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Preface

Advances in Hepatology presents new achievements in the clinical management of
chronic liver disease patients, including effective treatments for chronic infection
mainly related to the hepatitis C virus (HCV). It examines the relationship between
obesity and liver diseases such as nonalcoholic fatty liver disease (NAFLD) and
nonalcoholic steatohepatitis (NASH). To prevent and treat deleterious liver

effects, bariatric surgery may be indicated in selected patients, which the book

also discusses.

The development of direct-acting antiviral (DAA) agents for the treatment of HCV
infection has completely transformed the management of this disease in the last
decade. The advantages of using DAA therapies include high efficacy (sustained
virological response (SVR) rate > 95%) with minimal side effects, good tolerability,
easy drug administration (once-daily oral dosing), and short duration of treatment
(8-12 weeks).

Hepatitis C is a high-prevalence disease, representing a global impact health
problem. Lately, many changes have been made in treatment guidelines because of
the commercialization of second-generation DAAs due to their high effectiveness,
few side effects, and pangenotypic action.

In one recently published study (Liver Int. 2021;41: 456-73) using a mathematical
program, the authors evaluated the possibilities of the complete elimination of HCV
from the world by the end of 2030, as defined by the World Health Organization
(WHO), considering that is attainable with the availability of highly efficacious
therapies. This study reports progress made in the timing of HCV elimination in
forty-five high-income countries between 2017 and 2019.

Disease progression models of HCV infection for each country were updated with
the latest data on chronic HCV prevalence and annual diagnosis and treatment
levels, assumed to remain constant in the future. Modeled outcomes were analyzed
to determine the year in which each country would meet the WHO 2030 elimination
targets.

Of the forty-five countries studied, eleven (Australia, Canada, France, Germany,
Iceland, Italy, Japan, Spain, Sweden, Switzerland, and United Kingdom) are on
track to meet the WHO’s elimination targets by 2030; five countries (Austria, Malta,
Netherlands, New Zealand, and South Korea) by 2040; and two (Saudi Arabia

and Taiwan) by 2050. The remaining twenty-seven countries are not expected to
achieve this elimination before 2050. Compared to progress in 2017, South Korea is
no longer on track to eliminate HCV by 2030, three countries (Canada, Germany,
and Sweden) are now on track, and most countries (thirty in total) saw no change.

The authors conclude that assuming high-income countries will maintain current
levels of diagnosis and treatment, only 24% are on track to eliminate HCV by
2030, and 60% are off track by at least twenty years. If current levels of diagnosis



and treatment continue falling, achieving the WHO’s 2030 targets will be more
challenging. With less than ten years remaining, screening and treatment expansion
is crucial.

In relation to benefits obtained in the treatment of hepatocellular carcinoma (HCC)
patients with DAA agents, the current opinion is that the risk may persist up to ten
years after obtaining an effective sustained viral response (SVR) with complete
disappearance of this virus from the human body because HCV infection appears to
leave behind an epigenetic scar, inducing carcinogenesis.

The discrepancy between the number of potentially available kidneys and the
number of patients listed for kidney transplant continues to widen all over the world.
Transplantation of kidneys from HCV-infected donors into HCV-naive recipients
has increased recently because of persistent kidney shortage and the availability of
DAA agents. This strategy has the potential to reduce waiting times for transplants
as well as the risk of mortality in dialysis.

The many possibilities of eliminating HCV infection with different types of treat-
ment and the expectation of new vaccines in the near future have the potential

to cure this chronic viral infection in different settings and circumstances with
possible eradication in the future.

Luis Rodrigo MD
Professor,

School of Medicine,
University of Oviedo,
Oviedo, Asturias, Spain

Ian Martins
Independent Scientist,
Australia

Xiaozhong Guo and Xingshun Qi

General Hospital of Northern Theater Command,
China

XIvV
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Chapter1

Discovery of Hepatitis C Virus:
Nobel Prize in Physiology and
Medicine 2020

Talari Praveen

Abstract

Scientists were successful in discovering Hepatitis A and B, but there is another
virus which has a long incubation period, many people are asymptomatic and cause
adverse effects. Three scientists Harvey J Alter, Michael Houghton and Charles M
Rice who have contributed their work in discovering a non-A, non-B hepatitis virus
called Hepatitis C. Hepatitis is a disorder associated with the functioning hepatic
cells in the liver. The person infected with Hepatitis C will have poor functioning of
liver, vomiting, fatigue, jaundice and appetite. In this paper, I am going to explain
about the Hepatitis C virus, and the work was done by three scientists and various
research around it.

Keywords: Hepatitis C, Post-transfusion, non-A non-B hepatitis, Gene expression,
Antigen antibody reaction

1. Introduction

Hepatitis C virus is a blood-borne pathogen. The person infected with this virus
has defects in the functioning of the liver and blood. The progress of the virus in the
human body is slow acting. The incubation period varies from person to person, it is
about 2-3 months [1]. Hepatitis C is associated with chronic hepatitis which means
inflammation of the liver and may also lead to liver failure sometimes cancer called
Hepatocellular carcinoma [2]. According to the World Health Organization, it was
estimated that there are about 70 million of the total world population infected with
the Hepatitis C virus [3, 4]. If the treatment is delayed, the disease will progress and
cause liver cirrhosis and hepatocellular carcinoma [5]. Hepatitis C is causing 400
000 deaths annually [4].

2. Discovery of hepatitis A and B

In 400 B.C., Hippocrates called hepatitis infection as ‘Epidemic Jaundice’ and
told that “The bile contained in the liver is full of phlegm and blood, and erupts..
Such an eruption, the patient soon raves, becomes angry, talks nonsense and barks
like a dog” [6]. During the second world war, the infection to the liver was thought
of infection by several viruses and called it ‘Viral Hepatitis’ After that, in 1947,

3 IntechOpen
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British hepatologist F.O. MacCallum has classified viral hepatitis into Hepatitis A
which is Epidemic hepatitis and Hepatitis B which is serum hepatitis [7].

Baruch Blumberg (1925-2011) was a geneticist at National Institute of Health
in Bethesda who is working on human disease susceptibility. He collected blood
samples of people from many places in the world to study inherited diseases and
susceptibility [7]. He found an unfamiliar reaction taking place in the serum of a
hemophilic patient who needs blood and an Australian aborigine who is a donor.
He initially thought that he discovered a new lipoprotein. After that, in the serum
of a hemophilic patient, he could find detection of a new antigen, he called that
as ‘Australian-antigen’ [7, 8]. In 1967, Blumberg linked the Australian-antigen
with viral hepatitis, and in 1968, Alfred Price used Immuno-electrophoretic
technique to explain that serum antigen that Blumberg discovered was related
to hepatitis and called it as Serum hepatitis antigen. Later, both Australian-
antigen and Serum hepatitis antigen were confirmed that these are viral particles.
Blumberg performed several serological tests using chimpanzees to confirm the
antigens are of Hepatitis B virus. In 1976, Blumberg got Nobel Prize Physiology
and Medicine [9]. At that time, it was impossible to identify who are carriers of
diseases and who are healthy donors, the effect of disease on a person is silent and
progressive [4].

3. Discovery of hepatitis C
3.1Harvey] Alter

Along with Blumberg, there is another person who also contributed his work
in discovering Hepatitis B is Harvey J Alter. Alter also worked at National Institute
of Health in Bethesda [10]. In the 1970s, people started studying the relationship
between blood donors infected with Hepatitis B and post-transfusion hepatitis [8].
While they were studying about this, Alter found out that, though Hepatitis B posi-
tive donors prevented from donating blood, he found that blood transfused people
were still infected with other ‘Hepatitis related infections’ [11]. Alter came across
a patient who had a mild form of the disease and later that patient had Hepatitis
associated diseases after a long incubation period. Based on this, he proposed that
there may be two different viruses causing ‘post-transfusion hepatitis’ [11]. In 1975,
Feinstone, Purcell and other scientists tested patients who are non-B hepatitis and
found that Hepatitis A is not causing the disorders [12, 13].

The blood transfusion of non-B hepatitis was spreading to more numbers of
people. They were sure the infection was not because of Hepatitis A or B, then
came up with a term called ‘non-A, non-B hepatitis’ (NANBH) [12, 13]. Alter
and his colleagues were clear that NANBH is responsible for post-transfusion
hepatitis, but they were unable to show what NANBH is? Since there is no tool
to diagnose NANBH, many people got affected by blood transfusion. The only
animal model which is susceptible to NANBH is chimpanzees, Tabor et al. [14]
have infected chimpanzees to study the hepatocyte infection and agents causing
the disease. They have taken plasma from NANBH people and infected chimpan-
zees, and they found cirrhosis and hepatocellular carcinoma disorders in animal
[4]. After several experiments, Alter and his colleagues found that NANBH has
essential lipids which are enveloped around the virus which are different from
Hepatitis B [15, 16]. Alter did not give conclusive results to state the causative
agent is causing post-transfusion hepatitis.
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3.2 Michael Houghton

In 1982, Houghton worked at Chiron Corporation and came up with molecular
methods called cDNA library. Houghton and his colleagues infected chimpanzees with
NANDH virus and have taken plasma from them, that plasma they have centrifuged to
get a pellet of virus and they have extracted the nucleic acid from it. They have dena-
tured the nucleic acid because they do not know whether it is DNA or RNA. After
denature, they synthesized the cDNA [17]. They transduced the cDNA to a bacterial
vector using a bacteriophage A gt11 strain, the method is called transduction [18]. The
bacterial vector undergoes translation to display cDNA-encoded polypeptides. They
also looked for whether similar antigen that is expressed in the serum of NANBH
patients by using screening techniques. If an antigen is found in the body, the immune
system will generate antibodies against it. They have considered those patients as
sources of viral antibodies, they have taken plasma by centrifuging blood of NANBH
patients [18]. The bacterial vector has expressed the cDNA proteins, and by introduc-
ing plasma of the patient to the bacterial colony, the antibodies in the plasma will bind
to polypeptides of bacteria [4]. Based on this idea of Molecular Biology and
Immunology, they performed several screenings of the above experiment about 10°
and found there is one colony that did not match human or chimpanzee DNA
sequence, it matched with the sequence of a virus family called Flaviviridae [4]. They
named it as cDNA clone 5-1-1 and named it as Hepatitis C virus (Figure 1) [17-20].

Houghton and his colleagues have immediately taken this knowledge further.
They have collected suspected blood samples from Alter and performed the above
experiment on those samples. They found all the blood samples they have tested
are positive Hepatitis C. Using this diagnostic technique, donors were tested blood
samples before transfusion which decreased the number of hepatitis cases [4]. But,
Houghton has not evidently proved that Hepatitis C is only the causative agent or a
mix of viruses causing disorder?

3.3 Charles M Rice

To find out what is actually causing chronic liver cirrhosis, two scientists
Kunitada Shimontohno and Charles Rice came up with a new experiment. Blight
and Rice [21], they have sequenced the viral genome and found that it is positive
RNA strand about 96000 nucleotides, the RNA undergoes direct translation to form
proteins, the primary transcription process is eliminated. The viral genome is a long

[——Chimpanzee plasma
having NANBH

MNANBH Patient serum
7/ antibodies

Cloning

HCV Identifi

Figure 1.
Summary of Houghton work.
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open reading frame (ORF), different types of proteins are translated from one ORF
which has several translation initiation and termination codons [21].

They have found that there is a non-coding region at the 3and 5’ ends of the viral
RNA genome which is responsible for replication of the virus [21, 22]. Kolykhalov et
al. [23] have constructed a viral genome which has conserved 3' region at 5’ nontrans-
lated region (5 NTR) and rest in long ORF (Figure 2). That genome gene they have
injected to the chimpanzee liver to check the viral replication, but unfortunately the
experiment failed, they did not find new viruses in the blood. While finding reasons
for failure of experiment, they came across that during replication, mutations are
common in the viral genome. To eliminate the mutations, they have engineered a
few new sequences with silent markers. With all new sequences, they have created
anew repaired conserved 3’ region (Figure 3) [4, 23, 24]. They repeated the above
experiment with a newly engineered genome and the experiment worked resulting in
chimpanzees having liver cirrhosis and hepatocellular carcinoma. Based on this, Rice
gave the conclusion that only Hepatitis C virus alone causes hepatitis, there no other
causative agent involved.

IRES

‘5' NTR ‘ ‘ ORF Is NTR‘

Figure 2.
Viral genome with conserved 3’ region.

£ 0 b 75 U/UC
g2l 0 b 75 UIUC
57 0 ’ 75 U/UC
GU—2 0 X 75 U/UC
Gt 0 L 75 UIUC

< 0 133 U/UC
G 0 133 U/UC
27, e 0 133 UUC
34 /
GU_v” 0 133 U/UC
GOt 0 133 U/UC

Figure 3.
Repaired conserved 3’ region Genomes [23].

4, Mode of infection and diseases

Virus Type Family Genetic Disorders Disorders
material
Hepatitis A Picornaviridae RNA Contaminated food Abdominal pain, nausea,
and water fatigue
Hepatitis B Hepadna DNA Blood transfusion Liver failure, jaundice
Hepatitis C Flaviviridae RNA Blood transfusion Inflammation of liver and

hepatocellular carcinoma
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5. Molecular mechanisms of replication

Structure of Virus: Hepatitis C is a single-stranded RNA virus belonging to
the family of Flaviviridae and there are seven genotypes (gt 1-7) and 67 subtypes
which states genetic diversity is high [5]. The size of the virus is about 56-65 nm in
diameter and the viral core about 45 nm. In the viral envelope, there are viral spikes
which are formed by E1 and E2 glycoprotein heterodimers. Viral membranes consist
of several lipoproteins those are low-density lipoprotein (LDL), very-low-density
lipoprotein (VLDL) and apolipoproteins (Apo) which are Al, B, C (Figure 4) [5].

Viral Genome: As described above, viral genomes contain 96000 nucleotides
and one ORF with the coding region of 3010 to 3033 nucleotides and 5’ and 3’ ends
have non-translational (NTR) regions. The translation of viral RNA takes place in
the endoplasmic reticulum of hepatic cells in the liver which is initiated by the IRES
region which is adjacent to 5’NTR (Figure 3). The translation results in the forma-
tion of three structural proteins which are core, E1 and E2 and seven non-structural
proteins which are p7, NS2, NS3, NS4A, NS4B, NS5A, NS5B. The structural proteins
form viral components and non-structural proteins regulate viral growth and
replication (Figure5) [5].

Viral Cycle: When a person has blood transfusion from the Hepatitis C
infected person, the virus reaches to the liver cell and binds to the lipoviral receptor
proteins and the whole virus is engulfed into the cell by a process called clathrin-
mediated endocytosis. The virus reaches the endoplasmic reticulum and releases its
RNA. The ORF of RNA is translated to form structural and non-structural proteins.

Glycoproteins (E1, E2)

Viral envelope

Core protein

ssRMA

Figure 4.
Structure of hepatitis C .

IRES
‘5' NTR ‘ ‘ ORF }3 NTR‘
@ 0 O e ® o0 ®» O
C{pZZ] E1&E2 N51, M52, N53 NG44 S4B M55A M358

Figure 5.
Viral genome expression [5].
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As I mentioned, the structural proteins form viral components and non-structural
proteins regulate viral growth and replication using cellular components. The viral
components and replicated RNA fragments reach the Golgi apparatus and unite to
form mature viruses. The formed viruses enter the blood by bursting the liver cell.
One single entry produces millions of viruses that cause liver dysfunction by bursting
hepatic cells [5].

6. Research: a way to discovery of vaccine

Phosphatidylinositol 4-kinase Il & (PI4KA) is a hepatic cellular protein which

converts phosphatidylinositol to phosphatidylinositol 4-phosphate (PI4P) [25]. This
protein has several roles in the viral replication and growth in an infected cell.
PI4KA interacts with structural proteins in shaping the virus and also interaction
with the non-structural protein of NS5B will accumulate the essential cellular
material for viral growth [26]. When the Phosphatidylinositol 4-kinase III?? is
knocked down, the replication and production of viral components are affected.
Harak et al. [26] have done an in-vitro gene knockdown method to inhibit viral
growth. Sarhan et al. [27] have also done similar experiments. They found other
proteins called GSK3 ¢ and f interacting with viral NS5A. The GSK3 ¢ and S
phosphorylates the NS5A. The phosphorylation of NS5A results in multiple func-
tions such as viral maturation and release. If the GSK3« and /S genes are knocked
down, the viral maturation and release is inhibited [27].

When any foreign particles enter the body, our immune system will identify
that antigen. The human immune system has B cells, T cells and Natural killer
cells play essential roles in detecting antigens. Hepatitis C virus has E2 glycopro-
tein in the core. CD81 markers which are present on B-cells will interact with E2
glycoprotein [28]. The binding of E2 and CD81, B-cells release serum antibodies to
neutralize the viral activity. Research around Molecular Biology and Immunology
will increase the chances of discovering the vaccine. Research is the stepping stone
to discovering new things in science.

7. Diagnosis and treatment

When Hepatitis C is infected, the majority of the people are asymptomatic. The
incubation period varies from person to person. In order to detect the virus, there
are diagnostic tests to be performed. There are two ways to direct the virus, one is
an indirect method based on antibodies production and direct method based on
viral detection. In the indirect method, a person’s blood sample will be taken which
consist of serum, blood and plasma. To that blood, recombinant viral proteins
core, NS3 and NS4 antigen are added. Along with recombinant proteins, colloidal
gold labeled protein A is added. If the antibodies bind to antigens, the recombinant
protein generates reddish-purple lines. This screening test will reveal that antibod-
ies are present. To confirm the person infected with Hepatitis C, Recombinant
Immunoblot Assay (RIBA) is antibody specific test which will direct anti-hepatitis
C antibodies [29]. In the direct method diagnosis, Reverse-transcriptase polymerase
chain reaction (RT-PCR) is performed which directly gives confirmatory results
whether the virus is present or not [29].

The current work going on Hepatitis C is discovering a vaccine. To cure Hepatitis
C, there is no vaccine. If the disorder is in advanced stages, the person needs liver
transplantation. If Hepatitis C is directed at early stages like at chronic hepatitis
stage, there are antiviral drug treatments which cure disorder to some extent. These
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antiviral drugs interfere with viral replication and maturation [3]. There are several
classes of drugs which interfere with viral growth. The nonstructural 3/4A inhibi-
tor drugs Boceprevir and telaprevir interfere with NS3/4 A proteins to inhibit the
viral protein formation. Nonstructural 5A inhibitors like Ledipasvir, ombitasvir,
daclatasvir etc., will interfere with NS5A protein which plays an important role in
viral replication and assembly of viral particles. Nonstructural 5B inhibitors like
sofosbuvir interfere with NS5B which synthesizes viral RNA [3]. Treating patients
with antiviral drugs will inhibit viral progress in the body. These drug targets cure
the disease if the disease is at an early stage.

8. Conclusion

Alter, Houghton, Rice and their colleagues have contributed their work to the
world of science. They have come up with new molecular and immunological
techniques to detect the presence of viruses. Alter and his colleagues discovered
an Australian antigen and it was non-A, non-B hepatitis (NANBH). He introduced
a model organism chimpanzees to study the disease post-transfusion hepatitis.
Houghton and his colleagues have brought Molecular Biology and Immunology
together and diagnosed NANBH and named it as Hepatitis C virus. Rice and his
colleagues sequenced the viral genome and explained its properties of replication
and gene expression. He discovered that alone Hepatitis C is causing Liver cirrhosis
and Hepatocellular carcinoma.
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Abstract

Hepatitis C virus (HCV) has infected approximatelly 130-170 milion individuals
in the form of chronic liver infection and hepatocellular carcinoma. In the majority
of patients with the increased risk for hepatocellular carcinoma the initial rear-
rangement is fibrosis. HCV is a bloodborne virus. The most common route of the
infection are drug use, injections, unsafe health care performance, transfusion
and sexual transmission. The incubation period ranges from 2 to 6 weeks in case of
HCV. HCV infection is diagnosed in the process of detecting of anti-HCV antibod-
ies and if positive, a nucleic acid test for HCV ribonucleic acid (RNA) is done.
Currently, the most promising treatment agents are direct-acting antivirals (DAAs).
They have shown limited viral resistance, long treatment duration and higher cost
with no proven benefits in the prevention of graft reinfections in HCV individuals.
In the light of the aforementioned, there is a need to a more dubious research in the
quest for the effective therapeutic modalities.

Keywords: HCV, diagnosis, management, vaccine

1. Introduction

The word “hepatitis” is defined as the liver inflammation. In the majority of
individuals it is due to genetic diseases, iatrogenic effect (certain medications),
sexual intercourse, being born to a mother who has hepatitis C, transfusion, tattoo-
ing, illegal drug use or high alcohol intake. Prior to 1992, while the screening of the
blood supplies started in the US, hepatitis C was most commonly spread through
blood transfusions, organ transplants and haemodialysis treatment. Hepatitis C
virus (HCV) has infected approximately 130-170 million individuals in the form of
chronic liver infection and hepatocellular carcinoma [1].

In the majority of patients with an increased risk for hepatocellular carcinoma,
the initial rearrangement is fibrosis. HCV is a bloodborne virus (Figure 1) [2].

Chronic hepatitis C (CHC) patients are at high risk to develop life-threatening
complications, including cirrhosis in 20% of cases and hepatocellular carcinoma
(HCC) at an incidence of 4-5% per year in cirrhotic patients [3].

Recommended HCV routine testing is based on the high-risk individuals such
as risk the use of illegal drugs, clotting factors prior 1987, received blood/organs
before 1992, chronic haemodialysis, liver disease, healthcare, emergency, healthcare
workers after needlestick injuries in case of to HCV-positive blood, children born to
HCV-positive women [4].

The routine HCV testing is not recommended in the healthcare setting, espe-
cially in the emergency and public safety professionals, pregnant individuals,
in-home contacts of HCV-positive individuals etc.
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2. Epidemiology of hepatitis C virus

Hepatitis C is a disease with a worldwide burden, with the variable prevalence
among major geographic areas. WHO estimates that about 170 million people or 3%
of the world’s population are infected with HCV [5].

The regions with high incidence are Eastern Mediterranean and European, with
a prevalence of 2.3% and 1.5% respectively (Figure 2).

The estimated global prevalence of HCV infection is 3% which translates to over
180 million people worldwide [6].

High seroprevalence is noted in Asian and African countries. Egypt reported a
seroprevalence of about 22% [7] and is highest in the world. A substantial regional
difference exists in the distribution of HCV genotypes in the world. In Mexico, the
estimated prevalence of HCV (2001-2002) was 1.2%. In the UK region, it has been
estimated that nearly 200,000 adult individuals are HCV carriers. In Australia, the
prevalence is estimated to be 2.3%. In Pakistan, HCV prevalence studies detected

WHO Region Total Hepatitis C Infected Number-of countries by WHO Region
Population prevalence Rate Population where data are not available
(Millions) o {Millions)
12

Africa 502 5.3 31.9
Americas /85 1./ 15.1 /
Eastern 466 4.6 213 7
Meditarranean
Europe 858 1.03 8.9 19
South-Cast 1 500 2.15 323 3
Asia
Waslarn 1600 3.9 622 11
Pacific
Total 5811 3.1 169.7 57
Figure 2.
HCV prevalence.
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that 751 out of 16,400 (4.57%) patients are + HCV Ab, while the rated are lower in
Saudi Arabia and Yemen.

In Asia, the HCV prevalence among blood donors has been estimated lower than
0.49% (1995-2000.), with higher rates in Thailand (3.2-5.6%).

3. HCV characteristics
3.1HCV genotype

Hepatitis C virus is an RNA viral microorganism. This virus belongs to the
Flaviviridae family, genus Hepacivirus. It has one serotype, but minimum 6 major
genotypes and over 80 subtypes [8].

The HCV virion is 55-65 nm in diameter. It consists of a 9.6 kbp positive-sense
single-stranded RNA genome composed of a long open reading frame (ORF)
flanked by untranslated regions (UTR’s) at both the ends (Figure 3).

The genome of HCV is thought to encode at least 10 proteins, of which 3 are
structural (core, envelope glycoproteins E1, E2) and 6 nonstructural proteins (NS2,
NS3, NS4A, NS4B, NS5A, NS5B).

HCV also expresses p7, a membrane-associated ion channel that may function
during assembly or infection (Figure 4).

Two viral proteases are involved in the processing of HCV nonstructural
proteins: NS2, a zinc-dependent metalloproteinase that cleaves between proteins
NS2 and NS3, and NS3/4A, a serine protease that cleaves between the NS3-NS4A,
NS4A-NS4B, NS4B-NS4B, NS4B-NS5A and NS5A-NS5B junctions [9].

3.2 Genetic variations of HCV

The HCV RNA sequences are highly heterogeneous. HCV is classified into 11
genotypes [1-11]. The several genotypes form further subtypes such as a, b, c etc.

Envelope Envelope
glycoproteinl lipid
(ET)

SS-RNA
genome
(~9.6 Kb)

Envelope ) )
glycoprotein 2 Capsid proteins
(E2) (Core)

Figure 3.
Hepatitis C virus- an overview. 2018. Sagar Aryal
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The classification is made according to the nucleotide sequence, variable infectivity
and pathogenicity determining the progression rate of cirrhosis and hepatocellular
carcinoma [11].

At this point, genotype 1 is the most prevalent (46%), then genotype 3,2 and 4 [12].

Core, a 191-amino acid polypeptide, may be involved in hepatocarcinogenesis
and steatosis [13].

The importance of HCV genotype is highlighted in the case of the treatment
response and the therapy duration.

The HCV genotype is characterised by the detection of antibodies against HCV
genotype-specific epitopes with the application of competitive EIA.

HCV subtyping is of paramount importance in case of epidemics/pandemics,
especially in case of epidemiological studies.

4. Pathogenesis of hepatitis C virus

The most common route of the infection is drug abuse, injections, unsafe health
care performance, transfusion and sexual transmission.

The incubation period ranges from 2 to 6 weeks in case of HCV. HCV infection is
diagnosed in the process of detecting anti-HCV antibodies and if possible, a nucleic
acid test for HCV ribonucleic acid (RNA) is done [14].

The pathogenesis is characterised by HCV infected hepatocytes that may be
destructed by HCV-specific CTL clones. The apoptotic mechanism is Fas ligand,
TNF-a or perforin-based mechanism [15].

In the majority of cases, there is a slowly progressive asymptomatic hepatitis,
with persistent viremia. The chronic form of the disease has a higher rate of pro-
gression to cirrhosis over a period of 20 years.

The exacerbation of the disease is characterised by elevated alanine aminotrans-
ferase activity. HCV —specific antibodies are detectable 7 to 31 weeks after the initial
infection. Thus, the humoral immunity is highly variable and aimed towards the
HCV core, envelope, NS3 and NS4 proteins [16].

The characteristic parenchyma impairments are the triad of steatosis, bile duct
damage and the portal tracts [17].
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Hepatic steatosis presents with large droplets of fat vacuoles in the cytoplasm
of hepatocytes. In 20% of chronic hepatitis C cases, there is an eosinophilic
deposit in the cytoplasm of periportal hepatocytes. Furthermore, the level
of necroinflammation, fibrosis and cirrhosis depends on the serum alanine
aminotransferase activity.

Predisposing factors such as viral co-infection (HBV etc.) and high alcohol
consumption increase the risk of hepatic disease progression.

Chronic active hepatitis frequently leads to the onset of hepatocellular carci-
noma (HCC) [18].

It has been postulated that in the case of HCV infection, the HCV-immune
specific reaction is not adequate to control the viral replication due to high level of
T-cell response.

The variety of polymorphism is associated with HCV prognostic diversity. The
major cytokine involved in the molecular HCV infection pathway is the interleukin
28B [19].

5. Clinical manifestations of hepatitis C virus
5.1 Acute hepatitis

The incubation period for HCV is 7 weeks (2-26 weeks) after the initial expo-
sure. The acute HCV infection presents with fever, fatigue, decreased appetite,
nausea, vomiting, abdominal cramps, dark coloured faeces, grey facial skin, joint
pain and jaundice [20].

5.2 Chronic hepatitis

In the patient with chronic hepatitis, the hepatic function is impaired. Additional
symptoms are anorexia, nausea, right upper quadrant pain, dark coloured urine and
pruritus. The serum level of ALT is either normal or elevated [21].

5.3 Hepatocellular carcinoma

The oncogenesis in the patients with chronic virus inflammation leads to the
onset of necrosis, regeneration and cirrhosis [22].

6. Diagnostic assessment

In the majority of individuals, HCV viremia may be present in spite of normal
serum ALT levels. Thus, the virological confirmation of HCV infection is more
significant [23].

There is an HCV testing protocol such as to test the asymptomatic individuals:
EIA for anti-HCV if negative (non-reactive) test no further if positive repeat testing
or RIBA for anti-HCV. Recombinant immunoblot assays (RIBA) can be used to
confirm the presence of anti-HCV antibodies.

The other possible testing pathway is to perform RT-PCR for HCV RNA if nega-
tive or if the positive result, proceed with medical evaluation [24].

In case RIBA test for anti-HCV is negative, [25] do not perform the further
evaluation. In case the test is indeterminate (PCR negative, ALT normal or positive
PCR, abnormal ALP continue with medial evaluation. In case both tests are posi-
tive, continue with the medical evaluation.
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A serologic screening test is recommended to perform on individuals in the
high-risk groups and nucleic acid tests are recommended to confirm the active HCV
infections.

6.1 Laboratory diagnosis of HCV

Nowadays, HCV infection is detected by the use of serologic tests to detect HCV
antibodies. Enzyme immunoassay (EIA) shows false negative in patients on haemo-
dialysis. Inmunodeficiency, and false-positive in an autoimmune disorder.

Recombinant immunoblot assay (RIBA) is a molecular assay that targets the
amplification technique to detect HCV RNA.

A positive polymerase chain reaction (PCR) confirms HCV infection.

At present, the second-generation enzyme immunoassay (EIA-2) for antibod-
ies to HCV (anti-HCV) is the most recommended diagnostic modality. If positive,
the diagnosis may be confirmed by RIBA to detect antibodies to individual HCV
antigens.

Anti-HCV is detected by the enzyme-linked immunosorbent assay (ELISA).

In EIA, conserved antigens from the HCV core, NS3,NS4 and NS5 are used in the
diagnostic laboratory.

EIAs to detect anti-HCV antibody are recommended for screening the HCV
infections. It is not recommended in infants younger than 18 months due to the
possible reactivity with the maternal antibody [26].

The serological window period is 40 days.

A screening test is the rapid, point-of-care test (POCTs) developed to detect
anti-HCV antibodies with high sensitivity and specificity (OraQuick, OraSure
Technologies). This test detects anti-HCV antibodies in different specimens (fin-
gerstick, venipuncture whole blood, serum, plasma, oral fluid [27].

Confirmatory test such as recombinant immunoblot assay (RIBA) is used to con-
firm the presence of antibodies against each of the several HCV proteins is assessed
as individual bands on a membrane strip [28].

HCV RNA level in the serum is probably the first detectable marker of acute
HCV infection — a few weeks prior to the appearance of anti-HCV antibody by
several weeks [29].

In the period prior and after the treatment, detection of HCV RNA is used to
monitor the disease status. The level of HCV RNA is not in correlation with the
hepatic disease stadium.

6.2 Molecular diagnosis of HCV

Qualitative reverse transcription-polymerase chain reaction (RT-PCR) assays for
HCV RNA are simpler than quantitative tests and adequate for confirmation of the
diagnosis of HCV [30].

Serum alanine aminotransferase level (ALT) is inexpensive, routine and nonin-
vasive. It is great value for monitoring the disease activity.

6.3 Detection of viral RNA

Detection of HCV RNA by PCR and nucleic acid amplification tests (NAT) is
performed, such as Transcript-Mediated Amplification (TMA).

Qualitative HCV RNA detection is defined as the use of conventional RT-PCR or
transcription-mediated amplification (TMA) [31].

Quantitative NAT test is available in the form of quantitative RT-PCR (qRT-PCR)
and branched deoxyribonucleic acid (bDNA) technology.
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The indirect tests detect antibody induced by virus replication, IgM for recent
infection, IgG for recent or past infection. The direct tests are virus isolation, detec-
tion of viral antigens and viral nucleic acids.

6.4 Detection of HCV core antigen

NAT: test has higher specificity and sensitivity, but it is more time-consuming
and in need of more sophisticated techniques. Currently, there are several genera-
tions of ELISA developed such as the one that uses the recombinant c100-3 epitope
from the NS4 region, c22-3 and c33c from the HCV core and NS3 regions. The 4th
generation of the anti-HCV assay is designed from the core, NS3, NS4A, NS4B and
NS5A region.

6.5 Liver biopsy

The liver biopsy provides use of full information about the degree of fibrosis in
HCV infected individuals [32].

The main benefit is to further manage the treatment protocol. The liver biopsy
can assess the degree of inflammation, fibrosis, co-morbidities and therapeutic
modalities [33].

Activity (necro-inflammation) severity and progress. May fluctuate with disease
activity or therapeutic intervention [34].

Fibrosis implies possible progression to cirrhosis or in advanced disease defined
as ‘bridging fibrosis.. To assess the degree of fibrosis, non-invasive tests (APRI or
FIB4) are recommended.

7. Treatment

The initial HCV treatment was based on the application of interferon alfa,
peginterferon and ribavirin [35].

The antiviral activity of interferon and peginterferon is based upon their ability
to stimulate interferon-stimulated genes (ISGs) that have endogenous antiviral
activities. Ribavirin is a nucleoside analogue that potentiates the effects of inter-
feron against hepatitis by as yet undefined mechanisms [36].

Until 2020, the standard chronic HCV therapy was the combination of pegin-
terferon and ribavirin given for 24 or 48 weeks. This combination led to sustained
clearance of HCV and remission disease in 40-50% of patients. The response rate is
higher in genotypes 2 and 3 [37].

In 2010, several HCV-specific protease inhibitors were approved for use:
boceprevir, telaprevir and simeprevir specific to genotype 1 HCV. In 2013, sofos-
buvir (HCV specific RNA polymerase inhibitor) was approved for the clinical
treatment [38].

Other oral regimens become available in 2015, 2016 and 2017. They represented
a combination of several HCV RNA polymerase regimens — nucleoside and non-
nucleoside, HCV NS5A antagonists and the HCV protease inhibitors.

In individuals with cirrhosis, there is a higher risk of developing HCC and end-
stage liver disease [39].

The combination of pegylated interferon plus ribavirin (PR) was the gold treat-
ment standard (2000.). anti-HCV therapy requires weekly injections and is associ-
ated with numerous systemic side effects (flu-like symptoms, fatigue, etc.) [40].

The first approved in the USA according to FDA — boceprevir (Victrelis) and
telaprevir (Incivek) for the treatment of chronic HCV genotype I infection [41].
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Both drugs are classified as NS3/4A protease inhibitors, 24-28wk duration
therapy, administered in combination with PR. FDA approved the different NS3/4A
protease inhibitor named simeprevir (2013).

The HCV NS5B protein is an essential enzyme (RNA-dependant RNA poly-
merase) in HCV viral replication and has been a prime target in the search for
antiviral therapies [42].

Adverse effects with interferon treatment: anaemia, neutropenia, rash, skin
reactions, anorectal signs, elevated uric acid, bilirubin levels etc [43].

In the early 2000s, pegylated interferon plus ribavirin became the standard anti-
HCV treatment. In 2014, boceprevir, telaprevir, simeprevir, sofosbuvir and Harvoni
were approved by the FDA.

The highly significant antiviral treatment regimens are PEG-IFN + Ribavirin, —
Telaprevir or boceprevir in genotype 1, -Sofosbuvir + Ribavirin + PEG-IFN in geno-
types 1,2,3 and 4, Simeprevir +PEG-IFN + Ribavirin in genotype 1 [44].

HCV has several genotypes detected. Therefore, an effective vaccine must be
multivalent to have a beneficial treatment outcome.

There is no vaccine for Hepatitis C. The only way to prevent Hepatitis C is by
avoiding behaviour that can spread the disease, especially injection drug use.

8. Prevention and control of hepatitis C

Screening of blood donors and screening for the presence of HCV prior to any
transfusion of blood.

The use of sterile needles in case of medical and dental procedures, tattooing, or
other percutaneous exposures [45].

Alcohol-intake decreased consumption or reduction will improve the overall
health of an individual.

9. Conclusion

Currently, the most promising treatment agents are direct-acting antiviral
(DAAs). They have shown limited viral resistance, long treatment duration and
higher cost with no proven benefits in the prevention of graft reinfections in HCV
individuals.

In light of the aforementioned, there is a need for more dubious research in the
quest for the effective therapeutic modalities.

In summary, the diagnostic algorithm of Hepatitis C depends on the clinical
context. In asymptomatic, low-risk subjects, who are found to be anti-HCV positive
by EIA-2, the diagnosis of HCV infection needs to be confirmed, especially if the
initial biochemical tests reveal normal ALT levels.
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Chapter 3

Extrahepatic Manifestations of
Hepatitis C Infection

Alberto Frosi

Abstract

Chronic infection with the hepatitis C virus (HCV) is a major cause of liver
disease worldwide and is also responsible for extrahepatic manifestations (EHM)
involving many different organs and apparatus: skin, salivary glands, eyes,
thyroid, kidneys, peripheral and central nervous system, and immune system.
Mixed cryoglobulinemia is the most frequent, best known and strictly HCV-
associated EHM. A significant association between HCV and B-cell Non-Hodgkin-
Lymphoma is reported although the incidence of lymphoma among HCV-infected
patients overall remains low. HCV-infected patients have increased rates of insulin
resistance, diabetes, and atherosclerosis, which may lead to increased cardiovas-
cular disorders. The mechanisms causing the extrahepatic effects of HCV infec-
tion are likely multifactorial and may include endocrine effects, HCV replication
in extrahepatic cells, or a heightened immune reaction with systemic effects.
Because of this associations, it is suggested testing for HCV infection the patients
with a clinical condition described as linked to hepatitis C. Conversely, patients
diagnosed with HCV infection should have evaluation for a possible EHM. EHM
of HCV can be considered an established indication for antiviral treatment with
direct acting antivirals, even in the absence of overt liver disease. Successful eradi-
cation of HCV can improve and in some cases cure EHM of HCV. B cell depleting
agents may be considered to be the best biological target option for patients with
more severe EHM in combination with the antivirals.

Keywords: HCV, chronic hepatitis C, cryoglobulinemia, B-cell lymphoma, thyroid
dysfunction, type 2 diabetes, Sjégrens syndrome, porphyria cutanea tarda, lichen
planus, glomerulonephritis, neuropathy, polyarthritis, extrahepatic manifestations

1. Introduction

Persistent infection with hepatitis C virus (HCV) is a leading cause of chronic
liver disease, resulting in about 400000 deaths per year. The estimated global HCV
prevalence is 1.0%, corresponding to 71 million individuals. Antiviral medicines
can cure more than 95% of persons with hepatitis C infection, thereby reducing the
risk of death from cirrhosis and liver cancer, but access to diagnosis and treatment is
low. There is currently no effective vaccine against hepatitis C; however, research in
this area is ongoing [1].

However, these data are underestimated do not taking into account the extrahe-
patic aspects that make this infection a systemic disease. Early after its discovery, it
was shown that HCV is not only hepatotropic but also lymphotropic. It was also shown
that several extrahepatic manifestations (EHM) can complicate HCV infection [2-4].
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Figure 1.
The spectrum of extrahepatic manifestations of HCV [6].

Moreover, chronic HCV infection has been associated with numerous EHM and
diseases, although a direct link is often difficult to establish.

Association should not be confused with causality. The association merely suggests
a hypothesis, such as a common cause, but does not offer proof [5].

A causal relationship is easily acceptable if the strength of association is hight.
Furthermore, according to the criterion of plausibility, the association ought to be
biologically plausible.

The EHM described as linked to HCV hepatitis are numerous:

Mixed cryoglobulinemia (MC), sicca syndrome (SS), Non-Hodgkin Lymphoma
(NHL), serum monoclonal gammopathy, thyroid disease, type 2 diabetes mellitus
and glucose intolerance, many autoimmune disorders, renal disease, rheumatologic,
neurological, cardiovascular and dermatological disorders [6] (Figure1).

Here are described the most clinical important and best studied of these
pathological conditions.

2. Biological plausibility and pathophysiology

The pathophysiology of EHM of HCV hepatitis is only in part understood and
for some of them unexplained.

The mechanisms causing the extrahepatic effects of HCV infection are likely
multifactorial and may include endocrine effects, HCV replication in extrahepatic
cells, or a heightened immune reaction with systemic effects.

Due to the fact that HCV has been shown to infect both hepatocytes and lym-
phocytes, lymphoproliferative diseases such as lymphoma and MC are most closely
linked to hepatitis C infection. These conditions are the most studied from the point
of view of their pathophysiology. The primary mechanism of injury in cryoglobuli-
nemia is a vasculitis triggered by immune complex deposition.

HCV has been shown to be a lymphotropic virus and associated with several
lymphoproliferative disorders, including monoclonal gammopathies in addition to
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MC and B-cell NHL. HCV infection of lymphocytes could play a direct role in cel-
lular transformation, specifically in de novo large B-cell lymphoma. HCV infection
of two B-cell lines can produce mutations in tumor suppressor and proto-oncogenes
which were identified in HCV-associated B-cell lymphomas.

Two particulars although not mutually exclusive models of infection-driven
malignant transformation were described.

Direct lymphocyte transformation by lymphotropic transforming viruses
(Epstein-Barr virus, human herpesvirus, and human T-lymphotropic virus type)
expressing viral oncogenes has been reported. A model of lymphocyte transforma-
tion finally leading to clonal expansion as an indirect mechanism of pathogenesis
has been proposed. Sustained stimulation of lymphocyte receptors by viral anti-
gens, viral replication in B-cells, and damage of B-cells have been also proposed as
mechanisms of pathogenesis.

Expression of HCV viral proteins in B-cells of HCV-infected patients upregulates
B-cell receptor signaling. Pro-inflammatory cytokines, such as the interleukins
(IL-6, IL-17 and IL-10) and transforming growth factor-beta have also been
reported to contribute to aberrant B-cell proliferation.

Glomerular injury in HCV-related glomerulonephritis is primary induced by a
deposition of circulating immunocomplexes containing anti-HCV antibodies, HCV
antigens and complement factors. Formation and deposition of such immunocom-
plexes occurs also in absence of cryoglobulins. Formation of glomerular antibodies
is a further possible mechanism of HCV-related glomerular injury.

Peripheral nerves of patients with HCV-related peripheral neuropathy may show
vasculitic changes involving the vasa nervorum, giving a possible explanation of
nerve damage.

Studies have shown that dysthyroidism is mediated by immunological mecha-
nisms rather than by direct HCV infection. The pathogenesis may involve changes
in self-antigen expression and sustained stimulation of the immune system by
HCYV, bystander activation of autoreactive T-cells by cytokine release, infection of
the lymphatic cells, chromosomal aberrations and abnormal expression of major
histocompatibility complex class Il molecules by thyrocytes, or cross-reactivity
between viral antigens and thyroidal antigens.

Primary causation of dermatological EHM (apart the cryoglobulinaemic ones)
results from direct infection of HCV in the skin, lymphocytes, dendritic antigen-
presenting cells, and blood vessels. Secondary causation occurs when HCV infec-
tion manifests in the skin due to epiphenomena resulting from the disruption of
immune responses [2-4, 6, 7].

The most common extrahepatic findings with which the relationship to HCV
infection is more strongly established are cryoglobulinemia, autoimmune disorders
(including autoantibodies and SS), porphyria cutanea tarda (PCT), and lichen
planus (LP). There also appears to be a clear association with B-cell NHL (particu-
larly in patients with underlying cryoglobulinemia), but the incidence of lymphoma
among HCV-infected patients overall remains low.

3. Mixed cryoglobulinemia

MC is the most frequent, best known and strictly HCV-associated EHM (about
90% of MC patients tested positive for HCV antibodies in some studies) [7, 8].

MC may be defined a both autoimmune and B-lymphoproliferative disorder
(LPD) that may evolve to a frank malignancy in about 8-10% of cases [9].

The definition of MC refers to the presence of serum Igs that reversibly pre-
cipitate at low temperatures (<37°C) and are represented by circulating immune
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complex typically consisting of an IgM rheumatoid factor (mono-oligoclonal

in type I MC, or polyclonal in type IIl MC) and polyclonal Ig (most frequently
IgG) including anti-HCV antibodies. MC has been generally reported, at least
subclinical, in the majority of HCV patients, even if data may widely vary in
different geographical areas (from 20 to >50%). Only a minority of MC patients
(5 to >30%) shows a symptomatic MC or MC syndrome (usually women aged
more than 50 years), but even asymptomatic patients might develop MC in the
future [10].

Factors that seem to favor the development of MC are female sex, increasing age,
alcohol consumption (> 50 g/day), advanced liver fibrosis and steatosis.

The clinical manifestations of MC are secondary to a systemic vasculitis charac-
terized by the deposition of cryoglobulins in the vessels and can be classified as one
of the circulating immune complexes mediated systemic vasculitis involving small
and medium-sized blood vessels.

The classic syndrome of MC consists in the triad of purpura, fatigue and arthral-
gia, but the various involvement of different organs and tissues (mainly skin, joints,
renal, peripheral nerves) leads to variable clinical presentation and evolution.

Palpable purpura (leukocytoclastic vasculitis) and petechiae most often affects
the legs (Figure 2).

Papules, ulcers, and livedo can also occur and can affect any skin site.

Reynaud Syndrome can be present, with or without digital gangrene, in about
one third of patients.

Figure 2.
Cutaneous manifestation of mixed cryoglobulinemia (see text).
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Common manifestations of MC are arthralgias (polyarthralgia, but relatively
rare is arthritis), renal disease, usually membranoproliferative glomerulonephritis
(MPGN), and neurologic disease.

MPGN is characterized in most cases by proteinuria, mild haematuria and
mild renal insufficiency. In the worst cases, a severe involvement of the kidney is
observed (15% of cases).

The peripheral neuropathy including mixed neuropathies (prevalently sensitive,
axonal) is common in MC (80-90% of cases), and also in HCV without MC (see
below 9.).

HCV-related peripheral neuropathy is characterized by numbness, burning skin
and pruritus.

Central nervous system involvement in patients with HCV-positive MC is rare
(see below 9).

4. Sicca syndrome (secondary Sjogren syndrome)

Sjogren syndrome is described as a chronic, slowly progressive autoimmune
disease characterized by lymphocytic infiltration of the exocrine glands and
B-lymphocyte reactivity resulting in xerostomia and dry eyes. SS, to be differenti-
ated from the primary Sjdgren Syndrome, occurs in MC and also in HCV patients
without MC [2-4]. In most instances the typical serological and histopathologic
findings of Sjogren Syndrome are lacking. SS is more frequently reported in type II
than in type III MC [2, 4].

Some studies showed an association between MC in HCV infected patients and
severe liver damage [11].

However, discordant data exist. It is common clinical experience, including our
own, to find patients with symptomatic HCV-related MC and a mild or moderate
liver disease and conversely patients with the most severe form of chronic hepatitis
C (advanced fibrosis, compensated and decompensated cirrhosis, hepatocellular
carcinoma) without any symptom of MC (even when laboratory testing positive
for MC).

5. Non-Hodgkin lymphoma and other hematological disorders
5.1 Non-Hodgkin lymphoma

The very close association between MC and HCV infection leads to the hypothesis
that HCV may be involved in the pathogenesis of lymphoma as well.

A significant association between HCV and B-cell NHL was reported and
confirmed in the large majority of studies [12].

This association involves different histopathological types of B-cell NHL, the
most strictly associated being the lymphoplasmacytic, marginal zone and diffuse
large B-cell lymphoma.

Some discordant data suggested the contribution of genetic factors and the
incidence of lymphoma among HCV-infected patients overall remains low.

In an observational, prospective, multicenter, case—control study, the prevalence
of HCV-antibodies was found of 0.16 among NHL and of 0.085 among controls and
non-lymphoid malignancies patients [13].

Although the difference was statistically significant (P < 0.001), the odds
ratio was 2.049 and its confidence intervals included the equality. NHL features

33



Advances in Hepatology

Feature (overall freq.) HCV-positive HCV-negative NHL (252)
NHL (48)

Bearing Freq. Bearing Freq.

feature (conf. Int. 95%) feature (conf. Int. 95%)
Extranodal inv. (0.593) 30 0.625 (0.488-0.762) 148 0.587 (0.526-0.648)
Marrow inv. (0.283) 16 0.333 (0.200-0.466) 69 0.274 (0.219-0.329)
Stomach inv. (0.067) 2 0.042* 18 0.071 (0.039-0.103)
Liver inv. (0.030) 4 0.083 (0.005-0.161) 5 0.020 (0.003-0.037)
Cryoglobulinis (0.033) 3 0.063* 7 0.028 (0.026-0.030)
Age t020 (0.007) 0 0 2 0.008*
Age 21-40 (0.090) 2 0.042* 25 0.099 (0.062-0.136)
Age 41-60 (0.300) 12 0.250 (0.128-0.372) 78 0.310 (0.253-0.367)
Age > 60 (0.603) 34 0.708 (0.579-0.837) 147 0.583 (0.522-0.643)
WF A, B, C" (0.286) 14 0.304 (0.071-0.437) 70 0.283 (0.227-0.339)
WEF D, E, F* (0.248) 10 0.217 (0.098-0.336) 63 0.255 (0.201-0.309)
WFG,H,]I, ]b (0.464) 22 0.478 (0.334-0.622) 114 0.462 (0.400-0.524)
MALT (0.053) 3 0.062° 13 0.052 (0.022-0.088)

“Lower confidence limit below.
YWF classification is available for 293.

