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Abstract

Hepatitis B virus (HBV) infection is the leading cause
of liver disease and hepatocellular carcinoma (HCC)
worldwide, in spite of prophylactic vaccination and
antiviral treatment modalities. The immunopathogenesis
of HBV infection has been intensively studied and is
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propelled by complex interactions between the virus and
the host immune system. Natural killer group 2D (NKG2D)
is a well-characterized activating receptor, expressed on
natural killer (NK) cells, NK T cells and CD8" cytotoxic T
cells. This receptor is present in both humans and mice
and binds to a diverge family of ligands that resemble the
MHC-class I molecules. Increasing evidence shows that
NKG2D-ligand interactions are critical in the establishment
of HBV persistence and the development of liver injury
and HCC. The expression of NKG2D ligands depends
on the presence of several polymorphisms and is also
modulated post-transcriptionally by HBV. While it is
known that HBV circumvents host’s innate immunity
via the NKG2D pathway but the exact mechanisms
involved are still elusive. This letter discusses previous
accomplishments on the role of NKG2D ligand regulation
in the development of chronic HBV, liver injury and HCC.

Key words: Hepatitis B virus; Natural killer group 2D
receptor; Natural killer cells; MHC class I polypeptide-
related chain A; Hepatocellular carcinoma

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) infection is the leading
cause of liver disease and hepatocellular carcinoma
(HCC) worldwide. HBV persistence involves complex
interactions between the virus and the immune system
of the host. Natural killer group 2D (NKG2D) is an
activating receptor, expressed on natural killer (NK), NK
T and CD8" T cells. NKG2D-ligand interactions are critical
in the establishment of chronicity and the development
of liver injury and HCC. However, the exact mechanisms
involved are still elusive. Here previous studies are
discussed on how HBV modulates the NKG2D activity to
result in viral clearance, susceptibility to liver injury and
tumour evasion.

Pollicino T, Koumbi L. Role natural killer group 2D-ligand
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interactions in hepatitis B infection. World J Hepatol 2015;
7(6): 819-824 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i6/819.htm DOIL: http://dx.doi.org/10.4254/
wjh.v7.i6.819

INTRODUCTION

Despite the availability of an effective vaccine and
significant progress in antiviral therapy, hepatitis B
virus (HBV) remains a serious global health problem.
Currently about one-third of the world’s population
is having markers of current or past infection, far
exceeding the numbers of people infected with human
immunodeficiency virus and hepatitis C virus together™.
Infection with HBV can cause a wide spectrum of
clinical manifestations, ranging from asymptomatic
infection to acute self-limiting or fulminant hepatitis, or
chronic infection (CHB), which is presented as distinct
immunological stages, including immune tolerance and
immune activation phases. CHB infection may eventually
progress to chronic liver injury, cirrhosis or hepatocellular
carcinoma (HCC)*.. The risk of HCC in chronic infection
is 100-fold higher compared with non-carriers and is
directly proportional to high levels of HBV replication™.
Most healthy adults raise effective immune responses
against HBV that clear the virus. The adaptive immune
system mounts a multiprolonged immune response,
but its effectiveness depends on the quality of the
earlier innate immune response that begins within
hours of infection. Natural killer (NK) cells are enriched
markedly in the liver and play a pivotal role in self-
limiting infection. In addition to the direct killing of viral-
infected cells without antigen-specific priming, NK cells
regulate the adaptive immune response by producing
interferon (IFN)-y, tumor necrosis factor (TNF)-o. and
immunoregulating cytokines. In acute HBV infection of
primates and humans, NK activity has been positively
correlated with viral clearance*® while IFN-y production
by NK cells has been shown to contribute to the initial
control of infection®™”®., In CHB infection, the function
and numbers of intrahepatic NK cells are reported to be
higher in the immunotolerant stage than in the immuno-
active stage and are accompanied with an increase of
HBV-specific T cells and low viremiat®*?, High NK cell
activity early in infection and in the immunotolerant
stage reflects the time for the host to mount efficient
adaptive response. However, NK cells also negatively
regulate specific antiviral immunity in CHB infection
by contributing in the liver inflammation through TNF-
related apoptosis-inducing ligand- and Fas-mediated
death™** and by the direct killing of HBV-specific CD8*
T cells, which triggers the recruitment of inflammatory
cells that sustain and amplify the hepatic damage™ .,
NK T cells comprise about one-third of intrahepatic T
cells and are known to contribute to the outcome of HBV
infection. They express T cell receptors (TCR) but, unlike
conventional T cells, recognize lipid-based antigens
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presented by the major histocompatibility complex
(MHC)-like molecule CD1d. HBV infection has been
shown to induce alterations in CD1d expression and NK
T activation in CHB patients™), Moreover, NK T cells are
shown to regulate NK cell activation via the production
of cytokines IFN-y and interleukin 4 (IL-4) in the livers of
HBV-transgenic mice"®.

The effector functions of NK cells are determined
by the dynamic and coordinated balance of activating
and inhibitory signals through their array of receptors.
A well characterized activating receptor expressed in
all NK cells is the natural killer group 2D (NKG2D), a
type II transmembrane-anchored glycoprotein that
plays a key role in immune mediated diseases!*®*”. In
addition to NK cells, it is expressed on the surface of
NK T cells, activated CD8" T lymphocytes, v/5 T cells,
and some myeloid cells®**, NKG2D receptor binds to
a diverge family of ligands that are distantly related
homologues to MHC class I molecules. In contrast to
classical MHC molecules, NKG2D ligands (NKG2DL)
do not require association with B2 microglobulin for
expression or function, and do not bind antigenic
peptides™!, In humans, these proteins are divided into
two families: the MHC class- 1 polypeptide-related chain
(MIC) protein family that contains MICA and MICB;
and the cytomegalovirus UL16-binding proteins (ULBP)
family, which consists of five members, ULBP1-4 and
RAET1GPY. In mice, there are five retinoic acid early
transcript 1 (RAET-1) proteins, H60 and murine ULBP-
like transcript 1 (MULT-1)*. In addition to membrane-
bound NKG2DLs, secreted forms of the ligands have
been also identified in humans.

NKG2DL are expressed on diseased or stressed
cells, and numerous stress pathways induce their up-
regulation, including viral and bacterial infection, cellular
transformation, oxidative or genotoxic stress™!. A
large body of evidence indicates that HBV infection
modulates NKG2D-mediated immune responses. The
engagement of NKG2D to its ligands is a sufficient
stimulus to activate cytolysis and cytokine production
by NK cells, to promote antitumor or antiviral immune
responses and autoimmune diseases, to provide a co-
stimulatory signal for the activation of CD8" T cells and
probably other T cells and contributes to apoptotic cell
death!'®2?2¢1 NKG2DL also participate in the cross-talk
between immune cells, which can regulate innate and
adaptive responses. Increased expression of NKG2DL
induces NK cell-mediated cytotoxicity to eliminate over-
stimulated macrophages'””’, while in response to Toll-
like receptor stimulation NKG2DL expressed on myeloid
cells are up-regulated, contributing to T cell and NK cell
activation®®.

NKG2D PATHWAY IN HBV INFECTION

There is increasing evidence that activation of the
NKG2D-ligand pathway contributes to the outcome of
HBV infection. Studies in a transgenic mouse model
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of acute infection, demonstrated that the blockage
of NKG2D receptor on only NK T cells prevents HBV
infection by raising efficient acute immune responses
and that the interaction between NKG2D and its RAET-1
ligand is essential in inducing HBV immunity*®!, These
findings suggest that in the early stages of infection,
NK T cells may be activated first in an HBV-specific
and NKG2D-dependent manner that may in turn lead
to the activation of NK cells. Furthermore, early in
HBV infection there is an overexpression of the soluble
form of MICA (sMICA) in comparison to later stages of
infection, leading to the internalization and degradation
of NKG2D receptor and hence to defective NK and
NK T activity®®?!. Other studies demonstrated that
SMICA levels increase together with progression of liver
disease®®, Consequently, the persistence of high sMICA
levels from the early to later stages may result in the
establishment of CHB infection and the initiation of liver
cirrhosis and HCC.

In CHB infection, NKG2D expression on intrahepatic
virus-specific CD8" T cells is shown to be essential in the
recognition of virus-infected hepatocytes through the
up-regulation of IL-15PY, More specifically, increased
NKG2D expression provides a co-stimulatory signal in
TCR-mediated CD8" T cell activation. Enhanced NKG2D
and IL-15 expression may act in a way to lower the
activation threshold of effector CD8" T cells, and hence
to allow the efficient recognition of hepatocytes that
express low levels of viral antigens®!. In accordance
with these findings, down-regulation of NKG2D and co-
stimulatory receptor 2B4 on circulating NK cells has
been associated with the impaired function of NK cells
in CHB patients®?. On the other hand, hepatic NK cell-
mediated killing through NKG2D recognition in CHB
infection induces the development of liver fibrosis and
hepatic damage. NKG2D activation through the over-
expression of NKG2DL on the infected hepatocytes
is shown to prime them to become a target for NK
cell-mediated killing and to lead to the subsequent
development of liver injury™. In addition, in a transgenic
mouse model, NK cell activation via the up-regulation
of RAET-1 or MULT-1 on hepatocytes was shown to
account for the oversensitive autoimmune hepatocyte
injury, with NK T cells working as helpers necessary for
NK cell activation®*.

NKG2DL EXPRESSION IS INHIBITED IN

HBV-INDUCED HCC

NK and T cell activity is repressed during HCC
progression and NKG2D recognition of tumor cells is
implicated in the process. MIC molecules are highly
expressed in transformed cells and contribute in tumor
immune surveillance by promoting antitumor NK and
T cell responses™!, Tumor cells have also developed
strategies to escape NKG2D immunity by the down-
regulation of NKG2DL™®. Our unpublished data and
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others demonstrated that HBV infection represses MICA
expression in the liver of CHB patients and on hepatic
tumor cell lines™*, Inhibition of viral replication in HBV-
expressing HCC cells in transgenic mice is reported to
restore MICA expression and to induce NK-cell mediated
cytolysis?®**, In addition, increased levels of sMICA
released from the surface of tumor cells in CHB patients
have been shown to sequester NKG2D in the cytoplasm
and to inhibit cell-surface NKG2D expression and
effector functions in malignant tumors*®***), Therefore,
a tumor-specific expression pattern of MICA exists in
HBV-induced HCC, while NK cells recognize hepatoma
cells via MICA-NKG2D interaction. The reduced MICA
expression by HBV weakens the immune surveillance
of NK cells in chronic infection while the overexpression
of sMICA by HCC cells inhibits NKG2D function leading
to the impairment of NK and T cells. The persistence
of high sMICA levels at the late stages of CHB infection
contributes to liver cirrhosis and HCC evasion™”.

NKG2DL POLYMORPHISMS ASSOCIATE

WITH HBV PERSISTENCE

NKG2DL are highly polymorphic, more than 70 alleles
have been identified for the MICA gene and more than
30 alleles for the MICB gene™*. Interestingly, allelic
variants of these ligands have been shown to bind to
NKG2D receptor with different affinities resulting in
different degrees of activation to promote NKG2D-
mediated responses. Differential distribution of MICA
alleles affects the outcome of HBV infection and HCC
development. Homozygous genotype MICA-175Ser/
Ser, allele MICA-175Ser, haplotypes, as well as the
microsatellite polymorphisms associate with CHB
infection®. Among the MICA variants, MICA*015 allele
is characterized by high affinity to NKG2D and has been
correlated with HBV persistence in a small cohort of
patients™'. A non-synonymous substitution in exon 3
(MICA-129Met/Val) is known to play a distinct role in
NKG2D binding: MICA-129Met is strong binder while
MICA-129Val is a weak binder**?. The genotype MICA-
129Met/Met and the allele MICA-129Met are reported
to increase the risk of HBV-induced HCC™*®!. Notably,
strong binding of the MICA-129 Met allele to NKG2D can
induce the shedding of sMICA and subsequent NKG2D
inhibition, resulting in impaired NK and T cell activity
and promoting tumor evasion. However, alleles that
contribute to lower sMICA levels are also risk factors
for HCC occurrence. This could be explained by the
fact that individuals with these risk alleles would also
express low levels of membrane-bound MICA leading
to a poor recognition of tumor cells™*? or the shedding
of sMICA may be influenced by these risk alleles during
immune surveillance. Nevertheless, differential binding
between NKG2D and the MICA protein as well as the
MICA shedding process plays a pivotal role in tumor
surveillance in HBV infection.
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NKG2DLS POST-TRANSCRIPTIONAL
REGULATION BY HBV

Numerous finding including our own observations
show that different cells and tissues express mRNA
for NKG2DL but may lack the expression of NKG2DL
proteins, indicating that at least some NKG2DL are
regulated post-transcriptionally. Indeed, a group of
endogenous cellular microRNAs (miRNAs) have been
identified that bind to the 3'-untranslated region (3'-UTR)
of MICA and MICB and repress their translation***,
In addition, MICA and MICB expression is upregulated
upon silencing of Dicer, a key protein in the miRNA
processing pathway™. HBV as well as HBsAg and HBx
viral proteins are reported to deregulate a number of
cellular miRNAs™**”), HBsAg was shown to repress
the expression of MICA and MICB in HCC cells by
inducing 142 cellular miRNAs via targeting 3'-UTRs of
their mRNAs and therefore enhancing the resistance
of HCC cells to NKG2D-mediated cytolysis®®. This
down-regulation was shown to be partially restored by
inhibiting the activities of HBsAg-induced miRNAs™?.
These findings suggest that HBsAg prevents NKG2D-
mediated elimination of HCC cells by inducing cellular
miRNAs to inhibit MIC expression.

CONCLUDING REMARKS

The NKG2D receptor plays an important role in the
outcome of HBV infection but the exact mechanisms
involved are still elusive. We know that the NKG2D-
induced elimination of infected hepatocytes via NKG2DL
upregulation can be both protective by inducing viral
clearance via NK activation early in infection and
harmful by leading to susceptibility to liver injury later in
infection. A tumor-specific pattern of MICA expression
exists in CHB infection. MICA proteins are expressed
both as membrane-bound MICA and in soluble form
and the shedding of MICA is crucial in NKG2D-mediated
responses to tumor. HBV can induce tumor invasion by
down-regulating MICA expression on the cell surface
of tumor cells and hence weakening NK surveillance
while the persistence of high sMICA levels from the
early to later stages of chronic infection can result to the
initiation of liver cirrhosis and HCC. The NKG2D-MICA
interaction may serve as an efficient innate pathway of
immune surveillance against HCC and tumor evasion in
CHB infection.

NKG2DLs ligands are highly polymorphic. MICA allelic
variants bind with variable affinity to NKG2D resulting
in differential SMICA shedding and activation of NKG2D-
mediated responses. A number of MICA polymorphisms
have been identified to be risk factors in HBV-induced
HCC occurrence. HBV and its viral products are shown to
control the expression of NKG2DLs in HCC development
by regulating cellular miRNAs. Since HBV replicates less
in tumor tissues than in adjacent non-tumor tissue,
is possible that decreased MIC expression in HCC
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tissues is the consequence of down-regulation of HBV-
encoded proteins, such as HBsAg, which can control the
expression of the cellular miRNAs. Post-transcriptional
regulation of miRNAs has the advantage that NKG2DL
are already transcribed and thus, upon infection, they
can be rapidly expressed. In human cytomegalovirus
(HCMV) infection, immediate-early proteins are able
to display histone deacetylases, which induce the
transcription of MICA and MICB mRNA™®., HBV is known
to compromise host’s epigenetic processes and particularly
to induce the recruitment of histone deacetylases onto
HBV covalently closed circular DNA minichromosome!*.,
Similar to HCMV, is possible that HBV can influence
NKG2DL expression post-transcriptionally by modulating
the accumulation of histone deacetylases. A detailed
characterization of the molecular players that link the
HBV stimuli to the transcription of NKG2DL will be critical
to advance our knowledge on how HBV circumvents the
host’s immunity. The manipulation of ligand expression
shows many promises therapeutically. Understanding
the mechanisms of NKG2D pathways will provide new
insight on chronic HBV immunopathogenesis and HCC
development and can lead to possibilities of developing
effective treatment strategies.
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Abstract

Our understanding of hepatitis B virus (HBV) reactiva-
tion during immunosuppresive therapy has increased
remarkably during recent years. HBV reactivation in
hepatitis B surface antigen (HBsAg)-positive individuals
has been well-described in certain immunosuppressive
regimens, including therapies containing corticosteroids,
anthracyclines, rituximab, antibody to tumor necrosis
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factor (anti-TNF) and hematopoietic stem cell trans-
plantation (HSCT). HBV reactivation could also occur in
HBsAg-negative, antibody to hepatitis B core antigen
(anti-HBc) positive individuals during therapies containing
rituximab, anti-TNF or HSCT.For HBsAg-positive patients,
prophylactic antiviral therapy is proven to the effective
in preventing HBV reactivation. Recent evidence also
demonstrated entecavir to be more effective than
lamivudine in this aspect. For HBsAg-negative, anti-
HBc positive individuals, the risk of reactivations differs
with the type of immunosuppression. For rituximab, a
prospective study demonstrated the 2-year cumulative
risk of reactivation to be 41.5%, but prospective data
is still lacking for other immunosupressive regimes. The
optimal management in preventing HBV reactivation
would involve appropriate risk stratification for different
immunosuppressive regimes in both HBsAg-positive and
HBsAg-negative, anti-HBc positive individuals.

Key words: Hepatitis B virus; Antibody to hepatitis B
core antigen; Hepatitis B surface antigen; Rituximab;
Antigen CD20; Hematopoietic stem cell transplantation;
Antibody to tumor necrosis factor; Occult

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) reactivation not only
occurs in hepatitis B surface antigen (HBsAg)-positive,
but also in HBsAg-negative, antibody to hepatitis B
core antigen positive individuals. Immunosuppressive
therapies with increased risk of HBV reactivation include
corticosteroids, anthracyclines, rituximab, antibody
to tumor necrosis factor and hematopoietic stem cell
transplantation. The decision between prophylactic
antiviral therapy vs routine clinical monitoring would
involve appropriate risk stratification for individual types
of immunosuppressives regimes.
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suppressive therapy: Appropriate risk stratification. World J
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INTRODUCTION

The introduction of nucleoside analogue therapy has
revolutionized the management of chronic hepatitis B
(CHB). The current first-line therapies of entecavir and
tenofovir, if taken long-term, can bring about potent
virologic suppression™, improve liver histology***!, and
reduce cirrhotic complications'™*, with low risk of resistance
development®”), Nonetheless, the efficacy of nucleoside
analogue therapy remains suboptimal in one distinct
clinical entity: hepatitis B virus (HBV)-related acute-on-
chronic liver failure™, in which the 3-mo survival rates
were only 40%-57%"'". Reactivation of HBV during
immunosuppressive therapy, if caught unaware, could
present as acute-on-chronic liver failure, signifying the
importance of management strategies directed towards
preventing HBV reactivation.

The dangers of HBV reactivation are not only limited
to hepatitis B surface antigen (HBsAg)-positive patients,
but could also involve HBsAg-negative, antibody to
hepatitis B core antigen (anti-HBc) positive individuals.
Unfortunately, despite the accumulating evidence in this
field, the global oncology community remains divided
on the need of routine screening of HBV serology prior
to immunosuppressive therapy™*?, This editorial aims
to provide a literature update as well as management
recommendations for preventing and controlling HBV
reactivation during immunosuppressive therapy.

IMMUNOSUPPRESSIVE THERAPIES
WITH INCREASED RISK OF HBV
REACTIVATION

Not all immunosuppressive therapies have been proven
to be associated with HBV reactivation - the asso-
ciation is in fact limited to a selected few regimens.
Corticosteroids is a well-known risk factor, in which the
presence of prednisolone in chemotherapy regimens for
HBsAg-positive lymphoma patients would increase the
risk of HBV reactivation by 36%!"*. HBV reactivation is
also possible in patients treated with steroids for non-
malignant conditions, especially when the therapy
duration is at least 3 mo or when the steroid dose is
equivalent to 20 mg of prednisolone per day™. The
monoclonal antibodies against B cell surface antigen
CD20 (anti-CD20), rituximab and ofatumumab, could
also enhance the chances of HBV reactivation, with
rituximab resulting in more than five-fold increase™.
More importantly, HBV reactivation could occur up to
one year or more after cessation of rituximab™®”’,
Other biologics, including monoclonal antibodies
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against tumor necrosis factor (anti-TNF), e.g., infliximab,
adalimumab and etanercept have been demonstrated
to have a 35% HBV reactivation rate in HBsAg-positive
patients with rheumatoid arthritis, inflammatory bowel
disease and other non-malignant conditions'*®!. Other
agents proven to increase the risk for HBV reactivation
include transarterial chemo-embolization (TACE) for
hepatocellular carcinoma'®, hematopoietic stem cell
transplantation (HSCT)®®, methotrexate!®", anthra-
cyclines”, and other biologic agents including tyrosine
kinase inhibitors'® and ustekinumab™ (Table 1).

HBSAG-NEGATIVE, ANTI-HBC POSITIVE
HBV REACTIVATION

HBV reactivation is also possible in HBsAg-negative
individuals who have occult HBV infection - defined
as HBsAg-negativity but with detectable HBV DNA
in serum or liver®!, Such individuals could had CHB,
achieved HBsAg seroclearance, but with intrahepatic
HBV DNA remaining™. They may or may not possess
serum antibody to the hepatitis B surface antibody
(anti-HBs), with the only positive serologic marker
being anti-HBc, indicating past HBV exposure.

HBV reactivation in HBsAg-negative, anti-HBc
positive patients has been extensively reported in
rituximab-containing chemotherapy (Table 2). Previous
retrospective studies reported a reactivation rate of 8.9%
to 23.8%'"7?"?®1, This large variability could be due to
the lack of regular serologic and virologic monitoring,
with only HBV reactivation noted when biochemical
hepatitis (a late event) occurred. Two recent prospective
studies described the risk of HBV reactivation in better
detail. The first, when using multiple virologic endpoints,
found the rate of reactivation to vary from 11.3% to
18.9%'**!, The second, when defining detectable HBV
DNA (> 10 IU/mL) as HBV reactivation, found the
cumulative 2-year reactivation rate to be 41.5%. This
second study also found patients with negative anti-HBs
to have a higher cumulative rate of reactivation than
those with positive anti-HBs (68% vs 34% at 2 years
respectively)®. Patients with detectable HBV DNA all
responded well to entecavir, with no cases of hepatitic
flares.

HBV reactivation has also been reported in HBsAg-
negative anti-HBc-positive patients undergoing HSCT.
Retrospective studies again found variable rates of
reactivation (8.9% to 19.7%)**?, again limited by the
lack of routine clinical monitoring. Nonetheless, HBV
reactivation could occur many months (up to 47 mo)
after HSCT, indicating prolonged clinical monitoring
would be needed post-HSCT to ensure early detection of
HBV reactivation. The preliminary results of an ongoing
prospective study found HBsAg-negative, anti-HBc
positive HSCT recipients developing graft-vs-host disease
to have an increased chance of HBV reactivation® -
these results would need further validation.

Anti-TNF therapy could also increase the risk of

April 28,2015 | Volume 7 | Issue6 |



Table 1 Immunosuppressive regimens known to increase risk

of hepatitis B virus reactivation

HBsAg-positive HBsAg-negative
Anti-HBc positive

Anti-CD20 (e.g., rituximab)

Corticosteroids

Anti-CD20 (e.g., rituximab) HSCT

HSCT Anti-TNF

Anti-TNF TACE for hepatocellular carcinoma
Anthracyclines Methotrexate

TACE for hepatocellular carcinoma
Methotrexate

Ustekinumab

Tyrosine kinase inhibitors

HBsAg: Hepatitis B surface antigen; Anti-HBc: Antibody to hepatitis B
core antigen; Anti-CD20: Antibody against CD20; Anti-TNF: Antibody
against tumor necrosis factor; TACE: Transarterial chemo-embolization;
HSCT: Hematopoietic stem cell transplantation.

HBV reactivation in HBsAg-negative, anti-HBc positive
patients, although when compared to HBsAg-positive
patients, reactivation rates were much lower (1.7%
to 5%)M"*83%, Other regimens known to be associated
with HBV reactivation among HBsAg-negative, anti-
HBc positive patients include TACE for hepatocellular
carcinoma®! and methotrexate™® (Table 1).

RECOMMENDED STRATEGY TO
MANAGE HBV REACTIVATION

Screening for HBsAg and anti-HBc prior to
immunosuppressive therapy

Despite the lack of consensus among the global
oncology community**?, current guidelines from inter-
national liver societies®**”! recommend mandatory
screening for serum HBsAg and anti-HBc prior to all
forms of immunosuppressive therapy. Screening would
be particularly important in HBV-endemic regions, and
is cost-effective™®.

Prophylactic nucleoside analogue therapy for HBsAg-
positive individuals

The provision of concomitant nucleoside analogue
therapy at the commencement of immunosuppression
has been demonstrated to be effective in reducing
the risk of HBV reactivation for both hematological
malignancies and solid-organ tumors®®!. For most
immunosuppressive regimes, nucleoside analogue
therapy should be kept until at least 6 mo after the last
dose of immunosuppressive therapy. The exception is
rituximab, with nucleoside analogue therapy continued
until at least 12 mo after completion of rituximab-
containing chemotherapy™?.

In terms of the choice of nucleoside analogue for
prophylactic therapy, lamivudine has been used most
extensively, achieving a 79% risk reduction on HBV
reactivation™®, The disadvantage of lamivudine is its low
genetic barrier to resistance!”, such that it is no longer a
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recommended first-line treatment for CHB. Hence, the
two first-line therapies, i.e., entecavir or tenofovir, both
with a high genetic barrier to resistance should be used
instead™®”), This is supported by a recent randomized
controlled trial demonstrating entecavir to be superior
to lamivudine in the prevention of HBV reactivation
among HBsAg-positive individuals undergoing rituximab-
containing chemotherapy™".

Prophylactic nucleoside analogue therapy with a
finite therapy duration should be only for CHB patients
with quiescent disease, as indicated by baseline HBV
DNA < 2000 IU/mL. For CHB patients with baseline
HBV DNA = 2000 IU/mL, long-term nucleoside
analogue therapy should be considered to reduce the
risk of liver-related complications associated with high
viral loads™***,

Monitoring HBsAg-negative, anti-HBc positive
individuals

Defining the optimal management strategy for HBsAg-
negative, anti-HBc positive individuals is more difficult. A
randomized controlled trial did demonstrate the efficacy
of prophylactic nucleoside analogue therapy during
rituximab-containing chemotherapy™*. Nonetheless,
within the HBsAg-negative anti-HBc positive population,
HBV reactivation seemed to occur only among specific
immunosuppressive regimes (Table 1). The risk of HBV
reactivation among certain therapies is also low (e.g., <
5% during anti-TNF therapy). Another factor to consider
is the seroprevalence of anti-HBc, which could be >
40% among HBV-endemic regions in East Asia**,
Hence, the universal provision of prophylactic nucleoside
analogue therapy for all immunosuppressive regimens
might not be cost-effective.

Currently, the regular monitoring of serum HBV DNA
would probably be the preferred strategy. The optimal
interval of monitoring is uncertain - a suggestion would
be for every 1-3 mo®®, although there is no high-quality
data to support this. Prophylactic nucleoside analogue
therapy can still be considered for specific population
groups, e.g., anti-HBs negative patients undergoing
rituximab-containing chemotherapy™®,

FUTURE DIRECTIONS

More studies would be needed for risk stratification.
Can the current data in HBsAg-positive patients be
extrapolated to all forms of immunosuppressive therapy?
There is a paucity of data concerning HBV reactivation
among traditional immunomodulators, e.g., azathioprine,
thalidomide or methotrexate. Other immunosuppressive
agents lacking HBV reactivation data include non-steroid
or anthracycline-containing chemotherapeutic regimens,
monoclonal antibodies other than anti-CD20 or anti-
TNF, epidermal growth factor receptor inhibitors and
proteasome inhibitors. If current guidelines continue
to emphasize prophylactic HBV therapy for all forms of
immunosuppression, then cost-effective studies would be
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Table 2 Rates of hepatitis B virus reactivation during rituximab-containing chemotherapy in

hepatitis B surface antigen-negative, antibody to hepatitis B core antigen positive individuals

as described by various studies

Study region Study nature

No. of patients HBV reactivation rate Definition of HBV reactivation

Hong Kong"”  Retrospective 23 23.8%
Japan Retrospective 56 8.9%
Asia-Pacific®™  Retrospective 178 9.6%
Taiwan®” Prospective 150 11.3%-18.9%
Hong Kong"" Prospective 63 41.5%

HBsAg seroreversion
HBsAg seroreversion
HBsAg seroreversion

Multiple virologic endpoints

Detectable HBV DNA

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

needed to justify their usage.

