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Abstract: Chronic liver diseases (CLDs) that lead to hepatic fibrosis, cirrhosis, and/or hepatocellular
carcinoma (HCC) have become a major cause of illness and death worldwide. The main causative
factors for CLDs are chronic viral infections, excessive alcohol consumption, non-alcoholic fatty liver
disease (NAFLD), and cholestatic diseases. The primary approach to managing cirrhosis should
be removing the causative agent, and the secondary approach should address fibrogenesis. Liver
cancer is also a leading cause of death worldwide, and many therapeutic approaches exist to treat
the disease. However, liver transplantation remains the last treatment option for cirrhosis and liver
cancer. Thus, this review discusses the pathophysiology of liver fibrosis, its progression to cirrhosis
and HCC, and current therapeutic options available to treat the diseases with potential therapeutic
options that will be available in the near future.
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1. Liver Fibrosis

Hepatic fibrosis is the result of the liver’s wound-healing response to repeated injury.
After an acute liver injury, parenchymal cells regenerate and replace the necrotic or apop-
totic cells. The most common etiologies for chronic liver disease (CLD) include chronic
viral infections (e.g., hepatitis B and C), excessive alcohol consumption, non-alcoholic
fatty liver disease (NAFLD), and cholestatic diseases, such as primary biliary cholangitis
and primary sclerosing cholangitis [1]. Although the pathologies are rare, inherited liver
diseases (e.g., Wilson disease, hereditary hemochromatosis, glycogen storage disease type
IV), which are caused by metabolic and genetic defects, are also predisposed to fibrosis
and cirrhosis [2]. As injury persists, regardless of the initial cause, liver tissue responds
by depositing the fibrillar extracellular matrix (ECM) [3]. This phenomenon is known
as the wound-healing response. Usually, the ECM consists of glycoproteins, collagens,
glycosaminoglycans, and proteoglycans that provide mechanical strength to the tissue [4].
In addition, ECM synthesis is considered an effort of the liver tissue to localize the injury
by encapsulating the area of injury. Even though it is an essential part of the wound healing
process, once it is deregulated, the condition progresses to ‘liver fibrosis’, which becomes an
inefficient attempt at repairing liver tissue [5,6]. Thus, liver fibrosis is mainly characterized
by the excessive accumulation of the ECM in the liver parenchyma, replacing the functional
hepatic tissue [7].

However, if the hepatic injury persists, the balance between parenchymal cell regen-
eration and wound healing response is shifted toward impaired regenerative pathways.
Over time, hepatocytes are substituted with abundant ECM, eventually leading to the
accumulation of excess fibrotic scar tissue [8]. Thus, in advanced stages of fibrosis, the liver
contains approximately six times more ECM than normal, including collagens, fibronectin,
undulin, elastin, laminin, hyaluronan, and proteoglycans. Under these conditions, not
only is an increased synthesis of ECM prominent, but it is also associated with decreased
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degradation of ECM [9,10]. The result of liver fibrosis is cirrhosis, where there is no specific
medical treatment [1].

Interestingly, the microenvironment in the liver is an organized multidirectional
interaction complex (cell–matrix–cell). It delivers the molecular signals crucial for normal
liver homeostasis. In this process, each cell type in the liver, including hepatocytes, hepatic
stellate cells (HSCs), Kupffer cells (KCs) and liver sinusoidal endothelial cells (LSECs), has
their roles to play while talking to each other. The cell-to-cell communication process is
referred to as the cellular “crosstalk”, [11] and it involves a number of signaling pathways,
including TGF-β signaling pathway, MiRNA signaling pathways, TLR pathway, STAT-3,
Wnt/β-catenin, and NF-кB signaling pathways [12].

1.1. Hepatic Stellate Cells

Hepatic stellate cells (HSCs) reside in the space of Disse, lying in between the hep-
atocytes and the sinusoidal epithelium. These cells were also called Ito cells and inhabit
one-third of the non-parenchymal cells of the liver [13]. They possess round cell bodies
with numerous cellular processes in different thicknesses and sizes [14]. HSCs are the major
sites for vitamin A storage in the normal liver.

