects of other etiologies (OR 2.61, 95% CI
1.27-5.35, P = 0.009) [78]. The incidence of HCC in patients with non-advanced fibrosis
is expected to be insufficiently high to deserve universal surveillance, given the large
prevalence of NAFLD in the general population [79]. American society of gastroenter-
ology clinical practice update on screening and surveillance of HCC in NAFLD suggest
to use two noninvasive tests to assess level of fibrosis [79]. Those patients with signifi-
cant fibrosis on both tests to be enrolled in the screening program. Genetic studies have
shown the presence of the PNPLA3 risk allele is increased in those NAFLD with HCC.
However limited availability of the test restricts its use in clinical practice [79].

Patients with Wilson’s disease, autoimmune liver disease and alpha 1- antitrypsin
deficiency have lower risk of developing HCC unless cirrhosis is developed. Hence
routine surveillance is not recommended [24].

3.2 Surveillance tests

Surveillance tests should be sensitive, easily available to large population,
less costly, safe, acceptable to the people and permits early diagnosis of disease.
Surveillance tests used for HCC surveillance can be classified as radiological,
serological or combination of both. Section 2.2 and 2.4 describe imaging and tumor
markers, their sensitivity, specificity and accuracy.

3.2.1 Radiologic surveillance tests

Ultrasonography (USG) of liver is the most commonly used method for surveil-
lance. It is non-invasive, relatively inexpensive, easily available and without any
associated risk of radiation. It has the sensitivity of 84% for any stage HCC and 63%
for early-stage HCC [80]. In patients with cirrhosis, USG may have a suboptimal
performance due to the presence of fibrous septa and regenerative nodules, which
appear as a coarse pattern on ultrasound and may mask the presence of a small
tumor. In a meta-analysis, the sensitivity and specificity of USG for detection of
HCC at any stage were 84% (95% CI, 76-92%) and 91% (95% CI, 86-94%), respec-
tively, but, the pooled sensitivity of ultrasound was only 47% (95% CI, 33-61%)
for detection of early-stage HCC [81]. Hence, it is recommended that USG of liver
for HCC surveillance should be done by an expert radiologist. Compared to ultra-
sonography, computed tomography and MRI had better sensitivity and specificity
for diagnosis of early HCC (Refer to Section 2.2 for details). However use of radia-
tion, complex imaging techniques, availability, cost of imaging are the important
limiting factors. While comparing 6-monthly USG and yearly triphasic CT for HCC
surveillance, it was found that biannual ultrasound was more sensitive (71.4%)
when compared to CT (66.7%) with lower overall cost [82].
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3.2.2 Serological tests

Serological test for early diagnosis of HCC include AFP, PIVKA II, AFP-L3, alpha
fucosidase and glypican. (Refer to Section 2.4). Out of all AFP is most widely stud-
ied. In a study evaluating the biomarkers AFP had the best area under the receiver
operating characteristic curve (0.80, 95% confidence interval [CI]: 0.77-0.84),
followed by des-gamma carboxy-prothrombin (DCP) (0.72, 95% CI: 0.68-0.77) and
lectin-bound AFP (AFP-L3%) (0.66, 95% CI: 0.62-0.70) for early-stage HCC and the
sensitivity of AFP was 66% [83]. As a serological test alone for surveillance AFP has
suboptimal performance however, it may used if ultrasound is not easily available
[84, 85]. One problem with use of AFP as surveillance test is that only in 10-20% of
early HCC have elevated AFP and on the other hand AFP can be falsely elevated in
chronic hepatitis B and C infections [24]. Instead of single biomarker for surveillance
combination of multiple biomarkers are being increasingly studied. GALAD, which
includes gender, age, lectin-bound AFP % (AFPL3%), AFP, and des-gamma car-
boxy prothrombin (DCP) studied in a multinational phase II study involving 6,834
patients (2,430 HCC and 4,404 chronic liver disease), achieved sensitivities ranging
from 60-80% for early HCC detection. Another panel including AFP, fucosyl-
ated kininogen, age, gender, alkaline phosphatase, and alanine aminotransferase
demonstrated a c-statistic of 0.97 (95% CI 0.95-0.99) for early HCC detection. A
methylated DNA marker panel had a c-statistic of 0.96 (95% CI 0.93-0.99), with
a sensitivity exceeding 90%, for early HCC detection in a phase II study. Although
these studies appear promising further research is needed in this field [3].

3.2.3 Combination of both

Meta-analysis had shown that combination of AFP and USG to be superior to
only USG or AFP alone. Ultrasound with vs. without AFP detected early-stage HCC
with 63% sensitivity (95% CI, 48-75%) and 45% sensitivity (95% CI, 30-62%),
respectively (P = .002) [86]. The benefit of AFP in addition to ultrasound was
consistent across subgroups, including prospective studies, studies conducted in the
United States, and studies conducted after the year 2000 [86]. Counter argument to
this approach is that, although addition of AFP to USG helps in detection of 6-8%
additional tumors does not balance the increase in false positive results resulting
due to active inflammation causing raise in AFP levels in absence of HCC, adding to
cost of screening without significant benefit [24].

3.3 Surveillance interval

It depends on rate of tumor growth and incidence of cancer in the population [24].
Median doubling time of an HCC lesion is 6.5 months +/— 5.7 months [87]. Analysis of
prospectively maintained multi-center Italian database showed a better overall median
survival of 40.3 months in the 6-monthly surveillance group, compared to 30 months
in the 12-monthly surveillance group (P = 0.03) [88]. Subsequently a French study
evaluated impact of shortening of surveillance to 3 months. It showed that 3-months
surveillance group had higher incidence of non-malignant lesions, similar number of
patients in both 3-months and 6-months group were detected with HCC at an early
stage (79% vs. 71%; P = 0.40) and similar proportions received curative therapies (62%
vs. 58%; P = 0.88) [89]. Hence it appears that 6 months interval is optimal.

3.4 Benefits of surveillance

Cancer surveillance programs are aimed to detect tumors early so that curative
treatments can be provided to patients. Evidence in favor of surveillance programs
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in HCC has remained controversial. One randomized controlled trial support-

ing HCC surveillance with 6-monthly abdominal ultrasound was performed in
more than 18,000 Chinese patients and showed a 37% reduction in mortality risk
in screened patients [90]. Other studies are retrospective, observational and has
suffered some biases. Lead time which means the given proportion of survival
benefit is due to early diagnosis due to surveillance and length time bias arises

due to detection of slow growing tumors during surveillance programs where as
fast growing tumors become symptomatic early in their course [3]. Surveillance
programs can create a state of anxiety in mind of patients. Additional tests and
financial burden if screening tests are indeterminate. There is also possibility of
overtreatment of tumor which might never become symptomatic [3]. Considering
dismal prognosis of HCG, all societies recommend screening of at risk patients for
HCC [24, 33, 91-93].

3.5 Summary of recommendations by various societies

Table 6 summarizes recommendations, screening tests, screening interval by
various societies across the world [24, 33, 91-93].

4. Role of multidisciplinary team in surveillance and diagnosis of HCC

Optimal care of patients with HCC involves specialists from multiple disci-
plines like gastroenterology/hepatology, surgical oncologist, liver transplant team,
medical oncologist, radiologist, interventional radiologist, primary care physician,
radiation oncologist, pathologists, palliative care specialist, nursing staff and
dieticians. Multidisciplinary teams (MDTs) have evolved to facilitate care coordina-
tion, reassessments of clinical course, and fine changes in treatment plans required
for these complex group of patients. MDTs provide platform to facilitate prompt
diagnosis of HCC by reviewing patients imaging, tumor markers and also assessing
the need for biopsy which is associated with complications like bleeding and needle
track seeding. As mentioned in previous sections, diagnosis of HCC is primarily
based on imaging and there are restricted indications for biopsy of lesion. Experts
in MDTs can also play a role in suggesting next investigation if one of the diagnostic
investigation is inconclusive [94].

5. Conclusion

To conclude, small HCC rarely become symptomatic. HCC can be a cause for
new onset decompensation. Diagnosis of HCC requires multiphase computed
tomography or MRI scan. In cirrhotic liver, diagnosis of HCC is based on typical
imaging features and rarely needs biopsy. In noncirrhotic liver and vascular liver
diseases biopsy may be required to confirm diagnosis. Contrast enhanced ultra-
sound and MRI with hepatobiliary contrast agents are promising modalities for
evaluation of small and indeterminate nodules. Tumor markers play adjunct role
in diagnosis but has prognostic significance. Pathologically HCC is heterogenous
tumor with multiple subtypes with distinct molecular signatures. HCC surveil-
lance in high risk groups with biannual ultrasound with or without alfa-fetoprotein
helps in early detection of lesions which are amenable to curative treatment.
Multidisciplinary teams provide platform for care coordination, reassessments of
clinical course, and fine changes in treatment plans required for this complex group
of patients.
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Abstract

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors,
which is also often fatal. An early and accurate diagnosis is a decisive step towards
the survival of the patients. Molecular biology improved significantly the prognosis
of liver cancers through learned use of tumor markers like proteantigens, cyto-
kines, enzymes, isoenzymes, circulating RNAs, gene mutations and methylations.
Nevertheless, much improvement is still achievable and needed in this area, which
is crucial in order to make an early diagnosis and monitor the progression of the
disease. We present in this review what we believe to be the most relevant data
regarding tissue and serum biomarkers related to HCC.

Keywords: Biomarkers, Hepatocellular Carcinoma, Diagnosis, Liver Cancer

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer in males, the
seventh in females, and the third leading cause of cancer-related deaths. Each year
there are approximately 800,000 fatalities [1-3]. In developing countries, morbid-
ity and mortality rates are 84% and 83%, respectively [4]. HCC typically occurs in
the context of chronic hepatitis B virus (HBV) or hepatitis C virus (HCV) infection,
accounting for 85% of all HCC cases globally [3]. Lower risk factors include non-
alcoholic fatty liver disease (NAFLD) and chronic alcohol consumption [4].

Tumor evolution is a complex process implying many stages and involving many
factors, such as genetic and chromosomal changes. During tumor development, the
number, type, extent, and distribution of markers and variants are closely related to
the occurrence, progression, invasion, and metastasis of HCC. Therefore, diagnosis
and early detection are highly important in management and treatment because it is
only possible to cure the disease when the tumor when it is detected at a small size.

Advances in the understanding of tumor biology, combined with the develop-
ment of molecular methods in looking for new biomarkers in the early detection
of the disease, their invasiveness, likelihood of metastasis and recurrence, has led
to the discovery and use of several new markers in this disease. In this review, we
discuss the results of the studies that we consider the most relevant, and in particu-
lar their diagnostic performance for the detection of HCC at an early stage.
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2. Embryonic antigen
2.1 Alpha-fetoprotein (AFP)

Alpha-fetoprotein (AFP) is a large serum glycoprotein that is synthesized in
the liver that occurs during fetal life is repressed during adulthood [5]. Therefore,
AFP levels often diminish rapidly after birth and remain low throughout adult-
hood. Since AFP was discovered in the serum of HCC patients in 1964 [6], it has
been regarded as the most useful serum protein for patients at risk for HCC [7-9].
However, the sensitivity and specificity of using AFP for early HCC detection are
widely variable as elevated AFP levels are also observed in many other cancers
[10]. In addition, AFP levels are below the detection limit in small liver tumors,
while it can be above the detection limit when the tumor is large, producing an
AFP-negative HCC. AFP is considered to have a screening role in HCC but its role
is limited since it does not allow to distinguish between cancerous lesions and
some other benign liver damage pathologies, hence causing a high proportion
of false positives and false negatives. Patients with hepatitis still have high AFP
level even without liver tumors. The positive predictive value of AFP for detect-
ing HCC is 70% for people with hepatitis viruses and 94% for those without.
Therefore, AFP is more effective in detecting HCC in cases without hepatitis
viruses.

According to the 2010 recommendations of the American Association for the
Study of Liver Diseases (AASLD) for the diagnosis and treatment of HCC, the
effectiveness of AFP as a test to diagnose HCC was lower than expected. AFP is also
increased in biliary carcinoma in the liver or metastases from colon cancer. Biliary
cancer in the liver is also quite common in cirrhotic patients, although the incidence
of this disease is lower than that of HCC. The fact that these two liver cancers are
common in cirrhosis makes it necessary to identify accurately the disease. Because
AFP may increase in many cases other than HCC, it is no longer recommended
to be used in Europe and the Americas for its diagnosis. The current diagnosis of
HCC is based on imaging and histopathology [11]. The Asia Pacific Association for
the Study of the Liver (APASL) also stated that AFP alone is not recommended to
diagnose HCC. When combined with other methods, the diagnosis threshold of
AFP was 200 ng/ml (Table 1) [12].

2.2 AFP heterogeneity

AFP exists as three glycoforms, each of them having a different binding
capability to lectin Lens culinaris agglutinin (LCA): AFP-L1 (non-binding frac-
tion), AFP-L2 (weak binding fraction), and AFP-L3 (binding fraction). AFP-L1is
increased in early stages of liver disease progression, AFP-L2 has an intermediate
affinity for lectin and is a major component during pregnancy because it is derived
from the yolk sacs. AFP-L3 is only elevated in patients with HCC because it is
solely produced by cancer cells, making it a specific biomarker for HCC [13, 14].
However, the drawback of AFP-L3 is that it can only be detected if AFP levels are
>20 ng/ml.

AFP-L3 immunoassay sensitivity has been further improved by higher sensitiv-
ity analytical methods and advanced microfluidics-based separation science [15].
“Highly sensitive AFP-L3” (hs-AFP-L3) obtained significantly better results than
conventional AFP-L3, even when patients had a single and/or small HCC tumor. The
sensitivity and specificity of hs-AFP-L3 were 57% and 63.5%, and 40.4% and 81.1%
for conventional AFP-L3 [16]. These results make hs-AFP-L3 a valuable biomarker
for detecting early-stage HCC (Table1).
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Marker Cut-off value Sensitivity Specificity Reference
(%) (%)
AFP >200 ng/ml 39-45 76-94 ADSSL
AFP-L3 AFP-L3/AFP > 15 55.3 939 Taketa [1]
GP73 85,5 mg/1 80 82 Schewegle [2]
GPC3 na. 55.2 84.2 Jia [3]
OPN n.a. 86 86 Wan [4]
SCCA na. 84.2 489 Gianneli [5]
DCP + AFP 727 90 Carretal. [6]
74.2 872 Bertino [7]
GGT 5,51U0/ml 86 na. Yao etal. [8]
hsGGT na. 74 na. Cuietal. [9]
AFU na. 81.5 85.4 Wang et al. [10]
TGF-p1 800 pg./ml 95 na. Song et al. [11]
TGF-p1 >1,2pg/l 89.5 94 Dong et al. [12]
mRNA
TSGF 62 1U/ml 82 n.a. Yin etal. [13]
IGF-II 4,1 mg/1 63 90 Tsai et al. [14]
HGF >1 ng/ml 100 na. Vejchapipat et al. [15]

Abbreviation: n.a.: not applicable; AFP, alpha-fetoprotein; GP73, Golgi protein 73; GPC3, Glypican-3; OPN,
Osteopontin; SCCA, squamous cell carcinoma antigen; DCE, Des-y-carboxyprothrombin; GGT, Gamma-
glutamyltransferase; AFU, Alpha L fucosidase; TGF-p1, Transforming growth factor-B; IGF-II, insulin-like growth
factor-1I; HGF, Hepatocyte growth factor.

Table 1.
Diagnostic performance of biomarkers for HCC.

3. Proteantigen
3.1 Glypican-3 (GPC3)

Glypican-3 (GPC3) is a member of the glycican family of heparan sulfate
proteoglycans linked to cell membranes by glycosyl-phosphatidylinositol [17]. It is
a fetal glycoprotein that exists on the cell surface to help regulate cell growth during
pregnancy. GPC3 is associated with the malignant proliferation of cells but there
are currently no studies to prove its association with healthy people and benign
conditions. Quite a number of studies have proven the overexpression of GPC3 in
malignant diseases such as breast cancer, ovarian cancer, or lung adenocarcinoma
[18, 19]. With HCC, its expression is increased through the autocrine/paracrine
regulator in conjunction with the Wnt signaling pathway [20]. Some studies have
concluded that the sensitivity of GPC3 in HCC diagnosis ranges from 40 to 53%,
which is interesting considering that in about 33% of cases, both AFP and DCP
serum were within normal limits [21, 22]. GPC3 has been detected in HCC tumor
but not in benign liver tissues, so it is likely a marker for early detection of HCC
[23]. GPC3 expression does not depend on some clinical features such as tumor size,
GPC3 sensitivity in early HCC diagnosis (size <3 cm) was 56% [23]. In a meta-anal-
ysis, the sensitivity and specificity of serum GPC3 to diagnose HCC were 55.2% and
84.2%, respectively [24]. A smaller analysis of the early-stage HCC group (BCLC 0
and A or TNM phase I) showed a sensitivity and specificity of GPC3 of 55.1% and
97%, respectively, which are higher than the those obtained with the AFP serum in
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the same study, that were 34.7% and 87.6%. Combining GPC3 and AFP increased
the sensitivity to 76% for early-stage tumors [24]. In short, GPC3 might be a marker
for HCC, especially in the early stages, but GPC3 expression also increases in some
other malignancies, so the specificity for HCC diagnosis is not high. It can still

increase diagnostic sensitivity when combined with other valuable serum markers
(Table1).

3.2 Heat shock protein 70 (HSP70)

Heat shock protein (HSP) is an antiapoptotic protein whose overexpression
allows cell survival. It protects cells and stimulates the reparation of tissue damage.
A study indicated the positive rate of HSP70 and HSP27 in HCC tissues at 56.3%
and 61.9%, respectively [25]. There was a correlation between the stained intensity
of HSP70 and tumor size, portal vein invasion, and tumor stage, while HSP27 was
only associated with hepatitis B virus (HBV) related HCC. In addition, the overex-
pression of HSP70 and HSP27 in HCC tumors may lead to increased tumor growth
and metastasis (Table1) [26].

Data suggest that HSP70 can be used as a prognosis indicator for HCC. Its
expression was detected in 282 of 392 HCC cases (71.9%), compared to 14 of 115
non-neoplastic liver tissues [27]. The sensitivity and specificity in the detection
of HCC have been measured at 57.5% and 85%, respectively [28]. The expression
of HSP70 is also correlated with the differentiation and apoptosis of tumor cells.
HSP70 promotes cancer cell growth by stabilizing cyclin D1 and suppressing apop-
tosis in cancer cells by inhibiting the p53 pathway [29, 30]. This information makes
HSP70 and HSP27 potential markers of HCC that should be further investigated.

3.3 Golgi protein 73 (GP73)

Golgi protein 73 (GP73) is a type II Golgi-specific membrane protein, which is
normally expressed in epithelial cells of many human tissue types, but not hepa-
tocytes [31]. A study showed that serum GP73 levels of patients with HBV-related
HCC were significantly increased compared to patients with HBV and healthy
adults [32, 33]. The sensitivity of diagnosis of HCC (76.9%) was significantly higher
than that of AFP (48.6%), suggesting that GP73 can be an effective serum bio-
marker for the diagnosis of HCC [34]. The combination of GP73 and AFP further
increased the sensitivity and specificity to 89.2% and 85.2%, respectively, with an
AUC of 0.96 (Table1).

FC-GP73 further improves the HCC diagnostic performance made with GP73
from 65 to 90 to 90-100%, respectively. Even when GP73 is at a very low level or
absent, FC-GP73 is still detectable [35]. These are encouraging data but there is still
alot of work to be done regarding the correlation between GP73 and tumor size,
stage, recurrence, and prognosis before this marker can be used.

3.4 Squamous cell carcinoma antigen (SCCA)

Squamous cell carcinoma antigen (SCCA) belongs to the high molecular weight
protease inhibitor family found in the squamous and granular layers of the normal
squamous epithelium. It consists of two different isomers, encoded by two highly
homologous genes: SCCA1 being neutral, and SCCA?2 acid [36]. SCCA2 has been
detected in many malignancies such as cervical, lung, head and neck carcinoma,
and it has been used as a valuable diagnostic biomarker in clinical practice [37].

Giannelli et al. showed that SCCA expression was higher in the HCC group than
in the cirrhotic group. The sensitivity of SCCA is 84.2%, but the specificity is low at
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48.9%. In the small tumor group (< 3 cm) the sensitivity and specificity of SCCA
were 56.1% and 74.9% with a cut-off of 3.2 ng/ml. In their study of SCCA expres-
sion in cells, using immunohistochemistry, Guido et al. demonstrated that SCCA
expression in cancerous tissues and dysplasia nodules was much higher than that
of newly formed nodules in early HCC diagnosis [38]. SCCA was highly sensitive,
but its specificity was quite low. Its expression in early HCC tissue and in dysplasia
nodules makes SCCA a valuable complementary marker for HCC diagnosis. An
alternative biomarker is an immune complex between SCCA and IgM, SCCA-IgM,
whose expression increases in early HCC. The immune complex SCCA-IgM has a
higher diagnostic performance than the free SCCA and is also more relevant since it
is not found in the serum of healthy people. However, the detection rate of SCCA-
IgM immune complex is 18% for chronic hepatitis, 26% for cirrhosis and 70%

for HCC [39]. Its sensitivity and specificity for HCC diagnosis are 89% and 50%
[40]. The concentration of SCCA-IgM immune complex is constantly increasing
in patients with cirrhosis who tend to progress to HCC. Sensitivity and specificity
were of higher value than AFP in the studies of Pontisso et al. [37].

Increased serum SCCA in patients with liver disease can be considered a valuable
marker for early diagnosis of HCC. Especially the SCCA-IgM immune complex,
which is highly sensitive. However, since its specificity is quite low, it must be com-
bined with other markers such as serum AFP or DCP to increase its diagnostic value.

3.5 Osteopontin (OPN)

Osteopontin (OPN) is known as a conversion protein and is a glycophosphopro-
tein associated with integrin, which is overexpressed in many types of malignancies
such as lung, breast, and colon cancers [41]. OPN usually manifests in biliary epithe-
lial cells, astrocytes and Kupffer cells, but not in liver cells [42]. However, increased
serum OPN expression has been reported in patients with HCC, but not in those
with cirrhosis, chronic hepatitis, or healthy controls [43, 44]. In a meta-analysis,
the sensitivity and specificity of OPN were 86% for all HCC stages [45]. Shang et al.
suggested that serum OPN concentrations at the cut-off level of 91 ng/ml were more
sensitive than that of AFP (74% versus 53%) in the diagnosis of HCC. Combining
two imprints with an OPN cut-off of 156 ng/ml and an AFP cut-off of 20 ng/ml
increased sensitivity and specificity (95% and 96%). The sensitivity and specificity
of OPN were 75% and 62% for early HCC, which means the sensitivity was higher
than that of AFP, but the specificity lower (46% and 93%). When combined with
AFP at the cut-off of 91 ng/ml for OPNs, sensitivity increased to 83% and specificity
decreased to 63% [45] (Table 1). Based on such findings, OPN can be considered an
important marker in HCC diagnosis, especially for tumors in the early stages, and
when combined with AFP to significantly increase sensitivity. However, studies with
larger sample populations are needed to confirm its relevance.