Table 1.
NHL features among HCV-positive and HCV-negative patients [13].

among HCV-positive and HCV-negative patients observed in this study are
reported in the Table 1.

5.2 Serum monoclonal gammopathy and thrombocytopenia

A serum monoclonal gammopathy (MG), more frequently type IgMk and diag-
nosed as MG of uncertain significance (MGUS), was frequently observed in HCV
patients, in most cases associated with a 2a/c genotype of the virus.

Available data suggest that HCV-related LPD are the result of multiple and
cooperating mechanisms and events belonging to three principal categories: an
important and sustained activation of the B-cell compartment; an inhibition of
B-cell apoptosis; genetic/epigenetic and environmental factors (see also above 2.).

Thrombocytopenia is often observed in patients with chronic HCV hepa-
titis and sometimes it is disproportionally severe with respect of the stage of
fibrosis-cirrhosis.

It is possible recognize as causal factors of thrombocytopenia in HCV chronic
hepatitis the following: decrease of hepatic thrombopoietin, direct cytopathic
involvement of HCV on megakaryocytes, production of platelets-associated
immunoglobulins, hypersplenism.

6. Endocrine pathology and hepatitis C virus infection
6.1 Thyroid disease
The prevalence of thyroid disorders is generally high in HCV-positive

patients and most frequently represented by antithyroid peroxidase antibodies
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in female subjects. Hypothyroidism has been frequently observed, especially
in HCV MC, and an association with papillary thyroid carcinoma was also
shown [14].

6.2 Type 2 diabetes mellitus and glucose intolerance

Several studies showed that HCV (especially genotype 3) could lead to the
development of type 2 diabetes mellitus, possibly as a result of HCV-induced meta-
bolic disturbances. However, discordant data exist. Insulin resistance was observed
in 30-70% of HCV patients [3, 15].

The cause of the association of HCV with diabetes is unknown. In addition,
the magnitude of the association may be overestimated because patients with
diabetes have more parenteral exposures than the general population, placing them
at increased risk for transmission of blood transmitted viruses. Furthermore, not
all studies controlled for the presence of cirrhosis, which may be associated with
impaired glucose tolerance.

7. Autoimmune and rheumatologic disorders
7.1 Autoantibodies

A number of autoimmune disorders have been associated with chronic HCV
infection, including subclinical autoantibody formation, autoimmune thyroid
disease, sialadenitis/SS, and autoimmune thrombocytopenic purpura.

Autoantibodies are common in patients with chronic HCV infection.
Antinuclear antibodies, antibodies directed against the Fc portion of IgG (rheuma-
toid factor), anticardiolipin antibodies, smooth muscle antibodies, or antithyroid
antibodies are detected in 40 to 65 percent of patients. While antibodies are often
present in low titres, do not appear to influence the presentation or course of the
infection.

Nevertheless, the presence of autoantibodies may result in diagnostic
difficulties.

For example, an HCV-infected patient with arthralgias, arthritis, and rheu-
matoid factor positivity may be misdiagnosed initially as having rheumatoid
arthritis. In this setting, testing for other rheumatoid-arthritis-associated
autoantibodies that are observed infrequently in patients with HCV infec-
tion, such as anti-citrullinated peptide antibodies (anti-CCP), may be helpful
diagnostically.

In other cases, a difficult differential diagnosis between hepatitis C and auto-
immune hepatitis can rise. In these cases, the liver biopsy findings are decisive. In
rare cases the two disease coexist in the same patient.

Making a precise diagnosis is crucial because the treatment is completely
different.

7.2 Rheumatologic disorders

Polyarthralgia is the most common rheumatologic symptom described in
HCV-infected patients. HCV arthritis could be part of the MC or be independent.
HCV-associated oligoarticular or polyarticular non-erosive arthritis can clinically
mimic rheumatoid arthritis, although anti-CCP antibodies and erosive joint changes
are generally absent [2].
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8. Renal disease

Several renal manifestations have been associated with HCV infection, the most
common being MPGN. HCV-associated membranous or proliferative glomerulone-
phritis or focal segmental glomerulosclerosis have been also described. The strongest
association was reported for cryoglobulinaemic MPGN. Microhaematuria and
proteinuria are the most frequent clinical findings of MPGN. The presence of a renal
involvement is one of the worst prognostic indices in the natural history of MC [16].

9. Neurological disorders

Peripheral neuropathy: see above, in the context of MC. Less frequently,
peripheral neuropathy can be present without MC. Peripheral neuropathy can be
Sensory or sensorimotor.

Symptoms of fatigue and deficits in concentration and working memory are
commonly reported in patients with chronic HCV infection. Some studies have
suggested neurocognitive impairments associated with HCV, even after controlling
for other comorbid conditions, such as substance abuse, affective disorders, and
cirrhosis. Functional imaging studies have also identified metabolic changes in the
central nervous system in the setting of HCV infection (not ascribable to hepatic
encephalopathy) [3].

10. Dermatological manifestations

Apart the dermatological manifestations of MC (see above 3.) the are other
dermatological conditions associated with HCV infection deserving to be discussed.

10.1 Lichen planus

Cutaneous LP is characterized by flat-topped, pink to violaceous, pru-
ritic papules with a potentially generalized distribution. The papules appear

Figure 3.
Typical manifestation of lichen planus of the volar distal forearm and wrist in a hepatitis C patient (see text).
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polygonal-shaped, translucent under incident light. They are 2-4 mm in diameter,
with irregular margins and a hard-elastic consistency (Figure 3). LP can also
involve mucus membranes, hair, and nails.

HCV infection has been reported frequently among patients with LP. In some
studies, the prevalence of anti-HCV antibodies in patients with LP ranges from
10 to 40%.

Systematic reviews have reported that patients with oral LP planus are approxi-
mately two to six times more likely to have reactive anti-HCV antibodies compared
with controls, although there is substantial geographical heterogeneity to the
findings.

LP can be seen in patients with a variety of liver diseases, particularly advanced
liver disease.

There is evidence of a genetic risk for HCV-associated LP. The most commonly
used drugs in cutaneous LP are topical and systemic corticosteroids, for their
immunosuppressive and anti-inflammatory effects [4, 17, 18].

10.2 Porphyria cutanea tarda

PCT is a disease caused by reduced activity of the enzyme uroporphyrinogen
decarboxylase (UROD), causing the subsequent build-up of uroporphyrinogen in
the blood and urine. PCT has both sporadic and inherited (autosomal dominant)
forms that are indistinguishable clinically. A strong association between the spo-
radic form of PCT and HCV infection has been demonstrated in multiple studies
(an overall prevalence of HCV of 50%). However, there was marked geographic
variability; lowest prevalence rates (20 to 30%) were observed in reports from
Australia, the Czech Republic, and France, while the highest rates (71 to 85%) were
observed in Japan, Italy, and Spain. The prevalence in North America was 66%.

A central factor in the geographic variability appeared to be the baseline rates of
HCV infection in the general population.

The skin and the liver are the two main sites affected in sporadic PCT. Skin
disease is characterized by photosensitivity and skin fragility, with which exposure

WD
-
Fax -

Figure 4.
Typical cutaneous manifestations of porphyria cutanea tavda (see text).
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to the sun and/or minor trauma can lead to skin erythema and the development of
vesicles and bullae that may become haemorrhagic.

Hyperpigmentation, hypopigmentation, hirsutism, and sclerodermatous
changes may develop with the passage of time (Figure 4).

Chronic liver disease is common in sporadic PCT. Liver biopsy shows a wide
range of changes, including steatosis, mild to severe inflammation, hepatic fibrosis,
and cirrhosis. Environmental triggers are thought to be necessary to provoke an
attack of PCT. Possible triggers of PCT include polyhalogenated hydrocarbons
(such as hexachlorobenzene), oestrogens, but above all, iron overload and alcoholic
beverages. The diagnosis of PCT is typically suspected on clinical grounds and is
confirmed by the demonstration of markedly elevated urine uroporphyrin levels.
The diagnosis can also be made directly by measuring hepatic UROD activity. All
patients with PCT should be tested for HCV infection, as well as other potential
disease associations, including HIV infection, iron overload, and hemochromatosis
(with HFE mutation testing). Careful history of alcohol intake and testing of heavy
alcohol intake markers are fundamental.

Management of PCT in patients with HCV infection includes avoiding precipi-
tating factors (such as sun, alcohol, oestrogens, and polyhalogenated hydrocar-
bons), treating an underlying iron overload state, if present, and treating HCV
infection.

PCT often, but not always, improves with clearance of HCV viremia. The cur-
rently used pharmacological protocol for PCT include the administration of a half
tablet of chloroquine (125 mg) twice a week [19, 20].

11. Cardiovascular and respiratory diseases

Although data from individual cohorts have not been consistent, evidence
overall suggests that chronic HCV infection is associated with adverse cardiovascu-
lar diseases and outcomes: dilated cardiomyopathy, hypertrophic cardiomyopathy
and arrhythmogenic right ventricular cardiomyopathy, myocarditis, and aortic
atherosclerosis. These associations are still object of debate. Because cardiovascular
diseases are common and multifactorial, it is difficult to determine whether HCV is
a major contributing factor in an individual patient [3].

Idiopathic pulmonary fibrosis is a serious condition described in association
with HCV infection.

12. Clinical implications and laboratory tests

Because of the associations, it is suggested testing for HCV infection in patients
with clinical condition described above and other suspected to be linked to HCV.
Anti-HCV antibodies (an inexpensive test) must be checked and if positive, quanti-
tative HCV-RNA, genotype and complete workup of hepatitis C performed.

Conversely, patients diagnosed with chronic HCV infection should have evalua-
tion for EHM at the initial visit and routinely during follow-up. History of an HCV-
infected patient should cover rheumatologic symptoms (e.g., arthritis/arthralgias,
dry eyes or mouth) and the physical exam should include a skin exam to evaluate
for findings of cryoglobulinemia, PCT, and other associated dermatologic features.
Superficial lymph node sites must be checked. Abdominal ultrasound is part of the
HCV patient evaluation. It is in addiction necessary to perform a chest x-ray with
particular attention to the mediastinum.
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Laboratory testing should include a complete blood count, an assessment of
renal function, evaluation for proteinuria and haematuria, and thyroid function
tests. Cryoglobulins and complement levels should be checked if there is evidence
of renal disease or other compatible clinical findings. Testing for other EHM should
be guided by symptoms or specific physical findings.

Mild serum amylase elevation is a common finding in HCV patients generally
without any pancreatic involvement clinically detectable.

13. Treatment of extrahepatic manifestations of HCV infection
13.1 Antiviral treatment

The armamentarium against HCV has been expanded with the availability of
molecules able to directly target non-structural proteins that play a key role in HCV
replication. These agents, orally administrated for a relatively short period of time
(2-3 months) have been called direct acting antivirals (DAA) and target some of the
main molecular components of HCV, including NS3/4A protease (first and second-
generation protease inhibitors), NS5B polymerase (nucleoside and non-nucleoside
analogues) and NS5A protein.

DAA can cure more than 95% of persons with HCV infection, thereby reducing
the risk of death from cirrhosis and liver cancer.

Antiviral treatment is recommended for all patients with EHM.

Because of their not negligible rate of contraindications, important side effects,
scarce tolerability, low compliance and adherence, length course of treatment,
parenteral route of administration, and the insufficient rate of sustained virologi-
cal response (SVR) obtainable (not more than 60%), the interferon (IFN) based
therapies for HCV hepatitis must be considered obsolete.

Moreover, IFN, with its immunological stimulating properties, could be
contraindicated and possibly worsen or elicit some EHM (for example thyroid
disfunction, autoimmune EHM). A caution attitude could be suggested also in MC,
exacerbated in some cases treated with IFN alone (without glucocorticoids).

The antiviral drug ribavirin maintains a very marginal role in this context.
Ribavirin common side effects are dermatologic and require caution if used in
cutaneous EHM of HCV hepatitis.

DAA-based, IFN-free regimens should be considered the standard antiviral
therapeutic approach in HCV-related EHM [21].

At the present, DAA-based, IFN-free regimens should be used following the
recommendations for individuals with HCV mono-infection in the current interna-
tional guidelines.

Detailed assessment of drug-drug interactions is crucial since some medications
are contraindicated or not recommended during DAA therapy [22, 23].

The vast majority of studies on the use of antiviral therapies in EHM - HCV
diseases have been carried out in patients with MC vasculitis, which is considered
the prototype of systemic autoimmune disease associated with HCV, both for
their frequency and potential life-threatening involvement. All reported studies
show that vasculitic manifestations largely improve after antiviral treatment (even
in patients with partial virological responses) and often disappear, especially in
patients with SVR.

Treatment of low-grade lymphomas only with DAAs antiviral therapies may be
recommended whereas more aggressive lymphomas would require the addition of
chemotherapy/rituximab.
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IFN-free antiviral regimens might be less effective than IFN-containing regi-
mens in some patients with B cell lymphoma, possibly due to the lack of additional
anti-proliferative activity of IFN, while the association of rituximab with DAA
regimens could be more effective than isolated antiviral therapies.

At the present there is little data on the response of other EHM to DA As antiviral
therapies for HCV hepatitis.

13.2 Non antiviral treatment of HCV-extrahepatic manifestations

Non-antiviral therapeutic approaches should be evaluated according to the type
of EHM and the severity of the clinical presentation. The non-antiviral therapeutic
approaches mainly used in EHM patients include glucocorticosteroids, immunosup-
pressant agents, plasma exchange and biological therapies.

Non-antiviral therapeutic approaches are recommended for moderate and,
especially, for severe organ-specific involvements. Patients with moderate to severe
vasculitic manifestations may be treated with short-term glucocorticoid regimens to
control inflammation rapidly. Regimens of methylprednisolone (0.5-1.0 g/day) for
three days followed by prednisone (not exceeding 1 mg/kg/day) may be appropriate
in the setting of skin ulceration, sensorimotor neuropathy, glomerulonephritis, and
other severe vasculitic manifestations.

For aggressive B cell NHL, the therapy remains based on immunochemotherapy
with anthracycline-containing regimens in combination with rituximab as in HCV-
negative patients.

Plasma exchange may be added to other therapies, especially in patients with
severe/life-threatening cryoglobulinaemic vasculitis. Such intervention is useful
in patients with immediately life-threatening involvements and for those with
hyperviscosity syndrome. Apheresis techniques should always be used as a comple-
mentary therapy in combination with other strategies (antiviral therapies, B cell
depleting agents).

B cell depleting agents may currently be considered to be the best biological
target option for patients with the more severe EHM, always with a reasonable
individualized assessment of the benefits and risks. The most promising non-
antiviral therapeutic approach to HCV-related cryoglobulinemia is rituximab.

The use of antiviral therapies in combination with immunosuppressant/
biological agents should normally be made sequentially (first, use immunosup-
pressant/biological agents and, once the major end-organ effects have been
controlled, use antiviral therapy), or concomitantly. It seems reasonable to carry
out the combination on a case by-case basis [21].

The orally active thrombopoietin-receptor agonist elthrombopag may be used in
severe thrombocytopenic HCV patients.

Appropriate local and systemic treatments are needed for cutaneous and ocular
EHM of HCV (see above 10.) [18, 20].

14. Prevention of extrahepatic manifestations treating HCV hepatitis
with DAAs

In a large population study, it was found that successful DAA treatment resulting
in SVR was associated with significant reductions in the future risk of several EHM
of HCV; including MC, glomerulonephritis and LP but not NHL or diabetes. The
magnitude of risk reductions ranged between 0.23 and 0.61.

SVR was associated with a reduction in risk of PCT, but it was only marginally
statistically significant [24].
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15. Conclusions

Chronic HCV infection can cause significant EHM and should be considered as a
systemic disease rather than a disease affecting only the liver.

EHM of HCV can affect virtually every organ via a variety of mechanisms.

It is important to emphasize that the severity of these disorders does not neces-
sarily correlate with the severity of hepatic disease.

Some investigations have shown that therapy of chronic HCV infection can
result in resolution or improvement of extrahepatic diseases linked to HCV and
even prevent their onset.

Awareness on the part of the clinician is necessary to recognize these numerous
and heterogeneous pathological conditions. This in turn can lead to appropriate
screening, early treatment and improved outcomes [4, 6].
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Abstract

Treatment of chronic hepatitis C virus (HCV) infection has been revolutionized
during last years with the development of highly potent direct-acting antivirals
(DAAs) specifically targeting HCV proteins. DAAs are the current standard of care
for patients with chronic hepatitis C, leading to high cure rates. However, some
hurdles exist including the high cost of these therapies restricting access to patients,
their inability to protect against the risk of developing hepatocellular carcinoma in
patients with advanced fibrosis, and emergence of resistant variants resulting in
treatment failure. New therapeutic options should be essential to overcome DAAs
limitations and improve survival. By targeting host-cell factors involved in HCV life
cycle, host-targeting antivirals (HTAs) offer opportunity for promising anti-HCV
therapy with low mutational rate and may act in a synergistic manner with DAAs to
prevent viral resistance and reduce viral replication. Moreover, HTAs could be effec-
tive in difficult-to-cure patients by acting through complementary mechanisms. In
this chapter, we will focus on the latest and most relevant studies regarding the host-
cell factors required in HCV infection and explored as targets of antiviral therapy,
we will also discuss the HTAs evaluated in preclinical and clinical development and
their potential role as alternative or complementary therapeutic strategies.

Keywords: chronic hepatitis C, direct-acting antivirals, cell factors, host-targeting
antivirals, antiviral therapy

1. Introduction

Hepatitis C virus (HCV) is a major causative agent of chronic liver diseases.
Globally, it is estimated that 71 million people have chronic HCV infection, defined
as the persistence of HCV genome in the blood for at least six months after the onset
of acute infection [1, 2]. Patients with chronic HCV infection are at high risk of
developing liver cirrhosis, hepatic decompensation, and hepatocellular carcinoma
(HCC), which are the most common indications for liver transplantation [3]. Until
2011, the standard-of-care therapy for HCV infection consisted on pegylated-
interferon alpha in combination with the nucleotide analogue ribavirin (peg-IFNa/
RBV) leading to sustained virologic response (SVR) in 54-63% of patients with
substantial side effects [4, 5]. The great advances in HCV research allowed the
development of direct-acting antivirals (DAAs) which have dramatically improved
the standard-of-care for HCV-infected patients [6, 7]. As their name suggests, DAAs
are class of antivirals that directly target viral proteins required in HCV replication.
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The first-generation DAAs used in combination with peg-IFNa/RBV improve SVR
rates by approximately 70% [8, 9]. Subsequently, IFN-free DAAs regimens, based
on the use of highly potent and well-tolerated DAAs combinations were introduced
and currently used for treatment, providing SVR in more than 95% of patients,
with minimal side effects [10, 11].

Although DAAs offer the chance of viral cure for most of HCV patients, there are
some limitations that restrain their full potential, including their high cost limiting
access to treatment, the high mutation rate of HCV which may lead to the selection of
DAA-resistant HCV variants resulting in treatment failure, and the low SVR rate in
difficult-to-treat patients such as those with advanced liver cirrhosis [12-14]. Recent
studies reported the inability of DAAs to protect against the risk of HCV re-infection
of liver graft in transplanted patients, or the risk of developing HCC in patients with
advanced liver fibrosis [15, 16]. Consequently, there is a need for other therapeutic
options with better affordability, high rate of viral cure, and fewer cases of viral resis-
tance. HCV requires host-cell factors to establish productive infection and propaga-
tion, thus development of host-targeting antivirals (HTAs) that interfere with these
factors provides promising antiviral candidates, which may help to improve the cur-
rent landscape of hepatitis C therapy [14, 17]. Several HTAs have been evaluated for
preclinical and clinical development with some of them showing promising results.
In this chapter, we provide an overview on recent advances in antiviral therapies
against HCV and highlight the most important host factors explored as therapeutic
targets. We also discuss the different HTAs evaluated in preclinical and clinical
development and their potential impact as alternative or complementary therapeutic
options to cure HCV infection and associated liver diseases.

2. Molecular virology of HCV

HCV isan enveloped, positive-sense single-stranded RNA virus, classified in the
hepacivirus genus of Flaviviridae family [18]. HCV genomic RNA (~9.6 kb in length)
contains highly structured 5'- and 3'-untranslated regions (UTRs) flanking a single
open reading frame [19, 20]. The 5’-UTR is highly conserved and contains an internal
ribosome entry site (IRES) essential to initiate viral RNA translation [21]. The high error
prone of HCV NS5B RNA-dependent RNA polymerase leads to frequent mutations
across the viral genome, resulting in high intra-patient variability (1-5%) represented in
the form of quasispecies, and high inter-patient variability manifested by the existence
of 7 genotypes, and 67 confirmed subtypes [22, 23]. HCV genotypes differ from each
other by 31-33% at nucleotide level, compared with 15-25% between subtypes within a
given genotype [24]. A global survey showed that HCV genotypes 1 and 3 are the most
prevalent worldwide accounting for 46% and 30% of global HCV cases, respectively.
Genotypes 2, 4, 5, and 6 are responsible for the majority of remaining HCV cases: 9%,
8%, <1%, and 5.4%, respectively [25]. Genotype 7 has been identified in Canada in few
patients originating from Central Africa [26]. HCV genotypes have distinct geographic
distributions throughout the world, which reflect differences in mode of transmis-
sion and ethnic variability. While genotype 1a is predominant in USA, genotype 1b
dominated in Europe and Japan, genotype 2 dominated in West Africa and parts of
South America, genotype 3 in south Asia, genotype 4 in middle East and Central/North
Africa, genotype 5 in South Africa, and genotype 6 in Southeast Asia [25].

HCYV replication cycle initiates through viral attachment and entry into the
hepatocyte by clathrin-mediated endocytosis [27, 28]. The acidic pH of the early
endosomes is essential to trigger fusion leading to nucleocapsid uncoating and
release of the viral RNA genome in the cytosol [29]. At the rough endoplasmic
reticulum (ER), HCV genomic RNA is translated via an HCV-IRES mediated
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mechanism to produce a single polyprotein of ~3010 amino acids [30]. This poly-
protein is cleaved by cellular and viral proteases into three structural proteins that
build up the HCV particle (Core and envelope glycoproteins E1 and E2) and seven
nonstructural (NS) proteins permitting viral RNA replication, and viral particle
assembly (p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B) [31]. The viroporin p7 and
the cysteine protease NS2 are involved in viral particle assembly. NS3, NS4A, NS4B,
NS5A, NS5B and HCV genomic RNA template form the viral replicase complex for
HCV RNA replication [31, 32]. As all positive-strand RNA viruses, HCV induces
massive rearrangements of cytoplasmic membranes in the host cell to generate a
replication-favorable compartment called “the membranous web” in the case of
HCV [33]. The membranous web is mainly composed of double membrane vesicles
(DMVs) derived from the ER and may serve to increase the local concentration

of viral proteins and relevant host cell factors required for efficient viral RNA
replication [33, 34]. Within the replicase complex, the plus-strand RNA genome is
replicated into a minus-strand RNA intermediate, which then gives rise to multiple
plus-stranded HCV RNA copies [35]. The importance of specific lipids in HCV
RNA replication has been highlighted. Indeed, HCV infection induces synthesis of
specific sphingolipids that enhance NS5B-mediated RNA replication [36].

The newly progeny plus-strand RNAs can either be used for translation, there-
fore production of new viral proteins, or synthesis of new minus-strand RNAs, or
packaged into viral particles. It has been shown that HCV assembly initiates at the
ER membrane in close proximity to lipid droplets where the viral RNA is packaged
into capsids [37]. HCV proteins NS5A and core have been reported as key players in
the translocation of viral structures from the replication complex to lipid droplets
[38]. The nascent nucleocapsids bud into the ER thereby acquiring a ER-derived
lipid bilayer envelope in which the viral glycoproteins E1 and E2 are anchored as
heterodimers [39]. Interestingly, a peculiar feature of HCV is its association with
host lipoproteins and apolipoproteins such as ApoE, ApoB, and ApoAl, leading to
the formation of lipo-viroparticles (LVPs) [40, 41]. Incorporation of host lipopro-
teins into HCV virions plays an essential role in virus infectivity and immune escape
[40]. Next, LVPs traffic through the Golgi secretory pathway for final egress [42].
Several key components of the endosomal transport system are necessary for the
egress of HCV LVPs, including the endosomal-sorting complex required for trans-
port (ESCRT) pathway and Rab proteins [43, 44]. Estimations showed that approxi-
matively 1.3 x 10" HCV virions are produced per day in each infected patient [45].

3. Impact of current antiviral therapies in the clinical outcome of
hepatitis C

There are three critical points in the natural history of HCV infection including
development of chronic hepatitis C, development of liver cirrhosis, and development
of cirrhosis-related complications including portal hypertension and hepatocel-
lular carcinoma (HCC) [46]. Chronic hepatitis C is a slowly progressive disease.

It is estimated that 20-30% of chronic HCV patients develop liver cirrhosis over a

20 years period [46]. A deep inter-individual variability exists in the progression of
hepatitis C and response to antiviral treatment, mainly related to viral factors such

as HCV genotype, viral load, or coinfection with hepatitis B virus (HBV) or human
immunodeficiency virus (HIV), and host factors such as patient’s genetic background
including interleukin-28B (IL-28B) polymorphism, age, gender, and obesity [47, 48].

The ultimate aim of antiviral treatment is to cure chronic HCV infection,
in order to prevent the progression to liver cirrhosis and severe hepatic events
(decompensation and HCC), and thereby improve patient survival and prevent
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HCV transmission. Viral cure, known as sustained virological response (SVR) is
defined as undetectable HCV RNA in blood 12-24 weeks after completing antiviral
treatment [49, 50]. Current anti-HCV treatment consists on all-oral, IFN-free
regimens combining highly potent, and well tolerated DAAs achieving SVR rates
over 95% [11, 50]. DAAs specifically target HCV nonstructural proteins resulting
in disruption of HCV replication (Figure 1). According to the therapeutic target
and mechanism of action, DAAs are divided into four categories: NS3/4A protease
inhibitors (e.g. simeprevir, paritaprevir, glecaprevir), NS5A protein inhibitors

(e.g. velpatasvir, daclatasvir, pibrentasvir), NS5B nucleoside polymerase inhibitors
and NS5B non-nucleoside polymerase inhibitors (e.g. sofosbuvir and dasabuvir,
respectively) [11, 49, 50] (Figure 1). Combination of DAAs targeting different
viral proteins regularly each of them with high potency and high genetic barrier,
allows a high success of treatment regimens. Also, combination regimens compris-
ing two drugs are preferred to triple combination regimens, to minimize the risk of
side-effects and drug-drug interactions [11, 49, 50].

The introduction of DAAs has many positive impacts, through decreasing the
incidence of severe hepatic complications and extra-hepatic diseases and reducing
hepatitis C-related mortality [51, 52]. However, the high cost of DAAs still a barrier to
access to therapy [12, 53]. According to recent estimations, the overall access to DAA
is less than 10% of the HCV-infected patients on a global level [54]. Moreover, the
potency of DAAs can be impaired by the emergence of specific amino acid substitu-
tions designated resistance-associated substitutions (RASs). As an RNA virus, HCV
easily develops a resistance to antiviral treatments due to its error-prone replication
property and drug pressure. Risk of treatment failure is low in patients receiving
2 different categories of highly potent DAAs [13]. NS3/4A protease inhibitors are
generally unaffected earlier by RASs, but many NS5A inhibitors continue to have
overlapping resistance profiles. Furthermore, large studies have shown that a higher
proportion of patients failed by an NS5A inhibitor-based regimen developed RASs
than patients failed by NS3/4A protease inhibitor-based regimens [14, 55, 56]. The
prevalence of RASs varied among HCV genotypes. HCV genotype 3 exhibits the

HCV RNA genome
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divect-acting antivirals (DAAs) thevapy. UTR, untranslated region; IRES, internal ribosome entry site.
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highest resistance to DA As therapy, with lower SVR rates compared to other geno-
types [57]. Moreover, the debate continues about DA As treatment and development
of HCC. Some studies have shown that DAAs treatment was not associated with an
increase in the development of HCC [58, 59]. Other studies have shown conflicting
results, indicating that DAAs therapy is associated with an increase in the recur-
rence of HCC in patients previously cured by liver transplantation [60]. Collectively,
these findings indicate that surveillance for HCC should be continued especially for
patients with advanced fibrosis and cirrhosis. Interestingly, the persisting risk for
HCC development following SVR in patients treated with DAAs raises questions
about the mechanisms that maintain HCC risk in these patients after viral cure.

4. Role of host-targeting antivirals in therapy of HCV infection

HCV exploits the host cell extensively to complete replication cycle and establish
persistent infection. The unveiling of HCV-host cell interactions at both structural
and functional levels has been investigated intensely, in relation with great progress
in HCV cell culture systems and experimental animal models, and also advances
in functional genomics screening, including genome-wide small interfering RNA
(siRNA) screens and genome-scale CRISPR-Cas screens [61-63]. These tools paved
the way for the identification of host-encoded factors involved in each step of HCV
life cycle [63, 64]. Characterization of these factors, also known as host dependen-
cies factors, provides not only critical insights into mechanisms of HCV pathogen-
esis, but also novel candidates for antiviral therapy.

To cure HCV infection, a therapeutic drug should combine a potent antiviral
activity and a high genetic barrier to viral resistance. Unlike DA As, which target
viral proteins of high variability, most of host-targeting antivirals (HTAs) are
expected to have a high genetic barrier to viral resistance since host factors are less
prone to mutations [65]. In addition, HTAs are usually genotype-independent and
thus exhibit a pan-genotypic antiviral activity. Nonetheless, a major concern in the
usage of HTAs is their interference with physiological functions of targeted host
factors, which may induce cellular toxicity and side effects mutations [65, 66]. In
the following sections, we discuss recent advances in HTAs against HCV that have
potential as new therapeutic options and are in preclinical/clinical development. We
also discuss their potential to overcome the current challenges of anti-HCV treat-
ment. Table 1 summarizes the different HTAs evaluated against HCV with their
targeted host-cell factors and current development phase.

4.1HTAs involved in HCV entry

HCV entry is the first step of virus-host cell interactions required for spread
and maintenance of infection. HCV enters the hepatocyte through a highly orches-
trated process involving HCV envelope glycoproteins E1 and E2 and four main
host-cell receptors: the scavenger receptor class B type I (SR-BI), the human cluster
of differentiation 81 (CD81) and the tight-junction proteins Claudin-1 (CLDN-1)
and Occludin (OCLN) [67-69]. A genome-scale CRISPR/Cas9 knockout screening
in human cells demonstrated that cellular receptors CD81, CLDN1, and OCLN are
particularly critical for HCV infection in vitro, and thus determine the tropism of
HCV for human cells [63]. HTAs targeting HCV entry offer the advantage of block-
ing HCV life cycle before the beginning of viral genome translation and replication,
which might block cell-cell transmission, virus spread, and thus persistent infec-
tion [70]. Interestingly, because viral entry plays an important role during HCV
re-infection of the graft in end-stage patients undergoing liver transplantation,
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Host factor Host-targeting HCV life cycle step Phase of References
antiviral development
Scavenger ITX-5061 Entry Phase 2 [73,74]
receptor BI
(SR-BI)
Human cluster of Anti-CD81 mAbs Entry Preclinical [75]
differentiation 81
(CD81)
Claudin-1 Anti-CLDN1 mAbs Entry Preclinical [76-79]
(CLDN1) (OM-7D3-B3, H3L3)
Occludin (OCLN) Anti-OCLN mAbs Entry Preclinical [80]
(Xi1-3, Xi37-5)
Epidermal growth Erlotinib Entry Preclinical [82]
factor receptor
(EGFR)
Nieman-Pick Ezetimibe Entry Phase 1 [81, 83]
Cl-Like 1
(NPC1L1)
Cyclophilin A - Alisporivir RNA replication Phase 3 [87,90-93]
(halted)
- NIMS811 RNA replication Phase 2 [88]
- SCY-635 RNA replication Phase 2a [89, 94]
micoRNA-122 -Miravirsen/ RNA replication Phase 2a [102-105]
SPC3649
-RG-101 RNA replication Phase 1b [106-108]
Diglyceride -siRNA Assembly Preclinical [109]
acyltransferase I R
(DGAT) Quercetin Assembly Phase 1 [110, 111]
-LCQ908/Pradigastat Assembly Phase 2 [112]
Acyl coenzyme Avasimibe Assembly/Egress Preclinical [114, 115]
A:cholesterol
acyltransferase
(ACAT)
Adaptor- Sunitinib Assembly/Egress Preclinical [116]
associated kinase 1
(AAK1)
Cyclin-associated -Erlotinib Assembly/Egress Preclinical [117]
kinase (GAK) -Isothiazolo [5,4-b] Assembly/Egress Preclinical [118]

pyridine

Table 1.

Host-targeting antivirals against HCV with their targeted host-cell factors and curvent phase of clinical

development.

entry inhibitors represent an interesting strategy to prevent graft reinfection [71].
Numerous compounds have been evaluated, the most advanced was ITX-5061, an
antagonist of SR-BI that reduces SR-BI-mediated HDL lipid transfer [72]. SR-BI
binds HDL and delivers lipids into the cell membrane. The lipid transfer activities of
SR-BI play an important role in HCV entry, thus reducing cholesterol transfer into
the cell membrane may be one possible mechanism by which ITX-5061 reduces HCV
entry [72]. Anin vitro study indicated that ITX-5061 functions synergistically with
the protease inhibitor telaprevir, and no cross-resistance is expected between ITX-
5061 and HCV polymerase or protease inhibitors [73]. ITX-5061 completed a clinical
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phase 1b study. Oral ITX-5061 was safe and well tolerated over 28 days of dosing in
noncirrhotic adults with chronic HCV infection [74]. This compound is undergoing
phase II clinical trials in HCV-positive patients and appears to be a promising option
for treatment [74]. Antibodies targeting CD81 have also been investigated and
demonstrated potent antiviral effects in preclinical mouse studies [75]. In the case of
CLDNI1-targeting inhibitors, a rodent anti-CLDN1 mAb (OM-7D3-B3) demonstrated
antiviral potential against HCV infection in primary human hepatocytes (PHHs)
and human liver-chimeric mice [76, 77]. Towards a clinical development, Colpitts
and colleagues [78] successfully humanized anti-CLDN1 mAb (OM-7D3-B3) into
human IgG4 isotype, designed as H3L3. This antibody exhibits pan-genotypic activ-
ity against HCV entry without viral escape both iz vitro and in mouse model [78].
Furthermore, H3L3 demonstrated a synergy with DAAs sofosbuvir and daclatasvir.
Such synergy could allow shortening of treatment duration, thus reducing costs

and side effects [79]. OCLN may also be considered as a potential target. To date,
two successful human-rat chimeric mAbs have been developed against OCLN, and
completely inhibit HCV infection iz vitro and in human liver-chimeric mice without
side effects [80]. Other inhibitors of kinases and host-cell pathways involved in
HCV entry have been evaluated iz vitro and significant results have been obtained
in mouse models including Nieman-Pick C1-Like 1 (NPC1L1) and epidermal growth
factor receptor (EGFR) [81, 82]. The clinically approved EGFR inhibitor Erlotinib,
that prevents the formation of CLDN1-CD81 complex, and NPC1L1 inhibitor
Ezetimibe, that decreases systemic cholesterol in patients, markedly impaired the
establishment of HCV infection in the uPA-SCID mouse model [81, 82]. However,
in a phase I clinical trial that enrolled, Ezetimibe elicits only minor effects on HCV
viral loads in patients undergoing liver transplantation [83].

4.2 HTAs involved in HCV RNA replication

Targeting HCV RNA replication is a promising approach to eradicate HCV from
infected liver cells in patients. The most advanced HTAs against HCV RNA replica-
tion are the inhibitors of Cyclophilin A (CypA) and antagomirs of microRNA-122
(miR-122). Cyclophilin A (CypA) is an essential proviral factor for HCV replica-
tion, and interacts with HCV NS5A protein to initiate the formation of the replicase
complex, and thereby promote viral RNA replication [84, 85]. Specific inhibition
of CypA by cyclosporine A destroys the CypA/NS5A complex and suppresses
HCV RNA replication in vitro [86]. Because cyclosporine A exhibits both antiviral
and immunosuppressive activities, non-immunosuppressive antiviral derivatives
of cyclosporine A were developed, including Alisporivir/Debio-025, N-methyl-
4-isoleucine-cyclosporin (NIM811), and SCY-635 [87-89]. The comparison of
CsA-resistant mutants for resistance to Alisporivir and NIM811 demonstrated that
Alisporivir has the highest resistant activity against the adaptive mutations [90]. The
antiviral effect of Alisporivir on HCV genotypes 1a or 1b has been confirmed in chi-
meric mice with human hepatocytes [87]. Alisporivir is the most advanced in clinical
development. In a phase II clinical trial, administration of Alisporivir in combina-
tion with pegIlFN-a/RBV to treatment-naive HCV genotype 1 patients, resulted in
SVR rates of 69-76% compared to 55% in the group receiving only pegIFN-o/RBV
[91]. Recently, Alisporivir was explored as an interferon-free combination regimen
with DAAs in HCV genotype 2 and 3 infected patients, resulting into SVR rates of
80-85% [92]. However, the development of Debio-025 was halted following the
report of seven cases of acute pancreatitis [93]. For CypA inhibitor SCY-635, a clini-
cal phase 2a study demonstrated that SCY-635 reduces HCV viral load and increases
plasma levels of type I and III IFNs and IFN-stimulated genes, thereby contributes to
the activation of innate antiviral immunity [94].
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Another important host factor is the liver-specific microRNA-122 (miR-122).
microRNAs are small (~22 nucleotides) endogenous noncoding RNAs, which bind
to the 3'-untranslated region of the messenger RNAs (mRNAs), resulting in gene
silencing through mRNA degradation or translational repression [95]. The replication
of HCV in hepatocytes has been shown to be critically dependent on miR-122, as the
sequestration of miR-122 in liver cells results in marked loss of replicating HCV RNAs
[96]. Several mechanisms by which miR-122 promotes HCV replication have been
reported. miR-122 promotes HCV genome replication by direct binding with two adja-
cent sites in the 5’-UTR of the HCV RNA [97]. miR-122 protects HCV RNA genome
from degradation by host 5’-3" exonucleases Xrnl and Xrn2, and phosphatases DOM3Z
and DUSP11 [98-101]. Therapeutic approaches based on inhibition of miR-122 using
modified anti-sense oligonucleotides have been generated. Miravirsen/SPC3649 is a
locked nucleic acid-modified DNA antisense oligonucleotide that sequesters mature
miR-122 in a highly stable heteroduplex, thereby inhibiting its function. Miravirsen
demonstrated antiviral activity against all HCV genotypes i vitro [102]. In a phase 2a
study, the safety and efficacy of miravirsen were evaluated in 36 patients with chronic
HCV genotype 1 infection. The results showed a prolonged and dose-dependent
decrease in HCV RNA levels without evidence of viral resistance and serious adverse
effects [103]. Miravirsen treatment results in a prolonged reduction in cholesterol
levels in line with the effects of miR-122 on cholesterol metabolism [103, 104]. In addi-
tion, Miravirsen demonstrated a potent antiviral activity when tested against DAA-
resistant HCV variants [105]. Another antimir-122 molecule is RG-101, a hepatocyte
targeted N-acetylgalactosamine conjugated oligonucleotide that antagonizes miR-122
[106]. Van der Ree and colleagues [106] performed a phase 1B study that assessed the
safety, tolerability and antiviral effect of RG-101 in 32 patients chronically infected
with HCV genotypes 1, 3, or 4. The results showed that RG-101 was well tolerated and
resulted in substantial decrease in viral load in all treated patients within 4 weeks, and
sustained virological response in 3 patients at week 76 of follow-up. However, viral
rebound between weeks 5 and weeks 12 was observed in six patients with HCV geno-
type 1 [106]. Another phase 1B study assessed the effects of dosing RG-101 on antiviral
immunity in chronic HCV patients and showed that a single dose of RG-101 led to a
decrease in HCV RNA levels in all patients and SVR >76 weeks in 3 patients [107]. The
combination of a highly potent DAAs with miravirsen or RG-101 could potentially
shorten HCV treatment duration. Recently, two clinical studies were performed to
evaluate the potential of combining a NS5B inhibitor (GSK2878175) and RG-101asa
single- visit curative regimen for chronic hepatitis C [108]. GSK2878175 molecule dem-
onstrated acceptable safety, tolerability and pan-genotypic antiviral activity, especially
for HCV genotype 3 that is considered difficult to treat. The results showed that daily
oral administration of GSK2878175 with a single dose of RG- 101 results in high cure
rates if the treatment duration is >9 weeks in noncirrhotic, treatment-naive patients
with HCV genotype 1and 3 infections [108]. Altogether, these findings highlight the
clinical potential of miR-122 inhibitors as complementary therapeutic strategy that
especially may be valuable for difficult-to-cure patients with current DAAs.

4.3 HTAs involved in HCV assembly and egress

There is a close relationship between HCV particle biogenesis and host-cell lipid
metabolism. HCV circulates as lipo-viralparticles (LVPs) in the blood of infected
patients, thus targeting the host-cell factors involved in the lipid metabolism may
provide potential therapeutic options. An essential cellular enzyme involved in this
process is the diglyceride acyltransferase I (DGAT-I) which directly interacts with
the HCV core protein, and is required for the trafficking of core to lipid droplets
[109]. Inhibition of DGAT1 activity or RNAi-mediated knockdown of DGAT1
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severely impairs infectious viral particles production iz vitro, implicating DGAT-1 as
a new target for antiviral therapy [109]. Interestingly, quercetin, a natural flavonoid
that inhibits DGAT-I, was reported to have anti-HCV properties [110]. In a phase

I study, quercetin exhibited high safety and potent antiviral activity in patients

with chronic HCV infection [111]. Moreover, the antiviral efficacy of the DGAT-I
inhibitor LCQ908/pradigastat was assessed in phase II clinical trials in patients

with HCV infection, but no significant decrease in HCV viral load was observed in
treated patients [112]. Further studies are needed to determine whether the DGAT-I
inhibitor could be used in combination with DAAs.

Apolipoproteins (e.g. ApoE, ApoB, and ApoA1) are essential to the formation of
infectious HCV particles during viral assembly, and highly infectious HCV par-
ticles are usually associated with more lipoproteins [40, 113]. Mechanistic studies
demonstrated that Avasimibe, an inhibitor of acyl coenzyme A:cholesterol acyl-
transferase (ACAT), induced downregulation of microsomal triglyceride transfer
protein expression, resulting in reduced ApoE and ApoB secretion [114]. Avasimibe
significantly impairs the assembly of infectious HCV virions and exhibits signifi-
cant pan-genotypic antiviral activity and great potential for combination therapy
with DAAs [115]. Furthermore, the adaptor-associated kinase 1 (AAK1) and the
cyclin-associated kinase (GAK) are known to regulate core-AP2M1 interaction
[116]. Accordingly, Neveu and colleagues showed that AAK1 and GAK inhibitors,
including the approved anti-cancer drugs sunitinib and erlotinib, can block HCV
assembly [116, 117]. However, these compounds could induce adverse effects due
to their lack of specificity. To overcome this limitation, a specific GAK inhibitor,
isothiazolo [5,4-b]pyridine was developed [118]. This drug efficiently impairs HCV
entry and assembly iz vitro with limited off-target effects [118].

5. Conclusion and prospects

The great advances in hepatitis C treatment through the development of highly
potent DAAs define the intense efforts towards a global eradication of HCV infec-
tion. However, most infected people live in low resource countries, which may limit
access to treatment and restrain the impact of DAAs on the global burden of HCV
infection and associated diseases. Another principal challenge is viral resistance,
subsequent treatment failure and emergence of DAA-resistant variants. HTAs against
host-cell factors required for HCV pathogenesis are promising candidates for devel-
opment as alternative or complementary therapeutic options. Intense research on
HTAs is needed to develop highly effective drugs with the least side effects. Several
HTAs are at different stages of preclinical and clinical development, which promise
for enlarged therapeutic arsenal against chronic HCV infection in the future.
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Chapter 5

The Influence of Protease
Inhibitors on the Evolution of
Hepatitis C in Patients with HIV
and HCV Co-Infection

Elena Dumea and Simona Claudia Cambrea

Abstract

Prevalence of hepatitis C in HIV infected patients is much higher than in the
general population. There is the possibility of viral clearance HCV, in some patients
co-infected HIV and HCV; in the phase of immune reconstruction after antiretro-
viral treatment (ART). There are patients’ anti-HCV positive who initially did not
show HCV viral load detected and after the start of ART becomes HCV viral load
detectable. There are studies that described that immune restoration with increase
in CD4+ and CD8+ T cells, from ART, was important in control of HCV viremia.
Has been proposed hypothesis that direct or indirect effect of ART on HCV rep-
lication play a role in spontaneous resolution of HCV infection. We evaluated the
co-infected patients with HIV and HCV under combined antiretroviral treatment,
containing PI boosted with ritonavir in terms of immunological and virologi-
cal status (for both infection) and also liver disease. Patients were evaluated for
liver damage by non-invasive methods. We have shown that a small percentage of
patients have severe liver damage. We demonstrated the negative role of HCV on
immunological status and in liver fibrosis in co-infected patients. A high proportion
of these HIV and HCV co-infected patients had no detectable viremia, higher than
other studies published.

Keywords: protease inhibitors, HCV, HIV; co-infection, non invasive liver fibrosis
test, seroclearence

1. Introduction

Approximate 1/3 of HIV infected patients are also infected with hepatitis C virus
(HCV) due to shared routes of transmission.

The clinical implications of this crossroad are important and challenging issues
regarding the evaluation and management of the co-infected patient.

Patients with HIV and HCV infection have higher risk for developing cirrhosis,
hepatic decompensation, increased rates of end-stage liver diseases, hepatocellular
carcinoma and shortened lifespan after hepatic decompensation.
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2. Virology

There are similarities by virological point of view for these two viruses: HIV
and HCV. Although both HIV and HCV are single-stranded RNA viruses with
worldwide distribution, that can result in chronic, subclinical infection, they differ
with regard to several important characteristics. HCV is a flavivirus, which does not
replicate through a DNA-intermediate, as retroviruses do. This allows the possibility
of eradication of HCV. HIV viral production rates are approximate 10" virions per
day with half life less than 6 hours and this production is even greater for HCV with
production of 10" virions per day and average virirons half-life 27 hours [1]. Details
of the HCV replicative process are still not well known.

In chronic mono-infection with hepatitis C virus or HIV is maintained a viral
load relatively stable as a “set point” over long periods of time. Virus specific T-cell
responses play a role in the control of virus during chronic HCV.

In co-infection HIV and HCV, HCV RNA levels increase after HIV seroconver-
sion, and continue to increase over time, different from HCV mono-infection.
Quantitative loss of memory lymphocytes that occurs in HIV infection could
potentially be responsible for the elevated HCV RNA levels, observed in co-infected
patients [2]. In combined infection, HCV viral load is related with level of immu-
nosuppression (inversely correlated with CD4 counts), and can increase with heavy
alcohol use and transient with the antiretroviral therapy initiation [3]. HIV by
himself can increase HCV replication due to gp120 protein (HIV envelope protein)
through engagement of cellular co-receptors of HIV (ie, CXCR4 or CCRS5) [4].

In addition to quantitative changes of T-cells, HIV may induce qualitative
defects in immune responses through alteration of cytokine secretion profiles, and/
or dendritic cell function. Innate effectors, such as natural killer (NK) cells and
natural killer T (NKT) cells, also mediate antiviral defenses. Disruption of NK cell
function such as increased activation or decreased cytokine secretion induced by
HIV-1 could also be responsible for the development of chronic HCV [5, 6].

HIV replicates in CD4+ T-cells as well in many cell types. There are controversial
data regarding HCV replicates in extrahepatic sites, a study suggests peripheral blood
mononuclear cells (PBMCs) [7]. Some studies have suggested that HCV RNA replica-
tion in PBMCs may occur in patients with HIV/HCV co-infection, but not in those
with HCV alone [8]. The mechanism for the relapse of HCV viral load after HIV
treatment discontinuation can be HCV replication in dendritic cells or PBMCs [9].

The higher rates of perinatal HCV transmission in co-infected patients can be
explained by the fact that HCV has been isolated from the cervico-vaginal lavage
fluid in HIV HCV positive women (not in HCV positive alone) [10].

After introduction of directly acting agents against HCV (DAA) it was demon-
strated the potential drug resistance for HCV parallels as in HIV, resistance muta-
tion to specific polymerase and protease HCV inhibitors [11].

3. Epidemiology

Since both infections have similar routes of transmission, co-infection HIV and
HCV is common. The prevalence of co-infection varies by geographic areas, across
risk groups, by route of transmission. Also the sequence of infection depends by
transmission route.

HCV infection is transmitted by percutaneous route with highest rates in
people who inject drugs (PWID) and hemopbhiliacs. The risk of post-transfusion
HCV infection deeply decreases. Injection drug use is the most important route of
HCV transmission, approximately 80% of HIV persons with history of injection
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drug use are infected with HCV, and they usually acquire HCV before HIV infection
while men who have sex with men (MSM) typically are infected with HIV before
HCV infection [12].