Most importantly, quiescent HSCs are activated following chronic liver injury and/or
transdifferentiated into myofibroblast-like cells. The significant stimuli for HSC activation
are the chemokines, cytokines, and reactive oxygen species (ROS) that are released from
the apoptosis of hepatocytes. The activated HSCs migrate to damaged sites, proliferate
and acquire a myofibroblastic phenotype with a capacity to express and secrete extracellu-
lar matrix proteins, such as collagens, cytokines, chemokines, matrix metalloproteinases
(MMPs), and their respective tissue inhibitors of metalloproteinases (TIMPs) [15]. The cy-
tokines and chemokines secreted by activated HSCs are also involved in the inflammatory
process [16,17]. Therefore, HSCs are considered a group of passive cells reacting to ROS
and cytokines secreted by neighboring cells (e.g., Kupffer cells, hepatocytes), as well as a
group of active cells producing cytokines, chemokines, and ROS [18]. The activated HSCs
can be recognized by specific myogenic markers, such as α-smooth muscle actin (α-SMA),
c-myb, and myocyte enhancer factor-2 [19].

Importantly, Battler [20] and others [21] have demonstrated that there is an increased
expression of angiotensin II type 1 receptor (AT1-R) on the activated HSCs suggesting
that these cells are an important target of angiotensin II (Ang II). Ang II is a well-known
pro-oxidant and fibrogenic cytokine significantly upregulated in a liver injury [22,23]. Thus,
Ang II further regulates contractility and proliferation of activated HSCs leading to chronic
liver fibrosis.

In addition, TGF-β signaling plays an important role in HSC activation, proliferation,
and migration. TGF-β is the most potent fibrogenic cytokine that activates the HSCs and
fibroblasts to express fibrosis-related genes, including alpha smooth muscle actin (α-SMA)
and α1 type I collagen (COL1A1), and consequently promotes hepatic fibrogenesis [24].
TGF-β activates the TGF-β receptor complex and phosphorylation of the intracellular
signal mediators in the downstream signaling pathways (e.g., Smad2/3). In addition
to an increase in the expression of COL1A1 [24,25], activation of Smad2/3 regulates the
expression of other fibrosis-related genes, including plasminogen activator inhibitor-1 [26],
various proteoglycans [27], integrins [28], connective tissue growth factor [29], and matrix
metalloproteases [30,31]. In liver fibrosis, TGF-β-mediated connective tissue growth factor
(CTGF) expression in HSC depends on the signaling pathways, including Erk, JNK, p38,
or Stat3, whereas CTGF also modulates extra cellular matrix production. Another role of
TGF-β in liver fibrosis is the upregulation of NADPH oxidase expression, which mediates
HSC activation [32]. Therefore, targeting TGF-β signaling is also an emerging option as a
therapeutic target for liver fibrosis.

There are two major intercellular crosstalk pathways, which involve during liver injury
that contributes to HSC activation [11,33], and they are:

1. Capillarization of LSECs;
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2. Apoptosis of hepatocytes.

1.1.1. Capillarization of LSECs

The normal liver sinusoids consist of fenestrae that facilitate the solutes to transfer
between the sinusoidal blood and the space of Disse. During liver injury, these LSECs are
also damaged along with the other cells in the tissue. However, they are replaced by bone
marrow (BM)-derived sinusoidal endothelial cell progenitor cells (sprocs) to compensate
for the loss. These BM sprocs, which lack LSEC fenestrae, arrange along the sinusoid, and
an organized basement membrane is laid down. This de-differentiation process of injured
LSECs leads to “capillarization” of the sinusoids [34].

Normal LSECs are responsible for the production of a protein called heparin-binding
epidermal growth factor (HB-EGF), which maintains HSC quiescence (Figure 1A). However,
the immature LSECs have less or reduced capacity to release HB-EGF, which effect on
quiescence nature of HSCs causing activation of those cells [34,35].
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Figure 1. Reduced HB-EGF levels and the expression of fibronectin isoform EIIIA by immature
LSECs, which activate HSCs [1].

While there is a reduction in HB-EGF, de-differentiated LSECs express EIIIA fibronectin
isoform, which influences quiescence HSCs to change their phenotype to the activated
form [11,36]. Thus, LSECs perform critical crosstalk in the HSCs activation process in
hepatic fibrosis by a simultaneous reduction in HB-EGF and expression of EIIIA (Figure 1B).

1.1.2. Apoptosis of Hepatocytes

Hepatocytes play a significant role in HSC activation parallel to LSECs crosstalk during
a liver injury. A persistent injury modifies the hepatocyte transcriptional programmes
toward apoptosis, a process known as programmed cell death [11]. The apoptotic bodies
from hepatocytes stimulate HSC differentiation to the activated HSC phenotype with
contractile, proliferative, and fibrogenic properties [11,37].