3.6 Tumor-associated glycoprotein 72 (TAG-72)

Tumor-associated glycoprotein 72 (TAG-72) is a macro-molecular glycoprotein
complex, which is rarely expressed in normal tissues, but overexpressed in the
majority of human adenocarcinomas, including gastric, colon, and pancreatic
cancer. TAG-72 expression is significantly increased in HCC tissues compared to
normal liver tissues [46], and it is suspected of promoting tumor invasion and
metastasis. A correlation between overexpression of TAG-72 and poor survival in
patients with HCC has been observed [46]. This makes TAG-72 a potential prog-
nosis marker for HCC, and anti-TAG-72 monoclonal antibody has been used for
tumors clinical detection [47].
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3.7 Zinc-a2-glycoprotein (ZAG)

Zinc-a2-glycoprotein (ZAG) is a member of the class I major histocompatibility
complex (MHC-I) family. It is considered a new adipokine because of its strong
amino acid sequence homology with lipid mobilizing factor (LMF). ZAG is down-
regulated in human obesity [48], but it is upregulated in different cancers such as
breast, lung and prostate cancers, making it a potential biomarker for these. The
serum proteome of the HCC, liver cirrhosis and healthy adult groups have been
analyzed and it was found that the ZAG is overexpressed in the HCC patients sug-
gesting a potential biomarker for the early detection of HCC [49].

3.8 Annexin A2

Annexin A2 is a calcium-dependent, phospholipid-binding protein found on
the surface of endothelial cells and most epithelial cells [50, 51]. Annexin A2 serum
concentrations in patients with HCC were often higher than those with benign liver
disease, other malignant tumors, or healthy individuals [52-54]. High annexin A2
levels were observed in 83.2% of early-stage HCC and 78.4% of AFP-negative HCC
patients [55]. Annexin A2 sensitivity and specificity were respectively measured at
83.2% and 67.5% in the detection of early-stage HCC, while HCC patients with nor-
mal AFP levels were 54.7% and 81.3%, respectively. The diagnostic performance of
annexin A2 alone (AUC = 79%) was also greater than for AFP alone (AUC = 73%).
As expected, the combination of annexin A2 and AFP further improved the overall
diagnostic performance with a sensitivity of 87.4% and a specificity of 68.3%. This
makes annexin A2 a potential independent biomarker for detecting early-stage HCC
in patients with normal serum AFP.

4. Enzymes and isozymes
4.1 Des-y-carboxyprothrombin (DCP)

Des-y-carboxyprothrombin (DCP) or Prothrombin induced by vitamin
K absence II (PIVKA II) is a prothrombin molecule which is synthesized in
abnormally high amount in HCC. During malignant transformation in liver
cells, vitamin K-dependent carboxylase system weakens [56]. In essence, this is
a carboxylation defect that leads to increased DCP synthesis [57]. Serum DCP
levels in patients with liver cancer have differed from normal individuals [58]. In
a comparative study of cases of chronic hepatitis and liver cirrhosis, DCP showed
a sensitivity of 72.7% and a specificity of 90.0%, equivalent to AFP [59]. The
combination of these two markers improves HCC diagnosis with a sensitivity and
a specificity of 74.2% and 87.2%, respectively [60]. Although DCP has proven to
have great potential as a biomarker for early diagnosis of HCC, it needs to be veri-
fied by further studies, especially in combination with AFP. In a large multicentre
study, the sensitivity of DCP was 56% for early HCC diagnosis. Combining DCP
with AFP increased the sensitivity from 65-87% 3 months before HCC diagnosis,
but the specificity decreased from 84-69% [61].

Although the diagnostic value of DCP has been studied in Asian countries, its
assessments in Western countries, especially in Europe, are still limited. A case—
control study to evaluate the performance of serum AFP and DCP concentrations
for early HCC diagnosis was conducted in France [62]. The cut-off threshold for
serum DCP was 42 mAU/ml and 5.5 ng/ml for AFP, resulting in DCP being better
than AFP for early diagnosis of HCC with a sensitivity of 77% compared to a 61%
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one, and a specificity of 82% compared to a 50% one. The positive forecast value
was 76% compared to 51%, and the negative forecast value was 83% compared to
62%. The combination of DCP and AFP improved diagnostic performance. These
results further support the value of DCP as a marker for early HCC diagnosis.
According to the 2010 recommendations of the Japan Society of Hepatology (JSH),
the three biological markers AFP, AFP-L3 and DCP are checked by the state insur-
ance for HCC screening, as a combination of two of the three biomarkers, or all
three combined. These three markers help to increase sensitivity without reducing
specificity in small liver cancer [63].

4.2 y-Glutamyl transferase (GGT)

y-Glutamyl transferase (GGT) is a membrane-binding enzyme, which appears in
the development of liver cells during pregnancy, its concentration is high throughout
pregnancy and decreases immediately after birth. The total GGT concentration
increased in chronic liver diseases, HCC, and some extra-liver cancer diseases [63]. A
study by Cui et al. on 90 patients with cirrhosis and 120 patients with HCC showed
that the sensitivity of HS-GGT was 74%, irrespective of size, and 43.8% for small
tumors (<3 cm) [64] (Table 1). The diagnostic value improves when combined with
other biomarkers such as AFP, PIVKA II, or AFP-L3. This is a promising sign in the
detection of small cancers and can be used in combination with AFP and AFP-L3.

4.3 Matrix metalloproteinases (MMPs)

Matrix metalloproteinase (MMP) is an enzyme belonging to the endopeptidase
group, which helps regenerate tissue in various pathogenetic processes including
tumor progression, and wound healing [65]. Kuo et al. showed that only cases of
HBsAg-positive have high levels of MMP-2 expression [66], but the relationship
between other markers of HBV and MMP was not clarified. Positive cases with
HBeAg showed a high tendency for portal vein thrombosis along with high manifes-
tations of MMP-7 and MMP-9. MMPs have a synergistic effect on HCC generation,
proliferation and invasion, through ways that the study did not elucidate [67]. A
significantly higher MMP-9/MMP-2 ratio was found in patients with advanced
HCC compared to patients at an early stage [68]. The mRNA of MMP-14, MMP-15
and MMP-2 are highly expressed in most HCC cells suggesting an important role
of MMPs in the growth, invasion, and metastasis of tumor cells. Selective inhibi-
tors for these MMPs promise to be an effective mean of preventing the growth and
metastasis of HCC [69].

4.4 Glutamine synthetase (GS)

Glutamine synthetase (GS) is an enzyme involved in catalyzing the synthesis of
glutamine from glutamate and ammonia, it plays an important role in the function
of ammonia metabolism and nitrogen balance of the liver [70]. Research by Haupt
et al. demonstrated that GSmRNA increased its tissue and protein expression in
the serum of HCC patients [71]. In addition, Osada et al. reported increasing GS
expression correlated with cancer progression, suggesting GS can play a role in
promoting HCC metastases [72].

4.5 Alpha L fucosidase (AFU)

Alpha L fucosidase (AFU) is a glycosidase responsible for hydrolysing fucoseg-
lycoside bonds of glycoprotein and glycolipids and is found in all mammalian cell
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lysosomes and is involved in the degenerative reaction of a series of fucoglyco-
containing fucoglyco complexes [73]. Serum AFU levels are constantly elevated in
cirrhotic patients who tend to progress to HCC. Deugnier et al. found that serum
AFU had greater sensitivity and specificity than AFP and that it can be considered

a marker for HCC diagnosis. However, the cause of this increased serum AFU
activity is still unknown. The most likely explanation is that increased serum AFU
activity is a result of an increase in tumor protein synthesis that increases fucoses
[74]. Measuring the activity of serum AFU regularly during follow-up of cirrhotic
patients provides very useful clinical data in monitoring cirrhosis progression to
HCC. Although an increased serum AFU activity was not correlated with tumor size
and was common in cases of early HCC, the HCC tumor would appear within a few
years in 82% of patients with liver fibrosis if serum AFU activity exceeds 700 nmol/
ml/hour. Serum AFU activity increased in 85% of patients at least six months before
HCC was detected by a diagnostic imaging method [75]. AFU activity was signifi-
cantly increased in HCC patients compared with patients with other liver diseases
or other cancers. AFU sensitivity is 81.5% and its specificity is 85.4% in HCC
diagnosis [76] indicating a promising specific marker for HCC diagnosis.

5. Cytokines

Cytokines are a heterogeneous group of proteins that play roles of mediators
in cellular reactions and activities. They are the product mediating and regulating
immune processes of immune cells. Some cytokines also act as potential markers for
early diagnosis and treatment of HCC.

5.1 Transforming growth factor-p1 (TGF-f1)

Transforming growth factor-f (TGF-p1) is a versatile growth factor associated
with proliferation, cell differentiation, embryogenesis, vascular proliferation,
invasion and immune activity. One study found that serum TGF-p1 levels increased
in the HCC group compared to the group with non-malignant liver disease and
the healthy group. With a cut-off of 800 pg./ml, the specificity of TGF-p1 HCC
diagnostic serum is above 95%. Taking the same value as the serum AFP at the
cut-off of 200 ng/ml, the sensitivity of TGF-p1 is 68%, which is superior to that of
AFP (24%). Moreover, in patients with serum AFP within normal limits, increased
TGF-p1 levels can be observed in 23% of cases [77]. It has been shown that TGF-f1
and TGF-p1 mRNA can be used as a marker to diagnose and predict HCC due to
HBV with a sensitivity and specificity of 89.5% and 94.0% with a cutting level of
TGF-p1 > 1.2 g/1 [78]. TGF-B1 mediates various biological effects through signal
paths and manifestations of TGF-f1 polymorphism may affect tumor susceptibility.
The TGF-p1 signaling pathway can be considered as a target for HCC treatment.
The subject is currently under study to confirm its role and promises to bring new
cancer treatments.

5.2 Vascular endothelial growth factor (VEGF)

Vascular endothelial growth factor (VEGF) acts as an important factor in the
process of tumor formation by forming new blood vessel systems that increase in
size and promote invasion and metastasis. Studies have shown that angiogenesis
is essential in tumor growth, including HCC, which is often characterized by the
proliferation of blood vessels [79]. It has been demonstrated that VEGF expression
in HCC tissues has a significantly higher incidence of portal vein thrombosis and
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a lower average survival time than when VEGF expression is not present [80]. In
the study of Xiang et al., VEGF was associated with lymph node metastatic char-
acteristics in HCC. In addition, VEGF expression is closely related to relapse and
prognosis. Notably, several manifestations of the VEGF receptor are related to some
of the clinical characteristics and prognosis of HCC [81]. Inactivation of VEGF165
increases the expression of the P53 gene that inhibits HCC development, invasion
and metastasis.

5.3 Interleukin-8 (IL-8)

Interleukin-8 (IL-8) is a multifunctional CXC chemokine that is involved in the
immune response of neutrophils in humans including kinetic phenomena, enzyme
release and expression of surface adhesion of molecule. IL-8 also has a direct effect
on tumor progression, including the proliferation of vascular endothelial cells and
formation of new vessels. In addition, IL-8 increases the likelihood of metastases
and new tumor formation in the liver [82]. A study showed that IL-8 serum concen-
trations increased in HCC patients compared to healthy subjects, it was positively
correlated with tumor size (>5 cm), portal vein thrombosis and advanced stage
with lymph node metastases [83]. Therefore, it may be a biological marker that
plays a useful role in HCC diagnosis and prognosis.

5.4 Tumor-specific growth factor (TSGF)

Malignant tumors have the ability to synthesize tumor-specific growth factors,
releasing them into the capillaries surrounding the tumor and peripheral blood
vessels during their development. Therefore, serum TSGF levels may be a marker
of tumor survival. In one study, serum TSGF concentrations were used as a diag-
nostic marker for HCC with 82% sensitivity at 62 Ul/ml [84]. Combined with other
cancer markers, TSGF may yield higher diagnostic values with increased sensitivity.
Theoretically, preeclampsia is highly expressed in many malignant tumors and
HCC, but there are currently too few studies evaluating the role of TSGF in other
malignancies to consider it as a potential factor. There are other markers, such as
serum insulin-like growth factor-II (IGF-II), which can be used as diagnostic or
prognostic markers for HCC. A cut-off of 4.1 mg/1 of IGF-II obtained results of 63%
sensitivity, 90% specificity and 70% accuracy in early HCC diagnosis with small
tumor size. Moreover, the combination of IGF-II and AFP (cut-off value of 50 ng/
ml) increases sensitivity up to 80% and accuracy up to 88% [85].

5.5 Hepatocyte growth factor (HGF)

Hepatocyte growth factor (HGF) is a multifunctional element produced in many
organs in the body, it affects cell division, cell motility, intracellular invasion, and
carcinogenesis [86]. In a study in Japan, serum HGF levels are increased signifi-
cantly in the HCC group compared with cirrhosis, chronic hepatitis and healthy
controls groups. With a cutting level of 0.6 ng/ml, its sensitivity can be up to 100%
for any AFP or DCP concentration. The serum HGF concentration > 1.0 ng/ml has a
shorter shelf life, so it can be used as a prognostic marker for HCC [87]. The authors
suggest that HGF causes proliferation and invasion of cancer cells through the
expression of c-met receptors. In addition, increased HGF serum levels along with
high expression of serum c-met protein after hepatectomy play an important role in
predicting tumor recurrence and metastasis. This can be explained by the fact that
HGF can increase the production and size of both normal and malignant liver cells
after surgery, leading to tumor recurrence [88].
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6. Circulating RNAs
6.1 AFP mRNA

AFP mRNA is a highly valuable marker only found in active cancer cells, which
might be a sign of tumor metastasis. The non-recurrence time of HCC patients with
high AFP mRNA expression after surgery was shorter than the group without this
marker expression in liver cells (53% compared to 88% after 1 year; 37% compared
to 60% after 2 years) [89]. In the advanced HCC stage, the AFP mRNA expression
rate reaches 100%, and also acts as a predictor of recurrence after liver resection.
However, the use of this marker in HCC diagnosis remains controversial, possibly
due to the fact that it also manifests in many other malignancies and non-cancerous
liver diseases [90]. Therefore, it could be used for diagnosis and prognosis when
combined with other markers.

6.2 GGT mRNA

Gamma-glutamyl transferase mRNA (GGT mRNA) can be found in the blood
and peripheral liver cells of healthy individuals, as well as in patients with benign
liver disease, benign liver tumors or HCC. It has 3 types: A, Band C. Type A
dominates in normal liver cases, non-cancerous liver diseases, benign tumors and
secondary liver cancers, while type C is produced by the yolk during pregnancy. In
contrast, type B predominates in HCC [91-93]. During malignant development,
expression of GGT mRNA in liver tissues may change from type A to type B [93].
Patients with HCC and high type B expression will have a worse prognosis, with
higher odds of a sooner and more serious relapse [94]. Therefore, hepatocellular
expression of type B mRNA may be a valuable marker for HCC patients. As in liver
tissues, peripheral blood type B expression has also been reported to be significantly
higher in HCC patients than in healthy adults [91].

6.3 MicroRNA (miRNA)

MicroRNAs are small non-coding RNAs that inhibit or accelerate the transla-
tion process by attenuating or increasing the synthesis of target mRNAs or by
binding to additional chains in the UTR region (3’-untranslated region). In recent
years, the link between miRNA and tumor development has become a controver-
sial issue. About 500 miRNA genes have been identified and contribute to control
a number of cellular processes including proliferation, differentiation and apop-
tosis. In malignancy, the function of miRNA is determined to be carcinogenic and
tumor suppressant [95]. miRNA can regulate many genes at the same time, they
control the replication process and determine the characteristics of the cell. The
variety in this functional role allows miRNA to be utilized as a diagnostic marker
for early detection of cancer, risk assessment, prognosis and as a new therapeu-
tic target.

Yamamoto et al. have used a global miRNA expression profile in mouse liver
development and thus shown that miR-500 (miRNA) is a potential biomarker for
HCC [95]. Their work showed that miR-500 is significantly associated with the
regulation of liver development and thus is related to cirrhosis progression. The
serum miR-21 levels were a valuable marker in distinguishing patients with HCC
from those with chronic hepatitis with the sensitivity and specificity of 61.1% and
83.3%, respectively. Compared to the healthy group, the sensitivity and specificity
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were 87.3% and 92.0%, respectively. Both values are higher than serum AFP
concentrations, which have been confirmed as a very valuable biological marker

for HCC [96]. Serum miR-15b and miR-130b concentrations are relevant miRNA
markers that are highly expressed in HCC. miR-130b has 87.7% sensitivity and
81.4% specificity. In contrast, while the sensitivity of miR-15b is high at 98.3%, its
specificity is low at 15.3%. Because the sensitivity of these two factors is rather high,
it can be used as a valuable marker in HCC screening and early diagnosis with low
AFP levels [97].

A group of markers including seven miRNAs (miR-122, miR-192, miR-21, miR-
223, miR-26a, miR-27a and miR-801) has been shown to have a great diagnostic
performance for HBV related HCC at an early stage [98]. Although its mechanism
and signal path are still unknown, the expression of miRNA-29 may increase the
susceptibility of cancer cells to apoptosis and reduce the expression of Mcl-1 and
Bcl-2. Indeed, it has the ability to inhibit the formation and growth of cancer
cells and is a potential marker in HCC prognosis and treatment [99]. MiR-122 isa
specific miRNA found only in HCC, which concentration is inversely correlated
with cancer growth and likelihood of invasion and metastasis. An analysis of
miRNA markers revealed only tumor miR-21 expression and significantly higher
serum miR-21 levels in HCC patients compared to those in chronic liver diseases
and healthy control groups. Analysis of ROC curve between HCC and control group
showed that sensitivity and specificity were 87.3% and 92% respectively, which is
higher than that of serum AFP. Therefore, miR-21 is also a promising marker to
support early HCC diagnosis [96].

Some of their features and expressions make miRNA particularly attractive
as potential biomarkers. First, many miRNAs exhibit high stability and are easily
detectable in peripheral blood of HCC patients. Secondly, miRNAs can be identi-
fied in urine, which will be a valuable non-invasive biological marker in detecting
and managing HCC. The detection of the expression of some miRNAs in the urine
(miR-625, miR-532, miR-618, miR-516-5P and miR-650) has been used for early
detection of HCC [100]. However, more research is needed regarding miRNA
before it can be used to detect HCC at an early stage.

6.4 Long non-coding RNA (IncRNA)

Like other cancers, HCC is characterized by a gradual accumulation of epigen-
etic changes. Among these changes, IncRNA has been found to play a significant
role in the initiation and progression of HCC. Most IncRNAs express the charac-
teristics of each species and the specific characteristics of the tumor. Increased or
decreased expression of IncRNA has been found in cancerous tissues. Meanwhile,
some IncRNA are found in urine, blood, and other body fluids. Moreover, the use
of IncRNA as a marker for cancer pathology is superior to the coding RNA protein,
due to the characteristic expression of IncRNA [101]. The sensitivity and specificity
of IncRNA for HCC diagnosis found in some recent studies are quite high, while it
has been demonstrated that JPX (just proximal to XIST) can have a sensitivity of
up to 100% [102]. The 2-IncRNA signal has a high specificity of 90.62% but a low
sensitivity of 60.65%, which could make it a potential marker to confirm an HCC
diagnosis [103]. Recent findings suggest that IncRNA may be a potential marker for
early diagnosis and monitoring of the risk of malignant progression in patients with
chronic and highly specific chronic liver disease. These markers may contribute
to the definitive HCC diagnosis without the need for histopathological diagnosis
(Table?2).
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miRNA/ Diagnostic value AUC Sensitivity Specificity Reference
LncRNAs
miR-21 Differentiate HCC 61.1% 83.3% [16]
from patients with
chronic hepatitis
miR-21 Differentiate HCC 87.3% 92.0% [16]
from healthy
individuals
miR-130b Differentiate HCC 87.7% 81.4% [17]
from healthy
individuals
miR-15b Differentiate HCC 98.3% 15.3% [17]
from healthy
individuals
2-IncRNA Differentiate HCC 0.764 60.56% 90.62% Yuetal.
from healthy [18]
individuals
DANCR Differentiate HCC 0.868 83.8% 72.7% Maetal.
from cirrhosis and [19]
chronic liver
MALAT1 Differentiate HCC 0.66 51.1% 89.3% Konishi
(plasma) from patients with etal. [20]
liver disease
JPX Distinguish HCC and 0.814 100.0% 52.4% Maetal.
control group [21]
UCA1 Distinguish HCC and 0,91 91,4% 88,6% El-Tawdi
control group etal. [22]

Abbreviation: DANCR, Differentiation Antagonizing Non-protein Coding RNA; MALATY1, metastasis associated
lung adenocarcinoma transcript 1; UCA1L, urothelial cancer associated 1.

Table 2.
Diagnostic performance of miRNAs and IncRNAs for HCC.

7. Gene mutations
7.1 Mutations in TP53 gene

P53 is an important protein in the P53 signaling pathway and mutation or loss
of TP53 gene function leads to abnormal cell growth [104]. Notably, the mutation
rate of TP53 varies by geographic area, reflecting the etiology and epidemiological
changes of HCC [105]. Mutations in the TP53 gene, commonly found in sub-
Saharan Africa and Southeast Asia, has the highest incidence of HBV infection and
Aflatoxin Bl exposure. In these areas, the most common mutation is TP53 R249S,
which is associated with an exposure factor of Aflatoxin B1 [106].

TP53 mutation was identified as one of the common molecular alterations in
HCC, of which, the TP53 R249S mutation in exon 7 was found in HCC patients with
a high incidence. Studies suggest that the TP53 R249S mutation may occur relatively
early in areas associated with Aflatoxin exposure and chronic HBV infection [107].
The TP53 R249S mutation was an important factor in the carcinogenesis of HCC in
Brazil, where Aflatoxin exposure is high [108]. In contrast, the TP53 R249S mutation
may not play a role in causing HCC in Egypt, where HCV infection is common [109].
These findings suggest that TP53 mutations are involved in HCC pathogenesis in indi-
viduals with chronic HBV infection, especially in those exposed to high Aflatoxin B1.
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Recent reports have shown that TP53 mutation can be used as a marker to predict
HCC in high-risk groups. TP53 mutation has been shown to be associated with signifi-
cantly higher relapse rates and lower disease-free survival rates [110]. It is also docu-
mented that TP53 mutation rate is about 30% and is associated with additional survival,
non-recurrent survival and disease-free survival in HCC patients, with similar results
observed in patients infected with HBV and HCV [111, 112]. However, a recent study
showed that the TP53 mutation was only associated with a shorter survival time only in
HBV-related HCC, while the R249S mutation was not related to the survival rate in the
European patients with HCV-related HCC [113]. Growing evidence suggests that the sta-
bility of the TP53 mutation in tumors is important for its carcinogenic activities, decreas-
ing the expression of the TP53 mutation that reduces malignant growth of cancer cells.
Therefore, the TP53 mutation, especially at R249S position, can be considered as one of
the early markers for HCC diagnosis and is an attractive therapy for cancer treatment.

7.2 hTERT gene mutation

The telomerase reverse transcriptase (WTERT) gene encodes an enzyme that
maintains the telomeric DNA length and stabilizes the chromosomes [113]. hTERT
is a major determinant of telomerase activity, which plays a key role in protecting
cells from apoptosis and transforming into cancerous cells [114]. The reactivation
of telomerase activity in cancer may be related to changes that occur during cancer
development, including mutations and rearrangements of chromosomes [115].

