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Abstract: Hepatocellular carcinoma is the most common type of primary liver
cancer and constitutes about 90-95% of all hepatic malignancies. It is the sec-
ond and fastest-growing cause of cancer-related mortality worldwide. Although
there is multiplicity in the etiology of hepatocellular carcinoma, accumulating
evidence shows that non-alcoholic fatty liver disease has risen to become the top
etiological factor for hepatocellular carcinoma in the United States and other
developed nations, mainly because of the metabolic disturbances from obesity,
a western epidemic. Non-alcoholic fatty liver disease comprises a spectrum of
hepatic pathologies, ranging from simple steatosis to its inflammatory form,
non-alcoholic steatohepatitis. With its concomitant increasing liver collagen
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deposition, non-alcoholic steatohepatitis paves the pathway for hepatocellular
carcinoma development, which may occur with or without established
cirrhosis. This chapter focuses on the current knowledge related to the epidemi-
ology and cellular mechanisms that underpin the progression of non-alcoholic
fatty liver disease to malignancy. Furthermore, it gives insight into the diagnosis,
treatment options, and future directions for non-alcoholic steatohepatitis-
related tumorigenesis.

Keywords: hepatocellular carcinoma, liver transplantation; non-alcoholic fatty
liver disease; non-alcoholic steatohepatitis; trans-arterial chemoembolization

INTRODUCTION

Cancer is the second leading cause of death worldwide, accounting for one in
every six deaths (1). Hepatocellular carcinoma (HCC) is the second and fast-
est-growing cause of malignancy-related mortality with an estimate of 840,000
new cases every year, contributing to 9.1% of all cancer deaths (2-4). HCC is
a highly lethal malignancy that primarily originates from a background of
end-stage liver disease (ESLD) or cirrhosis, the most significant risk factor for
HCC. ESLD develops from multiple etiologies, such as infectious (hepatitis B
and C virus infection), genetically inherited (a-1 antitrypsin deficiency, hemo-
chromatosis, primarily biliary cirrhosis, Wilson’s disease), toxic (alcohol,
drugs, aflatoxins), and metabolic (non-alcoholic steatohepatitis [NASH]) (2).
The only treatment currently available to intervene in the concomitant mala-
dies from parenchymal dysfunction, portal hypertension, and early-stage
malignancy, is liver transplantation. Although transplantation is a highly suc-
cessful form of therapy with overall survival rates of >65% at five years, this
form of therapy is limited due to scarcity of graft donors. Moreover, most
patients with HCC at presentation are staged with advanced disease, thereby
precluding resection or transplantation, and locoregional therapies such as
trans-arterial chemoembolization (TACE), Y-90, and ablation, are performed
as a bridge for liver transplantation. Systemic therapy for advanced disease
only prolongs survival in terms of weeks. Nevertheless, new forms of immu-
notherapy may increase further overall survival. In brief, HCC still carries a
poor prognosis, evolving as a prominent and increasing global health chal-
lenge (2, 5).

Metabolic disturbances like dyslipidemia from obesity are increasing in the
Western world, with one out of three or four adults being either overweight or
obese. It is estimated that 2.2 billion will be overweight and 1.1 billion obese
by 2030 (6-8). The epidemic of obesity and its metabolic consequences
(hypertension [HTN], hypertriglyceridemia, and insulin resistance) have led
to a sharp rise in non-alcoholic fatty liver disease (NAFLD) and its progressed
inflammatory form NASH, and its sequelae ESLD and HCC (2, 5, 9-11). In
the United States (US), NASH-related HCC is predicted to rise in the next ten
years with an estimated increase of 21% for NAFLD, 63% for NASH, and
137% for HCC by 2030 (2, 12). We aim in this chapter to discuss, at least one
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of the paths for progression of NAFLD-to-NASH-to-cirrhosis, and to uncover
targets for the prevention, early diagnosis, and treatment of HCC.