It has been shown that Kupffer cells are also involved in the cellular crosstalk during
the process of fibrosis [11]. KCs are the resident macrophages in the liver and engulf
apoptotic bodies arising from the apoptotic hepatocytes [11,38]. After engulfing those
apoptotic bodies, KCs become activated and start to express death ligands, such as Fas,
TNF-α, and TNF-related apoptosis-inducing ligand (TRAIL), which induce the apoptosis
of hepatocytes in a feed-forward loop [38].

Simultaneously, activated KCs release cytokines and reactive oxygen species (ROS)
and stimulate HSCs in a paracrine manner [13].
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1.2. Cells That Contribute to Extracellular Matrix Synthesis (ECM) Other Than Hepatic
Stellate Cells

HSCs are not the only cell type that has the potential to synthesize ECM. Usually, HSCs
are found to be the main fibrogenic cells in the pericentral areas of the injured liver [19].
Some myofibroblasts predominate around the portal tracts, particularly in cholestatic
liver injuries. These myofibroblasts are derived from small portal vessels in response
to cholestasis and proliferate around biliary tracts. After that, they are also involved in
collagen synthesis, performing a similar role to HSCs [19,39].

There is evidence that mast cells are also involved in liver fibrosis as a response to an
injury. A mast cell is a white blood cell in the circulation containing histamine and heparin
granules. It has been shown that mast cell infiltration is prominent during liver fibrosis in
several rat models, including bile duct ligation [23,40]. Mast cell involvement during liver
fibrosis can be explained by three major mechanisms (Figure 2).

1. It has been shown using a mouse model with progressive biliary fibrosis, Mdr2-KO;
those mast cells infiltrate into the liver during the progression of biliary fibrosis.
The presence of mast cells increases the local levels of histamine, which is a pro-
fibrogenic and proliferative factor. It induces intrahepatic bile duct mass (IBDM) and
proliferation leading to fibrosis [41].

2. The second concept of mast cells during biliary fibrosis is that they produce transform-
ing growth factor β-1 (TGF-β1), a key pro-fibrotic cytokine in the liver, which activates
the quiescence HSCs and stimulates the ECM synthesis and fibrosis [23,42,43].

3. In addition, mast cells could induce the production of ECM components by overpro-
duction of the basement membrane, which induces fibroblast attachment, spreading
and proliferation [23,44].
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Figure 2. Mast cell infiltration and its role in biliary fibrosis [45].

After all, when the injury persists, an excessive accumulation of fibrous scar leads to the
subsequent formation of nodules distorting the liver architecture and leading to cirrhosis.

1.3. Cirrhosis

Cirrhosis is the most advanced stage of liver fibrosis. It is characterized by the ab-
normal continuation of fibrogenesis (fibrous tissue formation) and distortion of hepatic
vasculature by neo-angiogenesis (new sinusoid formation). In this advanced stage of fibro-
genesis, there is a collective ECM synthesis from activated HSCs, myofibroblasts derived
from bone marrow, portal fibroblasts, and mast cells together with neo-angiogenesis and
capillarization (with an organized basement membrane) [6].

Angiogenesis belongs to the process of the wound healing response. The sinusoids in
a cirrhotic liver can arise from either pre-existing liver sinusoids in the fibrotic areas and/or
via neo-angiogenesis. These new sinusoids undergo sinusoidal capillarization as described
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previously. As a result of capillarization, they lose their fenestrae and shunt the portal and
arterial blood supply directly into the central veins without exchanging the components
between hepatic sinusoids and the adjacent liver parenchyma [46]. Therefore, the nutrient
and oxygen requirements of hepatocytes are diminished, leading to hepatocyte dysfunction
and cell death [47].

Two major mechanisms stimulate the angiogenesis process. The first is the over-
expression of pro-fibrogenic and pro-angiogenic cytokines, MMPs, and growth factors,
such as platelet-derived growth factor (PDGF), TGF-β1, fibroblast growth factor (FGF),
and vascular endothelial growth factor (VEGF). The second mechanism is the progressive
increase in tissue hypoxia due to a continuous capillarization of sinusoids and loss of
fenestrae. This mechanism stimulates subsequent upregulation of pro-angiogenic pathways
and then promotes angiogenesis and fibrogenesis. However, fibrosis and hypoxia aggravate
each other in the presence of persistent parenchymal injury [6]. As a result, cirrhosis is
histologically characterized by vascularized fibrotic septa that link portal tracts with each
other and with central veins, forming clusters of hepatocyte islands surrounded by fibrotic
septa [46]. Thus, the cirrhotic liver is characterized by diffuse fibrosis, regenerative nodules,
altered lobular architecture, and establishment of intrahepatic vascular shunts between
afferent (portal vein and hepatic artery) and efferent (hepatic vein) vessels of the liver [6,48].
The significant clinical consequences of all these distortions are loss of liver function, portal
hypertension (PHT), variceal bleeding, ascites, renal failure, hepatic encephalopathy, and
hepatocellular carcinoma [46].