HIV is much easily transmissible via sexual intercourse than HCV. In hetero-
sexual partners the prevalence of HCV co-infection is estimated as 4% in persons
whose main HIV exposure risk is heterosexual sex with multiple partners. Globally,
is estimated a 6.4% of HCV/HIV co-infection prevalence among MSM, with varia-
tions depending on the geographic region [13]. In MSM, HCV acquisition is associ-
ated with unprotected anal intercourse, group sex, fisting and recreational drugs
[14]. HCV transmission may be increased by mucosal injury and/or concomitant
other sexually transmitted diseases [15]. Ongoing HCV transmission is occurring in
MSM with declining after DA As but high rate of reinfection.

Regarding perinatal transmission of HCV, vertical transmission of HCV seems
to be facilitated by HIV co-infection. Maternal co-infection increases the risk
of vertical HCV transmission to their infants with about 2.82 fold more than for
women who are infected with HCV alone [16].

There are rare reported cases of acquisition HIV and HCV via percutaneous
exposure in health care workers.

4. Pathophysiology

Patients with co-infection HIV/HCV have higher rates of liver fibrosis progres-
sion compared with patients with HCV alone.

In patients with HIV; liver fibrosis progression is linked to week cellular immune
responses to HCV antigens. The cellular immune response to viral infection is
linked to CD8+ T-cell responses and in HIV infection there is a decreases number of
CD4 cells, functional impairment of CD4 and CD8 cells and a down-regulation of a
co-stimulatory molecule necessary for lymphocyte activation CD28. These observa-
tions explain the link between liver progression and advanced immunosuppression.

Also, liver progression can be determined by chronic immune activation through
increased levels of pro-inflammatory cytokines, secondary to HIV infection.
Kupffer cell depletion is associated with CD4 cell decline and may be related to
development of fibrosis [17].

In HCV related liver fibrosis, activated hepatic stellate cells (HSCs) mediate
collagen formation. There levels were associated with T cell immune activation
and increased gene expression of interleukin-15. In HIV/HCV patients IL-15 play a
pathogenic role in mediating liver fibrosis [18].

In normal hepatocytes apoptosis is mediated by tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL). Glycoproteins of HIV (gp120) through upreg-
ulation of TRAIL-mediated apoptosis triggered to hepatocytes death [19].

HCV-associated proinflammatory cytokines may contribute to liver fibrosis
progression and these may have a damaging effect on HIV disease [18].

In acute HCV infection, patients with HIV, especially those with low CD4
counts, have lower rates of spontaneous virologic clearance.

In co-infected patients there is a much more rapid rate of progression to cir-
rhosis than in HCV alone [20]. The prevalence of extensive liver fibrosis was higher
in coinfected patients [21]. Non-invasive assessments of liver fibrosis can be used
more frequently and these also suggested more rapid fibrosis progression in coin-
fection but this can be related with the degree of HIV-immunosuppression.

In coinfection, as in monoinfection, some patients clinical characteristics: older
age, diabetes, alcohol consumption, diabetes, obesity, elevated liver enzymes, have
been associated with fibrosis progression [22].
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5. Effect of antiretroviral treatment (ART) on HCV progression

There are studies that suggested a decline in liver-related mortality associated
with a potent ART introduction which also slows the rates of fibrosis progres-
sion, due to immune reconstruction [23]. A cross-sectional study demonstrated
a lower necroinflammatory activity on liver biopsy in HIV viral suppressed ART
patients and another study showed an increased risk of fibrosis progression in those
patients with ART interruption [24, 25]. There is a decrease in AIDS and non-AIDS
related morbidity and mortality in HIV patients with early ART initiation and this
approach is important especially in HIV/HCV patients. There is evidence that use of
ART partially restores T-cell responses to core HCV peptides. Successful response
to ART among HIV/HCV patients is associated with increased cellular immune
responses to HCV infection, long-term reduction in HCV RNA levels and with HCV
clearance [26].

Drug induced liver injury (DILI) is more common in HIV/HCV coinfection
following ART. Even liver toxicity is more common in patients with chronic viral
hepatitis the benefit of ART exceeds the risk of liver injury. Some studies found an
increased risk not for all ART regimens, only for some antiretroviral agents, such as
ritonavir or nevirapine [27, 28].

The role of particular drug or antiretroviral class in liver progression rates is
questionable, there are conflicting data. In a retrospective analysis, the authors
observed that along with young age at infection, heavy alcohol use, and a low CD4
count, patients whose ART regimen did not contain a protease inhibitor (PI) had
higher inflammation and fibrosis scores when compared to those who took a PI
as part of their ART regimen [29]. In another retrospective analysis of coinfected
patients, no significant differences in the proportion of severe fibrosis (approxi-
mately 25%) were observed between those on an non-nucleoside reverse tran-
scriptase inhibitors (NNRTTI), a PI, or both [30]. Therefore, specific PI or NNRTI
use may not be associated with evident histological benefit or obvious histological
worsening of HCV disease.

There are conflicting studies regarding the role of HCV in clinical progression
of HIV disease. Some studies have suggested that co-infected patients have an
increased progression to AIDS, as well as a decrease in survival from the time of
diagnosis of HIV and AIDS [31, 32].

6. Treatment of chronic hepatitis C virus infection in the patient
with HIV

The goal of HCV antiviral treatment is to cure the infection, characterized by
achievement of a sustained virological response (SVR) defined as an undetectable
HCV RNA at week 12 to 24 after the end of treatment. Thus, an effective cure is
associated with substantial reduction in liver-related mortality and morbidity and
reduced incidence of hepatocellular carcinoma.

HIV/HCV coinfected patients had lower response rates to HCV treatment with
peginterferon and ribavirin regimens compared with individuals without HIV. They
have comparable SVR rates with DAA-regimens as HCV-monoinfected patients.
Eradication of HCV infection may reduce the antiretrovirus-associated DILI.

The decision of optimal regimen and timing vary based upon: genotype, the
stage of liver disease, prior treatment history, drug interaction and some medical
and social priorities.

Because of the more rapid progression of liver fibrosis in the settings of HIV
infection, coinfected patients should be prioritized for HCV antiviral therapy and
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another reason to prioritize HCV treatment is cirrhosis and bridging fibrosis. With
highly effective interferon-free regimens (DAA), curative all-oral treatment is
possible also for those patients with coinfection. There is a low incidence of adverse
events and high efficacy and that means that almost all patients can benefit from
HCV treatment.

All HIV patients should be evaluated for chronic HCV infection using a third
generation enzyme immunoassay. Patients found to be HCV positive should
undergo quantitative HCV RNA testing to confirm the presence of viremia. HIV
patients who are found to be HCV seronegative but if they are with advanced
immnuosuppression (CD4 counts<100 cells/mm?), risk factors for HCV acquisition
or elevated liver enzymes should undergo HCV-RNA testing.

Evaluation for coinfected patients for HCV treatment, by the point of view of
HCYV infection, is similar to those monoinfected. Prior to treatment evaluation
should focus on these factors: HCV genotype, viral resistance testing for certain
populations, history of prior treatment, assessment of liver fibrosis stage using
noninvasive tests for fibrosis or liver biopsy, history, physical and basic laboratory
tests, evaluation for conditions that might affect the therapy.

6.1 Management of antiretroviral treatment in coinfected patients

Timing of HCV therapy in relation to ART initiation in ART-naive patients is
important and that it will be discussed below. For special population, such as those
with decompensate liver diseases, the treatment should be established only in
specialized center with expertise in managing HIV/HCV coinfection.

For HIV/HCV coinfected patients whom are considered to receive HCV treat-
ment, the appropriate antiretroviral treatment regimen used should not have serious
drug interaction with HCV antiviral agents. Another management issue in coin-
fected patients is the timing of antiretroviral therapy initiation or regimen switch.

It is not recommended an ART interruption to allow HCV antiviral therapy [33].

In ART-naive HIV/HCV patients is preferable to start ART first and begin HCV
treatment later. HIV/HCV patients should be initiated on ART for HIV disease
without taking into account their CD4 cell count [34]. In selection of ART regi-
men should be taken into account the potential drug—drug interactions with HCV
antivirals. It is recommended to initiate ART approximately 4 to 6 weeks before
starting HCV therapy for two reasons: initiation of ART first allows assessment of
tolerability and adverse effects of ART alone and the second reasons is an improved
HCV outcome, by suppression HIV viral load by ART treatment through restoration
of immune response or other effects [35].

In ART-experienced HIV/HCV patients, who achieved HIV viral suppression on
an ART well tolerate regimen, should continue the regimen, if it does not have sig-
nificant drug interactions with the HCV treatment selected. A regimen switch may
be necessary if ART regimen components cannot be used with HCV antiviral drugs.
In failure to suppress HIV or adverse effects or intolerance to an ART regimen, the
regimen switch should be indicated. In this case should be taken into account in
selection of a new ART regimen potential drug interaction with HCV-antivirals, in
addition to all specific recommendations that appeared in the choice of ART regi-
men in treatment-experienced patients. In ART regimen switches, prior antiretro-
viral history drugs and resistance profiles should be studied, to ensure that the new
regimen is active, with two or three fully active antiretroviral drugs. The treatment
should be initiated after 4 to 6 weeks after ART regimen switch by the same reasons
as in ART-naive patients. Additionally, HIV RNA should be determined at 4 to
6 weeks after the switch to ensure that the new regimen maintains HIV viral sup-
pression. If it is wished to switch back, the new ART regimen to the original ART
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regimen, following completion of HCV treatment, this should be delayed until at
least two weeks after completion of HCV treatment, to ensure clearance of the HCV
antivirals [34].

6.2 HCV regimen selection in coinfected patients

The efficacy of DAA regimens among HIV/HCV coinfected patients it seems to
be comparable to that in HCV monoinfected patients, the regimen selection deci-
sions are similar for these two groups.

The HCV selection regimen is based on genotype, prior HCV treatment, the stage
of liver fibrosis and in rare cases by the presence of baseline NS5A inhibitor resistance
associated substitutions. In co-infected patients, the HCV regimen drug interaction
with HIV antiretroviral is the major consideration in selection of HCV regimen.

The regimen options for coinfected patients with a particular genotype are the
same as those for HCV monoinfected patients with the same genotype. Potential
drug interactions with antiretroviral regimen is the major consideration factor that
decide between the several regimens available for a specific genotype. There are
regimens that have been studied in coinfected patients.

6.2.1 Genotype 1 HCV infection

* Elbasvir-grazoprevir- high efficacy of this regimen in HIV/HCV patients.
Analysis in monoinfected patients has suggested an association between
lower SVR rates and pre-existing variations in the genotype’s 1 NS5A inhibi-
tor sequence. In genotype-1a infected patients is recommended testing for
these resistance-associated substitution, and, if present, adding ribavirin and
extended to 16 weeks the duration of treatment [35, 36].

* Sofosbuvir- velpatasvir- is a highly effective pangenotypic regimen, for
12 weeks, the SVR rates are high regardless cirrhosis or treatment history [37].

o Sofosbuvir-velpatasvir-voxilaprevir, a regimen reserved for patients who
failed on certain DAA-regimen, can be used also for 8 weeks in naive
patients, has not been studied in coinfected patients but is thought to be the
same efficient as in monoinfected patients

* Glecaprevir-pibrentasvir, is also a potent effective pangenotypic regimen, with
high efficiency in coinfected patients treatment for 8 or 12 weeks [38].

* Ledipasvir-sofosbuvir- is highly effective in several studies in coinfected
patients treatment naive or experienced, for 12 weeks, with high SVR overall
even in patients with cirrhosis or prior treatment failure [39].

* Ombitasvir- paritaprevir- ritonavir plus dasabuvir- this regimen with or
without ribavirin is highly effective for coinfected patients with genotypel,
given for 12 to 24 weeks (depending on the infection subtype and the presence
of cirrhosis) [40].

* Simeprevir and sofosbuvir — effective in HIV/HCV patients with cirrhosis who
had failed to a prior regimen, given 16 or 24 weeks. (telaprevir plus pegin-
terferon and ribavirin) [41]. The SVR rates in real-life are higher in patients
without these negative predictors of response.
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* Daclatasvir combinations
o Daclatasvir plus sofosbuvir is highly effective for genotype 1, 12 weeks of
treatment in naive or experienced- coinfected patients. For these regimens,
allowed ART agents included darunavir, atazanavir, or lovinavir, each
ritonavir-boosted, efavirenz, rilpivirine, raltegravir and dolutegravir. When
it is used with specific asntiretrovirals, the dose adjustment of daclatasvir is
needed.

o Daclatasvir plus asunaprevir is available in Japan for genotype 1b infection.

6.2.2 Genotype 2 infection: highly effective options, formally evaluated for
coinfected patients

* Sofosbuvir-velpatasvir 12 weeks [37].

* Glecaprevir-pibrentasvir 8 weeks in non-cirrothic patients, 12 weeks for
patients with compensated cirrhosis [38]. The choice between them depends
on drug interaction.

* Sofosbuvir- velpatasvir-voxilaprevir — reserved for patients who previously
failed on an certain DAA regimen, 8 weeks treatment, has not been studied for

HIV/HCV patients

Administration and dosing of these regimens in coinfected patients are similar
to monoinfection.

6.2.3 Genotype 3 infection

* Glecaprevir-pibrentasvir for 8 to 16 weeks depending on treatment history and
presence of cirrhosis

* Sofosbuvir-velpatasvir with or without ribavirin for 12 weeks.
* Daclatasvir plus sofosbuvir

* Sofosbuvir- velpatasvir-voxilaprevir — reserved for patients who previously
failed on an certain DAA regimen,, has not been studied for HIV/HCV patients

The choice between them depends on drug interaction. The studies are in a
limited number of coinfected patients [37, 38].

6.2.4 Genotype 4, 5 and 6 infection

Studies in limited numbers of coinfected patients have demonstrated good effi-
cacy with various regimens as those recommended for HCV-monoinfected patients.

* Ledipasvir-sofosbuvir
* Elbasvir-grazoprevir

* Glecaprevir-pibrentasvir
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6.3 Potential drug interaction with ART

When assessing a HIV/HCV patient for HCV treatment there some important

drug interactions to be considered.
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* ribavirin. The interaction between it and antiretroviral agents include direct

interaction but also a combination that potentiate adverse effects (with
atazanavir- containing ART, patients may develop jaundice).

* sofosbuvir. Have few drug interactions with antiretroviral agents. In clinical

studies was used in combination with tenofovir disoproxil fumarate- emtric-
itabine (TDF-EMT), efavirenz, darunavir or atazanavir boosted with ritonavir,
raltegravir and rilpivirine, without any evidence of decreased efficacyor
adverse events.

* ledipasvir- sofosbuvir. It is available only as a fixed-dose combination.

Co-administration with tenofovir disoproxil fumarate (TDF), increased levels
of tenofovir. Co-admistration with tenofovir alafenamide (TAF) does not
elevate plasma levels of tenofovir, that’s why we can switch patients from TDF
to TAF containing regimen when planning a treatment with ledipasvir- sofos-
buvir. There are specific options for different TDF-containing antiretrovirals in
combination with ledipasvir-sofosbuvir.

* sofosbuvir —velpatasvir is only available in fixed-dose combination. There are

no evidence of interaction or adverse events in combination with abacavir, ata-
zanavir, darunavir, ritonavir, cobicistat, elvitegravir, raltegravir, lamivudine,
emtricitabine, TAF, rilpivirine.

* glecaprevir-pibrentasvir is available in fixed-dose combination. It was used in

studies in combination with tenofovor, abacavirm, lamivudine, emtricitabine,
raltegravir, dolutegravir, evitegravir with cobicistat and rilpivirine without
clinical relevant interactions.

* elbasvir-grazoprevir- is available in fixed-dose combination. Both are primarly

metabolized through CYP3A metabolism, thus, coadminsitration with several
antiretrovirals is not advised. It can be used in combination with tenofovir,
lamivudine, abacavir, emtricitabine, rilpivirine and dolutegravir, raltegravir.

* Ombitasvir-paritaprevir-ritonavir plus dasabuvir. Drug —interactions are

expected since all of these agents are substrates and inhibitors of major
metabolic enzymes. It was used safely with TDF-FTC and raltegravir, or in
combination with atazanavir, when ritonavir boosting was served by ritonavir
contained in HCV regimen.

* voxilaprevir, is available in fixed-dose combination pills with sofosbuvir and

velpatasvir. Voxilaprevir is a substrate and inhibitor of P-glycoprotein, slowly
metabolized by CYP34A. Coadministration with several antiretrovirals is not
advised.

¢ daclatasvir is metabolized by CYP3A, thus inducers or inhibitors of these

enzyme are expected to modify daclatasvir concentration.

* simeprevir is oxidatively metabolized by CYP3A. Inducers or inhibitors of

CYP3A are expected to modify simeprevir concentration.
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Patients should be monitored for side effects and adherence, viral loads
responses on therapy and also depending on ART regimen all the tests needed for
evaluate side effects or toxicity.

7. Personal contribution

In our hospital, we are treating patients with HIV infection for about 20 years,
with a history of long-term antiretroviral regimens which include protease inhibi-
tors (PI). The newly regimens for HCV treatment with direct-acting antivirals con-
tains protease inhibitors (PI) and ritonavir for HCV infection, like in HIV infection.

In our clinic there are 4.33% patients HIV/HCV coinfected, this incidence is
similar to HCV in general population in Romania. In a previous study using nonin-
vasive methods FibroScan (transient elasthography) we demonstrated that 84.6%
of HIV patients had mild or no fibrosis, 15.4% had moderate-severe fibrosis, and
no cirrhosis [42]. We also demonstrated the concordance between noninvasive
fibrosis evaluation methods Fibroscan, APRI and FIB-4 score for HIV [43, 44] and
in literature these are used in coinfected HIV/HCV patients monitoring.

We evaluated the patients HIV/HCV coinfected under combined antiretroviral
treatment containing PI boosted with ritonavir in terms of immunological and
virological status (for both HIV and HCV infection) and also liver disease. Patients
were evaluated for liver damage by non-invasive methods, APRI score and FIB-4.

By immunological HIV status 64.5% have CD4 > 500cells/mm3, 29.03% have
CD4 = 200-499cells/mm?, and 6.45% CD4 < 200cells/mm3. HIV viral load was
<40 copies/ml in 70% of cases, 11% presented less than 100 copies/ml, and 19% of
patients, noncompliant to ART treatment, with detectable HIV viral load.

Using APRI score 69% of HIV/HCV patients have APRI < 0.5, representing mild
or no fibrosis, 24% moderate or severe fibrosis and 7%, APRI > 1.5 corresponding
to cirrhosis. The same results are when we used FIB-4 score: 77% no/mild fibrosis,
(FIB4 < 1.45), 16% moderate/severe fibrosis, 7% cirrhosis (FIB-4 > 3.25. We have
shown that a small percentage of patients have severe liver damage but significantly
higher in HIV HCV co-infection than in mono HIV infected persons (Table 1).

In another study on these cohort 34% of coinfected patients have undetectable
HCV viral load without any HCV regimen only the same exposure to PI, (ritonavir-
boosted lopinavir majority or other PI) [45]. This seroclearence can be explained by
immune reconstruction induced by antiretroviral treatment or by direct antiviral
effect of PIs on HCV infection.

A high proportion of these HIV/HCV co-infected patients had no detectable
viremia, higher than other studies published which may be explained by the fact
that these patients have had HCV clearance, spontaneous or induced by the antiret-
roviral therapy.

Infection Non-invasive liver Fibrosis
fibrosis tests
No/mild (%) Moderate/severe (%) Cirrhosis (%)
HIV APRI 84.6 154 0
FIB-4 82.0 18.0 0
HIV/HCV APRI 69 24 7
FIB-4 77 16 7
Table 1.
Liver fibrosis.
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The immunological and virological HIV status of these undetectable HCV viral
load patients was better than in those with detectabile HCV viral load. There are
also diferencies regarding PI regimens and duration between these two groups. We
have limited experience on DAA treatment in HIV/HCV coinfected patients.

8. Conclusion

With the growing availability and diversity of direct-acting antiviral combina-
tion regimen for HCV treatment, a curative treatment will be possible for majority
patients, even those with HIV.

The sustained virologic response rates in coinfected patients treated with DAA
are similar with monoinfected patients, with almost the same regimens. These are
associated with substantial reductions in liver-related morbidity and mortality. A
testing algorithm based on primary care screening (e.g. with APRI, FIB-4) followed
by referral for specialty confirmatory testing (e.g, transient elastography) would
best fit most practice models.

There are some management issues in HIV/HCV coinfection regarding appro-
priate antiretroviral regimens and drug interactions with HCV treatment.

With these DAA regimens, as in HIV preexposure prophylaxis (PrEP), maybe
we can limit the extension of HCV infections in some risk group of HIV patients.
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Genotype 4

Saad Alghamdi and Waleed Al-hamoudi

Abstract

End-stage liver disease secondary to hepatitis C virus (HCV) infection is a major
indication for liver transplantation (LT) worldwide. Previous studies have shown a
negative impact of HCV on patient and graft survival leading to an inferior trans-
plant outcome when compared to other liver transplant indications. The percentage
of HCV patients infected with genotype 4 (G4) among recipients of OLT varies
depending on geographic location. In the Middle East HCV-G4 infection is the most
common genotype among transplant recipients. Direct antiviral agents (DAAs)
have revolutionized the management of HCV infection in the pre- and post-trans-
plant setting. Recent clinical trials have shown high sustained virologic response
rates, shorter durations of treatment, and decreased adverse events when compared
with the previous treatment of pegylated interferon (PEG-IFN)-based therapy.
However, most of these studies were performed in HCV-G1-infected patients. Due
to the low prevalence of HCV-G4 in Europe and the USA, this genotype has not
been adequately studied in prospective trials evaluating treatment outcomes. The
aim of this chapter is to summarize the natural history and treatment outcome
of HCV-G4 in the liver transplant setting, with particular attention to new HCV
therapies.

Keywords: cirrhosis, direct antiviral agents, genotype 4, hepatitis C,
liver transplantation

1. Introduction

Hepatitis C virus (HCV) infection is one of the main indications for liver
transplantation (LT) and is a major cause of liver related mortality [1, 2]. Patients
transplanted for HCV-related cirrhosis have a worse 5-year survival than those
with other indications [3, 4]. HCV eradication prior to LT will likely improve the
outcome by eliminating the risk of post-transplant recurrence. Over the last decade,
the development of highly effectively DAA agents has allowed for the safe and
successful treatment of HCV, shrinking the number of recipients with chronic HCV
and improving the post-transplant outcome [5].

Hepatitis C genotype 4 (HCV-G4) is the most prevalent genotype in the Middle
East, and Northern Africa [6-9]. Egypt is the most affected nation by HCV and
HCV-G4 accounted for 94. 1% of infections. More than 90% of liver transplants in
Egypt are for HCV —G4 [10]. Earlier studies from Saudi Arabia also demonstrated
that HCV-G4 is the leading indication for liver transplantation [11]. On the other
hand, HCV-G4 is a rare indication for liver transplantation in other parts of the
world [12, 13].
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The frequency of infection with HCV-G4 is also increasing in European coun-
tries, particularly among intravenous drug users and immigrants [14-17]. HCV-G4
has not been adequately studied in prospective trials evaluating treatment outcomes
and remains the least studied variant. However, over the past five years’ data on
treatment outcomes of HCV-G4 in the DAA era has been accumulating.

The treatment outcome of HCV-G4 in the interferon era has been reported
in multiple studies [18-23]. A higher rate of spontaneous resolution after acute
HCV-G4 infection has been reported [24, 25]. Other studies associated HCV-G4
infection with hepatic steatosis [26, 27]. These observations may have an impact on
the natural history and treatment outcomes of HCV-G4.

Direct antiviral agents (DAAs) represent a breakthrough in the management
of HCV. First generation DAAs (telaprevir, boceprevir) in post-liver transplant
patients resulted in sustained virological response of up to 60% with telaprevir in
HCV-G1. However, significant side effects including severe anemia, skin complica-
tions and significant drug interactions resulted in major concerns [28]. These agents
are currently contraindicated and are not used anymore. Second line direct-acting
antiviral DAAs have emerged with better safety and efficacy profiles, leading to
dramatic changes in the practice of HCV management [29-36]. An international,
multicenter, long-term follow-up study of 530 patients with chronic HCV infection
who received interferon based therapy demonstrated that among patients with
advanced hepatic fibrosis, sustained virological response was associated with lower
all-cause mortality [37]. The revolutionary discovery of DAAs makes chronic HCV
infection a curable disease in patients with advanced liver disease. Liver function
may improve after antiviral therapy in patients on the waiting list and could result
in patient delisting. Following liver transplantation, DAA treatment is also highly
effective so that postponing antiviral treatment to the post-transplant setting may
be of benefit for certain patients. The, aim of this Chapter is to examine the natural
history and treatment outcomes of HCV-G4 following liver transplantation. This
review includes all published studies and abstracts involving HCV-G4 patients.

2. Natural history of HCV-G4 after liver transplantation

The introduction of DAAs is a significant therapeutic breakthrough in the
management of HCV infection. With a very high cure rate, a large proportion of
LT candidates and recipients can be cured of HCV infection by DAA therapies that
are safe and well-tolerated. Due to the high efficacy of these drugs, a major decline
was observed in the number of LT performed both in patients with decompensated
cirrhosis with HCV and in those with hepatocellular carcinoma associated with
HCV worldwide [38-40]. Furthermore, the survival of LT recipients with HCV-
related liver disease has clearly improved because of treatment for HCV recurrence.
The advent of efficacious DAA therapy to treat HCV recurrence, resulted in an
increasing trend to use HCV seropositive donors for both HCV seropositive and
seronegative recipients with excellent outcome [41].

Re-infection of the graft is universal after liver transplantation regardless of
genotype and has a negative impact on medium and long-term outcomes [42].
Western studies evaluating the natural history of HCV- G4 in the pre DAA era
suggested a worse outcome compared to other genotypes. Zekry et al. analyzed
factors that predicted outcome of HCV-liver transplant recipients in the Australian
and New Zealand communities. Among 182 patient transplanted for HCV including
16 patients infected with HCV-G4 and a median follow-up of 4 years. HCV-G4 was
associated with an increased risk of re-transplantation and death in univariate and
multivariate analyses [43]. Whether this difference in outcomes was related to the
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pathogenicity of HCV-G4 or to other factors not examined in this study, including
donor age, immunosuppression, and compliance with medications, is not clear
(Table1). Furthermore, patients infected with HCV-G4 in this study were older
and more likely to have coexisting hepatocellular carcinoma. In a larger study Gane
et al. investigated the impact of persistent HCV infection after liver transplantation
on patient and graft survival and the effects of the HCV genotype on the severity
of recurrent hepatitis. 149 patients with HCV including 14 patients with HCV-G4
infection were followed for a median of 36 months; 623 patients without HCV
infection who underwent liver transplantation for end-stage chronic liver disease
were used as a control group. Approximately 50% of HCV-G4 had progressive liver
disease (moderate hepatitis or cirrhosis) during the follow-up period [44]. In the
same study, patients infected with G1b had the worst outcome, whereas patients
infected with G2 and G3 had less severe disease recurrence. A more detailed single
center study from the UK aimed at studying the impact of HCV-G4 on transplant
outcome. The study group included 128 patients who underwent transplantation for
HCV infection: 28 patients, genotype 1; 11 patients, genotype 2; 19 patients, geno-
type 3; and 32 Middle Eastern patients with genotype 4 [45]. A significantly higher
fibrosis progression rate was observed in HCV-G4 patients compared with non-G4
patients, although their rates of survival were similar. The five-year cumulative
rates for the development of cirrhosis or severe fibrosis were 84% in HCV-G4-
infected patients and 24% in patients infected with other genotypes. In the United
Kingdom, those Middle Eastern patients maybe the recipients of donated organs
only when available organs are declined by all UK transplant centers for UK-born
patients. Thus, genotype-4 patients are more likely to receive marginal livers or
livers from an older donor. This policy may have led to the selection of inferior
grafts for the HCV-G4 patients, who were predominantly non-UK citizens, leading
to inferior results in these patients. It has been clearly shown that advanced donor
age has a negative impact on the transplant outcome including rapid progression to
fibrosis and cirrhosis [46-48].

On the other hand, studies from the Middle East show a more favorable out-
come. According to reports from Saudi Arabia and Egypt, overall graft and patient
survival for HCV-G4 are comparable to rates reported in the international literature.
Reports from Saudi Arabia reveal an overall three-year graft and patient survival
rates of 90% and 80%, respectively [11, 49-53]. Similarly, in Egypt, where many

Factors affecting transplant outcome

Viral load

Genotype

Coinfections

Alcohol consumption

Compliance

Chronic kidney disease

Sarcopenia

Steatosis

Donor Age

Immunosuppression

Rejection

Table 1.
Factors affecting the outcome of HCV-related transplantation
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active living-related liver transplant programs exist and HCV-G4 represents more
than 90% of cases, graft and patient survival rates are approximately 86% [10].

Multiple recent studies from the Middle east evaluated the natural history of
HCV-G4 following liver transplantation. A study from Saudi Arabia reported the
results of patients who had biopsy-proven recurrent hepatitis C infection and made
a comparison between patients with HCV-4 and non-HCV-4 genotype. They clearly
demonstrated no significant differences between these two groups in terms of clini-
cal, epidemiological, and histological factors and outcome. They found that in the
initial liver biopsy, which was performed after a mean time from transplantation
of more than 2 years, there were only four patients who had fibrosis scores greater
than stage 3. Two of these patients progressed to cirrhosis on subsequent biopsies
[54]. Among many factors included in that analysis, the only factor predictive of an
advanced histological score was the HCV RNA level at the time of biopsy.

In studies published from Egypt reporting on living donor related liver (LDLT)
transplantation of HCV-G4 patients, similar favorable outcomes were observed.
Yosry et al. investigated the outcome of 74 Egyptian patients transplanted for
HCV-G4. 31. 1% of patients developed HCV recurrence during a follow up
period of 36 months. The majority of patients had mild recurrence, and 91% of
the subjects had a fibrosis score of < or = F2. None of the transplanted patients
developed cirrhosis or clinical decompensation. Recurrent hepatitis C virus infec-
tion was associated with a high pre and post-transplant viral load. The presence
of antibodies to hepatitis B core antigen were also associated with disease recur-
rence [55]. In another study, recurrence was evaluated in 38 Egyptian patients
infected with HCV-G4. Patient and graft survivals were 86.6% at the end of the
16 +/— 8.18 months (range, 4-35 months) follow-up period. Clinical HCV recur-
rence was observed in 10/38 patients (26. 3%). Similar to the previous study, none
of the recipients developed cirrhosis or decompensation during the follow-up
period [10]. Allam et al. compared the outcomes of Middle Eastern patients who
received liver transplantation either in China or locally in Saudi Arabia, respective
one- and three-year cumulative survival rates were 81% and 59% in patients trans-
planted in China compared with 90% and 84% for patients transplanted locally.
The incidence of complications was significantly higher especially biliary complica-
tions, sepsis, metastasis and acquired HBV infection post-transplant in patients
transplanted in China. Patients transplanted in Chine were more likely to undergo
postoperative interventions and hospital admissions. This could be explained by the
liberal recipient selection criteria, the use of donations after cardiac death, and to
the limited post-transplant medical care [56].

HCV-G4 exhibits significant genetic diversity, and there are a number of viral
subtypes. The impacts of the various subtypes have been demonstrated in recent
studies; for example, HCV G1 subtype 1b patients were more likely to have a better
post-transplant outcome compared with subtype 1a [57]. Studies performed in
Egypt, where HCV-G4 subtypes 4a and 4b predominate, reveal a better antivi-
ral treatment outcome compared with Saudi Arabia [58-60]. In a retrospective
analysis of HCV-G4 patients, Roulot et al. reported better sustained virological
response (SVR) in 4a subtype- compared with 4d subtype-infected individuals
[61]. Itis very important to point out the that the negative transplant outcome of
HCV-G4 infected patients in the west is not accurate. The majority of recruited
patients in these studies are older Egyptians, who have received marginal donor
grafts. Co-morbidities, such as infection with schistosomiasis, and other unstudied
variables may also have affected outcomes in these patients, leading to an impres-
sion that HCV-G#4 is an aggressive virus. However, data originating from the Middle
East, where HCV-G4 predominates, have revealed no significant difference in
outcomes between G1 and G4.
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More importantly the recent introduction of DAAs have changed the outlook for
HCV-infected patients. The use of DAA agents in the liver transplantation setting
has eliminated post-transplant HCV recurrence and improved graft and patient
survival irrespective of many other factors including viral genotype.

3. Treatment of HCV in the peritransplant period
3.1 Pegylated interferon and ribavirin (RBV)

Viral eradication or suppression prior to liver transplantation reduces post-
transplant recurrence rates [62]. Interferon-based therapy was the only treatment
option for HCV prior to the DAA era, however, interferon was contraindicated in
patients with advanced liver cirrhosis. This negatively impacted the HCV outcome
in cirrhotic and organ transplant patients [63-65].

The limited treatment options lead multiple groups to carefully evaluate
Interferon based therapy in the pre transplant setting. Everson et al. evaluated
the effectiveness, tolerability, and outcome of a low accelerating dose regimen
(LADR) of pegylated interferon (PEG-IFN) therapy in the treatment of patients
with advanced HCV. This approach was poorly tolerated especially in patients
with decompensated disease. One hundred twenty-four patients were treated with
LADR, Sustained virological response was achieved in less than 25% and only 12/15
patients who became HCV-RNA negative prior to transplantation remained HCV-
RNA negative 6 months after transplantation [64]. In a more recent study patient
with various genotypes were randomized 2: 1 to treatment (n = 31) or untreated
control (n = 16). Of the patients who were treated, 23 underwent liver transplanta-
tion, and 22% achieved a post-transplantation virological response. Although
pre-transplant treatment prevented post-transplant recurrence in 25% of cases,
including patients infected with HCV-G4, this approach was poorly tolerated and
resulted in life-threatening complications [66]. With the introduction of DAA all
trials and evaluating interferon based therapies were discontinued and interferon
use in this setting is currently contraindicated.

Previously treatment options for patients with recurrent HCV after transplanta-
tion were limited. IFN based therapy for patients with post-transplant recurrence
were the only available option in the past, these regimens are difficult to tolerate
and have disappointing efficacy with hard-to-manage drug interactions. Reported
SVR rates for PEG-IFN combination therapy following liver transplantation are
lower than those in the nontransplant population. Treatment regimens have been
hindered by a high incidence of adverse effects, leading to treatment withdrawal.

Dabbouset al. evaluated 243 patients transplanted for HCV-G4-related cir-
rhosis. Patients with proven histological recurrence received PEG-IFN and
ribavirin. Repeated liver biopsies were performed at 3, 6, and 12 months during
treatment for the detection of immune-mediated rejection induced by interferon.
Histopathological disease recurrence was high 56 (23%), and 42 patients completed
the treatment. Five patients were excluded due to fibrosing cholestatic hepatitis;
therefore, 37 patients were included in the study. Erythropoietin and granulocyte col-
ony-stimulating factor were used in 70% of patients. SVR was achieved in 29 (78%)
patients [67]. Ponziani et al. evaluated treatment responses in 17 Italian patients with
HCV-G4 recurrence following liver transplantation. The observed overall survival
after LT was 100% at 1 year and 83. 3% at 5 years. Thirty-five percent of patients
achieved SVR. This study included patients treated with conventional interferon;
the lack of aggressive management of hematological side effects and the inclusion
of patients with advanced liver disease contributed to the low response rate [68].
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Al-hamoudi et al. assessed the safety and efficacy of PEG-IFN alpha-2a in combina-
tion with RBV in the treatment of recurrent HCV genotype 4 after LT. Pretreatment
liver biopsies were obtained from all patients. Five patients had advanced pretreat-
ment liver fibrosis. Only 14 (56%) patients achieved SVR. The most common adverse
effects were flu-like symptoms and cytopenia. One patient developed severe rejec-
tion complicated by sepsis, renal failure, and death. Other adverse effects included
depression, mild rejection, impotence, itching, and vitiligo [69].

4, Treatment of advanced disease in the new era

The treatment of chronic hepatitis C has been revolutionized with the introduc-
tion of DAAs. New oral DAAs have emerged with better safety and efficacy profiles,
leading to dramatic changes in the practice of HCV management. The goal of HCV
treatment is to reduce mortality and liver complications through virologic cure.
The end point is sustained virological response (SVR), which is an undetectable
viral load at least 12 weeks after completing treatment. The DAAs target various
proteins throughout the HCV replication cycle [70]. These choices include sofos-
buvir based therapy plus weight-adjusted RBV, ombitasvir/paritaprevir/ritonavir,
elbasvir-grazoprevir and glecaprevir/pibrentasvir. The choice between them
depends primarily on potential for drug interactions, availability, and cost. Data on
the use of these new agents in cirrhotic G4 patients awaiting liver transplantation
are limited. Up-to-date studies evaluating the safety and efficacy of these agents in
HCV-G4 patients are summarized below.

4.1 Sofosbuvir and ribavirin

Sofosbuvir (SOF) is a novel pangenotypic nucleotide analog inhibitor that inhib-
its HCV RNA replication. SOF is administered orally and inhibits the HCV NS5B
polymerase. SOF exerts potent antiviral activity against all HCV genotypes [71-75].

Curry et al. conducted a trial to determine whether sofosbuvir and RBV treat-
ment before liver transplantation could prevent HCV recurrence afterward. They
included 61 patients with child A cirrhosis and HCV of any genotype. All involved
patients were on waitlists for liver transplantation for hepatocellular carcinoma and
received up to 48 weeks of sofosbuvir (400 mg) and RBV before liver transplanta-
tion. Of 46 patients who were transplanted, 43 had HCV-RNA levels of less than
25 IU/ml at the time of transplantation. Of these 43 patients, 30 (70%) exhibited
a post-transplantation virological response at 12 weeks [76]. Another study evalu-
ated the efficacy and safety of SOF in combination with RBV in HCV-G4 patients
in patients of Egyptian ancestry. 60 patients were included and half of them were
treatment-naive. Patients were treated for 12 weeks (n = 31) or 24 weeks (n = 29).
Overall, 23% of patients had cirrhosis. SVR was achieved by 68% of patients in
the 12-week group, and by 93% of patients in the 24-week group. Treatment was
well tolerated and none of the patients discontinued treatment due to an adverse
event [77]. Doss et al. evaluated the efficacy and safety of SOF in combination with
ribavirin in HCV-G4 patients in Egypt. 103 patients were included and received
a combination of SOF and weight-adjusted RBV. 17% of the study population
were cirrhotic. Patients with cirrhosis at baseline had lower rates of SVR (63% at
12 weeks, 78% at 24 weeks) than those without cirrhosis (80% at 12 weeks, 93%
at 24 weeks). The most common adverse events were fatigue, headache, insomnia,
and anemia. Two patients experienced serious adverse events. No adverse events
resulted in treatment discontinuation [78]. In a more recent study, 2400 Egyptian
patients with liver cirrhosis due to chronic HCV infection were treated with SOF
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and RBV for 24 weeks. The majority of included patients were treatment-naive.
The overall SVR rate was 71. 2%. The most common adverse events were fatigue,
myalgia, headache, insomnia, and anemia. Only 5.6% of patients discontinued
treatment due to the appearance of significant complications [79]. In another study
14 409 patients received either dual therapy, SOF/RBV for 6 months (groupl) or
triple therapy with SOF/peg-IFN-alfa-2a/RBV for 3 months (group 2), in a cohort
of patients treated in National Treatment Programme affiliated centres in Egypt. In
group 1, the SVR at week 12 was 94% and in group 2 the SVR was 78.7% [80].

The efficacy of this combination following LDLT was also evaluated in Saudi
Arabia. Ajlan et al. reported the safety and efficacy data on 36 post liver transplant
patients who received SOF and RBV + peg-IFN. All patients were infected with
HCV-G4, mean age was 56 years, and the cohort included 24 males and one patient
had cirrhosis. The majority of patients had advanced fibrosis. 28 patients were
treated with PEG-IFN and RBV in addition to SOF for 12 weeks and the remain-
ing were treated with SOF and RBV only for 24 weeks. By week 4, only four (11.
1%) patients had detectable HCV RNA [81]. In another study 39 Egyptian liver
transplant recipients were treated for recurrent HCV-G4 after transplantation
with SOF and ribavirin for 6 months. SVR was achieved in 76% of recipients.

SVR was significantly higher in treatment-naive patients and in recipients with

a low stage of fibrosis [82]. A prospective multicenter study enrolled 40 patients
with compensated recurrent HCV infection of any genotype following liver
transplantation. All patients received 24 weeks of SOF 400 mg daily and RBV.

Of the 40 patients enrolled and treated, 40% had biopsy proven cirrhosis, and

88% received prior interferon treatment. SVR was achieved by 28 of 40 patients.
Relapse accounted for all cases of virological failure, including the only patient with
HCV-G4. No deaths, graft losses, or episodes of rejection occurred. No interactions
with any concomitant immunosuppressive agents were reported [83]. Forns et al.
conducted a post-transplantation study in which SOF and RBV were provided on

a compassionate-use basis to patients with severe recurrent HCV, including those
with fibrosing cholestatic hepatitis (FCH) and decompensated liver cirrhosis with
a life expectancy of less than one year. Patients received SOF and RBV for 24-48
weeks, PEG-IFN was added in some patients. The study population included
patients infected with HCV- G4. The overall SVR rate was 59% and was higher
(73%) in those with early severe recurrence. 123 serious adverse events occurred in
49 patients (47%). Severe adverse events associated with hepatic decompensation
were the most frequent, with 26 adverse events occurring in 19 patients (18%) [84].
However, with the emergence of other treatment options this combination is not
considered the best treatment option (Table 2).

4.2 Sofosbuvir/ledipasvir (LDV)

Colombo et al. evalaluated the safety and efficacy of LDV-SOF in kidney
transplant recipients with chronic genotype 1 or 4 HCV infection and included
patients with cirrhosis. Ten patients in this trial were infected with HCV-G4 and
all included patients achieved SVR. Treatment with LDV-SOF for 12 or 24 weeks
was well-tolerated and seemed to have an acceptable safety profile among kidney
transplant recipients with HCV genotype 4 infection [85]. In a recently published
study real-world effectiveness of LDV-SOF was evaluated. 135 patients infected
with G4 were included, the overall SVR rate was 89.6% including treatment expe-
rienced and cirrhotic patients [86]. Charlton et al. (SOLAR-1) assessed treatment
with LDV, SOF, and RBV in patients infected with HCV-G1 or HCV-G4. This study
included a cohort of patients with cirrhosis who had not undergone liver transplan-
tation. The SVR rate in the cirrhotic group was 86-89% [87]. Kohli et al. evaluated
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Study Sample Genotypes SVR Treatment protocol

size
Ajlan [81] 36 4 91.6% SOF+RBV+PEG-INF for 12 weeks or

SOF+RBV for 24 weeks

Dabbous [82] 39 4 76% SOF+RBV 24 weeks
Forns [95] 104 1,2,3,4 59% SOF+RBV for 24-48 weeks
Abaalkhail [93] 50 4 86% LDV-SOF+/-RBV 12-24 weeks
Mann [94] 227 1,4 (n=27) 92.5% SOF+LDV+RBV 12-24 weeks
Dumortier 125 All(11 G4) 92% SOF/DCV+/-RBV 12-24 weeks
[108]
Coilly [107] 137 All(12G 4) 96% SOF+DAC
Leroy [102] 23 (all All 3 G4) 96% SOF+DCYV for 24 weeks

with

FCH)
Reau [128] 100 All 3G4) 100% for G4 Glecaprevir/Pibrentasvir for 12 weeks
Agarwal [131] 79 1,4 (n=4) 100% for G4 SOF/VEL

SVR = sustained virological response, SOF = sofosbuvir, RBV = vibavirin, LDV = ledipsaviv, DCV = daclatasvir,
SIM = simeprevir, FCH = fibrosing cholestatic hepatitis, Peg-INF = pegylated interferon.

Table 2.
Prospective studies that included HCV-G4 patients following liver transplantation.

12 weeks of combination therapy with LDV and SOV for patients with chronic
HCV-G4 infections. 20 (95%) of 21 patients completed 12 weeks of treatment and
achieved SVR (95% CI 76-100), including seven patients with cirrhosis. One patient
was non-adherent to study drugs and withdrew from the study, but was included

in the intention-to-treat analysis. No patients discontinued treatment because of
adverse events [88]. Crespo et al. investigated the effectiveness and safety of DAAs
in patients with HCV-G4 infection in routine practice. 130 patients with HCV-G4
were treated with LDV/SOV, SVR was achieved in 93. 2% of cirrhotic patients [89].
Abergel et al. also evaluated the efficacy and safety of therapy with LDV and SOF in
patients with HCV-G4. Forty-four patients (22 treatments naive and 22 treatment
experienced) received a fixed-dose combination tablet of 90 mg LDV and 400 mg
SOV orally once daily for 12 weeks. Ten patients (23%) had compensated cirrho-
sis. The SVR rate was 93% and was similar in treatment-naive (95%, 21/22) and
treatment-experienced (91%, 20/22) patients. Treatment was well tolerated with no
serious adverse events [90]. Sanai et al. assessed real-world safety and efficacy of
LDV/SOF with or without RBV in HCV-G4 infected patients with compensated and
decompensated cirrhosis. This observational cohort (n = 213) included HCV-G4
treatment-naive (59.6%) and -experienced (40.4%) patients with advanced fibrosis
(F3, Metavir; n = 30), compensated (F4, n = 135) and decompensated cirrhosis (n =
48) treated for 12 (n = 202) or 24 weeks (n = 11) with LDV/SOF. RBV was dosed by
physician discretion between 600 and 1200 mg daily. Patients with prior DAA fail-
ure were excluded from the analysis. Overall, 197 (92.5%) of the patients achieved
SVR [91]. The SVR rate was as high as 98% for genotype 4 when using this com-
bination to treat treatment-niave cirrhotic patients for 12 weeks [92]. Abaalkhail

et al. evaluated prospectively the safety and efficacy of LDV-SOF for 12 to 24 weeks
with or without RBV in treating HCV-4 infected patients with cirrhosis (cohort

A) or post-liver transplantation (cohort B). A total of 111 patients (61 cirrhotic; 50
postliver transplants) with HCV genotype 4 were included. SVR was achieved in
91.8% and 86% of cohorts A and B, respectively. There were no treatment-related
mortality or significant side effects [93].
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Cohort B of the SOLAR-1 study enrolled patients who had undergone liver trans-
plantation and included patients with post-transplant liver cirrhosis. Patients were
randomly assigned to receive a fixed-dose combination tablet containing LDV and
SOF plus RBV for 12 or 24 weeks. The cohort included 108 post-transplant patients.
SVR was achieved in 96-98% of patients without cirrhosis or with compensated
cirrhosis, in 85%-88% of patients with moderate hepatic impairment, in 60%-75%
of patients with severe hepatic impairment, and in all six patients with FCH [87].
Similarly, an open-label study at 34 sites in Europe, Canada, Australia, and New
Zealand evaluated treatment outcome in the pre and post-transplant settings. Cohort
A included patient with cirrhosis who had not undergone liver transplantation. Cohort
B included post-transplantation patients who had either no cirrhosis; CTP-A, CTP-B,
or CTP-C cirrhosis; or fibrosing cholestatic hepatitis. Patients in each group were
randomly assigned to receive 12 or 24 weeks of LDV (90 mg) and SOF (400 mg) once
daily, plus RBV (600-1200 mg daily). The majority of patients were infected with
HCV genotype 1 and only 37 were infected with genotype 4. Among all patients with
genotype 4 HCV, SVR was achieved by 14 of 18 (78%) patients (12 weeks’ treatment)
and 16 of 17 (94%) patients (24 weeks’ treatment) [94]. SOF/LDV combination was
also evaluated in the post-transplant setting in a recently published German study that
included both genotypes 1, 4. An overall SVR was achieved in 97% of patients [95].

The safety profile of LVD/SOF with RBV was evaluated in a pooled analysis of
SOLAR-1 and -2 studies. These two studies included cirrhotic or post-liver trans-
plantation patients infected with genotypes 1 and 4 and were randomized to 12 or
24 weeks of treatment. Treatment in the two trials was well tolerated and safe. RBV-
associated anemia was the most common adverse effect, representing over 50% of
reported drug-related adverse events [96].

4.3 Sofosbuvir/daclatasvir (DCV)

DCV is a pangenotypic NS5A inhibitor with a very low potential for drug interac-
tion and a favorable safety profile. EL-khayat et al. investigated the efficacy and
safety of SOF/DCV for treatment of patients with HCV-G4 induced cirrhosis. This
was a multicenter study involving 551 patients with HCV-G4 related cirrhosis; 432
naive patients and 119 treatment-experienced patients. All patients received SOF/
DCV/RBV for 12 weeks and when RBV is contraindicated the treatment duration was
extended to 24 weeks. SVR rate was 92% in naive cirrhotic patients and 87% in pre-
vious treated patients [97]. In a French study, 176 HCV-G4 patients were treated with
SOF and DCV. All the patients enrolled had advanced stages of liver fibrosis. The
overall SVR rate was 90%, with the highest rate (97%) reached in cirrhotic patients
treated with RBV, a the lowest (88%) in those treated without RBV [98]. In another
recently published study involving only HCV-G4 patients, SVR was achieved in
100% of patients who received SOF/DCV with or without RBV. This study included
patients with advanced fibrosis and cirrhosis. Adverse events occurred in 32% of
patients, but none discontinued treatment [99]. The Phase II, open-label, nonran-
domized IMPACT study assessed the efficacy of three DAAs (simeprevir, sofosbuvir,
and daclatasvir) in HCV genotype 1/ 4-infected cirrhotic patients with portal
hypertension or decompensated liver disease. All patients received simeprevir (SIM)
150 mg, DCV 60 mg, and SOF 400 mg once-daily for 12 weeks. All 40 patients
included in the study achieved SVR and the combination was well tolerated [100].
The outcome of SOF/DCV/RBV in non-responders to prior sofosbuvir-based therapy
was evaluated in a large Egyptian study that included 1014 patients in which 47%
were cirrhotic. Overall SVR was 90.6% with no major side effects [101].