EPIDEMIOLOGY

The geographical variation in the incidence of HCC worldwide is due, at least in
part, to the multiplicity of risk factors involved in its genesis and progression.
Most HCC cases occur in sub-Saharan Africa and Eastern Asia (80%, Figure 1),
where the main etiological factors are acquired by infection (hepatitis B virus)
or poisoning (aflatoxin) (1, 3, 13, 14). Although hepatitis C virus is a primary
risk factor in the US, Europe, and Japan (3, 13, 15), this trend is fast changing
due to the decline in hepatitis C virus infection from effective antiviral treatment
and the upsurge of obesity, diabetes and HTN (the metabolic syndrome) (9, 16).
About 80 million people in the US are affected by NAFLD, making it the most
common cause of liver disease in the US, surpassing 5 billion US dollars in
annual cost (9). As mentioned earlier, it is estimated that by the year 2030,
2.2 billion people around the world will be overweight and 1.1 billion will be
obese (6-8). Over the last 40 years, the incidence of HCC in the US has tripled,
increasing its burden from 14 million people (2012) to an estimated burden of
22 million people by 2032 (3). Men are more affected than women in a ratio of
2.4:1 (1, 3, 14), and the age-adjusted incidence of HCC has increased from 1.6
to 4.6 per 100,000 individuals among Native Americans and Alaskan Natives,
followed by African Americans, Caucasians, and Hispanics, with an average
five-year survival of <15% (3, 15, 17). Although the prevalence of NAFLD/
NASH is assumed to be prominent among Hispanics and Caucasians, the distri-
bution of cases among NASH-related HCC patients regarding their ethnic
groups is yet to be validated (9, 18, 19).
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Figure 1. Global estimates of hepatocellular carcinoma. Estimated age-standardized incidence
rates in both sexes for liver cancer in 2018 (3).
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NAFLD PROGRESSION TO NASH-RELATED HCC

The hallmark of NASH is an inflammatory response that leads to hepatocellular
damage, and progressive collagen deposition (fibrosis) (20, 21). The molecular
pathogenesis of NASH-related HCC is complex and involves the interplay of genetic,
metabolic, immunologic, and endocrine pathways associated with changes in the
gut microbiota communities in response to an increasing mitochondrial dysfunc-
tion from lipid-originated respiratory chain uncoupling (20, 22). Various hypothe-
ses have been enunciated to explain the detailed cellular mechanisms involved in
the progression from NAFLD to NASH and subsequently to HCC. One such theory
entails that steatosis and insulin resistance are the underlying, initiating factors that
set the stage for the progression of NASH from metabolic oxidative stress (Figure 2).
This theory is termed the ‘two-hit” hypothesis (20, 23-25).

The ‘two-hit’ hypothesis is a widely accepted paradigm to explain the devel-
opment of NASH from simple steatosis (fatty liver) originated from a fat enriched
diet and sedentary habits (24, 26-28). The first hit involves dysregulated hepatic
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Figure 2. Mechanisms of fat accumulation in non-alcoholic steatohepatitis. Insulin resistance
causes an influx of FFAs to the liver, owing to increased lipolysis, especially in the visceral
adipose tissue. Increased de novo lipogenesis and fat from the diet also contribute to the
fatty-acid pool. Both VLDL generation and FFA oxidation are increased and are enough to
prevent intrahepatic lipid accumulation. DNL, de novo lipogenesis; FFA, free fatty acid;

GNG, gluconeogenesis; IR, insulin resistance; ROS, reactive oxygen species; TG, triglycerides;
VLDL, very low-density lipoproteins (23).
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lipid accumulation (steatosis), aggravated by the further development of an
insulin-resistant status, exposing the cell to oxidative stress, to a second hit that
overwhelms redox defensive mechanisms, leading to hepatocyte/stellate
senescence phenotype and inflammation (29-31). Insulin resistance upregulates
lipolysis, leading to an increase in the level of serum free fatty acid (FFA). The
increase of free fatty acids result in the delivering of triglycerides from the liver
to peripheral organs, aggravating the increased storage of lipids in the liver.
Further accumulation of triglycerides derivatives in the mitochondria drives a
saturation of the B-lipid oxidation process, resulting in the increased production
of reactive oxygen intermediates (ROI) that mediates the second hit (oxidative
stress) with succinate accumulation and uncoupling of the respiratory chain.
Oxidative stress promotes cellular processes such as lipid peroxidation, produc-
tion of proinflammatory substances and mitochondrial damage (20, 32-36).
Alternatively to the two-hit hypothesis, proponents of a multi-parallel hit theory
(20, 37), postulate that NASH develops from a multiplicity of factors that act in
parallel with each other. Such factors include genetic variations, abnormal lipid
metabolism, oxidative and endoplasmic reticulum stress, mitochondrial dys-
function, altered immune responses, and imbalance in gut microbiota. Proponents
of this theory suggest that liver inflammation is the initial cause of fibrosis
progression in NASH, rather than steatosis (20, 38).