The capillarization of the sinusoids contributes to dysfunction in LSECs. LSEC dys-
function is mainly characterized by the insufficient release of vasodilators (e.g., nitric oxide)
and concomitantly increased levels of vasoconstrictors (e.g., due to adrenergic stimulation
and thromboxane A2, activation of the renin-angiotensin system (RAS), antidiuretic hor-
mone, and endothelin) [49–51]. Vasoconstriction increases hepatic resistance to incoming
portal blood flow and contributes to portal hypertension and simultaneous hepatocellular
dysfunction [6,19].

Generally, the normal hepatic vein pressure gradient (HVPG) in a healthy liver is
equal to or less than 5 mmHg, whereas HVPG of more than 6 mm Hg is considered portal
hypertension. As cirrhosis is advanced and portal hypertension is clinically significant
(HVPG > 10 mmHg), the formation of portosystemic shunts and splanchnic vasodilatation
appeared as adaptive mechanisms to correct the portal inflow [49,50]. Unfortunately,
extensive portosystemic shunts lead to gastro-esophageal varices and variceal bleeding,
increasing the mortality rate in cirrhotic patients [48]. In addition, in advanced cirrhosis,
the portosystemic shunts bypass the blood into the systemic circulation without being
screened by the liver, allowing many harmful substances, such as toxins, bacteria, and
drugs, to escape into the systemic circulation [48,50,52].

Intense splanchnic vasodilatation associated with hyperdynamic circulation is the
second prominent complication seen in advanced cirrhosis and portal hypertension. This
complication is mainly characterized by increased production of vasodilators (e.g., NO
and vasodilatory prostacyclins) and resistance to vasoconstrictors. At the same time, the
formation of new splanchnic vessels contributes to the increased compensatory portal
venous inflow [48,53].

Splanchnic and systemic vasodilatation (due to increased production of vasodilators
and reduced response to vasoconstrictors), results in decreased effective blood volume
(effective hypovolemia) in the circulation despite the increased circulating blood volume.
Subsequently, to counteract the systemic hypotension caused by systemic vasodilatation,
sodium and water retention and cardiac output are increased [49]. Simultaneously, effective
hypovolemia leads to the development of hyperdynamic circulation.

Ascites is a common complication in cirrhotic patients due to elevated sinusoidal
hydrostatic pressure [54], splanchnic vasodilatation, and sodium and water retention [50].

Infections are another complication associated with cirrhosis, which increases the
mortality in patients. Among those, the most common infections are spontaneous bacterial
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peritonitis (SBP), which occurs due to the translocation of intestinal bacteria into mesenteric
lymph nodes [6], pneumonia, and urinary tract infections [52]. Cirrhotic cardiomyopathy
associated with increased cardiac output is another life-threatening condition in cirrhotic
patients. Sequestration of corpuscular elements in the blood resulting from splenomegaly
in portal hypertension causes thrombocytopenia, leucopenia, and anemia in those patients.
In addition, hepatocyte functional failure causes reduced thrombopoietin levels, which
exacerbate thrombocytopenia as another complication in advanced cirrhosis [50,52].

2. Treatment for Liver Fibrosis

Surprisingly, as the 13th leading cause of death worldwide, cirrhosis does not have a
cure except for managing the complications associated with the disease. The causal therapy,
which targets the cause of cirrhosis (e.g., hepatitis C or B, alcoholic, NASH, etc.) is the
first step in the cirrhosis treatment strategy. However, causal therapy itself cannot stop the
disease progression in a chronic condition as there are systemic complications that deterio-
rate the functions of the body. Therefore, those complications, such as portal hypertension,
excessive variceal bleeding, ascites, and infections, are addressed and clinically managed
simultaneously to rescue the patients’ lives [46,55].

2.1. Non-Selective Beta-Blockers (NSBB)

NSBBs (e.g., propranolol, and nadolol) reduce the portal pressure in two major path-
ways. The first is β1 adrenergic receptor blockade, which reduces the cardiac output. The
second pathway is β2 adrenergic receptor blockade that reduces portal blood inflow to the
liver through splanchnic vasoconstriction. However, the latter effect is the most important
in portal hypertension than its cardiac effect, and therefore, selective β1-blockers (e.g.,
atenolol, metoprolol) are considered less effective in cirrhosis. Another NSBB, carvedilol,
has intrinsic anti-alpha adrenergic vasodilatory effects and has a capacity to enhance ni-
tric oxide release [56]. Thereby, carvedilol reduces hepatic venous-portal gradient. Thus,
carvedilol is preferred over traditional NSBBs in compensated cirrhosis, due to its benefits
including preventing decompensation, better tolerance than traditional NSBBs and improve
survival [56–58].