The frequencies of A”TERT mutations were observed in about 60% of HCC
patients [116] but vary by geographical regions being the most common in Europe
(59%) and less common in East Asia (20.7%) [117]. These data indicate that A”TERT
mutation is frequently associated with HCV-related HCC. h/TERT-promoting muta-
tions have been found with 6% of low-grade dysplasia nodules, 19% of advanced
dysplasia nodules, 61% of early HCC and 42% of intermediate and advanced HCC
[118]. Another study also found ATERT mutation in 57% of patients with chronic
hepatitis and in 30% of those with early HCC [119]. Therefore, mutations in the
hTERT promoter occur early in the course of malignant transformation and per-
sists during tumor development. The regulation and expression of #TERT play an
important role in the initiation and progression of HCC. A”TERT mutation is one
of the earliest gene mutations in cancer development and is also the most common
gene mutation in HCC. Therefore, 27TERT mutation is one of the most important
markers in early diagnosis and may be a promising target for HCC treatment.

7.3 Mutations in ARID1A and ARID2 genes

ARID1A and ARID?2 are two genes in the SWI/SNF complex (SWitch/sucrose
non-fermentable) involved in chromosomal reconstruction. The mutation rate of the
ARID1A and ARID?2 genes found in 10% HCC, depending on the cause. ARID1A muta-
tion is associated with alcohol consumption while ARID2 mutation is often associated
with HCV infection [120]. Although the role of these mutations remains unknown,
studies have shown that ARID1A and ARID?2 genes are associated with the growth
of cancer cells through affecting several signaling pathways such as PI3K/AKT, beta-
catenin and p53 mutation [121] and are thus potential markers for early HCC detection.

8. DNA methylation

In HCC, methylation can occur in two ways: total methylation and partial
methylation. Total methylation affects the structural function of the nucleus by
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promoting chromosome and genome instability, while partial methylation is associ-
ated with tumor suppressor genes [122]. Chronic hepatitis virus infections are the
cause of DNA methylation aberrations in cancerous tissues. Although several DNA
methyltransferase enzymes such as DNMT1, DNMT3A and DNMT3B have been
shown to increase their expression in HCC related to hepatitis viruses, their mecha-
nisms remain controversial and unclear [123].

p16 (CDKN2A), a tumor suppressor gene involved in cell cycle regulation, has been
shown to be methylated and is related to clinical parameters in HCC [124]. A study has
shown that the methylation levels of p16 gene increased in tissue samples from cirrhosis
to HCC [125]. The methylation level of p16 gene is also associated with HBV infection,
as the level of p16 methylation is higher in patients with HBV than those without HBV,
the HBx gene being especially involved in the methylation of the p16 gene [126, 127].

A study on 64 HCC patients found that 77% of patients had p16 methylation and that
methylation levels were correlated to serum AFP levels [128]. In a meta-analysis on 272
HCC tissue samples, the methylation rate of p16 gene was 58.5%, much higher than
those with cirrhosis and chronic hepatitis [129]. Therefore, methylation in the p16 gene
may serve as a promising molecular marker for HCC in patients with HBV infection.

Another potential marker for HCC prognosis is SOCSI methylation. SOCS1
gene plays a role in modulating the JAK/STAT signaling pathway when methylation
causes malignant cell proliferation. SOCS1 methylation correlates with tumor size
and risk factors for HCC, it is more common in HCV and cirrhotic patients, but less
common in HBV-infected groups. A study has shown that the methylation of SOCS1
gene in peripheral blood accounted for 38% in the HCC group, 20% in the cirrhotic
group and 23% in the control group without liver disease. Expression of methyla-
tion of SOCS1 and RASSF1A genes in combination with serum AFP increased sensi-
tivity to 86% and specificity to 75% for HCC diagnosis [130]. SOCS1 methylation is
quite common in HCC, and is correlated with a number of clinical parameters and
other serum biomarkers like AFP. Therefore, SOCS1 methylation in combination
with serum AFP increases the sensitivity and specificity for early HCC diagnosis.

GSTP1 belongs to the Glutathione S-transferase family, which protects cells
against carcinogens, regulates signaling pathways that control cell proliferation
and cell death [131]. The methylation in the GSTP1 gene promoter was observed in
prostate cancer, HCC and other malignancies. GSTP1 has been shown to have a high
methylation rate in HCC related to HBV or HCV infection. Interestingly, methyla-
tion of the GSTP1 gene in HCC patients was 76.7% and those with high GSTP1
expression had a shorter survival time [132].

Detecting the methylation status of genes in serum provides a promising method
for diagnosis of HCC. A study found aberrant methylation in the CCND2 gene in
39 out of 70 serum samples of HCC patients and methylation status was associated
with a shorter disease-free survival time [133]. Yeo et al. showed that 17 out of 40
(42.5%) plasma samples of HCC patients had methylation in RASSF1A gene, and
that methylation occurred mainly in patients with tumors >4 cm in size [134].
Methylation in RASSF1A in the serum of 85 HCC patients and found that 93% had
methylation, it is associated with a shorter survival and disease stage [135]. The
level of methylation in the RASSF1A gene of the HCC group is significantly higher
compared to other liver disease groups and thus it is a promising independent
marker for early diagnosis and prognosis of HCC [136].

9. Conclusion

A large number of markers have been studied and clinically applied for early
diagnosis and monitoring of HCC treatment, of which serum AFP is a widely used
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with a controversial diagnostic threshold. A number of protein markers such as
AFP-L3 and DCP are also being applied to support HCC diagnosis with higher
sensitivity and specificity compared to AFP. However, the available marker is
neither specific for solely HCC diagnosis nor provides great diagnostic performance
for HCC and thus a combination of several serum protein markers can improve the
early diagnosis rate. With the development of molecular technology, biomarkers
based on miRNA and IncRNA expression, gene mutation (TP53, ”TERT, ARID1A
and ARID2) and DNA methylation have a great potential to improve the rate of
HCC diagnosis at an early stage, as well as predicting progression, metastasis and
tumor recurrence. In addition, with the development of current cell technology,
cancer pathways and the expression of genes specific for HCC tumor may be impor-
tant markers for early detection and new targets for the treatment of HCC.
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Classification of Hepatocellular
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Abstract

Hepatocellular Carcinoma (HCC) proves to be challenging for detection and
classification of its stages mainly due to the lack of disparity between cancerous
and non cancerous cells. This work focuses on detecting hepatic cancer stages
from histopathology data using machine learning techniques. It aims to develop a
prototype which helps the pathologists to deliver a report in a quick manner and
detect the stage of the cancer cell. Hence we propose a system to identify and clas-
sify HCC based on the features obtained by deep learning using pre-trained mod-
els such as VGG-16, ResNet-50, DenseNet-121, InceptionV3, InceptionResNet50
and Xception followed by machine learning using support vector machine (SVM)
to learn from these features. The accuracy obtained using the system comprised
of DenseNet-121 for feature extraction and SVM for classification gives 82%
accuracy.

Keywords: Hepatocellular Carcinoma, Feature extraction,
Convolution Neural Networks, Prognosis, Machine Learning

1. Introduction

The existing work on Hepatic tumor is concerned with clinical data acquired
through blood samples, urine samples and serum test, and non-invasive images like
CT, MRI, PET and SPECT. The manual identification of cancer from microscopic
biopsy images is subjective in nature and may vary from expert to expert depend-
ing on their expertise and other factors which include lack of specific and accurate
quantitative measures to classify the biopsy images as normal or cancerous one.
Stains such as Hematoxylin and Eosin (H and E stain) are used for better emphasis
of the nuclei of liver cells. Based on the amount of stain absorbed by the nuclei,
it can be classified into various types since nuclei size increases with the stages of
cancer. The stain can also be accumulated on the tissues causing ambiguity to the
pathologist. Such ambiguity in the images can be overlooked by an individual.
Color normalization is done to highlight the nuclei for visually better features.
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Normalization techniques discussed in the study [1] where the images are clas-
sified by their colors using K Means Clustering and JSEG segmentation In this
method, the nuclei get segmented as a separate segment. Then it is passed onto the
SVM classifier. This technique enables effective segmentation of colored images.
Similarly JSEG segmentation technique has two phases: color quantization and
spatial segmentation [2]. Color quantization is based on peer group filtering (PGF)
and vector quantization to reduce the number of colors in the images. For address-
ing the drawbacks of JSEG method, contrast map and improved contrast map were
obtained. This technique saw a significant improvement in detecting more homoge-
neous regions than that of JSEG method. Due to the inherent difficulty involved in
obtaining liver cell images from the biopsies, Liangqun et al. proposed to use neural
networks for feature extraction and SVM for classification [3]. This method aims at
providing better efficiency from less number of images.

The findings of the study [4] demonstrated the capability of Convolutional
Neural Network (CNN) to recognize distinct features that can detect tumor
masses in a histopathological liver tissue image. The author proposed to implement
the CNN model for segmentation and classification of different stages of HCC.
However, the major drawback of using CNNs for the feature extraction process is
that these models need large amounts of data to process. This is a huge challenge for
the biomedical field as it is pragmatically difficult to have access to massive data.
Moreover, feature learning is pertinent on the size, shape and degree of annotation
of images which are not uniform across datasets.

Chen et al. developed a deep convolutional neural network to classify the lung
tumor stage and predict the most commonly mutated genes in lung cancer tissue
cells [5]. Ehteshami et al. also produced a promising result for the classifica-
tion of breast tumors using deep learning techniques [6]. The author developed
an algorithm to differentiate stroma invasive cancer and stroma from benign
biopsies However, the deep learning models were applied to non solid tumors.
Thus, it remains uncertain if they can produce the same accuracy when applied to
solid tumors.

2. Proposed methodology
The workflow contains 4 modules as follows:
1. Data collection

2.Color normalization

3. Creation of a classifier

Cancer type Images

Non cancerous 232

Well-differentiated carcinoma 148

Moderately differentiated carcinoma 81

Poorly differentiated 189

TOTAL 687
Table 1.

HCC dataset split-up.
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2.1 Data collection

The first phase involved collection of data from Dataset collected from Global
Hospital, Perumbakkam, Chennai. In a span of 3 weeks, images were collected
from the biopsies of 3 patients. The three types of cancerous images obtained
during the data collection phase are well-differentiated, moderately differentiated
and poorly differentiated. The total number of images collected is 687 whose split
up is given in Table 1.

Below are some images from the dataset collected, Figures 1-4.

Figure 1.
Non cancerous image.

Figure 2.
Well differentiated cancer.
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Figure 3.
Moderately differentiated cancer.

Figure 4.
Poorly differentiated cancer.

2.2 Color normalization

The features of the nuclei include the texture, size and roundness. Applying
a stain on these biopsies cause the nuclei to be highlighted due to absorption of
the stain. The color difference between the nuclei and the tissues may be visually
comparable or less different. Hence, color normalization is done to highlight the
nuclei. Highlighting the nuclei makes it easier to extract the features from them.
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Figure 5.
Normalized non cancevous image.

(a) (b)

Figure 6.
(a), (b) normalized cancerous images.

The normalization method [3] is exclusive to H and E stain. Normalized images are
shown below (Figures 5 and 6).

2.3 Creation of a classification system
Using convolution neural networks (CNN) can be less efficient in creating a
classifier system mainly due to its requirement of a large dataset to learn from.

Using CNN is not a very practical approach as it may not be feasible to collect a
dataset containing large numbers of images. Thus an alternative method is proposed
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where features are extracted from the images using unsupervised deep learning and
then a supervised machine learning classifier is used to learn from those features
for classification. The advantage of this method is the elimination of overfitting of
the class with majority data and the system can work fairly well with less number of
images. Using a support vector machine (SVM) the classifier is built and pretrained
models such as VGG-16, ResNet50, DenseNet —121, DenseNet —169, DenseNet-201,
InceptionV3, InceptionResNet50 and Xception.

3. Performance analysis

To select the best feature extractor from all the pretrained models, metrics such
as F1- score and accuracy are considered. Higher accuracies may not be the most
efficient and reliable metric always. Hence, F1-score is also considered as it shows
individual class performance and is useful when the dataset is highly imbalanced.
Table 2 shows the overall accuracies obtained when all the pretrained models
are used.

From Table 2, it is found that performance of DenseNet is better than the other
deep learning architectures. The performance of the variants of DenseNet is given
in Table 3. Here it is observed that with the increase in the number of layers of
DenseNet from 121 to 201, there is a degradation in the accuracy. Hence, the F1
score is also affected.

S.no Model Accuracy (%)
1 Xception 72
2 VGG16 78
3 ResNet50 80
4 InceptionV3 74
4 InceptionResNetV2 45
5 DenseNet 85
Table 2.

Performance of various pretrained models with SVM.

S.no Model Accuracy (%)

1 DenseNet —121 82

2 DenseNet —169 84

3 DenseNet —201 81
Table 3.

Performance of DenseNet variants.

S.no Classifier Accuracy (%)

1 DenseNet —121 + SVM 82

2 DenseNet —121 + Naive Bayes 70

3 DenseNet —121 + Decision Tree 61
Table 4.

Performance of DenseNet —121 with the classifiers.
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Class Precision Recall F1-score Support
Non cancerous 0.79 0.83 0.81 69
Well-differentiated cancer 0.86 0.81 0.83 37
Moderately differentiated cancer 0.58 0.67 0.62 21
Poorly differentiated cancer 0.97 0.88 0.93 42
Accuracy 0.82 169
Macro average 0.80 0.80 0.80 169
Weighted Average 0.83 0.82 0.82 169
Table 5.

Performance of DenseNet —121 with SVM.

The final pretrained architecture selected for feature extraction is DenseNet
—121 to be combined with the machine learning classifiers. Supervised algorithms
such as decision tree, SVM, Naive bayes were taken into consideration to find the
optimal classifier. The results of the feature extractor and classifier are given in
Table 4. From Table 4, SVM is chosen to be the optimal classifier that works best
with DenseNet —121 feature extractor.

DenseNet-121 is chosen due to high f1-score in spite of having less accuracy than
DenseNet-169. Performance analysis of DenseNet-121 is given in Table 5.

4, Conclusions and future work

From the results obtained, it is observed that this method can provide better
accuracy although the dataset is highly imbalanced and when there is a deficit
in the dataset. Using convolution neural networks (CNN) can underperform
when the dataset is imbalanced and it requires an extensive dataset to learn from.
Improvements can be made by obtaining more data. Procuring more images from
biopsies and medical data will help improve the system’s efficiency and this can be
extended as a separate component for the microscope.

Author details

Lekshmi Kalinathan®, Deepika Sivasankaran, Janet Reshma Jeyasingh,

Amritha Sennappa Sudharsan and Hareni Marimuthu

Department of Computer Science and Engineering, Sri Sivasubramaniya Nadar
College of Engineering, Chennai, India

*Address all correspondence to: lekshmik@ssn.edu.in

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

109



Hepatocellular Carcinoma - Challenges and Opportunities of a Multidisciplinary Approach

References

[1] Himanshu Yadav, Prateek Bansalt and
Ramesh Kumar Sunkaria, Color
Dependent K-Means Clustering for
Color Image Segmentation of Colored
Medical Images, 1st International
Conference on Next Generation
Computing Technologies (NGCT-
2015), 2015

[2] Yu-Chou Chang, Dah-Jye Lee,
Yong-Gang Wang, Color-Texture
Segmentation of Medical Images Based
on Local Contrast Information, IEEE
Symposium on Computational
Intelligence in Bioinformatics and
Computational Biology (CIBCB),
(2007).

(3] Liangqun Lu and Bernie J. Daigle, Jr.
(2020). Prognostic analysis of
histopathological images using pre-
trained convolutional neural networks:
application to hepatocellular carcinoma,
Peer], doi 10.7717/peer;j.8668

[4] Azer, Samy A. (2019) “Deep learning
with convolutional neural networks for
identification of liver masses and
hepatocellular carcinoma: A systematic
review” World journal of gastrointestinal
oncology vol. 11,12: 1218-1230.
doi:10.4251/wjgo~v11.i12.1218

(5] Chen, Mingyu & Zhang, Bin &
Topatana, Win & Cao, Jiasheng & Zhu,
Hepan & Juengpanich, Sarun & Mao,
Qijiang & Yu, Hong & Cai, Xiujun.
(2020). Classification and mutation
prediction based on histopathology
H&E images in liver cancer using deep
learning. npj Precision Oncology. 4. 14.
10.1038/s41698-020-0120-3.

[6] Ehteshami Bejnordi, B. et al. (2018)
Using deep convolutional neural
networks to identify and classify
tumor-associated stroma in diagnostic
breast biopsies. Mod. Pathol. 31,
1502-1512.

110



Section 3

Treatment of Hepatocellular
Carcinoma

111






Chapter7

Minimally Invasive Surgery for
Hepatocellular Carcinoma; Latest
Advances

Alexandros Giakoustidis, Apostolos Koffas,
Dimitrios Giakoustidis and Vasileios N. Papadopoulos

Abstract

Surgical resection is the gold standard for hepatocellular carcinoma management
for early stages of the disease. With advances in technology and techniques, mini-
mally invasive surgery provides a great number of advantages for these patients
during their surgery and for their post-operative care. The selection of patients fol-
lowing a multi-disciplinary approach is of paramount importance. Adding to this,
the developments in laparoscopic instruments and training, as well as the promising
advantages of robotic surgery along with other forms of technology, increase the
pool of patients that can undergo operation safely and with good results worldwide.
We review results from great centres worldwide and delineate the accurate multi-
disciplinary approach for this.

Keywords: laparoscopic, robotic, minimally invasive surgery, hepatocellular
carcinoma

1. Introduction

Liver cancer is the 5Sth most common cancer and the second most frequent cause
of cancer-related death globally, with 854,000 new diagnoses and 810,000 deaths
per year [1, 2]. Hepatocellular carcinoma (HCC) accounts for approximately 90%
of liver cancers and is generally associated with an unfavorable prognosis, with a
5-year overall survival (OS) of 10-15%, mostly due to a delay in establishing an
early diagnosis. In case HCC is diagnosed at an earlier stage, the 5-year OS improves
and may reach 70%, amid the possibility of curative treatments, such as liver resec-
tion (LR), liver transplantation (LT) and ablation [3, 4].

2. Minimally invasive surgery for HCC
2.1 Staging systems and treatment allocation

Once diagnosed, prognostication is pivotal in the management of HCC. Disease
staging and classification is intended to assess prognosis and determine treatment

candidacy. In patients with HCC, the co-existence of two life-threatening condi-
tions, i.e., cancer and cirrhosis, needs to be tackled with, and further complicates
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prognostic assessment [5, 6]. The 2018 European Association for the Study of

the Liver (EASL) clinical practice guidelines endorsed the Barcelona Clinic Liver
Cancer (BCLC) classification [7], as did the recent American Association for the
Study of Liver Diseases (AASLD) guidance [3]. According to the BCLC classifica-
tion system, patients are classified into five stages (0, A, B, C and D) according to
pre-established prognostic variables. These variables comprise tumor characteris-
tics (size, number, vascular invasion, lymph node involvement, distant metastases),
liver function (bilirubin, portal hypertension, liver function preservation) and
patient’s health status (ECOG).

2.2 Liver resection

Determining eligibility for LR involves assessment of the tumor burden; assess-
ment of liver function; the extent of hepatectomy and the expected volume of the
future liver remnant; and the presence of portal hypertension and other co-morbid-
ities. Liver function is objectively estimated by the Child-Pugh score and patients
with Child-Pugh B or C are deemed at a high risk of liver failure following LR,
even after a minor resection. More recently, the model for end-stage liver disease
(MELD) score was integrated into the EASL guidelines for treatment allocation
[7, 8]. The absence of cirrhosis allows for larger and more complex resections, and
is associated with viable postoperative mortality and morbidity, even after major
hepatic resection, with a 5-year OS of 50% [9-13]. Conversely, clinically significant
portal hypertension (CSPH), defined as HVPG >10 mmHg, is a well-established
predictor of liver decompensation and death after LR [14-18].

Surgery represents the backbone of HCC treatment, resulting in the best
outcomes in appropriately-selected candidates. LR and LT represent the first-line
treatment in individuals with early-stage tumors on an intention-to-cure perspec-
tive. In particular, the latest EASL guidance recommends LR in cases of a resectable
solitary nodule without macrovascular invasion and extrahepatic spread, regardless
of size [7, 19]. The AASLD guidelines advocate LR in patients with Child-Pugh
A compensated cirrhosis and resectable HCC, i.e., solitary tumor <5 cm with or
without vascular invasion, or multifocal tumor <5 cm [3]. Finally, the Asian Pacific
Association for the Study of the Liver (APASL) recommends that all tumors with-
out extrahepatic spread may be considered for LR, regardless of vascular invasion,
number and size of lesions [4].

2.3 A laparoscopic approach

The advent of laparoscopic techniques transformed the treatment landscape of
HCC. In spite of the relative paucity of prospective randomized studies, the lapa-
roscopic approach appears to convey similar oncological outcomes with respect to
conventional surgery [20]. Laparoscopic LR allows the preservation of the abdomi-
nal wall, minimizes peritoneal trauma, and is associated with fewer complications
in comparison with open surgery, including both overall and liver-related complica-
tions, as also shown in a recent meta-analysis including 6,812 patients. Additionally,
no differences in operative time, blood loss, intraoperative complications, hospital
stay, and morbidity were found in laparoscopic LR for cirrhotics in comparison
with non-cirrhotics [21-28]. Several studies demonstrated that minimally-invasive
surgical techniques in patients with cirrhosis are associated with reduced risk of
post-operative hepatic decompensation and liver failure [29-31]. Interestingly,
this technique also appears safe in the elderly, even for a major hepatectomy, and is
associated with improved outcomes [32-36]. One should bear in mind though that
laparoscopic hepatectomy should be carried out in specialist centres and following
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appropriate training and education of all team members involved. The importance
of this factor is highlighted as the keys to successful LR include technical master-
ing of laparoscopic hepatic portal occlusion which can be more challenging than
in laparotomy, and the lack of operational feel and need for rapid reactive mode as
well as accurate hemostasis.

In light of the above, EASL 2018 clinical practice guidelines recommend laparo-
scopic LR for HCC resection in expert centres and for selected surgical candidates
[7]. Similarly, the AASLD also recognizes the advantages of laparoscopic techniques
in selected scenarios [3]. EASL recommends [7] that tumor size and location should
determine optimal surgical approach. In particular, laparoscopic-robotic LR for
HCC may be considered for tumors located in superficial peripheral positions of
the liver; and is associated with optimal survival outcomes, low complication rate
and reduced inpatient time. Minimally-invasive LR can be an effective option in
very early (<2 cm) and early HCC. Ablation represents still the treatment modality
of choice for this disease stage, owing to the higher cost-effectiveness [16] and to
milder liver function impact. However, several studies report that patients treated
with minimally-invasive LR for such tumors, mainly located in superficial or
antero-lateral positions, suffer less adverse outcomes and shorter hospitalization,
in comparison with conventional open techniques, while achieving competitive
oncologic results with respect to ablation [37-40].