In NASH, metabolic mechanisms appear to be the principal drivers that con-
trol the progression to HCC. Energy balance and cell cycle regulation in the hepa-
tocytes are key processes that interplay between on-off insulin signaling and
lipotoxicity (20). Insulin resistance-induced hyperinsulinemia in turn triggers the
upregulation of insulin and insulin-like growth factor-1 (IGF-1) expression in the
hepatocytes and subsequent binding to their respective receptors (20, 39). Such
binding elicits a signaling cascade through the insulin receptor-substrate 1, which
results in the activation of its downstream target pathways, namely the PI3K and
MAPK pathways. These pathways have been reported to play a role in the tumori-
genesis of HCC from NASH via the induction of cell proliferation and inhibition
of apoptosis in hepatocytes (20, 39—41). Studies have shown that the PI3K path-
way involvement in the progression of HCC is primarily mediated by its action on
cyclin D1-dependent cell cycle, Mdm2/p53-dependent apoptosis, and mTOR-
dependent cell growth (20, 42, 43). The MAPK pathway drives tumor formation
and progression by inducing the transcription of protooncogenes such as c-fos,
and c-jun. Furthermore, MAPK pathway activates the Wnt/B-catenin signaling
cascade, which promotes fibrosis and malignancy in the liver (20, 44). Studies
from our lab have also revealed that Src-phosphorylation at the al-Na/K-ATPase-
Caveolin-1 complex at caveola activates or amplifies the PI3K pathway and
promotes hepatocarcinogenesis via the upregulation of survivin and the down-
regulation of the second mitochondria-derived activator of caspases (Smac)/
DIABLO proteins in hepatic parenchymal cells (45).

The al-Na/K-ATPase-Caveolin-1-Src signaling complex is a novel signaling
pathway, comprising of the al isoform of Na/K-ATPase (NKA), the scaffolding
protein Caveolin-1 (CAV-1), and the sarcoma related kinase (Src). This pathway
plays a critical role in regulating and transmitting biological signals from mem-
brane micro-domains named caveolae into the interior of the cell. Such signals
play a key role in regulating cell growth and development. The importance of this
signaling mechanism has been demonstrated in the pathogenesis of the metabolic
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syndrome, as well as in aging and embryonic development (46, 47). For instance,
genetic deletion of a caveolin binding motif (CBM) at the a1-NKA resulted in a
lethal embryonic phenotype in homozygous mice, despite normal NKA protein
expression and ion pumping function (47). This observation indicates that
al-NKA-CAV-1 interaction is necessary for the proper execution of developmen-
tal signaling pathways. Conversely, chronic activation of the NKA-CAV-1-Src sig-
naling complex promotes pro-inflammatory pathways and tissue fibrosis through
the amplification of reactive oxygen intermediates. This pathway embraces a
vicious feed-forward mechanism, as evident in several disease phenotypes,
including renal fibrosis, uremic cardiomyopathy, and metabolic disorders such as
obesity (46, 48, 49). Although a balanced signaling mechanism through
NKA-CAV-1-Src is essential for normal physiological function, chronic activation
of this signaling mechanism under pathophysiological conditions can further
promote or aggravate disease conditions such as cancer. Recent in vivo and in vitro
data from our lab have shown that dysregulation of this signaling pathway
resulted in an imbalance in Smac/DIABLO-Survivin apoptotic signaling in the
cell via the upregulation of Survivin (anti-apoptotic protein) and a downregula-
tion of Smac/ DIABLO (pro-apoptotic protein), leading to an “oncogenic apop-
totic switch” that favors the development and progression of NASH to HCC (45).
Additionally, inhibition of this pathway by a novel peptide, known as pNaKtide
(developed from N domain of Na/K-ATPase), resulted in the reversal of the
“oncogenic apoptotic switch”, leading to HCC prevention, tumor regression and
reduction in fibrosis (45). Furthermore, evidence from different backgrounds
enforces the fact that the central pathway controlling energy homeostasis, the
phosphoinositide 3-kinase (PI3K)-AKT-mTOR pathway is involved and mutated
in over 50% of all HCC cases, thus placing cell energy disturbances at the center
of liver tumorigenesis (50).