For HBsAg-negative, anti-HBc positive individuals
undergoing rituximab-containing chemotherapy, the
discrepancies in reactivation rates from previous studies
(Table 2) could indicate not all cases of HBV reactivation,
when defined as detectable serum HBV DNA, would end
up being clinically relevant. In addition, prospective data
is still needed to clearly define the risk of HBV reactivation
among HSCT and anti-TNF therapy, as well as to identify
additional risk factors besides anti-HBs status.

Hopefully, future studies in these directions would
help in stratifying the risk of HBV reactivation among
different immunosuppressive regimes and improve
disease outcomes of HBV-infected individuals undergoing
immunosuppressive therapy.
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Abstract

Hepatitis C virus (HCV) has infected over 170 million
people worldwide and creates a huge disease burden
due to chronic, progressive liver disease. HCV is a single-
stranded, positive sense, RNA virus, member of the
Flaviviridae family. The high error rate of RNA-dependent
RNA polymerase and the pressure exerted by the host
immune system, has driven the evolution of HCV into
7 different genotypes and more than 67 subtypes. HCV
evolves by means of different mechanisms of genetic
variation. On the one hand, its high mutation rates
generate the production of a large number of different
but closely related viral variants during infection, usually
referred to as a quasispecies. The great quasispecies
variability of HCV has also therapeutic implications since
the continuous generation and selection of resistant or
fitter variants within the quasispecies spectrum might
allow viruses to escape control by antiviral drugs. On
the other hand HCV exploits recombination to ensure its
survival. This enormous viral diversity together with some
host factors has made it difficult to control viral dispersal.
Current treatment options involve pegylated interferon-a
and ribavirin as dual therapy or in combination with a
direct-acting antiviral drug, depending on the country.
Despite all the efforts put into antiviral therapy studies,
eradication of the virus or the development of a preventive
vaccine has been unsuccessful so far. This review focuses
on current available data reported to date on the genetic
mechanisms driving the molecular evolution of HCV
populations and its relation with the antiviral therapies
designed to control HCV infection.

Key words: Recombination; Quasispecies; Hepatitis C
virus; RNA; Evolution; Antiviral therapy

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) is the major causative
agent of parenterally-acquired hepatitis. To date there is
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no preventive vaccine, and though antiviral therapy has
been improved in the past few years, not all patients
eradicate the virus as a result of it. The main reason
lies in the intrinsic genetic variability that characterises
RNA viruses, such as HCV, whose RNA polymerase
lacks proof-reading activity, leading to a high mutation
rate and the generation of a wide range of genome
variants better known as a quasispecies. Therefore this
review summarises current data on HCV quasispecies
dynamics, antiviral therapy and recombination events.

Echeverria N, Moratorio G, Cristina J, Moreno P. Hepatitis C
virus genetic variability and evolution. World J Hepatol 2015;
7(6): 831-845 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i6/831.htm DOT: http://dx.doi.org/10.4254/
wijh.v7.i6.831

INTRODUCTION

Hepatitis C virus (HCV) has infected over 170 million
people worldwide and therefore creates a huge disease
burden due to chronic, progressive liver disease!".
Infections with HCV have become a major cause of liver
cancer and one of the most common indications for liver
transplantation®®., The fact that chronic infection with
HCV can lead to cirrhosis and hepatocellular carcinoma
creates the need to develop drugs that effectively
eradicate the infection™ and a prophylactic vaccine that
prevents its dissemination. Unfortunately, to date there
is no effective vaccine available’®. Currently, the standard
of care (SOC) therapy involves pegylated interferon o
(INF-a-peg) and ribavirin (RBV)™. In addition, the new
SOC (NSOC) therapy of protease inhibitors boceprevir or
telaprevir in combination with INF-a-peg and RBV have
been approved for the eradication of HCV genotype 1 in
the United States, Europe and Japan®**.. Unfortunately,
interferon is not widely available globally, not always
well tolerated and some genotypes of HCV respond
better than others causing that not all patients achieve
a sustained virological response (SVR)™2, Other adverse
events such as rash have also been associated with the
NSOC™..

The main route of transmission is direct or indirect
exposure to contaminated blood, either through blood
transfusions or blood products, through the consumption
of intravenous drugs, use of surgical material poorly
sterilized, organ transplants, accidents in health centres,
vertical transmission from mother to child, etc.!*”

HCV is a member of the family Flaviviridae, although
it differs from other members of this family in many
details of its genome organization'!. HCV is a single-
stranded, positive sense, RNA virus with a genome
of approximately 9600 nucleotides in length. Most of
the genome carries a single open reading frame that
encodes three structural (core, E1, E2) and seven
non-structural (p7, NS2, NS3, NS4A, NS4B, NS5A,
NS5B) proteins (Figure 1)"**!, In addition, alternative

Raishidenge ~ WJH | www.wjgnet.com

832

translation products (F protein) have been detected
from a reading frame overlapping the core gene (core
+ 1/ARFP)!*®'7) possible roles in regulation of gene
expression, cell signalling and apoptosis have been
suggested*®?°!, Short untranslated regions at each
end of the genome (5-NCR and 3’-NCR) are required
for its translation and replication®??, The mechanism
of translation initiation is dependent on an internal
ribosomal entry site in the 5-NCR, which interacts
directly with the 40S ribosomal subunit™®.

The high error rate of RNA-dependent RNA poly-
merase and the pressure exerted by the host immune
system, has driven the evolution of HCV towards the
development of a global diversity that revealed the
existence of seven genetic lineages (genotypes 1 to
7) (Figure 2)P%. On average, the complete genome
differs in 31%-33% of nucleotide sites'. Genotypes
1 to 6 of HCV contain a series of more closely related
sub-types (67 accepted subtypes and many more to
be confirmed) that typically differ from each other by
at least 15% in nucleotide positions within the coding
region®®, Subtypes 1a, 1b and 3a are widely distributed
and account for the vast majority of infections in Western
countries!".

HCV genetic variability is not evenly distributed
across the viral genome. The regions of the genome
that correspond to essential viral functions (such as
those involved in translation and replication) or those
with major structural domains (5-NCR and 3’-NCR)
are the most conserved. The 5-NCR region is the most
conserved region of the genome with 90% sequence
identity between distant strains®®>*®". The region encoding
the viral capsid is also highly conserved with 81%-88%
sequence identity between different isolates. The most
variable region of the genome is the one that codes
for the membrane glycoproteins E1 and E2®”). The
sequences belonging to the hypervariable regions 1
and 2 (HVR1 and HVRZ2) of E2 gene are the ones that
show less sequence homology with only 50% identity
between different isolates®®!. Factors that may contribute
to high genetic variability of these viruses include large
population sizes, short generation times and high
replication rates®.

An important breakthrough in the treatment of
chronic HCV infection was undoubtedly the introduction
of alpha interferon (IFN-a) plus RBV as combination
therapy'”’. However, the rate of sustained virological
response is still unsatisfactory®*>", particularly in
patients infected with genotype 1%, the most prevalent
in many geographic regions of the world***. Although
IFN-a is effective in reducing the viral load, complete
eradication of the virus is achieved in less than 20% of
patients treated with IFN-o, alone®. In those patients
who initially respond to IFN-q, ribavirin helps increasing
the frequency of virus eradication, yet its effect on
non-responder patients is still limited”’. Although
viral genotype and viral load, as well as serum HCV
RNA clearance during therapy are definitely related to
response, further insight into viral factors involved in
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Figure 1 Organisation of hepatitis C virus genome and hepatitis C virus polyprotein processing. Schematic representation of the 9.6 kb positive-stranded
RNA genome. Simplified RNA secondary structures in the 5" and 3’ non-coding regions (NCRs) are shown. Internal ribosome entry site (IRES)-mediated translation
produces a polyprotein precursor that is processed into the mature structural and non-structural proteins. Nucleotide positions are shown by numbers on the
upper part of the scheme. Amino acid positions are shown by numbers in the lower part of the scheme. The coding region is depicted by rectangles showing the
corresponding encoded proteins. Solid arrowheads denote cleavages by the endoplasmic reticulum signal peptidase. The open arrowhead indicates further C-terminal
processing of the core protein by signal peptide peptidase. Red stars indicate cleavages by the hepatitis C virus NS2 and NS3-4A proteases.

new advances in what respects to triple therapy, it is
worth to note that a wide range of different DAAs are
currently under clinical trials aiming at all-oral IFN-free
regimenst***},

Genotype 3

Genotype 7

MUTATIONS AND QUASISPECIES
DYNAMICS

HCV evolution is a highly dynamic process™*®. Like most
RNA viruses, HCV exploits all possible mechanisms of

Figure 2 Evolutionary tree of the seven genotypes and all known subtypes genetic variation to ensure its survival. Mutation at the

Genotype 4

Genotype 5
Genotype 1

of hepatitis C virus. The tree was constructed using the maximum likelihood nucleotide level seems to be the main cause of genetic
method using GTR + | + G (general time-reversible substitution model considering variation in RNA viruses, such as HCV. These mutations
invariable sites and gamma distribution) as the nucleotide substitution model are primarily generated by an error-prone, non-pro-

thatl best fitted the data using a 307-nucleot|<lie sequence from the NSSB-cod|ng ofreading RNA-dependent RNA-polymerase which directs
region. Sequences used for the construction of this phylogenetic tree were

exiracted from Yusim ef af'™. the replication of the virus genetic material™*!, The
mutation rate of HCV, estimated at 10™ substitutions per
site and round of replication®”, is among the highest for
RNA viruses including retroviruses™", and would seem
to be high enough to generate all the genetic variation
found in this virus. Due to this feature and to the high
replication rate of HCV, a large number of different but
closely related viral variants are continuously produced
during infection. These circulate in vivo as a complex

therapeutic responsiveness is still necessary'?’), The
different genotypes and subtypes vary in their responses
to treatment with INF-a or INF-o/RBV. As mentioned
above, only 10%-20% of individuals chronically infected
with HCV genotype 1 treated with IFN-o. monotherapy
and 40%-50% of those treated with combination

therapy (INF-a/RBV) exhibit a complete and permanent population commonly referred to as a quasispecies™ .

disappearance of the virus. These percentages are The idea of quasispecies was first used by Eigen et
lower than rates of 50 and 70%-80%, respectively, 5559 t5 refer to the first self-replicating structures.

observed in the treatment of patients infected with Originally conceived as a mathematical framework
HCV genotypes 2 or 3*". Despite these facts, the use  formulated to explain the evolution of life in the “pre-
of INF-a-peg has been associated with a significant cellular RNA world”®"! quasispecies theory is based
increase in these rates". on classical population genetics, but seeks to explore

Two inhibitors of the NS3/4A serine protease,  the consequences of error-prone replication and
boceprevir (BOC) and telaprevir (TVR) have demon- near-infinite population sizes for genome evolution.
strated potent inhibition of HCV genotype 1 replication  More recently, quasispecies theory has been used to
and markedly improved SVR rates in treatment-naive  describe the evolutionary dynamics of RNA viruses'®.
and treatment-experienced patients”. Nowadays the ~ These structured populations also possess a high
NSOC therapy for genotype 1, chronic HCV infection is mutation rate which would lead to the existence of
the use of BOC or TVR in combination with INF-a-peg a complex mixture of different but related genomes

and RBVP7* Additionally, two other direct antiviral that would behave as a selection unit (Figure 3). At a
drugs (DAAs), simeprevir (protease-inhibitor)*" and particular point of infection, the HCV quasispecies viral
sofosbuvir (nucleotide analogue of the NS5B RNA- distribution reflects the balance between the continued

polymerase)™*? have been recently approved for triple generation of new variants, the need to preserve
therapy in the United States and Europe. Despite these essential viral functions and the positive selective

Raishidenge ~ WJH | www.wjgnet.com 833 April 28,2015 | Volume 7 | Issue6 |



Echeverria N et a/. Hepatitis C virus genetic variability

@ "Parental" viral genome

|

Genome variants

-4+ - e 1% replication cycle
with point mutations “+ P ¥
nt ~
* nd —
- PY 2" replication cycle
e

Quasispecies "Cloud"

- -\ ¢
- ¢ timip
- J »
a
o LU -
- > R o _—
- [ ] n replication cycle
Lo +
4
x +
S ol
» X . x
lvl-
+ix X

Figure 3 Viral quasispecies. A virus replicating with a high mutation rate will
generate a diverse mutant repertoire over the course of a few generations.
In this schematic representation, a “parental” viral genome (black filled circle)
gives rise to different variants (coloured squares, prisms and stars), each linked
to another one by a point mutation. The concentric circles represent replication
cycles. The resulting distribution is often referred to as quasispecies “Cloud”.

pressure exerted by the environment!®®, It is important
to highlight that multiple viral quasispecies co-exist in
infected individuals at different replicative sites and in
consecutive times, which offers a rich environment for
intra and inter quasispecies interactions.

The theory of quasispecies predicts that a particular
mutant surrounded by a more favourable mutant spectrum
(more related) can dominate another one with better
fitness. This phenomenon has been called suppressive
effect. This suppressive or interfering effect of the mutant
spectrum rises along with the mutation rates in viral
quasispecies, as has been suggested by the strong
suppressive effect in infectivity that viral populations
have near to extinction®. It has been proposed that
interference generated by defective genomes contributes
to viral extinction due to an increased mutagenesis
rate. We can also see the opposite effect: genome com-
plementation between different components of the
mutant spectrum, which demonstrates that the behaviour
of quasispecies cannot be understood solely as the sum
of individual behaviours®®!. Because of this, quasispecies
is defined as a dynamic distribution of genomes subject
to variation, competition and selection, and that act as
a selection unit. This means that the quasispecies as a
whole, instead of a particular viral variant, is the target of
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the selection process™®>**%,

As mentioned before, low fitness variants can be
preserved at higher than expected frequencies just
because they are coupled to a well represented higher
fitness genotype in sequence space. One of the defining
characteristics of a quasispecies is the phenomenon
of mutational coupling, as it places individual mutants
within a functional network of variants®®”. The elevated
mutation rates in RNA viruses mean that a fast replicator
will generate genetically diverse progeny, many of which
will be significantly less fit than the parent. As a result,
quasispecies theory predicts that slower replicators will
be favoured if they give rise to a fitter progeny™®”.

One of the consequences of quasispecies dynamics
is the existence of a threshold error to the preservation
of genetic information®”. When the error rate exceeds
a tolerable limit (related to genome size, fitness and
population size of the quasispecies) distribution collapses
and the nucleotide sequence loses its information. This
transition is known as the entrance to catastrophic
error and its application to viral extinction through
mutagenesis is called lethal mutagenesis®”. There are
experimental evidences that show that RNA viruses
replicate very closely to this threshold error and that an
increase in mutation rates can have a negative impact on
the viability of viral populations.

The theory of evolution predicts that, in a dynamic
environment, high mutation rates are favoured, and
therefore viral error rates may have been optimized by
natural selection®®®”, For RNA viruses, low replicative
fidelity generates a diverse population of variants.
Even though many of these variants are generally less
fit, they may take over if an unexpected change in
environment occurs, such as immune pressure, shifting
the corresponding fitness landscape. On the contrary, a
homogeneous population, generated by high replicative
fidelity, would lack this flexibility and might be less
successful in the dynamic host environment. Experimental
support for this hypothesis has been provided by two
different groups”®’". They isolated a poliovirus variant,
resistant to ribavirin, which had a single amino acid
substitution in the viral polymerase. This mutant exhibited
a moderate resistance to lethal mutagenesis and assays
for selectable markers indicated that this population had
a lower mutation rate and it consequently displayed less
genetic diversity. More recently, Vignuzzi et a’* (2008)
proposed that this attenuated high fidelity variant could
be employed for vaccine development.

High mutation rates and quasispecies dynamics
confer great adaptability to RNA viruses and represent
one of the major obstacles for the control and prevention
of RNA viral diseases™ 7%, The great quasispecies
variability of HCV has also therapeutic implications since,
by means of generating and selecting fitter variants
within the quasispecies cloud, viruses might escape
control by antiviral drugs”*. The way HCV quasispecies
evolves is highly dynamic, and for this reason, the
complexity of the genetic information gathered from
quasispecies populations cannot be accurately analysed
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by a unique analytical tool”™ . The three parameters
most commonly used to determine the complexity of the
quasispecies mutant spectrum are: mutation frequency
(defined as the proportion of mutated nucleotides
within a genome distribution relative to the consensus
sequence), Shannon entropy (defined as the proportion
of different genomes within a mutant distribution) and
Hamming distance (defined as the number of mutations
that differentiate two sequences within the mutant
spectrum)?’**, The average of all the comparisons
between possible pairs reflects the genetic complexity
of quasispecies®, As stated previously, a fundamental
feature of viral quasispecies, predicted from quasispecies
theory, is that the target of selection is the mutant
distribution as a whole rather than an individual genome.
Selective transmission of predominant and minor HCV
quasispecies has been shown in humans”®®® and in
experimentally infected chimpanzees®®?, Further
understanding of quasispecies dynamics in infected
individuals is necessary to gain knowledge on how to
apply virus-specific drugs and to identify key parameters
that are critical for the development of effective antiviral
strategies”™!. The genetic variability within quasispecies
level has been frequently used as a predictor of the
response to antiviral therapy'®. Several studies have
reported that genetic diversity within different regions
of HCV genome before combined therapy with INF/RBV
was higher in non-responders than in responderst>®*%,
Nevertheless, Cristina et a/** (2007) showed that
the response to antiviral therapy is independent from
genetic variability within quasispecies populations at the
beginning of therapy. Ueda et af*®' (2004) reported that
during combined therapy with INF/RBV, HCV quasispecies
significantly decreased in non-responders. However,
another study showed that populations fluctuate along
therapy, in treated patients that achieved a sustained
virological response as well as in those non-responders.
This would indicate that these fluctuations are intrinsic
to each patient and that HCV follows different evolution
paths in different patients!™. The variations in the results
obtained by the different research groups might be
caused by different methodological approaches used to
study the real variability within circulating quasispecies
populationst™!, Another explanation to this might be
that in viral populations with a high degree of genetic
variability, the probability of finding variants that would
replicate effectively in the presence of antiviral drugs is
high. Despite this, those populations with lower variability
degree might also present these types of resistant
variants, though in lower probability. Likewise, given
the stochastic nature of this phenomenon, the opposite
situation might as well occur in these two same cases®™.,
These correlations can probably mask the expected one
between genetic variability and response to treatment,
thus providing no conclusive results on these matters.

In addition to the multiplicity of viral genetic factors
reported so far, host factors have also shown to be
involved in the development of HCV infection. Since
2009, several single nucleotide polymorphisms (SNP)
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have been reported near the interleukin 28B gene
(IL-28B) that influence response to dual antiviral
therapy™ %, However, it was not until 2011 that the
relationship between HCV quasispecies diversity and
the host IL-28B genotype was investigated!. Their
results evidenced a clear association between IL-28B
risk allele (SNP rs8099917 - G allele) and a lower
NS3 protease amino acid quasispecies diversity in
infected patients, hence suggesting that IL-28B risk
allele carriers exert less positive selection pressure
on the NS3/4 protease®. However, it would be
interesting to address whether the lower amino acid
quasispecies diversification in patients with an IL-28B
risk allele is restricted to the NS3 coding region or if
it affects other viral genomic regions. Interestingly,
also unfavourable rs8099917 genotypes were found
linked to time-dependent changes in the core coding
region, specifically the shift to residue 70Q associated
with hepatocellular carcinoma™!. These results might
indicate that the IL-28B genotype influences viral
evolution and disease outcome in addition to the
behaviour of the innate immune system. More recently,
Yuan et al®¥ (2012) found that, despite exhibiting
similar baseline viral loads, more chronically-infected
patients with the rs12979860-CC polymorphism had
amino acid substitutions in NS5A compared to non-CC
patients. This result suggests that patients with the CC
genotype undergo early viral evolution probably as a
consequence of the selective pressure exerted by the
use of interferon at the beginning of treatment. These
studies raise the question of whether host genetics
shapes viral evolution in response to immunity, and
if the differences observed in the evolution of HCV
quasispecies are implicated in the mechanism by
which the IL-28B genotype influences the outcome of
acute HCV infection and treatment response®”’.

As previously mentioned, RNA virus populations
exist as a cloud of sequence variants (continuously
being generated by mutation) strongly related,
therefore a better understanding of these populations
within infected individuals is needed in order to apply
antiviral strategies and to define critical parameters to
the development of new and more effective antiviral
therapies!'®!. Nevertheless, to date, our ability to
know in depth the quasispecies cloud from the study
of isolated clones is limited. The recent techniques
of deep sequencing allow us, for the first time to
overcome these obstacles and observe quasispecies as
a whole. These techniques are already being used on
clinical samples to study different viral models®*™*°%,

NEXT GENERATION SEQUENCING IN

HCV QUASISPECIES ANALYSIS

Since 2005, the development of high throughput, or so-
called next generation sequencing technologies (NGS),
has allowed a huge increase in capacity to sequence
genomes at a reasonably low cost and in a short time
frame™®. NGS comprises a set of high-throughput
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In addition, NGS technology has already been
implemented in order to study the transmission event
of HCV among injection drug users. In this case NGS
was used to determine intra-host viral genetic variation
by deep sequencing the HCV hypervariable region,
which allowed a detailed analysis of the structure of
the viral quasispecies in the patients’ population under
study™,

NGS approaches are powerful methods that allow
a rather comprehensive analysis of the intra-host viral
genetic variation®”), Moreover, these technologies
are becoming rapidly accessible all around the world
which will likely revolutionise the field of molecular
epidemiology™.

It is worth mentioning that these technologies
offer, as already discussed, several advantages over
conventional methods, such as consensus sequencing,
bacterial cloning, and endpoint limiting dilution*°”’,
Furthermore, as the development of a variety of software
and algorithms capable of handling the massive amount
of data generated by NGS platforms is increasing in
parallel with the advances in these technologies, it will
likely expedite the implementation of such approaches
in a variety of settings in the near future™. Taking
this into consideration, the use of NGS in HCV outbreak
investigations will presumably improve molecular
epidemiology studies as well as provide a vast amount
of information that will need to be handled appropriately
both for the benefit of infected patients and the
management of public health systems.

RECOMBINATION

In addition to mutations, it is widely accepted that
recombination plays an important role in the evolution
of RNA viruses by creating genetic variation through the
exchange of nucleotide sequences between different
genomic RNA molecules™", Therefore it is considered
as a key mechanism for the production of new genomes
with selective growth advantage'™'*. Homologous
recombination occurs, in some cases of RNA virus
recombination, when the donor sequence neatly replaces
a homologous region of the acceptor sequence leaving
its structure unchanged. In these cases, not only the
parental RNAs are homologous, but also crossovers
occur at homologous sites!**'**!, Nevertheless, hybrid
sequences may originate as a result of aberrant homolo-
gous recombination (when similar viruses exchange
sequence without maintaining strict alignment) and non-
homologous recombination (recombination between
unrelated RNA sequences)!*'*'"*), RNA recombination
involves replication of genomic RNA as a necessary
component of the process. If in the middle of the replication
process, the viral RNA-dependent RNA polymerase
complex switches from one RNA parental strand to
another, hybrid complementary RNA strands will be
formed. Yet, if the replicase continues to copy the new
strand at the same site where it left the parental one, this
constitutes a homologous recombination event. On the
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other hand, aberrant or non-homologous recombination
will occur if the copying process is not as precise'?. This
template strand exchange mechanism of recombination
is known as “copy choice”. The exact mechanism of
exchange of strand is not known, but could be promoted
by the pause of the polymerase during chain elongation.
Thus far, nearly all studies on the mechanisms of
recombination in RNA viruses support a copy-choice
model, originally proposed for poliovirus™™*. It is of note,
that this template-switching mechanism greatly differs
from the enzyme-driven breakage-rejoining mechanism
of homologous recombination in DNA, mainly because
it resorts to replication as an essential step of the
process™?,

Recombination in RNA virus was first discovered in
poliovirus infected cells in which the frequent recovery
of poliovirus that results from recombination has the
potential to produce “escape mutants” in nature as well
as in experiments'™®. Subsequently, recombination was
found to occur in other RNA viruses positive and negative-
stranded and more recently, recombination between
unrelated groups of RNA and DNA viruses was discovered
in a novel virus genome isolated from an extreme
environment™®. The presence of recombination in several
members of the family Flaviviridae such as Pestivirus,
Flavivirus and Hepacivirus has been demonstrated!**’*,

Regarding HCV, recombination has been reported
both inter and intragenotypic in populations in different
geographic locations (Table 2). Some earlier reports
described some HCV strains from Honduras in which
the study of partial sequences from different regions of
the viral genome resulted in HCV discordant genotype,
providing first evidence for the possible existence of
HCV recombination!**). However it was not until 2002
that the first convincing report of an intergenotypic HCV
recombinant strain was published by Kalinina et af**¥
(2002) in Saint Petersburg (Russia)“*****, These authors
described six different natural HCV strains that belonged
to different subtypes, 2k and 1b. They found that
the 5’ untranslated region and the core coding region
belonged to subtype 2k, whereas the NS5B region
corresponded to subtype 1b™*%. Sequencing the E2-p7-
NS2 region, they were able to map the crossover point
within the NS2 region, estimating it most likely between
positions 3175 and 3176 (according to the numbering
system for strain pj6CF). The reported recombinant was
cautiously designated RF1_2k/1b, in agreement with
the nomenclature used for human immunodeficiency
virus (HIV) recombinants!***. This same recombinant
strain has since then been isolated in other countries,
like Ireland™!, Uzbekistan!*®, Cyprus!**”}, France!"*!
and Estonia™* which would suggest that, although its
generation might not be favoured by natural selection,
it would also not be selected against'*®’. Additionally,
at least ten other different intergenotypic recombinant
forms (RFs) of HCV have been described and are
totally or partially characterised (Table 1). Within this
group of recombinants, we can observe the presence
of recombinant forms between genotypes 2 and 6
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Table 2 Main features of intergenotype, intersubtype and intrapatient recombination in hepatitis C virus published cases