Limited resections conducted via laparoscopic LR may also be considered for
curative resection in selected patients with HCC with a borderline liver profile (i.e.,
Child Pugh B7, moderate portal hypertension and/or bilirubin around 2 mg/dl),
especially in specialized centres [7]. A study reported that patients with Child-Pugh
A and Child-Pugh B/C cirrhosis who underwent laparoscopic LR had a similar
perioperative course [26]. Laparoscopic LR has also been explored as an option for
patients with CSPH. A recent study by Lim et al assessed the short-term outcomes
in patients with and without CSPH [41]. Although broadening eligibility criteria for
minimally-invasive techniques would increase the rate LR, morbidity and hospital
stay would be a significant concern for patients with CSPH. In light of the above, LT
remains the gold standard in cases of HCC and advanced liver disease. Nevertheless,
the laparoscopic approach may be beneficial prior to LT for HCC, with significantly
reduced de-listing and death after LT when prior LR was performed laparoscopi-
cally [42]. Whether laparoscopic LR should also be considered in patients with HCC
and CSPH not eligible for LT, will need to be addressed with further studies. Lastly,
the safety and feasibility of laparoscopic major hepatectomy has been reported after
sequential transarterial chemoembolization (TACE), which is classically associated
with increased surgical difficulty [43]. Additionally, laparoscopic LR can be applied
in living donor liver transplantation (LDLT) in centres with extensive experience in
both laparoscopic LR and open LDLT.

2.4 Robotic liver surgery

Similar to laparoscopic LR, robotic LR is also emerging as an interesting mini-
mally-invasive surgical technique, demonstrating a relative safe profile and allow-
ing for an easier access to hepatic segments not amenable to laparoscopic approach,
such as posterior sectionectomies and resection of tumors located in superior
segments 4a and 8 [44]. The development of minimally invasive surgical techniques
for liver tumors is in general limited by the characteristics of the liver itself, such as
its texture, abundant blood supply, an increased number of structural variations of
blood vessels and bile ducts.

A recent literature review including 10 studies on robotic liver resection for
HCC (with a total of 302 patients) reported disease-free (DFS) and OS at 2 years
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of 72-84% and 94-98%, respectively [44]. It has also been proposed that a robotic
approach may also improve the access to the abdomen in cases of recurrent disease
with potential requirement of LT, expanding the opportunities of both down-stag-
ing and bridging strategies [45]. The broad use of the robotic approach, however,

is limited due to several factors, most importantly the cost of the robotic surgical
devices compared to laparoscopic equipment. Several analyses on costs of robotic
surgery have been reported, with controversial findings regarding the balance
between costs and benefits [46-51]. With regard to instrumentation, the lack of an
efficient robotic transection device such as the Ultasonographic Aspirator (UA) is
the most important limitation of robotic liver surgery. Another limitation would be
the spatial distance between the operating and robotic platform and its considerable
size, making undocking and gaining access to the patient particularly challenging in
emergency scenarios [52, 53]. Lastly, a non-negligible obstacle of robotic surgery is
the operative time, that is in the majority longer in comparison with other surgical
approaches. In view of the above, robotic LR needs to be better evaluated before
being integrated into routine clinical practice and therapeutic algorithms. On the
other hand, however, robotic LR can overcome certain traditional laparoscopic liver
resection limitations like the inflexible fixation of the operating instruments as well
as visual result [54]. The Robotic System appears superior in regard to these limita-
tions and there are constant developments in the field as per instruments applied
crucial to LR. At present, the Da Vinci Robotic surgical assistant system is in use

in several centres for both benign and malignant liver diseases with similar indica-
tions applied as per the laparoscopic LR, and in certain cases demonstrating a more
advantageous nature [55].

2.5 Cost of minimally invasive surgery

The results so far comparing robotic to laparoscopic and open LR are conflicting
as per the cost effect to the institution hosting them. A single institution retrospec-
tive study from the University of Washington compared cost data for 71 robotic LR
to 88 open procedures and reported that although there were higher perioperative
costs for the robotic procedures, the postoperative costs and subsequent direct
hospital costs were lower when compared with open procedures, attributing this
possibly to a 2-day shorter hospital stay on average after robotic procedures [56]. On
the other hand other studies have demonstrated a higher cost for robotic LR when
compared to both laparoscopic and open procedures although in some the trend of
less hospital stay was in favor of the robotic procedures [57-59].

2.6 Emerging technologies

Recent advances in liver surgery from a technological aspect include near-
infrared fluorescent (NIF) imaging applied intra-operatively. NIF imaging has
been set in use in several laparoscopic and robotic camera systems enabling the
identification of various dyes, such as indocyanine green, injected preoperatively.
Indocyanine green is a green dye that is preferentially metabolized by hepatocytes
and excreted in the biliary tree and it lights up the biliary tree. Its use has been
utilized for robotic and laparoscopic assisted cholecystectomy. It has also been more
recently applied for a more accurate parenchymal dissection following vascular
control by identifying perfused from poorly perfused hepatic parenchyma [60].

Future advances of robotic liver surgery include the application of preoperative
planning with virtual reality (VR) models and real-time augmented reality (AR)
intra- operative endoscopic overlays to assist with surgical navigation on da Vinci
® surgical systems. Computer-based three-dimensional (3D) reconstructions of

116



Minimally Invasive Suvgery for Hepatocellular Carcinoma; Latest Advances
DOI: http://dx.doi.org/10.5772/intechopen.99840

liver tumors have been shown to benefit the accuracy of tumor localization and
precision of operative planning for liver surgery [61, 62]. Intraoperative Ultrasound
is routinely used for real-time identification of liver tumors both in open and
minimally invasive LR. However, with AR being developed to overlay accurate 3D
reconstruction data onto the operative field itself, it can potentially eliminate the
need to divert the attention from the operative field and to translate the 2D images
into a 3D construct.

3. Conclusions

With the constant evolution of technology, it would be without a doubt that
surgery techniques in terms of access and instrument implementation would evolve
as well. Laparoscopic liver surgery appears to have gained considerable ground
especially in centres where liver surgery and laparoscopic expertise co-exist. The
robotic approach is still quite variable between institutions, as well as between
countries and continents. Thus one can only anticipate for advances in minimally
invasive surgery to continue as long as there are specialized liver centres aiming to
increase patient volume undergoing surgery and decrease hospital stay, complica-
tions rates and in general offer the best possible liver service.
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Chapter 8

Laparoscopic Liver Resection for
Hepatocellular Carcinoma

Melina Vlami, Nikolaos Arkadopoulos and loannis Hatzaras

Abstract

Hepatocellular carcinoma (HCC), remains one of the most common causes of
cancer-related death globally. HCC typically arises in the setting of chronic liver
disease and cirrhosis and as such, treatment must be balanced between the biology
of the tumor, underlying liver function and performance status of the patient.
Hepatic resection is the procedure of choice in patients with high-performance
status who harbor a solitary mass (regardless of size). Before the first laparoscopic
hepatectomy (LH) was described as early as 1991, open hepatectomy (OH) was
the only choice for surgical treatment of liver tumors. LH indications were initially
based solely on tumor location, size, and type and was only used for partial resection
of the anterolateral segments. Since then, LH has been shown to share the benefits
of other laparoscopic procedures, such as earlier recovery and discharge, and
reduced postoperative pain; these are obtained with no differences in oncologic
outcomes compared to open resection. Specific to liver resection, LH can limit the
volume of intraoperative blood loss, shorten portal clamp time and decrease overall
and liver-specific complications. This chapter will offer an overview of standard
steps are in pursuing laparoscopic liver resection, be it for a minor segmentectomy
or a lobectomy.

Keywords: hepatocellular carcinoma, resection, laparoscopic, technique

1. Introduction

Despite advances in medical, surgical and locoregional therapies, hepatocellular
carcinoma (HCC), the most common primary liver cancer, remains one of the most
common causes of cancer-related death globally. Hepatocellular carcinoma is the
fifth most common frequently occurring cancer in men, the ninth in women and
is the second leading cause of death from cancer worldwide. It is estimated that by
2025 more than 1 million individuals will be affected by liver cancer annually.

HCC typically arises in the setting of chronic liver disease and cirrhosis. In fact,
the rate of disease occurrence depends upon the complex interplay between the
host, disease and environmental factors. This type of liver cancer contributes to up
to 40% of all patient deaths in cirrhosis, making it the single most common cause
of death in this patient population. The most prominent and well researched risk
factors for HCC are Hepatitis B and C infections, accounting for 50% of all cases.
Furthermore, there is a clear geographical distribution in the epidemiology of
hepatocellular carcinoma, with the highest incidence seen in developing countries
with high rates of chronic hepatitis B and aflatoxin exposure. In contrast the lowest
incidence rates are seen in some European countries that also have a lower incidence
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of the before mentioned risk factors. Interestingly, increasing Hepatitis B vaccina-
tion, effective Hepatitis C treatment, reducing levels of aflatoxin exposure are now
shifting the global epidemiology of HCC. Metabolic disorders, including Non-
Alcoholic Steatohepatitis (NASH) and diabetes mellitus, along with obesity and
insulin resistance, are now emerging as direct causative factors of HCC, particularly
in the West. These evolving patterns of demographic and epidemiologic charac-
teristics bear interesting implications in the diagnosis and management of patients
with HCC [1-4].

2. Management

Cirrhosis patients should be followed within surveillance programs, that aim
for early detection of suspicious nodules and effective treatment. Diagnosis of
HCC is achieved with imaging and corroborated with an increased tumor marker
alpha-fetoprotein blood (AFP) testing. Percutaneous biopsy is seldomly required
for diagnosis.

HCC treatment in the setting of liver cirrhosis must be balanced between the
biology of the tumor, and host characteristics such as the underlying liver function,
presence or not of portal hypertension and ECOG status of the patient. When
evaluating a patient for resection, the functional liver remnant must be carefully
assessed and its adequate vascular inflow and outflow ascertained, along with
biliary drainage. In the event of marginal functional liver remnant, portal vein
embolization should be entertained to decrease the possibility of post-operative
liver failure.

The most common staging systems for HCC include the Barcelona Clinic Liver
Cancer (BCLC), Cancer of the Liver Italian Program (CLIP), and pathologic tumor-
node-metastasis (pTNM). In clinical practice, there is no ideal system that can be
applicable to every patient in predicting survival [5].

3. The BCLC system

The Barcelona Clinic Liver Cancer (BCLC) staging system is widely used since
its inception and remains the most validated and reliable system for prognostication,
due to its treatment recommendations based on stage and its ability to offer pre-
dictions on patient survival. The BCLC staging system uses variables addressing
tumor stage, liver functional status, physical status and cancer-related symptoms.
Subsequently, the BCLC staging system can link the stages described with a treat-
ment algorithm.

The initial authors of the BCLC staging system created a position of safety
algorithm that proposes:

* Surgical resection for early HCC (i.e. stages 0 and A)

* Transarterial chemoembolization (TACE) or chemotherapy for patients with
intermediate to advanced HCC - Stages B and C

* Palliative/symptomatic-only supportive treatment for patients with end-stage
disease — Stage D

The combination of tumor specific staging criteria along with host specific
information regarding severity of cirrhosis and symptoms have gained the BCLC
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staging system wide adoption by clinicians around the world. Criticisms of the
BCLC staging system focus on the outdated studies the guidelines were based on
and the available surgical and intensive care techniques that were available at the
time these were first reported.

In fact, using modern approaches to hepatectomy and enhanced postoperative
care, several authors were able to demonstrate improved perioperative outcomes
and long-term survival for well selected BCLC B and in some cases BCLC C patients
managed operatively. These successes point to a trend in pushing the limits of the
original more conservative guidelines, thereby offering a better survival to those
patients deemed to be good candidates for resection. This endeavor however has to
be taken cautiously, and patients that offered resection outside class A should be
managed at high volume centers and at minimum be discussed at a multispecialty
tumor board. With more and more BCLC staging system patients being considered
for hepatectomy, the BCLC system should be revised to reflect modern liver surgery
safety standards, and BCLC stages B should not be considered as absolute contrain-
dications to surgery [6-10].

3.1 Tumor-node-metastasis staging system

According to this system, the most important prognostic factors is the extent
or vascular invasion (T1 without, T2 with) within the tumor. Another important
prognosticator accounted for in the T portion of the TNM staging system is number
of tumors (T3) and direct invasion of other organs (T4). Lymph nodes are only sel-
domly affected with a histologic diagnosis of HCC, therefore only rarely we observe
a N1 status on these patients. Naturally, metastatic disease is denoted as M1 [11].

Although the BCLC staging system has been found to be applicable for all stages
of HCC limitations of all of the other systems have been identified. For example,
the AJCC (TNM) staging system has limited usefulness since a large portion of HCC
patients do not undergo surgery. The most comprehensive comparison between
HCC prognostic scores has recently been published by Marrero et al., who analyzed
a population homogeneously including all HCC disease strata and drew a retrospec-
tive comparison between seven HCC staging systems on a prospectively enrolled
cohort: the BCLC system proved to offer the best prognostic score [12].

4, Liver function assessment

An initial assessment of hepatic function involves liver function testing including
measurement of serum levels of bilirubin, aspartate aminotransferase (AST), ala-
nine transaminase (ALT), alkaline phosphatase (ALP), measurement of prothrom-
bin time (PT) expressed as international normalized ratio (INR), albumin, and
platelet count (surrogate for portal hypertension). Other recommended tests include
complete blood count (CBC), blood urea nitrogen (BUN), and creatinine to assess
kidney function; creatinine is also an established prognostic marker in patients with
liver disease. Further assessment of hepatic functional reserve prior to hepatic resec-
tion in patients with cirrhosis may be performed with different tools such as US and
MRI elastography (which may provide and quantify the degree of cirrhosis-related
fibrosis), and seldomly non-focal liver biopsy, and transjugular liver biopsy with
pressure measurements.

The Child-Pugh classification has been traditionally used for the assessment of
hepatic functional reserve in patients with cirrhosis. The Child-Pugh score incorpo-
rates laboratory measurements (i.e., serum albumin, bilirubin, PT) as well as more
subjective clinical assessments of encephalopathy and ascites. It provides a general
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estimate of the liver function by classifying patients as having compensated (class A)
or decompensated (classes B and C) cirrhosis. Advantages of the Child-Pugh score
include ease of performance and the inclusion of non-laboratory, clinical parameters.

An important additional assessment of liver function not included in the
Child-Pugh score is an evaluation of signs of clinically significant portal hyper-
tension (i.e., esophagogastric varices, splenomegaly, splenorenal shunts and
recanalization of the umbilical vein, thrombocytopenia). Evidence of portal
hypertension may be evident on axial imaginsg (CT/MRI). Esophageal varices
may be evaluated using esophagogastroduodenoscopy (EGD) or contrast-
enhanced cross — sectional imaging.

The Model for End-Stage Liver Disease (MELD) is another system for the
evaluation of hepatic reserve. MELD is a mathematical model based on regression
analysis which employees a numerical scale ranging from 6 (best) to 40 (worst)
for individuals 12 years or older. It is derived using three laboratory values (serum
bilirubin, creatinine, and INR) and was originally devised to provide an assessment
of mortality for patients undergoing transjugular intrahepatic portosystemic shunts
(TIPS), but has been therefore incorporated as an algorithm of gauging suitability
for liver transplants [13].

Which HCC patient is a candidate for resection?

Patients being considered for resection must have a high-performance status
and be medically fit for what is a major operation. In general hepatic resection is
the procedure of choice as a potentially curative option in patients with good liver
function (generally Child-Pugh Class A without - or with mild - portal hyperten-
sion), who harbor a solitary mass (regardless of size) albeit, without major vascular
invasion. In addition, the future liver remnant should be measured at minimum 20%
in patients without cirrhosis and at least 40% with Child-Pugh Class A cirrhosis.
Lastly, the future liver remnant should be projected to have adequate vascular and
biliary inflow/outflow. Hepatic resection is controversial in patients with limited but
multifocal disease and in those where tumors are seen to invade major vessels [13].

5. Partial hepatectomy

Surgical removal of a portion of a patient’s liver (partial hepatectomy) is
beneficial in removing the tumor that it harbors and thereby limiting its growth
and spread to other organs. Partial hepatectomy for well-selected patients with
HCC can nowadays be performed with low operative morbidity (<25%) and
mortality (<2-5%). Results of large retrospective studies have shown 5-year
survival rates for patients with preserved liver function and early-stage HCC of
approximately 70%.

Since liver resection for patients with HCC includes removal of functional liver
parenchyma in the setting of underlying liver disease, careful patient selection, based
on patient characteristics as well as characteristics of the liver and the tumor(s), is
essential. Beyond functional liver remnant volume and adequacy of vascular inflow &
outflow, technical considerations related to tumor and liver anatomy, must be taken
into account before a patient is determined to have potentially resectable disease.

Resection is recommended only in the setting of preserved liver function.

The Child-Pugh score provides an estimate of liver function, although it has been
suggested that it is more useful as a tool to rule out patients for liver resection
(i.e., serving as a means to identify patients with substantially decompensated
liver disease). An evaluation of the presence of significant portal hypertension is
also an important part of the surgical assessment.
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6. Operative approach: open vs. laparoscopic hepatectomy

Before the first laparoscopic hepatectomy (LH) was described as early as 1991,
open hepatectomy (OH) was the only choice for surgical treatment of liver tumors.
LH indications were initially based solely on tumor location, size, and type and was
only used for partial resection of the anterolateral segments.

Several studies have been conducted comparing laparoscopic liver resection
(LLR) versus open liver resection (OLR) for hepatocellular carcinoma (HCC),
however, the optimal therapeutic approach has not been established [10, 14-20].

A 2019 systematic review and meta-analysis by the Department of Hepatobiliary
Surgery of Bengbu Medical College analyzed 17 studies comparing OH and LH. This
metanalysis included 2004 patients and showed the following findings: For short-
term outcomes, LH was associated with less blood loss, lower blood transfusion
rates, reduced occurrence of postoperative complications, wider surgical margin,
shorter postoperative hospital stay, and declined rate of mortality (all P < 0.05).
However, there was no significant difference in operation time (P = 0.67) between
the two groups, whereas tumor size was larger in OH (P = 0.004). As for long-term
outcomes, 1-, 3-, 5-year OS and 1-year DFS were higher in LH group (all P < 0.05).
Nevertheless, there were no significant differences in 3- and 5-year DFS (P = 0.23
and 0.83, respectively) [18].

Another 2018 European systematic review and meta-analysis of individual
patient data by Meidai Kasai et al. also compared outcomes of LH and OH. A total
of 917 patients were divided into the laparoscopic (427) and open (490) groups
from 8 selected studies. Interestingly, the hospital stay was significantly shorter,
and the total morbidity was lower in the laparoscopic group. When classified by
severity, the incidence of postoperative minor complications was lower in the LH
group, however, that of major complications was not significantly different. The
operative time was longer in the laparoscopic group; however, intraoperative blood
loss, perioperative mortality, and blood transfusions were comparable between the
two groups. The overall survival in the patients with colorectal liver metastases and
hepatocellular carcinoma was not significantly different between the two groups in
this metaanalysis [20].

It is clear that LLR has the same benefits as other laparoscopic procedures, such as
earlier, recovery and discharge, and reduced postoperative pain. It is also important
to underline the many benefits of the laparoscopic approach are obtained while there
are no differences in oncologic outcomes compared to OLR. Furthermore, the stud-
ies showed the specific advantages of LLR: lower volume of blood loss, shorter portal
clamp time and less overall and liver-specific complications, for selected patients
and within the technical capabilities of each experienced center. LLR also allows for
better visibility and manipulation in a small operative field under some conditions,
such as repeat hepatectomy with adhesions. Laparoscopic surgery makes subsequent
abdominal operations easier by reducing adhesions. It was reported that the salvage
transplantation after previous LLR is associated with reductions of operation time,
blood loss, and transfusion requirements, compared to that after OLR. Therefore, it
is advantageous not only in reducing future adhesions but also in decreasing the need
for adhesiolysis in repeat abdominal exploration.

The safety and feasibility of LLR and its short-term benefits for the patients with
HCC and CLD have also been well demonstrated. Reduction of surgery-induced
stress by LLR, especially in the patients with HCC and CLD, decreases the risk of
refractory ascites due to the preservation of venous and lymphatic collateral flows.
In result, this reduces the risk of water or electrolyte imbalances and hypoprotein-
emia that could lead to liver failure.
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Although currently there is no established adjuvant therapy for patients with
hepatocellular carcinoma who undergo resection, patients do recover fully faster
after laparoscopic hepatectomy. As such, when future effective adjuvant modalities
emerge, patients who undergo laparoscopic resection will be fully recovered and
ready to receive these much sooner than patients who undergo an open resection.
This has been shown in patients with colorectal liver metastasis who undergo
laparoscopic liver resection to have a prognostic benefit compared to patients who
undergo an open resection.

7. Technical considerations

In general, “peripheral” liver segments can be resected laparoscopically much
easier than “central”. This applies to the left lateral segment (II & III) and to seg-
ments V & VI). Segments adjacent to the diaphragm (segments II, VII, VIII), are
more challenging to access and safely resect laparoscopically. A thoracoscopic
approach could be considered in these situations, but this is accompanied by the
challenges of entering the pleural space and lack of quick hepatic hilum access,
should one be needed intraoperatively. In addition a formal hepatic lobectomy is
more challenging laparoscopically than it is open. It is therefore intuitive for a nov-
ice laparoscopic surgeon to start performing the easier, peripheral, resections first,
and build a routine in mobilizing the liver, addressing problems, controlling hemor-
rhage etc., before embarking in bigger resections. The reported learning curve is 50
cases before a surgeon can take on more challenging cases, including laparoscopic
lobectomy. It should be emphasized that during the first 50 cases, conversion rate
can be as high as 50%, which is never worrisome and should never be considered a
sign of failure. In almost all case, conversion is a sign of surgical maturity on behalf
of the surgeon.

In is important to underline that the key initial steps are standard in pursuing
laparoscopic liver resection, be it for a minor segmentectomy or a lobectomy. Set
up, important for all surgical operations, is of paramount significance when it
comes to LLR. The wrong setup can render a straightforward case into a very dif-
ficult one, necessitating needless conversion to open exploration. During LLR there
is no surgical hand in the abdomen to gently but swiftly retract the liver and enable
its mobilization, and/or tamponade a bleeding vessel. Surgical ingenuity has led to
utilization of gravity to assist in retracting and mobilization, or the opposite in the
event of hemorrhage during LLR.

We present herein a step by step laparoscopic approach through a video which
highlights key points including surgical set up, placement of trocars, full mobiliza-
tion of aliver lobe, facilitating access and resection of lesions in subdiaphragmatic
hepatic segments through a minimally invasive peritoneal approach.

8. Technique

The video presented herein concerns the laparoscopic resection of a2 cm liver
mass in segment 7. The patient had a solid mass but in Computed Tomography
and Magnetic Resonance imaging, and was FDG avid on PET CT. The patient, an
otherwise healthy 51-year-old woman, with no past medical or surgical history.
Of note, the patient provided consent to use the recorded video of her operation
while protecting her privacy and maintaining her anonymity. In this video, we
summarize key steps/technical tips with laparoscopic liver resections from our
experience with minimally invasive hepatectomies, and highlight the challenges of
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subdiaphragmatic liver lesion resections. As mentioned, several key maneuvers are
highlighted which apply to laparoscopic liver resection, of all segments.

One of the most important key elements of laparoscopic liver resection especially
for resection of the right lobe, is positioning the patient in a full left lateral decubitus
position, with the patient’s trunk at 90-degree angle to the operating room table and
the right upper extremity position securely over the patient’s right chest. Drawing
from the experience of laparoscopic adrenalectomies, the full left lateral position
allows for easier, lateral access to the right lobe of the liver. “Jackknifing” the table
opens up the working space at the far right of the abdominal musculature even more.