As mentioned earlier, an excess in the production of ROT in NASH, leads to
an imbalance in the cell’s redox status with progressive respiratory chain disrup-
tion and energy depletion followed by mitochondrial membrane pores opening
and the subsequent leakage of cytochrome C and SMAC, concluding in the acti-
vation of the cell apoptotic cascade (20). Although metabolic stress peaks at the
mitochondria, both insulin resistance and lipotoxicity are linked to several
other cellular mechanisms, such as oxidative and endoplasmic reticulum (ER)
stress, which may also contribute to cell injury and progression of NASH to
HCC (20, 51). Another emerging mechanism that may play a key role in the
progression of NASH to HCC is autophagy. Intracellular organelle/protein
autophagy is critical in cell survival by recycling metabolic components and is
increased during cellular stress. The cell, by this process, removes cytosolic
non-functional organelles or macromolecules by transporting them into double-
membrane vesicles and delivering them to lysosomes for degradation (20). In
the liver, autophagy suppresses protein aggregation, lipid accumulation, oxida-
tive stress, chronic cell death, and inflammation. In addition, autophagy has
been shown to control adipogenesis and adipose tissue differentiation (20, 52).
Nevertheless, studies have also revealed that autophagy enables the parenchy-
mal cells to tolerate more stress, promoting tumorigenesis (20, 53, 54). Despite
the controversial role of autophagy in promoting or inhibiting NASH progres-
sion to HCC, its cellular role in an energy inefficient metabolism via PI3K/mTOR
pathway remains to be determined (20).
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DIAGNOSIS AND STAGING OF HEPATOCELLULAR
CARCINOMA

An accurate diagnosis and proper staging assessment are necessary to determine
the optimal treatment method for the individual patient with HCC. A liver tumor
is usually detected by imaging and its histology confirmed by tissue analysis (55).
The various imaging methods include ultrasound (US), which is recommended
every six months as a non-invasive low radiation cost-effective screening tech-
nique on high-risk patients, and computed tomography (CT) and magnetic reso-
nance imaging (MRID), which are complementary techniques that detect and
characterize the different nodules that develop in cirrhosis (Figure 3) (56-59).
Although there are at least seven staging systems for HCC, the Barcelona Clinic
Liver Cancer (BCLC) classification is the most widely and accepted staging system
used (Figure 4) (55, 60, 61). The BCLC classification system (Table 1) includes
guidelines for the treatment of HCC and has been endorsed by the European
Association for the Study of the Liver (EASL), European Organization for Research

Figure 3. Sensitivity of ultrasound as a surveillance tool for the detection of hepatocellular
carcinoma. Ultrasound is recommended every 6 months in high-risk populations for
monitoring the development of HCC, as well as in cirrhotic patients. Its sensitivity is around
77% and it can be complemented, if needed, with other imaging modalities, such as
computed tomography or magnetic resonance imaging (59).
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Figure 4. Staging system for hepatocellular carcinoma. The Barcelona group developed a
staging system for HCC that includes five stages, given recommended therapy for each stage
and change of cure and overall survival (61).

TABLE 1 The Barcelona Clinic Liver Cancer (BCLC)
Staging System (60)

BCLC stage ECOG PS  Liver function: Child-Pugh  Tumor stage

Very early stage (0) 0 A Single <2 cm

Early stage (A) 0 A-B Single <3, nodules <3 cm

Intermediate stage (B) 0 A-B Multinodular

Advanced stage (C) 1-2 A-B Vascular invasion, extrahepatic

spread
Terminal stage (D) 3-4 C Any

Stage 0, A, and B, all criteria should be fulfilled.
Stage C and D at least one criterion should be fulfilled.
ECOGPS, Eastern Cooperative Oncology Group Performance Status.

and Treatment of Cancer (EORTC) and the American Association for the Study of
Liver Diseases (AASLD) (60, 62). This system stages an individual as having very
early, early, intermediate, advanced, and very advanced (terminal) HCC based
on tumor burden, severity of liver disease and his/her performance status
matching the recommended evidence-based treatment by the stage of liver tumor
(55, 60).

TREATMENT AND MANAGEMENT OF HCC

The management and treatment of HCC is complex, and still carries a poor prog-
nosis since an advanced stage is diagnosed in over 50% of the cases (63, 64).
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Albeit great advances have been made in the management and treatment of HCC
patients at various stages of the disease (65). Patients in very early or early stage
of HCC may benefit from curative procedures, mainly surgical resection and liver
transplantation, as well as locoregional therapies such as thermal-related ablative
procedures. In the intermediate stage of the disease, locoregional procedures such
as TACE and Y-90 embolization are performed as a bridge for transplantation, as
amethod to downstage tumor burden, or as to a limited time local disease control
(63, 65, 66). Image guided ablative therapy by microwave, radiofrequency or
cryotherapy procedures are used in tumors <4 cm in size with the Intent to cure.
They can be delivered in a percutaneous, laparoscopic, or open manner as the
only procedure, or as a complement to surgery (60, 64).