Multiple other studies showed high SVR rates among genotype 4 infected
patients [102-106].
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Data on the use of DCV in the post-transplant setting for HCV-G4-infected
patients are limited.

In a multicenter prospective study 137 patients with post-transplant HCV
recurrence received SOF and DCV. This cohort included 12 patients infected with
HCV-G4. The SVR rate after completing treatment was 96% under the intention-to
treat analysis. No clinically relevant drug-drug interactions were noted, but 52%
of patients required a change to the dosage of immunosuppressive drugs [107]. A
recent prospective multicenter study evaluating SOF based therapy in the post liver
transplant setting was conducted and included all genotpes. The main combination
regimen was SOF/DCV (73.6%). SVR was 92.8% (on an intent-to-treat basis) [108].
Leroy et al. analyzed data from 23 patients with FCH who participated in a prospec-
tive cohort study in France and Belgium to assess the effects of antiviral agents
in patients with recurrence of HCV infection after liver transplantation. Three
patients with G4 infection were included in this study and all 3 achieved SVR [109].

4.4 Sofosbuvir/Simeprevir (SIM)

SIM is a NS3/4A protease inhibitor with antiviral activity against G1, G2, G4, G5,
and G6.

An open-label, multicentre, phase Ila study evaluated the outcome of SIM plus
SOF for eight or 12 weeks in HCV-G4 infected patients. This study included 23
cirrhotic patients who received a 12 week course of therapy. Treatment comprised
SIM 150 mg and SOF 400 mg daily. All cirrhotic patients achieved SVR and the
treatment was well tolerated [110]. In a phase III, open-label, single-arm study the
efficacy and safety of 12 weeks of SIM plus SOF in treatment-naive and experi-
enced HCV-G4 infection, including cirrhotic patients was conducted. All patients
achieved SVR including the cirrhotic patients. No serious adverse events were
reported and no patients discontinued study treatment [111]. The combination
of SIM/SOF in a recently published Egyptian study involving genotype 4 infected
patients resulted in a SVR rate of 92% in 100 treated patients [112]. The Phase II
IMPACT study was conducted in HCV genotype 1- or 4-infected cirrhotic patients
with portal hypertension or decompensated liver disease and assessed the com-
bination of the three direct-acting antivirals SIM, DCV and SOF. All 40 patients
achieved SVR [113]. Multiple other studies that included cirrhotic and treatment
experienced patients treated with SIM and SOF revealed high SVR rates [114-116].

The efficacy and safety of SOF-based regimens in the real world among a cohort
of Egyptian patients with recurrent HCV post LDLT was evaluated in HCV-G4
infected patients. 190 patients were included. Out of 190, 119 received SOF/RBYV,

38 SOF/SIM, 22 SOF/DCV)/ + RBV, and 11 received SOF/LDV/ + RBV. SVR rates
were as follow: 84.9% in SOF/RBV group, 94.7% in SOF/SIM, 100% in SOF/DCYV,
and 100% in SOF/LDV. Treatment was well tolerated with no significant drug—drug
interactions [117]. The outcome of the combination SIM + SOF + RBV in a group

of liver transplant patients with HCV genotype 4 infection in Spain was evaluated
in a real life study. This was a multicenter retrospective study, including 28 HCV
genotype 4 patients from 11 liver transplant centers. The SVR was 95.23% including
patients with advanced fibrosis and cirrhosis [118].

4.5 Ombitasvir, ritonavir and paritaprevir
The combination of ombitasvir, ritonavir and paritaprevir was evaluated in
multiple studies involving compensated cirrhotic HCV-G4 patients and revealed

high SVR rates reaching 100% in some studies [119-124]. In a recent meta-analyses,
20 cohorts across 12 countries were identified, totaling 5158 patients infected with
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G1 and 4. The overall SVR rates were 98.9% for HCV-G4 infected patients [125].
The regimen is contraindicated in Child Pugh classes B and C cirrhosis, therefor its
use in the pre transplant setting is limited.

4.6 Glecaprevir/Pibrentasvir

The EXPEDITION-1 trial enrolled 146 patients with compensated cirrhosis, 16
(11%) patients were infected with HCV-G4. Patients in this trial received a fixed
dose of glecaprevir (300 mg)/pibrentasvir (120 mg) for 12 weeks. SVR was 100%
for patients infected with HCV-G4 [126].

EXPEDITION-8 is a randomized trial that enrolled 343 patients with HCV
Genotypes 1-6 and compensated cirrhosis. All patients received an 8-week course
of Glecaprevir/Pibrentasvir. Of 343 patients, 13 had HCV-G4. The SVR12 rate in
HCV-G4 was 100% [127].

On the other hand, MAGELLAN-2 trial was a phase 3, open-label trial for
patients at least 3 months post transplantation. The study enrolled 100 patients of
HCV. Three patients with genotype 4 underwent LT. After a 12-week course, all
HCV-G4 infected patients achieved SVR 12 [128].

Immunosuppressive therapy should be monitored closely due to the possibility
of drug-drug interaction when used with protease inhibitors.

4.7 Sofosbuvir/ Velpatasvir (VEL)

In 2015, ASTRAL-1 evaluated the efficacy and safety of 12-week course of VEL
and SOF. Of the 624 patients, 116 (19%) had genotype 4. One fourth of genotype
4 patients had cirrhosis. After a 12-week course of SOV/VEL, all patients (100%)
with HCV-G4 achieved SVR [129].

ASTRAL-4 trial enrolled 267 patients with decompensated cirrhosis, CPT B.
The study was open label with 3 arms that included: SOF/VEL for 12 weeks, SOF/
VEL in addition to RBV for 12 weeks, or SOF/VEL for 24 weeks. In this trial, 8 (3%)
patients had genotype 4. Regardless of the assigned arm, all genotype 4 patients
(100%) achieved SVR. In this study, 81% of patients with MELD score above 15 had
improvement after completion of treatment. This study was one of the earliest trials
to evaluate SOV/VEL for decompensated cirrhotic patients [130].

In a recent trial 79 post liver transplant patients with HCV-G 1 and 4 received
SOF/VEL daily for 12 weeks. In this trial, 4 patients were infected with HCV-G4. All
patients with genotype 4 achieved SVR. There were no deaths or rejection episodes
during the study period [131].

4.8 Sofosbuvir/ Velpatasvir/ Voxilaprevir (VOX)

POLARIS-1 trial assessed the safety and efficacy of SOF/VEL/VOX taken for
12 weeks vs. placebo. Patients with cirrhosis represented 46% of the study population.
All patients with genotype 4 (22) were in the active treatment arm. By the end of the
study period, 20 patients (91%) achieved SVR. One cirrhotic patient developed NS5A
Y93H resistance-associated substitution and the other one did not receive treatment.

In the POLARIS-4 trial, patients were assigned to either SOF/VEL/VOX or SOF/
VEL once daily for 12 weeks. All genotype 4 patients received SOF/VEL/VOX. The
SVR rate was 100% for HCV-G4 infected patients [132].

The use of combined SOF/VEL/VOX is not recommended in patients with
advanced liver disease CPT C. There are no currently strong data to support SOF/
VEL/VOX use post liver transplantation. Case reports showed favorable outcome in
the post-transplant setting [133].
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4.9 Elbasvir/Grazoprevir (EBR/GZR)

A randomized controlled open label trial assessed the effectiveness of EBR/GZR
with or without RBV for 12 or 16 weeks. The study population was 420 patients out
of whom 36 had HCV-G4. The SVR for HCV-G4 patients was 89% which improved
with a longer duration of treatment [134].

Jacobson et al. published the integrated analysis of 6 clinical trials. The analysis
included 402 patients who received EBR/GZR once daily +/— RBYV, for 12-18 weeks.
Twenty-three patients with HCV-G4 were included in the analysis. Six patients were
treatment naive and they all achieved SVR. In the treatment experienced group, 4
patients (100%) achieved SVR after 16-18 week of treatment. However, the success
rate was lower in treatment experienced patients with a 12-week course without
RBV (66.7%) or with RBV (80%) [135].

Data for this combination in the post-transplant setting is limited.

4.10 DAA treatment failures

Despite the high SVR rate associated with DAA in HCV-G4 infected patients,
a small percentage of patients do not respond to treatment. In the early era of
DAA the most common approach was to add RBV or in some studies PEG-IFN
and extend the treatment duration. However, with the emergence of new DAA
choices, changing to another DAA became the most common approach. Yousif et al.
conducted a prospective cohort study to assess the safety and efficacy of 12 weeks’
retreatment with either combination of SOF/DCV/SMV/RBV (45 patients) or
SOF/OBV/PTV/r/RBV (163 patients) in patients who had previously failed NS5A
inhibitors-based regimens. The overall SVR rates in the two groups were 98. 1%
[136]. In another study, patients who failed SOF/DCV were retreated success-
fully with other DAAs [137]. In a recently published study quadruple regimen of
(sofosbuvir, daclatasvir, and simeprevir with a weight-based ribavirin) in chronic
HCV-G4 DA As-experienced patients was successful in eradicating the virus [138].
Multiple other studies revealed similar results [139, 140].

5. Timing of treatment for patients on the transplant list

The management of hepatitis C virus (HCV) infection in patients with decom-
pensated cirrhosis has evolved dramatically. DAAs have shown to be safe and
effective in patients with decompensated cirrhosis with high SVR rates. However,
it is still debatable on when to initiate treatment in patients with advanced liver
disease. Krassenburg et al. evaluated the impact of SVR in a large international
multicenter cohort study, including a large number of patients with HCV-related
cirrhosis treated with DAAs. Achievement of SVR was independently associated
with a 2. 5-fold lower risk of cirrhosis-related complications or death in patients
with compensated cirrhosis. On the other hand, no clinical benefit was appar-
ent with HCV eradication in patients with decompensated liver disease. Among
patients with CP-B/C cirrhosis, the event-free survival and LT-free survival did
not differ between those with SVR and those without SVR. Furthermore, MELD
score improvement did not translate to a beneficial clinical outcome in these subset
of patients. Thus, DAA therapy may lower prioritization for LT through MELD
score reduction, which is likely to primarily affect those with a more urgent need
liver transplantation [141]. Other recently published studies assessed the impact of
DAAs on patients awaiting liver transplant. They evaluated whether patients can be
first inactivated due to clinically improvement and subsequently delisted in a real
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life setting. Treated patient had a significant improvement in the median MELD
and Child Pugh score. They concluded that all oral DAAs were able to reverse liver
dysfunction and may result in delisting of about 20-30% of patients. Patients with
lower MELD scores had higher chances to be delisted. However, the longer term
benefits of therapy need to be ascertained [142, 143]. Similarly, Afdahl et al. evalu-
ated the outcome of DAA in compensated and decompensated cirrhotic patients.
They also measured the hepatic venous pressure gradient before and after treatment
in fifty patients with Child-Pugh-Turcotte (CPT) A and B cirrhosis and portal
hypertension. They observed a clinically meaningful improvement in portal hyper-
tension in addition to improvements in liver biochemistry, Child-Pugh score and
Model for End-Stage Liver Disease scores [144]. The potential benefits of treating
patients on the waiting list include potential improvements in overall clinical status
that may salvage these patients from liver transplantation; reducing post-transplant
recurrence; and avoiding possible post-transplant drug-drug interactions. One
concern is that treating these patients may lower their MELD scores and drive them
down the transplant list, thus delaying transplantation despite persistent portal
hypertensive complications.
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Chapter7

Hepatocellular Carcinoma and
Antiviral Therapies in HCV
Chronic Infection

Laura Iliescu

Abstract

The development of direct-acting antiviral (DAA) therapies in chronic HCV
infection has been associated with increased expectations regarding the prognosis
of this infection in the medical community, as the possibility of HCV eradication
is now in sight. While the cure of the HVC infection has been associated with a
dramatic decrease in its systemic complications, the impact on the progression
of the liver disease, especially in patients with cirrhosis, is still controversial.
Furthermore, the risk of developing hepatocellular carcinoma (HCC) after
direct-acting antiviral therapy is debatable, with studies presenting an increased
prevalence of HCC early after the introduction of these therapies, as well as newer
contradicting studies. This chapter aims to examine the current literature data
available regarding the impact of new HCV therapies in the incidence and prog-
nosis of hepatocellular carcinoma.

Keywords: hepatocellular carcinoma, hepatitis C virus, direct-acting antiviral agents

1. Introduction

Hepatitis C virus (HCV) chronic infection is one of the leading causes of
morbidity and mortality, with over 71 million people infected worldwide. [1] Its
natural evolution comprises liver cirrhosis and its complications, including hepa-
tocellular carcinoma (HCC). HCV infection is the leading factor associated with
HCC in Western European countries and USA, with an increased risk of up to 20
times greater than the general population. [2] The association between HCC and
HCV occurs in cirrhotic patients; an estimated 20% of patients with HCV chronic
infection develop cirrhosis within 20-30 years of infection, and, of those, 1-4%
develop HCC each year. [3] The risk of developing HCC in the course of HCV
infection is related not only to the presence of the virus, but also to viral genotype,
concurrent liver disease or metabolic syndrome (diabetes mellitus, obesity) and
lifestyle factors. [4]

HCV genotypes 3 and 6 are associated with higher HCC risks [5, 6].
Furthermore, co-infection with hepatitis B virus (HBV) or human immunodefi-
ciency virus (HIV) doubles the risk of developing HCC in younger HCV infected
patients. [7] Smoking and alcohol abuse are associated with an increased risk of
HCC in HCV infected patients as follows: a relative risk of HCC of 23 in smoking
patients, as opposed to 7.7 in non-smokers [8] and a 2 fold increase in the risk of
HCC in patients with an alcohol intake over 60 g daily. [9] On the other hand,
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coffee-drinking has beneficial effects on both the progression of liver disease and
the HCC development. [10]

Diabetes mellitus is an important cofactor in the development of HCC associated
with the HCV infection. On the one hand, the presence of HCV is an important risk
factor for the development of type 2 diabetes. [11] HCV has a direct action against
beta-pancreatic cells [12] and also a systemic pro-inflammatory action, inducing the
expression of TNF-a and IL-6 which promote insulin-resistance. [13] On the other
hand, the development of diabetes is associated with an increased risk of HCC of up
to 3 fold, due to insulin resistance, increased inflammation, inhibition of apoptosis
and the generation of pro-oncogenic mutations. [14] Obesity is also a risk factor
for the development of HCC, due to increased production of pro-inflammatory
cytokines and insulin resistance which mediate carcinogenesis.

2. Relationship between HCV and HCC

There are two main mechanisms of carcinogenesis in HCV chronic infection: the
carcinogenetic hepatic environment produced by the HCV infection per se and the
direct carcinogenetic effect of several HCV proteins, both structural (core, E1, E2)
and non-structural (p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B). [15]

Experimental studies have revealed the impact of the viral protein expressions
on cellular proliferation. For example, over-expression of core proteins, NS3, NS5A
promotes cellular proliferation and tumor transformation in mice, via oncogenic
molecular pathways. [16, 17] The core protein also inhibits tumor suppressor genes
(TP53 TP73) and negative regulation factors of the cell cycle. [18] Aggressive phe-
notypes of HCC are associated with the activation of cellular proliferative pathways
(RAF/MAPK/ERK kinase) by the HCV core protein as well as by NS5A and NS5B.
[19] Furthermore, HCV core protein stimulates the production of oxygen reactive
species, with an important role in the pathogenesis of HCC, and also inhibits the
tumor suppression activity of TGF- beta. [20, 21] NS5A protein inhibits caspase-3
enzyme (thus stimulating evasion from apoptosis) and prevents nuclear transloca-
tion of Smad proteins, inhibiting TGF beta signaling with the final outcome of
down-regulating tumor suppressor cyclin-dependent kinase inhibitor 1. [22, 23]
NS5A also induces chromosomal instability and mitotic dysregulation as well as
apoptosis mediated by TNF-alpha. [24, 25]

Alterations of the host genomic DNA are described in HCV infection (oncogenic
mutations, deletion of tumor suppressor genes), with an important impact on
HCC carcinogenesis. The core protein inhibits mitotic spindle checkpoint function,
increases chromosomal polyploidy, while the chronic oxidative stress induces mito-
chondrial and chromosomal DNA alterations. [20, 26]. HCV induces endoplasmic
reticulum perturbations and prolonged stress, which leads to accumulation of DNA
mutations and a predisposition to carcinogenesis. [27]

Chronic inflammation also plays a part in HCC development. In support of the
inflammatory model of carcinogenesis, it has been shown that inhibition of cyclooxy-
genase 2 prevents HCC in experimental models. [28] The core protein of HCV inhibits
immune responses mediated by the nuclear factor kappa-B (NF- kB), involved in
the progression of initiated tumor clones. [29] Extracellular core protein may inhibit
antigen-presenting cells via the IL-6 pathway. [30] NS5A interacts with TNF receptor-
associated factor 2 and activates the JNK pathway (c-Jun N terminal kinase) generat-
ing an inflammatory environment in the liver that is the basis for HCC carcinogenesis.
[31] Other viral proteins also affect immune mechanisms and promote carcinogen-
esis; for instance, NS3 has an immune suppressive effect by cleavage of mitochondrial
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antiviral signaling proteins and E2 viral protein contributes to immune evasion by
inhibiting natural killer cells. [32, 33]

HCV is an important factor in the dysregulation of normal liver metabolism and
a promoter of steatosis. [34] It has been shown, in experimental animal models,
that the expression of HCV core protein is associated with progressive steatosis and
HCC, as well as insulin resistance and suppression of the assembly and secretion of
very low density lipoproteins. [35-37] HCV core protein modulates cell differentia-
tion and proliferation, accentuates steatosis and oxidative stress via peroxisome
activated receptor alpha. [38]

Normal hepatocellular senescence is also impaired in HCV infected patients. In
the stage of cirrhosis, after regeneration cycles, cellular senescence is stimulated
by telomere shortening, which decreases hepatocyte proliferation and prevents
carcinogenesis. [39] In the HCV infection, hepatocyte senescence is inhibited and
somatic mutations of the telomerase reverse-transcriptase promoter stimulate
carcinogenesis. [40]

Fibrosis is the most important background in the development of hepatocellular
carcinoma, as it stimulates genetic aberrations. [41] There is a direct correlation
between the degree of liver fibrosis and the increased risk of HCV associated HCC
in some patients, which may persist despite obtaining sustained virologic response
by antiviral treatments, as there is still progression of liver fibrosis and its associ-
ated HCC risk. [42, 43] HCV core and other non- structural proteins stimulate
profibrogenic, mitogenic and pro-inflammatory cytokines (TGF-beta, platelet-
derived growth factor, IL-8, 11-32). [15] In addition, HCV infected apoptotic cells
may amplify fibrogenic signals. [44] Portal hypertension secondary to liver cir-
rhosis increases gut mucosa permeability and bacterial translocation, resulting in
increased circulatory bacterial lipopolysaccharides, an important stimuli of fibro-
genesis and carcinogenesis. [45] The interaction between the HCV protein E2 and
CD81 (pertaining to the complex responsible for HCV internalization) stimulates
an inflammatory response resulting in liver damage. [46] Experimental studies have
suggested the role of renin-angiotensin system in carcinogenesis, as administra-
tion of angiotensin-converting enzymes inhibitors inhibits angiogenic factors and
decreases insulin-resistance related carcinogenesis. [47]

Different host-specific mechanisms have been incriminated in the development
of HCV associated HCC. For example, is has been demonstrated that the epidermal
growth factor (EGF) pathway is activated in hepatic stellate cells, stimulating cel-
lular growth, proliferation, differentiation and carcinogenesis, and its inhibition via
EGF receptor inhibitor, erlotinib, diminishes fibrosis and reduces the risk of HCC.
[48] In other trials, erlotinib has proven effective in preventing HCV infection, by
inhibiting HCV cellular entry. [49] In addition, gefitinib (another EGF inhibitor)
has proven effective in experimental animal models in suppressing HCC growth
in subjects with established HCC lesions. [50] Sorafenib, a multi-kinase inhibitor,
inhibits angiogenesis and has beneficial roles in portal hypertension as well as HCC
by blocking the response to vascular endothelial growth factor. [51] Host related
factors predicting response to antiviral therapy appear to play a role in HCV associ-
ated HCC risk. I128B variants CT or T'T, used to predict virologic response to inter-
feron therapy, also increases the risk of developing HCC. [52] Molecules pertaining
to the major histocompatibility complex class I are involved in fibrogenesis and
carcinogenesis by inflammatory mechanisms. [53] Metabolic disturbances, such as
those involved in the iron metabolism leading to hepatic iron overload, stimulate
steatosis, mitochondrial alterations and carcinogenesis, especially in HCV-based
models. [54] The presence of HCV infection dysregulates the activity of microRNAs
in a distinct pattern. [55]
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3. Hepatocellular carcinoma in the setting of DAA treatments

Currently, the most important international panels recommend using direct
acting antiviral (DAA) therapies for all degrees of liver fibrosis, customized for
all HCV genotypes, with significant advantages: very high response rates (over
90%), short treatment duration and few adverse effects [56-58] These options are
summarized in Table 1.

Not only do all guidelines recommend antiviral treatment in chronic HCV infec-
tion regardless of degree of liver fibrosis or other comorbidities, but they also indicate
that the presence of HCV associated comorbidities is a strong argument in favor of
antiviral therapy. The use of DAA in patients with HCC is still under debate. The
European guidelines recommend that HCV treatment in patients with HCC should be
administered after curative (ablation, resection) or palliative procedures (transarte-
rial chemoembolisation). [59] The reasoning behind this recommendation is that
patients with HCC have lower response rates to DAA. [60] A recent meta-analysis
on over 5500 patients with HCC revealed a SVR rate of 88%, with higher rates
reported in patients who received curative HCC treatment compared to those with
non-curative therapies or not treated. [61] Furthermore, patients with HCC awaiting
liver transplantation who received DAA had a lower risk of dropout caused by tumor
progression or death. [62] Strong recommendations are made in favor of treating
HCV associated HCC patients after liver transplantation. [63] In HCV patients with
treated HCC, without indication for liver transplantation, the indication of DAA
treatment is uncertain. Large cohort studies show that obtaining SVR is associated
with lower risks of de novo HCC and liver-related mortality in the mid and long term.

[64, 65] On the other hand, a large study has shown that the high HCC risks persist up
to 10 years after SVR in patients with advanced fibrosis. [66] There is no clear conclu-
sion regarding the impact of DAA treatment on the risk of HCC recurrence following
curative procedures, as shown by a review and meta-analysis on 13000 patients. [67]
Another retrospective cohort study on 797 patients with HCV infection and a history
of HCC with complete response to ablation, resection, transarterial chemo- or radio-
embolisation concluded that DAA therapy decreases the incidence of overall deaths.
[68] A recent expert literature review states that DAA treatment decreases the risk of
de novo HCC in patients with and without cirrhosis, while the presence of active HCC
significantly decreases SVR rates. [69] There was no association between antiviral
therapy and the baseline risk, aggressiveness, time of progression of HCC.

Genotypela Genotypelb Genotype2 Genotype3 Genotype4 Genotype5 Genotype6

SOF/VEL
GLE/PIB

SOF/VEL/
VOX

SOF/LDV

GZR/
EBRGZR/
EBR

OBV/
PTV/r + DSV

SOF sofosbuvir; VEL velpatasvir, GLE glecaprevir, PIB pibrentasvir VOX voxilaprevir, LDV ledipasvir, GZR
grazopreviv, ERB elbasvir, OBV ombitasvir, PT'V paritaprevir, v ritonaviv, DSV dasabuvir.

Table1.
Direct acting antiviral agents currently in use (vegimens marked with orange are not indicated in the respective

genotypes.
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The guidelines presented by the American Association for the Study of Liver
Diseases in 2019 recommend screening for HCC in patients with advanced fibrosis
before any antiviral therapy and elaborate simple treatment strategies for non-
cirrhotic patients including diagnosis, pre-therapeutic evaluation and follow-up
so as to be accessible to a broad range of health care professionals. [57] In patients
with decompensated cirrhosis or cirrhosis complications, a case-based decision is
required. [70] An interesting study presented in the APASL consensus statements
and recommendations on treatment of hepatitis C shows that, in patients with
compensate cirrhosis and HCC, DAA treatment (sofosbuvir and ribavirin) admin-
istered at least 4 weeks prior to liver transplantation reduced the risk of allograft
recurrence by 50%. [71]

4. SOF/VEL

SOF/VEL is a pan-genotypic all oral treatment regimen, consisting of a NS5B
polymerase inhibitor (sofosbuvir) and a NS5A inhibitor (velpatasvir). [72] Ina
real life study of over 2800 HCV infected patients, this regimen showed an effi-
cacy of 94.6% in the general population, with an SVR rate of 88,6% in cirrhotic
patients. Notably the number of cirrhotic patients included was significantly low.
[73] In a trial on 102 Japanese patients with decompensated cirrhosis, HCC was
diagnosed in 3 patients after the completion of antiviral therapy with SOF/VEL
(in days 1, 70 and 124 respectively). Four other patients had a history of HCC
resolved for more than 2 years prior to therapy and did not experience recurrence.
[74] Another prospective multicenter trial studied the efficacy of SOF/VEL in
71 patients with decompensated cirrhosis; among those, 22 patients (31%) had a
history of treated HCC (by resection, ablation, transarterial chemoembolization,
chemotherapy, heavy ion therapy, proton therapy), during a timeframe rang-
ing from 2 months to 13 years prior to DAA treatment. None of the patients had
evidence of active HCC at the initiation of DAA therapy; however, the maximum
level of alpha-fetoprotein noted at initiation was over 2000 ng/ml. 90.9% of
patients with a history of HCC obtained SVR (compared to 94.4% in the entire
study population); 4 patients presented HCC recurrence; no de novo HCC cases
were reported. [75] 16 patients in a large trial involving 729 Chinese patients
infected with genotype 2 HCV were given SOF/VEL, among which one had a
history of HCC; all the patients obtained SVR and there was no recurrence in the
HCC patient.

5. SOF/VEL/VOX

This is a pan-genotypic regimen, containing a NS5B polymerase inhibitor
(sofosbuvir), a NS5A inhibitor (velpatasvir) and a NS3/4A protease inhibitor (voxi-
laprevir), with over 90% SVR rates in treatment naive patients but especially in
DAA- experienced patients and hard-to-treat categories, for which this regimen is
currently reserved. [76, 77] One adverse reactions report has been filed regarding a
treatment experienced patient developing HCC after treatment with SOF/VEL/VOX.
[78] Another case report considers the undiagnosed presence of HCC as the cause of
non-response to antiviral therapy re-treatment in a patient with HCV genotype 1b.
[79] A large multicenter clinical trial reports HCC (alongside the presence of
cirrhosis) as the only cause of treatment resistance in 179 patients with various
degrees of fibrosis. [80]
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6. GLE/PIB

The combination between Glecaprevir (a NS3/4A protease inhibitor) and
Pibrentasvir (a NS5A inhibitor) is another pan-genotypic antiviral option in
patients without cirrhosis or with compensated cirrhosis. [81] It has shown response
rates of up to 100% and a rate of discontinuation due to severe adverse events of
0.7% in clinical trials (SURVEYOR-I and SURVEYOR-II, comprising 449 patients).
[82] Furthermore, newer trials reveal excellent response rates with a lower duration
of therapy (8 weeks instead of 12 weeks) even in patients with compensated cir-
rhosis, without the identification of post-baseline cases of HCC. [83] An interesting
study performed in Japan (a country with one of the highest rates of HCV infection
and HCC incidence) evaluates the cost-effectiveness of GLE/PIB compared to other
DAAs. [84] This study revealed a lower lifetime risk of HCC in patients treated with
GLE/PIB or SOF/LDV (3.66%) compared to EBV/GRZ (4.99%). However, in a study
evaluating safety and efficacy of GLE/PIB in DAA experienced patients, which
enrolled 177 subjects (17 with a history of HCC but no active disease 6 month prior
to treatment initiation) one death from HCC was reported, occurring after the end
of the treatment but before the SVR12 evaluation. This was a non- cirrhotic patient,
without history or proof of HCC at baseline, diagnosed with advanced HCC shortly
before the end of treatment. Virologic failure occurred in 17.7% of patients with a
history of HCC. [85] A large real-life cohort study evaluated the efficacy of several
antiviral regimens in patients with and without HCC in Taiwan. [86]. Among the
1237 patients, 193 received GLE/PIB; 9 of them had a history of HCC and one had
active disease. The study notes no differences regarding SVR in patients with or
without HCC. The same conclusion was drawn in regard to OBV/PVT/r + DVS
(5 patients with active HCC), SOF/LDV and ELB/GZR (each with one patient with
active HCC).

7. SOF/LDV

This is one of the first used all oral regimens, combining the well-known sofos-
buvir (NS5B polymerase inhibitor) with an NS5A inhibitor (ledipasvir). It is one
of the few therapeutic regimens suited for patients with decompensated cirrhosis.
[87] In a real life observational trial, SOV/LDV demonstrated a rate of SVR of 86%,
in patients with cirrhosis Child A, B or C and transplant recipients, with a signifi-
cant improvement in MELD score. Out of 200 patients, only one HCC was newly
diagnosed, while out of 35 patients with a history of HCC, 17 developed recurrence,
depending on the previous (curative or non-curative therapies). [88] A retrospec-
tive analysis evaluating 62,354 patients treated for HCV chronic infection, either by
interferon, DAA (including SOV/LDV) or both, revealed that achievement of SVR
is associated with a 61% reduction in the risk of HCC. A higher incidence of HCC
was noted after DAA only therapy (compared to interferon alone or interferon and
DAA) but, after evaluating risk factors for HCC, analysis showed that the presence
of cirrhosis, impaired liver function and diabetes (more prevalent in the DAA sub-
group) were responsible for the differences. [89] Another trial comparing the HCC
risk after DAA with the risk after interferon-based therapy (819 patients treated
with DAA, 380 treated with SOV/LDV), found that 9/380 patients developed new
HCCs. The patients were older and had Child A or Child B cirrhosis; most of them
were interferon-experienced. [90] Notably, in the same cohort, out of 120 patients
treated with OBV/ PTV/r + DSV, 3 patients developed HCC. Failure to achieve
SVR was the strongest risk factor associated with de novo HCC. In contrast, in the
historical cohort of patients treated with interferon 19/283 patients developed HCC;
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11 patients had no signs of cirrhosis at the time of therapy. A prospective multicenter
trial studied the risk of de novo HCC after DAA therapies, including 158 cirrhotic
patients and 31 patients with advanced fibrosis receiving SOF/LDV. Newly diag-
nosed HCC was reported in 35/985 patients after 48 weeks of surveillance. [91] Risk
factors for HCC included male gander, failure to obtain SVR, presence of cirrhosis
and hepatocytolytic syndrome; DAA therapy was not associated with an increased
risk of HCC. In another retrospective trial, 1082 HCV patients receiving DAA or
interferon-based therapies were monitored for de novo HCC; during follow-up

33% developed HCC. The patients received different antiviral therapies, among
them: SOF/LVD 41 patients, GLE/PIB 49 patients, GZR/EBR 44 patients and OBV/
PTV/r + DSV 41 patients. None of the antiviral therapies represented risk factors
for HCC. [92]

8. GZR/EBR

This treatment regimen contains an NS3/4A protease inhibitor (grazoprevir)
and an NS5A inhibitor (elbasvir) and can only be used in patients with genotypes
1and 4 HCV infection, with SVR rates of 92-99% in patients with chronic hepa-
titis and compensated cirrhosis. [93] In a real life retrospective study, out of 149
patients, 27 of with had a history of HCC, no new or recurrent cases of HCC were
reported. [94] According to a recent model, in patients with chronic HCV infec-
tion and renal disease, the estimated incidence of HCC was 1,2% in the GZR/ EBR
group, 21,64% in the no-treatment group and 8,9% in the interferon group. [95]
Furthermore, in a prospective report on 40 hemodialysis patients with genotype
1b infection, there was one documented case of HCC at week 4 of therapy. [96] A
trial of 349 patients treated with DAA, including 45 patients with a history of HCC,
found 15 cases of HCC recurrence and 3 cases of de novo HCC, after a median sur-
veillance of 22 months after DAA (for recurrent HCC) and 16 months (for de novo
HCC). 2 cases of recurrence occurred in the 19 patients treated with GZR/EBR. The
most important risk factor for recurrence was the previous HCC management. [97]

9. OBV/PTV/r + DSV

This is a genotype 1 specific DAA combination including an NS5A inhibitor
(ombitasvir) an NS3/4A protease inhibitor (paritaprevir) and an NS5B polymerase
inhibitor (dasabuvir), while ritonavir acts as a pharmacokinetic enhancer. [56] A
prospective analysis on 24 patients with HCV associated compensated cirrhosis
and history of HCC revealed a decrease in HCC recurrence rate, as well as sur-
vival without recurrence, when compared to a control group. Patients had been
previously managed with resection, radiofrequency ablation, and trans-arterial
chemoembolization, had a history of 6 month of disease free survival and were
monitored by CT scan or MRI every 6 months. The SVR rate in the study group was
87% (lower than that recorded in patients without HCC). [98] Another prospective
study on 278 patients with HCV related advanced fibrosis (F3-F4), without HCC
history, revealed 11 cases on newly diagnosed HCC (5 during antiviral therapy, 2 at
the end of therpy and 4 at 3 months after the end of therapy). The overall incidence
of HCC did not surpass the general incidence. Notably, patients presented an
infiltrative type HCC, difficult to observe on abdominal ultrasonography or even
CT scan, requiring MRI. [99] In a multicenter trial in Brazil, out of 222 patients
with advanced fibrosis, one patient was diagnosed with HCC at the end of therapy,
despite initial screening, was not evaluated for SVR and subsequently died. [100]
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A large real world cohort study of 941 patients including 131 patients with con-
comitant HCC (79 without viable tumors and 52 with viable tumors) evaluated
safety and efficacy of OBV/PTV/r + DSV. There were no differences in SVR between
patients with and without HCC; risk factors for no response were Child Pugh A 6
and low serum albumin. One patient died during treatment due to HCC rupture.
[101] On the other hand, one of the first studies of HCC recurrence in the setting

of DAA therapy which was performed in 4 Spanish hospitals, revealed a recurrence
rate of 27.6% (16/58 patients); notably, initial evaluations showed no active disease
for more than 6 months prior to DAA therapy. One of the 15 patients treated with
OBV/PTV/r + DSV developed “non-characterized” nodules on liver imaging. [102]

10. Conclusion

The benefits of DAA therapy in patients with HCC have been proven by a
propensity-matched trial on 1239 patients, with HCC managed by curative options
or palliation. The results showed a decrease in 5-years all- cause mortality and liver
related mortality in both groups. [103] However, the current opinion is that the risk
of HCC may persist up to 10 years after obtaining SVR; the HCV infection appears
to leave behind an epigenetic scar, inducing carcinogenesis. [104] Therefore, the
international consensus is that HCC surveillance should continue after antiviral
therapy, and its duration and periodicity should be based on the general risk of
HCC of the patient, even deciding on a case to case basis. [105] Besides, the reduc-
tion of HCC risk in patients with decompensated cirrhosis is also controversial, thus
stimulating further debate regarding the best timing for liver transplantation in
these patients. [106]
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Abstract

The prevalence of non-alcoholic fatty liver disease (NAFLD) has increased in the
last years up to 25% in the adult population. This disease includes a large spec-
trum of disorders, from simple fatty liver disease to cirrhosis and Hepatocellular
Carcinoma (HCC), and they are related to chronic metabolic conditions. NAFLD is
characterized by the presence of at least 5% of hepatic steatosis without evidence
of hepatocellular injury. The diagnosis of this disease should be of exclusion and
focused on its progression, treatment, and identification of the prognosis. The
European Association for the Study of the Liver (EASL), the National Institute for
Health and Care Excellence (NICE), the Italian Association for the Study of the
Liver (AISF), and the American Association for the Study of the Liver (AASLD),
published their Clinical Guidelines that have identified the criteria for the diagnosis
of NAFLD, several, using imaging or histological diagnostic methods, although they
imply a different approach and screening. The Fatty Liver Index and the NAFLD
Liver Fat Score are used by 3 out of 5 Guidelines and they are easily calculated
using blood tests and clinical information. Other non-invasive scales for NAFLD
are the NAFLD fibrosis score (NFS), Fib-4, AST/ALT ratio index; also the ELF
panel, Fibrometer, Fibrotest, Hepascore; and some imaging techniques that include
transient elastography, magnetic resonance elastography (MRE), and shear wave
elastography. Finally, proteomic’s and glycomic’s technologic biomarkers are cur-
rently under investigation and recent use, such as Cytokeratin 18 and Sirtuin 1. Still,
liver biopsy remains the gold standard to distinguish between steatohepatitis and
simple steatosis, using the histological classification and staging scoring systems of
NAFLD Activity Score (NAS) and the Steatosis Activity Fibrosis (SAF), to evaluate
the disease’s activity.

Keywords: non alcoholic liver disease, no invasive diagnosis, diagnosis

1. Introduction

In the last years, the prevalence of non-alcoholic fatty liver disease (NAFLD) has
raised at a worldwide level, affecting up to 25% of the adult population [1].
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The prevalence of type 2 diabetes, cardiovascular diseases, cancer associated
with obesity, and advanced hepatic diseases (liver cirrhosis and liver cancer), have
increased together with the growth of the prevalence of NAFLD [1-4].

The broad spectrum of disorders that involve NAFLD range from simple fatty
liver to nonalcoholic steatohepatitis, and the increasing of fibrosis that concludes
in cirrhosis [5, 6]. Among the most relevant metabolic conditions related to this
disease, are obesity, insulin resistance, dyslipidemia, and type 2 diabetes [5-7].

Furthermore, the European Association for the Study of the Liver (EASL)
and the Asia-Pacific Guidelines point out the relation between Hepatocellular
Carcinoma (HCC) and NAFLD, since it can occur in patients with NAFLD but
without cirrhosis [8, 9].

2. Definition

Nonalcoholic fatty liver is characterized by the presence of at least 5% of hepatic
steatosis without evidence of hepatocellular injury (ballooning). On the other hand,
the definition of NASH (non-alcoholic steatohepatitis) is the appearance of at least
5% of hepatic steatosis and inflammation, hepatocytic injury (eg. ballooning) with
or without fibrosis [10].

3. Diagnosis

The diagnosis’ approach should focus on the non-invasive evaluation to first
identify NAFLD in patients with metabolic risk factors, and then, monitor the
progression of the disease, the treatment, and the response, in order to identify
early patients with a worse prognosis [6, 11].

The risk with NAFLD is that it is a silent entity that is diagnosed incidentally,
because abnormal liver enzymes are reported in liver biochemistry or through
images, such as in ultrasound with steatosis reported. NAFLD is a diagnosis of exclu-
sion, therefore once it is suspected, the diagnosis should be confirmed by ruling out
other possible causes of steatosis; for example, alcoholic hepatitis and NASH are clini-
cally indistinguishable. For this exclusion, it is necessary to evaluate if there is a signifi-
cant consumption of alcohol, which is generally considered of more than 20 g per day
[12]; also, it is important to carry out a good clinical record to identify risk factors for
liver disease, such as the use of medications or a family history of liver disease. Several
Clinical Guidelines have identified criteria for the diagnosis of NAFLD (Table1).

All of these considerations imply a different approach to NAFLD detection by
Scientific Societies. Only the recommendations of the Asia-Pacific Associations,
EASL and NICE (National Institute for Health and Care Excellence) [13] recom-
mend screening, in particular, of high-risk groups (Table 2). In contrast, the
AASLD (American Association for the Study of the Liver) recommends a concept
of surveillance in the metabolic risk factor populations since there is no cost-effec-
tiveness evidence to support a test to determine NAFLD in adults [6, 14].

3.1Liver biochemistry

The liver biochemistry of NAFLD usually presents within normal parameters,
although a slight increase in aspartate aminotransferase (AST) or alanine amino-
transferase (ALT) or gamma-glutamyl transpeptidase (yGT) can occur. However,
since liver enzymes are not a sensitive screening test, all the recommendations
agree that their normal values may not exclude NAFLD [13]. Besides, liver enzyme
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EASL NICE Asia-Pacific AISF AASLD
Criteria Steatosis Excessive fat Hepatic Hepatic Evidence
in>5% of in the liver. steatosis by steatosis in of hepatic
hepatocytes There are no imaging or images or steatosis by
by other causes histology. histology. imaging or
imaging or of steatosis. There are no There are no histology.
histology. No significant other causes other causes There are no
There are alcohol of steatosis. of steatosis. other causes of
no other consumption. No significant No significant steatosis.
causes of alcohol alcohol No significant
steatosis. consumption. consumption. alcohol
Insulin consumption.
resistance Non-
coexisting
chronic liver
disease.
Alcohol 30g/d 30 g/d 2 standard 30g/d 21 standard
consumption drinks / day drink / week
limit (males) 140 g / week 294 g / week
Alcohol 20 g/d 20g/d 1 standard 20g/d 14 standard
consumption drink / day drinks / week
limit 70 g / week 196 g / week
(females)

Translated from Leoni S. World ] Gastroenterol. 2018 Aug 14;24(30):3361-3373. EASL: European Association for
the Study of the Liver, NICE: National Institute for Health and Care Excellence, AISF: Italian Association for the
Study of the Liver, AASLD: American Association for the Study of the Liver.

Table 1.

Diagnostic criteria for NAFLD according to various clinical guidelines.

EASL NICE Asia-Pacific AISF AASLD
Generalized No No No No No
screening
Screening Yes Yes Yes Not No
in high-risk Obesity Obesity Obesity mentioned (active
groups Metabolic Type 2 Type 2 diabetes surveillance)
Screening syndrome diabetes No, hepatic
type Altered No, hepatic enzymes

liver enzymes. Yes, ultrasound

enzymes Yes, If transient

Yes, hepatic ultrasound. elastography

enzymes

Translated from Leoni S. World ] Gastroenterol. 2018 Aug 14;24(30):3361-3373. EASL: European Association for
the Study of the Liver, NICE: National Institute for Health and Care Excellence, AISF: Italian Association for the
Study of the Liver, AASLD: American Association for the Study of the Liver.

Table 2.

Comparisons of recommendations for screening of NAFLD.

abnormalities can mask another cause of liver disease, in which steatosis is a coex-
isting condition. Also, abnormalities in laboratory tests (such as ferritin or auto-
antibodies) do not always diagnose the presence of another liver disease but could
be an epiphenomenon of NAFLD with no other clinical consequence. In particular,
according to the AASLD guidelines, elevated serum ferritin and low autoimmune
antibody titers (especially antinuclear and smooth muscle antibodies) are frequent
features in patients with NAFLD and may not demonstrate hemochromatosis or
autoimmune liver disease [6, 15, 16].
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3.2 Non-invasive techniques

Currently, the absence of highly specific and sensitive non-invasive markers that
can predict inflammation and fibrosis has increased the efforts in the identifica-
tion of new markers of the disease’s progression and the development of clinical
scores of disease’s severity. To evaluate steatosis, the Fatty Liver Index (FLI) and
the NAFLD Liver Fat Score are used by the EASL, the Asia Pacific Association, and
the Italian guidelines. These scores can be calculated easily by using common blood
tests and simple clinical information. For instance, FLI is calculated from triglycer-
ide levels, body mass index, waist circumference, and gamma-glutamyltransferase,
while NAFLD liver fat score is determined by evaluating the presence/absence of
the metabolic syndrome and type 2 diabetes, fasting serum insulin, and amino-
transferases. Both of them have been validated in a cohort of severely obese patients
and in the general population, which can predict the presence of steatosis, but not
its severity [6, 17-19].

Respectively, there has been an increase in the investigation of different tools in
this regard, that include non-invasive scales (NAFLD fibrosis score (NFS), FIB-4,
AST/ALT ratio index), serum biomarkers (ELF panel, Fibrometer, Fibrotest,
Hepascore), and techniques of imaging, such as transient elastography, magnetic
resonance elastography (MRE), and shear wave elastography. According to the
NICE guideline, the best cost-benefit ratio in identifying patients with advanced
fibrosis stages was demonstrated by the liver fibrosis (ELF) blood test, and
therefore, these tests should be offered to all patients with an incidental diagnosis
of NAFLD. On the contrary, the EASL and Italian guidelines suggest the use of
the NAFLD fibrosis score (NFS) and the FIB-4 as non-invasive scores to identify
patients with different risks of advanced fibrosis. Both scores predict liver-related
mortality and cardiovascular disease since they have been validated in several ethni-
cally NAFLD patients. Furthermore, in a recent study of the AASLD is highlighted
that both NFS and FIB-4 present the best predictive value for advanced fibrosis in
NAFLD patients with histological diagnosis (Table 3) [20-22].

3.3 Proteomics, glycomics and microRNA

The new technology in proteomics, glycomics, and microRNA (miRNA) can tell
us about the pathophysiology of NAFLD/NASH [23].

Sirtuin 1 (Sirt 1) is a heat shock protein that is related to toxic immune reactions,
antimicrobial activity, and mitophagy. Mitophagy is very important in NAFLD
along with other diseases, therefore there is an increasing interest in maintaining
the regulation and homeostasis of the mitochondria, due that it is necessary for
the survival of many tissues [ 24]. The nuclear receptor of Sirt 1 is a nicotinamide
adenine dinucleotide (NAD+) dependent class III histone deacetylase (HDAC) that
modifies the gene expression to the metabolic activity of transcription factors, such
as p53, and deacetylation of nuclear receptors. Its functions involve the metabolism
of cholesterol, fatty acids, glucose, and xenobiotics, as well as the expression of
p450 in the hepatic metabolism [25]. This is why the regulation of the nuclear
receptor Sirt 1 is crucial to prevent NAFLD and other metabolic diseases. The pro-
teome blood clinical analysis for the proteomic biomarkers, especially Sirt 1, with its
measurement in plasma, cytoplasm, and nucleus, is the key to detect, evaluate and
determine mitochondrial apoptosis and the progression of the disease [24, 25].

The most studied biomarker is cytokeratin 18 that is used to evaluate the pres-
ence of inflammation. There is a lot of research about its circulating levels as a signal
of hepatocellular apoptotic activity and as a specific feature of NASH [6, 26].
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Validated diagnostic panels to predict hepatic steatosis

Panel Study Biomarkers Sensitivity Specificity
(%) (%)
SteatoTest Poynard et.at, a-MG, Haptoglobin, 90 70
2005 Apolipoprotein A1, Total

Bilirubin, GGT, Glucose,
Triglycerides, Cholesterol, ALT,
Age, Gender, and BMI

FLI Bedogni et al. Triglycerides, BMI, GGT, waist 87 86
2006 circumference
NAFLD-LFS Kotronen Mets, DT2, AST, ALT, insulin 95 95
etal. 2009
LAP Bedogni et al. Waist circumference, triglycerides NA NA
2010

Diagnostic dashboards to predict NASH

NASH Test Poynard et al. NASH panels 33 94
2006 Undisclosed formula, a-MG,
Haptoglobulin, Apoliprotein
A1, Total Bilirubin, GGT, AST,
Triglycerides, Cholesterol, ALT,
Age, Gender, Weight and Height

Nash Younossi et al. Undisclosed formula, CK18-M30, 72 91
Diagnosis 2008 CK 18-M65, adiponectin and

resistin
Apoptosis Tamimi et.al Cytokeratin 18 fragments, Fas 88 89
Panel 2011 ligand, soluble Fas

Diagnostic panels to predict fibrosis in NASH

NAFLD Angulo Age, glucose, BMI, platelets, 82 98

fibrosis score et al.2007 albumin, AST / ALT

Fibrotest Ratziu et al. Age,,a2-macroglobuline, Total 77 98
2006 bilirubin, GGT and apolipoprotein

Al

BARD Harrison et al. BMI > 28 I(g/mz, AST/ALT>0.8, NA NA
2008 DT2

FibroMeter Cales et al. Glucose, AST, ferritin, platelets, 79 96
2009 ALT, weight, age

FIB-A McPherson Age, AST/ platelets, ALT 85 65

etal. 2011

a-MG: alpha 2 macroglobulin, FLI: liver fat index, LAP. Lipid accumulation product, NA: not applicable.
Translated from Machado MV, Cortez-Pinto H. Non-invasive diagnosis of non-alcoholic fatty liver disease. A
critical appraisal. ] Hepatol 2013;58(5):1007-1019.

Table 3.
Different scoves and models to predict steatosis, NASH, and fibrosis.

The Asia Pacific Association guidelines recommend that elevated levels of
cytokeratinl8 have a good predictive value for NAFLD in comparison to healthy liv-
ers, but it makes no difference between NASH versus simple steatosis. However, the
EASL recommendations highlight that serum levels of cytokeratin 18 has an inverse
relation with the histological improvement, although its predictive value is no better
than ALT in identifying histological responders [6, 27-29].
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3.4 Liver ultrasound and imaging techniques

The first line of diagnosis of hepatic steatosis is liver ultrasound because it
is inexpensive, non-invasive, and widely accessible. Also, it is used currently in
clinical practice and is quite accurate with an overall sensitivity of 85% and a
specificity of 94% [30]. On the ultrasound can be observed that there is usually
avisual decrease in the vascular margins, a loss of definition of the diaphragm,
hepatomegaly, and hyperechogenicity of the liver parenchyma, as well as focal fat
deposition in the hyperechoic area. If hepatocyte steatosis is not inferior to 31%, the
transabdominal ultrasound is very effective [31].