Strain Genotype Country Recombination breakpoint(s) Ref.
Intergenotype
RF1_2k/1b 2k/1b Russia, Ireland, Uzbekistan, NS2, positions 3175-3176 [124-129]
Georgia, France, Cyprus, Estonia
D3 2i/6p Viet Nam NS2/NS3 junction, between positions 3405 and  [130]
3464
SE-03-07-1689 RF3_2b/1b Philippines NS3, positions 3466-3467 [137]
HC10-0804 2b/1b Japan NS2/NS3 junction, positions 3443-3444 [135]
B5808, M2123, M4430, M4416, 2b/1b Japan NS2, putative position 3301 [136]
M4414, M4431, M2777, M8774
R1 2/5 France NS2/NS3 junction, between residues 3420 and ~ [132]
3440
D177 RF_2b/6w Taiwan NS2/NS3 junction, position 3429 [131,133]
RF_3a/1b Taiwan, China Undetermined
RF_2a/1a Taiwan Undetermined
JF779679 2b/1a United States NS2/NS3 junction, positions 3405-3416 [134]
Intersubtype Subtypes
PE22 RF2_1b/1a Peru NS5B, position 8321 [141]
H23 1b/1a Uruguay Core, at position 387 [111]
HC-J1 la/1c Japan 2 sites in E1-E2, at positions 1407 and 2050 [142]
Khajal la/1c India 5 sites, from core to NS3, at positions 801 [143]
1261, 2181, 3041 and 3781
R49 4a/4d Portugal Undetermined [140]
EU246930 6a/60 Viet Nam NS5B, between positions 8345-9073 [144]
EU246932 6e/60 Viet Nam NS5B, between positions 8358-8977 [144]
EU246937 6n/60 Thailand NS5B, between positions 8372-9033 [144]
EU246931 6e/6h Viet Nam NS5B, between positions 8356-9019 [144]
Intrapatient Subtype
1b Spain NS5B, at residue 286 [145]
1a, 1b, 3a Spain 1 or 2 sites within E1-E2 or NS5A [146]
4a Ireland E2 glycoprotein, HVR1 region [147]
Modified from ref. [49].
described in Vietnam'*” and Taiwan™", between either gene NS2 or NS3™. An apparent hotspot has
genotypes 2 and 5 described in France**”, between been identified between amino acids 1022 and 1042

genotypes 3 and 1 in Taiwan**"! and China***, and
between genotypes 2 and 1 reported in Japan, the
United States and the Philippines™*"*”. 1t is interesting
to note that recombinant forms found so far have a
wide geographic distribution. Besides, all HCV genotypes
except for genotype 4 and 7 have been found in them.
Other interesting feature is that all these recombinants
but one (RF_3a/1b) originated by the combination
of a 5’-end of genotype 2 and a 3'-end of a different
genotype. The 3’-end of subtype 1b seems to be the
only one appearing in more than one recombinant
form®. Oddly enough, genotype 2 is present in the
majority of the recombinants found to date, which
might suggest a critical role in order for the process to
take place™® or even for the stability and functionality
of the resulting recombinant genome. The fact that
some recombinants involving genotype 2 and subtype
1b have been frequently found in older patients and
in cases not usually related to the epidemic spread
associated to a higher use of intravenous drugs, makes
it difficult to assess whether this pattern derives from
adaptive selection or is simply due to chance™*’, As we
can observe in Table 2, another characteristic feature
of intergenotypic recombination in HCV seems to be
that the crossover points appear to be located within
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(corresponding to the vicinity of the NS2/NS3 junction).
Considering how short this region seems to be, and
despite the existence of only a few reports inquiring into
RNA secondary structures involved in the recombination
process™***’ all seems to indicate that a copy choice
mechanism might be responsible for the generation of
these recombinant forms'*”.,

With respects to intragenotypic recombination,
nine recombinant forms have been described. As we
mentioned before, each of the six major genotypes
of HCV (except for genotype 7 for which there is
only one complete-genome sequence available) can
be subdivided into closely related sub-types that
differ from each other by at least 15% in nucleotide
sequences™!. Therefore, the same methodological
procedures based on phylogenetic incongruence used to
detect intergenotypic recombinants are also applicable
to detect intragenotype/intersubtype RFs. Only one
of the intragenotype recombinants described involved
genotype 49 four involved different subtypes of
genotype 1 and the remaining four involved different
subtypes of genotype 6. Examples of recombinants
(1a/1b) have been identified in Peru as well as in
Uruguay™*" and (1a/1c) in Japan and in India™**'*,
Interestingly, although the recombinants reported in
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Uruguay and Peru are (la/1b), their recombination
breakpoints were found in different regions of the
genome as shown in Table 2. The same happens in
the case of the recombinant forms described in India
and in Japan. Therefore, unlike what it is observed
in intergenotype recombination, where all shared a
common genome region in which recombination occurs,
in this case these points are highly variable in their
location. Only two of the intragenotype 1 RFs have
been fully sequenced*'*! and both involve the same
subtypes (1a and 1c). Interestingly, they revealed
the existence of more than one cross-over point,
resulting in mosaic recombinant forms. In addition, the
sequences showed a very dissimilar size, exhibiting
relatively short segments of one subtype embedded
within a genome of the other subtype*!. The most
recent description of intersubtype recombinant forms
involves genotype 6, and these were identified thanks
to full-genome sequence analysis™**. The remaining
three cases of intersubtypic RFs reported have only
been partially characterised at the genome level*”. One
of the cases was detected by discordant phylogenetic
analysis of the regions coding for E1 and NS5B isolated
from an intravenous drug user from Portugal™*®’. This
case should be considered as a putative example since
no recombination breakpoint has been mapped for this
RF. The two remaining cases are different as they have
been described only by sequencing one single portion
of the HCV genome. Contrary to what occurred with the
other example, the corresponding breakpoints for these
two were identified within the core and NS5B genes
each""'*] genes that are relatively conserved and are
therefore suitable for phylogenetic typing and subtyping
of HCV isolates™.

When we talk about recombination in HCV we can
not forget to mention the existence of intrapatient or also
called intra quasispecies recombination. With respect
to this matter, three reports have been published thus
far. Two of them involve intrapatient recombination
in individual patients undergoing therapy!****®. The
most recent one involves quasispecies evolution from
a chronically infected, treatment naive individual™”.
In the first report of intra-quasispecies recombination,
analysed sequences were obtained from the NS5A
gene of HCV quasispecies populations from six patients
being treated with IFN + RBV combined therapy"*.
Only one recombinant strain was detected in all patient
quasispecies populations studied and its recombination
crossover point was found within the protein kinase R
(PKR)-binding region of NS5A™*!, This region has a
particular importance since previous work by Enomoto
et al'*® (1995) suggested that the genetic heterogeneity
of the interferon sensitivity determining region domain of
HCV NS5A (IFN sensitivity-determining region), linked to
response to therapy in Japanese patients!**®!, Although
there seems not to be a consensus on this issue®, the
published information supports the hypothesis that an
association indeed exists between NS5A and response
to therapy!***!, Some reports suggest that HCV NS5A
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protein can act in vivo repressing PKR function, and
presumably allowing HCV to escape the antiviral effects
of interferon™*****>3 Analysing NS5A protein sequences
of both the recombinant and putative parental-like
virus provided evidence in favour of the possibility that
the recombinant isolate might have acquired amino
acids already known for being present in HCV strains
resistant to interferon treatment™*. The results of these
studies support the fact that recombination cannot be
denied as an evolutionary mechanism for generating
diversity in HCV in vivo in patients undergoing antiviral
therapy™®l. In spite of this fact, recombination does
not seem to play a major role in the evolution of HCV
quasispecies populations; at least this is what can be
extrapolated from the study of NS5A genes, since only
one recombinant isolate was found among all HCV
quasispecies populations studied. Contrary to this finding,
Sentandreu et a**" (2008) identified a high frequency
of intra-patient recombination events (18.01% of the
111 analysed patients) analysing a large data set of
HCV sequences (around 17700) from intra-patient viral
population™®!, They retrospectively studied NS5A and
E1-E2 coding regions from samples isolated from two
different sets of groups: HCV mono-infected patients,
both naive and non-responders to antiviral treatment;
and HCV/HIV co-infected patients, both treatment-naive
and under HAART™*®. These authors found recombination
within the E1-E2 region (9.1%), and within the NS5A
region (9.6%), with specific areas being proposed as the
crossover points. Although no structural analyses were
performed in this study, these results are consistent with
the implication of RNA secondary structure in favouring
the hotspots or zones where recombination can occur
within the HCV genome™. As per these results, where
recombination intra-patient was found in 18% of
the HCV infected patients studied, intra-quasispecies
recombination events seem relatively frequent. Moreover,
this might be an underestimation of the real frequency
of HCV recombination due to the difficulty in detecting
recombination events if they occur between genetically
very similar variants as is the case of variants within a
quasispecies**'*l, More recently, Palmer et af**! (2012)
detected putative intra-subtype recombinants, as well
as the likely ancestral parental donors. By retrospective
clonal analysis they explored quasispecies evolution
evaluated at the HVR1 region from serum samples
isolated from the same chronically infected, treatment
naive individual which were collected over 9.6 years!*”.
Their detailed analysis clearly documents the emergence,
maintenance and final removal of HCV variants, which
in this case has been demonstrated in a patient who did
not undergo antiviral therapy highlighting the importance
of HCV quasispecies dynamics even in absence of a clear
selective pressure.

Even though the regions apparently involved in the
crossover events seem to be different when comparing
intergenotype vs intraquasispecies recombination, they
seem to be quite conserved within each of the different
categories. This might represent another indication
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of the importance of RNA secondary structure for
recombination events to take place and might as well
hint at a possible factor determining their occurrence.

Having detected so many recombinant strains (Table
2) proves that HCV is capable of successfully completing
all the steps leading to this event: simultaneous infection
of the same cell by different viral strains, simultaneous
replication of both viral genomes, strand shift by the
viral RNA polymerase without disturbing the correct
reading frame, and encapsidation and release of the
recombinant genomes as viable viral particles™™. The
resulting products will then be subjected to the same
population processes governing the maintenance, growth
or disappearance of new variants in a heterogeneous
viral population****¢1,

If we analyse in depth the recombination events,
we can consider that recombination in HCV may be
underestimated. Why? Three different factors might
account for this: Firstly, in recombination events between
subtype viral strains, there is a trade-off between the
capability of homologous recombination event to occur,
and the intra-patient viral diversity, since homologous
recombination requires a minimum length of sequence
identity. Secondly, another trade-off occurs between the
intra-patient viral diversity and the discrimination power
to detect recombination with the different methods
available. Finally, despite recombination events between
different genotypes/subtypes co-infecting the same
patient are probably easier to detect, they are less likely
to occur, since the strains of different subtypes differ
more between them than between those from the same
subtype; this would imply a lower probability of template
switching and moreover; if a recombination event does
indeed happen, it will likely generate recombinant
sequences less viable than the parental ones. Some or
even all these factors acting in concert might explain why
the frequency of recombinant HCV sequences reported
tO date is S0 |OW[49,111,124—137,140—147]'

How relevant recombination for HCV long term
evolution and its incidence in HCV infection is, has not
been thoroughly investigated yet, but these findings
support a potentially significant role for recombination
by creating genetic variation through the reshuffling
of independent variants'**®). Recombination may
serve two opposite purposes: simply to explore a new
genomic combination or to rescue viable genomes
from debilitated parental ones®®***, Considering that
recombination may influence vaccine development,
virus control programs, patient management as well as
antiviral therapies, it is clearly important to determine
the extent to which this mechanism plays a role in
HCV evolution™",

CONCLUSION

RNA viruses exist as complex mutant distributions
commonly known as viral quasispecies. This is the result
of high mutation rates due to the lack of proofreading
activities in their RNA-dependent RNA polymerases'®”.
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The evolution of the HCV quasispecies is a highly
dynamic process that has therapeutic implications due
to the continuous generation and selection of fitter
variants within the quasispecies spectrum which might
allow viruses to escape control by antiviral drugs and
treatment™’%. Further studies on HCV quasispecies
is needed in order to develop appropriate strategies
for effective antiviral control™®!. HCV utilizes all
known genetic mechanisms, including mutation and
recombination. NGS technologies may represent an
important improvement to identify key parameters in
our understanding of HCV evolution in relation to current
and new therapies against HCV.
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Abstract

Non-alcoholic fatty liver disease (NAFLD) is now the most
frequent chronic liver disease that occurs across all age
groups and is recognized to occur in 14%-30% of the
general population, representing a serious and growing
clinical problem due to the growing prevalence of obesity
and overweight. Histologically, it resembles alcoholic
liver injury but occurs in patients who deny significant
alcohol consumption. NAFLD encompasses a spectrum of
conditions, ranging from benign hepatocellular steatosis
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to inflammatory nonalcoholic steatohepatitis, fibrosis, and
cirrhosis. The majority of hepatocellular lipids are stored
as triglycerides, but other lipid metabolites, such as free
fatty acids, cholesterol, and phospholipids, may also be
present and play a role in disease progression. NAFLD
is associated with obesity and insulin resistance and is
considered the hepatic manifestation of the metabolic
syndrome, a combination of medical conditions including
type 2 diabetes mellitus, hypertension, hyperlipidemia,
and visceral adiposity. Confirmation of the diagnosis
of NAFLD can usually be achieved by imaging studies;
however, staging the disease requires a liver biopsy.
Current treatment relies on weight loss and exercise,
although various insulin-sensitizing agents, antioxidants
and medications appear promising. The aim of this
review is to highlight the current information regarding
epidemiology, diagnosis, and management of NAFLD as
well as new information about pathogenesis, diagnosis
and management of this disease.

Key words: Non-alcoholic fatty liver disease; Non-
alcoholic steatohepatitis; Liver disease

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD) is a
serious and growing clinical problem due to the growing
prevalence of obesity and overweight. Histologically, it
resembles alcoholic liver injury but occurs in patients
who deny significant alcohol consumption. NAFLD en-
compasses a spectrum of conditions, ranging from benign
hepatocellular steatosis to inflammatory nonalcoholic
steatohepatitis, fibrosis, and cirrhosis. The majority of
hepatocellular lipids are stored as triglycerides, but other
lipid metabolites, such as free fatty acids, cholesterol,
and phospholipids, may also be present and play a role
in disease progression. NAFLD is associated with obesity
and insulin resistance and is considered the hepatic
manifestation of the metabolic syndrome, a combination
of medical conditions including type 2 diabetes mellitus,
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hypertension, hyperlipidemia, and visceral adiposity.
Confirmation of the diagnosis of NAFLD can usually
be achieved by imaging studies; however, staging the
disease requires a liver biopsy. Current treatment relies
on weight loss and exercise, although various insulin-
sensitizing agents, antioxidants and medications appear
promising. The aim of this review is to highlight the
current information regarding epidemiology, diagnosis,
and management of NAFLD as well as new information
about pathogenesis, diagnosis and management of this
disease.

Abd El-Kader SM, El-Den Ashmawy EMS. Non-alcoholic
fatty liver disease: The diagnosis and management. World J
Hepatol 2015; 7(6): 846-858 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i6/846.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.16.846

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a common
clinicopathological condition characterized by signi-
ficant lipid deposition in the hepatocytes of the liver
parenchyma and persistent abnormalities in liver
enzyme. The rising prevalence of NAFLD is related to
the epidemic of obesity!'!. Although the histologic picture
resembles that of alcohol-induced liver injury, NAFLD
occurs in patients who do not abuse alcohol. NAFLD
comprises a wide spectrum of liver damage, ranging
from simple macrovesicular steatosis to steatohepatitis,
advanced fibrosis, and cirrhosis®. NAFLD is now
increasingly being recognized as a cause of end-stage
liver disease and is associated with increased rates of
hepatocellular carcinoma (HCC), liver transplantation,
and death™®. Significant research endeavors are being
directed toward understanding the pathogenesis of
NAFLD and designing therapeutic strategies. This article
provides a clinical overview of NAFLD, focusing on its
epidemiology, etiology, pathogenesis, diagnosis, natural
history and treatment.

PREVALENCE AND EPIDEMIOLGY

NAFLD is defined as either excessive fat accumulation in
the liver with more than 5% of hepatocytes containing
visible intracellular triglycerides or steatosis affecting
at least 5% of the liver volume or weight in patients
consuming less than 30 g (three units) of alcohol per
day for men and less than 20 g (two units) of alcohol
per day for women. One unit of alcohol (10 g) is defined
as one glass of beer (25 cL), one glass of wine (20 cL)
or one glass of whisky (3 cL)™®.,

Globally, NAFLD is the most common form of chronic
liver disease among adults and children®*®. However,
the prevalence of non-alcoholic steatohepatitis (NASH)
in the general population is not known. Depending on
the cutoff values used to define the upper limit of normal
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for aminotransferase levels, the estimated prevalence
of NAFLD in the general United States population
ranges from 5.4% to 24%, but these values may be
underestimations because aminotransferase levels have
limited sensitivity for steatosis!***. Histologic estimates
of NAFLD prevalence via preoperative or intraoperative
liver biopsy, mainly obtained from individuals evaluated
as donors for living-donor liver transplantation, are 33%
to 88%!"***, In children, NAFLD prevalence has been
estimated to be 9.6%; of great concern, 2% to 8% of
children with NAFLD progress to cirrhosis***”’,

Obesity is the most important risk factor for NAFLD;
the prevalence of NAFLD is 4.6 times greater in the
obese population, and up to 74% of obese individuals
have fatty livers™®, Among morbidly obese patients
undergoing bariatric surgery for weight loss, 84% to
96% have NAFLD and 2% to 12% have severe fibrosis
or cirrhosis**??!, NAFLD is also strongly associated
with hepatic and adipose tissue insulin resistance and
metabolic syndrome™®®!, Although NAFLD is clearly
linked to obesity and metabolic syndrome, it may occur
in up to 29% of lean patients lacking associative risk
factors™*. The prevalence of NAFLD is estimated to be
at least twice as common among individuals who meet
criteria for metabolic syndrome®®'. Among individuals
with NAFLD, it is estimated that over 90% have some
features of metabolic syndrome!®. Diabetes is reported
in 33% to 50% of patients with NAFLD, whereas insulin
resistance may occur in as many as 75%""".

Other factors that influence the development of
NAFLD include age, sex, race, and ethnicity?”®>%, The
prevalence of NAFLD increases with age in both adults
and children®!, NAFLD is more common among men
than women younger than the age of 50; however,
higher prevalence rates are seen in women older than
the age of 50, perhaps related to hormonal changes
occurring after menopause!*!, The prevalence of NAFLD
across the globe varies but in some populations, half of
all people may be affected. Among the Asian population,
the prevalence of NAFLD diagnosed by ultrasound varies
between 5% and 40%"?.

ETIOLGY

NAFLD encompasses a group of conditions, ranging from
benign hepatocellular steatosis to inflammatory NASH,
fibrosis, and cirrhosis™. The causes may be divided into
two main categories: (1) acquired or congenital metabolic
abnormalities; and (2) toxins and drugs®®®. Potential
causes of NAFLD are listed in Table 1.

Obesity is often associated with NAFLD as the
degree of steatosis was found to be correlated with body
mass index (BMI)®**¥; however, there is a significant
correlation between the degree of steatosis, waist-to-hip
ratio and the risk of metabolic syndrome®***"), Also, there
is a strong correlation between glucose intolerance, type
2 diabetes mellitus (T2DM) and NAFLD"®., Moreover,
Diabetes mellitus may be an independent predictor of
advanced liver cirrhosis, HCC and NAFLD™****,
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Table 1 Causes of nonalcoholic fatty liver disease

Acquired metabolic disorders
Diabetes mellitus
Dyslipidemia
Kwashiorkor and marasmus
Obesity
Starvation
Cytotoxic and cytostatic drugs
L-asparaginase
Azacitidine
Azaserine
Bleomycin
Methotrexate
Puromycin
Tetracycline
Other drugs and toxins
Amiodarone
4,4'-diethylaminoethoxyhexestrol
Dichlorethylene
Ethionine
Ethyl bromide
Estrogens
Glucocorticoids
Highly active antiretroviral therapy
Hydrazine
Hypoglycin
Orotate
Perhexilene maleate
Safrole
Tamoxifen
Metals
Antimony
Barium salts
Chromates
Phosphorus
Rare earths of low atomic number
Thallium compounds
Uranium compounds
Inborn errors of metabolism
Abetalipoproteinemia
Familial hepatosteatosis
Galactosemia
Glycogen storage disease
Hereditary fructose intolerance
Homocystinuria
Systemic carnitine deficiency
Tyrosinemia
Weber-Christian syndrome
Wilson disease
Surgical procedures
Biliopancreatic diversion
Extensive small bowel resection
Gastric bypass
Jejunoileal bypass
Miscellaneous conditions
Industrial exposure to petrochemicals
Inflammatory bowel disease
Partial lipodystrophy
Jejunal diverticulosis with bacterial overgrowth
Severe anemia
Total parenteral nutrition

PATHOGENESIS

The pathogenesis of NAFLD is fully understood, however,
no single pathogenic mechanism has been identified™.
Currently, the development of NASH is considered to be
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through a “two hit” process*, The first “hit” includes
accumulation of fat in liver cells, which is usually
associated with insulin resistance, central obesity along
with triglyceride accumulation inside the liver, and fatty
acid metabolism dysregulation that leads to steatosis.
The second “hit” causes hepatocyte inflammation and
necrosis, which lead to cirrhosis and fibrosis in some
patients with NAFLD™?,

ROLE OF OXIDATIVE STRESS

Oxidative stress has a principal role in the pathogenesis
of NAFLD as levels of lipid peroxide are increased in
both NASH and hepatic steatosis™**.

Oxidative stress plays a key role in the second
“hit”, which also involves lipid peroxidation in steatotic
hepatocytes. Induction of hepatic CYP2E1 promotes
oxidative stress and lipid peroxidation™*”’ and mitochondrial
dysfunction leads to reactive oxygen species formation™’.
Moreover, immune responses to lipid peroxidation
products may share in NAFLD progression”’*%,

IMMUNE AND INFLAMMATORY
PATHWAYS IN NASH

Adaptive and innate immune dysfunction along with
inflammatory pathways is involved in the development
of NAFLD™, Neutrophils, kupffer cells (KCs), natural
killer (NK) cells and dendritic cells play an important
role in the pathogenesis of NASH.

KCs are activated in acute or chronic liver disease,
and this activation increases the pro-inflammatory
cytokines, e.g., interleukin-6 (IL-6), tumor necrosis
factor-a. (TNF-a) and IL-1b, which activate T cells and
induce hepatocytes apoptosis™”. Also, activation of
neutrophils increases the release of pro-inflammatory
cytokines and leads to oxidative damage to hepatic
cells®**21, Moreover, NK cells are abundant in liver
tissue and have an anti-fibrotic effect in the liver™, and
reduction of NK cell activity and levels may increase
susceptibility to liver cirrhosis among obese subjects.
Therefore, NK cells have a role in the development of
liver injury and fibrosis and contribute to NASH and
NAFLD development™*.

NATURAL HISTORY

NAFLD is the most common liver disorder worldwide,
affecting 20%-40% of population in Western countries
and 5%-40% of the general population across the Asia-
Pacific region®®>*®, The prevalence of NAFLD, including
NASH, is rising in parallel with the obesity, T2DM, and
metabolic syndrome®”. A certain proportion of NASH
patients progress to cirrhosis and HCC™®. Previous
studies showed that 10%-29% of NASH patients may
have liver cirrhosis within 10 years, and 4%-27% of
these patients may have HCC (Figure 1)*. Therefore,
NAFLD/NASH will gradually become the major etiology
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Figure 1 Natural history of nonalcoholic fatty liver disease. Data adapted
from Hsu et a™. NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular
carcinoma; NASH: Non-alcoholic steatohepatitis.

of chronic liver disease worldwide'™.

CLINICAL FEATURES OF NAFLD

Most subjects with NAFLD are clinically silent and
asymptomatic, but can manifest with non-specific
symptoms such as right upper quadrant discomfort or
fatigue. Liver enzymes are usually minimally perturbed
with mostly increased levels of alanine aminotransferase
(ALT) and gamma-glutamyl transpeptidase. The
diagnosis is often made incidentally in these individuals
because of either abnormal liver enzyme levels or
radiological features of a fatty liver. In others, NAFLD may
be diagnosed either as a result of an unusual appearance
of the liver during abdominal surgery or because of
persistent hepatomegaly. It is important to recognize that
only a minority of subjects has NAFLD been diagnosed
and that it currently remains undiagnosed in the great
majority of afflicted individuals®’. NAFLD is a diagnosis
of exclusion, so its workup needs to exclude other causes
such as significant alcohol consumption (defined as >
30 g/d of ethanol for men and 20 g/d of ethanol for
women), hepatitis B and/or C infection, drug abuse,
autoimmune liver disease, haemochromatosis or Wilson's
disease’®.

The principal risk factors for developing NAFLD are
obesity and insulin resistance. More generally, any
elements constituting the metabolic syndrome such as
type 2 diabetes, dyslipidaemia and hypertension are
linked to the development of NAFLD, and approximately
85% of patients with NAFLD have at least one such
constituent. The metabolic syndrome itself is present
in 30% of patients with NAFLD™?, The association of
NAFLD with obesity, diabetes, hypertriglyceridemia, and
hypertension is well known. However, other associations
include cardiovascular morbidity and mortality™*®,
sleep abnormalities'®’, psychiatric illness™®”, chronic
fatigue and pain syndrome'®”’ and abnormalities of the
coagulation cascade!®®,
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LABORATORY FEATURES OF NAFLD

Suspicion for NAFLD is triggered by abnormalities of
liver chemistry tests that are usually performed for non-
liver-related reasons. About 50% of patients with simple
steatosis have higher liver biochemical test levels, which
occur in 80% of patients with advanced NAFLD. Also,
serum aspartate aminotransferase or ALT level, or both
is usually increased up to 1.5- to 4-fold and levels rarely
exceed 10 times the upper limit of normal. However, the
gamma glutamyl transpeptidase and alkaline phosphatase
levels may be elevated, but the serum prothrombin
time, bilirubin level and serum albumin level are normal,
except in patients with NAFLD-associated cirrhosis!®®.
Moreover, about one fourth of NAFLD patients may
have antinuclear antibodies (ANA) in low titers (less
than 1:320)"%). Serum ferritin level may be higher in
20% to 50% of NAFLD patients and can be considered
a marker for advanced disease™ ", Hyperglycemia and
dyslipidemia may be detected in 30% to 50% of NAFLD
subjects™®’. Laboratory and clinical findings do not
correlate with NAFLD histologic severity!®®.

IMAGING FEATURES OF NAFLD

The radiologic features of fatty liver disease stem from
the increased fat content of the liver parenchyma. The
spatial pattern may be diffuse and homogeneous or
heterogeneous, with focal fat deposition in an otherwise
normal liver or areas of focal fat sparing in a diffusely
fatty liver. The homogeneous form is the most common;
the heterogeneous and focal forms may simulate
perfusion abnormalities, diffusely infiltrative disease,
nodular lesions, or masses’>"*\, Therefore, it is not only
important to recognize fatty liver on imaging but also to
discriminate it from other pathologic processes. The most
important modalities used in the assessment of hepatic
steatosis are ultrasonography, computed tomography
(CT), and magnetic resonance (MR) imaging and
MR spectroscopy. However, plain radiography has no
significant role in the assessment of NAFLD"%,

CT has been widely used in evaluation of NAFLD
in adults. Use of ionizing radiation precludes its use as
a research tool in children, although fatty liver may be
observed in children on scans done for clinical purposes”.
Deposition of fat in the liver is characterized by a reduc-
tion in the attenuation of the hepatic parenchyma. On
unenhanced CT, normal liver parenchyma has slightly
greater attenuation than the spleen or blood. However,
with increasing hepatic steatosis, liver attenuation
decreases and the liver may become less dense than
the intrahepatic vessels, simulating the appearance on a
contrast-enhanced scan (Figure 2)V®. Liver attenuation
may be affected by a variety of factors other than liver
fat, such as iron, copper, glycogen, fibrosis, edema,
or amiodarone use. Assessment of liver fat by CT
attenuation may be unreliable, and CT methods are
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Figure 2 Axial unenhanced computed tomography scan reveals diffuse
liver steatosis. Data adapted from Charatcharoenwitthaya et af™®.

Figure 3 Axial enhanced computed tomography scan reveals diffuse liver
steatosis. Data adapted from Rofsky et af””.

Figure 4 T1-weighted magnetic resonance imaging of fatty liver,
demonstrating a bright liver. Data adapted from Mazhar et af”*.

insensitive to mild steatosis. The reported sensitivity and
specificity of unenhanced CT for detection of moderate/
severe steatosis (> 30% on histology) range from 73%
to 100% and 95% to 100%, respectively”,

At enhanced CT, the presence of iodine contrast
interferes with attenuation, adding a new confounding
factor. Perfusion alterations, timing of acquisitions,
and contrast type, dosage, and injection rate all may
influence hepatic and splenic attenuation. Nevertheless,
criteria have been proposed to detect hepatic steatosis
at enhanced CT, including a liver-spleen attenuation
difference of at least 20 HU between 80 to 100 s, or at
least 18.5 HU between 100 to 120 s, after intravenous
contrast injection (Figure 3). Sensitivity and specificity of
these attenuation differences range from 54% to 93%
and 87% to 93%, respectively. Ultimately, however,
the quantitative criteria for diagnosing fatty liver at
enhanced CT are protocol specific and have significant
overlap of liver-spleen attenuation values between
normal and fatty liver, thereby limiting its clinical role”*.