There are both advantages and disadvantages associated with NSBBs. They can
prevent bleeding from the sources associated with pHs, such as esophageal varices, gastric
varices, and portal hypertension gastropathy. In addition, they can potentially reduce the
incidence of SBP in cirrhotic patients by increasing intestinal transit while decreasing the
rates of bacterial overgrowth and translocation [55,59].

On the contrary, NSBBs are associated with a high rate of side effects, such as brady-
cardia (<50 beats/min), fatigue, wheezing, and shortness of breath. Out of all the side
effects, the cardiac effects become more important as they might even lead to heart failure.
Notably, a sudden cessation of short-acting beta-blockers, such as propranolol, could result
in accelerated angina, myocardial infarction, and sudden death in cirrhotic patients, even
though they do not have a history of coronary artery disease [60,61]. Those severe side
effects are thought to be the rebound sympathetic activity that appears in a hyperadrenergic
state created with the non-selective beta-blockade. Additionally, there can be claudication,
cold extremities, absence of pulses, cyanosis, and impending gangrene in patients who
receive NSBBs due to the reduction in cardiac output and β-2-adrenergic skeletal muscle
vasodilation [61]. Additionally, the use of NSBBs, such as propranolol in cirrhotic pa-
tients with insulin-dependent diabetes mellitus, is not highly recommended as there could
be prolonged hypoglycemia in those patients as their glucose recovery is dependent on
epinephrine-mediated beta-adrenergic mechanisms [61,62]. Thus, NSBBs are not muchly
favorable due to their side effects and inefficacy in advanced cirrhosis.

2.2. Renin-Angiotensin System Inhibitors

The renin-angiotensin system (RAS) modulation during cirrhosis is another promising
therapeutic option, as this system is deliberately active during cirrhosis. Therefore, ACE
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inhibitors (ACEi), such as captopril and enalapril, and ARBs, such as losartan, irbesartan,
and candesartan, are already in clinical use as RAS inhibitors. ACEi blocks the angiotensin
I (Ang I) conversion into Ang II, the major effector peptide of the classical arm of the RAS,
which stimulates inflammation, proliferation, vasoconstriction, and fibrosis during a liver
injury. ARBs antagonize Ang II by binding to angiotensin II type 1 receptor (AT1-R) and
inhibiting the peptide’s effects, exerting similar effects to ACEi. Thus, both these treatment
options can reduce portal pressure and the progression of fibrosis. Additionally, these drugs
can be used as alternative drugs for patients who are either intolerant or non-responsive to
NSBBs [63,64], although they are less effective in hepatic fibrosis [43].

2.3. Statins

Statins are another group of drugs used in patients with cirrhosis to reduce portal
hypertension and fibrosis. Studies show that simvastatin improves sinusoidal endothelial
dysfunction in rats [65], increases hepatic nitric oxide production, and decreases hepatic
vascular resistance in cirrhotic patients [66,67]. In addition, a large population-based cohort
study has demonstrated that statin therapy with a higher dose and a longer duration of use
could be a potential therapy against the development of cirrhosis and its decompensation
in chronic hepatitis B infection [67,68]. At the same time, statins are profoundly used in
non-alcoholic fatty liver disease as a lipid-altering agent [69].

The other complications in cirrhosis, such as SBP, ascites and hepatic encephalopathy
are managed with antibiotics, diuretics, and lactulose, respectively [55].

However, no standard antifibrotic therapy has been discovered for hepatic fibrosis
until today. Although numerous therapeutic agents have been tested using animal models,
the efficacy of those drugs has not yet been proven in humans [19]. Among those successful
therapies in-vivo, anti-inflammatory therapy to prevent inflammation, antioxidants to
attenuate HSC activation, disruption of TGF-β1 synthesis or signaling pathways, and ad-
ministration of growth factors, such as hepatocyte growth factor are a few treatment options
documented to ameliorate liver fibrosis. Although those agents are beneficial in animal
models, they may not be the same in humans and may produce severe adverse events, such
as carcinoma development [19]. Therefore, they should be expected to undergo several
other screening experiments before use in translational studies and humans, suggesting
that implementing these therapeutic options for clinical use will likely take more time.