There is a consensus for the use of abdominal ultrasound (USA). On the other
hand, it can miss the diagnosis when the fat hepatic content is <20% because
the sensitivity of USA among patients with morbid obesity (BMI > 40 kg/m?2) is
low [6, 32, 33].

Transient elastography has been recently approved by the United States (US)
Food and Drug Administration (FDA) as a diagnostic tool for adult and pediatric
patients with liver disease. Its cut-off value for advanced fibrosis in adults with
NAFLD has been established at 9.9 KpA with a sensitivity of 95% and a specificity
of 77%. Particularly, for clinically significant fibrosis, the elastography score has
been shown to have good diagnostic accuracy with an AUROC of 0.93 (95% CI:
0.890.096) for advanced fibrosis (F3) and cirrhosis, and a negative predictive value
of 90% in ruling out cirrhosis when a cutoff of 7.9 kPa is used. Although, it hasa
weaker capacity to make a difference between F2 and F3. Due to this high rate of
false positive results, the EASL and the Asia Pacific recommendations mention that
its low specificity limits its use in daily practice in the diagnosis of the advanced
degree of fibrosis and cirrhosis, as well as a high failure rate. Moreover, the EASL
highlights that it should not be used only as a first-line screening tool to identify
advanced fibrosis or cirrhosis because of the unreliable results among patients
with high BMI and thoracic fold thickness. However, by using M or XLprobe, the
performance can improve and increase the success rate. For the identification of
different degrees in fibrosis in NAFLD patients, especially in the intermediate stage,
the US guidelines recommend magnetic resonance elastography (MRE), since it has
a better performance than transient elastography in this regard, but shows the same
predictive value for advanced stages of fibrosis. As a result, the AASLD concludes
that ERM and transient elastography are useful tools to identify NAFLD patients
with advanced liver fibrosis. Although, like transient elastography, shear wave
elastography seems to be inadequate to distinguish between intermediate stages of
fibrosis and to provide reliable results in 73% of patients with a BMI of 30 kg/m”
[34-37].

Nevertheless, the gold standard for evaluating and quantifying hepatic steatosis
and detecting the amount of liver fat as low as 5%-10% is magnetic resonance
imaging (MRI), either by proton density fat fraction (1H-MRS) or by spectroscopy,
although it is not commonly used in the clinical practice. This MRI is not recom-
mended in the daily clinical setting despite its accurate precision, because of its
limited availability, high costs, and long execution time [6, 38].

Another imaging technique used to quantify the fat content in the liver is
transient ultrasound-based ultrasound (TE) using the continuous attenuation
parameter (CAP). Due to that it simultaneously measures liver stiffness and evalu-
ates the severity of NAFLD in the same setting, it has become a promising tool
with good sensitivity [39]. However, despite its low cost and speed of implementa-
tion, its role in clinical practice has not yet been defined. In fact, according to the
EASL, it has never been compared to hepatic steatosis as measured by 1H-MRS and
there is limited data on its ability to discriminate different histological patterns.
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On the other hand, the Asia Pacific Association proposes the CAP as a useful
screening tool for the diagnosis of NAFLD, as well as to demonstrate an improve-
ment in hepatic steatosis after the intervention in lifestyle and the reduction of the
bodyweight [6].

The stiffness of the liver measured by the M probe is not always successful in
obese patients. The XL probe, an improved FibroScan probe, has been demostrated
to achieve better diagnostic accuracy. The cutoff values, compared to the M probe
values, are approximately 1.5 to 2 kPa lower. In conclusion, in the diagnosis of
fibrosis and cirrhosis, a strong alternative to liver biopsy can be ET in patients with
NAFLD [23].

The optimal strategy for stratifying patients with NAFLD and monitoring
disease progression has yet to be established. The EASL and the Italian guidelines
mention that the combination of noninvasive scores (NFS and FIB4) and transient
elastography should be used to identify patients at low risk for advanced liver dis-
ease and clinical decision making. Also, in combination, they can identify patients
who must undergo a liver biopsy to confirm advanced fibrosis, and in whom a more
intensive approach is needed.

3.5 Liver biopsy

The gold standard remains the liver biopsy, although it may not always be
required to diagnose NAFLD, because it can distinguish steatohepatitis from simple
steatosis, provide an evaluation of the degree of necroinflammatory activity,
visualize fibrosis, and architectural alterations. The most widely used histological
classification and staging system for NAFLD [23, 40] is the NAFLD Activity Score
(NAS) and the Steatosis Activity Fibrosis (SAF) scoring systems to assess disease
activity [6].

The SAF score simplified the identification of a subset of NAFLD, which
includes the assessment of steatosis (S), activity (A), and fibrosis (F): NASH.

The histopathologic features of NAFLD include lobular and portal inflammation,
steatosis, hepatocellular ballooning, glycogenated nuclei, apoptotic hepatocytes
(acidophilic bodies), deposition, megamitochondria, Mallory-Denk bodies, and
fibrosis, with the characteristic pattern centered on the perisinusoidal/pericellular
area. This fibrotic pattern typically originated in the adult zone, is known as chicken
wire fibrosis [6, 41].

A score of >5 with steatosis and ballooning of hepatocytes is generally consid-
ered diagnostic of NASH, although patients may have NASH with lower NAS scores
if there is the presence of steatosis and ballooning of hepatocytes [6, 40].

4, Conclusions

The incidence and prevalence of NAFLD are increasing. Clinical guidelines
agree that noninvasive tests are currently not available to detect NAFLD and
distinguish it from simple steatosis. Identifying people at risk of disease progression
to NASH, fibrosis, and cirrhosis is extremely important because most patients are
asymptomatic.

The current gold standard for the diagnosis of NAFLD / NASH is liver biopsy.
Noninvasive tests such as proteomic biomarkers, transient elastography, and
elastoMR to evaluate NAFLD/NASH are promising.

The most validated diagnostic panels include the NAFLD fibrosis score, FIB-4,
and FibroMeter. Transient elastography is very useful in the evaluation of advanced
fibrosis and cirrhosis.

133



Advances in Hepatology

Author details

Eira Cerda—Reyesl*, Alicia Sarahi Ojeda—Yurenz, Julidn Torres-Vazquez3,

Maria del Rosario Herrero Maceda®, Martin Uriel Vézquez-MedinaS,

Perla Denice Flores-Rangel®, Yailin Fabiola Veldsquez Palacios’, Saraid Cerda-Reyes®
and Graciela Elia Castro-Narro’

1 Head of Academic Coordination, Central Military Hospital, Mexico

2 Anahuac University, Mexico

3 Chief Resident of Internal Medicine, Central Military Hospital, Mexico

4 Appointed Physician at the Gastroenterology Section, Central Military Hospital,
Mexico

5 National Polytechnic Institute, Mexico

6 Gastroenterology Resident, Central Military Hospital, Mexico
7 Internal Medicine Resident, Central Military Hospital, Mexico
8 Allergology Service, Medical Specialties Unit, Mexico

9 Head of Transplant Service, Medica Sur Hospital, Mexico

*Address all correspondence to: arieirace@yahoo.com.mx

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.

134



Diagnosis of Nonalcoholic Steatohepatitis
DOI: http://dx.doi.org/10.5772/intechopen.96281

References

[1] Younossi ZM, Koenig AB,
Abdelatif D, Fazel Y, Henry L,
Wymer M. Global epidemiology of
nonalcoholic fatty liver disease meta-
analytic assessment of prevalence,

incidence, and outcomes. Hepatology
2016; 64:73-84.

[2] GBD 2016 Disease and Injury
Incidence and Prevalence Collaborators.
Global, regional, and national
incidence, prevalence, and years lived
with disability for 328 diseases and
injuries for 195 countries, 1990-2016:

a systematic analysis for the Global
Burden of Disease Study 2016. Lancet
2017; 390: 1211-59.

[3] GBD 2016 Risk Factors Collaborators.
Global, regional, and national
comparative risk assessment of 84
behavioural, environmental and
occupational, and metabolic risks or
clusters of risks, 1990-2016: a systematic
analysis for the Global Burden of Disease
Study 2016. Lancet 2017; 390: 1345-422.

[4] Pearson-Stuttard J, Zhou B,

Kontis V, Bentham J, Gunter MJ,

Ezzati M. Worldwide burden of cancer
attributable to diabetes and high
body-mass index: a comparative risk
assessment. Lancet Diabetes Endocrinol
2018; 6: e6-15.7

[5] De Minicis S, Day C, Svegliati-
Baroni G. From NAFLD to NASH and
HCC: pathogenetic mechanisms and
therapeutic insights. Curr Pharm Des
2013; 19: 5239-5249

[6] Leoni S, Tovoli F, Napoli L, Serio I,
Ferri S, Bolondi L. Current guidelines
for the management of non-alcoholic
fatty liver disease: A systematic
review with comparative analysis
World J Gastroenterol. 2018 Aug
14;24(30):3361-3373

[7]1 Schwimmer JB, Deutsch R, Kahen T,
Lavine JE, Stanley C, Behling C.

135

Prevalence of fatty liver in children
and adolescents. Pediatrics 2006; 118:
1388-1393

[8] Paradis V, Zalinski S, Chelbi E,
Guedj N, Degos F, Vilgrain V, Bedossa P,
Belghiti J. Hepatocellular carcinomas

in patients with metabolic syndrome
often develop without significant

liver fibrosis: a pathological analysis.
Hepatology 2009; 49: 851-859

[9] Piscaglia F, Svegliati-Baroni G,
Barchetti A, Pecorelli A, Marinelli S,
Tiribelli C, Bellentani S; HCC-
NAFLD Italian Study Group. Clinical
patterns of hepatocellular carcinoma
in nonalcoholic fatty liver disease:

A multicenter prospective study.
Hepatology 2016; 63: 827-838

[10] Naga Chalasani N, Younossi Z,
Lavine, JE, Charlton M, Cusi K,
Rinella M, Harrison SA, Brunt EM,
and Sanyal AJ. Practice Guidance.

The Diagnosis and Management of
Nonalcoholic Fatty Liver Disease:
Practice Guidance From the American
Association for the Study of Liver
Diseases. Hepatology 2018;67: 328-357

[11] European Association for the

Study of the Liver (EASL). European
Association for the Study of Diabetes
(EASD); European Association for the
Study of Obesity (EASO). EASL-EASD-
EASO Clinical Practice Guidelines for the
management of non-alcoholic fatty liver
disease. ] Hepatol 2016; 64: 1388-1402

[12] Angulo P, Keach JC, Batts KP,

et al. Independent predictors of liver
fibrosis in patients with nonalcoholic
steatohepatitis. Hepatology 1999; 30:
1356-1362.

[13] Cheah MC, McCullough AJ,

Goh GB. Current Modalities of Fibrosis
Assessment in Non-alcoholic Fatty Liver
Disease. J Clin Transl Hepatol 2017; 5:
261-271



Advances in Hepatology

[14] Chalasani N, Younossi Z, Lavine JE,
Charlton M, Cusi K, Rinella M,
Harrison SA, Brunt EM, Sanyal AJ.

The diagnosis and management

of nonalcoholic fatty liver disease:
Practice guidance from the American
Association for the Study of Liver
Diseases. Hepatology 2018; 67: 328-357

[15] Valenti L, Fracanzani AL,
Bugianesi E, Dongiovanni P,

Galmozzi E, Vanni E, Canavesi E,
Lattuada E, Roviaro G, Marchesini G,
Fargion S. HFE genotype, parenchymal
iron accumulation, and liver fibrosis

in patients with nonalcoholic fatty
liver disease. Gastroenterology 2010;
138: 905-912

[16] Vuppalanchi R, Gould R],

Wilson LA, Unalp-Arida A,
Cummings OW, Chalasani N, Kowdley
KV; Nonalcoholic Steatohepatitis
Clinical Research Network (NASH
CRN). Clinical significance of serum
autoantibodies in patients with
NAFLD: results from the nonalcoholic
steatohepatitis clinical research
network. Hepatol Int 2012; 6: 379-385

[17] Bedogni G, Bellentani S,

Miglioli L, Masutti F, Passalacqua M,
Castiglione A, Tiribelli C. The Fatty
Liver Index: a simple and accurate
predictor of hepatic steatosis in the
general population. BMC Gastroenterol
2006; 6: 33 [PMID: 17081293 DOI:
10.1186/1471-230X-6-33]

[18] Kotronen A, Peltonen M,
Hakkarainen A, Sevastianova K,
Bergholm R, Johansson LM,

Lundbom N, Rissanen A,

Ridderstrale M, Groop L, Orho-
Melander M, Yki-Jarvinen H. Prediction
of non- alcoholic fatty liver disease

and liver fat using metabolic and
genetic factors. Gastroenterology 2009;
137: 865-872

[19] Fedchuk L, Nascimbeni F, Pais R,

Charlotte F, Housset C, Ratziu V;
LIDO Study Group. Performance and

136

limitations of steatosis biomarkers in
patients with nonalcoholic fatty liver
disease. Aliment Pharmacol Ther 2014;
40:1209-1222

[20] Kaswala DH, Lai M, Afdhal NH.
Fibrosis Assessment in Nonalcoholic
Fatty Liver Disease (NAFLD) in
2016. Dig Dis Sci 2016; 61: 1356-1364
[PMID: 27017224 DOI: 10.1007/
s10620-016-4079-4]

[21] Fagan K]J, Pretorius CJ, Horsfall LU,
Irvine KM, Wilgen U, Choi K,

Fletcher LM, Tate J, Melino M,

Nusrat S, Miller GC, Clouston AD,
Ballard E, O’Rourke P, Lampe G,
Ungerer JP, Powell EE. ELF score [19.8
indicates advanced hepatic fibrosis

and is influenced by age, steatosis and
histological activity. Liver Int 2015; 35:
1673-1681

[22] Guha IN, Parkes J, Roderick P,
Chattopadhyay D, Cross R, Harris S,
Kaye P, Burt AD, Ryder SD, Aithal GP,
Day CP, Rosenberg WM. Noninvasive
markers of fibrosis in nonalcoholic fatty
liver disease: Validating the European
Liver Fibrosis Panel and exploring
simple markers. Hepatology 2008;

47: 455-460

[23] Tsai E, Lee T-P. Diagnosis and
Evaluation of Nonalcoholic Fatty Liver
Disease/Nonalcoholic Steatohepatitis,
Including Noninvasive Biomarkers and
Transient Elastography. Clin Liver Dis
22 (2018) 73-92

[24] Martins IJ. Evaluation of diagnostic
tests in human health and disease. ] Clin
Path Lab Med. 2018;2(1):13-15.

[25] Martins IJ. “Sirtuin 1, a Diagnostic
Protein Marker and its Relevance to
Chronic Disease and Therapeutic Drug
Interventions”. EC Pharmacology and
Toxicology 6.4. 2018: 209-215

[26] Feldstein AE, Wieckowska A,
Lopez AR, Liu YC, Zein NN,
McCullough AJ. Cytokeratin-18



Diagnosis of Nonalcoholic Steatohepatitis
DOI: http://dx.doi.org/10.5772/intechopen.96281

fragment levels as noninvasive
biomarkers for nonalcoholic
steatohepatitis: a multicenter validation
study. Hepatology 2009; 50: 1072-1078

[27] Chan WK, Sthaneshwar P, Nik
Mustapha NR, Mahadeva S. Limited
utility of plasma M30 in discriminating
non-alcoholic steatohepatitis from
steatosis--a comparison with routine
biochemical markers. PLoS One 2014,
9:€105903

[28] Shen J, Chan HL, Wong GL,

Chan AW, Choi PC, Chan HY,

Chim AM, Yeung DK, Yu J, Chu WC,
Wong VW. Assessment of non-alcoholic
fatty liver disease using serum total cell
death and apoptosis markers. Aliment
Pharmacol Ther 2012; 36: 1057-1066
[PMID: 23066946 DOI: 10.1111/
apt.12091]

[29] Vuppalanchi R, Jain AK, Deppe R,
Yates K, Comerford M, Masuoka HC,
Neuschwander-Tetri BA, Loomba R,
Brunt EM, Kleiner DE, Molleston JP,
Schwimmer JB, Lavine JE, Tonascia J,
Chalasani N. Relationship between
changes in serum levels of keratin

18 and changes in liver histology in
children and adults with nonalcoholic
fatty liver disease. Clin Gastroenterol
Hepatol 2014; 12: 2121-2130. e1-2

[30] Bril F, Cusi K. Management of
nonalcoholic fatty liver disease in
patients with type 2 diabetes: a call to
action. Diabetes Care 2017; 40: 419-30

[31] Lucas C, Lucas G, Lucas N,
Krzowska-Firych J, Tomasiewicz K.

A systematic review of the present
and future of non-alcoholic fatty liver
disease. Clin Exp Hepatol 2018; 4,
3:165-174

[32] Saadeh S, Younossi ZM, Remer EM,
Gramlich T, Ong JP, Hurley M,

Mullen KD, Cooper JN, Sheridan MJ.
The utility of radiological imaging

in nonalcoholic fatty liver disease.
Gastroenterology 2002; 123: 745-750

137

(33] Ryan CK, Johnson LA, Germin BI,
Marcos A. One hundred consecutive
hepatic biopsies in the workup of
living donors for right lobe liver
transplantation. Liver Transpl 2002; 8:
1114-1122

[34] Tapper EB, Challies T, Nasser I,
Afdhal NH, Lai M. The Performance
of Vibration Controlled Transient
Elastography in a US Cohort of
Patients With Nonalcoholic Fatty Liver
Disease. Am J Gastroenterol 2016;

111: 677-684

[35] Wong VW, Vergniol J, Wong GL,
Foucher J, Chan AW, Chermak F,

Choi PC, Merrouche W, Chu SH,

Pesque S, Chan HL, de Lédinghen V.
Liver stiffness measurement using XL
probe in patients with nonalcoholic fatty
liver disease. Am ] Gastroenterol 2012;
107: 1862-1871

[36] Wong VW, Vergniol ], Wong GL,
Foucher J, Chan HL, Le Bail B, Choi PC,
Kowo M, Chan AW, Merrouche W,
Sung JJ, de Lédinghen V. Diagnosis

of fibrosis and cirrhosis using liver
stiffness measurement in nonalcoholic
fatty liver disease. Hepatology 2010;

51: 454-462

[37] Imajo K, Kessoku T, Honda Y,
Tomeno W, Ogawa Y, Mawatari H,
Fujita K, Yoneda M, Taguri M,

Hyogo H, Sumida Y, Ono M, Eguchi Y,
Inoue T, Yamanaka T, Wada K, Saito S,
Nakajima A. Magnetic Resonance
Imaging More Accurately Classifies
Steatosis and Fibrosis in Patients

With Nonalcoholic Fatty Liver

Disease Than Transient Elastography.
Gastroenterology 2016; 150: 626-637.e7

[38] Szczepaniak LS, Nurenberg P,
Leonard D, Browning JD, Reingold JS,
Grundy S, Hobbs HH, Dobbins RL.
Magnetic resonance spectroscopy to
measure hepatic triglyceride content:
prevalence of hepatic steatosis in the
general population. Am J Physiol
Endocrinol Metab 2005; 288: E462-E468



Advances in Hepatology

[39] Kwok R, Choi KC, Wong GL,
Zhang Y, Chan HL, Luk AO, Shu SS,
Chan AW, Yeung MW, Chan JC,

Kong AP, Wong VW. Screening diabetic
patients for non-alcoholic fatty liver
disease with controlled attenuation
parameter and liver stiffness
measurements: a prospective cohort
study. Gut 2016; 65: 1359-1368

[40] Kleiner DE, Brunt EM, Van
Natta M, et al. Design and valida-
tion of a histological scoring system
for nonalcoholic fatty liver disease.
Hepatology 2005; 41: 1313-1321.

[41] Valenti L, Fracanzani AL,
Bugianesi E, et al. HFE genotype, pa-
renchymal iron accumulation, and liver
fibrosis in patients with nonalcoholic

fatty liver disease. Gastroenterology
2010; 138: 905-912.

138



Chapter 9

Treatment of Nonalcoholic Fatty
Liver Disease through Changes in
Gut Microbiome and Intestinal
Epithelial Barrier

Hassan M. Heshmati

Abstract

Nonalcoholic fatty liver disease (NAFLD) is a leading liver disease worldwide
with a prevalence of approximately 25% among adult population. The highest
prevalence is observed in Middle East and the lowest prevalence in Africa. NAFLD
is a spectrum of liver disorders ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH). Pro-inflammatory diet, overweight/obesity, inflammation,
insulin resistance, prediabetes, type 2 diabetes, dyslipidemia, disrupted gut micro-
biome, and impaired intestinal barrier function are important risk factors associ-
ated with and/or contributing to NAFLD. Gut microbiome is a complex and diverse
microbial ecosystem essential for the maintenance of human health. It is influenced
by several factors including diet and medications. Gut microbiome can be disrupted
in NAFLD. Intestinal epithelial barrier is the largest and most important barrier
against the external environment and plays an important role in health and disease.
Several factors including diet and gut microbiome impact intestinal barrier func-
tion. NAFLD can be associated with impaired intestinal barrier function (increased
intestinal permeability). There are no specific drugs that directly treat NAFLD. The
first-line therapy of NAFLD is currently lifestyle intervention. Weight loss is an
important component in the treatment of NAFLD subjects who have excess body
weight. Gut microbiome and intestinal epithelial barrier are becoming promising
targets for the treatment of several diseases including NAFLD. In the absence of
approved pharmacotherapy for the treatment of NAFLD/NASH, in addition to
lifestyle intervention and weight loss (in case of excess body weight), focus should
also be on correcting gut microbiome and intestinal permeability (directly and/or
through gut microbiome modulation) using diet (e.g., low-fat diet, high-fiber diet,
and Mediterranean diet), prebiotics (nondigestible food ingredients), probiotics
(nonpathogenic living microorganisms), synbiotics (combination of prebiotics and
probiotics), and fecal microbiota transplantation (transfer of healthy stool).

Keywords: nonalcoholic fatty liver disease, gut microbiome, intestinal epithelial
barrier, targeted treatment
1. Introduction

NAFLD is a leading liver disease worldwide with a prevalence of approxi-
mately 25% among adult population. It is the most common cause of chronic
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liver disease in Western countries. NAFLD is a spectrum of liver disorders rang-
ing from simple steatosis to NASH [1-9].

Pro-inflammatory diet, overweight/obesity, inflammation, insulin resistance,
prediabetes, type 2 diabetes, dyslipidemia, disrupted gut microbiome, and impaired
intestinal barrier function are important risk factors associated with and/or con-
tributing to NAFLD [2, 4-27].

In the absence of approved drugs for the treatment of NAFLD/NASH, manage-
ment relies mainly on lifestyle intervention and weight loss (in case of excess body
weight) [1, 2, 8, 28-30].

Gut microbiome and intestinal epithelial barrier are becoming promising targets
for the treatment of several diseases including NAFLD [4, 17, 18, 20-22, 24, 25, 31-43].

2. Physiology
2.1Liver

The liver is the largest visceral organ. It weighs approximately 1.5 kg.
Macroscopically, the liver is divided into four lobes. The basic functional unit of the
liver is the liver lobule which includes the hepatocytes. Approximately 30% of the
liver volume is made up by blood (Figure 1) [44].

The liver is a vital organ. It has numerous important roles including secretion of
bile (700-1,200 mL/day), metabolism of bilirubin, metabolism of nutrients (e.g.,
glucose homeostasis, fat synthesis, and albumin synthesis), endocrine function
(e.g., production of angiotensinogen and activation of vitamin D), storage of
minerals and vitamins (e.g., iron, copper, vitamin A, vitamin B12, and vitamin
D), hematologic and vascular functions (e.g., hemostatic function and capacity to
store/release large volume of blood), immunologic and protective functions, and
metabolic inactivation and detoxification (e.g., catabolism or alteration of hor-
mones, toxins, and drugs) [44].

Figure 1.
Normal liver.

2.2 Gut microbiome

Gut microbiome is a complex and diverse microbial ecosystem living in the
digestive tract, mainly in the colon. It is established within the few first years of life
and contains up to 100 trillion microbes, mainly bacteria (more than 1,000 species)
but also fungi, protozoa, archaea, and viruses (Figure 2) [45-51].

Gut microbiome is involved in multiple physiological functions and is essential
for the maintenance of human health [50-57]. It is influenced by several factors
including diet and medications [31, 32, 50, 53, 58-69].
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Figure 2.
Gut microbiome.

2.3 Intestinal epithelial barrier

The intestine is lined by layer of epithelial cells that are connected by cell-cell
junctions (tight junction, adherens junction, desmosome). These junctions are
responsible for maintenance of tissue integrity, creation of a barrier, and signal-
ing. The barrier, which is important for tissue homeostasis, controls the passage of
water, ions, molecules, cells, and pathogens across the epithelial layer. Intestinal
epithelial barrier is the largest and most important barrier against the external envi-
ronment (barrier between luminal contents and the underlying immune system).

It covers a surface of approximately 400 m” and requires approximately 40% of the
body energy expenditure (Figure 3) [23, 41-43, 70, 71].

Intestinal epithelial barrier is constantly challenged by gut microbiome. It plays
an important role in health and disease [23, 41-43, 70, 71]. Several factors including
diet and gut microbiome impact intestinal barrier function [20, 41-43]. A high-
fiber diet has a beneficial effect while a high-fructose diet and a high-fat diet have a
deleterious effect on intestinal barrier function.

Transcellular  Paracellular

Apical membrana

R TR

Basolateral membrane

Figure 3.
Intestinal epithelial barrier.

3.NAFLD
3.1 Definition

NAFLD is a liver disease characterized by hepatic steatosis (> 5% fat deposit) on
either imaging or histology, with no excessive alcohol consumption (< 30 g/day for

men and < 20 g/day for women), in the absence of other causes of steatosis (e.g.,
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viral hepatitis and medications). It is a spectrum of liver disorders ranging from
simple steatosis to NASH. Up to 30% of NAFLD subjects develop NASH. NASH is
the aggressive form of NAFLD that can progress to fibrosis, cirrhosis, and hepa-
tocellular cancer. The presence of fibrosis is the strongest predictor of mortality
(Figure 4) [1-9].

Recently, a consensus of international experts proposed to change the acronym
NAFLD to MAFLD (metabolic dysfunction-associated fatty liver disease) [72].

The Spectrum of NAFLD

Fatty Liver NASH Cirrhosis
Fat Fat plus Scar tissue
accumulates inflammation replaces liver
in the lver arnid scarring cells

Figure 4.
Spectrum of NAFLD.

3.2 Prevalence

NAFLD is a pandemic with a prevalence of approximately 25% among adult
population worldwide. The highest prevalence is observed in Middle East and the
lowest prevalence in Africa. More than 1 billion people are affected by NAFLD
worldwide (Table1) [3, 8]. The differences in prevalence can be explained, at least
partially, by genetic background and lifestyle. NAFLD prevalence continues to rise
in all age groups, including in the adolescent population, especially in the setting of
the obesity pandemic.

NAFLD is a sexual dimorphic disease. The prevalence of NAFLD is higher in
men than in women (protective role of estrogen) [73, 74].

Region NAFLD Prevalence
World 25%
Middle East 32%
South America 30%
Asia 27%
North America 24%
Europe 24%
Africa 13%
Table 1.

Prevalence of NAFLD in adult population by region.

3.3 Pathophysiology

The pathophysiology underlying NAFLD is complex with both non-genetic and
genetic components [2, 4-27, 75-79].
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Pro-inflammatory diet, overweight/obesity, inflammation, insulin resis-
tance, prediabetes, type 2 diabetes, dyslipidemia, disrupted gut microbiome,
and impaired intestinal barrier function are important risk factors associated
with and/or contributing to NAFLD [2, 4-27]. In addition, some miscellaneous
endocrine disorders including growth hormone (GH) deficiency, hypothyroid-
ism, polycystic ovary syndrome, and hypogonadism and deficiency in epigenetic
regulators such as sirtuin 1 have been reported as possible contributing factors to
NAFLD [75-79].

There are several genetic forms of NAFLD including variations in patatin-
like phospholipase domain-containing protein 3 (PNPLA3), transmembrane 6
superfamily 2 (TM6SF2), membrane-bound O-acyltransferase domain-containing
protein 7 (MBOAT?7), and glucokinase regulatory protein (GCKR) genes [5, 6].

Excessive fat deposition in the liver (hepatocytes) leading to NAFLD can result
from one or several combined mechanisms including increased delivery of lipids to
the liver from diet or adipose tissue, increased de novo synthesis of lipids in the liver,
decreased hepatic oxidation of fatty acids, and decreased export of triglycerides
from the liver [7-9].

3.3.1 Pro-inflammatory diet

Various common food components have pro-inflammatory potential and
by contributing to chronic inflammation, can promote the development of
NAFLD [10]. They can either directly alter liver metabolism or act through
disruption of gut microbiome. The Western diet which is a diet rich in saturated
fat, red meat, fructose, alcohol, and salt is associated with an increased risk
of NAFLD.

3.3.2 Overweight/obesity, inflammation

Excess body weight (overweight and obesity) is considered as the main cause
of several abnormalities that are contributing to the pathogenesis of NAFLD (e.g.,
inflammation and insulin resistance). NAFLD is commonly associated with over-
weight/obesity [74]. It is independently associated with both subcutaneous and
visceral obesity. The adipose tissue inflammation observed in overweight/obesity
and characterized by increased cytokine production leads to systemic inflammation
which is responsible for insulin resistance [10, 11, 80]. Clinical studies have shown
that cellular and molecular adipose tissue inflammation correlate with the degree of
liver inflammation and the importance of liver disease.

Based on body mass index (BMI), up to approximately 19% of NAFLD subjects
do not have excess body weight (lean NAFLD) [74, 81, 82].

The prevalence of NAFLD by BMI in a Chinese population of Shanghai is
reported in Table 2 [74].

BMI NAFLD Prevalence

<185 (n = 445) 0.4%

18.5to < 24.0 (n = 4,899) 12.7%

24.0 to < 28.0 (n = 2,801) 49.2%

>28.0 (672) 82.4%
Table 2.

Prevalence of NAFLD by BMI in a Chinese population of Shanghai (n = 8,817).
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3.3.3 Insulin vesistance, prediabetes, type 2 diabetes

Insulin resistance plays an important role in the in the development of NAFLD.
Overweight/obesity and systemic inflammation are responsible for insulin resistance
which in its turn is an important contributing factor to the pathogenesis of prediabetes,
type 2 diabetes, and NAFLD [2, 10, 80]. NAFLD is highly correlated with prediabetes
and type 2 diabetes. There is a reciprocal association between prediabetes/type 2 diabe-
tesand NAFLD [13]. The global prevalence of NAFLD in subjects with prediabetes and
type 2 diabetes is around 48% and more than 55%, respectively (Figure 5) [5, 10, 12, 15].

st &

There is a strong association between prediabetes/type 2 diabetes and NAFLD.

3.3.4 Dyslipidemia

Dyslipidemia is a significant risk factor for NAFLD and associated cardiovascu-
lar disease. The mechanism by which dyslipidemia increases the risk of NAFLD may
be related to an increased accumulation of lipids in the hepatocytes [16].

3.3.5 Disrupted gut microbiome

Profound changes affecting the diversity and the abundance of gut microbi-
ome (dysbiosis) are associated with several metabolic disorders including NAFLD
[4, 10, 17-25, 83]. Gut microbiome plays a major role in the pathogenesis of
NAFLD. Disrupted gut microbiome (e.g., increase in pro-inflammatory bacteria
and decrease in protective bacteria) can promote or aggravate NAFLD through
several mechanisms including change in intestinal permeability and change in the
amount of absorbed energy (this can cause overweight/obesity, an important risk
factor for NAFLD). Microbial metabolites and cell components contribute to the
development of inflammation and hepatic steatosis.

Several clinical studies have shown the association of qualitative and quantita-
tive changes in gut microbiome (e.g., increased Lactobacillus and Gram-negative
bacteria) with NAFLD and its severity [4, 17-19, 24, 25]. The increased gut microbi-
ome taxa may produce more short-chain fatty acids (SCFAs), alcohol, and lipopoly-
saccharides (LPS). Increased supply of SCFAs, alcohol, and LPS (endotoxins) into
the portal circulation is implicated in the pathogenesis of NAFLD and its evolution
to NASH (promotion of overweight/obesity and inflammation) [17, 20-23].

3.3.6 Impaired intestinal barrier function
Impaired intestinal barrier function causes increased intestinal permeability

(“leaky gut”) and is associated with several metabolic disorders including NAFLD
[20, 23, 26, 27, 41-43, 70, 71].
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Increased intestinal permeability is most likely caused by the disruption of
intercellular tight junctions of the intestinal epithelium [26, 71]. It promotes trans-
location of bacteria-derived products (e.g., SCFAs, alcohol, and LPS) into the portal
circulation, exposing the liver to substances capable of inducing hepatic steatosis
and fibrosis [17, 20-23]. Several studies have reported that serum zonulin, a marker
of intestinal permeability, correlates significantly with the severity of hepatic
steatosis in subjects with NAFLD [43].

3.3.7 Miscellaneous endocrine disovders

Several miscellaneous endocrine disorders may contribute to the development
of secondary NAFLD [75]. GH deficiency through different mechanisms includ-
ing inflammation and insulin resistance may promote NAFLD. Hypothyroidism
by causing impaired glucose and lipid metabolism and altered energy homeostasis
can be linked to NAFLD. Polycystic ovary syndrome through multiple factors (e.g.,
obesity, inflammation, insulin resistance, and hyperandrogenism) may promote
NAFLD. Hypogonadism can be associated with NAFLD through several mecha-
nisms including obesity, insulin resistance, dyslipidemia, estrogen deficiency, and
dehydroepiandrosterone deficiency.

3.3.8 Sirtuin 1 deficiency

Sirtuins are a group of proteins belonging to the family of silent information
regulator 2. Humans have seven sirtuins. Sirtuin 1 is widely recognized as an impor-
tant epigenetic regulator involved in multiple biological processes and its deficiency
contributes to the pathogenesis of several diseases including NAFLD [76-79].
Exposure to sirtuin 1 inhibitors (e.g., fructose, alcohol, and LPS) leads to defective
sirtuin 1 function and can promote NAFLD.

3.3.9 Genetic predisposition

Common genetic forms of NAFLD include variations in PNPLA3, TM6SF2,
MBOAT7, and GCKR genes (Figure 6). These genetic forms of NAFLD are not asso-
ciated with insulin resistance, type 2 diabetes, and dyslipidemia but can progress to
NASH, cirrhosis, and hepatocellular cancer [5, 6].

TMESF2 E167K
variant
Loss¢reduction of
TMBSF 2 function

ALP
activity

Expression of
PNPLAZACSS 2,
DGAT 1,0GAT 2

VLDL
secretion

Catalytic activity
as sterol
Isomerases

Figure 6.
Several gene variants can contribute to the pathogenesis of NAFLD.
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3.3.10 Combination of several factors

Several of the above-mentioned factors can be present in subjects with NAFLD,
especially when they are interrelated. For example, a subject with obesity may have
inflammation, insulin resistance (with prediabetes or type 2 diabetes), gut microbi-
ome dysbiosis, and leaky gut.

3.4 Diagnosis

NAFLD is a liver disease characterized by hepatic steatosis (= 5% fat deposit) on
either imaging or histology. Several tests (non-invasive and invasive) can be performed
to support and/or confirm the diagnosis of NAFLD and the presence of fibrosis, and
optimize the intervention [1, 5, 6, 9, 84-88]. There are several national and international
guidelines related to the diagnosis and the management of NAFLD (e.g., American
Association for the Study of Liver Diseases “AASLD’, National Institute for Health and
Care Excellence “NICE”, European Association for the Study of the Liver “EASL”, Italian
Association for the Study of the Liver “AISF”, and Asia-Pacific guidelines) [1, 89].

3.4.1 Non-invasive tests

Non-invasive tests of NAFLD include liver biochemistry and imaging
examination [1, 5, 6, 9, 84-88].

To establish the diagnosis of NAFLD, conventional liver biochemistry is used
first. It may show an increase in liver enzymes including aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and gamma-glutamyl transpeptidase
(GGT). However, up to approximately 75% of subjects with NAFLD may have
normal liver enzymes. Additional biomarkers and scores have been proposed (e.g.,
cytokeratin-18 fragment, fatty liver index, Zhejiang University index, and NAFLD
liver fat score) (non-exhaustive list).

Imaging of the liver can be obtained with several tools including ultrasound,
computed tomography (CT), and magnetic resonance imaging (MRI) (Figure 7).
Based on most guidelines, abdominal ultrasound should be the first-line examina-
tion for the identification of hepatic steatosis. Although ultrasound has some limita-
tions in morbidly obese subjects and in subjects with liver fat content below 20%,
it has the advantage of being widely available with low cost. MRI remains the gold
standard for assessing and quantifying hepatic steatosis since it can detect a liver
fat content as low as 5%. However, its use is limited due to high cost and a long time
of execution. Another promising imaging technique is the ultrasonography-based
transient elastography using continuous attenuation parameter.

Figure7.
Abdominal CT scan showing diffuse hepatic steatosis in a subject with NAFLD.
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For the assessment of liver fibrosis, several biomarkers, scores, and imaging
techniques have been proposed (e.g., AST/ALT ratio, AST to platelet ratio index,
enhanced liver fibrosis score, NAFLD fibrosis score, and magnetic resonance
elastography) (non-exhaustive list) [6, 84, 88].

All the non-imaging assessments of NAFLD have limitations and alone cannot
replace liver biopsy.

3.4.2 Invasive tests

Liver biopsy is the gold standard test in the assessment of NAFLD to diagnose
NASH and stage liver fibrosis. It is potentially harmful and carries a low risk of
morbidity and extremely low risk of mortality. Therefore, it should be reserved to
selected subjects (Figure 8) [1, 90]. One important limitation of liver biopsy is that
it explores only a small portion of the liver (approximately 1/50,000), not represen-
tative of the entire organ.

Figure 8.
Liver histology showing macrovesicular steatosis in a subject with NAFLD.

3.5 Treatment

Because NAFLD/NASH is associated with increased morbidity and higher risk
of death mainly related to cardiovascular and liver diseases, it is essential to initiate
a treatment as soon as the diagnosis is made. In the absence of approved pharmaco-
therapy for the treatment of NAFLD/NASH, the first-line therapy of NAFLD remains
lifestyle intervention with weight loss (in case of excess body weight) [1, 2, 8, 28-30].
Gut microbiome and intestinal epithelial barrier are becoming promising targets for
the treatment of several diseases including NAFLD [4, 17, 18, 20-22, 24, 25, 31-43].
When treating NAFLD/NASH, in addition to lifestyle changes and weight loss (in
case of excess body weight), focus should also be on correcting gut microbiome and
intestinal permeability directly and/or through gut microbiome modulation [4, 17,
18, 20-22, 24, 25, 35-40, 43]. Several drugs for the treatment of NAFLD/NASH are
currently under investigation [6, 8, 91]. It is also important to treat the associated
morbidities other than overweight/obesity (e.g., type 2 diabetes and dyslipidemia).

3.5.1 Lifestyle intervention
Lifestyle intervention which includes diet and exercise is the first-line
therapy in NAFLD but is difficult to maintain (Table 3) [1, 2, 8, 28-30]. Dietisa

powerful tool in the management of NAFLD. Diet relates to the amount and the
composition of food that is consumed on a daily basis. There are several types of

147



Advances in Hepatology

diets with different caloric content and different composition of macronutrients,
fiber, minerals, and vitamins. They include hypocaloric diet, low-carbohydrate
diet, low-fat, high-protein diet, high-fiber diet, and Mediterranean diet (non-
exhaustive list) [8, 29, 30, 92]. In NAFLD subjects, hypocaloric diet is usually
a deficit of 500-1,000 kcal/day. For macronutrient composition and according
to most recommendations, carbohydrate intake should be between 40 and
50% (with exclusion of fructose from foods and beverages), fat intake no more
than 30% (with saturated fat below 10%), and protein intake between 15 and
20% [28]. Even without significant weight loss, anti-inflammatory diets like
Mediterranean diet (a mainly plant-based low-carbohydrate and high-unsatu-
rated fat diet) have beneficial properties both in the prevention and treatment
of NAFLD [8, 10, 25, 27-29, 93]. The omega-3 polyunsaturated fatty acids
present in the Mediterranean diet may reduce hepatic steatosis. A diet contain-
ing sirtuin 1 activators (e.g., magnesium and zinc) can be beneficial in NAFLD
subjects [79].

The objective in NAFLD subjects with excess body weight is a weight loss of
7-10%. To achieve weight loss, in addition to lifestyle intervention, other tools
including drugs, medical devices, and bariatric surgery can also be used when
needed and indicated [2, 28, 94-97]. Rapid sudden weight loss should be avoided
(risk of aggravation of liver failure).

Lean NAFLD subjects may have visceral obesity that is not detected by BMI.
These subjects may also benefit from diet and weight loss.

In addition to the type of diet, the timing and the frequency of the meals may
also influence NAFLD. It is recommended to consume more daily calories in the
morning versus the evening and avoid skipping meals [29].

Regular exercise including moderate intensity aerobic activities (3-5
weekly sessions with approximately 40 minutes per session) and resistance
training can reduce hepatic steatosis even without significant weight loss [1, 8,
28, 29]. Combination of exercise and diet has greater benefit than exercise or
diet alone.

Lifestyle Intervention Description
Healthy diet Low-carbohydrate diet, Low-fat diet, High-fiber diet,
Mediterranean diet, etc.
Diet for weight loss (in case of excess Hypocaloric diet
body weight)
Exercise Aerobic activities, Resistance training
Table 3.

Lifestyle intervention for the treatment of NAFLD.

3.5.2 Gut microbiome modulation

The prevention and management of NAFLD may benefit from modula-
tion and correction of gut microbiome [4, 17, 18, 20-22, 24, 25, 35-40]. Gut
microbiome can be modulated through diet, antibiotics, prebiotics, probiot-
ics, synbiotics, and fecal microbiota transplantation [4, 17, 18, 20-22, 24, 25,
33-40, 58-65]. To optimize the efficacy of these therapies, focus should be on
the altered gut microbiome (e.g., taxa responsible for high alcohol and LPS
production) [17].
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3.5.2.1 Diet

Diet is an important tool for the modulation of gut microbiome. The amount of
daily caloric intake and the content of food significantly affect gut microbiome. A
diet that is low in calories (when weight loss is needed), low in fat, and high in fiber
has a favorable effect on weight control and gut microbiome (increase in richness,
decrease in Firmicutes-to-Bacteroidetes phyla ratio) [58-64].

The diet, through the modulation of gut microbiome, could be beneficial in
NAFLD subjects [4, 25].

3.5.2.2 Antibiotics

Antibiotics are medications used to fight local or systemic infection [98].

Antibiotics affect gut microbiome [4, 24, 59, 65]. They can deplete or alter gut
microbiome (e.g., increase in Firmicutes phylum) and reduce liver disease develop-
ment. However, their clinical use is limited since they may eliminate important
beneficial bacterial species and cause antibiotic resistance.

3.5.2.3 Prebiotics

Prebiotics are chemicals (nondigestible food ingredients) inducing growth
and/or activity of intestinal bacteria (e.g., inulin, lactulose, and resistant starch)
[31, 69]. Some dietary fibers are prebiotics [25]. Prebiotics can be found in many
foods (e.g., leek, asparagus, onion, soybean, apple, and banana) (Figure9).

Prebiotics can positively modulate gut microbiome and improve NAFLD
(4, 21, 24, 25, 35]. They lower the production of LPS. Treatment with oligofructose
(16 g/day for 8 weeks) in subjects with NASH showed a significant decrease of
AST [35].

Figure 9.
Prebiotics can be beneficial in the treatment of NAFLD by modulating gut microbiome.

3.5.2.4 Probiotics

Probiotics are nonpathogenic living microorganisms with direct or indirect
effect on gut microbiome [31, 32, 68]. Probiotics can be found in several foods
(e.g., yogurt, cheese, and milk) (Figure 10).

Probiotics can positively impact gut microbiome and improve NAFLD
[4, 21, 24, 36-39]. They reduce the production of LPS. Administration of
Lactobacillus vhamnosus strain GG (12 billion CFU/day) for 8 weeks in children
with NAFLD showed a significant decrease of ALT [36]. Treatment with VSL#3
(a mixture of 8 probiotic strains) for 4 months in children with NAFLD demon-
strated a significant decrease of hepatic steatosis [38].
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Figure 10.
Probiotics can be beneficial in the treatment of NAFLD by modulating gut microbiome.

3.5.2.5 Synbiotics

Synbiotics are combination of prebiotics and probiotics. They have the potential
to induce more effects than prebiotics or probiotics used alone.

There are few studies assessing the effects of synbiotics on NAFLD subjects.
They showed several beneficial effects including reduction of inflammation
and hepatic steatosis [4, 24, 40]. Administration of Bifidobacterium longum with
fructo-oligosaccharides for 24 weeks in subjects with NASH showed a signifi-
cant decrease of AST, serum endotoxin, hepatic steatosis, and NASH activity
index [40].

3.5.2.6 Fecal microbiota transplantation

Fecal microbiota transplantation consists of transfer of feces from a healthy
donor to a recipient. The addition of healthy stool can be done through colonoscopy;,
orogastric tube, esophagogastroduodenoscopy, or oral capsule (Figure 11) [99].

Fecal microbiota transplantation is an exciting therapy with important
potential indications. It was first approved by the United States Food and Drug
Administration for the treatment of Clostridium difficile infection. Fecal micro-
biota transplantation can modify gut microbiome for the purpose of obesity and
metabolic disorders management [33, 34]. Clinical studies using fecal microbiota
transplantation in NAFLD subjects are currently ongoing.

Fecal microbiota transplantation has the potential to treat NAFLD by modifying gut microbiome.
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3.5.3 Intestinal permeability corvection

Restoring the intestinal epithelial barrier is an attractive therapeutic approach in
NAFLD subjects. Currently, there is no approved drug for this indication. Intestinal
permeability can be targeted and corrected directly (with diet) and/or through gut
microbiome modulation [17, 18, 43].

A study using high-fiber diet for 6 months in subjects with NAFLD showed a
decrease in intestinal permeability as demonstrated by a reduction of approximately
90% of serum zonulin, and a significant reduction of liver enzymes (e.g., AST, ALT,
and GGT) and hepatic steatosis [43].

3.5.4 Drugs

There are no approved drugs for the treatment of NAFLD/NASH. Several
investigational drugs are currently in various stages of clinical trials. They can
impact at least four pathways related to NAFLD development and progression
(hepatic fat accumulation, oxidative stress, gut microbiome, and hepatic fibrosis)
[7, 8, 91]. Some of these investigational drugs have shown promising preliminary
results (e.g., lanifibranor, cenicriviroc, and resmetirom) (non-exhaustive list)

(6, 8, 91].

Any drug that is currently used in the treatment of NAFLD/NASH (e.g.,
antidiabetic drugs, lipid-lowering drugs, and vitamin E) should be con-
sidered as an off-label treatment [1, 2, 6-9, 14-16, 28, 91, 100]. Among the
antidiabetic drugs, pioglitazone has shown a strong efficacy and became the
first-line therapy in subjects who have type 2 diabetes and NAFLD [1, 2, 6, 14,
15, 28, 100].

The summary of different tools available in the United States of America (USA)
or under investigation for the treatment of NAFLD/NASH is reported in Table 4.

Tool Description

Lifestyle intervention Diet, Exercise

Anti-obesity drug Xenical®, Qsymia®, Contrave®, Saxenda®

Anti-obesity medical device Lap-Band®, AspireAssist®, Orbera® Intragastric Balloon
System, TransPyloric Shuttle®, Obalon® Balloon System,
Plenity®

Bariatric surgery Sleeve gastrectomy, Roux-en-Y gastric bypass

Gut microbiome modulation Diet, Antibiotics, Prebiotics, Probiotics, Synbiotics, Fecal

microbiota transplantation

Intestinal permeability correction High-fiber diet, Gut microbiome modulation

Off-label drug Antidiabetic drugs, Vitamin E, etc.

Investigational drug Lanifibranor, Cenicriviroc, Resmetirom, etc.
Table 4.

Summary of different tools available in the USA or under investigation for the treatment of NAFLD/NASH.

3.5.5 Liver transplantation
NASH is becoming one of the leading causes of liver transplantation. Currently,

in the USA, NASH ranks as the second most common reason for liver transplanta-
tion after hepatitis C [89].
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4, Conclusions

NAFLD is the most common chronic liver disease worldwide. It is a spectrum
of liver disorders ranging from simple steatosis to NASH. NAFLD subjects have
overweight/obesity in the majority of cases and the disease can be associated with
disrupted gut microbiome and impaired intestinal barrier function.