MR imaging is more sensitive than CT for hepatic
steatosis assessment. Recently, MR imaging provides
a highly validated and reproducible hepatic triglyceride
content measurement””), MR imaging is generally
considered the most definitive radiologic modality for
the qualitative and quantitative assessment of fatty
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Figure 5 Sagittal ultrasound image of the liver shows diffuse liver
steatosis. Data adapted from Yokoo et af”®.

liver disease but is relatively costly (Figure 4)4,
However, proton MR spectroscopy is evolving to detect
not only the full spectrum of steatosis but also other
features such as the degree of fibrosis!**’®,
Transabdominal ultrasonography is the most common
imaging technique to diagnose hepatic steatosis due
to its widespread availability, noninvasiveness and
low cost®, At ultrasonography, diffuse fatty liver is
characterized by hyperechogenicity of the liver paren-
chyma relative to the adjacent right kidney or spleen (the
so-called bright liver). Focal fat deposition appears as a
hyperechoic area in an otherwise normal liver, whereas
focal fat sparing is represented by a hypoechoic area
within diffusely hyperechoic liver parenchyma. Other
frequently described ultrasound features of fatty liver
include decreased visualization of vascular margins,
attenuation of the ultrasound beam, loss of definition of
the diaphragm, and hepatomegaly (Figure 5)7°.
Ultrasonography has several limitations in the
detection of both diffuse and focal hepatic steatosis.
It is highly operator dependent, nonreproducible, and
limited by abdominal gas and patient body habitus. The
last inadequacy is highlighted in this patient population
because the majority of cases of fatty liver disease
occur in overweight or obese individuals. Similar to CT,
however, ultrasonography is not a quantitative method
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Figure 6 Histologic features of simple steatosis (fatty liver). Data adapted
from Feldman et af.

Elevated serum aminotransferase
levels and/or hepatomegaly

Exclude excessive alcohol
use and other forms of liver
disease by history and
laboratory tests

|

‘ Image liver with US, CT, or MRI ‘

Normal
Liver biopsy

Fatty liver present

Consider liver biopsy
to stage disease and
define risk of
progression

Figure 8 Diagnostic approach to patients with suspected nonalcoholic fatty
liver disease. Data adapted from Feldman et a®. CT: Computed tomography;
MRI: Magnetic resonance imaging; US: Ultrasound.

and may be unable to distinguish simple steatosis from
advanced fibrosis or early cirrhosis. Ultrasonography
has low sensitivity and specificity for detecting small
amounts of fat in the liver”®,

Transient elastography, a recently developed technique
based on ultrasound monitoring of the passage of a low
frequency pressure wave through tissues, has been
found to be a promising non-invasive technique for the
detection of advanced fibrosis caused by chronic viral
hepatitis and NASH®™, although abdominal obesity may
compromise its utility in the NASH patient population®.

Scintigraphy with xenon-133 (133Xe) as a nuclear
medicine imaging technique was used to detect hepatic
steatosis in the 1980s and 1990s but is now no longer
incorporated in diagnostic algorithms. 133Xe is a highly
fat-soluble gas that, after being inhaled or injected,
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Figure 7 Histologic features of nonalcoholic steatohepatitis. Data adapted
from Cortez-Pinto et af*”,

remains in the fatty tissue after blood pool clearing. The
133Xe hepatic retention ratio is increased in patients
with fatty liver®,

HISTOLOGICAL FEATURES OF NAFLD

The main histologic features of NAFLD are similar to
those of alcohol-induced liver disease and include
steatohepatitis (fatty liver plus parenchymal inflammation
with or without accompanying focal necrosis), steatosis
(fatty liver) and varying degrees of fibrosis, including
cirrhosis. Steatosis is predominantly macrovesicular
and usually is distributed diffusely throughout the liver
lobule, although prominent microvesicular steatosis
and zone 3 (perivenular) steatosis have been reported
occasionally (Figure 6). Mild neutrophilic, lymphocytic,
or mixed inflammatory infiltrates also may be observed,
and glycogenated nuclei are common™. NASH, which
is an advanced form of NAFLD, is indistinguishable
histologically from alcoholic hepatitis (Figure 7).,
Literature reviews indicate that similar factors and
markers of inflammation are present in paediatric
NAFLD as in adults®®, However, many differences are
noted in comparison to adult histology and include: (1)
greater severity of steatosis; (2) less or no ballooning
or Mallory-Denk bodies; (3) less lobular inflammation;
(4) few or no polymorphonuclear leukocytes; and (5)
increased portal tract inflammation and fibrosis®®’,
Moreover, cirrhosis in children is rare but is reported®.

DIAGNOISIS

Establishing a definitive diagnosis of NAFLD requires
both clinical and histologic data (Figure 8). Most patients
with NAFLD are evaluated because of chronically
elevated liver biochemical test levels, with or without
hepatomegaly. The combination of the patient’s history,
clinical examination, radiologic findings and blood test
results is essential for accurate diagnosis of NAFLD™,
Anti-smooth muscle antibodies and ANA are common
in patients with NASH and most frequently represent
a nonspecific antibody response that is not associated
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Table 2 Brunt schema for grading nonalcoholic steatohepatitis

Severe (grade 3)

Moderate (grade 2)

Mild (grade 1)

Typically > 66% (panacinar); commonly
mixed steatosis

Predominantly zone 3; marked
Scattered acute and chronic
inflammation; polymorphs may

appear concentrated in zone 3 areas of
ballooning and perisinusoidal fibrosis
Mild or moderate

Any degree and usually mixed
macrovesicular and microvesicular
Obvious and present in zone 3
Polymorphs may be noted associated with
ballooned hepatocytes, pericellular fibrosis;
mild chronic inflammation may be seen

Mild to moderate

Predominantly macrovesicular; involves < Steatosis

33%-66% of the lobules

Occasionally observed; zone 3 hepatocytes Ballooning
Scattered and mild acute (polymorphs) Lobular
inflammation and occasional chronic inflammation
inflammation (mononuclear cells)
None or mild Portal
inflammation

with the pattern or severity of injury on liver biopsy™.

However, alcoholic liver disease must be excluded in
order to establish NAFLD diagnosis.

DIFFERENTIAL DIAGNOSIS

The diagnosis of fatty liver is confirmed by imaging
studies and the clinician is challenged with establishing
the etiology of hepatic steatosis. Among patients with
elevated serum aminotransferase values, the etiology
is usually established through a careful evaluation
of their history (medication use, risk factors for viral
hepatitis, history of alcohol and drug use, and review
of comorbidities), a series of screening blood tests for
causes of chronic liver disease (viral serologic studies,
iron studies, autoimmune markers, ceruloplasmin,
and al-antitrypsin), supportive imaging studies (initial
evaluation usually by ultrasonography), and, sometimes,
liver biopsy®**4,

Alcoholic liver disease includes a spectrum of
conditions provoked by alcohol ingestion, including
alcoholic hepatitis, fatty liver disease and cirrhosis. It
has been estimated that almost all patients with heavy
alcohol consumption develop fatty liver, although only
10% to 35% develop alcoholic hepatitis and 8% to 20%
progress to alcoholic cirrhosis®®. In individuals who
admit to moderate alcohol intake, the differentiation
between NAFLD and alcoholic fatty liver disease is
difficult because laboratory, imaging, and histologic
findings are similar. Unfortunately, strong data are
lacking to determine accurate thresholds for alcohol
consumption required to cause fatty liver. Historically,
daily alcohol intake of 30 g in men and 20 g in women
has been used to distinguish NAFLD from alcoholic fatty
liver disease, although the validity of these thresholds
is unknown™*, If liver biopsy specimens are obtained,
individuals with alcoholic liver disease tend to have
more Mallory’s hyaline and acidophil bodies and less
glycogenated nuclei than those with NAFLD, although
these are not reliable findings"*.

Because the radiologic findings of hepatic steatosis
are common to its diverse causes, the differential
diagnosis is largely discriminated on clinical and labo-
ratory grounds®. Special attention needs to be given to
the possible imaging overlap between simple steatosis
and advanced fibrosis or early cirrhosis; these disparate
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conditions are often, but not always, easily distinguished
clinically. A major challenge in the differential diagnosis of
hepatic steatosis occurs when the radiologic findings of
focal fat deposition or focal fat sparing simulate hepatic
nodular lesions such as abscess, benign neoplasm, or
primary or metastatic malignancy. The diagnosis of focal
fat deposition or sparing is supported by their occurrence
in typical locations, a wedge shape, the lack of mass
effect, and the absence of vascular displacement or
distortion inside the lesion. When there is still doubt, MR
imaging may be performed”®.

Certain drugs may produce de novo steatohepatitis
(e.g., amiodarone, perhexiline maleate, diethylam-
inoethoxyhexestrol) and others may exacerbate NASH
(tamoxifen, corticosteroids, diethylstilbestrol, estro-
gens)™®, Oxaliplatin and irinotecan administered as preop-
erative chemotherapy before surgical resection of hepatic
metastases have been associated with steatohepatitis,
with irinotecan-associated steatohepatitis associated
with poorer outcomes after hepatic resection®”*®), Other
conditions capable of eliciting fatty liver include intestinal
bypass surgery for weight loss (classically seen with
jejunoileal bypass surgery), human immunodeficiency
virus (HIV) infection with lipodystrophy, and parenteral
nutrition™. If any of the these secondary causes of fatty
liver are excluded (alcohol, viral hepatitis, drug-induced,
jejunoileal bypass surgery, HIV infection, and parenteral
nutrition support), a diagnosis of NAFLD can be made!,

GRADING AND STAGING

The standardized schema of NAFLD staging and
grading was published by Brunt and associates in 1999,
who assigned the overall grade of mild, marked, or
severe (grades 1, 2, and 3, respectively), based on
the degree of ballooning degeneration, steatosis and
lobular and portal inflammation as listed in Table 2%,
The Pathology Committee of the National Institute of
Diabetes and Digestive and Kidney Diseases sponsored
NASH Clinical Research Network maintained features of
the Brunt schema for NAFLD grading as found in Table
30

TREATMENT

To date, there are no established treatment guidelines
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Table 3 Non-alcoholic fatty liver disease activity score™

Score Steatosis
0 <5%

1 5%-33%
2 >33%-66%
3 > 66%
Lobular inflammation (counted in 20 x fields)

1 <2 foci
2 2-4 foci
3 > 4 foci
Ballooning

1 Few

2 Many

and no single approved therapy for NAFLD treatment.
Historically, the principal treatment for NAFLD consisted
of removal of offending drugs and toxins, weight
loss, and control of associated metabolic disorders
as hyperlipidemia and diabetes. The focus of NAFLD
management is to ameliorate the NASH risk factors (i.e.,
insulin resistance and obesity), with the objective of
preventing disease progression or regression of already
established fatty liver or NASH. Lifestyle changes and
dietary modification are the main methods for weight
management.

Weight management

The ultimate weight management goal is to achieve
the ideal body weight. However, significant insulin
resistance improvement could be attained by modest
weight loss!*".

The National Heart, Lung, and Blood Institute
guidelines for weight management in obsess subjects
are the best evidence-based treatment guidelines,
which generally recommended that the diet should be
planned to achieve a daily caloric deficit of 500 to 1000
calories along with an increase in everyday activities!*".
Furthermore, for subjects with a BMI higher than 30
kg/m? or with a BMI higher than 27 along with other
comorbid conditions (e.g., sleep apnea), pharmacologic
weight management with orlistat or sibutramine may be
considered as these agents could produce a beneficial
effect on NAFLD™®!, However, both vertical banded gastro-
plasty and proximal gastric bypass have been shown to
be safe in NASH subjects!'®?. Moreover, the severity of
hepatic steatosis, fibrosis and cell injury regresses once
the weight stabilizes following these operations'®?,

Pharmacologic treatment of NASH

Several drug therapies have been tried in both research
and clinical settings, yet no agent has been approved by
the Food and Drug Administration for the treatment of
NAFLDY,

Vitamin E
Vitamin E, an inexpensive potent antioxidant, has been
examined as a treatment agent for NAFLD in many
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adult and pediatric studies, with varying results. In all
studies, vitamin E was well tolerated, and most studies
showed modest improvements in ultrasonographic
appearance of the liver, serum aminotransferase levels
and histologic findings®®’****!, In one published series
of 11 pediatric patients with NASH who received vitamin
E (d-o-tocopherol), 400 to 1200 IU, ALT improved 1%%7,

Lipid-lowering agents

Few small trials assessed the usefulness of lipid-
lowering and cytoprotective drugs for NAFLD treatment,
with varying results. In one controlled trial, gemfibrozil
improved liver chemistry in 74% of NAFLD patients in
the treatment group, compared with 30% of untreated
control subjects with no available histologic data. So,
in general, lipid-lowering agents are not used for NASH
treatment™®,

Insulin sensitizers

The association between hyperinsulinemic insulin resistance
and NAFLD provides a logical target for treatment. Two
classes of drugs have been shown to correct insulin resis-
tance: biguanides (e.g., metformin) and thiazolidinediones.
Metformin, a biguanide that reduces hyperinsulinemia and
improves hepatic insulin sensitivity, reduces hepatomegaly
and hepatic steatosis in ob/ob mice!'®, but results in
human studies have been less impressive!''*!"! as in
human studies, although ALT improved and liver size
decreased, metformin was not consistently found to
improve liver histology"'***%,

Ursodeoxycholate

Ursodeoxycholate (UDCA) is a hydrophilic bile acid that
is associated with hepatoprotective properties. In one
study, UDCA produced improvement in liver enzymes
and a decrease in hepatic steatosis. The long-term
benefits of UDCA and the optimal dose of UDCA remain
to be established™!,

Taurine

Taurine is believed to function as a lipotropic factor and to
improve the mobilization of hepatic fat. In another single
uncontrolled series, 10 children treated with taurine

supplements orally had radiologic resolution of their fatty
livert™*,

Betaine

Betaine is a hepatoprotective factor, and liver histology
and aminotransferase activity were improved in ten
NAFLD subjects who received betaine for one year™'>'*¢,
In a recent randomized placebo-control study, 55
NASH patients received betaine (20 g daily). Patients
randomized to betaine had a decrease in steatosis grade
without a significant change in intragroup or intergroup
differences in NAS or fibrosis stage. Moreover, there was
no significant change in adiponectin, insulin, glucose,
proinflammatory cytokines, or oxidant stress in NASH
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patients receiving betaine therapy!'*°..

Pentoxifylline

Pentoxifylline antagonizes TNF-a and is orally available
for long-term use. In two small pilot studies, ALT
improved after several months of treatment at a dose
of 400 mg three times a day. In addition, although the
drug was well tolerated in one study, 9 of 20 subjects
in the other study dropped out because of side effects,
especially nausea!''’**#,

Losartan

Angiotensin II has been implicated in hepatic stellate
cell activation and matrix production™*®), In a small
pilot study of an angiotensin receptor blocker, losartan,
an improvement in ALT was noted™?”,

Surgical treatment

Bariatric surgery is the primary surgical intervention
for NAFLD in patients with an BMI more than 40 kg/m®
or of 35 kg/m? with comorbidities™". Current bariatric
surgical techniques include vertical banded gastroplasty,
adjustable gastric banding, Roux-en-Y gastric bypass,
biliopancreatic bypass, and biliopancreatic diversion
with duodenal switch. Based on a recent meta-analysis,
bariatric surgery is associated with significant histologic
improvements in steatosis, steatohepatitis, and
fibrosis, with more than 50% of patients experiencing
complete resolution of their fatty liver disease after
surgery. Although these results are compelling, these
observational studies showed no relationship between
histologic improvement and the amount of weight
loss™?,

As with other causes of cirrhosis, liver transplantation
is a viable option for patients with end-stage liver
disease due to fatty liver disease!***. The outcome of
liver transplantation in these patients is good, although
NAFLD can recur after liver transplantation!*****,
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Abstract

Liver diseases are one of the leading causes of mortality
in the world. The hepatic illnesses, which include
inherited metabolic disorders, hemophilias and viral

WJH | www.wjgnet.com
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hepatitides, are complex and currently difficult to treat.
The maturation of gene therapy has heralded new
avenues for developing effective intervention for these
diseases. DNA modification using gene therapy is now
possible and available technology may be exploited
to achieve long term therapeutic benefit. The ability
to edit DNA sequences specifically is of paramount
importance to advance gene therapy for application to
liver diseases. Recent development of technologies that
allow for this has resulted in rapid advancement of gene
therapy to treat several chronic illnesses. Improvements
in application of derivatives of zinc finger proteins (ZFPs),
transcription activator-like effectors (TALEs), homing
endonucleases (HEs) and clustered regularly interspaced
palindromic repeats (CRISPR) and CRISPR associated
(Cas) systems have been particularly important. These
sequence-specific technologies may be used to modify
genes permanently and also to alter gene transcription
for therapeutic purposes. This review describes progress
in development of ZFPs, TALEs, HEs and CRISPR/Cas
for application to treating liver diseases.

Key words: Gene therapy; Zinc fingers; Transcription
activator-like effectors; Clustered regularly interspaced
short palindromic repeats; Homing endonucleases;
Liver diseases

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The treatment of liver diseases is varied and
often complicated. Gene editing is being developed to
treat a variety of chronic disorders and has exciting
potential for curing hepatic diseases. Engineering of
derivatives of zinc finger proteins, transcription activator-
like effectors, homing endonucleases and clustered
regularly interspaced palindromic repeats potentially
enables sequence-specific gene editing. These DNA
binding proteins may be used to alter genes permanently
or to influence the epigenetic status of liver cells for
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therapeutic benefit.
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LIVER DISEASES AND THE APPLICATION
OF GENE THERAPY

The liver plays an important role in metabolism and the
etiology of numerous inherited and acquired disorders
and can be traced to this organ. Liver diseases are varied
and suitable options for therapy are often limited™..
Treatment outcomes are dependent not only on patient
history and disease type, but also disease progression
and prior treatment®!, Gene therapy, which offers the
potential for improving currently available therapy for
liver diseases, is defined as the introduction of nucleic
acids into cells to treat a disease. Gene therapy may
cause: (1) substitution or correction of genetic material;
(2) changes in gene expression through augmentation;
(3) post-transcriptional regulation; (4) cell death as a
result of expression of toxic genes; and (5) transcriptional
repression or activation (Figure 1)P!. Applications of
the approach may be expanded through use in concert
with cell-based therapies. Collectively these versatile
technologies have the potential to improve efficacy and
expand the repertoire of strategies for management
of liver diseases. Gene therapy is a rapidly developing
field of research that has application to treatment and
prophylaxis of many liver diseases, such as is caused
by persistent hepatitis B virus (HBV) infection. Selected
examples of gene therapy for various liver diseases are
shown in Tables 1 and 2.

Although the application of gene therapy is far
reaching, not all liver diseases are currently amenable
to this type of treatment. Reversal of certain hepatic
disorders, such as alcohol induced cirrhosis, is not feasible
at present. With other diseases, such as tuberculosis of
the liver, suitable technology is not yet available to effect
treatment. For these reasons gene therapy is focused
on developing treatment for hereditary monogenic
diseases, certain viral infections, some acquired and
complex genetic cellular gene defects. Complex genetic
diseases are caused by multiple gene mutations which
accumulate over time. An example of such a disease is
hepatocellular carcinoma (HCC)™. Hereditary monogenic
diseases are the result of a single inherited gene
defect™® and include disorders such as Crigler-Najjar
syndrome type 1™ and tyrosinemia type 1. These
diseases are caused by mutations in the genes encoding
uridine 5-diphospho-glucouronosyl transferase!”? and

fumarylacetoacetate hydrolase (Fah) respectively™,
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and result in hepatic accumulation of toxic metabolites.
Other hereditary monogenic diseases such as hemophilia
A and B, caused by gene mutations in coagulation
factors VI® and IX' respectively, result in excessive
bleeding and associated extra hepatic manifestations!”.
Viral infections of the liver include hepatitis B™*! and
hepatitis C'*?!, These viral hepatitides are major risk
factors for chronic liver diseases, with carriers exhibiting
increased susceptibility to cirrhosis and hepatocellular
carcinoma!**?, Gene therapy can be applied to treating
these diseases by altering gene expression through gene
editing, augmentation of gene expression, transcriptional
repressive or activational mechanisms (Figure 1)%.
Availability of DNA editing tools will expand the
application of gene therapy to the treatment of liver
diseases. Currently available technologies have limi-
tations. For example, application of RNA interference-
based silencing to treatment of HBV infection may not
be sufficiently durable and specific to achieve a safe
curative effect. Genome modification technologies
provide the means for overcoming some of these short-
comings. Currently gene editing tools are based on
engineered derivatives of zinc finger proteins (ZFPs)™?,
transcription activator-like effectors (TALEs)™*, homing
endonucleases (HEs)™® and clustered regularly
interspaced palindromic repeat (CRISPR) and CRISPR
associated (Cas) protein arrays!*®*’), This review will
explore the application of these sequence-specific DNA
modification technologies to treatment of liver diseases.

SEQUENCE-SPECIFIC DNA EDITING
TECHNOLOGIES: A TOOL FOR GENE
THERAPY

The ability to sequence entire genomes has facilitated
identification of genetic defects that underlie diseases,
and this has assisted with prevention and cure of
illness. Sequence-specific DNA editing technologies thus
present a novel, versatile tool for modifying the genome
and treating disease. Early applications of this approach
were hampered by several factors. These included low
efficiency, the need for complicated screening to identify
suitable gene editors and the potential for adverse
effects caused by lack of specificity™®*®!. During the past
decade, characterization of derivatives of sequence-
specific proteins and RNA-guided nucleases”?, which
include ZFPs®®, TALEs™, HEs"**Y CRISPR/Cas!” has
allowed investigators to develop tools to edit almost any
gene.

ZFPs

ZFP arrays rely on the sequence-specific interaction of
the His2-Cys2 protein motif present in individual fingers
with specific sequences in the target DNAPZ, Zinc finger
(ZF) domains constitute one of the most common DNA-
binding motifs in eukaryotes and prokaryotes. Moreover
they are the second most commonly encoded family
of proteins in the human genome. Each finger consists
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Table 1 Selected examples of liver-specific gene therapies for complex genetic and hereditary monogenic disorders

Disease Therapy Rationale Stage of development Ref.
Gene therapy for complex genetic diseases

Hepatocellular Recombinant human Adenovirus is highly infectious and when it is used in Clinical (phase I and II) [18]

carcinoma adenovirus type 5 conjunction with TACE it improves tissue penetration and

administration followed by thus tumor shrinkage
TACE

Gene therapy for hereditary monogenic diseases

Crigler-Najjar AAV neonatal mouse AAV has low immunogenicity and is highly infectious in Preclinical [19]

syndrome type [ hUGT1A1 gene transfer hepatocytes. Thus, in this study expression of bilirubin UDP

glucuronosyl-transferase was augmented a large number of
hepatocytes following transduction with h(UGT1A1

Familial hyper- Hepatocytes corrected with The transplantation of hepatocytes allows the slow Clinical (phase 1) [20]
cholesterolemia retroviruses expressing the repopulation of the liver with a desirable phenotype. In
low-density lipoprotein this study this method was used to introduce hepatocytes
receptor expressing the low-density lipoprotein receptor
Hemophilia A Recombinant factor VIl fused Coagulation factor replacement therapy requires the regular Clinical (phase IIT) [21]

to Fc domain of IgG1 (rFVI[Fc) replacement of factor VI (FVIl) with recombinant FVIl products
or plasma-derived concentrates. The use of a long-lasting
recombinant FVI[ protein would reduce the need for frequent
injections. The fusion of the human Fc domain of IgG1 to F
VIl extends the half-life of FVIl and may reduce the injection
frequency by 50% when compared with current treatments

TACE: Trans-catheter arterial chemoembolization; AAV: Adeno-associated virus; UDP: Uridine 5'-diphospho.

Table 2 Selected examples of liver-specific gene therapies for viral hepatitides

Disease Therapy Rationale Disadvantages Stage of development Ref.
HBV  Expression of anti-HBV Using artificial HBV-targeting pri-miRNAs it was Expression of pri-miRs Preclinical [22]
primary microRNA (pri-  possible to silence viral genes selectively, thus reducing ~ must be maintained over
miR)-122- and pri-miR-  their expression and causing inhibition of viral replication prolonged periods
31-based mimics
HBV Administration of HB-110 is a DNA vaccine used in chronic hepatitis B Possibility of escape Clinical (phase 1) [23]
increasing doses of infections. This vaccine induces antigen production and mutants and viral
HB-110 DNA vaccine  stimulates the immune response; helping to clear infected rebound after therapeutic
with fixed doses of cells from the liver. Adefovir dipivoxil is a chemical withdrawal
adefovir dipivoxil therapeutic which blocks reverse transcriptase preventing

viral replication. When used in conjunction, adefovir
dipivoxil prevents viral replication and thus infection of
healthy hepatocytes while the stimulated immune system
clears infected hepatocytes, thus reducing the symptoms of

chronic HBV
HBV Administration of a ARC-520 is an RNAI therapeutic that will be used in The efficacy of RNAi- Clinical (phase [Ia)  [24]
single dose ARC-520 combination with the inhibitor of HBV DNA polymerase, therapeutics must
with entecavir entecavir, in patients with chronic HBV infection. The decline be maintained over
of HBsAg along with other measures will be evaluated to prolonged periods
determine the efficacy of treatment in response to a single
dose of ARC-520
HCV Administration miR-122 expression is specific to the liver and plays an LNA-oligonucleotide Clinical (phase II)  [25]
of Miravirsen to important role in the regulation of HCV replication. expression needs to be
target miR-122 with ~ Disrupting miRNAs can be difficult but one of the tools used ~ maintained for long
LNA-modified to silence their activity are LNA-modified oligonucleotides. periods
oligonucleotide Their bridge modification significantly increases their

hybridization properties, making disassociation more
difficult. In this study they produced a LNA-oligonucleotide
which is complementary to miR-122, inhibiting its activity;
this decreases HCV replication and reduces infection

HBV: Hepatitis B virus; HCV: Hepatitis C virus; RNAi: RNA interference; HBsAg: Hepatitis B surface antigen; LNA: Locked nucleic acid.

of 30 amino acids with 3 amino acids from an a-helical three fingers, and thus allow recognition of up to 9 bp
region interacting with 3 consecutive base pairs (bp) in of the target sequence. The ability to link more than 3
the major groove of the target DNA!"®., Naturally DNA- adjacent fingers together has been useful for application

binding domains comprise tandem repeats of up to of this technology and was made possible through the
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Figure 1 Potential outcomes of gene therapy. A: Correction of mutations or
augmentation of gene function by introduction of a second copy of the gene of
interest into a safe harbor locus; B: Changes to transcriptional regulation of a
gene of interest, allowing for correction of gene function either by transcriptional
activation or suppression. The grey boxes represent exons and linking lines
represent introns.

discovery of a structurally conserved linker region of
sequence amino acid TGEKP™, This conserved linker
region provides additional stability to the protein-DNA
complexes™. It is possible to build modular arrays
that recognize 9-18 bp, which would provide sufficient
specificity for targeting within the human genome®**!.
Through use of libraries consisting of combinations of
ZFs that recognize almost all 64 possible nucleotide
triplets, it was possible to select ZFPs with the intended
target binding specificity!****!. A drawback of the
approach was that combinations of the fingers did not
always bind to targets with intended affinity'**®. This
phenomenon is the result of context dependency of
the individual fingers™*®. That is, binding affinity of
individual fingers is influenced by neighboring modules,
and strength of interaction of the fingers with their
intended cognates depends on properties of surrounding
sequences of the ZFP™*, The development of the
Oligomerized Pool ENgineering protocols, which provides
a publically available tool for the development of ZFPs,
improved the ability of researchers to select proteins
with good target-binding properties”™”. Subsequently,
an approach was developed that takes into account the
effect of neighboring individual ZFs when generating
an array. This method, context dependent assembly
(CoDA), selects for active arrays by using combinations
derived from known existing functional ZFPs®®. In
CoDA the N and C-terminal fingers from different
arrays, which have a common middle finger, can be
joined together to make new active ZFPs. The method
is rapid and does not require a selection process, thus
reducing the screening required for identification of
functional ZFPs®>*®, As a result of the influence of
context dependency, and the experimentally observed
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Figure 2 Schematic representation of transcription activator-like effector
nuclease interaction with DNA. A pair of transcription activator-like effector
(TALE) nucleases interacts with its target through a tandem arrangement of
DNA-binding modules, represented by oval structures in the schematic. Each
DNA-binding module comprises 34 amino acids, with a repeat variable diresidue
(RVD), in blue, at amino acids 12 and 13. The RVD specifies the DNA base to
be targeted. There is a nuclear localisation signal on the N-terminal and a Fokl
effector bound to the C-terminal. As well as Fokl nuclease domains, TALEs may
also be bound to transcriptional regulators such as Kriippel-associated box or
VP16/64. NLS: Nuclear localisation signal.