Liver resection

Surgical resection of the liver is a curative therapy and preferred treatment method
for patients with noncirrhotic or compensated cirrhosis (Child A, Low MELD,
Figure 5), solitary nodules (tumor size <5 cm) and adequate liver function with
no microvascular invasion or disease dissemination (60, 66). The preferred treat-
ment option for patients with very early and early stage of HCC with cirrhosis is
surgical resection if their hepatic function is intact and bilirubin level is (<1 mg/dl
or <17.1 pmol/l) with limited or no portal hypertension (60, 62). Such patients
have a survival rate of about 70% at 5 years, limited by a degree of patients who
undergo liver decompensation after surgery (60, 67, 68). Thus, selection of
patients for liver resection therapy is critical as there is a probability of liver failure
after resection with high mortality rates (60, 68).

Liver transplantation

Liver transplantation is a curative modality for the patient with HCC and border-
line to decompensated cirrhosis (Figure 6) (66). It offers a high survival rate and
the lowest probability of tumor recurrence due to the removal of the fibrotic envi-
ronment (68). Nonetheless, due to the scarcity of graft donors, there is a signifi-
cant patient mortality from dropping off the liver waiting list due to tumor
progression. To overcome longer cadaveric organs offer waiting times, living
non- or related-liver transplantation has been presented as an option (66, 68, 69).

Figure 5. Liver imaging and pathology specimen after liver resection for hepatocellular
carcinoma. A. A right tri-segmentectomy was performed. B. Tumor was removed, note the
clear margins. C. MRI, showing the large HCC with multiple satellite lesions before resection.
The patient did well after surgery, and she was discharged home 5 days after procedure, with
no evidence for recurrences at 2 years follow up.
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Figure 6. Liver transplant procedure in a patient with end stage liver disease. A. Liver with
advanced fibrosis is removed. B. Replaced with a liver graft form a deceased donor.

C. Reperfusion showing satisfactory appeaance. D. Classic vascular and biliary
reconstruction performed at the proximal and distal end:end caval anastomosis, porto:portal
and common hepatic to common hepatic arterial reconstruction. In this case, no blood
products were given to the patient during the procedure. The patient was discharged 6 days
after surgery. The patient is alive and doing well 5 years after graft implantation.

Single tumor, not > 5 cm Number of s,
Up to 3 tumors, none > 3 cm Nodules & o <

A4

Absence of macroscopic vascular invasion,
absence of extrahepatic spread

(cm)

75-80% 50-75% 35-50%
Expected 5-year survival

Figure 7. The Milan criteria for liver transplantation in patients with end-stage liver disease and
hepatocellular carcinoma. Patients with end-stage liver disease and hepatocellular carcinoma
are entered into the liver transplant waiting list if they fulfil the Milan criteria, which includes
one tumor <5 cm in major diameter, or a maximum of 3 tumors with the largest <3 cm in
major diameter. In addition, the patient should have no vascular invasion or evidence of
extrahepatic disease. Other groups have explored other criteria with the development of the
metro-ticket concept that evaluates the probability of overall survival after liver
transplantation in patients with tumor burden over the Milan criteria (70).

The ideal candidate for liver transplantation (cadaveric or living-related) are those
who satisfy the Milan criteria (solitary tumor up to 5 cm in size, or 3 tumors
where the largest tumor is up to 3 cm in size, Figure 7) (66, 70). The Milan criteria
showed a low probability of tumor recurrence after transplantation, with over
75% survival in 5 years and over 90% tumor reoccurrence-free survival rate
(66, 68). Nevertheless, this concept has been challenged by several groups, and
many transplant centers offer liver transplantation for patients with HCC outside
of the Milan criteria with acceptable outcomes (66, 71). One other criterion is that
of the University of California at San Francisco, which include single tumors
<6.5 cm or 2 to 3 tumors <4.5 cm, with a total tumor diameter <8 cm (66, 71).

Percutaneous ethanol injection

Percutaneous ethanol injection (PEID) involves the imaging guided injection of
ethanol into the tumor to induce coagulation necrosis (Figure 8) (66, 72). The
non-subcapsular, non-perivascular nodules <2 c¢m are ideal for PEI because of its



NAFLD Progression to NASH and HCC

Figure 8. Ultrasound-guided percutaneous alcohol injection of hepatocellular carcinoma. A and
B. Under image-guidance by US, administration of ethanol (97%) is performed into the
tumor. C. Noting an enlarging hyperechoic signal. Although the procedure in well-trained
hands is reliable and practical for large scale application, malignant recurrence rates are high.

limited capacity to penetrate the tumor beyond its pseudo-capsule or fibrotic
septa (60, 72). Although it is a cost-effective form of therapy, the recurrence tumor
rate is higher when compared to other locoregional therapies, thus PEI has fallen
into disfavor as the first line therapy for small HCC lesions. PEI has a recurrence-
free survival rate of 77% at one year as compared to 86% in patients treated with
radiofrequency ablation (RFA) (64). Its side effects include post procedural pain,
and it requires several sessions to yield complete treatment (66).