In the absence of approved pharmacotherapy for the treatment of NAFLD/
NASH, in addition to lifestyle intervention with weight loss (in case of excess body
weight), targeting gut microbiome and intestinal epithelial barrier with diet,
prebiotics, probiotics, synbiotics, and fecal microbiota transplantation represents a
promising novel therapeutic approach.
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Chapter 10

The Role of Bariatric Surgery in
Fatty Liver

Anja Geerts and Sander Lefere

Abstract

Non-alcoholic fatty liver disease (NAFLD) is a crucial health problem with a
prevalence that is increasing concurrently with the obesity epidemic on a global
scale. Steatosis, nonalcoholic steatohepatitis (NASH), hepatocellular carcinoma
(HCC), cirrhosis, and advanced fibrosis constitute the disease spectrum covered
by NAFLD. NASH-related cirrhosis and HCC is currently the second most common
indication for liver transplantation. Although lifestyle modifications, especially
weight loss, effectively reduces the liver injury in NASH, adherence in the clinical
setting is low. Potential treatments for NASH are still under investigation in phase
2-3 studies. Bariatric surgery can improve metabolic components and cause great
weight loss. Therefore, bariatric surgery may reverse the pathological liver changes
in NAFLD and NASH patients. However, complications such as liver failure after
bariatric surgery can occur. This chapter will give an overview of the benefits and
pitfalls of bariatric surgery in patients with NAFLD, liver transplant candidates and
post-liver transplant patients.

Keywords: bariatric surgery, NAFLD, NASH, liver transplant, liver failure

1. Introduction

Over the last decades, there has been a drastic increase in obesity prevalence.
Health statistics reports of 2018 showed that 40% of the total adult population of
the United States were obese (BMI (body mass index) > 30 kg/m2).

The obesity epidemic has led to a dramatic rise in the obesity-related liver
disease non-alcoholic fatty liver disease (NAFLD). NAFLD currentlyaffects one
quarter of the global population [1]. Steatosis or fatty liver, non-alcoholic steato-
hepatitis (NASH), fibrosis, cirrhosis, and hepatocellular carcinoma (HCC) make up
the spectrum of conditions that NAFLD represents. The frequency of liver trans-
plantation undertaken in patients with cirrhosis and HCC due to NASH has been
increasing worldwide [2]. NAFLD has also been found to be associated with several
health conditions like cardiovascular diseases which affect organs outside the liver
and consititute the major cause of deaths in patients with NAFLD.

Lifestyle modification is the cornerstone of NAFLD therapy. As a matter of
fact, reduced intake of calories combined with increased activity can make this
achievable. The main driver of NAFLD improvement is the amount of actual weight
loss, while the type of diet seems to be less important. Rrespective of how one
achieves weight loss, the highest rates of steatohepatitis resolution (90%) as well as
improvement of fibrosis (45%) can only be induced by >10% weight loss. A weight
loss of >5% improves steatosis in about 64% and weight loss of >7% can resolve
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steatohepatitis in 72% [3]. Regrettably, the necessary weight loss goal of >7% to
10% is achieved only by a minority of the patients.

Currently, a vast array of drugs are being tested for NASH, and some of them
are already in the third phase, but until now, there is no pharmacological therapy
for NASH [4]. In our current understanding, any pharmacological treatment that is
indicative for NASH should be prescribed only to patients with NASH and advanced
liver fibrosis. The recommendations above result from data which show that fibrosis
is the strongest prognostic predictor, with a decline in survival from fibrosis stage 2
onwards [5].

The use of bariatric surgery as a therapy for obesity is increasingly common, and
evidence that also supports its therapeutic use for metabolic disturbances (so called
“metabolic surgery”) is increasing [6]. In addition, bariatric surgery is a promising
therapeutic alternative for NAFLD as risk factors such as diabetes, inflammation,
insulin resistance, and dyslipidemia that contribute to NAFLD pathogenesis can
be reversed by it, and it is also effective for achieving long-term weight loss in
patients [7].

According to current reimbursement guidelines, it is only administered to obese
patients who are 18 years or over with a BMI > 40 kg/m? or BMI > 35 kg/m” with
related co-morbidities such as diabetes mellitus, uncontrolled arterial high blood
pressure and OSAS despite triple therapy. Consequently, NASH is not one of the
co-morbidities regarded as an indication for bariatric surgery.

In this chapter, we will first elucidate the benefit of bariatric surgery in the
field of NAFLD. Secondly, the possible role of bariatric surgery will be discussedin
patients who are candidates for liver transplantation. Special considerationwill also
be given to patients who develop recurrent or de novo NASH after liver transplan-
tation. Finally, we outline the possible pitfalls with the risk of liver failure after
bariatric surgery.

2. Types of bariatric surgery

A variety of procedures for bariatric surgery have been developed over the last
decades. The 2 most frequently performed types of bariatric surgery are Roux-en-Y
gastric bypass (RYGB) and Sleeve gastrectomy (SG). There has been a progressive
decline in the use of the adjustable gastric banding procedure after sleeve gastrec-
tomy was developed. Biliopancreatic diversion with duodenal switch (BPD-DS)
is the procedure of choice for severe morbidly obese patients. Very low mortality
and morbidity rates are associated with almost all bariatric operations performed
laparoscopically [8]. In the USA and countries around the world, the currently most
performed bariatric procedure is sleeve gastrectomy. The increase in popularity of
the SG could be due to its relative technical simplicity, as there are no concerns for
late complications such as internal herniation, ulcerations on anastomosis and no
malabsorption of iron, calcium and vitamins. Malabsorptive surgery as jejunoileal
bypass, biliopancreatic diversion (BDP), biliopancreatic diversion with duodenal
switch (BDP-DS), and distal gastric bypass (D-GBP) can lead to large weight loss,
yet can cause severe long-term complications.

Figure 1 shows the different types of surgery. The RYGB procedure consists
of two components. First, a small gastric pouch of ~30 cm? in volume is con-
structed, secondly the small intestine is divided ~30-50 cm distal to the ligament
of Treitz. The distal end of the small intestine that has been divided also known
as the Roux limb is connected to the gastric pouch that was newly fabricated. The
Roux limb ranges from 75-150 cm in length. SG is formed from a tubular gastric
pouch (sleeve) that remains after ~80% of the lateral part of the stomach has
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A

Figure 1.
Bariatric surgery procedures.(A) sleeve gastrectomy, (B) roux-en-Y gastric bypass, (C) biliopancreatic
diversion with duodenal switch (reproduced with permission from www.uzgent.be).

been removed. The BPD-DS is a procedure where first a vertical gastrectomy is
performed, similar to the SG. Next, a large portion (~50%) of the small intestine
is bypassed, which creates malabsorption. The duodenum is divided immediately
after the pylorus. At 250 cm proximal to the ileocecal valve, a portion of the distal
ileum is divided and anastomosed to the duodenum in a Roux-en-Y configuration
after bringing it up. Another anastomosis of the ileoileostomy is performed at
100 cm proximal to the ileocaecal valve to complete the operation [9].

3. Benefits of bariatric surgery in NAFLD patients

Already in 2008, Mathurin et al. published data showing animprovement of ste-
atosis, ballooning and NAS score 5 years after bariatric surgery in NAFLD patients.
However they reporteda worsening of fibrosis in 19.8% of patients. This initial find-
ing made the use of bariatric surgery questionable in the area of NASH. However,
the worsening of fibrosis at 5 years was slight, 95% of the patients had a fibrosis
score less than 1 and a lot of patients had no biopsy-proven NASH [10]. The same
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group reported recently data of a biopsy-proven cohort of NASH patients with liver
samples 1 and 5 years after bariatric surgery [11, 12]. In this long-term prospective
trial, NASH resolution was induced by bariatric surgery without fibrosis worsen-
ing in 84% of the patients at 5 years. Regression of fibrosis was seen in 70% of the
patients, beginning to improve within 1 year and continued throughout 5 year
follow-up. Also in patients with baseline fibrosis grade 3, there was an improvement
seen in 68% The non-responders (20%) to bariatric surgery were patients with low
weight loss and less improvement in insulin resistance after their surgery. This large
trial has demonstrated that there is an understandable benefit to consider bariatric
surgery as a treatment option for patients with clinically significant NASH.

Lee et al. published in 2019 a systematic review with data of 32 cohort studies
comprising 3093 biopsy-confirmed NAFLD patients and the effect of bariatric
surgery [13]. The authors looked at complete resolution of the different features of
NAFLD instead of improvement. The study results indicated that there was complete
resolution of steatosis, inflammation, ballooning and fibrosis in 66%, 50%, 76% and
40%, respectively. A meta-analysis in 2008 of 15 cohort studies showed similar results
[14]. By focusing on complete NAFLD resolution, these reviews provide further
evidence that bariatric surgery is efficacious and that NAFLD as a comorbidity should
prompt evaluation for bariatric surgery in patients with a BMI of 35 to 40 kg/m?2.

Klebanoff et al. showed that bariatric surgery led to more QALYs for all obese
patients and overweight patients regardless of fibrosis stage compared to lifestyle
interventions. Their analysis also suggests that for patients in all obesity classes,
bariatric surgery, as a therapy, is cost-effective and may even be considered cost-
effective therapy for overweight individuals with advanced fibrosis [15]. The
majority of the patients in the reported cohorts underwent RYGB, only 5 to 10%
underwent Sleeve gastrectomy. A few studies have examined the effect other
bariatric surgeries have on NASH. Caiazzo et al. showed that RYGB was associated
with significantly greater improvement in the amount of steatosis and NASH at 1
and 5 years after surgery compared to adjustable gastric banding [16].

The use of comparative randomized trials that study the impact of bariatric
surgery compared with current medical therapies should be the focus of future
clinical studies. Data on new endoscopic bariatric therapies and the effect on NASH
are also urgently needed.

4. Bariatric surgery related to liver transplantation

Candidates for transplantation with a BMI > 40 kg/m’havea significantly higher
mortality on the waiting list compared with candidates with a BMI > 30 kg/m®.
The reason is a faster progression of liver detioration among obese patients versus
nonobese [17]. The most frequently used BMI cutoffs in the literature as relative and
absolute contra-indication for livertransplantation were 40 and 45, respectively.
This is mainly based on the fact that studies reported a higher risk of perioperative
complications, mostly wound-related infections, in obese patients. Morbid obesity
cannot be considered as an absolute contra-indication for liver transplant despite
the presence of associated complications in these patients. This observation leads us
to the need to address obesity before and after liver transplantation.

4.1 Bariatric surgery in pre-liver transplant candidates
Treating obesity before transplantation can reduce the risk of decompensation
and reduce co-morbiditities such infections and metabolic syndrome in the post-

operative period [18, 19].
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The first issue to consider is whether bariatric surgery is safe in cirrotic patients.
Data are mostly coming from retrospective incidental findings at the time of
bariatric surgery with a prevalence between 0.14% to 1.5% [20, 21]. Younus et al.
described a cohort of 26 patients with incidental finding of cirrhosis (proven with
biopsy) at the time of bariatric surgery [20]. The type of procedure was mainly
RYGB (55%). A higher risk of immediate complications postoperative (38.5%
versus 16.7% in non-cirrhotic group) was seen, probably also dueto a high BMI in
this study (median BMI of 52 kg/m?). No long-term cirrhosis-related complica-
tions or increased mortality were noted in this cohort. Jan et al. published a review
with pooled data of nine similar studies with a total of 122 cirrhotic patients. The
characteristics of the patients were mainly Child Pugh A patients, a few Child
Pugh B and 7 patients with portal hypertension. The type of procedure was again
predominantly RYGB. There was an overall complication rate of 22.5% with also
a 6.5% liver decompensation rate and a late mortality rate of 2.45%. A lower
complication rate in cirrhotic patientswas seen in the group who underwent SG or
gastric banding when compared with malabsorptive bariatric procedures including
RYGB [22].

Bariatric surgery can be done in a carefully selected patient group with cir-
rhosis, especially Child Pugh A patients without significant portal hypertension.

It is important to recognize and diagnose cirrhosis, estimate liver function and the
presence or absence of portal hypertension pre-operatively. This can help in decid-
ing the type of procedure and anticipatingcomplications. Most of the data currently
available indicatethat sleeve gastrectomy can be done safely in compensated liver
cirrhosis patients [23, 24].

The risk of 30-day mortality in decompensated cirrotic patients undergoing
bariatric surgery was noted to be 16.7% versus 0.9% in compensated cirrhosis. So,
bariatric surgery is absolutely contra-indicated in patients with a decompensated
liver disease.

4.2 Bariatric surgery simultaneously with liver transplantation

For patients who are too sick before transplant, a simultaneous bariatric
surgery and liver transplantation is another approach to manage obesity in this
population. Small series of patients who underwent combined sleeve gastrectomy
and liver transplantation has been published from the group of the Mayo Clinic
[25]. Death, graft loss, operative complications were similar between the two
groups, however post-liver transplantation metabolic outcomes were superior
in the group who underwentthe combined SG and transplantation. Long-term
outcomes were described recently with demonstrating efficacy and maintaining
wieght loss and favorable metabolic profiles [26]. So far, there are only two other
case reports of sleeve gastrectomy and liver transplantation combined that have
been reported [27, 28].

The main disadvantage of this approach can be the impact on the nutritional
state in the immediate post-operative period. More data and experience in is needed
before promoting this approach.

4.3 Bariatric surgery after liver transplantation

Long-term weight gain and development of metabolic syndrome are the main
concerns post-liver transplantation. Up to 46% of the patients will develop themet-
abolic syndrome, especially those with a BMI > 30 kg/m? or higherpre-liver trans-
plant BMI. Recently it has been shown that NASH liver transplant recipients have a
10 year graft survival of 61% which is significantly lower than primary sclerosing
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cholangitis, auto-immuun hepatitis and primary biliary cholangitisrecipients
(respectively 74%, 71,7% and 71%) [29]. Probably the outcomes of NASH cirrhosis
liver transplant recipients are not as good as previously thought and this is due to
the development of metabolic risk factors. The bulk of weight gain appears to occur
within the first year, with studies reporting a median weight gain of 5 to 10 kg at

12 months after liver transplantation. Recurrent NAFLD/NASH after transplanta-
tion is very common, ranging in cohorts from respectively 10 to 100% and 4 to 28%.
Risk factors are older age, higher BMI at the time of liver transplantation, presence
of diabetes mellitus type 2 pre-livertransplant and dislipidemia [30-32].

The development of de novo NAFLD is also frequent after liver transplantation.
There are reports that described 78% de novo NAFLD and 4% NASH in 2378 liver
transplant recipients at 5 year follow-up [33]. A very important finding is the faster
progression of fibrosis in patients with de novo NASH after liver transplantation
[30-33].

Case reports and series of bariatric surgery in post transplant recipients showed
no difference in mortality with the general population [34-36]. Sleeve gastrectomy
is the most performed procedure with lack of malabsorption and no interference of
immuunsuppressive drugs. Optimal timing of bariatric surgery post liver transplan-
tation need to be defined, because delaying too long can cause fibrosis and reduce
patient survival.

5. Liver failure as a result of prior bariatric surgery

Decompensated cirrhosis that results from an earlier bariatric surgery, is a
clinical condition that is far more demanding. Complications including severely
impaired hepatic function are mostly described after jejunoileal bypass (JIB) and
biliopancreatic diversion (BPD) procedures. They occurred in up to 10% of the
patients. The occurrence of these and other complications resulted in abandonment
of JIB surgery. The frequency of hepatic complications after BPD is unclear, but
hepatocellular failure has been reported in small series and case reports. In 1992,
the first case of chronic end-stage liver disease after BPD was reported [37]. We
published a multicenter Belgian Survey on liver transplantation for hepatocellular
failure after bariatric surgery. 10 patients who underwent bariatric surgery and
developed liver failure afterward were reported in the Belgian survey: 1 after JIB
and 9 after BPD. Patients who underwent JIB or BPD subsequently became candi-
dates for liver transplantation, even >20 years after bariatric surgery [38]. Probably,
the real incidence of hepatic complications after BPD surgery is underreported in
the current literature; so we are still unaware of the real incidence of Scopinaro
procedure-induced liver failure. The pathogenesis of post-BPD steatohepatitis
remains poorly understood. One important factor implicated in the pathogenesis
of liver injury after JIB or BPD was intestinal bacterial overgrowth in the excluded
small intestine segment. As we see no liver failure after equivalent intestinal resec-
tion, this may explain the role of excluded segment. Bacterial overgrowth leads to
mucosal injury and increases gut permeability toespecially endotoxins. When these
toxins are absorbed via the portal vein to the liver, they can induce hepatocellular
damage. Another factor in the pathogenesis of liver failure postbypass surgery
is protein and amino acid malnutrition, which can perpetuate or increase lipid
accumulation in the liver.

Mahawar et al. confirmed that the lenght of the biliopancreatic limb (BPL)
matters [39]. A long BPL (100-150 cm) results in better weight loss, intensifies
the antidiabetic effect in RYGB compared with a shorter BPL of 50-75 cm. The
increased risk of insufficiency of protein with successive malnutrition constitute
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the drawback of using a long BPL with a shorter alimentary limb lenght (TALL).
Recent data suggests that at least 350-400 cm of TALL must remain [40, 41].

Although liver transplantation and intestinal anatomy restoration have been
regarded as the standard therapy for liver failure that results from BDP or JIB
surgery, the use of these measures has been reported to be unsuccessful in some
cases [42, 43]. We reported a case of refractory subacute steatohepatitis after BPD
[43]. There may be a significant improvement when surgery is used to achieve a
gastric bypass-like anatomy, however, its feasibility is directly related to the severity
of liver decompensation as well as effects of nutritional correction. Correction of
vitamine depletion, malnutrition and aggressive nutrition is warranted and might
already significantly improve the patient’s condition. In case of incipient deteriora-
tion, early referral to a liver transplant center is necessary.

The exact magnitude of liver failure after RYGB, which is not associated with
much malabsorption, has not yet been fully established. There are some case
reports. Mahawar et al. found10 reports of liver failure after RYGB in the entire
surgical literature [39]. In view of the fact that RYGB is the most common per-
formed bariatric procedure worldwide, potentially millions have been carried out,
this means that only a minuscule proportion of patients undergoing this operation
would suffer from liver failure.

4 out of the 10 reports were seen in cirrhotic patients, 2 had extended limb
RYGB, 1 distal RYGB, 2 had early or late complication. Extended limb or distal
versions of RYGB can behave like biliopancreatic diversion with higher potential for
malabsorption. These versions of RYGB may hence be more likely to predispose to
liver failure.

High risk groups of patients undergoing RYGB, such as patients with incidental
finding of cirrhosis, extented limb or distal versions of RYGB, complications of
surgery and alcohol abuse, should be follow up carefully withroutine lifelong
monitoring of liver function tests.

6. Conclusions

Bariatric surgery provides effective treatment for obesity and metabolic com-
plications. Lifestyle modification with weight loss is currently the most important
treatment in NAFLD patients, but this is hard to achieve in clinical practice. Recent
reports showed that bariatric surgery could resolve NASH in 84%of the patients
without worsening of fibrosis. These findings support the notionthat bariatric sur-
gery is an effective treatment for NASH patients. Bariatric surgery, especially sleeve
gastrectomy, also seems to be feasible in compensated cirrhotic patients. Special
attention should be paid to recurrent and de novo NAFLD after liver transplanta-
tion. It is worthy of note that, on a case-by-case basis and prior to liver transplanta-
tion, the feasibility of bariatric surgery as well as interventions and how they are
timed and sequenced should be discussed in a broad multidisciplinary discussion.

Liver decompensation or failure hardly occurs in patients undergoing RYGB
without pre-existing cirrhosis. Potentially fatal liver complications are described
with severe malabsorptive bariatric procedures such as biliopancreatic diversion or
distal versions of RYGB. Closely monitoring of liver function is recommended in
this high risk group and early referral for surgical conversion is necessary.
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Abstract

Changes in intestinal permeability have been determined to influence secondary
inflammatory reactions and clinical manifestations such as spontaneous bacterial
peritonitis (SBP) secondary to cirrhosis. As of yet, no in-depth exploration of the
changes in the microbiota and how this influences cirrhosis to differ from clinically
more severe cases than others has not begun. However, at the level of pathophysio-
logical mechanism, it must be taken into account that due to the abuse of substances
such as alcohol and chronic fatty liver disease, changes in the bacterial composition
and intestinal permeability are induced. This set of changes in the bacterial com-
position (microbiome) and modification of the intestinal permeability could be
related to the presence of ascites and spontaneous peritonitis secondary to cirrhosis,
being of relevance the knowledge of the mechanisms underlying this phenomenon,
as well as clinical manifestation. Prophylaxis and antibiotic treatment of SBP
requires clinical knowledge for the treatment decisions based mainly on the pres-
ence of ascitic fluid, accompanied of risk factors, laboratory indexes such as PMN
count and culture results, in order to determine the kind of molecule that will help
to the SBP recovery or to amelioration symptoms, always taking care of not exceed
the antibiotic consumption and restoring the microbiome imbalance.

Keywords: bacteria, peritonitis, microbiome, cirrhosis, gut permeability

1. Introduction

In cirrhotic patients with ascites, spontaneous bacterial peritonitis (SBP), an
ominous complication, occurs recurrently with an annual increase rate of 69% [1].
Furthermore, in cirrhosis with portal hypertension, SBP is a key hallmark feature in
developing hepatic encephalopathy, variceal bleeding, hepatorenal syndrome and
increased mortality [2]. Also, intestinal barrier dysfunction is pondered central in
the pathogenesis of cirrhotic complications. In health, intestinal barrier function is
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crucial against extensive and continuous exposure of the liver to the gut microbiota
and their products and metabolites. Thus, gut microbiome sets the stage for the gut-
liver axis [3]. Nevertheless, in cirrhosis, intestinal barrier dysfunction, increased
permeability and extensive inflammation occurs due to SBP. The intestinal barrier
consists of several layers, including mucus layer, intestinal epithelial cells, lamina
propria and Peyer’s patches. They determine the extent to which gut microbes and
their products (endotoxin) can access the host vasculature [4].

Therefore, the intestinal vascular barrier is considered an important layer
controlling the entry of gut bacterial products into the portal circulation and liver
[5]. Gut microbiota may therefore have a prime role in a pathologic loop, which
regulates portal hypertension, and thus have a role in the cirrhosis development.

SBP is a frequent and severe complication in cirrhotic patients with ascites. On
the other hand, cirrhotic complication initiates dysregulation of intestinal AMP and
bacterial overgrowth, which triggers mucosal inflammation. The proinflammatory
cytokine milieu in the intestinal lumen plays a critical role in disrupting the tight
junction protein integrity, leading to BT. Bacterial endotoxin and harmful patho-
genic bacterial species translocate to the liver through portal vein further exacerbate
the already prevalent hepatic inflammation and fibrosis in the liver, causing a cyclic
progression of liver injury. Pathogenic bacteria and endotoxins also translocate to
blood causes systemic inflammatory responses induced by cytokines, chemokines
and interferons resulting cytokine storm syndrome and hemodynamic abnormali-
ties, thereby promotes liver injury followed by multiorgan failure and eventually it
causes death.

2. The pathophysiological mechanism involved in spontaneous bacterial
peritonitis in cirrhosis: loss of permeability and gut microbiota

Peritonitis occurs in patients with cirrhosis and ascites, in the absence of any
other intra-abdominal cause of infection, such as an abscess or intestinal perfora-
tion. The spontaneous bacterial peritonitis (SBP) is defined as an infection of the
ascites fluid, which produces an inflammatory reaction of the peritoneum and as
previously described. It has been associated with intestinal dysbiosis, since it leads
to dysfunction of the intestinal barrier that can cause bacterial translocation of very
small quantities of viable or dead bacteria, constituting a physiologically important
reinforcement for the immune system. Bacterial translocation is defined as the
passage of bacteria or bacterial products that go from the intestine to the mesenteric
lymph nodes.

2.1 Bacterial translocation

Due to the close anatomical and physiological connections between the liver
and gut, barrier dysfunction results in translocation of viable bacteria and its
product to the liver via the portal circulation, thereby causing liver dysfunction.
Several experimental studies showed that cirrhotic patients had increased intestinal
permeability which might be a critical contributing factor to cirrhosis development
[6, 7]. In addition, microbial overgrowth has been observed in intrahepatic chole-
static patients [8]. Bacterial infections such as SBP and bacteraemia are associated
with the four-fold increased death rate in cirrhotic patients [9]. In this context, it
was observed that the presence of bacterial DNA in the blood and ascitic fluid of
cirrhotic patients developed poor prognosis compared to cirrhotic patients who had
negative for bacterial DNA [10]. Bacterial translocation (BT) initiates a cycle of
dysfunctional immune activation, and systemic inflammatory response, facilitating
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the worsening of pre-existing hepatic and hemodynamic abnormalities in cir-
rhosis [11]. Identification of bacterial DNA has been associated with worsening of
intrahepatic endothelial dysfunction and extra-hepatic (peripheral) vasodilation
[12]. Further, lipopolysaccharide-binding protein (LBP) is a surrogate marker for
BT, correlated with systemic hemodynamic abnormalities in cirrhotic patients
[13]. Endotoxemia has been closely associated with hyperdynamic circulation,
coagulopathy, portal hypertension, renal and cardiac dysfunction in cirrhosis [14].
Furthermore, systemic inflammatory response syndrome (SIRS) with bacterial
infection shows an increased risk of 67% in cirrhotic patients suggesting that SIRS
also contributing to cirrhosis prognosis Figure 1 [15].

2.2 Gut dysbiosis

Bacterial dysbiosis is characterized by the pathogenic shift in quantity or
quality from the symbiotic state existing between the host and indigenous bacteria
[16, 17]. A marked alteration has been observed in the small intestinal microbiota
in patients with cirrhosis compared to normal individuals. A ratio of autoch-
thonous to non-autochthonous bacterial taxa is referred to as cirrhosis dysbiosis
ratio (CDR). Patients with cirrhosis were shown to exhibit a lower CDR [16]. The
pathogenic shift in the proportion of bacterial taxa is also associated with decom-
pensation of cirrhosis. The disruption of microbial balance in cirrhosis leads to
accumulation of harmful bacterial metabolites that damage the intestinal epithelial
barrier [16]. Gut dysbiosis also leads to intestinal immune system dysregulation
by changing the composition of short-chain fatty acids produced by the micro-
biota [17]. This immune dysregulation with functional proinflammatory switch

S Gut dyshiosis &
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Figure 1.

The pathophysiological mechanism associated with BT and SBP in decompensated cirrhosis. SBP is a frequent
and severe complication in cirrhotic patients with ascites. On the other hand, cirrhotic complication initiates
dysregulation of intestinal AMP and bacterial overgrowth, which triggers mucosal inflammation. The
proinflammatory cytokine milieu in the intestinal lumen plays a critical role in disrupting the tight junction
protein integrity, leading to BT. Bacterial endotoxin and harmful pathogenic bacterial species translocate to
the liver through portal vein further exacerbate the already prevalent hepatic inflammation and fibrosis in the
liver, causing a cyclic progression of liver injury. Pathogenic bacteria and endotoxins also translocate to blood
causes systemic inflammatory responses induced by cytokines, chemokines and interferons vesulting cytokine
storm syndrome and hemodynamic abnormalities, thereby promotes liver injury followed by multiorgan
failure and eventually it causes death. Note: AMP-anti microbial peptides; BT-bacterial translocation; IFN-
Interferon; IL-interleukin; IJP-tight junction protein; SBP-spontaneous bacterial peritonitis; TLR-toll-like
receptor; TNF-tumor necrosis factor.
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contributes to mucosal barrier dysfunction and BT [17] and thus, bile acids (BA)
derangement, which plays a causal role in the gut dysbiosis.

In cirrhotic patients, intraluminal BA reduction was shown to increase decon-
jugation by enteric bacteria [18]. Moreover, defect in intestinal BA concentration
accelerates BT and develops susceptibility to bacterial endotoxin [19]. Intestinal
dysmotility is another important contributor to the development of SBP in cirrhotic
patients [20].

2.3 Tight junctions and intestinal permeability

Increased intestinal permeability exerts a pivotal role in the pathogenesis of
SBP in cirrhosis following elevated systemic endotoxemia. Moreover, a significant
association was found between elevated portal pressure and gastro-duodenal and
intestinal permeability in cirrhosis [21]. Specific ultrastructural and functional
alterations in the intestinal mucosa have been identified in cirrhosis patients
associated with increased intestinal permeability to BT [22]. The intestinal barrier
comprises tight junction (TJ) proteins that allow specific passage of gut bacterial
products and metabolites, thus maintaining intestinal structural integrity and
regulating intestinal permeability following SBP [23]. Zona occludens (ZO-1),
occludin and claudins are the major integral transmembrane proteins composed
of TJ and maintaining the intestinal permeability [24]. The TJ proteins expression
and turnover are predisposed by oxidative stress and inflammation following SBP
in cirrhosis, consequently, disruption of the intestinal barrier allows bacterial
endotoxin from the intestinal lumen to pass into the portal circulation and thus
reaches the liver culminating hepatic complications (Figure 1). Significant altera-
tions in occludin were observed in intestine of both compensated decompensated
cirrhotic patients compared to healthy subjects [6, 7]. Notably, the reduction in
intestinal occludin expression was associated with elevated endotoxins levels and
severe variceal bleeding [6]. We found significantly decreased hepatic ZO 1 levels in
patients with cirrhosis and HCC [25]. Furthermore, our rodent experimental data
show evidence that in cirrhosis and HCC, diminished hepatic expression of ZO-1
and occludin was correlated with BT [25, 26].

2.4 Small intestinal bacterial overgrowth (SIBO)

Small intestinal bacterial overgrowth (SIBO) induced by prolonged gastric
and small intestinal transit of bacterial products and metabolites. It is a condition
in which colonic bacterial translocate into the small intestine [27]. The process of
bacterial dysbiosis, coupled with SIBO, is well documented in cirrhosis [16, 28].
Increased proportion of the gram-negative Bacteroides species and the gram-
positive Enterococcus spp. were identified in the small intestine of patients with
alcoholic liver disease [28]. SIBO is also accompanied by a decrease in Lactobacillus
spp., which is regarded as beneficial to the host [29]. SIBO coupled with bacterial
dysbiosis (Figure 1) leads to accumulation of bacterial endotoxins such as LPS, an
specific PAMP (Pathogen Associated Molecular Patterns), which in turn results in
the induction of inflammatory response culminating in intestinal epithelial damage
and gut permeability [30] this mechanism will be explained deeply ahead in this
chapter. Cirrhotic patients who use proton pump inhibitors are vulnerable to SBP,
due to intestinal overgrowth of Enterococcus spp. [31, 32]. Antimicrobial peptides
(AMP) are considered the first line of defence to counter bacterial overgrowth and
maintain bacterial symbiosis, which are primarily produced by paneth cells and
intestinal epithelial cells [33]. Decreased AMP was pronounced in the ileum, which
was associated with increased BT in cirrhosis [34]. Also, human and experimental
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ALD attributed to decreased AMP expression [33, 35]. Regenerating family member
3 alpha [Reg3A] belongs to the C-type lectin family is one of the important AMP in
regulating intestinal inflammation [36] and facilitating the repair of gut mucosa
in rodent models. Moreover, our recent study shows that Reg3A protein expression
was significantly reduced in cirrhotic mice small intestine [37]. We also found
significantly decreased Lactobacillus and increased Bacteroides and Enterococcus

16 s rRNA levels in the liver and small intestine of cirrhotic mice [37]. This reduced
intestinal Reg3A expression was associated with an increased Enterococcus trans-
location to rodent cirrhotic liver. Similarly, Darnaud et al., observed that Reg3A
overexpression in colitis mice attenuated intestinal inflammation and restricted
BT [36]. Moreover, Reg3A expression protected against dextran sulphate sodium
(DSS)-induced intestinal inflammation, intestinal permeability and BT in mice
[36]. In addition, intestinal Reg3A has been reported to promote the enrichments
of Lactobacilli sp [38] and depletion of Bacteroidetes population [36], indicating
Reg3A could be a critical factor in restricting BT by averting bacterial dysbiosis.
Cathelin-related antimicrobial peptide (CRAMP) is an AMP produced by intestinal
epithelial cells exhibits potent antibiotic activity against various strains of gram-
negative bacteria [39]. Deficiency of CRAMP expression correlated with impaired
microbial clearance and elevated proinflammatory cytokine response in glial cells
exposed to bacterial endotoxins [40]. We found CRAMP cellular expression in the
small intestine of cirrhotic mice albeit, no significant difference between control
and cirrhotic mice [37].

2.5 Inflammation in spontaneous bacterial peritonitis

Inflammation and oxidative stress are other key players contributing to mucosal
damage and cirrhosis progression by triggering cytokine productions. Activation
of Kupffer cells and the recruitment of proinflammatory monocyte subsets could
propagate both intra-hepatic and extra-hepatic (systemic) inflammation [41, 42].
Of note, the cirrhotic patients with bacterial infections exhibited elevated systemic
levels of inflammatory and pyrogenic cytokines IL-6 and TNF-a compared to
septicemia patients without cirrhosis [43]. IL-6 levels in cirrhotic patients corre-
lated with immune cell activation, organ failure, and portal hypertension [14, 44].
Moreover, soluble TNF-a receptor levels in hepatic venous and portal venous blood
correlated with endotoxin concentration as well as hemodynamic derangements
in cirrhosis [45]. Hence endotoxin-induced proinflammatory cytokines serve as
important mediators of SIRS induced-hemodynamic abnormalities in cirrhosis.

In this context, our experimental data show evidence that significantly elevated
ascitic fluid cytokine concentrations in cirrhotic mice [37]. Gastrointestinal tract
inflammation was contemplated as a major mediator of TJ disruption. Decreased TJ
proteins ZO-1 and occludin were reported in gastric carcinoma with inflammation
[46]. In cirrhosis with SBP, intestinal barrier disruption has been precipitated by
inflammation [26]. Proinflammatory cytokines such as TNF alpha, IL-I beta and
IFN gamma trigger barrier damage on the gut epithelium by inducing endocytosis
of TJ proteins and increased expression of myosin light chain kinase protein,
thereby causing T] permeability [17, 26]. Intestinal mucosa covered by the mucus
layer provides a first line of defence mechanism against harmful bacteria and
endotoxin from invading the microvillus environment [30]. Inflammatory media-
tors, LPS and growth factors affect the secretion of mucin, which is present in the
mucus layer. In particular, nuclear factor-kB [NF-kB] binds with the specific site
of the promoter region of mucin and affect its secretion [47]. Therefore, modula-
tion of bacterial adherence to the gut mucosal surface by intestinal mucus results
in loss of gut barrier function [48]. In this context, a previous experimental study
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shows evidence in cirrhotic rats ileum that increased mucin 2&3 mRNA expression
compared to control [49]. Moreover, increased mucus content in the small intestine
was found following chronic alcohol supplementation to rats [30].

In cirrhosis, SBP is a major precipitating factor initiates gut-liver axis dysfunc-
tion. It is mainly due to the fact that intestinal microbiota dysbiosis, bacterial
overgrowth and bacterial translocation [4], which originates intestinal mucosal
dysfunction and damage at the systemic immune cell functions [50]. Moreover,
inflammation and oxidative stress are other contributing factors that can influence
the barrier function of both the small and the large intestine and probably result in
the occurrence of SBP in cirrhosis.

2.6 Microbiota in spontaneous bacterial peritonitis consequence

The gut microbiota plays a key role in spontaneous bacterial peritonitis due
to intestinal dysbiosis and bacterial translocation. A study conducted by Lachar
& Bajaj, 2016, demonstrated that patients with spontaneous bacterial peritonitis
presented intestinal dysbiosis, and thus concluded that it can be a useful quantita-
tive index to describe the microbiome alterations that accompany the progression
and complications of cirrhosis [51].

The term microbiota refers to the community of living microorganisms that
reside in a specific ecological niche. In the gastrointestinal tract, the microbiota
is a dynamic system that maintains a symbiotic relationship with the intestinal
mucosa. This relationship imparts metabolic, protective and immune functions
that contribute to the well-being of the host, which are modified by environmen-
tal factors. Additionally, it participates in metabolic processes that connect the
intestine with liver, muscle and brain [52, 53]. The eubiosis microbiota comprises a
balance between symbiotic microorganisms [bacteria with homeostasis-promoting
functions] and pathobionts [commensal bacteria with the ability to induce pathol-
ogyl. However, the dysregulation of this balance can determine a state of dysbiosis
[54] (Figure 2A). Therefore, alterations in the intestinal microbiota are important
in the pathogenesis of several complications that arise in liver disease, such as
spontaneous bacterial peritonitis. This is usually caused by the presence of one or
more species of aerobic and anaerobic enteric bacteria that act in synergy [55-59]
(Figure 2B).

The most common microorganisms associated with this disorder are Gram-
negative bacteria, such as Escherichia coli and Klebsiella species, and infections by
Gram-positive bacteria such as Staphylococcus. Gram negative bacilli, especially
Escherichia coli, which are found in low concentrations in the small intestine
of healthy subjects, these are increased as jejunal microbiota in many cirrhotic
patients, especially in those patients with more advanced cirrhosis and a greater
decrease in the intestinal motility. Escherichia coli is known to be the main cause
of SBP and is more frequently isolated in ascites fluid, in previous studies it has
been described that the isolation rate is 66.6%. An increase in endotoxin levels in
patients with advanced cirrhosis has been shown to promote the production of
multiple pro-inflammatory elements, so the activation of this cytokine cascade in
spontaneous bacterial peritonitis has been associated with greater complications
leading to death [60-62].

In recent years the prevalence of Gram-positive bacteria in SBP has increased.
In addition, there is a growing resistance to multiple drugs such as quinolones,
which is of particular importance since norfloxacin represents the antimicrobial
of choice for SBP. But this has changed dramatically, as multidrug resistant
organisms (MDRO) have been described [63]. A study carried out by Miicke et al.
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The role of the gut microbiota in spontaneous bacterial pevitonitis. (A) Ecology of the gut microbiota.
Ecological community in balance of symbiotic microorganisms (anti-inflammatory species) and pathobionts
(pro-inflammatory species) that shave a certain niche and are considered an important factor in health or
disease. (B) Bacterial translocation in spontaneous bacterial peritonitis. From the intestinal lumen, in a state
of dysbiosis, bacteria (gram-negative bacilli of enteric origin and to a lesser extent gram-positive) cross the
intestinal barrier and infect the mesenteric lymph nodes, a process known as bacterial translocation, and
from there they reach the blood circulation through of the lymphatic pathway leading to the hepatosplenic and
systemic circulation. Which leads to the development of an inflammatory reaction in the mesenteric lymph
nodes themselves with the velease of pro-inflammatory cytokines. TRL-4 is vesponsible for the production of
TNF-o.in vesponse to endotoxin, while Thi cells velease interferon vy.

demonstrated that the presence of MDRO and quinolone-resistant Gram-
negative bacteria (QR-GNB) has been associated with the failure of antimicrobial
prophylaxis [64].

There is great concern worldwide about the increase in antimicrobial resistance,
which has now been associated with SBP. Appropriate antimicrobial therapy should
be administered as soon as possible, as inappropriate administration increases
hospital mortality. Unfortunately, it has been reported that treatment protocols still
support the use of third-generation cephalosporins as a first line of therapy [65-67].
In a meta-analysis carried out by Iogna ez al., showed that there is significant uncer-
tainty about the choice of antimicrobial therapy that is best in people with SBP. It
is important to highlight that the short-term mortality from spontaneous bacterial
peritonitis (SBP) is high, approximately 25% [68]. Therefore, having the result
of the culture, and an antimicrobial regimen with a narrower spectrum should be
started. Based on these findings, it is essential to perform a microbiological surveil-
lance for the use of the correct use of antimicrobials.

3. Clinical manifestations of spontaneous bacterial peritonitis and
diagnostic

Patients with liver cirrhosis (LC) and ascites are at a high risk of developing bac-
terial infections, spontaneous bacterial peritonitis [SBP] can be a life-threatening
infection in these patients [69]. The diagnosis of SBP is based on the patient’s signs
and symptoms, in addition to the findings at diagnostic paracentesis in a patient
with ascites fluid. The patient with peritonitis may have symptoms such as abdomi-
nal pain, nausea, vomiting, diarrhea and signs of a systemic inflammatory response
(hyper or hypothermia, chills, altered white blood cell count, tachycardia, and/or
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tachypnea), also presenting with worsening of liver function, hepatic encephalopa-
thy, shock, kidney failure and gastrointestinal bleeding. However, it is important to
note that SBP can be asymptomatic particularly in outpatients [70].

Diagnostic paracentesis should be performed in all patients who present
symptoms is extremely important, as the PMN count in the ascitic fluid plays an
essential role in obtaining a diagnosis of SBP [71]. However, clinical signs and
symptoms are occasionally absent in patients with SBP [72]. The diagnosis of
SBP is confirmed based on a PMN count of >250 cells/mm3 in the ascitic fluid
cell analysis (Figure 3). The cutoff value of 250 PMN cells/mm3 has the greatest
sensitivity, whereas 500 PMN cells/mm3 exhibits the greatest specificity [73].

The gold standard for ascitic neutrophil count is manual microscopy, but it
is labor intensive and associated with interobserver variability, time and costs.

In most places this has been substituted with automated counts based on flow
cytometry for counting and differentiating cells. This technique has been docu-
mented to have high linearity with manual microscopy and thus sensitivity and
specificity close to 100% [74].

3.1 Clinical manifestations of spontaneous bacterial peritonitis.

For Spontaneous bacterial peritonitis (SBP) the diagnosis is established based
on positive ascitic fluid bacterial cultures and the detection of an elevated absolute
fluid polymorphonuclear neutrophil (PMN) count in the ascites (>250/mm?®) with-
out an evident intra-abdominal surgically treatable source of infection (Figure 3).
In addition, ascitic fluid cultures are negative in approximately 10-60% of patients
with clinical manifestations of SBP [75].

The Secondary Bacterial Peritonitis, that differs of Spontaneous bacterial
peritonitis (SBP) consists of ascitic fluid infection due to intraabdominal infections,
for example, perforation of gastrointestinal tract or abscess. It is much less frequent,
but has still high mortality rate compared with SBP in patients with LC [76].

SBP DIAGNOSTIC

Ascitic fluid
+

Abdominal pain, fever, dyspnea, nausea, early

satiety

Paracentesis

PMN cell count 2250 cells /| mm3

[ NO { YES )

POSITIVE
CULTURE

Spontaneous bacterial
peritonitis

Secondary bacterial
peritonitis

Non-neutrocytic Peritonitis associated with
bacterial ascites peritoneal dialysis

Culture-negative
neutrocytic ascites
Figure 3.

Recommended empirical antibiotic treatment for SBP. Community-acquired agents are treated with 3rd
genevation Cephalosporins, Amoxicilin/Clavulanic acid, Ciprofloxacin, Ofloxacin or Piperacilin/Tazobactam.
Health cave associated and nosocomial agents are treated with Piperacilin/Tazobactam or a Carbapenem
antibiotic. For profilaxis of SPB, Norfloxacin is the agent of choice. (Figure adapted from [66]). *In case of
multidrug vesistant organism.
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Non-neutrocytic bacterial ascites or Bacterascites: is an ascitic fluid polymor-
phonuclear -neutrophil (PMN) count below 250/uL and a positive ascitic fluid
culture results in the absence of an evident intra-abdominal, surgically treatable
source of infection. It is a different clinical entity than spontaneous bacterial perito-
nitis (SBP), which is characterized by a neutrophil reaction in ascites regardless of
the bacterial culture result. Bacterascites is prevalent in 8-11% of all patients with
cirrhosis and ascites, and the clinical significance seems to vary according to how
the infection was acquired [77].

3.2 Treatment of spontaneous bacterial peritonitis

Even though the spectrum of this chapter does not contemplate treatment
modalities we thought it best to give an updated brief view of the treatment
involved in SBP in an easy diagram (Figure 4). First step is to acknowledge and
apply the indication of a paracentesis, which are the following according to multiple
clinical practice guidelines: All patients with new onset grade 2 or 3 of ascites, in
those hospitalized for worsening of ascites or any complication of cirrhosis. Other
indications are new onset of ascites, any patient admitted to the hospital with
preexisting ascites, regardless of the reason for admission and ascites who has signs
of clinical deterioration [78]. Once the diagnosis of SBP is made the treatment
modalities must be applied as soon as possible (Figure 4). These empiric treatment
schemes should also be administered if the patient has a diagnosis of culture-
negative neutrocyte ascites and monomicrobial non-neutrocytic bacterial ascites
or bacterial ascites. Particularly the treatment decision differs from the community
acquired SBP from the nosocomial one, considering the risk factors, other comor-
bidities treatment and the previous use of antibiotic (3 months at least) to prescribe
the specific drug, because the microbiome involucrate in each case requires a differ-
ent antibiotic. For example, the use of 3rd. generation cephalosporines in commu-
nity acquired SBP, not such as the treatment suggested in the nosocomial acquired
SPB that the carbapenem is indicated as first therapeutic option.

—  3rd Generation Cephalosporin

—  Amoxiciliin/Clavulanic acid

Community-acquired — Ciprofloxacin

Spontaneous
Bacterial
Peritonitis

Ofloxacin

(SPB) L Piperacillin/Tazobactam

Clinical

manifestations — =
(ASCITES Grade 2-3)

+/- Daptomyein

Health care-associated and
nesocomial Carbapenem — +/- Vancomyein *

PROFILAXIS o T
| High risk of SBP

Figure 4.

Diagnostic algorithm of SBP. The diagnosis of SBP is established based on positive ascitic fluid bacterial
cultures and the detection of an elevated absolute fluid polymorphonuclear neutvophil (PMN) count in the
ascites (>250/mm?’) without an evident intra-abdominal surgically treatable source of infection, except in
peritonitis associated with peritoneal dialysis, where bacteria can enter the body through the open ends of the
PD catheter during exchanges.

+/- Linezolid *
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The efficacy of antibiotic therapy should ideally be revised doing a second
paracentesis at 48 hours from the starting treatment. One should suspect either
resistance to antibiotics, secondary bacterial peritonitis or fungal peritonitis
if the patient exhibits worsening clinical signs and symptoms or does not have
a marked reduction in the leucocyte count of at least 25% [78, 79]. In addition
to the antibiotics administered it is vital to administer albumin 1.5 g/kg body
weight at diagnosis followed by 1 g/kg on day three. This in order to significantly
decrease the incidence of type 1 Hepatorenal syndrome and mortality in up to
30% of the cases [78].

Another important topic is the prophylaxis of SBP in high risk patients which in
which in summary are three: (1) Patients with acute gastrointestinal hemorrhage;
(2) Patients with less than 15 g/L of ascitic fluid protein; (3) Patients with previ-
ous history of SBP. For the prophylaxis of SBP in high risk patients the recom-
mended prophylaxis schemes are with norfloxacin [79]. Healthcare providers must
be very conscious when they are considering the use of prophylactic antibiotics
balancing the risks of generating gastrointestinal complications secondary to gut
dysbiosis vs the benefits of preventing an event of SBP. As healthcare workers one
must avoid the abuse of antibiotic use, it is important to know and apply these
indications, and imperative to be clear in which antibiotic can be used in these
specific cases, and avoid the use of broad spectrum antibiotics.

4, Conclusions

In cirrhotic patients, the intestinal barrier dysfunction increased permeability,
and extensive inflammation occurs due to Spontaneous Bacterial Peritonitis.
Clinically, the SBP is a frequent and severe complication in cirrhotic patients with
ascites. It is well documented that bacterial endotoxin and harmful pathogenic
bacterial species translocate to the liver through portal vein further exacerbate the
already prevalent hepatic inflammation and fibrosis driven by hepatocytes destruc-
tion and loss of biochemical functionality, thereby these phenomena promote liver
injury followed by multiorgan failure and eventually death in a high percentage of
cirrhotic patients.

In this analysis were described that microbiota plays an essential role in this
pathological process, but it is also related to gut permeability loss due to previous
treatments or the inflammation sustained signalling by hepatic lesion immuno-
logical response.

Clinically, a flux for diagnostic and treatment was proposed for SBP, that
includes de analysis of ascitic fluid and polymorphonuclear cells as consequence.