affinity of ZFPs for G-rich sequences, not all DNA
sequences are suitable targets for binding by ZFPs.
It has been estimated that one pair of efficient ZFPs
may be generated for approximately every 100 bp of
the human genome™®.. The context dependency of the
ZFs also has implications for off-target activity. Tools
that aid in target selection and prediction of off-target
activity have been developed to assist with generating
functional ZFPs™**), Despite the difficulties associated
with use of ZFPs they are currently the most widely
applied of the genome editing technologies. This is
illustrated by their recent application in preclinical and
clinical settings in which ZF nucleases (ZFNs) were used
to disrupt the human immunodeficiency virus (HIV) co-
receptor CC-chemokine receptor 5 gene in CD4" T cells
to produce cells that are resistant to HIV infection™****,

TALEs

TALEs are a unique family of DNA-binding proteins that
have been isolated from the phytopathogenic bacteria
of Xanthomonas species and Ralstonia solanacearum™**.
The characterization of native TALEs led to discovery
of the DNA-binding region, which is a highly repetitive
protein sequence***). Each repeat comprises 33-35
amino acids™?¥ that collectively constitute a protein of
approximately 122 kDa"™®. The repeats of the TALE
each recognize and bind to a single nucleotide. The
nucleotide specificity is conferred by two consecutive
variable residues at positions 12 and 13 of the repeated
unit, and are termed the repeat variable diresidues
(RVDs) (Figure 2). Each RVD interacts specifically with
either A, T, G or C nucleotides™®”, and a simple code
determines nucleotide binding. There are 20 known
RVDs and certain RVDs are found more commonly than
others in native TALEs'”). Individual RVD recognition
of its cognate nucleotide is independent of both the
preceding and succeeding RVDs'"**”), This lack of
context dependence is a distinct advantage over ZFPs,
and allows for convenient construction of TALE subunits
that recognize specific DNA sequences. A requirement of
efficient TALE binding is the presence of a T nucleotide
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Figure 3 Schematic representation of the clustered regularly interspaced
palindromic repeats/clustered regularly interspaced palindromic repeats
associated 9 complex and its interaction with DNA. With the CRISPR/Cas
system, a 20 nucleotide guide RNA is processed and bound to the Cas9
protein. When adjacent to a proto-spacer-associated motif element, the guide
recognises and binds a complementary sequence in the DNA to direct target
cleavage by the Cas9 protein. A catalytically inactive Cas9 protein may also be
coupled to other effectors such as Kriippel-associated box or VP16/64 domains.
CRISPR/Cas: Clustered regularly interspaced palindromic repeats/CRISPR
associated. CRISPR: Clustered regularly interspaced palindromic repeats; Cas:
CRISPR associated; tracrRNA: Trans-activating CRISPR RNA; gRNA: RNA
guide.

at the base 0 position of the cognate (T°)"*®. Substitution
of T° with another nucleotide reduces the binding of the
TALE™ and places a minor restriction on the number of
target sites within the genome that can be recognized
by custom TALEs. TALE recognition sequences are up
to 18 nucleotides in length and alterations at a single
nucleotide can have a significant impact on binding
efficiency. However, the average binding contribution of
individual RVDs is minimal. Nevertheless, choice of RVD
may have an impact on the electrostatic interactions
between the TALE and DNA, which in turn may influence
the stability of the DNA-TALE complex. The length of
the target sequence is approximately equal to the
number of RVD repeats and single repeats each bind
to 1 nucleotide of DNA™®. Mismatches at the 5’ end
of the recognized sequence are more detrimental to
TALE binding than they are at the 3’ end of a target™”.
This suggests that the generation of synthetic designer
TALEs should be biased to favor selection of unique
targets within 5’ regions™”. Apart from RVD choice and
target sequence selection, other factors influencing TALE
binding efficacy include modifications to the DNA target
and chromatin structure variations*”’. Valton et a/*”
showed that TALE arrays cannot bind 5-methylcytosine
(5mC) residues, which may pose barrier to application in
mammalian systems where DNA methylation commonly
occurs as a transcriptional regulatory mechanism®!. The
RVDs NG and N* both have some affinity for 5mC, and
these RVDs may thus be incorporated into engineered
TALEs to target DNA that is methylated™”. Development
of web-based tools, which take all of these parameters
into account, has simplified TALE array design and
facilitated their more wide spread application™. TALEs
are large proteins, and with addition of the nuclease or
transcriptional regulation domains, DNA encoding the
engineered DNA binding proteins may be as long as
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4 kb™***"_ This makes them significantly larger than
ZFPs and considerably larger than HEs. Although the
TALE binding arrays have been shown to be robust and
easily programmable, the size of the TALEs makes their
delivery challenging for therapeutic application.

CRISPR/Cas

CRISPR/Cas systems are naturally RNA-mediated
adaptive defense mechanisms that are found in some
prokaryotic organisms. Using short CRISPR RNAs (crRNAs)
and Cas proteins, the prokaryote is able to identify
and eliminate invading DNA elements®. CRISPR/Cas
complexes identify targeted genomic loci using a 20
nucleotide RNA guide (gRNA), which is complementary
to its target DNA sequence. CRISPR/Cas systems are
classified into three types (I -IlI) on the basis of the
structure and sequence of their Cas proteins™. All three
have three essential components: the CRISPR array,
the upstream leader sequence and the cas genes®”..
The most commonly used CRISPR/Cas system for gene
editing applications is type II CRISPR/Cas™. The CRISPR
array is composed of identical repeats that are 23-47
bp in length®. The CRISPR/Cas leader region acts as
a promoter for the transcription of the CRISPR array™.
The cas genes encode the Cas proteins. This protein
contains RuvC-like and HNH-like catalytic domains, which
cleave the targeted DNA. The HNH-like domain cleaves
the strand that is complementary to the gRNA, while the
RuvC region cuts the other non-complementary DNA
strand of the target™®"). Recognition of the target sequence
by the Cas proteins is facilitated by presence of the proto-
spacer-associated motif (PAM). This sequence is usually
2-4 nucleotides long and flanks the target site. It is absent
from the endogenous loci and thus prevents CRISPR/Cas
auto cleavage and adds specificity to targeting'®”.

The type II CRISPR/Cas systems use the Cas9
protein, which recognizes a PAM sequence of 5'NGG3".
In type II systems a small non-coding RNA, known as
the trans-activating crRNA (tracrRNA), which is partially
complementary to the CRISPR repeats, forms an RNA
duplex with crRNA. This RNA hybrid is recognized and
processed to form mature gRNA and, subsequently,
associates with Cas9. The complex, including the
tracrRNA, recognizes invading DNA and inactivates it
by cleavage®® (Figure 3). When using an engineered
CRISPR/Cas system cognates for new gRNAs are
identified within the targeted gene. Binding sites for
these artificial gRNAs are preceded by the PAM, which
is required by the associated Cas protein. Optimization
of the CRISPR/Cas guide architecture, to enhance
specificity and broaden their application, is a highly
active field of research®. As with other gene editing
technologies, the CRISPR/Cas system faces several
developmental challenges, including potential off-target
activity which may result in adverse mutation.

HEs

HEs are named as a result of their native endonuclease
and homing activities. Homing is the transfer of introns
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Figure 4 Schematic representation of zinc finger nuclease interactions
with DNA. Each zinc finger interacts with 3-4 bp in the major groove of the
DNA double helix. The Hys2Cys2 side chains (depicted as the loop) bind to the
DNA, which is facilitated by the interaction between the zinc finger protein (ZFP)
and a Zinc ion (depicted as green circle) which stabilizes the protein structure.
As well as Fokl nuclease domains, ZFPs may also be bound to other effectors
such as Kriippel-associated box or VP16/64.

or inteins into alleles that themselves do not have
introns or inteins™®¥. These endonucleases are encoded
by open reading frames (ORFs) within the mobile
sequence. They avoid disrupting the genetic function of
the host by exclusively moving the mobile sequences
into inteins and introns. HEs have an ability to recognize
DNA target sites of 14-44 bp, which correspond to
the intron/intein insertion site. They create a double-
strand break (DSB) or single-stranded nick to promote
insertion of sequences encoding the HEs within introns
or inteins into the target allele™. Group I introns,
large self-splicing ribozymes, encode the most well
characterized HEs. In the case of group I introns, the
HEs are translated prior to transposition of the mobile
element™®., The resulting endonuclease is specific for
the “intronless” target site. Host-mediated homology-
directed repair (HDR) results in the unidirectional
transfer of the HE-encoding intron into the cleaved
allele with disruption of the homing site. Although less
well studied, the process for HEs comprising inteins
is likely to be similar to that of HEs encoded within
group [ introns®®, Six families of group I HEs have
been identified, namely: LAGLIDADG; GIY-YIG; HNH;
His-Cys box; EDxHD and PD-(D/E) xK!**, These families
are classified according to the presence of conserved
amino acid sequence motifs within their active sites.
The largest family of the HEs is the LAGLIDADG HEs
(LHEases). LHEases generate staggered DSBs in the
DNA at the target site to produce four nucleotide 3’
overhangs'® which induce DNA repair.

HEs are attractive gene editing tools because of their
high sequence specificity and were applied as gene
modifiers in murine cells 20 years ago™®. Since then,
studies have been performed targeting human genes®®”
and certain monogenic diseases™”. Theoretically, their
high sequence specificity should reduce off-target
effects, which is supported by their limited toxicity
when expressed in cells over prolonged periods®!, A
further advantage to HEs is that they are significantly
smaller than ZFPs and TALEs, which simplifies their
delivery. However, engineering HEs is significantly more

Raishidenge ~ WJH | www.wjgnet.com

864

difficult than it is for ZFPs, or TALEs!'®. This is because
enzymatic and target recognition sequences are located
within the same domains of the HEs, and altering target
specificity without compromising enzymatic function
is complicated to achieve™. Despite these limitations,
studies continue to advance the development of
HEs™ ., It is possible that improvements in use of HEs
may lead to their use for gene editing purposes and for
liver-specific applications. However, with advances in
other gene editing technologies use of HEs are currently
not in favor.

USE OF SEQUENCE-SPECIFIC GENE
EDITING TECHNOLOGIES FOR
TREATMENT OF LIVER DISEASES

Although gene editing as a mode of treating liver
diseases is still limited, application of the technologies to
management of other diseases has useful implications
for hepatology. Gene editing initially focused on creation
of DNA-modifying nucleases derived from ZFPs®®7%,
TALEs'*7H, CRISPR/Cas!'’*® and HEs!™®. The native
endonuclease activity of CRISPR/Cas and HEs means that
no additional effectors are required for their application
as nucleases. However TALEs and ZFPs require that
nuclease domains be added to the DNA-binding regions,
and FokI is most commonly used. FokI is a type II
S restriction enzyme that recognizes its target site as
a monomer and nicks a single-strand of DNA”?, but
requires dimerization for double-stranded DNA-cleaving
activity!”?l, The implication of this is that a ZFN and TALE
nuclease (TALEN) pairs are required to effect complete
cleavage of the duplex. To engineer a site-specific ZFN
or TALEN, independent subunits need to be designed to
nick each strand of the DNA target. To achieve intended
cleavage of the DNA duplex, the subunits need to be
delivered to a target cell simultaneously™® (Figures 2 and
4). This is not necessarily a limitation as the addition of a
second nuclease improves sequence-specificity, which is
especially desirable in a clinical setting.

DNA-modifying nucleases enable genome modi-
fication by introducing DSBs in the DNA and stimulation
of the mutagenic non-homologous end joining (NHEJ)
and high fidelity HDR pathways™ (Figure 5). Repeated
activation of NHEJ typically results in generation of
small insertions or deletions (indels) at a targeted site
that may be used to disable specific genes (Figure
5)P¢, Introduction of a gene modifying nuclease along
with donor DNA (plasmid, single-stranded or double-
stranded oligonucleotides), which has homology to sites
flanking the target, induces HDRV*”!, By activating
HDR it is possible to make precise alterations to the
genome: correction of single point mutations, facilitation
of integration of single and multiple transgenes into
specific loci can be achieved”®”” (Figure 5). As a result
permanent correction, silencing or augmentation of
cellular genes may be achieved. When two duplex
DNA-cleaving nucleases are simultaneously introduced
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A Possible outcomes of DSB repair

i Cleavage producing DSB

Repair by HDR/ \fepalr by NHEJ

Correction Insertion Deletion
(Indels)
B Possible outcomes of double cleavage events
Double cleavage
on one
chromosome Dout.)le cleavage
on different
chromosomes
Repair by HDR —
or NHEJ T
Deletlon Inver5|on

l Translocations

Figure 5 Potential effects of using genome editing endonucleases. A:
Nuclease induced double strand breaks (DSB) may be repaired by homology
directed repair (HDR), resulting in corrections that may be to a single base pair
or thousands of base pairs. Repair by non-homologous end joining (NHEJ) may
result in non-specific insertions and deletions (indels); B: The introduction of
two nucleases targeting the same chromosome may result in large deletions or
inversions of the DNA. Chromosomal translocations may occur when two DSBs
are introduced on different chromosomes.

into a cell, inversions, translocations, large insertions
and deletions may be induced within the intervening
sequences (Figure 5).

Early investigations focused on the nuclease activity
of gene modifiers. However, their potential for off-target
mutagenic effects, accumulation of cytotoxic DSBs and
reliance on host repair machinery, led investigators to
explore therapeutic utility of transcriptional activators
and repressorst® to modulate genes selectively without
changing the sequence of the DNA"Y, A commonly
used transcriptional repressor is the Kriippel-associated
box (KRAB) domain, which is a 75 amino acid motif
originally found on the N-terminus of ZFPs®”!, The
Herpes simplex virus type I-derived 65 kDa VP16!"
domain, or its synthetic tetrameric derivative VP64™®",
are commonly used to effect transcriptional activation.

TALEs, ZFPs and CRISPR/Cas constructs have all
been used to create artificial transcription factors®>%,
ZFPs or TALEs may be fused to an activator or repressor
domain to create ZF-transcription factors or TALE-
transcription factors. These transcription factors have
the advantage of functioning as monomeric proteins,
although multiple transcription factors might improve
their efficacy. Modification of CRISPR/Cas arrays to act
as artificial transcription factors is achieved by modifying
the Cas9 endonuclease to render it catalytically inactive,
and form the so-called dead Cas9 (dCas9). dCas9
may still be recruited by gRNAs to target specific DNA
sites’®, but when modified with an effector domain
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such as KRAB or VP64, it is able to alter the epigenetic
state of its target’®.,

In addition to deciding on which type of gene
modifier to apply for therapy, there are disease-specific
considerations that must be evaluated before a new
treatment may be developed. These include an assess-
ment of the proportion of hepatocytes that needs to
be treated, duration of expression of a gene modifier,
the potential for off-target activity and the type of gene
alteration that is required to attain a therapeutic effect.
Thus, treatment of a viral hepatitis would be vastly
different from that required for a hereditary or complex
genetic disorder.

APPLICATION OF GENE EDITING
TECHNOLOGIES TO THE TREATMENT OF
VIRAL HEPATITIS

[86]

Zimmerman et al™’ investigated the ability of ZFPs
to target the episomal covalently closed circular DNA
(cccDNA) reservoir of duck HBV (DHBV). This replication
intermediate is a template for the transcription of viral
genes and the production of pre-genomic RNA®®. The
persistence of cccDNA is responsible for chronic HBV
infection and currently there are no available therapies
that directly target this replication intermediate. The
anti-DHBV ZFPs were designed to target the enhancer
1 region of the cccDNA, as this element controls
transcription from both the core and surface promoters.
After introduction of the ZFPs into cells in culture, a
decrease in total viral RNA and pre-genomic RNA with
ZFPa (61.2% and 57.2% respectively) and ZFPb (45.3%
and 73.5% respectively) was observed. Furthermore, a
reduction in DHBV core and surface protein expression
and production of virus progeny was also reported.
Importantly, the introduction of the ZFPs did not result
in any significant toxicity'®. In 2010 Cradick et a/f®”!
evaluated the ability of ZFNs to target and disrupt HBV
DNA. The ZFNs used were designed by searching the
HBV genome for recognition sites for pairs of three-
finger ZFNs separated by six nucleotides. One pair of
ZFNs was selected from 18. This ZFN pair cleaved within
the HBV core ORF and reduced the pre-genomic RNA by
29%. About 26% of targeted DNA was linearized in the
presence of the ZFNs and approximately 10% showed
aberrant re-ligation. The re-ligated products all showed
indels and subsequent disruption of viral replication
markers®. Although this study demonstrated the
ability of ZFNs to cleave HBV DNA targets, there was
no evidence to suggest that the ZFN pair was able to
disable the HBV cccDNA.

Zhao et al®® evaluated the use of a ZF-artificial
repressor (ATF) to down-regulate an integrated hepatitis
B X gene (HBx) in the Hep3B hepatocellular carcinoma
cell line. During normal HBV infection, HBx gene
integration is associated with the progression of chronic
HBV to HCC and is responsible for the dysregulation
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of expression of a number of cellular genes. The ZFP-
based artificial repressor recognized 18 bp in the
enhancer 1 region of the HBx gene and used the KRAB
domain to effect knockdown. Investigators saw a
marked decrease in luciferase production from an HBx
reporter construct. When the ATF was stably expressed
in the Hep3B cell line there was significant cell cycle
arrest. In a cell lines without the integrated HBx gene
no cell cycle arrest was observed™®®. This study presents
a novel approach to inhibiting HCC progression caused
by HBV and illustrates the potential of applying gene
editing technologies to the functional repression of
disease associated genes.

In 2013, Bloom et al®®! were the first group to
demonstrate the potential of anti-HBV TALENs for
treatment of chronic HBV infection. The investigators
successfully designed four pairs of TALENs. Two of
these pairs target the surface (S) and core (C) ORFs of
HBV. The S and C targeting TALENSs efficiently caused
indels in these ORFs including those found within the
cccDNA of HepG2.2.15 cells which stably replicates
HBV™., In this assay, the cccDNA was isolated using a
hirt extraction coupled to use of an ATPase dependent
nuclease, which selectively degrades nicked or linear
DNA. Following this isolation, deep sequencing was used
to evaluate targeted disruption of the TALEN cleavage
sites. The S TALEN disrupted 31% of the cccDNA,
while the C TALEN disrupted 12% of the HBV cccDNA.
Hydrodynamic injection (HDI) was used to introduce
HBV DNA into mice to simulate HBV replication in vivo.
A significant reduction in markers of viral replication
following the HDI-mediated introduction of the TALENs
was observed in this model. The S TALEN effected
knockdown of HBV surface antigen (HBsAg) by more
than 90% on both days 3 and 5 after HDI. Circulating
viral particle equivalents decreased by approximately
70% with the introduction of either the S or C TALEN.
Immunohistochemical detection of the HBV core antigen
in the liver of treated mice was only decreased with the
addition of the C TALEN. These results not only showed
that the TALENs had an effect in a murine model of
HBV infection but that the effect of each TALEN was
limited to its specific target. Furthermore, intrahepatic
mMRNA concentrations remained constant after TALEN
treatment, demonstrating that inhibition of viral
replication markers was the result of inactivating the
targeted genes rather than transcriptional repression. It
was noted that the other two pairs of TALENS, targeting
the polymerase ORF (P1 and P2) did not result in target
cleavage despite reducing HBsAg expression. These
observations suggested that the P1 and P2 TALENs may
function through a different mechanism of action, such
as by targeted transcriptional repression. Measurements
of aspartate aminotransferase and alanine amino-
transferase activity in the murine liver indicated that
there were minimal toxic effects associated with TALEN
treatment®’. However, as cccDNA is not produced
by mice, the evaluation of TALEN mediated cccDNA
disruption in vivo could not be carried out in this study.
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A subsequent study by Chen et af®! supported the
findings made by Bloom et af*”. Chen et af®" designed
a unique set of TALENs against conserved regions within
HBV genomic DNA. Application of their TALEN pairs
resulted in the reduction of HBV core, surface and e
antigen expression; viral knockdown and a reduction
in the cccDNA. cccDNA was produced at low levels in
Huh? cells using a transfection method. cccDNA levels
were evaluated by quantitative polymerase chain
reaction using HBV cccDNA specific primers, which
were designed to amplify DNA across the gap that is
present in relaxed circular DNA (rcDNA). This allowed
for discrimination between the two HBV replication
intermediates. cccDNA was reduced by approximately
10%-20% with TALENs-L1/R1 and twofold in
TALENs-L2/R2. Furthermore, a synergistic effect on
the inhibition of HBV transcription was observed when
TALENs and interferon-& were co-administered”". The
studies by Bloom et a®® and Chen et a/®" provide
evidence for TALEN applications to treating chronic
diseases that have a DNA reservoir within the human
liver. While the findings of these studies are promising
the need to test TALEN efficacy in a model that
simulates the human condition more closely remains
important. The prolonged nuclease activity required,
which would ensure eradication of all of the cccDNA,
and thus successful elimination of HBV infection may
also result in unwanted side effects. Therefore, the
development complementary technologies to combat
HBV such as TALE transcriptional regulators which may
be used in their place or in conjunction with their TALEN
counterparts should also be considered.

Most recently, Lin et af®? evaluated the potential of
a CRISPR/Cas approach to eradicating HBV replication
intermediates (rcDNA and cccDNA) both in vitro and in
vivo. The investigators designed gRNAs to the HBV A
genotype and of the eight gRNAs, four had good anti-
HBV activity. Improved efficacy was observed when
the gRNAs and Cas9 were co-expressed from the
same plasmid, with the most active gRNA reducing
intracellular HBsAg levels by 96%. This gRNA targeted
the surface region and was designated as the S1
guide. When Lin et al®” evaluated effects of gRNAs in
combination, anti-HBV efficacy was augmented and
large deletions in the viral DNA could be introduced
between the two gRNA recognition sites. The ability to
delete larger sections of DNA has implications for the
eradication of integrated HBV genomes, and has been
successful when using a set of CRISPR/Cas gRNAs to
eliminate HIV-1 provirus infection®. To evaluate the
ability of the CRISPR/Cas gRNAs to eliminate HBV-
cccDNA, the investigators used a DHBV replication
model with new DHBV-specific gRNAs. With this avian
model of HBV replication, more cccDNA is formed in
transfected cells. Results indicated that cccDNA and
rcDNA production was significantly diminished. This
study is the first to demonstrate the application of
CRISPR/Cas constructs against HBV. This early evidence
suggests that as with TALENs and ZFNs, CRISPR/Cas
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may be a useful tool against viral hepatitis®*.

APPLICATION OF GENE EDITING

TECHNOLOGIES /N VIVO AND EX VIVO

In 2011, Li et ai®¥ investigated the potential of ZFNs for
gene editing of liver progenitor cells and the correction
of gene mutations responsible for hemophilia B in the
murine model. In this study ZFNs targeting intron 1 of
the human F9 gene were shown to induce DSB and HDR
at the intended sites in both the human erythroleukemia
K-562 cells and the Hep3B human hepatocyte line®.
An in vivo study was performed in which the ZFNs and
a gene targeting vector with a donor sequence were
delivered to the liver using an adeno-associated virus
(AAV), serotype 8 vector. The ZFNs and gene targeting
vector mediated correction and resultant prolonged
clotting times of the mice. When liver regeneration was
induced in these animals, the effects of the treatment
were maintained™®".

The ability to repair genetic defects has been furthered
by improvements in technologies related to use of induced
pluripotent stem cells (iPSCs). There is potential for the
application of patient-derived iPSCs for the correction of
underlying genetic errors while autologous transplant
reduces problems of immune-mediated graft rejection®>*,
Coupling this methodology to gene editing may be used
to correct gene defects and induce disease-resistant
phenotypes. After modification ex vivo, differentiation
into hepatocytes and autologous transplant, it may be
feasible to generate livers that no longer manifest a disease
phenotype.

Rio et al*” were the first to demonstrate the potential
of DNA maodification technologies to correct DNA repair
deficiency syndromes. In this study, a pair of ZFNs
targeting the AAV 1 locus were introduced into iPSCs
using recombinant AAVs. These ZFNs, introduced by an
integrase defective lentiviral vector, induced cleavage of
the target and improved integration of a new Fanconi
anemia, complementation group A cassette by HDR. The
ZFNs were central to the correction of fanconi anaemia
(FA) phenotype. Corrected human iPSCs were re-
programmed, re-differentiated and introduced into the
bone marrow of FA sufferers. These re-differentiated cells
were able to produce disease-free liver cells®®”,

In an earlier study, Yusa et af®®, used the piggyBac
transposon and ZFN-based genome modification in
human iPSCs to achieve the biallelic correction of the Z
mutation (342Glu to Lys) associated with a1-antitrypsin
deficiency. ZFN pairs were designed to target the site
of a single point mutation in the al-antitrypsin gene.
Following expression of the ZFN pair and introduction
of donor constructs, 11% of the screened iPSC colonies
exhibited biallelic excision and repair. Subsequent
sequencing analyses showed that the Z mutation had
been corrected on both alleles in these colonies. When
the human iPSCs were transplanted and differentiated
they produced normal liver cells, with no a1-antitrypsin
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deficiency®. In 2013, Choi et a/®® compared the
efficacy of the ZFN pair used in the study by Yusa et
al®® to the efficacy of TALEN pairs in patient-derived
iPSCs. The TALEN pair was designed to target regions
adjacent to the Z mutation of the al-antitrypsin gene.
Following introduction of the TALEN pair and donor
sequences, all 66 iPSC clones showed the desired
corrective integration. Twenty five to thirty three percent
of these clones lacked the endogenous allele, suggesting
the simultaneous targeting of both alleles, which was
confirmed by subsequent sequence analyses. When
comparing the efficacy of the TALENSs to the ZFNs, Choi
et al®® demonstrated that their TALEN pair achieved
comparable or higher gene targeting efficiencies
(100% single allele cleavage efficiency with 25%-33%
biallelic targeting) than were observed with ZFNs pair
(54% single allele cleavage efficiency with 4% biallelic
targeting). These studies highlight the potential for gene
editing technologies in the correction of inborn genetic
disorders while illustrating the point that gene editor
choice has an impact on therapeutic outcome.

In a study by Yin et al™® the CRISPR/Cas system
was used to correct a Fah Ul mutation in the hepa-
tocytes of a murine model for the hereditary monogenic
disease, tyrosinemia. The correction of the G to A splicing
mutation, which restores correct processing of mRNA
transcripts, in the endogenous Fah locus was achieved
by HDR. A single guide RNA targeting the Fah gene,
was introduced in conjunction with the Cas9 protein
and a 199 nucleotide single-stranded DNA donor. The
DNA donor contained the correcting wild-type sequence
which was flanked on both sides by sequences that
were homologous to the DNA of the mutant gene.
The correction of the Fah gene resulted in expression
of the wild-type Fah protein in murine hepatocytes.
Subsequent proliferation of the Fah-positive hepatocytes
and replacement of diseased cells in mice improved their
survival™,

CURRENT LIMITATIONS AND FUTURE
PROSPECTS OF SEQUENCE-SPECIFIC

DNA MODIFYING TECHNOLOGIES FOR
THE TREATMENT OF LIVER DISEASES

The treatment of liver diseases is often complex, which has
been a motivating factor for new and better technologies.
While gene editing does not provide a cure-all therapeutic
for liver diseases, the approach has potential for application
to monogenic disorders and some viral hepatic infections.
However, three significant challenges need to be addressed
before clinical application of gene editing for hepatic
diseases is realized: ensuring (1) specific targeting; (2)
safe and efficient delivery to target cells; and (3) limited
immunogenicity of the gene modifier and its delivery agent
are all important.