Radiofrequency ablation

Image-guided RFA is indicated in patients with tumor lesions <3 cm (single or up
to 3 lesions) or single lesions <4 cm, not in proximity to major vascular or biliary
conduits, with intact liver function belonging to Child-Pugh A or B group and
ECOG status 1-2 (72, 73). The heat emanated from high frequency oscillating
electrical currents at the needle tip of the probe transforms dripping NS0.9% into
vapor, resulting in tissue necrosis (Figure 9) (66, 72, 74). However, the thermal
effect is dissipated by the “sink effect” of a vessel in proximity and by the size of
the tumor (72).

Microwave ablation

Microwave ablation is the term that is used to describe tumor destruction by elec-
tromagnetic waves at frequency =900 kHz (74). It is one of the treatments of
choice for HCC patients with tumors that are less than 4 cm in size without the
sink effect limitation of RFA (66). The image-guided probe placement, as in RFA
can be achieved percutaneously, laparoscopically, or during open surgery (66, 75).
Contraindications include macrovascular invasion of tumor, main portal vein
destruction, decompensated cirrhosis (Child-Pugh C), biliary obstruction and
proximity to vital structures mitigated by open or laparoscopic techniques (66).

Cryoablation

Cryoablation, unlike RFA or microwave ablation, uses very low temperatures
from a liquid nitrogen source to destroy tissue by alternating freezing and thawing
based on the Joule-Thompson effect (76). As in other ablative methods, the probe
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Figure 9. Image-guided radiofrequency ablation for hepatocellular carcinoma. Under
ultrasound-guidance, a radiofrequency ablation needle is placed near the center of the
tumor. A. Alternate current at high frequency turns the needle tip temperature into a thermal
injury with a subsequent death zone. B. At 3 months follow-up, the death zone has
contracted.

can be placed under image guidance to induce “ice ball” formation (76, 77).
Indications for percutaneous cryoablation include patients that satisfy the Milan
criteria; that is, those with tumor size <5 ¢cm in diameter or up to 3 tumors <3 cm,
absence of venous thrombosis, Child- Pugh A and B group without significant
coagulopathy (76). The advantages of cryoablation include the ability to visualize
the ice ball, activate cryo-immunology in cancerous cells, absence of severe dam-
age to blood vessels and less severe pain (77). Cryoablation can be used as an
isolated treatment for patients or in combination with other therapies. Cryotherapy
of liver tumors has become unpopular due to major bleeding after probe removal
and the induction of coagulopathy aggravated by thrombocytopenia, liver decom-
pensation and death (66).

Trans-arterial chemoembolization

TACE is currently the standard of care for patients with intermediate—stage HCC
with preserved liver function (78-80). TACE is useful for patients that have a
Child-Pugh score A or B with tumor diameter of >4 cm or four or more tumors as
well as those with single tumor in which it is challenging to carry out liver resec-
tion or locoregional therapies as a result of systemic co-morbidities or anatomical
limitations (81). TACE takes advantages of the dual arterial and portal venous
liver parenchymal blood supply with preferential arterialization not only in cir-
rhotic liver but of HCC. It involves the selective arterial embolization with a gela-
tin mixed with lipiodol (a radiopaque contrast agent) with or without chemotherapy
(doxorubicin, cisplatin or mitomycin C), into the tumor’s feeding blood vessel (66).
The blockage of the arteries supplying the tumor results in tissue necrosis
(Figure 10) (68, 79). In practice, TACE is a recommended therapy for patients
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Figure 10. Trans-arterial chemoembolization of the liver for hepatocellular carcinoma. A and

B. Selective arterial embolization of the vessels feeding the tumor in the liver. C. Tumor
visualized by CT scan. The procedure is performed with or without chemotherapy. D and

E. After embolization, angiography showed obliteration of feeding vessels with shrinkage of
the tumor. F. Follow up CT scan after embolization. Note an increase in patient’s ascites.

with unresectable HCC, nonvascular invasion or disease outside the liver (64).
TACE can also be used with drug-eluting beads (DEB-TACE) and evidence exists
that patients who are on DEB-TACE treatments for unresectable HCC have better
performance in comparison to those on conventional TACE (66). In addition,
TACE is being used for the downstaging of tumors in association with systemic
therapy or as bridge for transplantation.