2.4. Antifibrotic Therapies

Antifibrotic therapies hold promise in treating liver fibrosis, irrespective of the cause
of the disease. These drugs can be used to prevent the formation of excessive ECM by
inhibiting the activation of the myofibroblastic cell population or stimulating ECM degra-
dation. Two antifibrotic agents are used in ongoing clinical trials by targeting fibrogenesis
during NAFLD progression.

One of those antifibrotic agents is simtuzumab. Simtuzumab (GS-6624) is being used
to target a key matrix enzyme, lysyl oxidase-like 2 (LOXL2), which is highly expressed in
the liver and involved in collagen formation. Current clinical trials aim to evaluate the
safety and efficacy of simtuzumab in adults with compensated cirrhosis due to NASH. The
other agent is a galectin-3 inhibitor, GR-MD-02, which can inhibit galectin-3, an essential
protein in fibrogenesis [69]. The objective of an ongoing clinical trial using this drug is to
characterize the safety, tolerability, and dose-limiting toxicities in biopsy-proven NASH
patients with advanced liver fibrosis. The efficacy of these antifibrotic drugs in treating
liver fibrosis is yet to be determined.

Interestingly, RAS is shown to be a potential target for developing antifibrotic therapies.
Previous studies using short-term and long-term mouse models of liver disease have
shown that manipulation of the alternate RAS is a successful antifibrotic therapeutic
approach [70,71].

Thus, the unavailability of an efficacious antifibrotic therapy with minimum or no
side effects is the main hurdle in the search for a treatment for liver fibrosis. As a result,
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liver transplantation has inevitably become the only option in patients with hepatic fibrosis.
At present, the increasing incidence of chronic liver disease, lack of donor organs, post-
transplantation complications, and the high cost of liver transplantation make the current
situation worse; therefore, there is a major need to discover and formulate specific, effective,
safe, and inexpensive novel therapy.

3. Hepatocellular Carcinoma (HCC)

There are two types of liver cancer: primary and secondary liver cancer. Primary
liver cancer arises in the liver, whereas secondary liver cancers are metastatic, form in
other parts of the body, and then spread to the liver. Primary liver cancer includes hep-
atocellular carcinoma (HCC), cholangiocarcinoma, and hepatoblastoma, one of the most
severe complications of hepatic fibrosis and cirrhosis, ranking as the seventh most common
cancer worldwide and the third leading cause of cancer-related deaths [72,73]. Thus, there
is an urgent need for research to improve our ability to diagnose, prevent, and treat this
disease. As known, most liver cancer cases occur in patients with long-term liver disease.
Approximately 80% to 90% of them have severe liver scarring, and most of the remainder
have moderate to advanced liver scarring.

Among the primary liver cancers, HCC is the fifth most common cancer and the
second leading cause of cancer-related mortalities in the world [74]. It is characterized by a
low detection rate for the curable stages, ineffective therapeutic options, and a high relapse
rate. Statistics indicate that the survival rate of patients after the removal of parts of the
liver with cancer growth is 30% to 40% at 5 years [75].

HCC is a heterogeneous disease in terms of cellular morphology and clinical outcome
and results in complex pathophysiology [76]. Several factors can contribute to developing
HCC in humans, including genetic predisposition, reciprocal interactions between viral
and non-viral risk factors, the cellular microenvironment and various immune cells, and
underlying chronic liver diseases [77]. Ultimately, HCC can develop into cirrhosis regard-
less of the initial cause [50]. Recent findings have shown that hepatitis C and B infections,
chronic alcohol consumption, and diabetes or fatty liver disease are the most common risk
factors that predispose HCC development [77]. However, occasionally, HCC may develop
in the normal liver after the transformation of the hepatocellular adenoma [72].

3.1. Liver Stem Cells and Mature Hepatocytes

Liver cancers are heterogeneous in morphology. Some HCCs have stem cell fea-
tures [78], whereas some have cells with a phenotype of hepatocytes (e.g., CK19-positive
cells, cytokeratin 19-, A6-, and α-fetoprotein-positive cells) [79].

Both liver stem cells and mature hepatocytes can give rise to HCC [80]. Several
experimental studies provide evidence that hepatic progenitor cells/stem cells originate
liver cancer [81,82]. On the contrary, many experimental studies have shown that mature
hepatocytes give rise to HCC [79,83]. However, regardless of their cell of origin, liver
cancers with stem cell features present with an aggressive clinical behavior and a worse
prognosis when compared to liver cancers with mature hepatocytes features [84,85].