This approach is taking advantage of the weight of the liver itself, which is
rotated medially by gravity as mobilization progresses, and obviates the need for an
additional port for a liver retractor. An arm rest for the patient’s right upper extrem-
ity should be employed to position it at a comfortable position over and above the
upper right chest. Appropriate padding should be placed under the left axilla and at
all pressure points of the trunk. The patient’s abdomen, particularly the right upper
quadrant at a minimum, should be left unobstructed for laparoscopic port place-
ment but also for a quick laparotomy (through a generous right subcostal incision),
should the need arise intraoperatively. The patient’s body should be secured on
the operating table in a fashion that will enable steep Trendelenburg and reverse
Trendelenburg positioning, as well as rotation of the table to the right and left with-
out patient slipping. We favor a belt around the patient’s hip as well as stop latches
at the lower spine and suprapubic areas. Intravenous fluid administration should be
kept to a minimum until parenchymal transection, as is true for all liver resections.

Initially, just three 5 mm ports are placed, as shown in image 1, one for a high
definition 5 mm camera and two for the laparoscopic instruments. Insufflation of
the abdomen is instituted at a pressure of 12 mm Hg, with the ability to increase the
intra-abdominal pressure up to 20 mm Hg should venous or low-pressure parenchy-
mal bleeding is encountered. Depending on the most beneficial camera view and
angle of approach, one of the 5 mm working ports is converted into a 12 mm port,
once the desirable degree of hepatic mobilization is obtained. The upsized port can
accommodate a vascular cartridge-loaded stapler or the laparoscopic ultrasound
probe for intraoperative sonographic examination of the parenchyma.

Mobilization of the right lobe can proceed working laterally to medially and
freeing up the retroperitoneal attachments and the right triangular ligament of the
right lobe as shown in the video, https://www.dropbox.com/s/v247mnbo385shnt/
hatzaras%?20lap%?20hepatectomy%20S7%202.mp42dl=0. Gravity works to the
surgeon’s benefit, medializing the lobe as the dissection proceeds. Dividing fully
the right triangular ligament is facilitated by additional gentle liver retraction with
the right hand instrument, while a vessel-sealing device is yielded with the left
hand. The right adrenal quickly comes into view, and care should be used to avoid
injuring the fragile gland or its small feeding vessels (e.g. superior adrenal artery
and vein). Caution is especially important in the case of a large tumor in the right
lobe of the liver, which has been chronically pressing against the right adrenal
gland, fusing the right adrenal with the liver capsule, and causing local venous
hypertension in the small venous branches; these should be dissected carefully and
clipped individually. Care should also be paid to avoiding injuring the diaphragm,
which if entered, would lead to pneumothorax; if this was to occur, it can be
repaired laparoscopically with heavy absorbable suture, over a suction device that
will empty the air from the ipsilateral hemithorax.

Although not shown in this video, this positioning and initial hepatic mobilization
allows for the inferior vena cava (IVC) to be fully exposed, if this lateral to medial
dissection is continued more medially. The small direct branches from posterior of
the right lobe to the IVC can be dissected, clipped and divided as needed. The IVC
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ligament may also be fully dissected, a vessel loop passed around it and a vascular
cartridge-loaded stapler used to transect it safely. Lastly the inferior surface of the
right hepatic vein can be encountered and skeletonized, and if the bare area superi-
orly is fully mobilized, the right hepatic vein can be encircled with a vessel loop and
ligated with a vascular stapler.

To avoid the necessity of inflow control at the hilum, and outflow control at the
hepatic veins, we frequently use microwave ablation to demarcate the target area of
resection before transection of the parenchyma (key move#4). We aim fora1cm
wide by 3 or 4 cm deep thermal ablation zone, which provides a safe, nearly blood-
less transection zone. Alternatively, if the goal is to achieve a completely laparoscopic
right hemihepatectomy, the surgeon should perform a cholecystectomy; then by using
intraoperative laparoscopic ultrasound to identify the right portal bundle immediately
superior and posterior the gallbladder fossa. If clearly identified, the operative surgeon
can use a Glissonian approach, perform two shallow hepatotomies, each approximately
half an inch long and 1 inch apart, in such a way to accommodate a vascular stapler
which will ligate intrahepatically the right portal structures. Excellent demarcation of
the right lobe will be seen after successful completion of this maneuver.

Once mobilization is completed we laparoscopically place “liver handles”, two
number one braided sutures though and through the parenchyma of the intended
specimen in a figure-of eight fashion (key move#5), ensuring to avoid the tumor
itself. These “liver handles” are brought through the abdominal wall from a separate
lateral stab incision using a suture passer and we secure them with a hemostatic
clamp. This maneuver allows easy, gentle extracorporeal intraoperative manipulation
of the liver area to be resected. An alternative option of achieving this retraction in
lateral lesions is to place a vessel loop around the fully mobilized right lobe, and exte-
riorize it from the abdominal cavity with a suture passer through a medial separate
stab incision; this allows gentle upward retraction of the right liver lobe, the soon
to-be-resected portion falls to the right, “opening the book” for the surgeon to deploy
the vessel-sealing device and the vascular staplers. We typically use the Harmonic
scalpel (Ethicon/Johnson & Johnson, Somerville, NJ) to transect the superficial
portion of the parenchyma, followed by “vascular staplers” for the deeper portion.
The 12 mm Hg intra-abdominal pressure in combination with the microwave ablation
transection treatment renders the transection field relatively bloodless, a clear benefit
of laparoscopic hepatectomy, obviating the need for transfusion. After resection and
irrigation, we place a hemostatic agent on the cut surface of the liver. The combina-
tion of energy transection and vascular stapling allows the pace of the operation to be
brisk, and it is typically completed in under 3 hours. The specimen can be removed
through a 5-8 cm incision usually in the Pfannenstiel position. With these maneuvers,
LLR can achieve the same outcome as the open approach, in the same time, with the
same if not lower risk of transfusion, alas, with a much speedier recovery.

9. Conclusion

In the last two decades, liver surgery has become a much safer surgical procedure to
be offered to patients with hepatic malignancies, including Hepatocellular Carcinoma.
The laparoscopic approach to liver resection has evolved in parallel. Despite a steep
learning curve, LLR can achieve excellent outcomes for well selected patients with
Hepatocellular Carcinoma.
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Abstract

Hepatocellular Carcinoma (HCC) is the fifth most common cancer and
represents the fourth most common cause of cancer related death worldwide.
Treatment of HCC is dictated based upon cancer stage, with the most universally
accepted staging system being the Barcelona Clinic Liver Cancer (BCLC) staging
system. This system takes into account tumor burden, active liver function, and
patient performance status. BCLC stage C HCC is deemed advanced disease, which
is often characterized by preserved liver function (Child-Pugh A or B) with poten-
tial portal invasion, extrahepatic spread, cancer related symptoms, or decreased
performance status. Sorafenib has been the standard treatment for advanced HCC
over the past decade; however, its use is limited by low response rates, decreased
tolerance, and limited survival benefit. Researchers and clinicians have been
investigating effective treatment modalities for HCC over the past several years
with a focus on systemic regimens, locoregional therapy, and invasive approaches.
In this systemic review, we discuss the management of advanced HCC as well as the
ongoing research on various treatment opportunities for these patients.

Keywords: hepatocellular carcinoma, advanced stage, systemic therapy, locoregional
therapy

1. Introduction

Primary liver cancer represents an enduring global threat as the fifth most
common cancer worldwide and the second highest global cause of cancer-related
mortality [1]. The most common form of liver cancer is hepatocellular carcinoma
(HCC), which makes up over 90% of primary hepatic malignancies and inde-
pendently represents the fourth most common cause of cancer-related death
worldwide [2, 3]. Hepatotropic viruses such as hepatitis B virus (HBV), hepatitis C
virus (HCV), and hepatitis D virus (HDV) are the most common causes of HCC,
accounting for at least 80% of cases. HCC is also prevalent in individuals with
underlying cirrhosis with other risk factors being alcohol use, non-alcoholic fatty
liver disease (NAFLD), diabetes mellitus, obesity, aflatoxin exposure, hereditary
hemochromatosis, tobacco use, oral contraceptive use, and other inherited meta-
bolic disorders including tyrosinemia and glycogen storage disease type 1
(Von Gierke disease) [4-7].

The American Association for the Study of Liver Disease (AASLD) recommends
that adults with cirrhosis undergo screening for HCC given the overall observed
mortality benefit. Surveillance consists of abdominal ultrasonography every six
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months either with or without alpha fetoprotein (AFP) measurement. Patients who
have alesion > 1 cm or AFP measurement > 20 ng/mL are recommended to undergo
further diagnostic evaluation with multiphasic computed tomography (CT) scan
or magnetic resonance imaging (MRI) of the abdomen [8, 9]. In some instances,
HCC can be diagnosed radiographically via LI-RADS criteria (LR-5 is diagnostic),
which consists of imaging findings of washout, enhancing capsule, and threshold
growth in addition to overall size diameter increase over the course of months [10].
In instances in which lesions are indeterminate or cannot be diagnosed radiographi-
cally, patients typically undergo either biopsy or close interval repeat imaging [8].

Solid tumor oncological staging is usually based on the tumor (T), node (N),
and metastasis (M) classification system. This system does not take into account
the degree of liver dysfunction or patient performance status and is less useful
for predicting the course of HCC [9]. The Barcelona Clinic Liver Cancer (BCLC)
staging system is the most universally accepted staging system for HCC as it takes
into account tumor burden, liver functional status, and patient performance
status. In the BCLC system, patients are classified into different stages, including
very early (BCLC stage 0), early (BCLC stage A), intermediate (BCLC stage B),
advanced (BCLC stage C), and terminal (BCLC stage D). Very early to early-stage
HCC (BCLC stage 0 or A) cancers are treated with curative intent through resec-
tion, ablation, or even liver transplant (LT); overall survival is as high as 75% at
5 years. The standard of care for patients with intermediate stage HCC (BCLC
stage B) is transarterial chemoembolization (TACE) or transarterial radioembo-
lization (TARE). Patients with advanced HCC (BCLC stage C) often present with
cancer-related symptoms but usually have moderately preserved liver function
(Child-Pugh A or B). These patients receive systemic therapy, though other treat-
ment modalities are under investigation. BCLC stage D HCC is considered terminal
and is usually managed with best supportive care [11, 12].

Unfortunately, over 80% of HCC are diagnosed at the advanced stage (BCLC
stage C or D). Therapy options such as TACE and tumor resection are often
not appropriate in these patients, and 5-year survival is as low as 18% [13, 14].
Researchers and physicians have been investigating potential effective treatment
options in these patients in the past decade and have made great advances. In this
systemic review, we summarize the latest strategies and upcoming methods of
managing advanced (BCLC stage C) HCC.

2. First line systemic therapy

HCC has been historically considered a chemotherapy-resistant tumor. Most
chemotherapy agents require hepatic metabolism and cannot be used in the set-
ting of severely impaired liver function [15]. Overall survival is often dictated by
underlying hepatic function rather than extensive tumor burden. Despite these
challenges, researchers have applied targeted immunotherapy for advanced HCC
treatment and, at least in certain clinical scenarios, have found benefit [16].

2.1 Atezolizumab + Bevacizumab combination therapy

Multi-agent combination therapy with atezolizumab and bevacizumab has
recently replaced sorafenib as first line treatment for advanced HCC. Atezolizumab
and bevacizumab are monoclonal antibodies that target program death ligand 1
(PD-L1) and vascular endothelial growth factor (VEGF), respectively [17, 18].
When used together, these medications inhibit both T cell apoptosis and angiogen-
esis. The combination of these medications was compared to sorafenib in patients
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with treatment naive advanced HCC in the IMbrave150 trial. The trial showed that
patients treated with atezolizumab and bevacizumab had significantly improved
overall survival (OS) and progression free survival (PFS) when compared to those
treated with sorafenib [17]. Adverse events occurred at similar rates among the two
groups, with the most common adverse effects in patients given atezolizumab with
bevacizumab being hypertension and proteinuria. Following systemic review of
nine randomized control trials, the American Society of Clinical Oncology (ASCO)
has deemed combined atezolizumab/bevacizumab as the first line treatment

for advanced HCC applicable to those with Child-Pugh A liver disease, Eastern
Cooperative Oncology Group Performance Status (ECOG PS) no higher than one
and treated esophageal varices (EV) [18]. Recent updates from Finn and colleagues
on the IMbravel50 trial reported that median OS was 19.2 months in those taking
atezolizumab and bevacizumab vs. 13.4 months in those taking sorafenib (HR, 0.66
[95% CI, 0.52, 0.85]; P=0.0009). At 18 months, those treated with atezolizumab
and bevacizumab had an OS of 52% while patients on sorafenib has an OS of 40%.
Atezolizumab and bevacizumab combination therapy has demonstrated the longest
OS in a front-line phase III clinical study for advanced HCC to date and remains the
standard of care for treatment-naive, advanced HCC [19].

2.2 Sorafenib

Tyrosine protein kinase inhibitors (TKIs) had been at the forefront of advanced
HCC treatment for quite some time. The first TKI approved by the Food and Drug
Administration (FDA) for treatment of advanced HCC was sorafenib, which was
first approved for treatment of unresectable HCC in 2007 (Table 1). This TKI tar-
gets VEGF, platelet derived growth factor (PDGF), and others molecular pathways
to inhibit angiogenesis [20]. The Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol (SHARP) study was the first multi-center, placebo-con-
trolled, phase III clinical trial in untreated, Child-Pugh A advanced HCC patients,
and demonstrated a 2.8-month overall survival (OS) in those treated with sorafenib
versus placebo (10.7 vs. 2.9 months) [21]. Further clinical trials and subset analysis
showed that sorafenib provides survival benefit in patients with HCC not amend-
able to loco-regional therapy, though the benefit appears to be greater for patients

Regimen ASCO recommendations Criteria for use

Atezolizumab + First-line ECOG PS <1, Child-Pugh A, following EV
Bevacizumab treatment

Sorafenib First-line When there are contraindications to

Atezolizumab - Bevacizumab therapy

Lenvatinib First-line
Nivolumab First-line or Second-line
Cabozantinib Second-line or Third-line
Regorafenib Second-line Those who failed Sorafenib
Ramucirumab Second-line AFP > 400
Pembrolizumab Second-line
Nivolumab + No recommendations
Ipilimumab
Table 1.

American Society of Clinical Oncology (ASCO) recommendations for systemic therapy in advanced (BCLC
stage C) HCC [18].
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with Child Pugh A cirrhosis than Child Pugh B cirrhosis [22]. Cheng et al. per-
formed a randomized, double-blind, placebo control trial of sorafenib in the Asian
Pacific region in patients with advanced HCC. Following six weeks of therapy,
patients treated with sorafenib had significantly higher median OS (6.5 months

vs. 4.2 months; [HR] 0.68 [95% CI 0.50-0.93]; p=0.014) and time to progression
(2.8 months vs. 1.4 months; HR 0.57 [0.42-0.79]; p=0.0005) [23]. Despite the
clinical benefits of sorafenib, many patients are unable to tolerate the significant
side-effects, which include diarrhea, hand and feet skin irritation, weight-loss, and
electrolyte derangements [21, 24, 25]. With its OS benefits and effects on disease
progression, sorafenib remains a first-line option for advanced HCC [18].

2.3 Lenvatinib

Following the success of Sorafenib, several other TKIs were developed as
potential treatment options in advanced HCC patients. Lenvatinib is a TKI that
targets multiple pathways within angiogenesis including VEGF receptors, fibro-
blast growth factor (FGF) receptors, platelet derived growth factor (PDGF) alpha
as well as RET and KIT [26]. An open-label, multicenter, phase III clinical trial
known as the REFLECT trial showed lenvatinib to be non-inferior to sorafenib in
advanced HCC patients with respect to OS. In the same trial, patients treated with
lenvatinib had a higher incidence of hypertension, decreased appetite, and weight
loss, while those treated with sorafenib had a higher incidence of hand-foot skin
reaction (HFSR) and diarrhea. Patients treated with lenvatinib had significantly
better progression-free survival (PFS) (7.4 months vs. 3.7 months, p < 0.001), time
to progression (8.9 months vs. 3.7 months, p < 0.001), and objective response rate
(24.1% vs. 9.2%, p < 0.001) [25, 27]. Vogel et al. analyzed prognostic factors of the
REFLECT trial and reported that baseline liver function tests such as albumin-
bilirubin grade and Child-Pugh score were predictive of OS. These markers may be
used to monitor overall safety and efficacy of lenvatinib treatment. Regardless of
baseline liver function, lenvatinib led to longer OS than sorafenib [28]. Given this
data, the ASCO now considers lenvatinib a reasonable first-line treatment option
for advanced HCC [18].

Ongoing studies are being conducted on the use of lenvatinib alongside
nivolumab, an anti-PD-1 monoclonal antibody often used as second line therapy for
HCC, in patients with unresectable, advanced HCC. Early results from the phase
1b trial of this open label study show that lenvatinib combined with nivolumab is
well tolerated in BCLC stage C HCC with multiple patients demonstrating partial or
complete response [29].

3. Second line systemic therapy
3.1 Cabozantinib

Other agents have been investigated for advanced HCC for patients with disease
resistant to first-line therapy. Cabozantinib is a TKI that targets mesenchymal-
epithelial transition (MET) factor to disrupt hepatocyte growth factor pathway, a
pathway that is often important for HCC oncogenesis [30]. A phase III clinical study
known as the CELESTIAL trial showed that for patients who had suffered disease
progression while on sorafenib, cabozantinib led to longer OS and PFS than placebo
[31-33]. Although adverse effects such as diarrhea, HFSR, hypertension, nausea,
and decreased appetite, were found to be twice as high in the cabozantinib group
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than in the placebo group, the effects were generally mild and considered manage-
able [31-33]. Given its clinical benefit, the ASCO has classified cabozantinib as a
second-line therapy for advanced HCC [18].

3.2 Regorafenib

Regorafenib is another TKI that has been utilized as a second-line agent in
advanced HCC [18, 34, 35]. The RESORCE trial along with other studies support
the use of regorafenib in treatment-resistant advanced HCC with active investiga-
tions focusing on applying the use of regorafenib in combination with other medi-
cations against advanced HCC [36]. When comparing cabozantinib and regorafenib
as second line therapy in patients who had failed sorafenib therapy, the side effect
profile of these medications was similar (with only increased incidence of diarrhea
in patients taking Regorafenib), and both therapies provided similar benefits in
regard to OS and PFS [37].

3.3 Apatinib

The latest TKI to show efficacy in advanced HCC is a VEGF receptor inhibitor
called apatinib. This medication had been implemented in patients with hepatitis B
infection in the past. Li et al. performed a multi-center, double blind, randomized
phase III control trial in China in patients with advanced HCC refractory to at least
one systemic agent [38]. The median OS was significantly higher in those treated
with apatinib compared to placebo (8.7 months vs. 6.8 months, p < 0.05). The most
common adverse effects of apatinib were hypertension, thrombocytopenia, and
HFSR [38].

3.4 Nivolumab

Clinicians have also applied the use immunomodulatory checkpoint inhibitors as
treatment for advanced HCC. Nivolumab is an immunoglobulin (IgG) 4 antibody
that targets program death 1 (PD-1) on the surface of T cells to promote the anti-
tumor properties of T cells [39]. Clinical trials have shown nivolumab to be a safe
treatment option for advanced HCC with non-comparison studies showing durable
and effective clinical response to treatment [40]. Multicenter phase III clinical trials
comparing nivolumab to sorafenib are currently underway [41, 42]. Interim results
of the CheckMate 459 trial, a randomized, multicenter phase III study, have shown
no significant difference in median OS between nivolumab and sorafenib; however,
the objective response rate was as high as 15% in those taking nivolumab vs. 7%
in those taking sorafenib [41, 42]. Additionally, nivolumab was associated with
superior health-related quality of life with patients reporting fewer side effects [43].

3.5 Pembrolizumab

Pembrolizumab is another monoclonal antibody directed against PD-1 that has
been used as therapy for patients with advanced HCC [44]. The KEYNOTE trials
were conducted to evaluate the efficacy of pembrolizumab and were expanded
to compare the use of pembrolizumab following disease progression while on
sorafenib to best supportive care. Despite pembrolizumab reducing the risk of
death by 22%, there was no significant difference in OS between the two groups
[44, 45]. Continued research is ongoing regarding the use of this anti-PD-1 agent
for advanced HCC treatment.
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3.6 Ramucirumab

Ramucirumab is a monoclonal antibody directed against vascular endothelial
growth factor receptor 2 (VEGFR-2) that is approved for advanced HCC therapy
in patients with alpha-fetoprotein (AFP) levels >400 ng/mL. Ramucirumab
was initially compared versus placebo in a double-blind, multicenter, random-
ized control phase III trial known as REACH-1; unfortunately, there was no
statistically significant difference in OS for those given ramucirumab or placebo
in those who had failed first line sorafenib therapy [46]. Following subgroup
analysis of the REACH-1 trial, the REACH-2 trial showed that ramucirumab had
a statistically significant survival benefit compared to placebo in patients with
AFP >400 ng/mL [47, 48]. The side-effect profile of ramucirumab is mild, with
only reported increased frequency of hypertension and proteinuria, making
it a second-line therapy for advanced HCC by the ASCO for patients with AFP
>400 ng/mL [18, 46, 47]. Given its specific target population, ramucirumab is not
routinely used in HCC patients with AFP <400 ng/mL.

3.7 Ipilimumab

Ipilimumab is a monoclonal antibody that targets cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) to downregulate immune function. The Checkmate
040 trial assessed the use of ipilimumab alongside nivolumab for advanced HCC
patients and demonstrated combination therapy to have an object response rate
twice as high as nivolumab monotherapy (31% vs. 14%) This combination therapy
was also well tolerated with an acceptable side effect profile when compared to
similar systemic therapy [49, 50].

The Checkmate 040 trial was expanded to investigate triple combination
therapy consisting of nivolumab, ipilimumab, and cabozantinib altogether [51].
When compared to the combination of just nivolumab and ipilimumab, those on
triple therapy had a longer period of progression-free survival (6.8 months vs.

5.5 months). Treatment related adverse events were higher in those taking triple
therapy with a discontinuation rate of 20% in the triple therapy group and 3% in
the double therapy group [51].

4. Locoregional therapy

Therapies in the form of embolization fall under the category of locoregional
therapy and are typically contraindicated in patients with advanced HCC with
underlying vascular invasion, extrahepatic spread, or poor performance status.
However, some patients with advanced HCC classified as BCLC stage C have
benefited from locoregional therapies [52].