Y-90 radioembolization

Y-90 radioembolization is a locoregional technique that involves a catheter-based
administration of Y-90 microspheres into the hepatic artery, leading to the delivery
of high radiation doses up to 50 to 150 Gy to tumors without affecting the paren-
chymal cells (Figure 11) (82, 83) . This exploits the principle; intrahepatic tumors
derive their major blood supply from the hepatic artery rather than the portal
vein. Y-90 emits beta radiation with an average energy of 0.9 MeV and a mean
penetration range of 2.5 mm (approximately 1,000 cell diameters). The physical
half-life of Y-90 is 64.2 hours, and it decays to stable Zirconium-90 (82, 83).
Microspheres (embedded with Y-90) are of varying sizes, ranging from 20 to 60
microns. In the US, the common available forms of Y-90 include the Y-90 tagged
glass (TheraSphere) and resin (SIR-Spheres) microspheres (82). The main differ-
ence between Y-90 radioembolization and TACE is that Y-90 microspheres are
smaller than TACE particles (20-30 microns compared to 200-500 microns).
Therefore, TACE gives a more significant embolic effect in comparison to Y-90
radioembolization. However, the main mechanism of action of Y-90 is related to
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Figure 11. Y-90 embolization for hepatocellular carcinoma. A. Selective angiography of the
liver and detection with obliteration of systemic shunts is performed. B, C and
D. Micro-spheres then are embolized to the liver with no vessel occlusion.

radiation effect and not the embolic occlusion of the blood supply to the cancer
cells, thereby making it a more effective therapy (82, 83).

Stereotactic body radiotherapy

Stereotactic body radiotherapy (SBRT) is a recent advancement in high-precision
radiotherapy (84-86). It is utilized as a locoregional therapy for early-stage HCC
and for patients with locally advanced HCC. Through this procedure tumoricidal
doses of radiation are delivered to hepatic tumors without affecting other organs
(Figure 12) (87). Specifically, SBRT makes it possible to effectively deliver high-
dose ablative radiation in 3-6 treatments to targeted HCC while minimizing
toxicity to the adjoining normal tissues and organs (84-86). Patients that are
unsuitable for conventional locoregional treatments can benefit from SBRT.
Additionally, it can be used in combination with other therapies to improve out-
come and survival (84, 85).

Irreversible electroporation

Irreversible electroporation (IRE) is a nonthermal type of tumor ablation tech-
nique that is not affected by heat sink, which is a common limitation of other
forms of ablation procedures such RFA ablation. IRE procedure involves the
delivery of short pulses of high-frequency energy to create pores in the lipid
bilayer of cancer cells, which leads to cell death through apoptosis. On the other
hand, acellular elements within the treatment region are not affected, resulting
in the preservation of hepatic parenchymal architecture (88, 89). IRE procedure
gives the best results with tumors that are less than 3 c¢cm (88). Currently the
only commercially available system for IRE is NanoKnife® (AngioDynamics,
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Figure 12. Stereotactic body radiosurgery therapy for hepatocellular carcinoma. A. High doses
of focused radiotherapy are applied to liver tumor sparing normal liver parenchyma using
stereotactic body radiosurgery therapy. B. Shows high rates of tumor response (reduction in
tumor size) by RECIST criteria. C and D. The estimated probability of local control and overall
survival for hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) are
displayed respectively (87).

Queensbury, NY, USA). NanoKnife electrodes are contained in a 19-gauge
probe. This setup allows the use of 6 monopolar electrodes simultaneously.
These electrodes can be placed either surgically or percutaneously bracketing
the target region under the guidance of ultrasound or computed tomography.
The system has proprietary algorithms through which electrical energy delivery
can be calculated. It is important that the treatment delivery be accompanied by
general anesthesia, paralysis, and cardiac synchronization to prevent muscle
contractions and arrhythmias (88, 90).

Systemic or targeted therapies

Systemic therapies are indicated for most patients with advanced stage HCC (91).
Systemic therapies using small molecule drugs that target signaling pathways are
particularly useful for treatment of patients who have undergone liver resection or
transplantation and in which locoregional therapies such as TACE have not been
successful (92). Sorafenib, a first-generation tyrosine inhibitor is an orally admin-
istered approved systemic drug for patients with advanced HCC worldwide
(91, 93). The advent of sorafenib (an antiangiogenic, multitarget tyrosine inhibi-
tor) has triggered dynamic research into possible molecular targeted therapy for
HCC. These investigations center primarily on developing small molecules that
target signaling pathways that are involved in cell proliferation and angiogenesis,
which are critical for tumor development, growth, and metastasis (68, 91, 93).
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Molecular targeted signaling pathways that are considered to play key roles in HCC
tumor formation, growth and progression include: mitogen-activated protein
kinases (MAPK) pathway (Ras/Raf/MEK/ERK pathway), the Phosphatidylinositol-
4,5-bisphosphate 3-kinase (PI3K), mammalian target of rapamycin (mTOR) path-
way and angiogenic pathways (68, 93).