3.2. Genetic Mutations and Oncogenic Genes

In HCC, cancer-driver gene alterations are one of the frequent findings [77]. The
most common alterations are telomerase activation via TERT promoter mutations, viral
insertions, chromosome translocation, or gene amplification, whereas activation of the Wnt–
β- catenin signaling pathway can be found in about 30–50% of the HCC cases [77,86,87].
In addition, other cancer-driver gene mutations have been identified in patients, which
involve altering cell cycle control. Those gene alterations are found in TP53, RB1, CCNA2,
CCNE1, PTEN, ARID1A, ARID2, RPS6KA3, or NFE2L2 s [77].

Viral infection-associated molecular alterations also contribute to patients’ genetic
mutations [77]. For example, Hepatitis B virus-mediated insertional mutagenesis is lo-
cated within the TERT promoter, which leads to an overexpression of telomerase [88]
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and activation of potent oncogenes, including CCNA2 or CCNE1, involved in cell cycle
control [89].

Oncogenic genes also play a crucial part in liver cancer development. YAP is a
gene known to be involved in the development and progression of multiple cancers as a
transcriptional regulator of the Hippo signaling pathway. YAP activation is an early event
in HCC development [90]. There are other signaling pathways involved in controlling
oncogenic YAP in liver cancer (e.g., Wnt and Notch signaling) [91]. The main mechanisms
of YAP activation are unchecked proliferation and deregulated cell cycle control, which
induces tumor development.

3.3. Immune Response

The liver consists of the most significant number of immune cells in the body and
has its unique immune state. Thus, the immune microenvironment, which includes the
changes in the extracellular matrix of the liver, signaling between parenchymal and non-
parenchymal cells, and immune dysfunction, can contribute to liver cancer progression
as well as limit liver cancer progression [80]. The experimental studies revealed that
the presence of immune infiltrates in HCC is associated with a better prognosis [92,93],
and certain immune signals, such as IL-6, lymphotoxin-α and TNF, can accelerate tumor
formation and affect tumor aggressiveness in mice with HCC [77,94]. In chronic liver
diseases, multiple cell types in the liver, including macrophages, stellate cells, endothelial
cells, and different lymphocyte subtypes interact with hepatocytes [95]. The animal studies
have shown that out of those different cell types, immune cell types have both pro-tumor
(e.g., NF-κB and JAK–STAT pathways) and anti-tumor (e.g., anti-tumor effector molecules
expressed by cytotoxic T (CD8+) cells) [96] roles.

3.4. Treatments for Liver Cancer

Liver cancer is one of the most challenging cancers to treat. The conventional treat-
ment options to treat liver cancer at early stages remain surgery, chemotherapy, and liver
transplantation [97,98]. However, at the advanced stage of hepatocellular carcinoma,
most patients are not eligible for curative treatments and even chemotherapy shows less
efficacy [99].

Over several decades, novel drugs have developed to regulate specific steps of the
mechanisms in hepatocarcinogenesis and its progression. Systemic therapeutic options that
have been developed for advanced hepatocellular carcinoma include molecular-targeted
agents (multi-tyrosine kinase inhibitor (TKI)), cytotoxic chemotherapy, immunotherapy,
and combination therapy [100].

3.4.1. Molecular Targeted Agents

Several molecular signaling pathways are involved in HCC development and progres-
sion. The most manipulated signaling pathway so far is tyrosine kinase–related signaling,
which is associated with cell survival, proliferation, differentiation, migration, and an-
giogenesis. It involves receptor functions, such as VEGF receptor (VEGFR), fibroblast
growth factor receptor (FGFR), platelet-derived growth factor receptor (PDGFR), epidermal
growth factor receptor, hepatocyte growth factor receptor (HGFR), and also the down-
stream signaling pathways, including Ras/Raf/MEK/ERK [101,102]. Sorafenib, an oral
tyrosine kinase inhibitor (TKi), is used as first-line therapy in HCC treatment consid-
ering its beneficial effects on anti-proliferative and anti-angiogenic effects by blocking
Raf/MEK/ERK and JAK/STAT and inhibiting tyrosine kinase receptors, such as VEGFRs,
PDGFR-β [103]. Lenvatinib is another first-line oral multi-TKi, which targets receptors, such
as VEGFR1-3 and FGFR1-4 [100]. In addition, cabozantinib [104] (an oral multi-TKI) and
ramucirumab (an intravenous recombinant monoclonal antibody against VEGFR-2) [105]
are other molecular targeted therapeutic options for HCC, which are in current use.