It is suggested that there is a lot of task to do in public health, in order to control
the self-medication and the excess of antibiotic therapy, in order to avoid micro-
biota dysbiosis and SBP.
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Abstract

Hepatorenal Syndrome (HRS) is an important condition for clinicians to be
aware of in the presence of cirrhosis. In simple terms, HRS is defined as a rela-
tive rise in creatinine and relative drop in serum glomerular filtration rate (GFR)
alongside renal plasma flow (RPF) in the absence of other competing etiologies of
acute kidney injury (AKI) in patients with hepatic cirrhosis. It represents the end
stage complication of decompensated cirrhosis in the presence of severe portal
hypertension, in the absence of prerenal azotemia, acute tubular necrosis or others.
It is a diagnosis of exclusion. The recognition of HRS is of paramount importance
for clinicians as it carries a high mortality rate and is an indication for transplan-
tation. Recent advances in understanding the pathophysiology of the disease
improved treatment approaches, but the overall prognosis remains poor, with Type
I HRS having an average survival under 2 weeks. Generally speaking, AKI and renal
failure in cirrhotic patients carry a very high mortality rate, with up to 60% mortal-
ity rate for patients with renal failure and cirrhosis and 86.6% of overall mortality
rates of patients admitted to the intensive care unit. Of the various etiologies of
renal failure in cirrhosis, HRS carries a poor prognosis among cirrhotic patients
with acute kidney injury. HRS continues to pose a diagnostic challenge. AKI can
be either pre-renal, intrarenal or postrenal. Prerenal causes include hypovolemia,
infection, use of vasodilators and functional due to decreased blood flow to the
kidney, intra-renal such as glomerulopathy, acute tubular necrosis and post-renal
such as obstruction. Patients with cirrhosis are susceptible to developing renal
impairment. HRS may be classified as Type 1 or rapidly progressive disease, and
Type 2 or slowly progressive disease. There are other types of HRS, but this chapter
will focus on Type 1 HRS and Type 2 HRS. HRS is considered a functional etiology
of acute kidney injury as there is an apparent lack of nephrological parenchymal
damage. It is one several possibilities for acute kidney injury in patients with both
acute and chronic liver disease. Acute kidney injury (AKI) is one of the most severe
complications that could occur with cirrhosis. Up to 50% of hospitalized patients
with cirrhosis can suffer from acute kidney injury, and as mentioned earlier an AKI
in the presence of cirrhosis in a hospitalized patient has been associated with nearly
a 3.5-fold increase in mortality. The definition of HRS will be discussed in this chap-
ter, but it is characterized specifically as a form of acute kidney injury that occurs
in patients with advanced liver cirrhosis which results in a reduction in renal blood
flow, unresponsive to fluids this occurs in the setting of portal hypertension and
splanchnic vasodilation. This chapter will discuss the incidence of HRS, recognizing
HRS, focusing mainly on HRS Type I and Type II, recognizing competing etiologies
of renal impairment in cirrhotic patients, and the management HRS.
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1. Introduction

Hepatorenal Syndrome (HRS) is an important condition for clinicians to be
aware of in the presence of cirrhosis. In simple terms, HRS is defined as a rela-
tive rise in creatinine and relative drop in serum glomerular filtration rate (GFR)
alongside renal plasma flow (RPF) in the absence of other competing etiologies
of acute kidney injury (AKI) in patients with hepatic cirrhosis [1-7]. It represents
the end stage complication of decompensated cirrhosis in the presence of severe
portal hypertension, in the absence of prerenal azotemia, acute tubular necrosis or
others. It is a diagnosis of exclusion [2]. The recognition of HRS is of paramount
importance for clinicians as it carries a high mortality rate. Recent advances in
understanding the pathophysiology of the disease improved treatment approaches,
but the overall prognosis remains poor, with Type I HRS having an average survival
under 2 weeks [3]. Generally speaking, AKI and renal failure in cirrhotic patients
carry a very high mortality rate, with up to 60% mortality rate for patients with
renal failure and cirrhosis and 86.6% of overall mortality rates of patients admitted
to the intensive care unit [4, 5]. Of the various etiologies of renal failure in cirrhosis,
HRS carries a poor prognosis among cirrhotic patients with AKI.

HRS continues to pose a diagnostic challenge. AKI is relatively frequent, seen in
about 20% of patients with cirrhosis [8]. AKI can be either pre-renal, intrarenal or
postrenal. Prerenal causes include hypovolemia, infection, use of vasodilators and
functional due to decreased blood flow to the kidney, intra-renal such as glomeru-
lopathy, acute tubular necrosis and post-renal such as obstruction. Patients with
cirrhosis are susceptible to developing renal impairment. HRS may be classified
as type 1 or rapidly progressive disease, and type 2 or slowly progressive disease.
There are other types of HRS [9], but this chapter will focus on type 1 HRS and type
2 HRS. HRS is considered a functional etiology of AKI as there is an apparent lack
of nephrological parenchymal damage. This is one of several possibilities of AKI in
patients with both acute and chronic liver disease.

AKI is one of the most severe complications that could occur with cirrhosis. Up
to 50% of hospitalized patients with cirrhosis can suffer from AKI, and as men-
tioned earlier an AKI in the presence of cirrhosis in a hospitalized patient has been
associated with nearly a 3.5-fold increase in mortality [6].

The definition of HRS will be discussed in this chapter, but it is characterized
specifically as a form of AKI that occurs in patients with advanced liver cirrhosis
which results in a reduction in renal blood flow, unresponsive to fluids this occurs in
the setting of portal hypertension and splanchnic vasodilation [7].

This chapter will discuss the incidence, definitions and management of HRS,
focusing mainly on HRS type I and type IL

2. Frequency of acute kidney injury in cirrhosis

AKI is a common entity in cirrhotic patients at baseline. It is also commonly seen
in general hospitalized patients, both with and without cirrhosis. This fundamen-
tally means that a clinician should be able to distinguish various etiologies of AKI
establish the reason for AKI in each cirrhotic patient so that management can be
conducted appropriately.

As mentioned before, the frequency of AKI in patients with underlying liver
pathology can be as high as 50%. One study looked at hospitalized patients with
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cirrhosis. Of these patients, 19% found to have an AKI, out of these 23% found

to have HRS [10]. “The AKI was divided into pre-renal, intrinsic, and post-renal.
Pre-renal injury was the most common form of AKI which represented 68% of
patients with AKI. The pre-renal injury was usually volume responsive, while HRS
is non-volume responsive. In most cases, the injury was volume responsive and
therefore less likely HRS [11, 12]. Although HRS is not always the most common
cause of renal impairment in cirrhosis; renal impairment itself is commonly seen
as the frequency of AKI in cirrhosis can vary in the literature from approximately
15-40% [13-15].

The etiologies of AKI in cirrhosis vary, and the prognosis that each etiology
carries also varies. One large prospective study found that hypovolemia and infec-
tions were in fact the most common culprits of AKI in cirrhosis, with HRS being
identified in 13% of cases [16]. The definition of HRS is important as it can guide
clinicians into decision making. For instance, if the etiology of an AKI in cirrhosis
is reversible and will not cause significant long-term impairment, the urgency for
immediate transplantation dissipates. Conversely, if there is the development of
HRS, there may be urgent indication for transplantation.

While there are varying figures reported in the literature on the frequency of
AKI in the cirrhotic population, it is evident that it is a common entity. Not all
AKI in cirrhosis is considered HRS and defining HRS as the specific cause of renal
impairment in cirrhosis represents another challenge for clinicians.

3. Defining hepato-renal syndrome

As stated previously, HRS is defined as renal impairment that occurs in patients
who have clinically established cirrhosis or have significant liver impairment. The
most widely used definition is the relative rise in creatinine and the relative drop in
serum GFR and renal plasma flow in the absence of other causes of AKI like prere-
nal, renal or post-renal. Given its poor prognosis, HRS was formerly associated with
the term terminal functional renal failure [17]. In theory, since there is no intrinsic
kidney pathology, upon reversing the hepatic dysfunction either medically or via
transplantation, there should be resolution of HRS. In intrinsic renal pathologies,
this would not be the case. Before considering HRS, clinicians should rule out other
competing etiologies.

4. Competing etiologies of hepatorenal syndrome

Differentiating HRS from other etiologies of AKI in cirrhotic patients is clini-
cally of high importance because of the pronounced difference in management
and prognosis. Patients with liver cirrhosis are prone to have acute, subacute
and chronic kidney disease through a variety of mechanisms. Clinicians should
have a broad differential diagnosis when approaching patients with AKI as there
is no definitive test for HRS yet [18]. It is therefore necessary to rule out other
differential diagnosis before a diagnosis of HRS is made. Identification of risk
factors and careful assessment of the renal system are the mainstay to make such
a diagnosis.

Cirrhotic patients may have a certain level of renal insufficiency at baseline since
some etiologies of cirrhosis can directly or indirectly lead to renal insufficiency.

For instance, patients with non-alcoholic fatty liver disease have higher incidence
of obesity and associated diabetes and diabetic nephropathy. Also, both glomerulo-
nephritis and vasculitis can occur in patients with liver cirrhosis secondary to viral
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hepatitis [2]. These are just a few examples of how one pathology can affect both the
hepatic and renal system.

Given the wide spectrum of possibilities, when approaching a renal impairment
in a patient with cirrhosis, a systematic approach can be of benefit to clinicians to
assess the nature of renal impairment. Causes of AKI and renal failure in cirrhotic
patients can be summarized in four main categories.

4.1 Hypovolemia-induced renal failure

This is usually due to hemorrhage related to gastrointestinal bleed or fluid loss
associated with excessive diuresis or diarrhea induced by excessive laxatives use
[19]. Also, can be secondary to different infectious etiologies including spontaneous
bacterial peritonitis. In any of these cases, renal failure will occur soon after any
of the mentioned hypovolemic events [16, 19]. Due to the fact that patients with
worsening liver cirrhosis will have decreased intravascular volume and mean arte-
rial resistance [17], hypovolemia should be considered as a frequent component of
AKI in those patients [16]. The management of hypovolemia induced renal failure is
to address the volume status.

4.2 Parenchymal renal disease

By definition HRS is a purely functional disease and it does not induce renal
parenchymal damage. However, any parenchymal renal disease can occur in
both cirrhotic patients and non-cirrhotic patients. The presence of proteinuria,
hematuria or both is associated with glomerular disease. Differentiating HRS from
acute Tubular Necrosis (ATN) remains difficult. While the presence of muddy
brown casts favors ATN, other urinary indexes like fractional excretion of sodium
(FeNa) can be misleading due to the prolonged use of diuretics in cirrhotic patients.
Granular casts can be seen in both ATN and HRS [19].

4.3 Drug induced renal disease

Drug-induced tubular/tubulointerstitial injury is a common cause of AKI espe-
cially with the consideration ill patients such as those with cirrhosis will inevitably
need medications. There are various pathways and in which a drug can cause renal
injury [20]. Some examples can include aminoglycosides, vancomycin, and even
administration of contrast needed for imaging studies.

4.4 Hepatorenal syndrome

HRS is a diagnosis of exclusion based on the previously mentioned criteria. This
chart simplifies the definition based on the criteria set forth by the International
Ascites Club [21, 22].

The key factor in diagnosing HRS is the absence of improvement of kidney
function despite discontinuation of potential nephrotoxic agents, and a trial of
fluid repletion. Essentially HRS appears as a non-volume responsive pre-renal
injury. This is why it is essential to rule out all other possible AKI systematically
(Table1).

4.4.1 Diagnosis

AKI stage 1 is defined as the increase in serum creatinine (sCr) of >0.3 mg/dl
within 48 hours or a > 50% percentage increase in sCr from a known or presumed
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Defining hepatorenal syndrome

Chronic or acute liver failure with signs of portal hypertension

Low GFR

Exclusion of shock

Protienuria less than 0.5 grams per day with exclusion of obsrtuvtive uropathy and exclusion of
parecnyhmal disease

Failure of renal function improve with 1.5 liter isotonic volume - exapnsion and/or with discontiuation
of diuretic

Additional criteria
* Urine volume less than 0.5 liters per day
¢ Low urine sodium (<10mmol/l), serum sodium <130mmol/l

* Less than 50 red blood cells per hpf on urine microscopy

Table 1.
Defining Hepatorenal Syndrome. Adopted from International Ascites Club and in [21, 22].

baseline in the past 3 months which occurred within the past 7 days or urine
volume < 0.5 cc/kg for 6 hours.

Changes in the definition of AKI in patients with cirrhosis has changed over
time and has been replaced by the ICA (International Club of Ascites) AKI criteria
[4, 23]. One of the most important changes was the removal of cutoff values of sCr
for diagnosis of HRS in the setting of AKI, allowing earlier recognition and treat-
ment of HRS.

Major diagnostic criteria include cirrhosis with ascites, presence of renal failure
which helps differentiate HRS type I and HRS type II.

4.4.1.1 HRS type I

HRS type 1, renal failure is acute based on the KDIGO guidelines, increase in
serum creatinine by >0.3 mg/dL within 48 hours; Increase in serum creatinine to
>1.5 times baseline (i.e. 50% above baseline), which is known or presumed to have
occurred within the prior 7 days; or urine volume < 0.5 mL/kg/h over a 6-hour
period [23].

4.4.1.2 HRS type II

Type 2 HRS renal failure decline in renal function progresses more slowly,
usually Cr >1.5. Diagnosis of HRS-type 2 be made either in the context of chronic
kidney disease (CKD), that is, in a patient with cirrhosis and a GFR <60 ml/min per
1.73 m2 for >3 months (HRS-CKD) in whom other causes have been excluded, or
in the context of AKI, defined as a renal dysfunction that does not meet criteria for
AKI and lasts for less than 90 days.

KDIGO guidelines define CKD as abnormalities in kidney structure or function
(GFR <60 ml/min/1.72 m2) that persist for more than 90 days, and acute kidney
disease (AKD), as AKI or as abnormalities in kidney structure or function that
persist for more than 90 days [9, 23].

A recent proposal in the European association for the study of the liver guide-
lines suggested that HRS-2 should be referred to as HRS-NAKI (hepato-renal
syndrome non-acute kidney injury) [24]. This is due to many reasons. HRS 2 is
poorly defined and is more of an assumption that chronic abnormalities in serum
creatinine without a definite timeline, thus arriving at a new definition of HRS-2 is
more challenging than expected.
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It is proposed that the diagnosis of HRS-NAKI be made either in the context of
CKD, that is in a patient with cirrhosis and a decrease in GFR greater than 3 months
(HRS-CKD) or in the context of AKD, defined as a renal dysfunction that does not
meet criteria for AKI and lasts for less than 90 days underlying factors such as dia-
betes, arterial hypertension causing nonalcoholic steatohepatitis which eventually
lead to cirrhosis can simultaneously affect the kidneys causing CKD as well [23].

The new nomenclature may enable clinicians to define the presence of HRS-
AKI superimposed on CKD in a patient with structural damage of the kidney, as
evidenced by previous abnormal biopsy, renal ultrasonography or by significant
proteinuria.

In the context of the new definition of HRS-AKI on CKD: HRS-AKI, there would
be no evidence of chronic structural damage. For HRS-AKI on CKD in which there
would be evidence of chronic structural damage such as chronic proteinuria and/or
abnormal renal ultrasonography but with a high suspicion of HRS-AKI.

Other diagnostic criteria for hepatorenal syndrome include:

1. Failure of response to 48-hour volume expansion with albumin and discon-
tinuation of diuretics.

2. Absence of current use of nephrotoxic medications.

3. Absence of macroscopic indication of structural kidney injury such as of pro-
teinuria less than 500 mg per day, microhematuria (less than 50 red blood cells
per high powered field) and normal kidney ultrasound [9, 21, 23] (Table 2).

4.4.2 Challenges in diagnosing hepatorenal syndrome

Although the definition of HRS appears straightforward, there are many clinical
challenges to consider when making a diagnosis. For instance, the usefulness of
creatinine measurement in patients with cirrhosis may be limited for many reasons
such as assay interference with bilirubin, reduced creatinine production in liver
failure patients, muscle wasting and malnutrition [25].

Also using the urine output in patients with cirrhosis is limited as it can affected
by other factors, for example decreased urine can be a normal in hypovolemic
patients as they retain sodium or it can be simply increased secondary to the use
of diuretics, [26, 27] despite that urine output remain a factor to look for, as was
demonstrated by, Amathieu et al. who showed that reduction in urine output is
associated with worse prognosis and 3-fold increased in hospital mortality [28].

These are just a few examples of how clinicians must use sound judgment when
attempting to make a diagnosis of HRS. As mentioned earlier, it is important to
stratify causes as it would impact both management and possibly the urgency for
transplantation.

4.5 ATN versus HRS

Differentiating ATN and HRS can also pose a challenge to clinicians. Pre-renal
azotemia represents the leading cause of AKI in patients with cirrhosis, good his-
tory and physical examination of patients warranted to exclude causes of hypovole-
mia as discussed above.

Urine studies have been also sought to be helpful, with structural etiologies such
as ATN, tubular injury limits sodium reabsorption and fraction excretion of sodium
(FENa) is increased, typically by greater than 2-3%, using these cutoffs has been
challenging owing to the fact that all patients with advanced cirrhosis have chronic
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Hepatorenal syndrome type 1 Hepatorenal syndrome type II

Rapid, progressive Insidious

Median survival <2 weeks Median survival 6 months
Table 2.

Comparing Types of Hepatorenal Syndrome. Adopted from KDIGO guidelines [9, 21, 23].

renal hypoperfusion and have an FENa less than 1%, even in the absence of AKI [29].
Other studies such as urinary sodium (less than 40 milliequivalents per liter), low
urine osmolality are suggestive of ATN although their use in HRS has been limited.
The fraction excretion of urea (FEUrea) is superior to FeNA in differentiat-
ing AKI-HRS from ATN, obtaining such tests is very important in HRS as most
patients with HRS are on diuretics. Urinary sodium is known to be affected by use
of diuretic which can falsely elevate the urine sodium. That is one main reason why
FeNa has been excluded from HRS definitions.

4.6 The role of biomarkers in diagnosing HRS

Novel urine biomarkers of tubular injury have long been sought to differentiate
AKI-HRS and ATN in patients with cirrhosis [30].

There are many biomarkers released by tubular injury. Among these, NGAL has
been the most widely studied biomarker in patients with cirrhosis and showed the
greatest diagnostic accuracy in differentiating ATN from AKI-HRS [9]. Cut-off of
0.2% has been widely used in distinguishing HRS from ATN [9]. Urinary NGAL
seems to be superior to plasma concentrations and performs better when measured
after the two-day volume challenge recommended in the management of any AKI
including HRS [31].

At the current time human studies rely on expert adjudication for differentiat-
ing ATN from AKI-HRS owing to the limited availability of renal biomarkers and
restricted use of kidney biopsies in such a high risk population.

5. Management of hepatorenal syndrome

HRS is one of the many causes of AKI in individuals with both acute and chronic
liver disease. After correctly making a diagnosis of HRS, clinicians must address the
underlying etiology of HRS. Patients that develop usually have cirrhosis, alcoholic
hepatitis, liver failure, or fulminant hepatic failure from any etiology. Management
of HRS is usually supportive, with the definitive treatment being reversal of the
underlying liver pathology. In several patients, this means liver transplantation.

First line treatment of supportive management for HRS is using vasoconstric-
tors in combination with albumin to combat splanchnic arterial vasodilation [32].
The goal of treatment is to improve hemodynamic dysfunction by combatting the
decreased circulating volume and increasing mean arterial pressure. The most
common vasoconstrictors used are vasopressin analogues (terlipressin), norepi-
nephrine, and somatostatin analogues such as octreotide and midodrine.

6. Vasopressin analogues (terlipressin)

The vasopressin analogue Terilpressin is noted to have a greater affinity for the
vasopressin 1 receptors in the splanchnic bed, it has been found to improve kidney
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function in patients with HRS with a decreased incidence of ischemia as compared
to vasopressin [33]. Studies have demonstrated that continuous administration of
Terlipressin is better tolerated and associated with fewer adverse effects as com-
pared to intermittent bolus administration [34]. Continuous infusion of terlipressin
in an outpatient setting has also been reported to be an effective, safe option of HRS
treatment as a bridge to transplant [35, 36]. Terlipressin is considered as the first
treatment of choice of HRS in Europe. Despite this fact, it is not currently approved
by the Food and Drug Administration for use in the United States and Canada as a
clear benefit of treatment in HSR has not been established.

Terlipressin was proven to be more effective than placebo in treating HRS type 1
although terlipressin use was associated with more adverse events such abdominal
pain, nausea, diarrhea and respiratory failure [37].

7. Norepinephrine

While Terilpressin is the traditional first choice for HRS, norepinephrine is
another option clinician can use as vasoconstrictive therapy. One large meta-
analysis looking at randomized control trials in HRS compared the efficacy of
various constrictive therapies. Terlipressin did demonstrate the most effective
pressor to reverse HRS, but had an increased risk of adverse events. Norepinephrine
was nearly as efficacious as Terlipressin, and although it was not able to provide the
survival benefit as Terlipressin did have a better safety profile [38, 39].

8. Role of albumin

Albumin has a role in maintaining plasma oncotic pressure and detoxification.
One of the few indications for albumin administration is HRS; with existing studies
in the literature that report the efficacy of albumin in the treatment of HRS [40].
Although albumin has been proven to help in HRS, the optimal treatment dose has
not yet been established in guidelines. One large meta-analysis study did demon-
strate a benefit with albumin, but optimal treatment dose with albumin has yet to
be established. The study did demonstrate that a cumulative dose predicts a success-
ful response to therapy [41].

Current recommendation is to use both albumin with Terlipressin as it has been
shown that it improves its beneficial effect when compared to using terlipressin
alone or placebo [34, 42].

9. Transjugular intrahepatic portosystemic shunt

Transjugular intrahepatic portosystemic shunt (TIPS) is a treatment option for
those patients who fail to respond to pharmacologic therapy. TIPS reduces portal
pressures by placing a stent between the portal and hepatic vein. This decreases
portal pressure and vascular resistance by reducing endothelin-1 [43, 44]. This pro-
cedure has shown to improve kidney function in patients with HRS with a reduction
in serum blood urea nitrogen, serum creatinine, and urinary sodium excretion [45,
46]. Although the TIPS procedure does improve elements of HRS, it was shown that
there is limited evidence of survival benefit in patients with HRS [47] in addition to
risk of development of hepatic encephalopathy which remains the greatest concern
for clinicians. This is due to the portosystemic bypass shunt which results in bypass-
ing the livers detoxifying function.
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10. Renal replacement therapy

Renal replacement therapy (RRT) is an option for patients with HRS who
progress to kidney failure and is most commonly done in patients awaiting liver
transplant, or those with an acute reversible event. The role of RRT remains unclear
due to lack of survival benefits as similar short term and long-term survival rates
have been demonstrated as compared with non RRT treated patients [48].

11. Liver transplantation

HRS is an important entity in liver transplantation. Firstly, many patients wait-
ing for liver transplant will develop HRS. This is owing to the fact that the indica-
tion for liver transplant is often advanced cirrhosis or decompensated cirrhosis with
ascites. These conditions may also predispose for HRS. The 1-year probability of
developing HRS in the presence of ascites is 20%, and the 5-year probability is 40%.
The patient population at highest risk of complications are those with fluid reten-
tion, which is seen in advanced and decompensated cirrhosis [49, 50].

Secondly, in patients who have HRS the therapies mentioned above such as vaso-
constrictors are used often as a bridge to transplantation. Therapies discussed above
including vasoconstrictors may help, but the definitive treatment in HRS patients is
often a transplant. Aggressive supportive care is unable to improve the recovery of
kidney function in less than 50% of patients with HRS [50].

12. Simultaneous liver and kidney transplant

The concept of addressing HRS with a Simultaneous Liver and Kidney
Transplant (SLKT) would seem to address both organ dysfunctions. However, HRS
has the potential to be reversed by liver transplantation alone, and thus SLKT is not
routinely considered in HRS. As mentioned in earlier sections, HRS is associated
with many renal pathologies and it is possible for patients with HRS to develop end-
stage renal disease after liver transplant alone. Long wait times for liver transplan-
tation has led to a rise in the incidence of pre-transplantation renal dysfunction.
The prolonged HRS and long-term RRT can lead to permanent renal damage. The
permanent renal injury may lead to a decline in renal function that may not be
adequate after liver transplant alone [42, 50].

13. Conclusion

HRS is not an uncommon entity in cirrhotic patients. It remains a challenge
both diagnostically and in terms of management. Although there are many causes
of renal impairment in the setting of cirrhosis, HRS is unique as the kidneys do
not have an organic injury; rather they are a victim of poor circulation seen in
advanced liver disease. Any renal impairment has the potential to increase mortal-
ity in the cirrhosis population, but HRS in particular is endangering to patients.
There are two common forms of HRS, type 1 and type 2, and they can be generally
distinguished based on acuity. There appears to be promise in the ease of diag-
nosis, with the advent of possible biomarkers; however, the present diagnosis is
one of exclusion and can often be of challenge for clinicians. The management is
mostly supportive care, with albumin and pressor playing a prominent role. The
definitive treatment is addressing the underlying liver pathology, which often
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means liver transplantation. In some instances, there may be a simultaneous
transplantation of the kidney and liver.

Abbreviations

HRS hepatorenal syndrome

GFR glomerular filtration rate

AKI acute kidney injury

ATN acute tubular necrosis

CKD chronic kidney disease

HRS-NAKI hepato-renal syndrome non-acute kidney injury
AKD acute kidney disease

FENa fraction excretion of sodium

FEUrea The fraction excretion of urea

RRT Renal replacement therapy

SLKT Simultaneous Liver and Kidney Transplant
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Abstract

Chronic liver disease and decompensated cirrhosis are the major causes of
morbidity and mortality in the world. According to current data, deaths due to
liver cirrhosis constitute 2.4% of the total deaths worldwide. Cirrhosis is charac-
terized by hepatocellular damage that leads to fibrosis and regenerative nodules
in the liver. The most common causes of cirrhosis include alcohol consumption,
hepatitis C, hepatitis B, and non-alcoholic fatty liver disease. Dysbiosis and
intestinal bacterial overgrowth play a role in the development of complications of
cirrhosis through translocation. In liver cirrhosis, ascites, gastrointestinal variceal
bleeding, spontaneous bacterial peritonitis infection, hepatic encephalopathy,
hepatorenal syndrome, hepatocelluler carcinoma are the most common complica-
tions. In addition, there are refractory ascites, hyponatremia, acute on-chronic
liver failure, relative adrenal insufficiency, cirrhotic cardiomyopathy, hepatopul-
monary syndrome and portopulmonary hypertension. In the primary prophylaxis
of variceal bleeding, non-selective beta blockers or endoscopic variceal ligation
are recommended for medium and large variceal veins. In current medical treat-
ment, vasoactive agents, antibiotics, blood transfusion, endoscopic band ligation
are the standard approach in the treatment of acute variceal bleeding. Sodium-
restricted diet, diuretics and large-volume paracentesis are recommended in the
management of ascites. In the treatment of hepatic encephalopathy, lactulose,
branched chain amino acids, rifaximin and L-ornithine L-aspartate can be used.
New therapeutic approaches such as ornithine phenyl acetate spherical carbon
and fecal microbiota transplantation have shown beneficial effects on hepatic
encephalopathy symptoms. In addition to their antioxidative, anti-proliferative
and anti-inflammatory properties, statins have been shown to reduce the risk of
decompensation and death by reducing portal pressure in compensated cirrhosis.
In the treatment of liver failure, some artificial liver devices such as molecular
adsorbent recirculating system, the single albumin dialysis system, fractionated
plasma separation and adsorption are used until transplantation or regeneration.
The purpose of this chapter is to review the most up-to-date information on liver
cirrhosis and to explain the complications assessment, current management and
potential treatment strategies in decompensated cirrhosis.

Keywords: advanced liver disease, ascites, gastrointestinal bleeding,
hepatic encephelopathy, acute on chronic liver failure, therapy
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1. Introduction

Decompensated cirrhosis is characterized by the development of complications
related to portal hypertension (PHT) such as variceal bleeding, ascites, spontaneous
bacterial peritonitis (SBP), hepatic encephalopathy (HE), hepatorenal syndrome
(HRS), or hepatopulmunary syndrome (HPS) in the presence of cirrhosis [1]. The
mortality rate in patients with decompensated cirrhosis is 10 times higher than in
the normal population. In cirrhosis, PHT occurs due to increased plasma volume,
cardiac output and imbalance of biochemical parameters (such as vasoconstric-
tors, vasodilators, vascular endothelial growth factor, and nitric oxide) [2]. The
incidence of cirrhosis is 26 per 100,000 in Europe, and the incidence in Asia ranges
from 16.5 per 100,000 in East Asia to 23.6 per 100,000 in Southeast Asia [3]. It
causes 1.2 million deaths due to complications of cirrhosis and 790.000 deaths
due to liver cancer, accounting for 3.5% of all deaths worldwide [4]. Chronic liver
disease epidemiology, hepatitis B (HBV) incidence and complications decrease with
HBV vaccination and antiviral treatment programs. In addition, chronic hepatitis
C (HCV) infection reduces the risk of cirrhosis and HCC development with direct-
acting antiviral (DAA) treatment. Non-alcoholic fatty liver disease (NAFLD)
increases due to obesity and metabolic syndrome. Similarly, alcohol consump-
tion accounts for approximately 27% of liver-related death causes in the world.
NAFLD has the highest mortality rate in western countries [5]. Asymptomatic
cirrhotic patients develop decompensated cirrhosis at a rate of 5-7% each year
[6]. The development of decompensation causes dysfunction in multiple organs
and systems, leading to systemic disease [7]. Although many factors play a role in
the background of cirrhosis pathophysiology, mainly according to the peripheral
vasodilation hypothesis, arterial vasodilation in the splanchnic circulatory system
in cirrhosis leads to the activation of compensatory vasoconstrictor systems (such
as renal angiotensin aldosterone axis, sympathetic nervous system and activation
of water retention systems). Changes in saliva and intestinal microbiome in cir-
rhosis have been found to be associated with the development of intestinal bacterial
overgrowth, dysbiosis, increased intestinal permeability, and decompensating
complications from portal tract intestinal translocation [8]. Treatment strategy in
decompensated cirrhosis patients should be aimed at preventing the progression
of cirrhosis before complications occur. The ultimate treatment for decompensated
cirrhosis should be aimed at regressing fibrosis by suppressing inflammation,
normalizing liver cell number and function by regulating portal and arterial
circulation, and restoring liver integrity [9].

2. Treatment of complications in decompensated cirrhosis
2.1 Ascites

Ascites is the abnormal accumulation of fluid in the abdominal cavity and is
the most common cause of decompensation in cirrhosis. The basis for the forma-
tion of ascites is renal sodium uptake due to activation of sodium-sparing systems
such as the renin angiotensin aldosterone system (RAAS) and the sympathetic
nervous system [10]. Extra cellular volume increase and decreased effective volume
secondary to splanchnic arterial vasodilation are the main determinants of these
changes. There are 5 different phases of the ascites development process. The
first phase pre-ascites does not cause a decrease in effective blood volume due to
hyperdynamic circulation accompanying splanchnic arterial vasodilation, cardiac
output and increase in plasma volume. Blood pressure, kidney function, renin
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activity, noradrenaline and anti-diuretic hormone (ADH) levels remain normal. In
the second phase, there is a moderate decrease in sodium excretion unrelated to the
sympathetic nervous system and RAAS activation [11]. In the third phase, RAAS
and activation of the sympathetic nervous system cause sodium retention as a result
of an increase in splanchnic arterial vasodilation. In the fourth phase, plasma renin
activity, noradrenaline and ADH levels increase significantly, decreasing the renal
perfusion and glomerular filtration rate (GFR) and decreasing the osmotic free
water excretion ability of the kidneys leads to dilutional hyponatremia. In the fifth
phase, severe systemic vasodilation and a decrease in cardiac output cause left ven-
tricular systolic dysfunction in cirrhosis patients and type 2 hepatorenal syndrome
develops [12, 13].

2.1.1 Classification of ascites

It is classified as uncomplicated ascites and refractory ascites according to the
recommendation of the international ascites club (IAC). Ascites is considered
uncomplicated if not associated with infection or hepatorenal syndrome (Table 1).

Refractory ascites are defined as non-regressing at least one degree of regres-
sion with diuretic therapy and dietary sodium restriction, or early recurrence after
large-volume paracentesis. There are two subtypes, diuretic resistance and diuretic
intractable. Type 1 subtype has resistance to optimal dose diuretics. The second
subtype is due to insufficient diuretic dose [14].

2.1.2 Ascites treatment in cirrhosis patients
2.1.2.1 Uncomplicated ascites treatment

The management of uncomplicated acids according to the European association
for the study of the liver (EASL) guidelines depends on the degree of clinical symp-
toms. Diuretics and low sodium diet are not needed in patients with grade 1 ascite.
Grade 2 ascite patients can be treated on an outpatient basis using sodium restriction
and diuretics. Daily sodium intake should be determined as 80-120 mmol/d. A very
low sodium restrictive diet should be avoided (<40 mmol/d). Bed rest is not required
due to the lack of data on the activation of sodium-sparing systems and the negative
effect of vertical posture on renal perfusion. It can lead to the progression of muscle
atrophy [15]. The diuretic agents preferred in the treatment of ascites are aldosterone
antagonists (spironolactone, carnenone, potassium canrenoate etc). They not only
inhibit sodium and water retention, but also suppress potassium excretion and
reduce the synthesis of permeases in the collecting tubules and distal tubules of the
aldosterone-sensitive kidney. In addition, loop diuretics are used. It inhibits
sodium reabsorption along the emerging branch of the henle ring. Loop diuretics
are not recommended as monotherapy because of their lower efficacy and higher
number of complications compared to aldosterone antagonists [16].

Grading of Findings
ascites
Grade1 A small amount of acid that can only be demonstrated by ultrasonography
Grade 2 Moderate acid in the abdomen
Grade 3 Massive, common acid
Table 1.

Grading ascites according to the amount of intraabdominal ascites.
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Sequential administration of aldosterone antagonists and loop diuretics in the

first phase of acid therapy and a combination of these drugs if recurrence occurs.
Initial treatment starts with 100-200 mg/d spironolactone administration, then
20-40 mg furosemide is added within two weeks in case of no effect. In the follow-
up, daily doses can be increased to 400 mg and 160 mg, respectively. The second
recommended method is the combination of diuretic agents and it is recommended
to increase the dose of spironolactone and furosemide gradually to 400 mg and

160 mg/d [17]. Daily diuresis and weight monitoring is required to prevent hypo-
volemia, hyponatremia and acute kidney damage. The reduction in body weight
should not exceed 500 g/day in patients without peripheral edema and 1000 g/day in
patients with this [18]. In cirrhosis patients with second degree uncomplicated acid,
it is possible to achieve 90% success with a combination of diuretic therapy and low
sodium diet. Even if a small amount of fluid remains in the abdomen, the effect is
considered sufficient, but peripheral edema should not be. It is recommended that
the dose of diuretic be reduced to the lowest effective dose after the treatment goal is
reached [19]. Diuretic-related side effects may occur during the first weeks of treat-
ment. It often causes fluid electrolyte imbalance such as dehydration, hypovolemic
hypoosmolar hyponatremia, hypokalemia or hyperkalemia. It can also cause possible
complications such as HE, gynecomastia, muscle cramps, and acute kidney dam-
age. Aldosterone antagonists may cause hypovolemic hypoosmolar hyponatremia,
especially with the use of thiazide group diuretics in elderly patients with cirrhotic
acid. This group of agents inhibit reabsorption of sodium and chlorine in distal
folded tubules. Hypovolemic hypoosmolar hyponatremia is characterized by a
serum sodium level below 130 mmol/L, low plasma osmolarity and simultaneous
reduction in extracellular fluid volume. It can lead to weakness, apathy, irritability,
dizziness, hypotension, nausea and vomiting in the clinic [20]. The development of
severe hyponatremia (serum sodium level < 125 mmol/L), the presence of signs of
HE worsening, muscle cramps, and acute kidney damage necessitate discontinuation
of the drug. Loop diuretics can cause hypokalemia (serum potassium level less than
3 mmol/L), aldosterone antagonists can cause hyperkalemia (more than 6 mmol/L).
In this case, diuretics should be discontinued.

Large volume paracentesis (LVP) is the preferred method in patients with third
degree ascites. Removal of more than 5-6 L of acid fluid with LVP (albumin infu-
sion 8 g/L acites removed), diuretic agents and a low sodium diet are recommended.
Paracentesis with plasma support should be performed under sterile conditions
using disposable material to prevent effective blood volume reduction after para-
centesis circulatory impairment (PPCD). The procedure may cause very low local
complications, especially bleeding. Clinical symptoms of PPCD are renal failure,
dilutional hyponatremia, HE and decreased survival. Artificial plasma expanders
such as dextran-70 (8 g/L ascites removed) or polygeline (150 ml/L), saline solution
(170 ml/L) to prevent these complications (if less than 5 L ascites are discharged)
only 20% albumin-like effect. Polygeline prions are not used in many countries due
to the potential risk of contamination. Dextran carries the risk of severe allergic
reactions and kidney failure.

According to recent studies, a reduction in short-term mortality has been
reported in patients who underwent LVP. According to a meta-analysis, PPCD
due to large volume paracentesis has been shown to be associated with acid recur-
rence, dilutional hyponatremia, development of hepatorenal syndrome, and
high mortality [21]. The diagnosis of PPCD is made 5 days after LVP when the
plasma renin concentration is 50% higher or 4 ng/ml compared to the basal value.
Albumin infusion can prevent this complication with its increased oncotic pres-
sure, anti-inflammatory and antioxidant properties. Alternative concentrated
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ascites reinfussion therapy (CART) is in the form of intravenous and reinfusion
of proteins collected by concentrating and filtering acid fluid to maintain serum
albumin level [22].

Since nonsteroidal anti-inflammatory drug (NSAIDs) inhibit prostaglandin
synthesis and cause sodium retention, hyponatremia and acute kidney damage,
they should not be used in acidic patients. Angiotensin converting enzyme inhibi-
tors, angiotensin 2 antagonists or alpha 1 adrenergic receptor blockers are not used
in patients with ascites due to an increased risk of renal failure [13].

2.1.2.2 Refractory ascites

The definition of refractory ascites is in the form of refractory ascites that can-
not be mobilized with medical treatment or early recurrence (after LVP) according
to the criteria of the IAC. Refractory ascites is associated with a poor prognosis.
Average survival is about 6 months. These patients should be referred to transplant
centers for transplantation. Diuretic resistant ascites: an acid that does not respond
to sodium restriction and diuretic therapy or whose early recurrence cannot be
prevented. Diuretic intractable ascites: Ascites that prevent the use of diuretics at
effective doses and cannot be mobilized or early recurrence cannot be prevented
due to the development of diuretic-related complications.

The duration of treatment should be salt restricted diet (less than 90 mmol/d)
and at least one week of intensive diuretic therapy spirinolactone 400 mg/d, furose-
mide 160 mg/d. Lack of responce weight loss of less than 0.8 kg in 4 days and urine
sodium should be less than the sodium intake.

Early acid development: Reappearance of Grade 2 or 3 acid within 4 weeks is
the development of drug-induced HE in the absence of other predisposing fac-
tors, diuretic-induced renal failure, in patients with ascites serum creatinine level
increases above 2 mg/dl. Diuretic-induced encephalopathy: The development of
hepatic encephalopathy in the absence of any other precipitating factors.

Diuretic induced renal failure: an increase in serum creatinine level to >2 mg/
dl (177 Imol/L) in patients with ascites. It is defined as a serum sodium level falling
below 125 mmol/L. Diuretic-induced hypo or hyperkalemia is defined as serum
potassium <3 mmol/L or > 6 mmol/L [23, 24].

First-line therapy combined with albumin infusion (8 g/L ascites removed)
should be repeated every 2-3 weeks for LVP, and diuretics are only recom-
mended when sodium concentration in urine is >30 mmol/d. Clonidine (alpha
2 presynaptic receptor agonist) may be considered to increase the effectiveness
of the diuretic response and reduce the need for diuretics. Midodrine (alpha 1
receptor agonist) increases sodium excretion by decreasing plasma renin activity
in patients with refractory ascites without azotemia. According to the meta-
analysis results, it was shown that midodrine is effective therapeutically but
does not have a statistically significant effect on survival [25]. The addition of
clonidine or midodrine to diuretic therapy in resistant acids is not recommended
according to current guidelines [13]. Despite controversial data on the use of
non-selective beta-blockers (NSBBs) refractory ascites, high doses of NSBBs
should be avoided in refractory ascites or circulatory dysfunction. (systolic blood
pressure < 90 mmol Hg, serum sodium <130 mEq/L, sepsis, bleeding, AKI, SBP)
(such as; propranolol >80 mg/d). Followed by an attempt at re-introduction of
beta-blocker therapy after recovery. According to EASL, carvedilol is not rec-
ommended in this case. Terlipressin stimulates specific V1 receptors in arterial
muscle cells, causing the arteries to contract. Reduced splanchnic vasodilation
decreases the portal pressure and increases the effective blood volume and renal
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No. Factors

1 MELD score > 25 and portasystemic pressure gradient <8 mm Hg
2. INR value >2

3. Ttotal serum bilirubin value >3 mg/dl and platelet count <75.000
4. Serum creatinine >1.9 mg/dl

5. GFR <90 ml/min and platelet count <125.000

6. Recurrent HE (stage 2 and above)

7. Diastolic diysfunction (E/A ratio < 1)

MELD Model for End-Stage Liver disease, INR international normalized ratio, GFR glomerular filtration vate, HE
hepatic encephelopathy, E/A: Echocardiographic E wave velocity, A wave velocity.

Table 2.
Factors negatively affecting the result in transjugular intrahepatic portosystemic shunt (TIPS).

perfusion pressure with a positive effect on hyperdynamic circulation, decreases
plasma renin activity and noradrenaline level, and increases renal glomerular
filtration rate and sodium excretion.

It has been shown that resistant acids can be successfully treated with transjugu-
lar intrahepatic portosystemic shunt (TIPS) [26]. TIPS improves cardiovascular
function by causing a decrease in portal pressure, increased renal blood flow and
glomerular filtration rate. According to current guidelines, cases where LVP is con-
traindicated (uncooperative patient, skin infection at the puncture site, pregnancy,
severe abdominal distension, severe coagulopathy) and TIPS is recommended only
when LVP is not effective. Diuretic and salt restriction after TIPS, close clinical
monitoring is recommended until the acid regresses. The reason for this is the high
mortality in decompensated cirrhotic patients and the development of HE associ-
ated with TIPS [27]. Patients undergoing TIPS should be selected carefully. TIPS is
not recommended for patients with CTP C [23, 28] (Table 2).

The use of polytetrafluoroethylene (PTFE) stents is recommended for patients
with TIPS dysfunction and high risk of HE. If the patient has contraindications for
TIPS, implantation of a permanent peritoneal catheter may be an alternative. In
addition, although the automatic low flow pump (alfa pump system) can reduce
the need for paracentesis in patients with cirrhosis and refractory ascites, it remains
unclear whether it has a significant advantage over LVP in improving survival. It
is currently not considered a standard of medical care, but theoretically TIPS can
serve as a bridge for liver transplantation in patients with contraindications [29].

2.2 Gastrointestinal bleeding

Gastrointestinal varices develop as a result of the dilation of abnormally
enlarged submucosal veins in the digestive system as a result of PHT. The most
important complication of PHT causing morbidity and mortality is gastrointestinal
variceal bleeding. The most common gastrointestinal variceal type is esophageal
varices 42.7% in CTP A, 70.7% in CTP B, and 75.5% in CTP C [30]. The prevalence
of variceal veins increases with the severity of liver disease. Variceal veins can be in
the form of esophagus, stomach or ectopic variceal (Table 3). Esophageal variceal
incidence in cirrhosis patients is 5% in the first year and 28% in the third year. Small
esophageal varices can progress to large varices at a rate of 10-12% annually. The
risk of variceal bleeding is 5% annually in small variceal and 15% in large variceal
veins (Table 4). Early mortality (6 weeks) rate after esophageal variceal bleeding is
approximately 20%.
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Esophageal varices Stomach varices

Grade Class of modified paquet No By anatomical location

1 Lying on top of the mucosa 1 GOV-1 (most common type)

2 Covering 1/3 of alumen 2 GOV-2

3 Covering 50% of the lumen 3 Isolated gastric varise- type 1
4 Isolated gastric varise-type 2

GOV gastroesophageal varices.

Table 3.
Esophageal varices according to the modified Paquet classification and gastric varices according to anatomical
classification.

No of risk Factors of risk

1 Hepatic venous pressure gradient>12 mm Hg

2 Medium and Large varices (varices veins>5 mm)

3 Increased varices wall tension and enlarged capillaries in the varices wall (red wale sign)
4 Small varices veins in patients with CTP C

5 Other factors (Coagulopathy, infection, presence of DS)

CTP: child turcotte pugh, DS: decompansated cirrhosis.

Table 4.
Risk factors for varices bleeding.

Endoscopy is the gold standard in the diagnosis of gastrointestinal variceal
veins. Endoscopic ultrasonography (EUS) can be used to detect gastric varices,
to evaluate the anatomical structure, and to evaluate the response to treatment
with endoscopic variceal ligation [31]. Temporary elastography to predict PHT
clinically, platelet count, spleen size, MR elastography, splenic stiffness are the
most commonly used non-invasive parameters in cirrhotic patients. If the liver
stiffness measured by transient elastography is <20 kPa and the thrombocyte count
is>150.000 uL, the probability of high risk variceal is less than 5% [32]. Esophageal
varices are the most common gastrointestinal varices. Endoscopy is recommended
for all newly diagnosed cirrhosis patients. Endoscopy is recommended every 3 years
in compensated cirrhotic patients without variceal veins, but if the patient has other
predisposing factors such as HCV, alcohol use, obesity, endoscopic screening should
be repeated every 2 years.

2.2.1 Non-bleeding variceal treatment

NSBBs (propranolol, nodolol), carvedilol, or endoscopic band ligation are rec-
ommended for patients with moderate or large variceal veins for primary prophy-
laxis. Primary prophylaxis should be initiated after the detection of small variceal
veins with red sign, medium and large variceal veins, small variceal veins in
patients with CTP C. NSBBs are recommended for patients with small variceal or
CTP C with red wale marks. Patients with moderate to large variceal veins should
be treated with NSBBs or endoscopic band ligations. Although there is no contra-
indication for ascites NSBBs, caution should be exercised in severe or refractory
ascites cases and high dose NSBBs should be avoided. The EASL guideline does not
recommend the use of carvedilol. NSBBs should be discontinued in patients with
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progressive hypotension (systolic blood pressure < 90 mm Hg), bleeding, sepsis,
SBP and acute kidney injury. Endoscopic band ligation is recommended if the
patient has NSBBs intolerance or contraindications. The NSBBs + EBL combina-
tion is recommended as it reduces the risk of bleeding compared to monotherapy
[23, 32]. Primary prophylaxis of gastric varices NSBBs can be used in primary
prophylaxis in the prevention of cardiofundal varices.

2.2.2 Treatment in acute variceal bleeding

Endoscopy should be performed within 12 hours after admission and when the
patient is hemodynamically stable. Initially, the patient should be evaluated hemo-
dynamically. Early TIPS should be considered in cases of resuscitation, vasoactive
drugs, antibiotic therapy, early endoscopic evaluation, and endoscopic treatment
(such as endoscopic band ligation) insufficiency.

Hemoglobin target should be kept between 7-9 g/dl. Antibiotic therapy (ceftri-
axone 1g/24 h, max. 7 days) has been associated with decreased mortality, reduced
re-bleeding, and reduced hospital stay. Vasoactive drugs reduce portal blood flow.
The use of agents such as octreotide, somatostatin and terlipressin is recommended
in all main guidelines. When variceal bleeding is suspected, it should be started
early and should be continued for 2-5 days. NSBBs should be initiated after stop-
ping vasoactive drugs. Octireotide (somatostatin analogue) initially 50 microgram
IV bolus, then 50 micrograms/hr. infusion 2-5 days. Somatostatin initially 250
microgram IV bolus, then 250 microgram/hr. 2-5 days.

Terlipressin (an analogue of vasopressin) initially 2 mg IV every 4 fours untill
control of bleeding, maintenance therapy 1 mg IV every hours to prevent re-
bleeding 2-5 days. Among the vasoactive agents, terlipressin was only associated
with reduced mortality [33]. Endoscopic intervention (such as, endoscopic band
ligation) constitutes the basis of treatment in variceal bleeding. Endoscopy should
be performed within 24 hours after resuscitation.

Combination of NSBBs and endoscopic band ligation is first choice for preventing
re-bleeding. In patients with high failure of endoscopic treatment or risk of re-bleed-
ing (CTP C or endoscopic active bleeding CTP B, if bleeding recurs despite vasoac-
tive drugs), an early TIPS within 72 hours may be beneficial in selected patients.
TIPS is the recommended salvage therapy for recurrent bleeding despite NSBB and
endoscopic band ligation treatment. Propranolol 20-40 mg orally, 2 times/day, the
treatment goal should not be below the resting heart rate 55-60/min and systolic
blood pressure < 90 mm Hg. Nadolol 20-40 mg/day oral, once/day. Endoscopic band
ligation should be done at intervals of 1-4 weeks until variceal veins are eradicated.
Endoscopy is recommended every 6 to 12 months after eradication [31].

Treatment of gastric varices endoscopic band ligation, cyanoacrylate injec-
tion, endoscopic ultrasound guided coil placement, TIPS and BRTO treatments
require a multi-disciplinary approach. Patients with acute gastric variceal bleeding
are initially performed similarly to esophageal varices (a restrictive transfusion
policy, vasoactive drug infusion, and antibiotic prophylaxis). NSBBs can be used in
primary prophylaxis to prevent cardio fundal varices. In the endoscopic treatment
of gastric varices, mainly cyanoacrylate adhesives, fibrin and thrombin therapy,
use of sclerosing agents such as endoscopic band ligation and alcohol are among the
treatment options [34].

Endoscopic band ligation or cyanoacrylate glue injection are recommended
treatments for bleeding GOV2 varices. In the secondary prophylaxis of GOV1
variceal bleeding, the combination of NSBBs and endoscopic variceal treatment
(endoscopic band ligation or cyanoacrylate injection) is the first-line treatment to
prevent re-bleeding. High dose NSBBs (propranolol>160 mg/d, nadolol>80 mg/d)
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should be avoided in patients with refractory ascites SBP. With refractory ascites
and systolic blood pressure < 90 mm Hg, serum sodium level < 130 meq/L or
hepatorenal syndrome (HRS) dose should be reduced [35].

It is an adhesive hemostatic powder. It forms a mechanical barrier that covers the
bleeding area by contacting with blood or tissue. Its effect lasts about 24 hours [36].
There are case reports of the use of hemospray as a salvage therapy in the failure
of cyanoacrylate injection [37]. There is little evidence to support its current use in
active varices bleeding.