Off-target activity by gene modifiers may result in
cytotoxicity and the repair of DSBs generated from this
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activity may result in undesired deletions, inversions,
and translocations'®. Furthermore, the off-target
activity from gene modifiers is potentially carcinogenic.
When fused to activator, repressor and/or nuclease
domains, gene editors may cause inactivation of
tumor suppressor genes or activation of oncogenes. To
alleviate these concerns, a number of studies evaluating
the off-target effects of gene editing technologies have
been carried out!™®'%l, These investigations have
sought to improve the design of the DNA recognition
motifs. Pattanayak et a'®* developed new design rules
to alleviate off-target activity of ZFNs. Other groups
have investigated improvement of the architecture,
length and composition of the CRISPR/Cas chimeric
gRNAs®*1%21% 'New tools which evaluate potential off-
target activity in silico have also been described™*!, and
more sensitive methods of identifying and characterizing
off-target activity in vivo have been reported™®, When
using exome and deep sequencing, TALENs have been
shown to have significantly fewer off-target effects than
ZFNs™®%), This was corroborated in 2014 when a study
by Suzuki et al*® found that TALENs did not increase
the overall mutation load of a targeted genome. In
2014 Smith et al''® demonstrated that both CRISPR/
Cas and TALENs had almost no off-target mutagenic
effects in iPSCs. These studies suggest that off-target
activity of TALENs and CRISPR/Cas may be more
limited than originally anticipated. However, guidelines
for acceptable levels of off-target activity need to be
developed. Currently, limited off-target activity in
introns and non-coding sections of DNA are considered
acceptable®*'?”1%! but with advancing understanding
of the functional roles of non-coding DNA this may not
always be true. Development of tools of bioinformatics
which aid target choice has simplified the design of
recognition sequences with low homology to exons
and important regulatory elements™*'%), It should
also be noted that these studies focus on developing
technologies with off-target activity below the detection
of deep sequencing technologies. Deep sequencing
technologies are currently the most sensitive tool
available for evaluating off target effects’®*'®?, Current
limitations in technologies for DNA sequencing mean
that this requirement is presently sufficient but will need
to be re-examined as more sensitive technologies are
developed. Potential off-target activity of therapeutic
artificial transcription factors still needs to be evaluated.
The growing body of evidence and tools for design and
analysis suggests that while off-target effects will need
to be evaluated for any clinical application, this need not
be a universally limiting factor.

The second obstacle to efficient application of gene
editing technologies is their specific delivery to intended
target cells. This specific delivery may be further
complicated by the need for multiple administrations of a
targeted therapy due to their lower efficacy rates (around
50%) in a clinical setting. Viral vectors, which have been
widely used in other gene therapy applications, may be
employed as an efficient delivery mechanism for gene
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modifiers. Studies have shown potential for the use of
lentivirus-, adenovirus- and baculovirus-based delivery
methods, and AAV vectors have also been used to
deliver gene editing tools successfully™®''®!, These viral
vectors have some limitations with respect to the type
of gene editing technology that may be delivered, the
specific circumstance under which the vectors may be
used and whether delivery may be carried out in vivo or
ex vivo™®'% Challenges, such as immunogenicity and
potential mutation or integration that may be associated
with the use of viral vectors, have led to the exploration
of other avenues for delivery. Liu et a*'! explored the
possibility of conjugating TALENs to cell penetrating
peptides such as the Tat protein to facilitate the systemic
delivery of TALENSs in vitro. Gaj et al'* have assessed
the applicability of a Salmonella-derived delivery system.
Both of these studies were moderately successful.
mRNA delivery offers another potential solution, which
has the advantage of improving the regulation of the
duration of transgene expression. mRNA needs only
to be delivered to the cytoplasm, does not need to be
transcribed, and therefore enables realization of the
therapeutic effect more quickly. Moreover, since mRNA is
unable to integrate into the host genome concerns about
exogenous DNA integration are alleviated™!. mRNA
may be delivered using non-viral vectors which are
less immunogenic than viral vectors and recombinant
proteins'**, They are also amenable to large scale
preparation that is required for clinical use. There are
some TALEN and ZFN studies which have applied this
approach, although with moderate success to date!!*>**®!,
The vectors used for delivery of sequences encoding
gene editors may be engineered to target specific
tissues. Using different serotypes, receptors or lipids it
is possible to ensure specific delivery of the transgene
payload. This flexibility also allows for modification of
the delivery vehicle to avoid immune detection, should
repeat administrations be necessary in a clinical setting.
The choice of delivery system will eventually depend on
a combination of the type of gene editing technology
being used, its specific application, requirements for
dose regulation, duration of expression and minimizing
of off target effects.

The potential of an immune reaction to gene editors
may be a concern for application of the technology. This
immunostimulation may result from either the gene
modifier itself™*”? or from the mechanism of delivery!'*®.,
In either case it is important to assess immune
activation as it may diminish efficacy following repeat
administrations and cause toxicity. Immune stimulation
has significantly hampered gene therapies in the
past!'*®! and will be important for clinical application of
gene editing.

CONCLUSION

This review has discussed ZFPs, TALEs, CRISPR/Cas and
HEs highlighting their advantages and disadvantages
for applications to the treatment of liver diseases.
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Gene editing has a promising future as a clinical
therapeutic and as these techniques continue to be
refined, off-target activity will become more limited and
delivery more feasible. Several studies have already
demonstrated that these technologies may be used
in a tissue- and patient-specific manner to disable,
augment and correct gene function. Other studies have
established their potential to expand the use of iPSCs
in the treatment of disease. Ultimately gene modifiers
and cell-based therapies will increase the number of
disorders that may be permanently corrected and alter
the way in which inborn liver diseases and viral hepatic
infections are treated. These technologies present a
novel, versatile tool for the treatment and cure of many
hepatic illnesses.
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Abstract

Hepatic vena cava syndrome (HVCS) also known as
membranous obstruction of inferior vena cava reported
mainly from Asia and Africa is an important cause of hepatic
venous outflow obstruction (HVOO) that is complicated by
high incidence of liver cirrhosis (LC) and moderate to high
incidence of hepatocellular carcinoma (HCC). In the past
the disease was considered congenital and was included
under Budd-Chiari syndrome (BCS). HVCS is a chronic
disease common in developing countries, the onset of
which is related to poor hygienic living condition. The initial
lesion in the disease is a bacterial infection induced localized
thrombophlebitis in hepatic portion of inferior vena cava
at the site where hepatic veins open which on resolution
transforms into stenosis, membrane or thick obstruction,
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and is followed by development of cavo-caval collateral
anastomosis. The disease is characterized by long
asymptomatic period and recurrent acute exacerbations
(AE) precipitated by clinical or subclinical bacterial
infection. AE is managed with prolonged oral antibiotic.
Development of LC and HCC in HVCS is related to the
severity and frequency of AEs and not to the duration of
the disease or the type or severity of the caval obstruction.
HVOO that develops during severe acute stage or AE is a
pre-cirrhotic condition. Primary BCS on the other hand is
a rare disease related to prothrombotic disorders reported
mainly among Caucasians that clinically manifest as
acute, subacute disease or as fulminant hepatic failure;
and is managed with life-long anticoagulation, porto-
systemic shunt/endovascular angioplasty and stent or
liver transplantation. As epidemiology, etiology and
natural history of HVCS are different from classical BCS,
it is here, recognized as a separate disease entity, a
third primary cause of HVOO after sinusoidal obstruction
syndrome and BCS. Understanding of the natural history
has made early diagnosis of HVCS possible. This paper
describes epidemiology, natural history and diagnosis
of HVCS and discusses the pathogenesis of LC in the
disease and mentions distinctive clinical features of HVCS
related LC.

Key words: Hepatic venous outflow obstruction; Budd-
Chiari syndrome; Hepatic inferior vena cava disease;
Bacterial infection; Hepatocellular carcinoma

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previously considered congenital and diagnosed
late hepatic vena cava syndrome (HVCS) is a dynamic
life-long disease related to bacterial infection that begins
insidiously often in childhood and leads to development
of cirrhosis and hepatocellular carcinoma. Localized
stenosis, the sequel of the initial lesion persists life-long
makes it vulnerable to subsequent bacterial infection
which is followed by thrombosis in inferior vena cava
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(IVC) and intra-hepatic veins resulting in recurrent
ischemic liver damage. As it frequently occurs as a co-
morbid condition in patients with chronic hepatitis B
or C infection or alcohol use, patients with cirrhosis in
developing countries should be assessed for presence of
HVCS by ultrasonography of IVC.

Shrestha SM. Liver cirrhosis in hepatic vena cava syndrome
(or membranous obstruction of inferior vena cava). World J
Hepatol 2015; 7(6): 874-884 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i6/874.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.16.874

INTRODUCTION

Cirrhosis develops in liver diseases where recurrent loss
of hepatocytes is followed by fibrosis and formation
of regenerative nodules. The process distorts the
architecture of the liver, and results in porto-systemic
shunting of blood and impairment of hepatic function.
Alcoholic liver disease and chronic hepatitis B and
hepatitis C viral infections are common causes of
cirrhosis in the world. These diseases cause veno-
portal type of cirrhosis where bridging fibrosis develop
between hepatic veins (HV) and portal tract (PT).
Hepatic venous outflow obstruction (HVOO) is an
interesting condition associated with a distinctive type
of liver cirrhosis (LC) where fibrous bridges develop
between terminal hepatic veins, with minimal fibrosis
between HV and PT called reversed lobulation or non-
portal or veno-centric cirrhosis™*. Both veno-centric
and veno-portal cirrhosis occur in HVOO but veno-
centric cirrhosis is not seen in other conditions”’. Three
primary diseases of HVOO are sinusoidal obstruction
syndrome (SOS), caused by toxic damage of sinusoids
by pyrrolizidine alkaloid or myeloablative therapy™;
Budd-Chiari syndrome (BCS) caused by thrombosis of
HV related to prothrombotic disorders™; and bacterial
infection initiated primary disease of the hepatic portion
of the inferior vena cava (IVC) the hepatic vena cava
syndrome (HVCS)™..

SOS was previously called veno-occlusive disease!’’.
Till 1950s before the advent of chemotherapy the only
cause of SOS was pyrrolizidine alkaloid ingestion as
herbal tea or food contaminated with seeds of plants
like Senecio, Crotalaria and Heliotropium. The disease
then occurred in developing countries as sporadic
cases and as outbreaks'®”). The disease is now rare
and is seen in persons with myeloablative therapy™.
BCS is also a rare disease, often occurs as acute or
fulminant type'™® reported mainly from the West with a
prevalence of 1:10000™ that occurs predominantly in
young Caucasian female. HVCS is an important cause
of HVOO in Asia and Africa®*' and is associated with
high incidence of LC and moderate to high incidence of
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hepatocellular carcinoma (HCC).

HVCS at present is diagnosed late after development
of complete obstruction of the IVC or after development
of LC or HCC™***, Understanding of the natural history of
the disease and use of ultrasonography and color Doppler
(USG) examination of IVC and liver in people with
bacterial infection has helped to recognize the disease
at early stage®. The disease is endemic in Nepal®?,
and may also be common in other developing countries.
The aim of this article is to draw attention to this under-
diagnosed bacterial infection induced disease that is
complicated by LC and HCC. Pathogenesis of LC and its
distinctive features in HVCS are described, and difference
between classical BCS and HVCS are mentioned.

HVCS AND BUDD-CHIARI SYNDROME
ARE TWO DIFFERENT DISEASES

HVCS is often described under BCS or under various
names as membranous obstruction of inferior vena
cava (MOVC), hepatic vena cava disease, or coarctation
of inferior vena cava or hepatocavopathy. The popularly
used term MOVC is a misnomer as the lesion in the
chronic disease reported from Asia and Africa had either
thick localized stenosis or thick obstruction™***”),

BCS reported from the West is caused by prothrombotic
disorders®®®! where thrombosis occurs predominantly in
hepatic veins. Some prothrombotic conditions like factor
V Leiden cause thrombosis at the supra-hepatic portion
of the IVC that transformed into a thin membrane on
resolution®®, The natural history of BCS is different
from HVCS. Classical BCS manifest clinically as acute
and subacute disease or as fulminant hepatic failure®®
and is managed with lifelong anticoagulation, porto-
systemic shunt/endovascular angioplasty and stent or
liver transplantation®®®*", Its indusion under BCS®%** has
caused much confusion and led to adoption of treatment of
BCS in HVCS™.

HVCS is not related to prothrombotic disorders
The disease occurs in people living in poor hygienic
condition”?*?®! and affects both sexes of all age
groups including children*?], 1t is a chronic disease
characterized by insidious onset, long asymptomatic
period, recurrent acute exacerbations (AE) and
development of cavo-caval collaterals. Thrombolytic or
anticoagulant therapy is not effective in HVCSP®*,
Acute disease and AEs are managed with prolonged
high dose oral antibiotic with diuretics where necessary.
Developments of extensive collaterals in chronic patients
results in establishment of circulatory equilibrium making
surgery or endovascular procedure to correct obstructive
lesion in the IVC superfluous. The etiology, natural
history and management of HVCS are thus different
from BCS. Okuda et ai*” in 1998 proposed to separate
it from BCS. It is here recognized as a third primary
disease causing HVOO, after SOS and BCS under the
name “HVCS”.

[15,34]
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EPIDEMIOLOGY OF HVCS

The incidence of congestive cirrhosis due to HVCS in
autopsied cases of HCC in Japan in 1921 was 8.1% (9
out of 110 cases)™", which in 1986-1987 dropped to
0.1% among 2982 cases'*”. An epidemiological survey
conducted in Japan in 1989 by a national study group
detected 300 cases in the whole country, with 21 new
cases occurring annually™. These studies indicated to
occurrence of the disease in Japan, whose prevalence
had declined recently. An epidemiological survey of the
disease carried out in Dongping county of Shandong
province in China in 1980s showed the prevalence of
the disease to be 6.5 per 100000“*. And large series
of surgically operated cases in China"®'"" till recently
showed that IVC disease (94.4%) predominated in that
country compared to hepatic vein obstruction (5.5%).
In South Africa the frequency of HVCS diagnosed
indirectly from liver biopsy was 7.1% among black
patients with liver disease®*. HVCS is endemic in Nepal,
where it is a common cause of ascites’™ and LCP*"*!,
Liver biopsies performed in 430 patients in 1990 to
1997 showed evidence of HVCS in 158 (36.7%),
126 had congestive changes and 32 had congestive
cirrhosis®®!, Okuda'®® observed that the prevalence of
HVCS in different countries was inversely related to the
standard of hygiene and suggested that the causative
factor of the disease perhaps lay in opportunity for
frequent bacterial infection'?”. In India besides HVCS,
recently BCS related to prothrombotic disorders had
been described*®,

PATHOGENESIS OF HVCS

HVCS was previously considered a congenital dise-
asel'*1>192%1 Mych discussion ensued on the subject
and consensus had developed on the acquired nature of
the disease®*******"), Observation of transformation of
thrombosis in IVC into a membrane led Okuda et a*” to
propose thrombosis theory. Thrombosis was considered
idiopathic, as it was not related to prothrombotic
disorders™®>?, Later recognition of acute stage of the
disease associated with bacteremia or bacterial infection"!
and transformation of acute localized thrombosis formed
during bacterial infection into stenosis and complete
obstruction™, and high prevalence of the disease among
people living in poor hygienic conditions in China and
Nepal’* led to suggestion that the initial lesion probably
was bacterial infection induced thrombophlebitis™..
Occurrence of fever chills and bacteremia within a few
hours after cavogram, absence of thrombo-embolic
phenomenon™; and past autopsy studies that detected
bacteria in the thrombus in IVC®>* and the histology of the
lesion in IVC that showed features of thrombophlebitis™,
all supported the hypothesis.

The initial localized thrombophlebitis in IVC occurred
typically at the site where hepatic veins open®™?>".
Subsequent resolution transformed the lesion into
stenosis or complete obstruction (Figure 1). An important
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feature of the disease is the occurrence of recurrent
AE!%?*>*38] precipitated by dlinical or subclinical bacterial
infection®***, During AE fresh thrombus is deposited at
the site of the lesion in IVC (Figure 2)"**!, AE may be
subclinical or when thrombus so formed obstructs the
hepatic orifices it manifests as HYOO with hepatomegaly
and ascites (Figure 2D). Resolutions of thrombosis formed
during recurrent AEs eventually convert the segment of
the IVC into a thick obliteration of various typest*>**"),
During AE thrombus is also deposited in intra-hepatic
veins, resolution of which leads to development of intimal
thickening, segmental stenosis or membrane within the
vein and at orifices of big veins. These changes that
had been described in autopsy studies®*?! are also
observed in USG examination of the patients (Figure
3). The obliterative lesion in the IVC and HV is followed
by development of collaterals anastomosis. Deep cavo-
caval collaterals like dilated ascending lumbar, azygos
and hemiazygos veins are most constant and are better
outlined by cavogram!®”. Superficial cava-caval collaterals
are seen as dilated superficial veins in the body trunk
with upward flow. It is observed only in about 25% of
the patients. Collaterals also develop between obstructed
and patent intra-hepatic veins and veins around the liver
(Figure 4).

NATURAL HISTORY OF HVCS

The acute stage of the disease is frequently unre-
cognized or misdiagnosed. The disease becomes
chronic with long asymptomatic period and recurrent
AE. Intermittent upper abdomen discomfort usually
after food or exertion or intermittent mild ankle edema
is common. The disease is usually diagnosed following
fortuitous detection of hepatomegaly or splenomegaly
or dilated superficial veins in the body trunk, or during
AEP®*%1 Features of AE include fever, mild jaundice
or mild alanine transaminase (ALT) elevation. Severe
AE is characterized by prolonged fever or jaundice
followed by ascites (due to HVOO), edema legs, or
pleural effusion” or puffy face or variceal bleeding (due
to transient portal hypertension). Ascites in HVCS is
associated with bacterial peritonitis**. In between AEs
patients remain well with normal or minimal elevation
of bilirubin or ALT.

Patients with long standing disease may develop
varicose veins or signs of poor circulation in legs
like increase pigmentation or poorly healing ulcer in
sheen. Other features of the chronic disease include
proteinurea, sterility or failure to sustain pregnancy to
full term™®*”), Clinical manifestation of the HVCS is thus
protean and its diagnosis depends on the detection of
the localized lesion in hepatic portion of the IVC.

The disease is compatible with long survival
Death in early stage is from AE related septicemia,
renal failure or bleeding from esophageal varices and in
later stage is from HCC or natural cause®®'*®. HVCS is
complicated by high incidence (70%) of liver cirrhosis
(Table 1) and moderate (about 10%) to high (> 20%)

[9,37]
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Figure 1 Inferior vena cava obstruction. A: Ultrasonography showing stenosis of inferior vena cava (IVC) at cavo-atrial junction. Note patent orifices hepatic vein
(HV)-right HV (RHV), middle HV (MHV) and left HV (LHV); B: Color Doppler ultrasonography of a patient with liver cirrhosis showing IVC stenosis, membranes in HV;
C: Ultrasonography of a patient with liver cirrhosis showing complete obstruction of [VC at cavo-atrial junction and obstruction at orifices of MHV and LHV. Note dilated
hepatic veins; D: Cavogram showing complete obstruction of the IVC. PV: Portal vein; RA: Right atrium.

Table 1 Incidence of liver cirrhosis in hepatic vena cava
syndrome
Ref. Country No. of patients LC (%)
Nakamura et al” Japan 7 7 (100)
Nakamura et al” From Japanese 64 64 (100)
literature
Takeuchi et al"” Japan 7 5(71)
Nakamura et al™ Japan 13! 13 (100)
Ono et al™ Japan 18 17 (94.0)°
Gentil-Kocher et al™ France 22 3 (13.6%)
Kage et al™" Japan 17 6(35.2)°
Shrestha*”! Nepal 56' 44 (78.5)
Shrestha et al™ Nepal* 178 49 (27.5)

"Long term follow-up cases; “Of 18 biopsied cases 17 showed LC and 1
congestion; *Autopsied cases, reminder 4 had congestion and 7 congestive
fibrosis; *Children. LC: Liver cirrhosis.

incidence of HCC®***>4¢1, HVCS thus is a lifelong disease
with a potential to develop recurrent ascites, portal
hypertension and LC or HCC. In endemic areas HVCS
occurs as co-morbid conditions with other acute and
chronic liver diseases as chronic hepatitis B, chronic
hepatitis C and alcoholic liver disease™*®*!,

DIAGNOSIS OF HVCS

Diagnosis is made by identification of the obliterative
lesion in the hepatic portion of the IVC-thrombosis,
stenosis or complete obstruction by imaging procedure.
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WJH | www.wjgnet.com

877

Early diagnosis before development of complete IVC
obstruction is possible. Ultrasonography and color
Doppler is specific and sensitive in the diagnosis of
the lesion and is the investigation of first choice. The
procedure is not only non-invasive and cost-effective
but is easily available in developing countries where the
disease is common. It yields better result when used
by the clinician himself as a part of initial and follow-
up clinical examination. Detection of intra-hepatic veins
thrombosis and its sequel intimal thickening, stenosis or
membrane (Figure 3) and collaterals in and around the
liver (Figure 4), and detection of cava-caval collaterals
supports the diagnosis.

Inferior vena cavogram (cavogram) and other
imaging procedures as MRI; or liver biopsy are used to
confirm the diagnosis. Cavogram may miss the diagnosis
in patients with minimal stenosis or in advanced stage
when contrast medium rapidly runs off into large
collaterals and fails to outline the caval obstruction®".,
Liver biopsy during AE may show acute centrilobular
congestion. Biopsy findings vary greatly depending
on the phase of the disease. It varies from normal or
minimal changes like sinusoidal dilatation, central vein
dilatation or fibrosis or obstruction; to thrombosis or
endophlebitis of sublobular vein; or congestive fibrosis or
cirrhosis™*>15*81,

Recognition of AE is important. USG is sensitive in
the diagnosis of AE. Detection of “recent” thrombus
in the IVC at the site of old lesion indicates AE (Figure
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Figure 2 Ultrasonography showing thrombi of different ages in inferior vena cava due to recurrent acute exacerbations. A: Ultrasonography showing mild
stenosis of inferior vena cava (IVC) with thick echoic posterior wall at cavo-atrial junction. It shows recent thrombus (T) and old organized thrombus (OT) deposited
during recurrent acute exacerbation (AE); B: Ultrasonography showing stenosis of IVC at cavo-atrial junction, with OT along posterior wall just distal to it. Middle
hepatic vein (MHV) and left hepatic vein (LHV) hepatic veins are patent; C: Ultrasonography showing mild stenosis of IVC at cavo-atrial junction and thrombus of
different ages along the posterior wall of the IVC; D: Ultrasonography showing features of HV outflow obstruction-hepatomegaly and ascites (ASC) in a patient with
IVC stenosis near cavo-atrial junction and IVC filled with recent and old organized T, E: Ultrasonographic evidence of recurrent AE; Color Doppler ultrasonography
showing layers of linear old OT along posterior wall of the hepatic portion of the IVC narrowing its lumen. Arrow indicates to the site of initial lesion in IVC. USG also
shows segmental stenosis of HV. PV: Portal vein; HV: Hepatic vein; RA: Right atrium; GB: Gall bladder.

2A). Presence of old organized thrombi of different ages
along posterior wall of the IVC just distal to the initial
lesion indicates to occurrence of recurrent AE (Figure 2).
Severe AE is recognized in USG by presence of ascites,
hepatomegaly and recent thrombus in IVC obstructing
hepatic vein orifices (Figure 2D). Ascitic fluid has high
protein content, high serum ascitic albumin gradient
and evidence of bacterial peritonitis™*. Neutrophil
leukocytosis, increased level of C-reactive protein and
bacteremia occur during severe AE. Severe AE is a pre-
cirrhotic condition. Severe AE is followed by development
of LC within 6 mo™. Recognition and early treatment of
severe AE is thus important.

Baishidenge  WJH | www.wjgnet.com

CIRRHOSIS IN HVCS

Clinical features of cirrhosis are determined by three
vectors: (1) portal hypertension (PH); (2) extent of
parenchymal failure; and (3) features of the original
disease that had caused cirrhosis. Relative importance
of these three vectors differs in different diseases
causing cirrhosis and in the stage of the cirrhosis. In
alcoholic cirrhosis, symptoms of parenchymal failure
or PH dominate the clinical picture. Vascular spiders,
gynaecomastia and coagulopathy are common. In
LC due to chronic viral infection ascites, jaundice and
bacterial infection develop late and their presence often
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Figure 3 Ultrasonography showing thrombosed intra-hepatic veins. A: Ultrasonography showing diffuse thrombosed and echoic walls of large and medium-sized
intra-hepatic veins (one of which is indicated by an arrow) that occurred during acute exacerbation. Right hepatic vein (RHV) orifice is narrowed; B: Color Doppler
Ultrasonography of patient with cirrhosis. It shows long segment stenosis of inferior vena cava (IVC) with recent thrombus (T) and old organized thrombi (OT) on thick
posterior wall. Arrow shows thrombosed large and medium-sized intra-hepatic veins. HV: Hepatic vein; PV: Portal vein; PVR: Portal vein radical.
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Figure 4 Ultrasonography showing collaterals. A: Ultrasonography of a patient with liver cirrhosis due to complete inferior vena cava (IVC) obstruction at cavo-
atrial junction showing obstruction of middle hepatic vein (MHV) and a intra-hepatic collateral (c); B: Ultrasonography of a young girl with liver cirrhosis: IVC is filled
with old organized thrombi of different ages, right hepatic vein (RHV) is thrombosed and a large intra-hepatic collateral is seen; C: Ultrasonography showing dilated
collaterals on the surface of liver (LIV) close to right kidney (R. KID) in a patient with liver cirrhosis. PV: Portal vein.

indicates presence of severe hepatocellular damage
and an indication for liver transplantation®*®¥, In
HVCS related LC vascular spiders, palmer erythema,
coagulopathy are uncommon. Hepatomegaly is seen in
75% and splenomegaly in 25% of the cases. Symptoms
of AE dominate the clinical picture. Recurrent jaundice,
ascites with bacterial peritonitis and pleural effusion is
common and occur early. These are related to AE and
not to severity of hepatocellular damage, and responds
to medical treatment. Even patient with advanced
cirrhosis develop ascites due to bacterial infection
induced AE (Figure 5A) that responds to medical
treatment. LC due to HVCS in general has better
prognosis with long survival® if infection is prevented
or AE treated with prolonged high dose oral antibiotic.
HVCS related LC is characterized by a few distinctive
USG features that help in its diagnosis. Hepatic veins
are frequently dilated (Figures 1C and 5B), whereas in
LC due to other causes these appear attenuated. Other
distinctive features include presence of echoic intra-
hepatic vein wall (Figure 4A and B), intra-hepatic and
extra-hepatic collaterals (Figure 4), membrane in HVs
(Figure 1B), obstruction at the ostia of hepatic veins
(Figure 1B and C), calcified foci in liver (Figure 5C)
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and presence of thick or thick edematous gall bladder
wall and thick visceral and parietal peritoneum (Figure
5D). These signs are related to infection and infection
induced vascular obstruction. Thick or thick edematous
gall bladder wall had been reported earlier and was
labeled as acalculous cholecystitis'™®. Color Doppler
study showed that calcified focus occurred at the wall of
the hepatic vein.