4.1TACE

Advanced HCC patients with tumor invasion off a branch of the portal vein or
limited extrahepatic disease involvement have been trialed with TACE therapy [53].
TACE consists of injecting an emulsified chemotherapeutic agent into the hepatic
artery flowing towards the underlying tumor, followed by embolization of the ves-
sel to contain the drug and localize cell death within the malignancy [52, 53]. TACE
has historically been more successful in localized disease without extrahepatic or
diffuse vascular involvement and serves as the first-line treatment for intermedi-
ate (BCLC stage B) HCC. Consensus regarding the overall clinical utility of TACE
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in advanced HCC when compared to systemic therapy remains under discussion
[54]. Certain studies have shown TACE to be clinically safe and feasible in select
advanced HCC patients with good collateral blood flow, and a meta-analysis
reported TACE to be associated with higher treatment responses in advanced HCC
when compared to other more conservative treatment approaches [54]. However, a
retrospective analysis by Pinter and colleagues demonstrated no significant differ-
ence in OS between patients treated with TACE versus sorafenib, with Child-Pugh
class predicting OS in these patients [55]. Meanwhile, Choi et al., reported through
retrospective analysis that TACE in addition to sorafenib is associated with signifi-
cantly increased time to progression when compared to sorafenib therapy alone,
though no difference was seen with regard to OS [56]. Other retrospective studies
including the TACTICS trial also found that combining TACE with sorafenib in
advanced HCC improved progression-free survival when compared to sorafenib
therapy alone [57-61].

4.2 Y-90 trans-arterial radio-embolization

Y-90 trans-arterial radio-embolization (TARE) is a therapy modality by which
the isotope yttrium90 is delivered in in small vector beads to malignancy areas
through branches of the hepatic artery [62]. TARE has been applied to treat-
ment of advanced HCC in tumors that invade discrete segmental areas of the
liver. Additionally, TARE has been shown to decrease overall portal vein tumor
thrombus load [62]. Recent data indicates that when comparing the efficacy of
TARE vs. sorafenib in advanced HCC patients, those who underwent TARE had a
significantly higher tumor response rate, though there was no significant difference
in OS [63]. Studies have also been conducted on combining TARE with systemic
therapy in advanced HCC. No clear benefit was seen when combining TARE with
sorafenib [64]; however, there have been case reports or series of positive outcomes
in combining TARE with different systemic modalities [65, 66].

Most recently, a multicenter, single-arm, retrospective study conducted at three
separate medical centers called the LEGACY study assessed the clinical efficacy of
TARE therapy in unrespectable HCC [67]. Chemoembolization served as a primary
treatment for 72.2% of the cohort with advanced disease. The three-year OS rate
for the entire cohort was 86.6% with 62.2% of patients experiencing a duration of
response of greater than six months [67]. This study led to the FDA approval of
TheraSphere Y-90 Glass Microsphere for treatment of advanced HCC [68].

Garin et al. conducted research on the dosimetry of TARE therapy through a
randomized, multicenter, open-label phase II trial known as DOSISPHERE-01 [69].
Patients received either a standard dose of Y-90 to the perfused lobe or a personal-
ized dose of Y-90 targeted to the index lesion. Results showed that personalized
dosimetry significantly improved response rates when compared to standard
dosimetry in cases of locally advanced HCC (71% vs. 35%, p < 0.01) [69].

4.3 Hepatic artery infusion chemotherapy

Hepatic artery infusion chemotherapy (HAIC) has been used in the treatment
of advanced HCC to directly delivery high concentrations of chemotherapeutic
agents [70]. Studies on advanced HCC lesions that were unresectable, refractory to
TACE, or associated with portal vein thrombus (PVT) have demonstrated posi-
tive responses to HAIC within patient cohorts. Groups in Korea and Japan have
implemented HAIC with agents including cisplatin, 5-fluororuacil (5-FU), and
pegylated interferon a-2b [70]. A randomized trial comparing interferon therapy
coupled with 5-FU HAIC to sole interferon therapy in advanced HCC patients
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showed a significantly higher response rate (45.6% vs. 24.6%, p < 0.05) and longer
median progression free survival (6.5 months vs. 3.3 months, p=0.0048) in the
patients who received HAIC [71]. In their study comparing HAIC and sorafenib

in advanced HCC patients, Song and colleagues reported that the median overall
survival was significantly longer in the patients who received HAIC (OS: 7.1 months
vs. 5.5 months, p < 0.05) [72].

5. Surgery

As medical and surgical expertise continue to improve, surgery is no longer
contraindicated in some advanced HCC patients [73]. Surgical resection of
advanced HCC, either in the form of hepatectomy or en-bloc resection, has been
revisited as a potentially efficacious way of increasing OS. Data has shown that the
overall median survival time in advanced HCC patients with PVT who undergo
surgical resection to be between 8 and 22 months, with OS between 21.7% to
69.6% at one year [74]. Given the high incidence of post-operative recurrence,
multi-disciplinary approach to surgical planning on a case-by-case basis is needed
[74, 75]. Liang and colleagues performed a meta-analysis and found that patients
who underwent surgical resection of advanced HCC with PVT had longer OS than
those who were treated with TACE therapy [76].

The combination of systemic therapy with surgical resection has also been
applied to advanced HCC patients. Takeyama et al. studied the use of sorafenib as a
potential neo-adjuvant therapy prior to surgical resection. Patients who underwent
surgical resection following treatment with sorafenib had a significantly increased
three-year survival than patients who underwent therapy with sorafenib alone [77].
Incorporating surgical resection with other treatment modalities including TACE
and radiofrequency ablation have also promoted positive prognostic outcomes in
select patients [74, 75]. Overall, the indication for surgical therapy in advanced
HCC patients with or without PVT requires a multi-disciplinary approach and may
entail utilizing systemic or locoregional therapy during treatment planning.

6. Future directions

Several systemic agents have been trialed for treatment of advanced HCC over
the past decade. As newer agents are approved for use in advanced HCC, combined
treatment options remain intriguing topics for investigation. Gosain et al. have
hypothesized that sorafenib and pembrolizumab may have synergistic effects and
are currently conducting a trial to evaluate the efficacy of these drugs when used in
combination [78]. Given the favorable response rates of nivolumab that were seen in
the Checkmate 040 trial, Welling et al. are conducting a phase II, randomized con-
trol of nivolumab combined with HuMax-IL8 and cabiralizumab (an anti-CSF1R
antibody) in advanced HCC patients. HuMax-IL8 (now known as BMS-986253) is
a novel, fully human monoclonal antibody that inhibits interleukin-8 (IL-8) [79].
Combining locoregional with systemic therapy is also under investigation [80].
Among multiple studies being conducted, the EMERALD-1 trial is a randomized,
double-blind, placebo-controlled phase III study assessing anti-PD-1 agent dur-
valumab alongside TACE therapy with or without bevacizumab [81].

Alternative molecular targets are also being evaluated. El-Khouiery et al. are
currently working on an advanced HCC phase I trial of humanized agonist IgG2
monoclonal antibodies to a specific tumor necrosis factor receptor known as OX40.
Underlying safety and pharmacodynamic dose-dependent response are now being
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investigated [82]. Another phase I trial currently underway involves a small activat-
ing RNA (saRNA) known as MTL-CEBPA that targets transcription factor C/EBP-a,
which is involved in hepatic homeostasis and cell-cycle control. The preliminary
results showed that it is relatively safety and can have potential synergistic efficacy
with tyrosine kinase inhibitors in HCC [83]. Like new combinations of locore-

gional-systemic combinations and new uses of systemic agents, novel molecular-
targeting agents offer hope for improved outcomes in advanced HCC.
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Chapter 10

Research Frontier of Accurate
Diagnosis and Treatment
Guided by Molecular Typing of
Hepatocellular Carcinoma

Haicaho Zhao, Changzhou Chen and Jiefeng He

Abstract

Liver cancer will continue to be a major disease threatening the lives and health
of our people in the next few decades. In recent years, with the development of
early diagnosis and treatment of liver cancer, precise liver resection, and the
development of targeted and immunotherapeutic drugs, the survival rate of liver
cancer patients has been improved. Nevertheless, due to the high heterogeneity
of liver cancer, patients with liver cancer in the same clinical stage still have great
differences in response to treatment and prognosis. New staging and classification
indicators are urgently needed to facilitate accurate diagnosis and treatment of
liver cancer, so as to further improve the survival rate of patients. The continu-
ous progress and development of multi-omics technology, single-cell technology,
tumor molecular visualization technology and medical artificial intelligence, etc.,
make the molecular classification of liver cancer more and more approaching the
true nature of tumor biological characteristics, thus contributing to the accurate
diagnosis and treatment of liver cancer.

Keywords: hepatocellular carcinoma, tumor heterogeneity, molecular typing,
diagnosis, treatment

1. Introduction

Liver cancer is a major disease that seriously threatens the lives and health of
our people. In recent years, the clinical diagnosis and treatment of liver cancer and
innovative research have made remarkable progress. Nevertheless, due to the high
heterogeneity of liver cancer, patients with liver cancer of the same clinical stage still
have great differences in response to treatment and prognosis. There is an urgent
need for new staging and classification indicators to facilitate accurate diagnosis and
treatment of liver cancer, so as to further improve the survival rate of patients.

Liver cancer is considered to be one of the most heterogeneous tumors [1]. Due
to the high heterogeneity of liver cancer, no “cancer-dependent genes” related to
liver cancer have been found so far, which makes the therapeutic effect of molecu-
lar targeted therapy of liver cancer very small and lacks theoretical basis [2]. The
heterogeneity of liver cancer includes inter-tumor heterogeneity and intra-tumor
heterogeneity, both of which are distinguished from each other and closely related.
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Among them, there are both genetic heterogeneity and microenvironment hetero-
geneity. Tumor heterogeneity indicates the insufficiency of “genetic characteristics
and microenvironmental information obtained from a single biopsy”, which has
important theoretical value and clinical significance for studying the develop-
ment history of individual liver cancer, overcoming drug resistance, and achieving
individual precise treatment. The continuous progress and development of multi-
omics technology, single-cell technology, tumor molecular visualization technology,
and medical artificial intelligence have brought the molecular classification of liver
cancer closer to the true nature of tumor biological characteristics, thereby helping
the implementation and health of accurate diagnosis and treatment of liver cancer
China’s strategic planning.

2. Molecular typing based on transcriptome

With the progress of gene chips and second-generation sequencing technology,
it is possible to analyze tumor gene expression changes without bias at the whole
genome level, and the molecular typing of liver cancer first started from the explo-
ration of transcriptomics. The gene microarray analysis of primary and metastatic
HCC showed that the gene expression signature of primary HCCs with accompany-
ing metastasis was very similar to that of their corresponding metastases, implying
that genes favoring metastasis progression were initiated in the primary tumors.
The constructed 153 gene expression markers could divide HCC into metastatic and
non-metastatic types with a prediction accuracy of 78% [3]. At present, a number
of studies have divided liver cancer into proliferative and non-proliferative types
through transcriptomics methods, with the two molecular types each accounting
for 50% [4-10]. The proliferative type is characterized by activation of PI3K-Akt-
mTOR, Ras-MAPK, MET, and other cell proliferation-related signaling pathways,
which are usually associated with HBV infection, and are driven by TP53 inactiva-
tion, FGF19, and/or CCND1 amplification, and has a poor prognosis. The non-
proliferative type is more heterogeneous and is usually associated with alcoholic
liver disease and HCV infection, with a relatively good prognosis. The proliferative
type can be further divided into Hoshida S1 and S2 subtypes [4]. Strong enrichment
of the WNT signature in subclass S1 compared with S2 or S3, suggesting prefer-
ential WNT activation in S1 tumors. Hoshida S2 tumors were strongly enriched in
signatures of EpCAM. AFP and IGF2 positivity. The non-proliferative Hoshida
S3 subtype is still heterogeneous, including the classical Wnt pathway activation
subtype mediated by CTNNB1 mutation [5]. The Cancer Genome Atlas (TCGA)
analyzed 363 hepatocellular carcinoma cases by whole-exome sequencing and DNA
copy number analyses, DNA methylation, RNA, miRNA, and proteomic expression
also. Integrative molecular HCC subtyping incorporating unsupervised clustering
of five data platforms identified three subtypes:iClustl ~ 3. Then iClust1 consisted
predominantly of Hoshida S2 patients whereas iClust 2 subtype corresponds to
Hoshida S3 subtype (CTNNB1 mutant subtype), and iClust 3 subtype corresponds
to TP53 mutation and Hoshida S1 subtype [7]. These transcriptome-based molecu-
lar typing revealed the intrinsic molecular characteristics of liver cancer and had
potential clinical significance.

3. Molecular typing based on tumor microenvironment

The immunoinflammatory microenvironment is the seventh characteristic
of tumors [11]. Hepatocellular carcinoma is a typical immunoinflammatory and
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microenvironment-related tumor. Imbalance of immune-inflammatory response
in the microenvironment is one of the key mechanisms for the occurrence and
development of liver cancer [12, 13]. It has been discovered that the prognosis
model of HCC constructed by integrating microenvironmental immune response,
angiogenesis, and interstitial reaction can accurately predict the recurrence and
metastasis of patients after surgery, highlighting the importance of stromal biology
in HCC progression [14]. Based on immune-related gene expression level in the
tumor microenvironment, HCC can be divided into the type of immune activation,
the depletion of immune and immune exemption, various accounts for 10% ~ 25%,
including immune activation type high expression of adaptive immune-related
genes, immune depletion type high expression of TGF-p mediated immune sup-
pression and T cell depletion related genes, immune exemption type is character-
ized by lack of T cells and CTNNB1 mutations [8]. According to the situation of
immune cell infiltration, it can be divided into three subtypes: Immune-high,
Immune-mid, and Immune-low. The Immune-high subtype was characterized by
increased B—/plasma-cell and T cell infiltration, and the Immune-high subtype and
B-cell infiltration were identified as independent positive prognostic factors. Low
immune subtypes with a high Treg/CD4 ratio had the worst prognosis [15]. Further
research found that: Comprehensive liver cancer immune microenvironment score
(CD3, CD27, CD68, CD103, PD1) and tumor size, degree of differentiation, the
prognosis model constructed by GGT is significantly better than the traditional
clinical staging, and patients can be divided into high, medium, and Low-risk 3
groups [16]. Immune microenvironment typing has a certain clinical guiding value.
For example, patients with Immune exemption type characterized by CTNNB1
mutations do not respond to programmed death-receptor-1(PD-1) / programmed
death-ligand 1(PD-L1) inhibitors due to the lack of T cell infiltration. In addition,
p-catenin activation conferred resistance to anti-PD-1 therapy in murine models
[17]. There is no doubt that microenvironmental immune cells are highly plastic and
heterogeneous. The results of single-cell sequencing showed that there were 11 T
cell subsets with different functional phenotypes in the HCC microenvironment.

It is necessary to further elucidate the microenvironmental characteristics and
regulatory mechanisms of each subtype [18]. In addition, the liver itself is the most
common metastatic organ for liver cancer, and the interaction between liver cells
and immune cells creates a “metastasis-promoting microenvironment.” The results
of a number of studies have shown that the microenvironment of the adjacent liver
tissue or tumor junction area plays an important role in the invasion and metastasis
of liver cancer [19, 20]. Studies have shown that 17 inflammatory cytokine gene
expression markers such as CSF1 can divide the adjacent tissues into metastasis-
promoting microenvironment type and anti-metastatic microenvironment type,
among which metastasis-promoting microenvironment type has high expression of
Th2 cytokines and low expression of Thl Cytokine as a feature [21]. Hoshida et al.
[22] analyzed the expression profile of adjacent tissues of liver cancer and found
that gene expression markers composed of 186 genes related to liver function and
inflammation can divide liver cancer into good prognosis and poor prognosis. The
poor prognosis is characterized by late recurrence, suggesting that the gene markers
in the adjacent tissues may be related to the new liver cancer.

The presence of multifocal tumors, developed either from intrahepatic metasta-
sis (IM) or multicentric occurrence (MO), is a distinct feature of hepatocellular car-
cinoma (HCC). The results of the study show that there are significant differences
between IM and MO tumors, and their immune microenvironment also shows
temporal and spatial heterogeneity: IM has fewer T lymphocytes and abundant M2
macrophage infiltration, while MO has higher Suppressive immune checkpoints,
which also resulted in immune editing mainly occurring in MO rather than IM.
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Similar to the mutation profile, the neoantigens and TCR components shared in
tumors are higher in IM patients, but very few in MO. In addition, the loss of HLA
heterozygosity occurs in 17% of multifocal liver cancers, which prevents a large
number of predicted neoantigens from being effectively presented to the immune
system and reduces the actual mutation load, especially in IM patients [23].
Immune inflammatory cells in the tumor microenvironment are not only an
important prognostic factor but also determine their response to specific treatment
methods, especially tumor immunotherapy. With the advancement of flow cytom-
etry, immunostaining, and biological information technology, we can identify
and classify the microenvironmental immune cell population with unprecedented
precision. Immune inflammatory cells in the liver cancer microenvironment have
significant inter-tumor heterogeneity and intra-tumor tissue heterogeneity in
terms of density, location distribution, phenotype, and functional status; while the
migration and differentiation of immune cells in tissues have temporal and spatial
differences Qualitatively, liver cancer cells use this characteristic of immune cells
to dynamically domesticate and edit them, leading to local immunosuppression,
suggesting the plasticity of the liver cancer microenvironment [24-26].

4. Molecular typing based on proteome

Proteins are the direct executors of life activities and proteomics is one of the
effective methods to search for molecular markers. The molecular characteristics
of 110 cases of early hepatocellular carcinoma were analyzed and compared
by proteomics [27]. The heterogeneity of early hepatocellular carcinoma was
divided into the subtypes S-I, S-II, and S-III, each of which has a different clini-
cal outcome. TGF-p and other tumor proliferation-related proteins were highly
expressed in the S-III subtype, which was consistent with the Hoshida S1 subtype,
and the prognosis was poor. S-II and S-I subtypes were characterized by high
expression of Wnt and CTNNBI, consistent with Hoshida S2 and S3 subtypes.
Proteomics is also an effective way to find drug targets. At present, the direct
targets of liver cancer-targeted drugs with multi-kinase inhibitors and immu-
notherapy with immune checkpoint inhibitors are all proteins. S-III, which is
characterized by disrupted cholesterol homeostasis, is associated with the lowest
overall rate of survival and the greatest risk of a poor prognosis after first-line
surgery. The knockdown of sterol O-acyltransferase 1 (SOAT1)-high expression of
which is a signature specific to the S-III subtype-alters the distribution of cellular
cholesterol, and effectively suppresses the proliferation and migration of hepa-
tocellular carcinoma. Finally, on the basis of a patient-derived tumor xenograft
mouse model of hepatocellular carcinoma, that treatment with avasimibe, an
inhibitor of SOAT1, markedly reduced the size of tumors that had high levels of
SOAT1 expression, which indicates that SOATI may become a new target of S-III
subtype, namely Hoshida S1 subtype liver cancer [27]. Gene mutation induced
by aristolochic acid is a characteristic pathogenic factor in China and even in Asia
except for viral hepatitis B [28]. The mutation “fingerprint” of aristolochic acid is
significantly positively correlated with tumor mutation burden, tumor neoanti-
gen burden, CD8+ T cell infiltration, and immune microenvironment tolerance,
suggesting these patients may benefit from immunotherapy [18]. On the other
hand, the microenvironment of CTNNB1 mutation patients is immuno-privileged
and may not benefit from immunotherapy. Further multi-omics analysis of liver
cancer found that CTNNB1 mutation is related to the phosphorylation of serine
36 in ALDOA (fructose-1,6-bisphosphate aldolase) [29]. ALDOA phosphorylation
promotes tumor cell proliferation by promoting anaerobic glycolysis and knocking
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down ALDOA significantly inhibits tumor proliferation. Therefore, ALDOA may
be an important potential therapeutic target for CTNNBI mutant liver cancer.

5. Molecular typing based on metabolic characteristics

Cell metabolism is downstream of gene regulation and protein action net-
work, reflecting the terminal information of life activities. The liver is the largest
metabolic organ of the human body, and metabolic reprogramming undoubtedly
plays an important role in the occurrence and development of liver cancer [30].
Multi-omics research results show that glycolysis and fatty acid metabolism are
up-regulated in liver cancer tissues, while liver-specific metabolic pathways are
down-regulated in liver cancer tissues, such as gluconeogenesis, detoxification,
bile acid metabolism, and urea-ammonia metabolism [23]. The combined mark-
ers of glycine cholic acid and phenylpropionate tryptophan identified based on
metabonomics technology can accurately diagnose liver cancer 1 year in advance
[31]. The high heterogeneity of the liver cancer mutation spectrum and expres-
sion spectrum will inevitably lead to the heterogeneity of its metabolome level. By
constructing a genome-scale metabolic network model, liver cancer can be divided
into iHCC type 1 to 3. iHCC1 showed the highest fluxes in the metabolism of amino
acids, cofactors and coenzymes, pyruvate, fatty acid oxidation, carnitine shuttle,
steroids, TCA, and oxidative phosphorylation. iHCC2 exhibited specific features
including lower fatty acid biosynthesis and high glutamine metabolism, and
p-catenin-associated up-regulated fatty acid oxidation. Finally, iHCC3 tumors were
associated with multiple features of malignant tumors, including hypoxic behavior,
epithelial-to-mesenchymal transition, higher fluxes in fatty acid biosynthesis, and
a strong Warburg effect [32]. Whether tumor metabolic reprogramming is the
initiating factor of cancer or the accompanying result of cancer, there is still much
controversy. Preliminary research results show that amino acid metabolism-related
genes such as proline synthase PYCRI1 play an important role in the occurrence and
development of liver cancer [33].

6. Conclusion

In recent years, many breakthroughs have been made in the treatment of liver
cancer. Following sorafenib, lenvatinib, regorafenib, cabozantinib and combina-
tion therapies centered on immune checkpoints have come out to promote the
progress of liver cancer drug treatment. However, due to the high heterogeneity of
liver cancer, the overall effectiveness of the above drugs is still limited. Accurate
molecular classification of liver cancer not only contributes to the decision-making
of individualized diagnosis and treatment of liver cancer, and personalized drug
treatment, but also greatly deepens clinicians’ understanding of the complexity
and heterogeneity of liver cancer, so as to formulate a more accurate and effective
treatment strategy. The new molecular typing system should be closely integrated
with clinical-pathological information, which can not only reflect changes at
the molecular level but also have guiding significance for clinical diagnosis and
personalized treatment or predicting prognosis. The author believes that with
the progress and development of multi-omics technology, single-cell technology,
tumor molecular visualization technology, and medical artificial intelligence, the
molecular classification of liver cancer will become closer and closer to the essence
of tumor biological characteristics, and ultimately achieve disease precision
treatment.
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Abstract

Hepatocellular carcinoma (HCC) represents the third most common cause
of cancer-related death, showing incremental growth rates throughout the last
decades. HCC requires multidisciplinary approach in a group of patients suffering
from underlying chronic liver disease, usually in the setting of cirrhosis. The main-
stay of treatment in resectable cases is surgery, with anatomic and non-anatomic
liver resections widely implemented, as well as liver transplantation in well-selected
individuals. Nowadays, there is a variety of liver parenchyma transection devices
used by hepatobiliary surgeons in specialized centers, which has significantly
improved postoperative outcomes in HCC patients. Therefore, hepatectomy is
considered safe and feasible and should be the main therapeutic option for HCC
patients, candidates for resection. Liver resection utilizing cavitron ultrasonic
aspirator in combination with bipolar radiofrequency ablation is safe and effective
for the treatment of HCC with favorable clinical and oncological outcomes.