Balloon tamponade is a short-term measure. Sengstaken Blakemore (SB) tube,
Minnesota tube, Linton-Nachlas tube. Because of the high risk of re-bleeding when
the balloon is lowered and its complications, it should be considered as a temporary
measure until definitive control of bleeding is achieved [38]. While the success rate
with the use of balloon tamponade in gastric varices is 88%, the complication rate has
been reported as 10% [39]. Complications include esophageal ulcers, necrosis, esoph-
ageal rupture, and aspiration pneumonia. Consequently, it is recommended that its
use be limited to temporary control until a more precise method is applied [34].

TIPS is a shunt created by placing a stent between the portal vein and hepatic
vein to reduce portal pressure. If variceal bleeding of the patient cannot be con-
trolled due to medical and endoscopic treatment, early TIPS (24 hours) should
be considered [31, 40]. Complications caused by TIPS include HE, heart failure
and stent stenosis. Heart failure, severe pulmonary hypertension, severe tricuspid
valve insufficiency, sepsis, unresolved bile duct obstruction are among the absolute
contraindications for TIPS. Relative contraindications are portal vein thrombosis,
hepatoma, uncorrected coagulopathy, and severe thrombocytopenia (<20,000 uL).
Cardio fundal is increasingly used as a first-line treatment for the control of bleed-
ing from varices (GOV2, IGV1) [41].

Balloon occluded retrograde transvenous obliteration (BRTO): It is an inter-
ventional radiology technique performed by accessing gastric varices through a
gastrorenal shunt and injecting the variceal sclerosing agent. The current recom-
mendation for BRTO can be applied as a salvage therapy in cases where TIPS such
as advanced liver failure or HE is contraindicated. The main side effect of BRTO can
be stated as causing vascular damage due to sclerosing substance and progression of
esophageal varices in case of accidental displacement of the balloon. TIPS or BRTO
is not recommended for primary prophylaxis in fundal varices without bleeding.
However, fundal variceal veins are the first step treatments to prevent re-bleeding.
Cyanoacrylate injection is recommended instead of TIPS in patients at high risk of
advanced liver dysfunction and HE [42].

2.3 Hepatic encephalopathy

HE is a complication of liver failure characterized by reversible neuropsychiatric
symptoms and signs ranging from disorientation to coma. High portosystemic
shunting is an important cause of morbidity in acute and chronic liver diseases. It
is the second most common complication of decompensated cirrhosis after acid. In
addition, HE is the most common cause of hospitalization in decompensated cir-
rhosis patients. The incidence of symptomatic HE ranges from 30-40% and mini-
mal encephalopathy from 20-80% [43, 44]. Although the pathogenesis of HE is not
fully understood, ammonia toxicity is an important factor in its development, but
inflammation (proinflammatory cytokines, TNF alpha, interleukin 1, interleukin
6) oxidative stress, changes in intestinal microbiota play a role [45, 46]. Intestinal
flora changes play an important role in the development of HE. Ammonia, which is
a product of intestinal metabolism in liver cirrhosis, cannot be effectively converted
into urea in the liver. Serum ammonia level rises due to the passage of portal blood
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to the systemic circulation and the blood passes to the brain barrier. Astrocytes are
neuroglial cells responsible for protecting the blood brain barrier and detoxify-

ing it by converting ammonia to glutamine. Glutamine increase leads to astrocyte
swelling, morphological changes and cell dysfunction [47]. Increased production
of ammonia during HE triggers in the clinic (GIS bleeding, hypovolemia, hypo-
kalemia, acidosis, diabetes, excessive diuresis, excessive protein intake), impaired
ammonia excretion (constipation, renal failure, sarcopenia, portosystemic shunt,
zinc deficiency, branched chain amino acid deficiency) and Increased neurotoxicity
(infection, drug/substance abuse, hyponatremia, hyperglycemia).

Studies have shown a decrease in bile acid production in advanced stage liver
disease, an increase in more pathogenic bacteria such as enterobacteia, and a
decrease in protective bacteria such as lachnospiraceae [48]. Regarding the impor-
tance of gut-liver-brain axis in HE, it has been shown that patients with HE have
more systemic inflammation, dysbiosis, hyperammonemia and neuronal/astrocytic
dysfunction compared to controls and patients with cirrhosis without HE [49].
According to a recent meta-analysis, it has been reported that a decrease in serum
ammonia and endotoxin levels can improve and prevent HE [50]. It has been shown
that HE patients who underwent fecal microbiota transplantation (FMT) had fewer
HE attacks and hospitalizations. In addition, albumin infusion can reduce the
frequency and severity of HE in liver cirrhosis [51].

Current guidelines for the clinical management of HE suggest lactulosis and
rifaximine as first-line therapy [44]. In HE patients, care needs to be initiated for
a change in consciousness, which includes securing the airway, hemodynamic
stabilization, and ensuring patient safety to prevent physical injury. Intubation is
recommended in patients with HE 3 or above, Glasgow score (GCS) < 8, but this
is not possible in many hospitals. Protection of the airway and close monitoring is
recommended. CT scan is recommended to evaluate the causes of mental changes.
Infection bleeding, constipation, dehydration, sedative drugs, alcohol intoxication,
or electrolyte disturbances should be identified and corrected. The goal of many
treatments is to reduce ammonia levels.

In the treatment of hepatic encephalopathy, lactulose, branched chain amino
acids, rifaximine, and L-ornithine L-aspartate can be used. The current treatment
in HE as the first step is lactulose 20 g/30 ml-30 g/45 ml orally 3—4 times a day, if
not oral, similar dose nasogastric or 300 ml enema can be given 3-4 times a day.

As a side effect, diarrhea is seen as abdominal swelling and taste disturbance. In
the second step treatment, rifaximine 400-500 mg can be taken orally twice a day.
An important side effect is the road. It is reported that percutaneous endoscopic
gastrostomy, which has not yet been approved by food and drug administration
(FDA), can be used in the third step.

Lactulose and rifaximine are recommended as primary care in the prevention
of recurrent HE (Figure 1). Probiotics and fecal microbiota transplantation are
included. There is no evidence yet for the use of probiotics in acute HE [52]. L
ornithine L-Aspartate (LOLA) is a substrate for the urea cycle. It can be used in HE
and other hyperammonemia conditions. According to a recent meta-analysis, it is
reported that HE LOLA has a positive effect on decompensation and mortality.

The american association for the study of liver diseases (AASLD) and EASL
guidelines suggest that LOLA oral therapy is not effective. The potential beneficial
effect of LOLA remains unclear [53]. Osmotic laxatives, non-absorbable disac-
charides lactulose and lactitol are recommended as first-line therapy. Lactulose is
likely to increase intestinal transit, acidifying the intestinal environment, reducing
ammonia production in the intestine, increasing fecal excretion and decreasing
ammonia absorption. As an antimicrobial agent, Rifaximine is a semi-synthetic
non-aminoglycoside substance effective against gram-positive, negative aerobic,
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Figure 1.
Hepatic encephalopathy (HE) pathogenesis and treatment approaches.

anerobic enteric bacteria. It inhibits bacterial RNA synthesis. Rifaximine + lactulose
has been shown to increase recovery in HE and decrease mortality.

In patients with recurrent HE, an improvement in FMT coordination has been
shown to result in an improvement in the fecal microbiome profile with a decrease in
the incidence of HE [54]. Other new treatments are changed to brain gamma-ami-
nobutyric acid (GABA) receptors. Therapies focusing on E. coli are some of the new
methods that are actively researched in HE but not currently close to clinical use.

2.4 Hepatorenal syndrome

Hepatorenal syndrome (HRS) is one of the most important complications in
cirrhosis patients. In patients with cirrhotic portal hypertension in the patho-
physiology of HRS, systemic and splanchnic vasodilation, bacterial translocation,
inflammation, nitric oxide, increased prostacyclin, decrease in effective arterial
blood volume (GIS bleeding, diuretics, lactulose, non-steroids, radiocontrast agent,
oral intake failure) may cause hypovolemia. It causes vasoconstriction in renal
artery tracts with RAAS and activation of sympathetic nervous system to decrease
renal blood flow and HRS develops. It is evaluated in two groups in cirrhotic
patients. (HRS AKI and non-HRS AKI) (Table 5). HRS AKI, decompensated cir-
rhosis is characterized by prerenal azotemia in patients with severe portal hyperten-
sion, nephrotoxicity, and worsening of renal functions in the absence of intrinsic
renal disease. Non-HRS AKI may result from prerenal hypoperfusion bile acid
nephropathy, nephrotoxicity, or acute parenchymal injury [55]. Although the best
treatment option for HRS is liver transplantation, the basis of medical therapy is
vasoconstrictor agents, such as terlipressin noradrenaline and dopamine in combi-
nation with albumin [56].
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HRS subtypes according to Criteria
the new classification
HRS AKI sCr > 0.3 mg/dl increase up to 48 hours and/or

Urine amount < 0.5 ml/kg BW. >6 h or

sCr > 50% according to basal value, increase within 3 months

HRS NAKI eGFR <60 ml/min 1.73 m? in the absence of other structural causes

<50% increase in sCr basal value within 3 months in outpatients

HRS AKI Hepatorenal sendrom acute kidney injury, NRS NAKI hepatorenal sendrom non acute kidney injury sCr,
serum creatinine, eGFR estimated glomerulay filtration vate.

Table 5.
Classification of Hepatorenal syndrome subtypes in cirrhosis.

In patients followed up with HRS in the intensive care unit, initial treatment is
recommended as a combination of norepinephrine and albumin. (norepinephrine
intravenously continuous infusion 0.5-3 mg/hr, albumin intravenous bolus 1 g/kg
per day for at least two days). Terlipressin albumin combination is recommended
as the initial therapy in HRS patients outside the intensive care unit. Terlipressin
1-2 mg is recommended as an intravenous bolus every 4 to 6 hours. Albumin is
given for 2 days as intravenous bolus (1 gr/kg per day). During follow-up, terlipres-
sin treatment is recommended as 25-50 g/day until discontinuation. TIPS therapy
until liver transplantation can sometimes be successful in specially selected patients
who are unresponsive to medical therapy [57-59].

2.5 Hepatopulmonary syndrome

Hepatopulmonary syndrome (HPS) is the most common cause of respiratory
failure in patients with chronic liver disease. It is characterized by a gas exchange
abnormality caused by intrapulmonary vascular dilatations (IPVD) in liver patients.
Its incidence ranges from 4-47%. The pathogenesis of HPS includes a complex
pathogenetic mechanism such as increased nitric oxide production, angiogenesis,
intrapulmonary shunt and ventilation perfusion mismatch. Clinical consequences
of hypoxemia can be seen together with progressive dyspnea, cyanosis, clubbing,
platypnea and orthodoxy, and chronic pulmonary comorbidity (COPD, asthma
bronchiale, idiopathic pulmonary fibrosis, restrictive lung disease).

Hepatopulmonary syndrome diagnostic criteria are partial oxygen pres-
sure < 80 mmHg or alveolar-arterial oxygen gradient >15 mmHg (PO2 gradient)

(or > 20 mmHg over 65 years of age). Detection of intrapulmonary vascular
dilatation (Contrasted ECO cardiography or lung perfusion scan with radioactive
albumin). Liver transplantation is the only successful treatment that alters the natu-
ral history of HPS and improves arterial hypoxemia. There is no effective treatment
support for HPS other than long-term oxygen support [60-62].

2.6 Acute on chronic liver failure

Acute on chronic liver failure (ACLF) is a clinical sudden hepatic decompensa-
tion syndrome associated with one or more extra hepatic organ failure, increased
mortality, observed in patients with pre-existing chronic liver disease. Hepatic
causes include alcohol-related liver damage, drug-induced hepatic damage, viral
hepatitis (A, B, C, D, and E), hypoxic damage or liver surgeries, including TIPS, in
the etiology of pre-existing liver disease precipitating events. Extrahepatic causes are
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Figure 2.

Treatment approaches in organ failure due to acute on chronic liver failure (ACLF), AKI: Acute kidney mjury,
KDIGO: kidney disease improving globai outcomes, HE: Hepatic encephalopathy, HRS: Hepatovenal syndrome,
LVP: large volume paracentesis.

bacterial infection and major surgical interventions. In patients with chronic liver
disease, acute triggering agents trigger inflammatory cytokine cascade by causing
hepatocyte damage, leading to further liver damage decompensation, multi-organ
failure and death in the presence of insufficient hepatocyte regeneration [63, 64].

It consists of prevention of triggering factors that lead to acute decompensation,
supportive therapy, early initiation of specific therapy and management of compli-
cations (Figure 2). All patients should be followed, preferably in a center with liver
transplant facilities.

The essence of ACLF treatment is based on supportive treatment of organ
failure in intensive care conditions. Liver transplantation is a good long-term
effective treatment for selected patients. Potential treatment alternatives that will
improve patient survival are highly awaited. There is currently no specific effective
treatment for their patients. Therefore, treatment is based on organ support and
treatment of associated complications.

2.7 Gut microbiota relationship in decompensated cirrhosis

Cirrhosis is associated with an altered immune response in the stool, potentially
due to dysbiosis in the intestinal mucosa. Patients with cirrhosis have an altered
gut-liver axis associated with changes in gut microbiota composition and function,
associated with liver disease severity, intestinal barrier disorder, and changes in intes-
tinal and systemic inflammation. Microbiota is one of the organs most exposed to
intestinal toxins through the liver portal system. The gut microbiota is the first line of
defense against toxic bacterial products in protecting the host’s mucosal barrier integ-
rity. Firmicutes, bacteroidetes, actinobacteria, proteobacteria, verrucomicrobia and
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fusobacteria are the main intestinal bacteria in the gastrointestinal flora. Firmicutes
and bacteroidetes make up 90% of all bacteria [65]. Gastrointestinal system microbi-
ota plays an important role in providing intestinal epithelial permeability and barrier
function in NAFLD/NASH. Toxic bacterial products such as lipopolysaccharides bind
to the CD14 receptor with Toll-like receptors (TLR), and stress-activated protein
kinase, JNK, P38, interferon regulatory factor 3, nuclear factor JB play a role in the
NASH process by initiating inflammatory cascade [66, 67]. In animal models, it has
been shown that feeding mice with impaired intestinal barrier function with a diet
containing high saturated fat, fructose and cholesterol leads to more severe steatohep-
atitis development compared to the control group [68]. Nutrition with a high fat diet;
Atrophy in epithelial cell microvilli, disruption in the tight junction between cells,
bacterial overgrowth in the small intestine (SIBO) is more severe in NASH than in
NAFLD. Change in intestinal barrier function; Lipopolysaccharide and toxic bacterial
products (other organic compounds such as ethanol, acetone, butanoic acid) cause
the liver to be exposed to higher levels of inflammatory bacterial metabolites [69].

2.8 Artificial liver support systems

Artificial liver support systems (ALSS) are used to provide recovery in patients
with acute liver failure (ALF) and acute-chronic liver failure and to act as a bridge
until transplantation. There are two main types of devices, artificial and bio-
artificial. Artificial liver devices are detoxification of blood or plasma, removal of
physical and chemical gradients, removal of toxic and metabolic wastes by means
of albumin. There are artificial liver support systems used today, such as Molecular
adsorbent recirculating system (MARS), single - pass albumin dialysis (SPAD),
Prometheus, selective plasma filtration therapy and hemodiafiltration. There was
no difference between Prometheus and standard medical treatment in terms of
survival. The role of TPE2 in patients with ALF plasmapheresis ACLF is not known.
Prospective studies are needed on this issue. Its effectiveness in hemodialysis
patients with ALF and ACLF remains unclear. The effect of MARS therapy on ACLF
and ALF survival has not been demonstrated [70, 71].

3. Conclusions

Portal hypertension has an important place in complications and deaths related
to cirrhosis. Non-selective beta blockers occupy an important place in the medical
treatment of portal hypertension, but their potential side effects limit their use.
New agents that suppress fibrosis, tissue damage and angiogenesis are needed in cir-
rhosis. Statins and PPARa/y agonists may be an alternative in this regard. Intestinal
microbiota (systemic inflammation, dysbiosis, increased intestinal permeability,
endotoxemia, impaired intestinal motility, bacterial overgrowth, increased produc-
tion of short-chain fatty acids and changes in metabolism) play an important role
in the pathogenesis of liver diseases. Dysbiosis plays a key role in the development
of cirrhosis-related complications. Moreover, modulation of the microbiome with
current and future therapeutic strategies is thought to be the cornerstone of cir-
rhosis management. It is predicted that the microbiota will play an important role in
developing new prognostic and therapeutic strategies in cirrhotic patients.
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Chapter 14

Therapy that Targets Growth
Factor Receptors: Novel Approach
for Liver Cirrhosis Treatment

Halyna Kuznietsova and Olexandr Ogloblya

Abstract

The background of liver fibrous degeneration is excessive cell proliferation
including hepatic stellate cells, inflammatory cells, fibroblasts and myofibro-
blasts. Often it is the consequence of increased growth factors and/or their
receptors expression. Key contributors to the liver cell proliferation are EGFR,
FGFR, PDGFR, VEGFR, TGFpR, the increased expression of which is indicated
on in vitro and in vivo models of liver fibrosis and in patients who experienced
fibrosis-accompanied liver diseases. Elimination of growth factors/suppression of
their receptors is associated with the weakening/elimination of certain processes
responsible for fibrogenesis. This chapter represents the evidences of the efficacy
of growth factor receptors signaling downregulation for the suppression of liver
fibrosis and cirrhosis and their individual manifestations. The data on established
and experimental therapeutics - specific and multikinase growth factor receptor
inhibitors which demonstrated antifibrotic and anticirrhotic activity under iz vitro
and iz vivo models, are also presented.

Keywords: EGFR, VEGFR, PDGFR, FGFR, TGFpBR, tyrosine kinase inhibitors

1. Introduction

If organs with high regenerative capacity undergo chronic injury and inflam-
mation, their healing often occurs abnormally - due to replacement of the damaged
elements with connective tissue. The most striking example of such distorted regen-
eration is the development of liver fibrosis and cirrhosis on the background of its
chronic damage. Fibrosis is an “exceeding” healing accompanied with the formation
of an excessive amount of connective tissue incorporated into liver parenchyma due
to extracellular matrix (ECM) overproduction and/or its incomplete degradation.

The main etiological factors of liver fibrosis and cirrhosis are alcohol, stor-
age diseases, hepatitis viruses, hepatotoxic drugs, cholestasis, and autoimmune
reactions. The trigger of fibrogenesis is chronic injury accompanied by an inflam-
matory component, which causes the activation and expansion of mesenchymal
cells (including fibroblasts, myofibroblasts, smooth muscle cells) and increased
synthesis of ECM molecules, predominantly collagen. Cells involved into the
inflammation actively produce soluble factors like pro-inflammatory cytokines,
endothelins, growth factors, reactive oxygen and nitrogen species, which also
promote fibrogenesis [1, 2]. The final stage of organ’s fibrosis is cirrhosis - the
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irreversible replacement of a significant part of that by connective tissue, which
leads to the organ’s failure. The main cells which “trigger” liver fibrosis are hepatic
stellate cells (HSC). Under liver injury and if being stimulated with cytokines
produced by inflammatory cells, Kupffer cells and hepatocytes, HSCs are activated
and transformed into myofibroblasts. The latters are able to migrate to the dam-
aged area and produce a reduced number of matrix metalloproteinases (MMPs)
and an increased number of their tissue inhibitors (TIMPs) and ECM proteins,
causing the growth of connective tissue in liver and accumulation of fibrillar
matrix into Disse spaces. Thick bundles of newly synthesized collagen fibers in the
Disse spaces between hepatocytes are surrounded by fibroblasts, macrophages,
HSCs, lymphocytes, polymorphonuclear leukocytes, eosinophils and plasmatic
cells. These cells produce ROS, inflammatory mediators and growth factors, thus
maintaining liver inflammation and promoting substantial disorders followed by
cirrhosis development [3].

Cirrhosis is the endpoint of many liver diseases and causes the development
of serious complications with possible fatal outcome. Those include: liver failure,
gastrointestinal bleeding, portal hypertension, i.e. increased pressure in the portal
vein, and hepatic coma. Thus, mortality from liver cirrhosis within 1 year after
diagnosis varies from 1 to 57%, depending on the stage [4] and reaches more than
1.2 million deaths annually [5].

2. The role of growth factors and their receptors in fibrogenesis

Growth factor receptors are tightly involved in the pathogenesis of chronic
inflammation due to their signaling close relationship with the major proinflam-
matory pathways. Those include, in particular, nuclear factor kappa B (NF«B), p38
mitogen-activated protein kinase (MAPK), phosphatidylinositol 3-kinase/Protein
kinase B (PI3K/Akt), Janus kinase/signal transducer and activator of transcription
(Jak/STAT) signaling pathways, which are activated not only by proinflammatory
cytokines, but also by individual growth factors, such as transforming growth
factor beta (TGFp), TGFa, hepatocytes growth factor (HGF), epidermal growth
factor (EGF), insulin-like growth factor (IGF) [6-9], associated with the “start” of
regenerative processes.

The main proinflammatory pathways are also profibrogenic ones. Thus, NF-«xB
signaling provides not only survival and inflammatory reaction of Kupffer cells,
but also survival, inflammatory response and activation of HSCs. Constitutive
activity of this pathway in HSCs and/or hepatic myofibroblasts stimulates fibrous
degeneration of the liver due to direct profibrogenic and antiapoptotic effects and
by stimulating the secretion of cytokines - macrophage attractants [10]. Another
proinflammatory pathway, STAT3, is involved in the control of MMPs and TIMPs
transcription, TGF-B1 and ECM molecules synthesis and secretion, myofibroblasts
proliferation and resistance to apoptosis, thus enhancing tissue regeneration.
Activation of this pathway is observed in many tissues due to their fibrosis [11].
The PI3K/Akt pathway, in addition to its significant role in apoptosis inhibition and
cell proliferation and survival, may promote epithelial-mesenchymal transition,
thus contributing to fibrogenesis [12] (Figure 1). Furthermore, this pathway could
be activated by EGF receptor (EGFR), the ligands of which are ones of the main
profibrogenic growth factors [13]. P38 MAPK pathway is the one, the effects of the
main profibrogenic cytokine TGF-p1 are realized through [14].

Macrophages and neutrophils, the first responders on damage and inducers
of acute inflammation, also produce cytokines and chemokines, which serve as
mitogens and chemoattractants for endothelial, epithelial and mesenchymal cells
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Figure 1.
The role of growth factor receptors in liver fibrogenesis.

(myofibroblasts, HSCs) migrating to the cites of injury. With the chronicity of the
inflammatory process, these cells are activated and secrete profibrogenic cytokines
and growth factors such as TGF-f1, interleukin 13 (IL-13) and platelet-derived
growth factor (PDGF), which further activate macrophages and fibroblasts and
promote proliferation of those in addition to epithelial cells. Wound/injury healing
also includes ECM synthesis and remodeling. Under chronic inflammation, this
process is violated: the synthesis of ECM molecules prevails on their cleavage, lead-
ing to accumulation of those, which called fibrosis [15].

Impaired activity of protein kinases, in particular growth factor receptors
such as EGFR, vaso-endothelial growth factor receptor (VEGFR), PDGF recep-
tor (PDGFR), fibroblast growth factor receptor (FGFR), play a significant role
in development of numerous non-malignant liver diseases, including diseases
associated with its fibrous degeneration [16]. Thus, PDGF is the most important
cytokine responsible for the proliferation of HSCs; PDGF, VEGF and FGF2 induce
their migration, TGF-B causes HSCs transformation to myofibroblasts, stimulates
synthesis of ECM by those and inhibits its degradation. Inhibition of these growth
factors receptors downregulates mentioned processes [17]. Furthermore, an exces-
sive proliferation of cholangiocytes which express numerous cytokines, chemokines
and growth factors is one of the main mechanisms of fibrogenesis. The proliferating
cholangiocytes also involve myofibroblasts, fibroblasts and immune cells in this pro-
cess [18, 19]. Therefore, activation of biliary proliferation (called ductular reaction)
contributes a lot in the initiation and progression of liver fibrosis.

3. Growth factor receptors as the targets of antifibrotic therapy

There is no specific remedy for the liver fibrosis to date. Some compounds
having therapeutic activity against liver fibrosis are undergoing preclinical and I-II
phases of clinical trials. They include: (1) the monoclonal antibodies and low mol-
ecule inhibitors of key signaling pathways involved in the regulation of inflamma-
tion, HSCs life cycle and collagen metabolism [20]; (2) the broad-spectrum agents
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exhibiting antioxidant, anti-inflammatory, hepatoprotective, antilipotoxic activi-
ties such as ursolic, ursodeoxycholic and 24-norursodeoxycholic acids, resveratrol,
silymarin [3]. However, the last agents are rather supplements, the positive effect of
which is observed only in combination with other therapeutics.

Cytostatics like methotrexate and azathioprine are actively used for the treatment
of diseases accompanied by fibrosis. However, due to the nonspecificity of action,
they cause the development of numerous side effects. Therefore, the idea of using
selective inhibitors of excessive cell proliferation can be fruitful. Impaired activity
of tyrosine kinases, in particular growth factor receptors EGFR, VEGFR, PDGFR,
TGFPBR, and FGFR, contributes significantly to liver diseases associated with its
fibrous degeneration [16]. Therefore, these receptors may be potential targets for
antifibrotic therapy [21]. Among approved and experimental therapeutics tyrosine
kinase inhibitors (TKIs) possess the leading position.

3.1VEGFR

VEGF is a key regulator of liver cells proliferation. An increased expression of
this growth factor and its receptors by the biliary cells was noted under liver bili-
ary pathologies, in particular polycystic liver disease and primary biliary cirrhosis
(PBC) [22]. PBC patients also demonstrated over-expression of the angiogenic
factors Ang-1, Ang-2 and tyrosine kinase with immunoglobulin-like and EGF-like
domains 2 (TIE2) their effects are realized by, in the epitheliocytes and periportal
hepatocytes [23], suggesting, therefore, their contribution in fibrosis development.
VEGF has been shown to stimulate also proliferation of sinusoidal endothelial cells
and activated HSCs iz vitro, indicating that VEGF-VEGEFR interaction in HSCs plays
an important role in liver fibrogenesis [24]. VEGFR inhibitor sunitinib significantly
reduced the inflammatory infiltrate and collagen expression under liver cirrhosis
[25]. Another small molecule tyrosine kinase inhibitor vatalanib, which is effective
against all VEGF receptors, inhibited CCly-induced mice liver fibrosis, as evidenced
by decrease of fibrous tissue accumulation and hepatic sinusoidal capillarization,
and downregulation of a-smooth muscle actin (a-SMA), collagen I and TGF-$1
expression as well [26] (Table 1). Similar results were demonstrated for pan-VEGFR
tyrosine kinase inhibitor PTK787/ZK222584 [27].

3.2EGFR

The EGFR signaling plays an important role in proliferation of liver progenitor
cells and their differentiation into hepatocytes or cholangiocytes during the hepatic
regeneration. In liver samples of primary sclerosing cholangitic (PSC) patients,
the upregulation of EGFR compared to that of healthy individuals was revealed.
EGFR is also required for the induction of active pro-inflammatory response by the
cholangiocytes [28]. Indeed, the panitumumab, anti-EGFR antibody, inhibited an
excessive proliferation of the bile duct mucosa and accumulation of collagen fibers
in chronic proliferative cholangitis [29]. In addition, anti-EGFR antibodies applied
at bile duct ligation (BDL) model inhibited biliary epithelium hyperplasia and
fibrosis. EGFR inhibitor erlotinib inhibited proliferation of the cholangiocytes and
hepatocytes, and prevented activation of HSCs, which was demonstrated on differ-
ent (CCly-, diethylnitrosamine (DEN)- and BDL-induced) rat models [30]. EGFR
inhibition also significantly reduced viability and ECM production in activated
HSCs, inhibited their proliferation and a-SMA production, but did not affect paren-
chymal cells [31, 32]. Moreover, inhibition of EGFR signaling by erlotinib and other
specific inhibitors effectively prevented the progression of cirrhosis and regressed
fibrosis in some animals [33, 34] (Table1).
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Drug Target(s) Cellular effects Model/Patients References
Panitumumab EGFR Inhibition of bile duct chronic Liuetal.
mucosa excessive proliferative 2019 [35]
proliferation and cholangitis
accumulation of collagen
fibers
Erlotinib EGFR Reduce the number of DEN-, BDL- Fuchsetal.
activated HSCs induced rats, 2014 [36]
CCly-induced
mice
Vatalanib VEGFR Inhibition of a-SMA, CCly-induced Kong etal.
collagen I and TGF-p1 mice 2017 [26]
expression
Imatinib PDGFR Induce of HSC apoptosis, CCl,-, TAA- Kim et al.
decrease HSC migration induced mice 2012 [37]
Sunitinib VEGFR, Decrease of vascular CCly-induced Tugues et al.
PDGFR, c-Kit density, inflammatory rats 2007 [25]
infiltrate, 0-SMA and
collagen expression
Sorafenib Raf, Stimulation of HSCs High fat diet-, Wang et al.
VEGFR2/3, autophagy and apoptosis, BDL-, DEN- 2010 [38]
PDGFR-$ inhibition of HSCs induced mice
proliferation and collagen
deposition
Pazopanib VEGFR1, Induce of HSCs apoptosis, CCly-induced Elshal et al.
PDGFR-B, inhibition of HSCs mice 2015 [39]
FGFR activation, a-SMA, MMP-
2, TIMP-1 expression
Nilotinib BCR-ABL, Depression of HSCs CCly- and BDL- Liuetal.
PDGFR, activation, proliferation, induced rats 2011 [40]
TGFBRII migration, 0-SMA
formation, induce of HSCs
apoptosis, reduce collagen
deposition in activated
HSCs and in liver tissues
Nintedanib PDGEFR, Depression of HSCs CCly-induced Acoraetal.
VEGFR, activation, contractility, mice 2017 [41]
FGFR migration, collagen
deposition, inhibition of
macrophage migration
Regorafenib VEGFR1-3, Reduce portal BDL-, CCl- Uschner et al.
PDGFR-f and hypertension, NO effects induced mice 2018 [42]
FGFR, TIE2 on HSCs activation and
fibrosis progression or
regression
Brivanib VEGFR, Decrease of HSCs BDL-, CCly-, Nakamura
FGFR proliferation TAA-induced etal. 2014 [17]
mice
Table 1.

TKIs which demonstrated antifibrotic effects, their molecular targets and cellular effects.

3.3FGFR

FGF family includes 7 subfamilies of growth factors (1, 4, 8, 9, 10, 11, 19) and
four isoforms of their receptors (FGFR1, FGFR2, FGFR3, FGFR4), and all of them
are involved in liver injury and regeneration. There is coordinated regulation of

233



Advances in Hepatology

FGFR activation and FGFs secretion during liver injury and subsequent healing:
hepatocyte-derived FGFs activate FGFRs on HSCs, and FGFs produced by HSCs
activate FGFRs on hepatocytes [38]. FGF signaling during liver damage enhances
liver regeneration, however, its chronic production can also lead to the abnormal
regeneration with subsequent fibrosis development.

FGF2, a main FGFR1 binding partner, is a mitogen for HSCs. FGFR1 overex-
pression has been reported in human liver myofibroblasts and activated HSCs
compared to the non-activated ones [37]. Then, FGF2 also induces chemotaxis and
chemoinvasion by HSCs and may participate in the recruitment and activation
of HSCs in acute liver injury. Thus, Yu et al. demonstrated, that chronic hepatic
fibrosis is markedly reduced in FGF1/FGF2-deficient mice. However, the absence
of FGF1 and FGF2 did not impair the total number of HSCs and their migration
into the areas of injury, but overproduction of matrix components, especially
collagen a1(I), by those, and therefore excessive fibrous tissue accumulation. The
probable explanation is that FGF1 and FGF2 are not essential activating ligands for
proliferation and migration of activated HSCs iz vivo, but the important ones for
fibrosis progression [43].

Furthermore, blockade of FGFR1 by small molecule inhibitors prevents HSCs
activation (as evidenced by diminishing of a-SMA expression by those), inhibits
their proliferation and release of the inflammatory cytokines by those both in vitro
and in vivo. In vivo experiments also demonstrated that such inhibition significantly
ameliorates CCly-induced hepatic fibrosis in a rat model [44, 45].

The ability of FGFs to regulate HSCs proliferation, migration, and transdif-
ferentiation makes FGFR signaling an attractive target for the treatment of hepatic
fibrosis. Therapeutic agents which are developing now aim to inhibit FGFRs, to
modulate FGF expression, are recombinant FGF proteins, therefore achieving to
inhibit EGFR signaling in all levels [37].

3.4 PDGFR

PDGEF is the most prominent cytokine that regulates HSCs activation, prolifera-
tion and migration. Primary producers of PDGF are platelets, vascular endothelial
cells, pericytes and Kupffer cells. PDGFR, tyrosine kinase receptor, is primarily
located in vascular endothelial cells, fibroblasts and Kupffer cells. Under the liver
injury macrophages, injured endothelial cells and activated HSCs synthesize and
secrete PDGF which stimulates proliferation of fibroblasts and vascular endothelial
cells via autocrine and paracrine mechanisms. Additionally, PDGF promotes HSCs
transformation into myofibroblasts and collagen production by those. Marked
upregulation of PDGFR expression on the membranes of activated HSCs have
been shown under various chronic liver diseases associated with its fibrosis. Hence,
PDGFR overexpression contributes to HSCs activation by synthesized PDGF via
the autocrine mechanism and enhances cellular chemotaxis [46]. Additionally,
clinical studies demonstrated an excessive activation of PDGF and its downstream
molecules, and association of those with the extent of fibrosis in patients with
hepatic damage.

There are four PDGF subunits (A, B, C and D) and 2 types of PDGFRs (a and
B), and all of them are involved in different stages of hepatic fibrogenesis. Thus,
PDGF-B is elevated during the early stage of the disease and is the most potent
factor associated with HSCs activation, whereas PDGF-C and -D levels continu-
ously rise during the whole process of HSCs transformation into myofibroblasts and
demonstrate relatively high level at the late stage of hepatic fibrosis. Then, quiescent
HSCs express PDGFR-a only, and activated ones — predominantly PDGFR-p.
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The latter is substantially upregulated, and together with PDGF-B and -D serves
important role in hepatic fibrosis [46].

Activated PDGFR induces many signaling pathways, which regulate cell prolif-
eration, migration and survival. In particular, activated Ras system through MAPK
signaling cascade regulates the expression of collagen type I, MMPs, TIMPs genes
responsible for ECM synthesis and degradation; phospholipase Cy (PLCy) signaling
contributes to HSCs mitosis; PDGFR-activated PI3K/Akt and JAK/STAT pathways
promote cell migration, mediate metabolic regulation, stimulate cell growth and
inhibit cellular apoptosis.

Blocking of PDGF signaling has been suggested to inhibit HSCs proliferation and
to ameliorate liver fibrogenesis, so the strategies aimed to regulate that have been
explored in preclinical and clinical investigations. Application of PDGF isoform
antagonists, blocking of PDGFR activation and its downstream pathway regulation
are considered as those ones. Thus, sorafenib (a first-line oral chemotherapy drug
towards advanced hepatocellular carcinoma (HCC)) is a multikinase inhibitor that
targets Raf, VEGFR2/3, and PDGFR-f and has been demonstrated to be a potent
antifibrotic agent. The mechanisms of its antifibrotic action were revealed on mice
models (high fat diet-, BDL- and DEN- induced ones) and include HSCs autophagy
and apoptosis induction (through activation of Akt/mTOR and MAPK signal-
ing pathways), suppression of neovascularization and oxidative stress (through
PDGF, STAT3 and mitochondrial respiration downregulation), and inhibition of
collagen deposition [47]. Imatinib, another selective TKI, which specifically targets
PDGFR, attenuates liver fibrosis and additionally inhibits PDGFR-f expression and
decreases the levels of proinflammatory cytokines. The ability of imatinib to induce
HSCs apoptosis and substantially decrease their migration could contribute a lot to
antifibrotic activity of that and was proven iz vitro and on CCL- and thioacetamide
(TAA)-induced mice models [35] (Table 1). Strong antifibrotic activity under cho-
lestatic liver diseases has been demonstrated for small molecule roseotoxin B, and
investigation of its possible mechanisms revealed its ability to block the PDGF-B/
PDGFR-p pathway in HSCs directly [48].

The great potency of PDGFR inhibitors was demonstrated on numerous animal
and in vitro models. However, it is difficult and often impossible to distinguish the
antifibrotic activity from anticancer one due to analysis of clinical trials outcomes.
The first reason is that these agents are tested as anti-HCC therapeutics, and out-
comes important for anticancer assessment only (like overall survival, disease-free
survival etc.) are considered. The second possible reason is strong stratification of
HCC patients involved in clinical trial according to their cirrhotic stage, and, despite
“anticancer-important” outcomes are monitored thoroughly, the level of cirrhosis is
not reassessed. So anticancer activity of the chemicals might be accompanied with
antifibrotic one, however, it should be checked additionally. Furthermore, due to
high similarity of the homologous domains of PDGFR and VEGFR, applied TKIs
like sorafenib, sunitinib and pazopanib could not only inhibit PDGFR activation
but also downregulate VEGFR (Table 1). It could indicate the complex and there-
fore more powerful action of these drugs on liver fibrogenesis, but, on the other
hand, could also lead to non-target cells impairment and additional toxicity [49].

3.5TGFBR
TGF-p is a cytokine which plays a prominent role in transformation of HSCs
to myofibroblasts. Indeed, many of TGF-p pathological effects could be related

with its ability to regulate cell plasticity — change of cell phenotype and function
due to genetic and epigenetic changes and cytoskeleton remodeling. One of the
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most striking events of cell plasticity is epithelial-mesenchymal transition (EMT).
Activation of HSCs and their transformation to myofibroblasts is an example of that
one. Moreover, another example of cell transformation caused by TGF-p is EMT in
hepatocytes accompanied with loss of cell-cell contacts and polarity [50]. Actually,
TGF-f stimulates almost of all liver cell populations (portal and resident fibro-
blasts, bone marrow-derived fibrocytes, endothelial cells, vascular smooth muscle
cells, pericytes and cholangiocytes additionally to hepatocytes and HSCs) to change
into a more fibroblastic phenotype [40] and to release profibrogenic transcriptional
program manifested by upregulation of collagen expression [41] and disturbances
in ECM turnover through imbalance between MMPs and TIMPs. TGF-f receptors
(TGFBRI and TGFBRII) are Ser/Tre protein kinases expressed on the membranes
of various cells including all above mentioned ones. TGF-p is secreted by these cells
and regulates their activity by autocrine and paracrine mechanisms. Moreover, both
monocyte-derived macrophages and Kupffer cells (liver resident macrophages)
produce this cytokine and some other profibrogenic factors like PDGF and connec-
tive tissue growth factor (CTGF), contributing, therefore, to HSCs activation and
transdifferentiation, and promoting fibrosis [39]. Thus, TGF-p plays a master role
in the activation of HSCs to myofibroblasts. In fact, some of the previous factors
stimulate the expression, production and activation of TGF-f, which is responsible
finally for the activation of HSCs, and the higher the level of TGF-p the more
expressed fibrotic changes in the tissue.

The main mediators of the TGF-B-induced fibrogenic transcriptional program
are SMADs (Caenorhabditis elegans Sma genes and the Drosophila Mad, Mothers
against decapentaplegic) [41] (Figure 1). Moreover, proteins enriched in TGFR sig-
naling involve Src, cAMP response element-binding protein (CREBP) and others,
and some of them belong to EGFR signaling, indicating the crosstalk between these
pathways [51]. Additionally, TGF-B1 also mediates the role of FGF1 and FGF2 in the
deposition of ECM, or FGF1 and FGF2 mediate the TGF-p activity, or both factors
play independent roles through convergent signaling pathways in vivo [43].

4, Multikinase inhibitors

Some TKIs have been shown to release antifibrotic activity do not demonstrate
exact specificity against their targets and could inhibit more than one receptor.
So, it is difficult to explain the mechanism of their action precisely. Nevertheless,
these agents attract the attention and reveal the antifibrotic potency even more
than specific inhibitors because of multiplicity of mechanisms and downregulated
signaling pathways, and therefore, ability to avoid drug resistance through the
compensatory mechanisms and signaling crosstalk.

For example, multikinase TKI nilotinib, which is a breakpoint cluster region
protein (Bcr)-tyrosine-protein kinase ABL (Abl) inhibitor, also significantly
inhibited PDGFR and TGFRII, which contributes to depression of HSCs activa-
tion, proliferation, migration, and a-SMA formation, induction of their apoptosis,
reduce collagen deposition in activated HSCs and in liver tissues of CCly- and
BDL-induced rats experienced liver fibrosis [52]. Moreover, the effects of nilo-
tinib also include diminished expression of VEGF and VEGFR, which, however,
is expected due to high similarity of PDGFR and VEGFR kinase domains. These
results indicated that nilotinib may represent a putative antifibrotic treatment due
to its combined inhibition of non-receptor tyrosine kinases (nonRTK) (Abl) and
RTK (PDGFR-B, TGFBRII and VEGFR) (Table1).

Treatment of CCl;-induced fibrotic mice with nintedanib that blocks PDGFR,
VEGFR and FGFR, in addition to depression of HSCs activation, contractility,
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migration, and collagen deposition, inhibited macrophage migration, intrahepatic
inflammation and angiogenesis as well [36]. Another oral multitargeted TKI
pazopanib (approved for renal cell sarcoma treatment) directly inhibits PDGFRs,
FGFRs, mast/stem cell growth factor receptor (KIT) and selectively suppresses
VEGFR-mediated angiogenesis. The drug can halt liver fibrosis progression through
modulating inflammatory cytokines, suppressing HSCs activation, inducing their
apoptosis, and regulating angiogenesis [53]. Regorafenib could affect similar targets
(VEGFR1-3, PDGFR- and FGFR) and also potently inhibits another angiogenic
RTK TIE2. This drug has recently been approved as a second-line therapy for HCC
and demonstrated depression of cirrhotic-associated systemic changes and portal
hypertension in HCC patients. Moreover, regorafenib might also be beneficial
towards fibrosis and portal hypertension even in absence of HCC [42]. Despite
regorafenib treatment had no direct observable effect on HSCs activation and
fibrosis progression or regression (as evidenced by liver histopathology, a-SMA
and hydroxyproline deposition), however, even its acute administration improved
cirrhotic portal hypertension (BDL and CCl, models of liver fibrosis) and also
hemodynamic circulation in an animal model mimicking portal vein thrombosis
[54] (Table 1). These findings might explain the anticirrhotic effects of the drug
in HCC patients by normalization of liver blood circulation in fibrotic liver and
therefore exhausting the inflammatory microenvironment which leads to fibrosis
progression.

Brivanib is a selective inhibitor of VEGFR and FGFR and also affects liver
fibrosis through multiple signaling pathways. Nakamura et al. demonstrated that
brivanib decreased HSCs proliferation induced by PDGF, VEGF and FGF treat-
ment, and also abrogated the phosphorylation of PDGFR, which was confirmed in
vitro and on BDL-, CCLs- and TAA-induced mice models and supported by histo-
pathological evidences of liver fibrosis alleviation [17] (Table 1).

Our team developed the set of multikinase inhibitors, and one of them
(1-(4-Cl-benzyl) -3-chloro-4- (CF3-phenylamino)-1H-pyrrole-2,5-dione, called
MI1) demonstrated high inhibitory activity against EGFR, VEGFR1,2,3 (the most
prominent results), FGF-R1, IGF1-R, spleen associated tyrosine kinase (Syk),
3-phosphoinositide-dependent protein kinase-1 (PDK1), and Src [55]. Besides
anticancer and anti-inflammatory activity having been revealed in our previous
investigations [56, 57], we showed that MI1 could inhibit liver fibrosis development
on rat acute (3 days) and chronic (28 days) cholangitis models, as evidenced by
substantially depleted connective tissue deposits in liver and improved liver general
state (according to plasma biochemical tests). Moreover, antifibrotic effects of MI1
preserved through at least 28 days since the interventions were terminated (unpub-
lished data, under consideration).

Thus, multikinase inhibitors might be more potent antifibrotic treatments
through their impact on several signaling pathways. However, this task should be
explored in more detail because of high probability of adverse effects due to multi-
plicity of these drugs’ targets.

5. Small molecule inhibitors of RTK signaling — “noncanonical”
approach

Inhibitors of RTK signaling include not only molecules designed to block
ATP-binding sites of the kinase, but also small therapeutic molecules with different
activities, which, however, could additionally inhibit RTK. For example, natural
antioxidant of polyphenol origin resveratrol despite of different therapeutic activi-
ties (anti-inflammatory, antitumor, antiaging, protective etc.) demonstrated also
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strong antifibrotic effect against liver cirrhosis (CCly- model) [58]. The mechanisms
of its action are different and include predominantly antioxidant capability, but
also impact on gene expression and ability to modulate different signaling pathways
through interaction with their key molecules. Among others, resveratrol could
downregulate EGFR/Akt/ERK1/2 signaling pathway particularly by decrease of
EGEFR activation [59]. Furthermore, this polyphenol could scavenge VEGF, altering,
therefore, its binding with VEGFR and activation of the latter [60]. Of course, this
action could not be interpreted as direct impact on VEGFR. However, it deserves

to be considered as an approach for modulation of this signaling activity on its
initial stages.

Another plant-derived polyphenol curcumin among various types of biologi-
cal activities (anticancer, antiviral, antioxidant, anti-inflammatory ones) had
beneficial effects in animal models of liver injury and cirrhosis [61]. While study-
ing the possible mechanisms of its action, substantial reduce of TGFBRII levels
and its downstream molecules Smad2/3 phosphorylation in response to added
TGF-p was found [62]. Furthermore, curcumin revealed anti-EGFR activity:
firstly, it was able to inhibit directly the enzymatic activity of the EGFR intracel-
lular domain, and, secondly, it could influence the cell membrane environment of
the receptor [63, 64].

Ability to affect the membrane environment of the receptor and thus alter
its binding with ligand and subsequent activation has been shown for biologi-
cally active indolic related compounds including melatonin, 3-indoleacetic acid,
5-hydroxytryptophol, and serotonin. These chemicals are proven to significantly
inhibit VEGF-induced VEGFR?2 activation in human umbilical vein endothelial
cells through interacting with the cell surface components in a way that prevents
VEGEF from activating the receptor [65]. This property could contribute to the
hepatoprotective and antifibrotic efficacy of melatonin realizing by inhibition
of inflammation, HSCs proliferation and hepatocyte apoptosis [66]. The similar
mechanism of RTK inhibition has been considered for natural cyclopeptide
destruxin A5, that effectively downregulate PDGF-B-induced PDGFR- signaling.
Destruxin A5 does not bind to the ATP-binding pocket of PDGFR-, so the inhibi-
tory mechanism of that is distinct from the mechanism of “canonical” TKIs. It
looks like this chemical selectively targets PDGF-B/PDGFR-p interaction interface
and blocks this signaling [67].

However, some non-specific small molecules are able to inhibit RTK by “classical”
mechanism - through binding to receptor and preventing its activation by ligand. A
naturally occurring flavone 4',5,7-trihydroxy-3,5'-dimethoxyflavone (tricin) is one
of them. Tricin affected HSCs in vitro exploring its potential as antifibrotic therapeu-
tic, as evidenced by inhibiting of human HSC line LI90 and culture-activated HSCs
proliferation and migration by that. This flavone reduced the phosphorylation of
PDGFRp and downstream signaling molecules ERK1/2 and Akt, which might be due
to its TKI properties rather than inhibition of the direct binding between PDGF-B
and its receptor [68]. Flavonoid quercetin was reported to exhibit a wide range of
pharmacological properties, including its ability to attenuate liver fibrosis by mul-
tiple mechanisms involving several signaling pathways [69]. In particular, quercetin
was found to suppress the phosphorylation of EGFR by direct binding with its
ATP-binding site [70]. A powerful free radical scavenger carbon-based nanoparticle
C60 fullerene could be considered as another unusual RTK inhibitor. It explores wide
range of biological activities including antifibrotic and anticirrhotic ones [71-75]
probably realized by its antioxidant capacity. However, we also demonstrated its abil-
ity to bind to ATP-binding pockets of EGFR and FGFR and to avoid interaction of
those with ATP [75], which could be an alternative mechanism of this nanoparticle’s
antifibrotic action.

238



Therapy that Targets Growth Factor Receptors: Novel Approach for Liver Cirrhosis Treatment
DOI: http://dx.doi.org/10.5772/intechopen.96552

6. Conclusions

Growth factor receptors, in particular EGFR, VEGFR, PDGFR, FGFR, and
TGFpR are proven to be key regulators of various liver cell populations behavior
under hepatic injury and reparation, and subsequent fibrosis development if “some-
thing has been going wrong”. Upregulation of related signaling pathways has been
shown in numerous in vitro and in vivo models, and for patients who experienced
liver diseases accompanied by its fibrosis as well. Inhibiting of those by specific
and non-specific compounds followed by fibrosis depression. Above mentioned
suggests the potency of RTK inhibition as an antifibrotic treatment. However, all
the clinical evidences dedicated to that are rather “concomitant” to TKIs anticancer
activity because of predominant focus of these studies on the therapy of liver
malignancies developed on cirrhotic background. However, we should remember
that liver fibrosis and subsequent cirrhosis are severe high-morbidity diseases them-
selves. And our knowledge about mechanisms of liver fibrosis development and
essential RTKs involvement in that, as well as our achievements in the field of liver
fibrosis therapy by TKIs should not be neglected.
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