CIRRHOSIS IN CHILDREN DUE TO HVCS

Cirrhosis in children is interesting, as alcohol, chronic
hepatitis B and C the common causes of the disease
in adult are often not the important issue in children.
There is a distinct geographical pattern in the etiology
of cirrhosis in children. Common cause of cirrhosis in
children in 1950s in West Indies was SOS caused by
pyrrolizidine alkaloid®®¥, and in India in 1950-1990s it
was Indian childhood cirrhosis®®®, Chronic hepatitis and
metabolic disorders such as Wilsons’s disease are rare
causes of cirrhosis in children the world over®®’, HVCS
occurs in children and LC (Figure 6) had been reported
among them'**®, In Nepal it was a common cause of
cirrhosis in children and affected predominantly children
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Figure 5 Ultrasonography showing ascites and evidence of chronic peritonitis in a patient with cirrhosis. A: Acute exacerbation in a patient with liver cirrhosis
showing hepatic portion of the inferior vena cava (IVC) filled with organizing thrombus and ascites with thick visceral peritoneum-indicating presence of bacterial peritonitis; B:
Ultrasonography of a patient with liver cirrhosis due to HVCS: showing long segment stenosis of IVC with thick old organized thrombus (OT) along the posterior wall of the
hepatic portion of the IVC. Note the presence of ascites (ASC) and irregular margin of the liver indicated by an arrow. Middle hepatic vein (MHV) is obstructed at its orifice
and shows distal segmental stenosis; C: Ultrasonography of a patient with liver cirrhosis due to HVCS showing inferior vena cava stenosis, a calcified focus (c) in the liver
and ascites; D: Ultrasonography of patient with liver cirrhosis due to HVCS showing IVC stenosis with organized thrombus on posterior wall and ASC and thick visceral
peritoneum, suggestive of chronic bacterial peritonitis. PV: Portal vein; HVCS: Hepatic vena cava syndrome; RA: Right atrium; HV: Hepatic vein.

Table 2 Comparison of frequency of acute exacerbations in

hepatic vena cava syndrome: Among patients who did and did
not develop liver cirrhosis and hepatocellular carcinoma’

Incidence of AE P value

Who did not develop LC/HCC 32+32

Patient who developed LC 6.5+45 0.017
Patients who developed HCC 11.5+3.0" <0.001
56 patients of HVCS seen in the period 1990-1997

Followed up for 14.8 + 9 yr

LC developed in 44 (78.5%). HCC developed in 6 (10.7%)

Figure 6 Liver cirrhosis in a young girl due to hepatic vena cava syndrome. 'Quarter of the AE in HCC group was severe. Severe AE: Development of
Note long segment obstruction of the inferior vena cava (IVC) at cavo-atrial ascites due to HVOO. Modified from Shrestha et al*”. HVCS: Hepatic vena
junction and irregular narrowing of its hepatic portion. Middle hepatic vena (MHV) cava syndrome; HCC: Hepatocellular carcinoma; AE: Acute exacerbation;
and left hepatic vena (LHV) are dilated with irregular caliber. PV: Portal vein; HV: LC: Liver cirrhosis; HVOO: Hepatic venous outflow obstruction.

Hepatic vein; RA: Right atrium.

_ _ o prolonged congestion with loss of hepatocyte followed
of poor socio-economic background or those with history by failure to regeneration because of continued high
of chronic diarrhea or prolonged intermittent fever™”". intra-hepatic venous pressurel?’), Liver damage in

HVCS occurs periodically during AE and there is no

PATHOGENESIS OF LIVER CIRRHOSIS IN prolonged continued damage because of development
efficient collateral circulation. Development of cirrhosis

is not related to the duration of the disease or the type
HVCS is not related to the duration of the di the ty

Occurrence of LC in HVCS was recognized since  Of caval lesion but to the severity and frequency of
1878""\. But its pathogenesis was not clearly under-  the AEs (Table 2)™*. Further, surgical or endovascular

stood. Okuda assumed that cirrhosis in HVCS is a late procedures to treat caval obstruction did not prevent
event in the course of the disease, and it resulted from development of LC or HCC™*>*,
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Figure 7 Mechanism of development of cirrhosis in hepatic vena cava syndrome. |VC: Inferior vena cava; HVOO: Hepatic venous outflow obstruction; PH:
Portal hypertension; AE: Acute exacerbation; RE: Recurrent AE; HVCS: Hepatic vena cava syndrome.

Severe AE is a pre-cirrhotic condition. Severe AE
associated with HYOO and/or thrombosis or endo-
phlebitis of medium-sized intra-hepatic veins are followed
by development of cirrhosis within a few months. Two
mechanisms (Figure 7) of development cirrhosis in
HVCS are described™': (1) HVOO: Large thrombosis
formed in IVC close to hepatic veins orifices during acute
stage or AE results in HVOO (Figure 2D). Severe HVOO
causes sudden increases in the sinusoidal pressure
that result in sinusoidal congestion and hemorrhage in
the space of Disse (Figure 8A). Increase in sinusoidal
pressure is followed by reflex reduction of hepatic
arterial blood flow. The combined effect of sinusoidal
congestion and decrease arterial flow results in ischemic
necrosis of hepatocytes around central vein. Apoptosis
of the hepatocytes in the congested region is followed
by fibrosis (Figure 8B) and regenerative activity in
periportal areas which eventually leads to development
of venocentric or reversed lobulation cirrhosis within a
few months®*!; (2) Thrombosis or thrombophlebitis
of sublobular or medium-sized hepatic vein (Figure
8C) that occurs in AE is associated ischemic necrosis
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of hepatocytes drained by the vein'***®, Extinction of

large areas of hepatocytes is followed by development
of fibrous septa within a few weeks™®®, Obstruction of
hepatic vein branch is more injurious. Combined portal
vein and HV obstruction leads to veno-portal cirrhosis.
Obstruction of portal vein radicals alone lead to atrophy
and secondary nodular hyperplasia but no extinction
of hepatocytes as ischemic insult is compensated by
arterial flow. This however may lead to development
of large regenerative nodules™. Development of LC
in steatohepatitis and chronic viral infection was also
considered to be due to obstruction of small hepatic veins
adjacent to hepatic necroinflammation®”. Mechanism of
development of cirrhosis in HVCS thus is more explicit-
ischemic necrosis and extinction of hepatic parenchyma
secondary to obstruction of hepatic vein and sinusoids by
thrombosis or phlebitis during AE.

CONCLUSION

Geo-cultural factors determine the etiology of cirrhosis
in @ community. In Japan and recently in the West
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Figure 8 Histology showing fibrosis in centri-lobular areas. A: Histology of liver of a patient with hepatic vena cava syndrome during acute exacerbation showing
acute congestive changes around central vein (c) and sparing of liver around portal tract (P) due to hepatic venous outflow obstruction; B: Histology of liver of patient
with hepatic vena cava syndrome a few months after development of hepatic venous outflow obstruction during acute exacerbation showing fibrosis around central
vein. Histology of liver of a patient with hepatic vena cava syndrome showing the wall of a thrombosed medium sized intra-hepatic vein that occurred during acute

exacerbation. HE: Hematoxylin eosin stain.

beside alcohol, chronic hepatitis C related to drug abuse
that followed social upheaval following 2™ World War
or Vietnam War is an important cause of cirrhosis and
HCCY". In Asia and Africa besides chronic hepatitis
B infection, bacterial infection initiated HVCS is an
important cause of cirrhosis both in children and adults.
Patients with LC and HCC in developing countries may
have two or more co-morbid condition like alcohol,
hepatitis B or C and HVCS co-existing together*®",
Therefore careful assessment of the cause of cirrhosis
is mandatory before planning treatment. This is done
based on the understanding of the natural history of the
etiologic factors. History of recurrent AE with jaundice
and ascites and presence of USG features of IVC lesion
and the distinctive features of HVCS related cirrhosis
mentioned above helps in the diagnosis of LC due to
HVCS. Ascites due to HVOO that occur during AE is a
pre-cirrhotic condition. Prognosis of LC due to HVCS
is improved by prevention or adequate treatment of
AE. AE is precipitated by clinical or subclinical bacterial
infection and is treated with high dose prolonged
antibiotic.

HVCS still remains an underdiagnosed entity in
developing countries”’"! or is often diagnosed late
after development of cirrhosis or HCC™***, Routine
examination of IVC and liver by color Doppler ultra-
sonography in patients with bacterial infection and liver
disease in developing countries is expected to provide a
better assessment of its prevalence in the community.
Recognition of the early stage of the disease provides
opportunity for prevention of cirrhosis and HCC in this
disease.
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Abstract

Hepatitis C virus (HCV)-related liver disease is a
significant cause of morbidity and mortality in patients
with end-stage renal disease (ESRD) who is treated with
dialysis or kidney transplantation (KT). The survival rate
for HCV-infected renal transplant recipients is better
than that for HCV-infected hemodialysis patients on
transplant waiting lists. Early diagnosis and treatment
HCV infection prior to KT prevents complications post-
transplantation and reduces mortality. In addition to
screening for anti-HCV antibodies and detecting HCV
RNA, percutaneous liver biopsy is particularly valuable
for assessing the stage of liver damage in HCV-infected
patients, because the stage of fibrosis is important
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determining optimal treatment for HCV. Studies have
been demonstrated that with conventional interferon
(IFN) monotherapy or pegylated IFN monotherapy are
similar efficacy and safety in HCV-infected hemodialysis
patients. Sustained viral responses (SVRs) with these
monotherapies have ranged approximately 30% to
40%. Limited reports support the use of IFN and
ribavirin combination therapy as antiviral treatment for
ESRD patients or patients on hemodialysis. Ribavirin
can be started at low dose and careful monitoring for
side effects. Patients that show SVR after treatment are
strong candidates for KT. It is also generally accepted
that ESRD patients with decompensated cirrhosis and
portal hypertension should be referred to the liver
transplant team for consideration of combined liver-KT.

Key words: Hepatitis C virus; Hemodialysis; End-stage
renal disease; Kidney transplantation; Hepatitis C
treatment

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV)-related liver disease is
a significant cause of morbidity and mortality in patients
with end-stage renal disease who are treated with dialysis
or KT. Early diagnosis and treatment of HCV infection
prior kidney transplantation (KT) prevent complications
after transplantation and reduces mortality. Issues with
current mode HCV therapy include lack of tolerability and
suboptimal response rates.

Ozer Etik D, Ocal S, Boyacioglu AS. Hepatitis C infection
in hemodialysis patients: A review. World J Hepatol 2015;
7(6): 885-895 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i6/885.htm DOL: http://dx.doi.org/10.4254/
wjh.v7.i6.885

INTRODUCTION

Liver disease related to hepatitis C virus (HCV) infection
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is a significant cause of morbidity and mortality in
hemodialysis (HD) patients and kidney transplant
recipients. In developed countries, the prevalence of
anti-HCV seropositivity among patients on maintenance
HD ranges between 5% and 60%. Patients on HD
are at high risk for HCV, with frequency of infection
several times higher than that in non-uremic patients!').
The spread of HCV in HD units is declining, but the
prevalence of HCV in HD patients remains high!"..

Several observational studies have demonstrated
a significant and independent relationship between
anti-HCV seropositive status and lower survival rate
in patients with end-stage renal disease (ESRD). The
two major complications of HCV-related chronic liver
disease are cirrhosis and hepatocellular carcinoma, and
these are suspected causes of higher mortality among
HCV-positive patients.

Management of HCV-positive ESRD patients is
complicated. There are unknowns related to prevention
of HCV spread in dialysis units, anti-viral therapy in
dialysis patients, and effects of HCV infection after renal
transplantation. A wide range of studies have been
published on HCV in ESRD patients, but clinical evidence
is lacking with respect to most of the important issues,
and most existing evidence is from uncontrolled clinical
trials or retrospective surveys?®>*,

EPIDEMIOLOGY OF HCV INFECTION

Serologic testing has clearly demonstrated that HCV
infection is highly prevalent among ESRD patients and is
a serious cause of increased morbidity and mortality in
this group. Failures of HCV screening, excessive exposure
to blood and blood products, nosocomial transmission of
HCV in HD units, and long dialysis duration are the main
determinants of increased risk of HCV infection in the
HD patient group™. The worldwide prevalence of HCV
infection among HD patients varies widely, with estimates
ranging from 5% to approximately 60% depending on
geographic location®®, In 2002, the prevalence of HCV
infection across HD centers of the United States was
approximately 8%, nearly five times greater than that
of the general population in that country"®'', In some
European dialysis centers, the yearly incidence of HCV
infection reportedly ranges from 0.4% to 16.0%"?. In
2011, the Turkish Society of Nephrology documented
7.9% anti-HCV seropositivity and 1.7% HCV-RNA
seropositivity among Turkish HD patients™. Introduction
of stricter blood bank screening rules, widespread use
of erythropoiesis-stimulating agents instead of blood
transfusions, and stronger adherence to infection control
practices in dialysis units have reduced the prevalence of
HCV infection in the HD patient group™*. For example,
Spain observed a decline from 24% in 1992 to 9.2% in
2002, Anti-HCV prevalence among patients on chronic
HD in the United States decreased from 10.4% in 1995
to 7.8% (i.e., 164632 Americans) in 2002, A recent
multicenter survey revealed that prevalence of anti-HCV
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positivity for a Belgian cohort of HD patients (n = 1710)
dropped steadily from 13.5% in 1991 to 6.8% in 2000,
and the same survey revealed significant drops in many
other countries including France (42% to 30%), Italy
(27% to 16%), and Sweden (16% to 9%)".

IMPACT OF HCV ON SURVIVAL

One study that involved the database of more than
13000 HD patients in the United States revealed that
HCV infection was more strongly associated with all
causes of mortality than with HCV-negative status!'®..
Lee et al''” identified HCV infection as an independent
risk factor for the transition from chronic kidney disease
to ESRD. A meta-analysis by Fabrizi et a'® revealed that
HD can negatively modify the course of HCV infection.
The authors found that the estimated relative risk of
liver-related mortality in anti-HCV-positive patients on
HD was 1.57 times (95%(CI: 1.33-1.86; P < 0.001) than
that observed for anti-HCV-negative counterparts. The
authors concluded that, in HD patients, the presence
of anti-HCV antibodies is an independent risk factor
for death, because of increased risk of cirrhosis and
hepatocellular carcinoma. Other research has shown
that kidney transplantation (KT) improves the long-
term survival of ESRD patients with HCV infection™>*"..
While there is considerable evidence that HCV infection
threatens the success of KT, the survival of HCV-
infected renal transplant recipients is better than that
for HCV-infected HD patients who are on transplant
waiting lists™®!. This survival advantage may reflect
systemic effects of well-functioning renal allografts that
is clearing uremic toxins, and may also reflect reduced
inflammatory responses and oxidative stress. HCV-
related deterioration of renal transplant recipients may
be linked to the immunosuppressive treatment that is
required after KT. This can result in flares of HCV infection
and can increase liver- and kidney-related morbidity and
mortality from conditions such as cirrhosis, hepatocellular
carcinoma, transplant glomerulopathy, and graft
dysfunction'?,

PREVENTION OF HCV TRANSMISSION

Health care procedures related to nosocomial infections,
unsafe drug injection practices, and blood transfusions
are key factors in HCV transmission. In HD facilities,
the most common lapses of healthcare quality are
contamination of dialysis systems, inadequate disinfection
and cleaning of environmental surfaces, improper
contact of health care staff with equipment and patients,
and mishandling of parenteral medications™™?*. The
guidelines for preventing HCV infection in HD settings
recommend fundamental infection control practices, and
routine screening of HD patients for HCV. Isolating-HCV-
infected patients or using dedicated machines for such
patients are not advocated, except as necessary during
local outbreaks™**",
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DIAGNOSIS OF HCV INFECTION IN
PATIENTS WITH ESRD

Infection with HCV normally leads to increased serum
alanine aminotransferase (ALT), and laboratory blood
testing for ALT is used to screen for liver disease in the
general population. However, this test has weak diagnostic
value in ESRD patients because ALT tends to be below
reference range in this patient group. The potential causes
of this are vitamin B6 deficiency, presence of uremic
toxins, or presence of blood components that absorb
ultraviolet light™®'. To detect HCV viremia in HD patients,
new thresholds for serum ALT have been proposed that
are less than half (approximately 0.4 to 0.45 times) the
conventional threshold™®, Serial testing of serum ALT
level might be valuable for monitoring patients on HD
with known HCV infection.

Enzyme-linked immunoassays (EIAs) are commonly
used to detect HCV antibodies. Third-generation EIAs for
anti-HCV antibody detection have high sensitivity and
specificity because these tests are based on antigens
in the core, non-structural 3-4-5 proteins of the virus.
Screening for anti-HCV antibodies by EIA remains a
simple method, but this type of test is only meaningful
for ruling out HCV infection in ESRD patients in low-
prevalence settings. In the ESRD patient group, the
proposed interval for HCV screening via antibody test is 6
to 12 mo™”.

One disadvantage of this serologic test is false-
negative result, which can present challenges for distin-
guishing acute from chronic HCV infection”. In a case
where HCV infection is strongly suspected but the HCV
antibody EIA is negative, blood testing for HCV RNA
should be done directly using polymerase chain reaction
technique™®!. Detection of HCV RNA indicates HCV
replication. In populations with known higher prevalence
of HCV infection, a negative EIA result does not rule out
HCV infection, and testing for HCV RNA is appropriate in
such cases to avoid missing HCV infections™”. When EIA
reveals that an ESRD patient is anti-HCV positive, the
next step is quantitative determination of viral load. This
helps confirm the antibody test result and is also useful
for assessing the patient’s prognostic risk stratification
prior to antiviral treatment™. There are two main
reasons why blood for HCV RNA testing should be drawn
prior to a dialysis procedure: (1) presence of heparin in
the blood sample can lead to false-positive PCR result
for HCV; and (2) a patient’s HCV RNA level can decrease
during the HD session (though it will return to baseline
within 48 h). Adsorption of HCV to dialysis membrane,
destruction of HCV particles during the HD session, and,
rarely, escape of HCV into the dialysate are other reasons
why a patient’s HCV RNA could be falsely low?,

In addition to detecting HCV RNA, HCV genotyping
is also required to predict response to treatment and
to specify the duration and dosage of treatment. HCV
genotypes 1, 4, 5, and 6 are more resistant to treatment
and require longer courses of therapy. One study
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identified HCV genotype 1b as the most prevalent subtype
in patients receiving HD or continuous ambulatory
peritoneal dialysis in Turkey'™. In study of Perez et af*”
reported findings that HCV genotype 1a was the most
prevalent subtype in patients receiving HD, with genotype
1b the next most frequent, followed by genotype 3,
and other less prevalent genotypes (genotypes 2, 4,
and 5). This observation may reflect differences in the
epidemiology of HCV infection, viral characteristics, and
host factors in ESRD patients™".

Percutaneous liver biopsy constitutes the most
reliable tool for examining the effects of HCV infection
(i.e., stage of liver disease) and ruling out possible other
concomitant liver diseases®®". Neither HCV RNA viral
load nor liver enzymes reflect the severity of liver injury
decisively®>®, Liver enzyme activity and quantity of
HCV RNA can fluctuate during HCV infection, whereas
fibrosis is progressive and largely irreversible. There is
strong evidence that the stage of liver fibrosis during
HCV infection predicts survival for kidney transplant
candidates and for renal grafts. In addition, determining
stage of fibrosis is important for planning the treatment
of HCVP*, According to one report, up to 25% of HCV-
infected patients exhibit bridging fibrosis or cirrhosis on
liver biopsy™". Presence of advanced fibrosis does not
exclude a candidate from KT, but it is inevitable that such
patients will develop the comorbidities and complications
of portal hypertension after transplantation!®..

Although liver biopsy is reliable tool, it has significant
limitations including serious bleeding events, and
sampling and interpretation errors. Coagulopathy,
thrombocytopenia, platelet dysfunction, anticoagulation
during HD and anti-platelet therapy all pose increased
bleeding risk in ESRD patients or patients on HD.
In these individuals with increased bleeding risk, a
transjugular or transfemoral route for liver biopsy may
be recommended. Note that even when an experienced
physician performs the biopsy and an experienced
pathologist interprets the findings, this gold-standard
technique is associated with up to 20% error in staging
liver disease®®**), Ahmad et al*® compared the results
for 46 HD patients with chronic liver disease who
underwent transjugular liver biopsy and 32 HD patients
who had undergone percutaneous liver biopsy at the
same institution. The authors found that both techniques
obtained adequate specimens for histological diagnosis
in all patients; however, the complications differed.
There were no major complications in the transjugular
liver biopsy group, whereas 12% of the patients in
the percutaneous liver biopsy developed bleeding
complications®®”. Some authors have reported the
progression of HCV-related liver disease in HD patients
who are on transplantation waiting lists. One study
concluded that patients whose liver biopsy show Metavir
fibrosis score 1 or 2 should undergo a repeat liver biopsy
every 5 years, whereas those with Metavir score 3
should be followed more intensely, with biopsies every 3
yearst*4,

There are also novel non-invasive techniques for
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Pre-transplantation In low-prevalence settings

Screening and monitoring of HCV infection

In high-prevalence settings

Liver biopsy

Cirrhosis, severe fibrosis,
hepatocellular carcinoma

Mild to moderate fibrosis

Anti-HCV treatment ‘ ‘ Consider liver/kidney transplantation

Repeat test every 6-12 mo
Test for HCV RNA if high suspicion
Infection control and prevention

Anti-HCV

Repeat test in local HCV outbreaks
or if ALT elevated until transplantation

Figure 1 Decision tree for follow-up of hepatitis C virus-positive end-stage renal disease patients. HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

assessing liver fibrosis in ESRD patients with HCV
infection. Two of these are the aspartate aminotrans-
ferase to-platelet ratio index (APRI) and transient
elastography (TE) which is performed with a Fibroscan®
machine. Studies have demonstrated that APRI and TE
are effective for evaluating hepatic fibrosis in HD patients
with chronic HCV infection, but both methods have
some limitations®®~®, The predictive values and cut-off
values for these methods as optimized for the healthy
population may not be valid for ESRD patients”®. As
well, the HD procedure and the presence of uremic
toxins may alter blood levels of apolipoprotein Al and o.-2
macroglobulin, which can influence Fibroscan® results®”.
An APRI score cannot precisely predict the histological
severity of liver disease, particularly the intermediate
fibrosis stage!®®,

NATURAL COURSE OF HCV IN ESRD

PATIENTS

In patients with ESRD, chronic HCV infection usually
takes an insidious clinical course. Early diagnosis and
identification of individuals at greater risk for fibrosis
progression should be the clinician’s main concern.
Evidence clearly indicates that ESRD patients who
undergo KT have more favorable results than those who
do not, and that this also applies for ESRD patients with
HCV infection. Every ESRD patient should be evaluated
as a candidate for KT as soon as possible after diagnosis.
This is important because during the interval between
diagnosis and transplantation there is increased mortality
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risk due to higher incidence of hepatic and non-hepatic
complications. It is essential that each dialysis center
carefully follows every HCV-infected ESRD patient
to determine viral load, do HCV genotyping, assess
the extent of hepatic fibrosis, and establish optimal
treatment strategies. A decision tree for the follow-up
process is shown in Figure 1. Treating HCV infection prior
to KT helps to prevent post-transplantation complications
and reduce mortality®***4,

There is general agreement that ESRD patients
with decompensated cirrhosis and portal hypertension
should be removed from the KT list and referred to the
liver transplant team to be considered for combined
liver-KT™*1,

It is also generally accepted that every HCV-positive
ESRD patient who is being evaluated for KT should
undergo a liver biopsy to assess the stage of liver disease,
unless there is clear radiological or clinical evidence
of portal hypertension or decompensated cirrhosis?®*.
Patients with Metavir fibrosis score < 3 on histologic
examination should be considered for antiviral treatment.
Patients with successful sustained viral response (SVR)
are definite candidates for KT, and those on the waiting
list should be tested at least annually to confirm the
durability of the SVR prior to transplantation™>****, Those
who have ready living-related donors could be referred
for KT immediately. There is some largely anecdotal
evidence that inducing an SVR prior to KT reduces the
risk of post-transplantation complications. For patients
who have attained SVR, some authors consider the
probability of HCV reactivation to be extremely low,
however, this is controversial, especially when aggressive
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immunosuppression is administered™*.

The growing number of ESRD patients with HCV-
related compensated cirrhosis is a major problem. In
this group, treatment is a dilemma because interferon
and ribavirin carry potential risk of decompensation
and serious adverse effects™*. Some authors consider
these patients “too healthy” for liver transplantation, and
yet their limited liver reserve, poor nutritional status,
and increased susceptibility to infections puts these
individuals at risk for increased perioperative morbidity
and mortality if they undergo KT*¥. These patients
require comprehensive and detailed evaluation. Presence
of portal hypertension should be carefully evaluated to
decide whether KT alone or combined kidney and liver
transplantation is appropriate***. It is recommended
that patients with wedge hepatic vein pressure > 10
mmHg may be listed for combined kidney and liver
transplantation*. Some transplantation centers use
different criteria to make this decision, such as platelet
count or presence of varices on endoscopy™. Making
the correct treatment decision in these cases in this
challenging. To improve decision-making in future,
transplant centers need to report incremental experiences
and long-term post-transplantation observations.

The other problematic patient group with respect to
treatment decisions is ESRD patients with HCV who do
not respond to antiviral treatment or who have been
assessed as ineligible for antiviral treatment. As HCV
replication progresses, there is greater risk of accelerated
liver disease, including hepatic failure and hepatocellular
carcinoma™®. KT is not contraindicated for these indivi-
duals, but each such candidate must be informed of all
difficulties (i.e., those related to progression of HCV and
restricted antiviral treatment) after transplantation™’’. It
should also be kept in mind that extending waiting time
for KT will likely result in poorer liver status for these
individuals'®*. However, any ESRD patient with HCV
who remains viremic while on a KT waiting list should
be placed on hold status. These patients should be
evaluated carefully and frequently to assess HCV disease
status and their suitability for KT as time on the waiting
list extended™*.

HCV infection after KT

The natural history of HCV infection after non-liver solid
organ transplantation is still not fully understood. One
study revealed that HCV-positive kidney transplant
recipients had lower survival than HCV-negative
patients*?, As noted previously, KT is associated with
better long-term survival for ESRD patients, even those
diagnosed with HCV infection. In other words, anti-HCV
positivity must not preclude HD patients from KT,

After KT: Progression and treatment of HCV-related liver
disease

Patients with HCV infection who undergo KT can ex-
perience progression of liver disease after the operation.
This has been identified as the fourth most frequent
cause of mortality (reported range, 8% to 28%) in long-

Raishidenge ~ WJH | www.wjgnet.com

889

Ozer Etik D et a/. Hepatitis C in hemodialysis patients

term survivors of KT. Increased risk of cardiovascular
disease, post-transplantation diabetes mellitus, and
sepsis are considered the primary causes of death after
KT[49].

A patient’s HCV viral load will increase in the setting
of immunosuppression, which usually develops within
the first months after KT, but there is no evidence
that progression of liver disease is correlated with HCV
RNA load.

Kamar et al*”! investigated natural course of HCV-
related liver fibrosis after KT. They observed that liver
biopsy samples from HCV-positive patients after KT
showed progression of fibrosis in 21 patients, stable
phase in 21 patients, and regression of fibrosis in 10
patients. The risk factor most strongly associated with
progression of hepatic fibrosis was severity of liver
disease prior to KT,

In HD patients with HCV who undergo KT, antiviral
treatment is mandatory after renal transplantation only
if the individual develops advanced fibrosis or severe
cholestatic hepatitis. Both these conditions are associated
with high mortality, and antiviral therapy can be life-
saving***". For such patients, the decision regarding
when to provide antiviral therapy should be made
based on a risk-benefit assessment for each individual
case®. The main concern about interferon (IFN)
treatment is that it can trigger acute graft rejection®>,
The optimal approach for antiviral treatment of HCV
after KT is unclear. A recent meta-analysis by Fabrizi
et al®? evaluated 12 clinical trials. In three of these,
a combination of IFN and ribavirin was used, and the
estimated rates of SVR and dropout were 18% (95%CI:
7.0%-29%) and 35% (95%CI: 20%-50%), respectively.
The most frequent reason for discontinuing the
combination treatment was graft dysfunction (71.7%).
There is no evidence that the IFN-ribavirin combination
is superior to IFN monotherapy™. Overall, Fabrizi et af**
agree that treating these patients with anti-viral therapy
before KT is safer and more effective than administering
this treatment post-transplantation.

The risk for acute rejection in HCV-infected patients
is higher during the first year after KT. In cases where
anti-viral therapy is necessary after KT, some authors
recommend waiting at least 1 year after the surgery to
initiate this treatment™", In contrast, other research has
shown that anti-viral treatment may be more effective
during the first year after transplantation if the patient
has stable renal function and no acute rejection occurs®.