Immunotherapy

Currently there is a dynamic expansion in cancer immunotherapy which focuses
mainly on agents that give a prognostic benefit to cancer patients by stimulating
the immune system to mount a response against developing cancers including
HCC. As earlier stated, there is a paucity of therapeutic options for patients with
advanced stage of HCC, therefore it appears that immunotherapy may hold the
key to effective systemic therapy for these patients (94). Immunotherapy strate-
gies for HCC are based on two main principles, namely: (i) the ability to unmask
ongoing immune responses in the liver during the onset or progression of carci-
nogenesis and (i) the need to elicit new or different immunological responses.
The first strategy is based on pre-existing immune reactivity to cancer develop-
ment and progression held in check by micro-environmental factors. Such factors
include inhibitory receptors on T cells, especially programmed cell death protein 1
(PD-1) and cytotoxic T-lymphocyte associated antigen 4 (CTLA-4); other factors
are immunosuppressive cytokines such as Transforming growth factor beta
(TGE-B) (94). In this strategy, the therapies are not directed towards a specific
biological molecule produced by the cancer cells, but there is a general heighten-
ing/unmasking of immune responses to destroy tumor formation and progression.
On the other hand, antibodies that directly target molecules expressed on HCC
tumor cells, such as alpha-fetoprotein (AFP) or glypican-3 (GPC-3) fall within the
second strategy. These therapies can be enhanced by coupling these antibodies to
effector cells, such as T cells or natural killer cells (94). Additionally, administra-
tion of vaccines and the use of oncolytic viruses can operate through these two
mechanisms, that is, by unmasking already existing immune responses or prompt-
ing de novo T cell responses to substances expressed by HCC tumor cells (94). Tt
is worth noting that in line with the first strategy, the US Food and Drug
Administration (FDA) has approved the use of nivolumab (a PD-1 inhibitor) as an
immunotherapy for HCC (94, 95).

Diet/lifestyle and management of NASH related HCC

It has been widely reported that lifestyle changes (healthy diet and exercise) can
significantly reduce the formation of NAFLD/NASH and its progression to HCC.
Various studies have shown that regular aerobic exercise and weight loss resolves
fatty deposition, reduce insulin resistance, and improve inflammatory activity in
the liver (96). Interestingly, accumulating data reveals that some of the factors that
are useful in lowering the risk of developing cancer including HCC, include exer-
cise and caffeine (97). A diet consisting of a high intake of vegetable oils, fruits,
vegetables, legumes, cereals and fish, and low consumption of saturated fat and
non-fish meat products (Mediterranean diet), has also been shown to have a pro-
tective effect in the development and progression of HCC. Additionally, dietary
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antioxidants such as coenzyme Q, vitamins C and E, selenium and certain phyto-
chemicals present in fruit, vegetables, herbs, and medicinal plants as well as coffee
have been shown to be useful in HCC prevention (96, 97).

CONCLUSION

Over the last two decades the incidence of NASH-related HCC has risen exponen-
tially, mainly due to metabolic disturbances promoted by the epidemic of obesity.
HCC has become a major and steadily increasing global health challenge due to a
paucity of biomarkers for its early detection coupled with few treatment options
and a 50-70% recurrence rate after resection or locoregional therapy. Treatment
options that are available for patients in very early or early stage of HCC include
surgical resection, liver transplant and ablation procedures with the intend to
cure. Those patients in the intermediate-stage are often treated with TACE or Y-90
radioembolization. Immuno-strategies are becoming the first line of therapy, fol-
lowed by sorafenib as systemic treatment for patients with advanced stage of the
disease. There is need for basic, translational, and clinical research targeting cel-
lular and molecular pathways that play key roles in cancer development and pro-
gression, aiming for novel and more effective therapies for NASH-related HCC.
One of such pathways is the al-Na/K-ATPase-CAV-1-Src signaling pathway at the
cell membrane that plays a role in the regulation of embryonic development and
cell growth. Disturbances in this pathway has been shown to splinter the fragile
balance of apoptosis regulator proteins promoting an oncogenic “apoptotic
switch” that favors hepatic cell tumorigenesis. Furthermore, the inhibition of this
pathway may be a putative target for the treatment of HCC.
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