Keywords: Hepatocellular Carcinoma, cirrhosis, surgical treatment, liver resection,
technique, outcomes

1. Introduction

The evolution and development of the surgical techniques utilized during liver
resection for Hepatocellular Carcinoma (HCC) are largely an account of the efforts
to minimize bleeding during liver parenchymal transection. There is a close relation
between blood loss and unfavorable outcomes during liver resection. The modern
era liver transection techniques are based on notable advances in solid organ
imaging (Computed Tomography, Magnetic Resonance Imaging, Ultrasound),
vastly improved anesthetic management, enhanced knowledge of segmental liver
anatomy as described by Couinaud [1], refined surgical techniques with notable
appreciation of the functional reserve of the liver remnant, as well as the liver
regeneration process [2].

Major hepatectomies had been associated with mortality rates of up to 20%
during 1990%, and excessive bleeding was an important and common cause of
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operative mortality [3]. However, liver resection can now be accomplished with
mortality rates of less than 2% in most specialized hepato-pancreato-biliary (HPB)
centers [4].

While better patient selection and improved assessment of functional liver
remnant are important factors [5], reduced blood loss and the diminishing need for
blood transfusion have been additional reasons for improved peri-operative out-
come [6]. Other advances in operative technique, including improved delineation
of the optimal transection plane with intra-operative ultrasound [7] and the benefit
of intermittent inflow occlusion, have also contributed to a reduction in blood loss
during major liver resections [8].

The technique of parenchymal transection in hepatic resection has been a topic
of great debate for decades worldwide. Finger fraction and clamp-crush techniques
have been presented more than fifty years ago and have established as standard
approach for liver transection. Significant technological improvements over the past
thirty years have led to utilization and adoption of specific surgical instruments
and devices for liver transection, such as radiofrequency ablation (RF), ultrasonic
cavitron aspirators (Cusa), bipolar sealers (Aquamantis), bipolar energy devices
(Ligasure), ultrasonic dissectors (Harmonic), water jet and Tissue link, amongst
others [5, 9, 10].

2. Prehistory of liver surgery (1886-1950)

Liver surgery has been a huge chapter in modern surgery and more ground-
breaking evolution is still yet to come. Its meaningful to review the beginning of
hepatic resections that were reported in the 19th century and follow the journey up
to modern times and the techniques that are used today.

The first hepatic operation was done and reported back in 1886 by Lius.

He achieved the first partial hepatectomy to a patient with a hepatic adenoma.
Reportedly, the use of sharp instruments and Paquelins cautery were utilized for
this operation. Unfortunately, post -op hemorrhage was uncontrollable, and the
patient died. It is interesting to note that even back in the 19th century, the use of
cautery by liquid means was prominent [11].

Following the pioneer of hepatic surgery, Bruns (1888- metastatic liver cancer)
and von Eiselberg (1893-hemangioma) attempted hepatectomies. Furthermore,
Keen described in 1899 a liver wedge resection in 3 of his patients [12]. In 1891
Lucke achieved the first successful left lobar liver carcinoma excision [13]. In 1908
a very famous physician, whose technique is predominantly used around the world
today in hepatic operations, Doctor Pringle, performed abdominal operation in
4 patients with hepatic bleeding of traumatic cause. He managed to control the
hemorrhage by clamping the hepatic vein and artery. Only 1 patient survived after
this maneuver [14].

In 1911 Wendel reported the first successful right hepatectomy in a 44-year-old
woman. He followed the instructions of Cantlie’s functional anatomy in detail.
Primarily hilar dissection and ligation of right hepatic artery and right hepatic
duct was achieved, and furthermore dissection through the quite avascular plane
described by Cantlie was performed. Only a year later, Lin applied a new technique.
The goal was to resect and destroy liver parenchyma with minimal damage to ves-
sels. This concept will be followed over the years up to present times. The use of the
“finger fracture method” served such purpose by resecting parenchyma and leaving
vessels undamaged and ready for ligation [15].

As years passed by, it is more evident that 5 historic factors from 1950 and
onwards played a role and shaped liver surgery, especially for hepatocellular
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carcinoma, as we know it today. Primarily the ability of bleeding control in liver
trauma gave confidence to surgeons to proceed in large resections. Secondly, the
control of blood supply and drainage of the liver to a more specific level rather than
gross ligation of large vessels. The advance in supportive medicine such in fluid
balance, adequate anesthesia, respiratory support, and hemodynamics played a key
role in a successful operation. Following these, the advancement of imaging modali-
ties and the multimodality team approach in treatment algorithm of HCC.

3. Multi-modality treatment of HCC

HCC remains the leading cause of cancer related mortality worldwide [16].
Hepatitis C is the most frequent risk factor for HCC in the Western world. On the
other hand, chronic hepatitis B infection is the main risk factor in East Asia and
sub-Saharan Africa, where incidence rates of HCC are the highest [17]. The MDT
can establish patient access to well-established, as well as new multimodality
therapies, consulting with all the involved specialists. These emerging therapeutic
algorithms have led to review and updates of the treatment management in primary
hepatobiliary cancers. Surgery remains the most-effective curative option for all
primary hepatobiliary cancers; however, not all patients are good surgical candi-
dates at the diagnosis, due to advanced disease. The Hepatobiliary MDT is crucial
for ensuring that other treatment modalities are considered (palliation — best
supportive care). This approach can optimize patient care, both on curative and
palliative ways. HCC screening has undoubtedly helped earlier detection of tumors,
allowing prompt commencement of treatment, positively impact on patients’
outcomes [18].

4. Evolution of imaging modalities

Although current management guidelines for HCC do not require biopsy to
prove the diagnosis, lesions greater than 2 cm on MRI or Computed Tomograph
Angiography (CTA) scans, with elevated AFP (more than 400 ng/mL) or AFP
incrising within sequential measurements, do not require pathologic confirmation
according to the guidelines of the European Association for the Study of the Liver
(EASL) [19].

According to American Assosiation of Liver Diseases (AASLD) guidelines,
liver nodules detected on abdominal US, measuring less than 1 cm should be
re-examined twice a year. If no radiological alteration of the hepatic lesion has
occurred during a period of up to 2 consecutive years, routine surveillance should
be considered.

Every suspicious lesion in high-risk population, with suggestive US-findings for
HCC, should be further studied with additional imaging modalities. This radiol-
ogy workup should include a 4-phase multidetector CT scan or dynamic contrast
enhanced MRI. If the tumor has all the typical characteristics of HCC, it should be
treated as HCC. If a liver nodule compatible with HCC is greater 2 cm at the initial
diagnosis after one dynamic imaging study, biopsy is not mandatory. However, if
the vascular profile of the lession on imaging studies of a non-cirrhotic patient is
not compatible with HCC, a second imaging study or biopsy of the lesion should
be performed to secure the correct diagnosis. If the biopsy is negative for HCC,
patients should be further surveilled via an abdominal US every 3-6 months, until
the lession presents enlarged or with altered imaging characteristics. According to
the guidelines of the Asia-Pacific Association for the Study of the Liver 2010 [20],
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every liver lesion with non-typical vascular features should be further investigated
with other modalities, such as endoscopic ultrasound (EUS).

It is well established that contrast-enhanced CT scans and MRI scans can be per-
formed to examine, differentiate, and investigate a liver lesion. HCC has commonly
a unique imaging array [21]. High arterial-phase contrast uptake followed by rapid
washout in late phase are common in contrast-enhanced CT and MRI scans; these
characteristics may not be present in earlier stages or in not well-differentiated
tumors. Triphasic CTA can identify more lesions; however, in patients with nodular
cirrhosis, contrast-enhanced MRI should be performed. Tumors sizing between 1
and 2 cm in cirrhotic patients, should be further studied with triphasic CTA and
MRI to exclude HCC [22].

5. Anesthesiology management

During the last century, huge technological and medical advance aid surgeons
to easier define their objective rather carefully and to overcome the shrieks and
wails of their awake patients as in past times. Anesthesia of modern times came
of age, so that the operating rooms became well-orchestrated exhibitions of joint
expertise and support. We can now safely say that all matters are now a concern of
the anesthetists; they furnished the hemodynamic support for complex operations,
as liver surgery. Consequently, surgeons were allowed to focus on their meticulous
procedures.

Matters of special interest are conditions that can cause an elevation of right-side
cardiac and central venous pressure (CVP), which can significantly increase the risk
of intra-operative bleeding. Invasive arterial and CVP monitoring allows for better
hemodynamic control and regular blood sampling. All patients may benefit from
cardiac output monitoring, enabling greater stability during the cardiovascular
changes associated with vascular occlusion during hepatic resection. Core tempera-
ture should be monitored and normothermia maintained using warmed-fluids and
forced warm-air blankets. Intra-operative coagulation profile should be monitored
and corrected with fresh frozen plasma or/and coagulation factors, as indicated
from laboratory results. Neuromuscular block should be also monitored [23].

6. Surgical approach

It well established that in patients without impaired underlying liver status
(cirrhosis), an anatomical resection should be accomplished. Major hepatectomies
can include up to two-thirds of the functional parenchyma. For cirrhotic patients,
due to impaired liver regeneration process, resection is generally minimized to
smaller hepatectomies, to maintain adequate liver function. Hypertrophy of the
future liver remnant can be achieved with the use of pre-operative portal vein
embolization (PVE).

One of the most important key factors during liver resection of HCC is the uti-
lization of intra-operative ultrasound (IOUS), to identify tumor location, margins
and its relation to the inflow and outflow vascular structures. The definition of a
proper surgical strategy is important not only for achieving an adequate tumor-free
margin, but also for avoiding inadvertent injuries to major intrahepatic vessels or
bile duct pedicles during dissection or resection.

Management of hepatic inflow through the portal vein and/or vena cava, and
hepatic outflow through the hepatic veins, can be routinely performed with control
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of this vessels. Controlling of the vascular inflow (Pringle maneuver) as an alterna-
tive to total vascular occlusion, has decrease deleterious effects of liver ischemia.
Ischemic preconditioning of the liver has recently been proposed as a hepato-
protective measure, consisting of application of a brief period of ischemia (10 min)
and reperfusion (10 min) after which, a prolonged-period of the liver inflow
occlusion can be safely supported. In a prospective series, comparing major liver
resections using the Pringle maneuver lasting 30-60 min, an advantage was found
of ischemic preconditioning in young patients (<60 years), as well as in patients
with steatosis or cirrhosis. Intermittent Pringle occlusion can be well tolerated by
cirrhotic patients for up to 60 minutes, and is better tolerated than continuous
clamping. The use of low CVP (less than 5 mm Hg) is also of great importance.

7. Techniques of liver parenchyma transection for HCC
7.1 Finger fracture technique

Hepatic transection remained a challenge for all surgeons, for more than
a century. The first scheduled hepatectomy was performed in 1888 from Carl
Langenbuch [24]. Liver surgery was minimal thus, up to the 20th century, when
Pringle maneuver was first presented, for bleeding control during emergency
hepatic resections [14]. Hepatectomy is particularly difficult in cirrhotic liver due
to the fibrotic nature of liver tissue. The finger fracture technique, the liver tissue
is fractured and crushed by the thumb and index finger followed by isolating and
ligating the resistant intrahepatic vascular and ductal structures [15].

7.2 Crash-clamp (Kelly) technique

The finger fracture technique, in which the parenchymal transection is done by
crushing the parenchyma between the thumb and another finger isolating vessels
and bile ducts which were ligated and divided, after liver inflow occlusion, was
afterward improved using a surgical instrument such as the Kelly clamp [25]. Using
the Kelly clamp technique during hepatic resection of cirrhotic liver with HCC
can be performed in less operative time, while help obtaining a clearer operative

field [26].
7.3 Radiofrequency ablation (RFA) assisted technique

RF assisted hepatectomy, for the treatment of hepatocellular carcinoma amongst
other liver malignancies, was first implemented by Habib’s group at Hammersmith
Hospital, London, UK [27]. Ever since, RFA has been widely used for the in-situ
ablation of unresectable liver and other solid organ tumors [28], but it has now been
incorporated into routine liver resection, being used to create a line of coagulative
necrosis that can subsequently be divided with a scalpel with relatively little blood
loss [29]. In recent years, the continuous use and development of RFA ablation in
liver surgery have produced satisfactory results in the treatment of small HCC. It
can also block small and medium-sized blood vessels in the liver through thermal
coagulation, so it has been used in liver resection to reduce bleeding. However, the
use of this technique remains controversial due to reported perioperative outcomes
and complications; some studies have reported that radiofrequency-assisted liver
resection causes severe postoperative liver dysfunction, and the incidence of post-
operative complications is higher than that of simple hepatectomy [30].
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7.4 Cavitron ultrasonic aspirator (CUSA) technique

Cavitron Ultrasonic Surgical Aspirator (CUSA), also known as Ultrasonic
Dissector, was first popularized by Hodgson et al. in 1979 [31]. The ultrasonic
waves generate energy to fragment and aspirate parenchymal tissue. Contact of
the oscillating titanium tip instigate fragmentation of hepatocytes owing to the
high-water content while, selectively sparing the blood vessels and bile ducts
because of poor tissue water content. In the liver parenchyma, anatomically, both
the Glissonean cords as the inflow system and the hepatic veins as the outflow
system show branching, like a tree. Both systems rise from the dorsal side, where
they are relatively close to each other, and branch towards the ventral side. Any
liver resection can become simpler and safer by selectively dissecting in a plane,
where no Glissonean cord runs, such as an intersegmental plane. When such planes
are dissected with the CUSA, the hepatic veins, which are relatively thicker and can
be more easily identified than those that appear when the other parts are divided,
usually appear in the cutting plane. Further, some thinner branches, which cross
the cutting plane and flow into the exposed thicker hepatic vein, should be cut at
the confluence without incurring a split injury [32]. It has been proven that CUSA
selectively destroys and aspirates parenchyma, leaving vessels and biliary ducts
almost intact with larger vessels and large intrahepatic bile ducts amenable to liga-
tion or clipping [33].

7.5 Sealing device-assisted technique

The LigaSure Vessel Sealing System (Valleylab, Boulder, CO, USA) is a hemo-
static and dissecting tool, which is able seal blood vessels (up to 7 mm in diameter),
by denaturing collagen and elastin within the vessel wall and in the surrounding
connective tissue [34]. LigaSure can be safely applied in any type of liver and
hepatectomy combined with the crush clamping method.

The Harmonic Scalpel (Ethicon Endo-Surgery, Cincinnati, OH, USA), utilizes
ultrasonic vibration of two blades causing destruction of hydrogen bonds. This
disturbance of hydrogen bonds causes protein denaturization coagulating small
vessels of 3 mm diameter. The parenchyma is then transected with blade movement
in a saw-like fashion [35].

7.6 Tools for resection

As mentioned above, the techniques used in liver transections were described
in reports and were widely used. From the finger fracture technique described by
Lin [15] to the use of the blunt end of a hemostat by Ogilvie [36] and the use of
the blunt edge of a scalpel by Quattlebaum, a common goal can be perceived. The
identification of different tissues, parenchyma vs. vessel, via the means of blunt
dissection. Perseverance of great vessels and following appropriate ligation was the
main aim of hepatic surgeons to avoid uncontrollable hemorrhage. Avoiding such
complication could mean avoiding death.

In 1928 the first electrocautery device was invented. The Bovie knife, known
from its inventors Bovie and Cushing, is the tool of choice up to this day by majority
of centers when it comes to hemostasis and partial resection of the liver paren-
chyma [37]. A few years later, the need of new and perhaps more effective ways for
liver surgery was explored.

Another technique that originates from compression characteristics of hemo-
stasis is the hemostatic clamp. During the years, many surgeons have used such
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clamps. Back in 1960s the first clamp used in liver surgery was described by Stucke
[38]. Variation of such were seen within the same decade. It needed the efforts of
Nakayama to reach a newly designed clamp, specific to the liver [39].

8. Our technique

We have been performing liver resection routinely for the past 30 years. The
first attempt towards a bloodless and uneventful hepatectomy was the formation of
a proper HPB Unit, formed by specialist surgeons, dedicated anesthetists, ICU beds
and experienced radiologists (invasive). Gradual implementation and enhance-
ment of the new techniques followed. In the beginning, finger fracture/crash
clamp technique was performed in all cases of liver resection, with the addition of
electrocautery and argon beamer as adjuncts. Following that, from the beginning
of 2000s, we adopted and evolved the RF-assisted liver resections, with favorable
outcomes during numerous hepatectomies. However, we moved to the two sur-
geons’ technique with newer abdominal retractors (Thompson Liver / Oncology
System) since 2006; our transection tools have been standardized to implementa-
tion of CUSA for dissection of liver parenchyma and Aquamantis for hemostasis
(Figures1and 2).

For major hepatectomies the ipsilateral major hepatic veins were encircled
within vessel loops. When an anatomic resection was planned, hilar dissection was
performed (Figure 3).

The ipsilateral branch of hepatic artery, portal vein, and common bile duct
were encircled within vessel loops, but not divided, until the parenchymal dissec-
tion reached that point. Hilar dissection was not performed for non-anatomical
hepatectomy. During major hepatectomies, the ipsilateral hepatic artery, portal vein
branches and bile duct branches were ligated intra-hepatically during parenchymal
transection. In addition, for major hepatectomies, the major hepatic veins were
either suture-ligated and divided or divided using endovascular staplers at the end
of parenchymal transection (Figures 4-8).

Drains are routinely placed in all patients.

Figure 1.
Demarcation line using monopolar cautery.
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Figure 2.
Liver transection with CUSA and Aquamantis.

Figure 3.
Hilar dissection.

Anatomic and non-anatomic hepatectomies, wedge resections and liver abla-
tions are routinely performed for the treatment of HCC from our team. Anatomic
resections are selected in patients with unilobular disease and adequate liver func-
tion. Major hepatectomies include right and left hepatectomies, as well as extended
right and extended left hepatectomies or trisectionectomies. Non-anatomic
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resections and liver ablation can be performed for smaller lesions, multilobular
disease, in patients with previous hepatic resection (recurrence) or in cases with
severely impaired liver function. Parenchymal sparing is crucial for maintaining
adequate liver remnant post hepatectomy for these patients. In addition, vascular
reconstructions in cases with vascular infiltration is possible in specific cases,

as ex-vivo hepatectomy with auto-transplantation in cases of locally advanced/
unresectable disease.

Figure 4.
Dissection of segmental branches.

Figures.
Transection with vascular stapler.
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Figure 6.
Remaining liver pavenchyma post right hepatectomy.

Figure 7.
Use of hemostatic-fibrin glue and final inspection.

9. Results

Between January 1st 2010 and January 1st 2021, more than n = 300 consecutive
hepatectomies were performed in three referral hepatobiliary centers in Greece,
from affiliated surgeons. Patients included in this study was treated for hepatocellu-
lar carcinoma and were treated with curative intent (hepatectomy). Adult patients
that underwent elective operations were enrolled. All emergency operations or
operations for other liver malignancies were excluded.
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N = 170 patients underwent liver resection for HCC during the study period.
Mean age was 75 years (Range: 20-85). There were 115 males and 55 female patients.
Etiology of liver disease was liver cirrhosis in most cases, due to alcoholic liver
disease (ALD) (23.5%), hepatitis B (HBV) infection (42.35%), hepatitis C (HBC)
infection (17.64%) and hepatic steatosis (16.4%). Most of the patients (n = 99,

55%) were BCLC-A patients, while n = 71 (45%) patients were BCLC-B or BCLC-C
staged. N = 89 patients (52.35%) passed away during the follow-up. Post-operative
complications according to Clavien-Dindo classification, were grade I in 54.66%,
grade IT in 24% and III-IV in 17.33% of the cases, respectively. Thirty and 90-day
mortality rates were 1.13%. Mean length of hospital stay was 17.5 days. Mean OS was
46.66 months, while mean PFS was 31.56 months. OS figures for 1, 3 and 5 years
was 87.14%, 64% and 42% respectively.

This data indicates that liver resection for HCC with utilization of the combined
technique of saline-linked radiofrequency ablation and ultrasonic aspiration, is
safe and feasible, leading towards bloodless liver resection without the use of vas-
cular occlusion, ensuring that surgical treatment for HCC becomes comparatively
safer (Figure 8).

Figure 8.
Right hepatectomy for HCC in a cirrhotic patient.
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9.1 Minimally invasive liver resection

Minimally invasive liver resection is on the rise. However, the majority of
performed operations are minor or limited resections in highly selected patients,
from experienced hepato-biliary surgeons. The first laparoscopic liver resection
was reported in 1991 [40], was referred to excision of peripheral hepatic lesions.
Anatomic resections such as left lateral hepatectomy were followed thereafter [41].
The first series of laparoscopic hepatectomies were published in 1998 by Hiischer
et al. [42] using totally laparoscopic and hand-assisted (hybrid) approach for
right-sided liver resections.

Although it has several theoretical advantages, only a small percentage of liver
resections are performed by minimally invasive surgery. A French national database
study, published in 2014, presented that only 15% of liver resections were per-
formed through minimally invasive approach [43].

Minor laparoscopic resections in anterolateral segments, as well as left lateral
sectionectomy are considered the gold-standard approach in the hands of experts
nowadays [44]. On the other hand, excision of bilateral lesions or lesions in postero-
superior segments or in central locations of the liver (segments 1, 4a, 7, and 8), and
mostly major hepatectomies are still considered rather challenging. Another key
factor is the learning curve for minimally invasive liver resection, that can reach up
to 75 operations [45].

Robot-assisted surgery has been gradually adopted as an alternative to laparos-
copy, mainly in complex and major liver resections [46]. Despite all the potential
advantages, most of the available evidence present no superiority of robotic assisted
comparing to laparoscopic liver resections [47].

10. Conclusion

Hepatocellular Carcinoma (HCC) is the most frequent primary liver tumor.
Well-established risk factors include chronic hepatitis B and C, non-alcoholic liver
cirrhosis and liver steatosis amongst others, leading to impaired liver function in
most cases. Surveillance programs and multi-disciplinary team approach aim to
early diagnosis and effective therapy. Liver resection is the mainstay of treatment
for HCC. All efforts are made towards bloodless hepatectomies, with adoption of
newer techniques and evolvement of existing approaches. Laparoscopic or robotic
liver resection can offer all the advantages of minimally invasive surgery in the
hands of experts and for specific group of patients. Our technique of liver resection
for HCC consists of saline-linked radiofrequency ablation and ultrasonic aspiration,
is safe and feasible, leading towards bloodless liver resection without the use of vas-
cular occlusion, ensuring that surgical treatment for HCC becomes comparatively
safer in specialized hepatobiliary cancer centers.
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Chapter12

Systemic Therapy in
Hepatocellular Carcinoma

Chanchai Charonpongsuntorn

Abstract

Systemic therapy of advanced stage hepatocellular carcinoma (HCC) was
limited to the sorafenib in the past decade since 2007. Novel agents including multi-
ple targeting agents, immune checkpoint inhibitors and anti-angiogenesis reported
efficacy in treatment. This is the first time, the combination of atezolizumab and
bevacizumab as first-line treatment is superior to sorafenib. Standard guideline
in advanced HCC was changing. New novel drugs increase in available including
multiple targeting agents and immune checkpoint blockade such as Lenvatinib,
regorafenib, cabozantinib, ramucirumab and immunotherapy as first line or second
line therapy will benefit in term of survival benefit and quality of life in advanced
stage or unresectable hepatocellular carcinoma.