However, these drugs have major disadvantages, such as multiple adverse effects on
patients (rash, fatigue, proteinuria, anemia, dyspnoea, hypertension) and cost [106].
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3.4.2. Cytotoxic Chemotherapy

Cytotoxic chemotherapy agents are commonly used in HCC patients, especially in
developing countries, and clinical trials have shown their beneficial effects on HCC patients
with significant survival rates [107]. Doxorubicin alone or in combination therapy, such
as fluorouracil, leucovorin, and oxaliplatin (FOLFOX4 regimen), improve the survival of
patients with advanced HCC. However, systemic chemotherapy is not well tolerated by
patients with significant liver damage, and therefore, it is recommended to use cytotoxic
chemotherapy in patients with adequate hepatic function [97]. The major disadvantage of
cytotoxic chemotherapy is non-specificity, causing the destruction of normal cells [97,100].

3.4.3. Immune Therapy

Immune therapy is another treatment option for HCC, which aims to target tumor
cells selectively. This strategy targets to induce or boost the existing tumor-specific immune
response [108]. Immunotherapy is based on using immune checkpoint inhibitors (ICIs) to
block the cellular pathways that inhibit the activity of T lymphocytes. It has been shown
that cytokines, such as IL-1, IL-4, and IL-5 are upregulated in advanced stage of HCC,
leading to a higher ratio of CD4+ to CD8+ T cells and a lower expression of MHC-1 [109].
This prevents tumor-associated antigens from being recognized by cytotoxic T cells, which
facilitates the immune escape of tumor cells [100,110]. Nivolumab and pembrolizumab are
monoclonal antibodies used in second-line therapy to treat advanced HCC [100].

3.4.4. Nanomedical Approaches

Nanocarriers (NCs) are colloidal systems, which consist of structures below a par-
ticle/droplet size of 500 nm [111]. There are several types of drug delivery NCs with
different sizes, molecules, conformations, and surface physicochemical characteristics to
deliver drugs. Those NCs show high stability, biocompatibility, enhanced permeability,
reduced toxicity, and retention effect, which favors use in cancer-targeted therapies [112].

The different types of NCs include liposomes, micelles, dendrimers, metal oxide
nanoparticles, nanocrystals, carbon nanotubes, magnetic nanoparticles, and nanogels. Both
organic and inorganic NCs carry physical properties, including optical absorption, flu-
orescence, and magnetic moment [98]. A recent study by Zang et al. has shown that
multifunctional calcium phosphate nanoparticles with chemotherapeutic agent doxoru-
bicin and magnetic resonance imaging contrast agent diethylenetriaminepentaacetic acid
gadolinium as an effective treatment and real-time monitoring of hepatic cancer. The study
revealed that diethylenetriaminepentaacetic acid gadolinium had higher distribution and
longer retention time in tumor tissue, whereas antitumor efficacy was also significantly
improved along with lower toxicity [113].

Thus, it has been predicted that nano carrier-based drug delivery systems (DDS)
will be a leading method of DDS for liver diseases, such as hepatitis, liver fibrosis, and
hepatocellular carcinoma, due to a number of advantages, such as few side effects, low
drug distribution in normal cells, and high drug distribution in target tumor cells.

4. Conclusions

Cirrhosis is the end result of chronic liver diseases where the hepatic tissue is replaced
by fibrous tissue, altering the liver functions. The fibrosis or scarring of the liver is initiated
after an injury to the liver parenchyma as a part of the wound-healing response to encapsu-
late the injury. Once the injury is sustained, it leads to cirrhosis and results in more scar
formation, distortion of liver parenchyma by septae and nodular formation, alterations
in blood flow, and finally, ending up with liver failure (Friedman, 2008; Schuppan and
Afdhal, 2008). The ultimate therapy for cirrhosis is liver transplantation, which is not very
promising due to the lack of donor livers and also the post-transplantation complications
(Schuppan and Afdhal, 2008). Therefore, there is a significant necessity for antifibrotic
therapies to ameliorate or reverse the fibrogenic process in the liver. The primary approach
to managing liver fibrosis should be the removal of the causative agent while managing
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the complications during the disease process. The major complication of cirrhosis is portal
hypertension, which leads to variceal bleeding and ascites, usually managed using antihy-
pertensive drugs, such as β-adrenergic blockers [114]. The secondary approach should be
to address fibrogenesis. However, no successful antifibrotic or anticancer therapy has yet
been discovered for hepatic fibrosis or liver cancer. However, novel treatment options, such
as nanomedical approaches will be promising targets in future to aid precision therapy
with fewer side effects but more efficacy than the remedies available.
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