Keywords: hepatocellular carcinoma, immunotherapy, targeted therapy,
systemic therapy, advanced stage

1. Introduction

During the many years, numerous randomized control clinical studies have been
performed for testing treatments for advanced hepatocellular carcinoma (HCC)
[1]. Historical studies performed to prove efficacy of cancer chemotherapy as single
agent or in combination. However, this class of cancer therapy have had no proven
benefits on overall survival in advanced stage HCC. Sorafenib a multi-tyrosine
kinase inhibitor with antiangiogenesic effects showed a survival benefit and it was
established as first-line systemic therapy for advanced stage HCC patients or pro-
gression form locoregional therapy since 2007. In recent years, there are new agents
has been approved for advanced stage HCC as first line and second line options.
Exploratory analyses of these drugs indicate that a cumulative median overall
survival more than 20 months with good liver function and quality of life.

2. Systemic chemotherapy

Historically, systemic chemotherapy has not shown survival efficacy in treat-
ment of HCC when used in advance stage HCC. This result comes from single-arm,
open label studies evaluating the use of some traditionally chemotherapeutic, that
did not lead in the past years and limiting their use in palliative setting or some
situations. Single agent anthracyclines and fluoropyrimidines have been most
widely used in clinical practice in the past. Unfortunately, that result reported poor
response rates and short timing in tumor progression [2]. New chemotherapeutic

179 IntechOpen



Hepatocellular Carcinoma - Challenges and Opportunities of a Multidisciplinary Approach

agents, such as oxaliplatin, have shown clinical benefit in cancers of gastrointestinal
tract (stomach cancer, colorectal cancer, or pancreatic cancer). These drugs have
also been evaluated for the treatment of advanced stage setting with some benefit
findings. As previously said, rational of combination use of chemotherapy might
be a valuable option for advance stage HCC. FOLFOX4 regimen (Fluorouracil,
leucovorin, oxaliplatin) was evaluated efficacy in comparison with single agent

of doxorubicin for advanced stage HCC patients whom ineligible for locoregional
therapies or surgery in Phase III EACH study [3]. FOLFOX4 had better results in
term of progression free survival (PFS) (2.93 monsvs. 1.77 mons, P < 0.001) and
in response rate and disease control rate. Although, these positive results and good
safety profile in adverse effect but do not necessarily translate to better overall
survival that is primary endpoint of the study (6.40 mons vs. 4.97 mons, P = 0.07),
leading to a negatively result of study. Still, an unplanned subsequent analysis
performed at 7 months after the end of the previous study has shown an improve-
ment of survival outcomes (6.46 mons vs. 4.90 mons, P = 0.04) but progression
free survival, response rate and disease rate control in the Chinese populations [4],
leading to FOLFOX4 approval in Chines FDA for advanced HCC. Others, combina-
tion drug, GEMOX regimen (Gemcitabine, oxaliplatin) was evaluated in a large,
multicenter retrospective study (AGEO) [5]. Results of the study had high response
rate with 22%, 66% disease control rate and 4.5 months with 11.0 months in term
of progression free survival and overall survival. This interesting result should be
considered, response to GEMOX led to better overall survival in comparison with
lack of response but possible serious side effects of this regimen (Neurotoxicity,
thrombocytopenia, neutropenia, and diarrhea). Furthermore, studies are therefore
required in phase III trial to assess the role of this regimen in treatment of advanced
stage HCC. Some other oxaliplatin-based regimens have been studies in phase II
studies, showing interesting results, such as XELOX (oxaliplatin plus capecitabine)
or GP (Gemcitabine plus cisplatin) [6, 7]. Meta-analysis study defined the efficacy
of oxaliplatin-based regimens but it as an important limitation having evaluated
only small single arm studies [8].

All this result suggests that better efficacy in some situation could be obtained
with oxaliplatin-base regimen and GEMOX combination in some setting. But
current trials are emerging and focusing on targeted therapies and immunotherapy
that have significantly improve survival outcome.

3. Targeted therapies

The vascular nature of HCC and that vascular endothelial growth factor (VEGF)
play role of HCC development and metastasis, anti-angiogenesis agents have been
studies extensively in the setting of advanced HCC. All, this knowledge dramati-
cally leaded changing of systemic therapies form chemotherapy to molecular
targeted agent. Since sorafenib was established as standard first line therapy in
advanced HCC.

3.1 Targeted first line therapies
3.1.1 Sorafenib

Sorafenib, a multi-tyrosine kinase inhibitor with antiangiogenic effects is thought
to be mediated by the blockade of VEGFR 2-3, platelet-derived growth factor

receptor (PDGFR)-B, and other receptor tyrosine kinases. Sorafenib was approved
in 2007 by the FDA as first-line therapy for unresectable HCC with BCLC stage C,
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Child-Pugh class A or BCLC stage B that progressing after locoregional therapy. It
was recommended in patient with well performance status (Eastern cooperative
oncology group or ECOG PS 0-2) and preserve liver function test. The efficacy of
this drug was demonstrated in two phase III, randomized, placebo-controlled clini-
cal trials: the SHARP study [9] and the Asia-Pacific study (ORIENTAL) [10]. The
patient population was mainly recruited form Europe and North America in SHARP
study and Asian population in Asia-Pacific study. In the SHARP phase III studies,
Sorafenib treatment with dose 400 mg twice a day compared to placebo. Among 602
patients, sorafenib significantly improved overall survival compared with placebo
(HR 0.69; 10.7 mons vs. 7.9 mons, P < 0.001), DCR (disease control rate) about

43% in sorafenib arm compared to 32% in placebo arm (P = 0.002). Sorafenib study
arm had significantly prolong time to radiologic progression in 5.5 mons compared
with 2.8 mons in placebo arm (P < 0.001), Even though sorafenib prolong time

to radiologic progression but there is no significant difference in term of time to
symptomatic progression. Population of this trial was mostly patients with advanced
stage HCC including 35% with macrovascular invasion and 50% with extrahepatic
disease. The observed side effects were diarrhea, weight loss, hand-foot syndrome
and hypophosphatemia. The result of the SHARP trial was subsequently confirmed
in Asia-Pacific study and in 10 subsequent trials with and median overall survival

in the range of 10-12 months. Efficacy of sorafenib was conducted in Asia-Pacific
region population (The ORIENTAL study). The study was performed with the same
design study to the SHARP trial. The Sorafenib arm group had significantly increase
overall survival with 6.5 mons compared to 4.2 mons in placebo arm (P = 0.014). The
overall survival-time and progression free survival time was lower compared to the
SHARP study. Unfortunately, objective responses rate is poor with 2% by Response
Evaluation Criteria in Solid Tumors (RECIST) and 10% by modified RECIST
(mRECIST) [11] and no predictive biomarkers of responsiveness to sorafenib have
been identified.

From the positively result, Sorafenib was approved with patient who has well
Child-Pugh score (CTP A only); however, result for the GIDEON (Global inves-
tigation of therapeutic decision in Hepatocellular Carcinoma and its Treatment
with Sorafenib) study, a large observational study assessing the safety profile and
efficacy in patients with poor liver dysfunction, the result had a similar safety
profile irrespective of Child-Pugh scoring [12]. However, Clinical practice guideline
recommended that sorafenib in patient with underlying liver dysfunction is not
recommended based on these data alone. The risks and benefits of sorafenib should
be carefully consideration prior to start.

The recommended dose of sorafenib is 800 mg. Median treatment duration
is estimated 5-6 months, but early recognition and prevention of toxicities can
enhance tolerability. Sorafenib toxicities can be manageable. Common toxicities
are diarrhea, hand-foot skin reaction (HFS), fatigue and hypertension. 35% of the
patient in the study needed dose reduction and 15% of patients need to withdraw
from the study due to adverse side effect sorafenib. Liver failure that related to
sorafenib complications are marginal. Considering the restrictive indication of
sorafenib in Child-Pugh A class only. However, because of its poor antitumor effect
and relatively toxicity, developing a new targeted agent with superior efficacy and/or
lower toxicity has been a critical issue.

3.1.2 Lenvatinib
After sorafenib has been approved for advanced HCC then several studies
have been conducted to compare sorafenib in front line therapy such as sunitinib

[13], brivatinib [14], erlotinib [15], linifanib [16] or everolimus [17] without
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showing superiority (or at least non-inferiority) to sorafenib. Lenvatinib has only
recently shown non-inferior clinical benefit in REFLECT study [18]. Lenvatinib
is an oral multi-kinase inhibitor that targets VEGFR 1-3 and fibroblast growth
factor receptor (FGFR) 1-4, among others. REFLECT study is an open-label,
Phase III, multicenter, non-inferiority study demonstrated efficacy in Lenvatinib
compared with sorafenib in patients with advanced HCC (excluding main portal
vein invasion, clear bile duct invasion and > 50% of tumor to total liver volume
occupancy). Lenvatinib was adjusted to body weight of patient. The study was
evaluated in the first line therapy. The study met the primary endpoint of non-
inferiority in overall survival (HR = 0.92, 13.6 mons, Lenvatinib compared 12.3
mons, sorafenib, 95% CI = 0.79-1.06). Secondary outcomes in PFS and time to
progression were better for Lenvatinib. Overall response rate (ORR) by mRECIST
had significant better response (24% versus 9.2% for sorafenib, P < 0.001). This
drug has shown a higher response rate compared with other tyrosine kinase
inhibitors (TKIs) and sorafenib. Most common adverse effects compared with
sorafenib were as follows: hypertension (42% versus 30%), diarrhea (39% versus
45%) and HFS (27% versus 52%). These results, Lenvatinib was approved as an
option in first line therapy for advanced HCC.

Arguing for a use of Lenvatinib when rapid tumor shrinkage is warranted.
Further subgroup analyses showed that Asian populations, patients with hepatitis
B infection and high serum AFP > 200 ng/mL demonstrated a particular benefit
form treatment with Lenvatinib. Comparing in term of side effects Lenvatinib was
associated with more frequent side effects than sorafenib but manageable. More
important high side effects were hypertension and weight loss for Lenvatinib.
Based on these documents, current clinical practice guidelines recommended both
Lenvatinib and sorafenib as frontline therapy for unresectable or advance stage
HCC that are not amendable to surgery or locoregional therapies [19].

3.2 Targeted second-line therapies

In the SHARP/ASIAN-Pacific and REFLECT studies, it was shown that admin-
istration of TKIs only leads to relatively short periods of tumor control. The recent
data evaluated the efficacy of targeted therapies in second-line therapy that shown
clinical benefit in patients with advanced HCC that progressed on prior sorafenib
therapy in front-line treatment, drugs that considered in this setting was regorafenib,
carbozantinib and ramucirumab.

3.2.1 Regovafenib

Regorafenib, a multi-kinase inhibitor targeting similar kinases as sorafenib. Phase
III study (RESOUCE) study [20] was conducted to comparing regorafenib with
placebo in advanced HCC patients progressing despite sorafenib. The starting dose
of regorafenib is 160 mg/day (3 weeks on and 1 week off). The primary endpoint
of this study is overall survival. The study was positive for its primary end points
(HR = 0.62, P < 0.001, 10.6 months in the regorafenib group vs. 7.8 months in the
placebo). The secondary endpoints were PFS, ORR and safety profile. Regorafenib
had significantly prolonged time to disease progression (3.1 versus 1.5 months). The
efficacy of treatment improved survival in all subgroups of patients. Population
in this trial, 88% were BCLC stage C and 12% were BCLC stage B, with all of them
tolerant to sorafenib but progression on treatment. 70% of patients had extrahepatic
spread and 30% had macrovascular invasion. Around half of patients has high AFP
more than 400 ng/dL. The response rate was only 10%, based on mRECIST. Median
time on treatment was 3.5 months. Hypertension was the most common adverse
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effect, occurring in 15% of patients on regorafenib, followed by HFS. Adverse effects
led to 51% dose reductions and 10% treatment discontinuation. Sequential adminis-
tration of sorafenib and regorafenib resulted in an OS of 26 months compared with
19 months in patients receiving only sorafenib as first-line and placebo as second line
treatment [21].

Regorafenib is the standard of care for patients with advanced HCC who have
tolerated sorafenib but progressed and recommended in patients with well-preserved
liver function test (Child-Pugh A class) and good ECOG PS 0-1.

3.2.2 Cabogantinib

Cabozantinib is another TKI targeting VEGFR 1-3, MET, RET and AXL
[22]. Carbozantinib was approved for thyroid and renal cancer. Phase III study
(CELESTIAL) [23] compared the efficacy of carbozantinib as second- and third-
line therapy in advanced HCC patients after failure of a sorafenib compared with
placebo. In contrast to regorafenib, this study allowed the inclusion of patients
that were intolerant to sorafenib and who had progressive disease on one or two
systemic therapies. Carbozantinib led to a significant improvement in overall
survival (HR = 0.76, 95% CI = 0.63-0.92, P = 0.0049, 10.2 mons versus 8.0 mons).
Other secondary end points such as PFS and ORR were also positive. It is worth
noting that 27% of the patients had received 2 previous systemic agents. 30% of
populations in this study presented with macrovascular invasion, 78% with extra-
hepatic spreading and 45% with AFP > 400 ng/dL. Response rate was only 4% with
carbozantinib based upon RECIST criteria. The most common adverse effects are
HFS, hypertension, increased level of aspartate aminotransferase (AST), fatigue
and diarrhea. These adverse effects led to 62% dose reduction and 16% treatment
discontinuation.

Carbozantinib can be considered for patients who had progressive disease
on one or two systemic therapies with well-preserve liver function and good
ECOG PS 0-1.

Because RESORCE and CELESTIAL compared with a placebo arm, it is no data
shown that which is superior or inferior in term of efficacy to the other. Biomarkers
have not yet been identified. The RESORCE study recently identified a total of five
proteins (angiopoietin 1, cystatin B, the latency-associated peptide of TGF-f1,
oxidized low-density lipoprotein receptor 1 and C-C motif chemokine ligand 3) that
were associated with prolonged survival with regorafenib [24]. In addition, nine
plasma miRNAs (MIR30A, MIR122, MIR125B, MIR200A, MIR374B, MIR15B, MIR107,
MIR320 and MIR645) were correlated with an improved survival. To what extent
these findings will become clinically relevant remains to be seen.

3.2.3 Ramucirumab

Ramucirumab is a human immunoglobulin G1 (IgG1) monoclonal antibody
(mADb) that inhibits ligand activation of VEGFR2. Phase III study (REACH) [25]
conducted for tested efficacy of ramucirumab in term of overall survival in advanced
HCC after the failure of sorafenib. The primary end point of the study is OS was
not statistically significant, but a meaningful improvement was observed in sub-
group patients with baseline AFP > 400 ng/mL. Based on these data, the REACH-2
phase III study [26] analyzed the efficacy of ramucirumab in patients with baseline
AFP > 400 ng/mL after failure with sorafenib. Result of this study shown ramuci-
rumab significantly improved overall survival from 7.3 mons to 8.5 mons (HR = 0.71,
95% CI = 0.53-0.95) and median PFS from 1.6 mons to 2.8 mons (HR = 0.45, 95%

CI = 0.34-0.60) compared with placebo. Overall response rate was 4.6%. The safety
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profile observed in this study was consistent with previously study, only grade III
adverse effects occurring were hypertension (12.2%) and hyponatremia (5.6%)

Ramucirumab can be considered for patients in second-line therapy with
baseline AFP > 400 ng/mL with well-preserved liver function and good ECOG PS
0-1, thus, the AFP may serve as a marker for the benefit of ramucirumab in the
second line setting for advanced hepatocellular carcinoma. Ramucirumab remains
the only systemic agent that demonstrated clinical benefit in biomarker selected
population in HCC.

3.3 Immunotherapy

The most promising immunotherapeutic approach has been the use of immune
checkpoint inhibitors in vary of cancer type including gastrointestinal malignan-
cies. Immune checkpoint inhibitor can change paradigm of treatment and improve
survival and quality of life in many type of cancer. Tumor-infiltrating lympho-
cytes (TILs) in the tumor microenvironment was demonstrated in hepatocellular
carcinoma cell, which shown that HCC is also immunogenic cancer [27]. Some
studies have also shown the presence of an immunosuppressive intratumoral
milieu driven by constant exposure of the liver to antigens via the portal system
and immune dysfunction related to cirrhosis [28]. These results of a phenomenon
of immune escape might predict that HCC could be response to immunotherapy
and immune checkpoint inhibitor drugs.

3.4 First-line immunotherapy

Single agent of Immunotherapy has been conducted in two phase III studies
as first line therapy. The Checkmate 459 trial, Nivolumab compared to standard
of care as sorafenib, failed to meet the primary endpoint as overall survival [29].
Also, with, The KEYNOTE-240 trial of pembrolizumab as second line treatment
of advance HCC after failure to sorafenib compared with placebo, failed to meet
endpoints of OS and progression free survival [30]. They are not recommended as
monotherapy for the treatment of advanced HCC.

To date, new combination immunotherapy with Atezolizumab plus bevacizumab
were change paradigm of treatment in advanced HCC. This combination therapy is
the first treatment to demonstrate a significant OS benefit compared with sorafenib
in Phase III international, open label of patients with locally advanced or metastatic
and/or unresectable HCC (IMbrave 150 study) [31]. Patients were allocated ran-
domization with 2:1 ratio to compare efficacy of Atezolizumab plus bevacizumab to
sorafenib. The coprimary endpoints were overall survival and progression free sur-
vival. The combination therapy demonstrated a significant overall survival benefit
(HR = 0.66, 95% CI = 0.52-0.85). The median overall survival was not reached (Not
estimate or NE) in the Atezolizumab plus bevacizumab arm, whereas sorafenib arm
had median overall survival at 13.2 months. The study reported a significantly PFS
of combination therapy compared to sorafenib (6.8 mons vs. 4.3 mons, HR = 0.59,
95% CI = 0.47-0.76, P < 0.0001). The difference in overall response rate was sig-
nificant (stratified P < 0.0001): Atezolizumab plus Bevacizumab arm = 27%, and
sorafenib arm = 12%. Complete response was achieved in 18 patients (6%), which
is quite promising. The median duration of response of NE and the proportion
(80%) of responders with a DOR of >6 months by Atezolizumab plus Bevacizumab
arm therapy indicate a considerable durable response to this treatment. Successful
benefit both the OS and PFS endpoints at first analysis was surprising and coming to
a new era of systemic therapy for HCC as standard of care in first-line therapy due to
meet primary endpoint of overall survival benefit.
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Treatment related adverse effects especially grades III or IV were found more
in sorafenib arm (46%) compared to Atezolizumab plus Bevacizumab arm (36%).
Immune-related adverse effects were rarely observed in the Atezolizumab plus
Bevacizumab arm (expect for infusion reaction in 10.9%, AIHA in 0.3% and adre-
nal insufficiency in 0.3%). Bleeding events form bevacizumab was minimal occur-
ring at 6.4%. The data suggest that the acceptable safety profile in Atezolizumab
plus Bevacizumab.

However, the median progression free survival is only 6.8 months and only 20%
of patients do not response to atezolizumab plus bevacizumab, experimental studies
need to define options for second-line therapy after progression on immunotherapy.
Most of drugs only been tested after sorafenib intolerance or progression and there
are currently no phase III study to inform the choice of therapy in this setting.
However, a clear rationale for offering a targeted therapy given the existing evidence
for efficacy in first- and second-line therapy.

3.5 Other combination immunotherapies

To current knowledge of combination immune checkpoint blockade plus anti-
angiogenesis translate to new combination therapy that need to find out the clinical
benefit. Basic research studies show that lenvatinib and anti-PD-1 antibodies have
synergistic effects [32]. Immunotherapy and Molecular targeting agents as com-
bination therapy might have a role in the treatment of HCC in the future. A phase
Ib trial of combination use of lenvatinib plus pembrolizumab reported promising
results [33]. This combination had a median progression free survival and overall
survival of 9.3 months (95% CI: 5.6-9.7) and 22.0 months (95% CI: 20.4-NE),
respectively. Overall response rate was higher in 46% (95% CI: 36.0-56.3). A phase
IIT trial (LEAP002) of this combination is currently ongoing. On the other hand,
rationale of dual combination immune checkpoint blockade (PD-L1 plus CTLA-4
inhibitor) might have a clinical response too. The results of combination therapy
with the durvalumab (PD-L1 antibody) and the tremelimumab (CTLA-4 antibody).
The study revealed a median PFS and OS of 2.17 months (95% CI: 1.91-5.42) and
18.73 months (95% CI: 10.78-27.27), respectively. ORR this combination therapy
was 24.0% (95% CI, 14.9-35.3). Therefore, this combination therapy is promising,
and the phase IIIl HIMALAYA trial of this combination is ongoing too.

3.6 Second-line immunotherapy

Second-line therapy after the failure of sorafenib apart from molecular targeting
agents. Data of immunotherapy both pembrolizumab (an anti-PD-1 monoclonal
antibody) and nivolumab (a fully humanized monoclonal antibody against PD-1)
shown efficacy in Phase Ib studies (CheckMate-040 [34] and Keynote-224 [35]).
Unfortunately, for pembrolizumab, these results were negative in the Phase III
study, randomized double-blind keynote-240 study, which included a total of 413
patients with pretreated advanced HCC. The study was comparable with pembroli-
zumab or placebo. The median OS was 13.9 months in the pembrolizumab arm ver-
sus 10.6 months in the control arm (HR: 0.78; P = 0.024), the median PFS was 3.0
mons versus 2.8 mons (HR: 0.72; P = 0.002). However, since the prespecified alpha
level was significantly lower, the study must be considered statistically negative.
CTLA-4 antibodies were also tested in second-line therapy of advance stage HCC;
The study reported results (response rate was 17.6% and a median time to progres-
sion was 6.48 months) from patients treated with tremelimumab [36]. Nivolumab
as single agent in advance HCC treated with sorafenib reported an ORR of 14% and
median OS of 16 months. Due to the promising results the study was conducted
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the efficacy and safety of the combination of nivolumab and ipilimumab [37]. The
study was randomized into three different dose and time arms of nivolumab and
ipilimumab. Of note, the first arm (Nivolumab 1 mg/kg + ipilimumab 3 mg/kg
every 3 weeks (Q3W) followed by n 240 mg Q2W) demonstrated the most promis-
ing efficacy in term of OS (23 months). ORR and disease control rate were 31% and
49%, respectively. Interestingly, the different combinations were well tolerated,
potentially offering a novel treatment option for patients with pretreated HCC.

4, Conclusion

Current data of systemic therapy in advanced stage/unresectable or failure to
locoregional therapy HCC shown efficacy and safety profile of multiple targeting
agents such as Lenvatinib, regorafenib, cabozantinib and ramucirumab in addi-
tion to standard treatment with sorafenib. New emerging current standard of
care in advanced HCC is change to combination therapy with Bevacizumab plus
atezolizumab as first line therapy due to improvement of progression free survival
and with overall survival. The increase in available multiple targeting agents and
immune checkpoint blockade will benefit in many patients. Sequential therapy and
drug selection will become more challenging as Figure 1. New strategies of systemic
therapy with new combination therapy are needed to explore.

First line therapy Second line therapy _

e
- ) @

- W

Lenvatinib
Figure 1.

Possible sequential systemic thevapy for advanced stage/unvesectable or failure to locoregional treatment HCC,
hepatocellular carcinoma; 2 L, second line; 3 L, third line; AFE, alpha-fetoprotein.

Atezolizumab + Bevacizumab
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