Renal transplant recipients with HCV who have stable
renal and liver function should be carefully monitored, as
should those receiving anti-viral therapy. In all cases liver
function tests should be done every 3 mo and viral load
should be measured every 6 mo. Liver biopsy should be

repeated every 3 years™",

After KT: Inmunosuppression in patients with HCV-
related liver disease

In patients with HCV who undergo KT, immuno-
suppressive therapy is required to prevent rejection of
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the renal graft, but this may cause a more rapid and
aggressive course of HCV infection™. In addition to the
severity and duration of HCV infection, at the time of KT,
the choice of immunosuppressive drug combination and
doses can significantly affect the course of HCV infection
after KT. There is still controversy regarding what
constitutes the most appropriate immunosuppressive
combination.

Induction immunosuppressive therapies for kidney
transplant recipients typically contain T-cell-depleting
antibodies (OKT3, anti-thymocyte globulin). Induction
therapies with non-depleting antibodies (i.e., antibodies
that block interleukin-2) have also been debated.
There are conflicting reported outcomes regarding the
hazardous or beneficial effects of these induction immu-
nosuppressive drugs on the course of HCV infection and
on survival of the renal graft. Earlier studies suggested
that OKT3 was not a good choice for induction®,
whereas a recent report by Roth et a*!! indicated that
patients who received OKT3 had better liver fibrosis
scores than those who received daclizumab (an agent
that binds the interleukin-2 receptors of T-cells). At
minimum, HCV-infected patients who have undergone
KT should receive a short course of induction therapy.

Glucocorticosteroids are given in wide range of
doses to prevent rejection after KT. This treatment is
associated with increased HCV replication™’; however,
Luan et al®” demonstrated no significant difference
in mortality between patients who received steroids
and those who did not. Akalin et a/*® pointed out that
rapid discontinuation of steroid treatment was not
associated with worse outcome in HCV-positive renal
transplant recipients.

Cyclosporin might inhibit HCV replication through
mediating a blockage of interaction between cyclophilins
and non-structural protein 5B (HCV-RNA polymerase)™®.
Kahraman et a/®"! investigated kidney recipients with
HCV, and observed no significant differences between
a group that received tacrolimus and a group that
received cyclosporin with respect to viral replication and
development of hepatic fibrosis.

Mycophenolate mofetil is known to have anti-
viral effects in HCV patients, and acts by inducing the
expression of anti-viral IFN-related genes™*®?, In, there
is no evidence of a specific destructive effect on either
the renal graft or the HCV infection™.

There are scarce data on the influence of sirolimus
and everolimus [both inhibitors of the mammalian target
of rapamycin (mTOR)] in renal transplant recipients
with HCV. Luan et a*” found that mTOR inhibitors were
associated with 13% increased risk of mortality in this
patient group. These drugs are not yet recommended
as standard regimen for renal transplant recipients with
HCVE,

After KT: Infections
Several studies have confirmed that HCV-positive kidney
recipients are at increased risk for infections of the central
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nervous system, respiratory system, urinary tract and
bloodstream!*®®1, Research has identified a significant
relationship between development of tuberculosis and
presence of HCV infection in renal transplant recipients®”,
but it is not clear why HCV-positive recipients are more
susceptible to this infection. Immunosuppression and
diabetes are two possible explanations'®®.

After KT: HCV-related glomerular disease

HCV infection has been directly linked to glomerular
disease in both native and transplanted kidneys'.
The most common renal diseases associated with HCV
infection are membranoproliferative glomerulonephritis
with or without cryoglobulinemia and membranous
glomerulonephritis’®. Meyers et af®® hypothesized that
these relationships are explained by increased HCV
viral load and decreased immunoglobulin synthesis in
the setting of immunosuppression, and an imbalance
of antigen and antibody complex status and deposition
of these complexes in the allograft. Kamar et a/®”’
proposed that these diseases were explained by higher
cytokine production rather than direct cytotoxic effects
of HCV on kidney cells.

After KT: HCV-related new-onset diabetes mellitus

HCV-related new-onset diabetes after KT in patients
with chronic HCV is an interesting and relatively frequent
complication'®!. Reported prevalences of this in HCV-
positive and HCV-negative kidney transplant recipients
are 39.4% and 9.8% respectively™®, Unfortunately, it
has been shown that new onset of diabetes after KT
impairs graft function®”, The mechanisms proposed for
HCV-related diabetes mellitus include increased insulin
resistance, direct cytopathic action of HCV on beta cells,
and side effects of immunosuppressive drugst’®’",

After KT: HCV-related extrahepatic neoplasia

The role of HCV in the pathogenesis of post-trans-
plantation hematologic malignancies is obvious’?, Post-
transplant lymphoproliferative disorder was found to
be significantly more frequent in HCV-positive kidney
recipients than in HCV-negative kidney recipients’,

TREATMENT OF HCV INFECTION IN

PATIENTS WITH ESRD

Carefully treating HCV and achieving SVR prior to KT
should be primary goals to reduce the likelihood of
HCV-related complications in the liver and other organs/
systems'"*. Another reason it is important to attain SVR
before KT relates to the concern that anti-viral therapy
administered post-transplantation is associated with
high risk of graft rejection’..

The document entitled Improving Global Outcomes
recommended that HCV-infected HD patients awaiting
KT should be treated for HCV, and that attending
clinicians should decide whether to treat other HCV-
infected patients (i.e., those not on the KT waiting list)
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on case-by-case basis. However, HD patients with HCV
infection rarely receive antiviral therapy'®.

Monotherapy with standard interferon or pegylated
interferon

Several forms of IFN are available for therapeutic use,
including a-2a, a-2b, a-nl. In ESRD patients with HCV,
the recommended administration of IFN ranges from 1-6
mU as a/daily dose or up to three times weekly. A long-
acting IFN o, namely pegylated IFN (pegIFN), has been
used safely and effectively for more than a decade.
Peg IFN a-2a administered at 135 pug weekly and peg
IFN o-2b administered at 0.5-1 pg/kg are currently
approved for HCV treatment and are administered
weekly in stage 3-5 ESRD. Treatment duration is 24
wk for HCV genotypes 2 or -3 and 48 wk for HCV
genotypes 1-47778,

Three recently published meta-analyses have
indicated that SVR, side effects and withdrawal rates in
patients with ESRD vary according to treatment with
IFN and peglIFN.

The meta-analysis by Fabrizi et al”® evaluated results
from 645 patients the overall SVR rate was 40%; in the
subset with HCV genotype 1, the SVR rate was 33% and
dropout rates were 19% in the group that received IFN
and 27% in the group that received peglIFN. A typical flu-
like syndrome was the most common side effect. This
occurred in 41% of patients and required withdrawal of
anti-viral treatment in 11%. However, the meta-analysis
by Fabrizi et al’® was criticized because the studies
examined were somewhat heterogeneous with regard to
viral response and dropout rates.

A meta-analysis by Gordon et af*” in 2008, involved
546 chronic HD patients with HCV infection who were
either treated with IFN or pegIFN, with or without
ribavirin. Only 49 individuals received pegIFN and
ribavirin. The overall SVR rates were 41% for the IFN
group (95%CI: 33%-49%) and 37% for the pegIFN
group (95%CI: 9%-77%). The frequencies of treatment
discontinuation were 26% for the IFN group (95%CI:
20%-34%) and 28% for the pegIFN group (95%CI:
12%-53%). The main side effects were fatigue/weakness
and loss of appetite. The authors also found that higher
dose of IFN, lower HCV RNA load prior to treatment, early
stage of hepatic fibrosis, and HCV genotype other than
genotype 1 were associated with higher SVR rates®®”.

A more recent meta-analysis evaluated data from
770 HD patients with chronic HCV infection, 491 of
whom received IFN-alfa2a or IFN-alfa2b and 279 of
whom received peglFN-alfa2a or PegIFN-alfa2b. The
corresponding SVR rates for these two groups were
39.1% (95%CI: 32.1%-46.1%) and 39.3% (95%CI:
26.5%-52.1%), and the corresponding dropout rates
were 22.6% (95%CI: 10.4%-34.8%) and 29.7%
(95%CI: 21.7%-37.7%). Age younger than 40 years
was significantly associated with SVR (OR = 2.17;
95%CI: 1.03-4.50)®",

Although the above three meta-analyses suggest
that conventional IFN treatment and pegIFN therapy
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have similar efficacy and safety, many studies have
shown that pegIFN is superior’””’. For example, one
study revealed that patients with renal dysfunction who
were treated with pegIFN had a higher HCV eradication
rate than HCV patients with normal kidney function
who received this treatment. This can be attributed to
decreased renal clearance of pegIFN in the setting of
ESRD. In practice once weekly dosing of pegIFN is more
convenient for the patients with renal dysfunction®.

Combination therapies: Interferon or peglFN with
ribavirin

The combination of pegIFN and ribavirin is considered
the gold standard therapy for patients with chronic HCV
who have normal renal function”””. Some physicians
are reluctant to use ribavirin in patients with ESRD or in
those who are on HD due to fear of hemolytic anemia
which can be exacerbated in the presence of kidney
dysfunction. Because ribavirin is filtered by the kidneys,
its clearance is impaired in patients with ESRD, and
this agent is not removed by dialysis. Despite the fact
that ribavirin is contraindicated in the setting of renal
failure, this drug can be used at markedly reduced daily
doses and with careful monitoring for anemia. Patients
can be started on a low dose of ribavirin, and doses
can be increased gradually as long as side effects are
manageable® %4,

Only a few reports support the combined use of
pegIFN and ribavirin in ESRD patients or patients on HD
(Table 1). Rendina et a®® published the largest series
to date on the combined use of pegIFN a-2a (135 ug/
wk) plus ribavirin (200 mg daily to every other day) for
48 wk in 35 HD patients. They observed an SVR rate of
97% (34 of the/35 patients) and a dropout rate of 14%.
Only one patient developed severe anemia and had to
be weaned off treatment.

The dose of ribavirin should be adjusted based on
target plasma level which has been identified as 10-15
mcmol/L in patients with normal kidney function. For
patients with ESRD, the average dose of ribavirin can
be 200 mg daily, but some individuals can only tolerate
200 mg every other day'*®l. Assays for monitoring
plasma ribavirin levels are not routinely available. Even
when therapeutic ribavirin levels are maintained the
potential for anemia in HD patients cannot be ruled out.
Recombinant human erythropoietin or blood transfusions
can be while maintaining the desired ribavirin dosage,
for these patients, as these measures can correct
anemia and improve quality of life during treatment™®,

Direct-acting anti-viral agents

Direct-acting anti-viral agents (DAA) have yielded
exciting results in ESRD patients. When combined with
IFN and ribavirin, DAA increase SVR rates in patients
with intact kidney function. However, anemia is an
important potential side effect of DAA even in patients
with normal glomerular filtration rate. Further information
and experience are needed with respect to using DAA-
based therapy in patients with ESRD™, More aggressive
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Table 1 Results from trials: Interferon-ribavirin combined treatments in patients with end-stage renal disease and hepatitis C virus

infection

Ref. Year No. of patients Proportion with HCV genotype 1 (%) Treatment SVR (%) Dropout (%)
Tan et al® 2001 5 NA IFN-3.0 MU/ d to 3 times/wk + RBV 200 NA 40
mg/d, 3 times/wk for 40 wk
Mousa et al®! 2004 20 60-66 IFN-3.0 MU/d to 3 times/wk + RBV 200
mg/d, 3 times/wk

For 24 wk 66 0

For 48 wk 55 0
Bruchfeld et al® 2006 6 66 PeglFN - 50 pg/wk + RBV 200-400 mg/d 50 50

for 24-48 wk (depending on genotype)

Rendina et al™ 2007 35 45.7 PeglFN-a2a 135 pug/wk + RBV 200 mg/d 97 15

for 24-48 wk (depending on genotype)

IFN: interferon; NA: Not available; PegIFN: Pegylated IFN; RBV: Ribavirin; SVR: Sustained virological response; HCV: Hepatitis C virus.

therapy maybe considered for HD patients who are
eligible for KT, as HCV eradication prior to transplantation
can improve outcomes™.

Two new HCV drugs were approved in 2011: telaprevir
and boceprevir. Both these are first-wave, first-generation
NS3-4A protease inhibitors. Two other drug were
approved in 2013/2014: simeprevir, a second-wave, first-
generation NS3-4A protease inhibitor, and sofosbuvir, a
nucleotide analogue inhibitor of viral polymerase®".,

Triple therapy for HCV infection currently may have
several opportunities including a better therapeutic
schedule in patients with renal failure, which apparently
do not require dose adjustments to the kidney function,
yet the detailed data regarding the new drugs in these
patients are not available®?.

Sofosbuvir and simeprevir are not recommended for
patients with ESRD or patients who require HD. While
no dose reduction is necessary when sofosbuvir or
simeprevir are administered to patients mild to moderate
HCV infection, a lower dose is needed when this drug
is administered to patients with severe HCV infection.
Renal insufficiency has no impact on the pharmacokinetic
profile of asunaprevir®.

The development of IFN-free or IFN-sparing regimens
represents a breakthrough in the history of anti-HCV
treatment. It 1s expected that treatment scenarios for
chronic HCV patients will change radically in the next
few years, as safe and potent therapies become more
accessible. This will simplify the mangement of these
cases, and will open possibilities to include patient
populations for which pegIFN is currently contrain-
dicated™”.

In conclusion, HCV infection remains a major
health problem that can cause substantial liver-related
morbidity and mortality in patients with ESRD. Various
forms of IFN with or without ribavirin can be used to
treat ESRD patients with HCV infection prior to KT;
however, only approximately one-third of these patients
will achieve SVR. After an HCV-infected patient has
undergone KT, IFN-based treatments are generally not
recommended owing to the high risk of graft rejection.
Recently introduced IFN- free treatment options are
promising, but data are lacking regarding their use

Baishidenge  WJH | www.wjgnet.com

892

in HD patients with HCV infection. Well-designed
prospective studies are needed to evaluate the efficacy
and safety of the new IFN- free regimes in this patient
group.
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Abstract

Currently, although lamivudine (LAM) has a low genetic
barrier, only interferon-alpha and LAM are available as
a first-line treatment in children with chronic hepatitis
B (CHB). LAM is a potent inhibitor of hepatitis B virus-
deoxyribonucleic acid (HBV-DNA) polymerase replication
by termination of the proviral HBV-DNA chain. LAM has
a good safety and tolerability profile in CHB patients
with hepatic decompensation. However, the main
disadvantages of this HBV reverse transcriptase inhibitor
are: (1) pre-existing covalently closed circular DNA
cannot be eradicated by LAM, thus relapse after therapy
withdrawal is frequent; and (2) although the longer LAM
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treatment induced the higher seroconversion rate, the
risk of viral resistance increased through the selection
of YMDD (tyrosine, methionine, aspartate, aspartate)
motif. Insufficient suppression of viral replication leads
to the emergence of resistant strains that could result
in virological breakthrough which is usually followed
by biochemical breakthrough. Mutant strains affects
additional resistance and cross resistance, leading to
drug resistance in a significant number of CHB patients.
In this case, efficacy of more powerful anti-viral agents
with higher genetic barrier against development of
resistance is diminished. Furthermore, strains that are
resistant to LAM could bring about vaccine escape
mutants, decreasing the efficacy of HBV vaccine. A more
potent drug with a high genetic barrier to resistance
needs to be approved as the first-line treatment option
for CHB in children.

Key words: Children; Chronic hepatitis B; Lamivudine;
Lamivudine-resistant mutants; YMDD mutation

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In present day, antiviral drugs with higher
genotypic barrier to resistance cannot be used for
children with chronic hepatitis B since these drugs are
not covered by the general health insurance in many
countries. Therefore, lamivudine (LAM) which is not
used for adults due to its many drawbacks has been
used as a first-line of treatment for children out of
necessity. Even though long term treatment results with
LAM appear to be good, long term treatment increases
the possibility of occurrence of resistant strains. These
strains which are resistant to LAM could develop cross
resistance to other anti-viral agents.

Kasirga E. Lamivudine resistance in children with chronic
hepatitis B. World J Hepatol 2015; 7(6): 896-902 Available
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htm DOTI: http://dx.doi.org/10.4254/wjh.v7.16.896

April 28,2015 | Volume 7 | Issue6 |



INTRODUCTION

Approximately 400 million human are globally affected
by chronic hepatitis B virus (HBV) infection. There is a
high risk of developing serious complications such as
cirrhosis and liver cancer in these people. Despite the
development of new therapies using antiviral agents
fighting chronic hepatitis B (CHB) remains to be a major
clinical challenge. Interferon-alpha (IFN-a), lamivudine
(LAM), adefovir, entecavir and lately tenofovir are
all amongst the approved drugs for medical care of
children affected by CHB. IFN-a for 12 mo and older
children; LAM initiating at 3 years of age; adefovir and
tenofovir in children 12 years and older; and entecavir
initiating from 16 years of age are used™. Even though
LAM is the primary antiviral drug officially accepted in
present day for children with CHB less than 12 years
old, use of antiviral drugs with a high genetic barrier
against the emergence of resistance (such as entecavir
and tenofovir) are not practiced for children with HBV
because these drugs are not covered by the general
health insurance in many countries.

CLINICAL ASPECTS OF LAM
RESISTANCE IN CHILDREN

LAM, a nucleoside analogue has been officially
accepted for treatment of CHB infection by United
States Food and Drug Administration in 1998. LAM
is found to be effective in suppression of HBV-DNA,
normalizing aminotransferase values and improving
histologic activity index. However, hepatitis B e antigen
(HBeAg) seroconversion is not always resulted from
LAM treatment™?.. Choe et a/”' found that HBeAg
seroconversion developed in 34% of children with CHB
within one year after initiation of LAM treatment. The
probability of response to LAM treatment increases with
high aminotransferase levels and high histologic activity
index at baseline. Hom et a/*”! found out that there is
no significance of age, gender, previous IFN therapy,
baseline weight, HBV-DNA, and body mass index in
prediction of response to LAM treatment in children
with CHB. However, Hong et al*® showed that high
aminotransferase levels affect the HBeAg seroconversion
as well as younger age in children with long-term LAM
treatment. Figlerowicz et al® reported that pretreatment
serum HBV-DNA level is related to seroconversion of
HBeAg and sustained viral response rate. Although LAM
is a potent antiviral drug in the treatment of HBV, it does
not help to purify liver from covalently closed circular
DNA integrated into the cell nuclei. Covalently closed
circular DNA brings about continued presence of HBV in
liver cells™?. Therefore, after stopping LAM treatment
HBV replication may return to pretreatment levels. In
fact, it has been reported that relapse rates varied from
19% to 62% after cessation of treatment with LAM",
Kansu et al® reported that relapse rates of 6.8% in
children treated with combined IFN-a2a and LAM. Jonas
et al”! determined a relapse rate of 17.5% in a placebo
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controlled LAM trial in children. Hagmann et a/*® found
relapse rate of 25% after cessation of LAM treatment.
It is likely that duration of LAM treatment would be a
culprit for the variations in relapse rates. Choe et al””
reported long term LAM treatment increased HBeAg
seroconversion rates more than IFN treatment. This is
especially seen in pre-school children. High relapse rates
have been observed when LAM treatment is discontinued
before and right after HBeAg seroconversion. Because
of this, treatment should continue possibly 12 mo after
HBeAg seroconversion is observed. Nevertheless, major
limitation of prolonged LAM therapy is formation of
resistant mutants™>. It is recognized that resistance to
LAM develops as a result of emerging mutations which
are formed in catalytic part of the reverse transcriptase
YMDD [(Y) tyrosine, (M) methionine, (D) aspartate, (D)
aspartate]. In YMDD mutation formations, methionine is
replaced with valine (rtM204V), isoleucine (rtM2041) or
rarely serine (rtM204S). In these mutations, rtM204V is
always together with rtL180M which is a compensating
mutation. This mutation partially restores replication
fitness of HBV. However, it has been shown that
rtM2041 differentiation is independent from rtL180M.
In addition, rtV173L differentiation which is found in
some samples resistant to LAM, increased replication
capacity of HBV!'!., Resistance to LAM causes absence
of HBV-DNA suppression and eventually advancement
of liver disease. However, replication capacity of YMDD
mutants is less than the wild virus. Because of this,
lower aminotransferase and HBV-DNA levels can be
found in YMDD mutant virus infections'?. Hartman
et al'™* showed that 54% of the YMDD mutants were
maintained normal aminotransferase values. After
development of LAM resistance, usually serum HBV-
DNA becomes positive (virologic breakthrough) and
then serum alanine aminotransferase level increases
(biochemical breakthrough). Mutant strains generally
emerge after 6 mo of therapy with LAM. Resistance
rates of 38%, 49% and 65% have been reported at 2,
3 and 5 years of therapy with LAM™, In a multicenter
trial carried out by Jonas et al*®’, the YMDD mutation
was detected in 19% of children who had undergone
LAM therapy for 52 wk. No LAM resistance mutations
were identified in the placebo group during the first
year of this study. Sokal et af'** found YMDD mutation
rates of 49% and 64% in second and third year of
treatment, respectively. Hartman et a/*® found LAM
resistant mutants in 11 of 17 (65%) children at the end
of the first year of LAM treatment. Interestingly, YMDD
mutation rate of this study was extremely higher than
other studies. Hagmann et ai™ reported development of
clinical resistance to LAM in 3 children (19%) in the first
year of therapy. Furthermore, in this study, frequency
of drug resistance is found to be low in children with
high HBV-DNA suppression level. Hong et al® reported
breakthrough in 25.9% (21 out of 81) of patients treated
with LAM. These patients were followed up for more
than 1 year. Lee et al'”! reported viral breakthrough in
12 children (27%) during the therapy and documented
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YMDD mutation in 11 children (25%). In this study,
average time for development of mutation was 22.7 mo.
Ni et al'® found mutant strains in 34% of the children
after 12 mo of therapy with LAM. In this study, higher
resistance rates were found compared to other studies.
Akman et al*® reported YMDD mutants in 58.4% of the
total 24 children treated with LAM for 30 £ 10 mo. Choe
et al” found viral breakthrough developed 10% in the
first year and 23% in the second year of LAM treatment.
In this study, YMDD mutation was found in 9 of 11
patients who have developed breakthrough. Liberek et
al*® determined mild and temporary aminotransferase
increase in 4 out of 59 children with CHB and 2 children
with YMDD mutation between third and twelfth months
of LAM treatment. Koh et al**! reported breakthrough
and relapse rates in 10% and 3.3% of children with CHB
after 52 mo with LAM therapy. In this study, although
the exact reason of lower breakthrough and relapse
rates are not known, clinical characteristics of patients
and differences in treatment schedule could be reasons
for this phenomenon.

Resistance to LAM increases with longer treatment
periods. Therefore, LAM therapy should be discontinued
6 mo after HBeAg seroconversion or appearance of
YMMD mutations™, On the other hand, higher proportion
of LAM resistance is associated with higher viral load after
first 6 mo of therapy™™. It has been shown that complete
virologic response reduces the risk of resistance to LAM.
Yuen et al”” established a relationship between high
HBV-DNA level and alanine aminotransferase level at
beginning with the emergence of YMDD mutations. Paik
et al” determined a significant relationship between
the YMDD mutations emerging at three months with
viral breakthrough. In another study, after 12 mo of
LAM treatment, Yuen et a/®! showed no significant
differences exist in virologic response and YMDD mutant
rates between patients with genotypes B and C. Contrary
to this study, Kobayashi et a*® showed development
of YMDD mutants was influenced by HBV genotypes
in patients with CHB. Numerous studies have been
performed to determine whether a combination regimen
with LAM and IFN-a prevents or delays the emergence
of YMDD mutants. There are conflicting results in
literature regarding this matter. In accordance with a
study conducted by Chan et af*”’, a lower LAM resistance
was found in combination treatment with pegylated-
IFN and LAM (21%) compared with LAM monotherapy
(40%). However, Marrone et al*®® showed risk for
emergence of LAM resistance was not reduced with IFN
and LAM combination treatment. It is possible that older
patients and moderately high aminotransferase levels
prior to treatment in the study of Chan et a/*”! could
have caused the differences between these two studies.
Furthermore, results may have been affected in favor of
the combination therapy since Chan et a*”! conducted
combination of LAM with IFN eight weeks longer than
monotherapy with LAM. Ozgeng et al*®' determined high
breakthrough incidence in children with partial response
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to long-term LAM therapy. In this study, reported
breakthrough rates of LAM were 13.3%, 69.4%, and
82.4% in 1, 2, and 3 years, respectively. Kansu et af®
reported breakthrough rates of 17.9% in simultaneous
therapy group and 24.6% in sequential therapy group.
Yilmaz et a*” did not find breakthrough in any patient
that could suggest YMDD mutation. Selimoglu et a/*"
reported breakthrough in 11 (23.4%) children treated
with IFN-a and LAM combination therapy. In another
combination treatment of IFN-a and LAM, Dikici et a/*”
demonstrated no viral breakthrough with the exception
of one patient during the follow-up period after the
treatment. The viral breakthrough for this child was
accepted as an YMDD mutation. Kuloglu et af** reported
breakthrough and YMDD mutant rates of 65.8% and
55.2% respectively with combined IFN-a and long
term LAM therapy. Saltik-Temizel et al*¥ provided no
information about viral breakthrough rates in their article
on combination therapy with LAM and high-dose IFN-a.
Results from different treatment regimens are presented
in Table 1.

In accordance with the results of these studies,
avoiding unnecessary use of antiviral drugs can help to
reduce resistance. Therefore, LAM should be prescribed
only for patients with good predictors of response. If
there is no finding for resistance to LAM, children should
be treated for one year. However, there may be a need
for longer treatment™!. Although the optimal duration
of therapy is not well-established, patients should
be treated for at least six more months after HBeAg
seroconversion!. Treatment may be discontinued
in those who have HBV-DNA replication or mutant
strains'*”). High HBV-DNA load before treatment was
shown to be an important factor causing virologic
breakthrough. Early suppression of viral replication plays
a key role for prevention of LAM resistance. Insufficient
response to LAM therapy with persistence of viremia
can increase the resistance®. On the other hand,
an elevated pretreatment alanine aminotransferase
level (more than twofold the upper normal limit) is
a key factor reducing the LAM resistance™. Patients
who have not achieved a complete virologic response
(partial response) to LAM at week 24, switching to a
more potent antiviral agent or add-on another antiviral
agent without cross-resistance profile is the only
useful treatment approach™®. Treatment guidelines for
children have not been established yet. However, in
case of failure with LAM therapy, addition of adefovir
or switching to either adefovir or entecavir therapies
should be considered in older children.

LAM RESISTANCE IN PREVIOUSLY
UNTREATED PATIENTS WITH CHB

Because HBV polymerase lacks of proofreading
mechanism, spontaneous polymerase mutations occur
naturally™?, Therefore, YMDD motif variants can
develop not only as secondary to LAM usage, but also
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Table 1 Outcomes of different therapeutic regimens in children with chronic hepatitis B

Ref. Therapeutic regimen Duration of treatment HBeAg seroconversion rate (%) Relapse rate (%) Breakthrough rate (%)
Jonas et al” LAM 52 wk 26 18 19
Hagmann et al™® LAM 12° mo 50 25 19
Sokal et al™ LAM 24 mo 25 11 49
36 mo 35 0 64
Hartman et al™ LAM 12° mo 18 0 65
Hong et al® LAM 12 mo 60.5 NA 25.9
Lee et al™” LAM 12 mo 60 0 27
Ni et al™ LAM 12 mo 38 0 34
Akman et al™ LAM 323 +83 mo 20.8 NA 58.4
Choe et al® LAM 12° mo 65 4 10°
23
Liberek et al™ LAM 12 mo 27.1 NA 3.38
Koh et al™ LAM 12° mo 42 33 10
Kansu ef al®® LAM + IFN 6 m IFN 60.2" 6.8' 17.9'
24 mo LAM 39.4° 0 24.6°
Ozgeng et al™ LAM + IFN 6 mo IFN 15.6° 6.8° 13.3°
12-36 mo 5.6 69.4*
LAM 0 82.4°
Dikici et al®™ LAM + IFN 6 mo IFN 37 37 33
12 mo LAM
Kuloglu et al™ LAM + IFN 6 mo IFN 34.2 NA 65.8
12° mo LAM
Saltik-Temizel et al™! LAM + IFN 6 mo IFN 60 NA NA
12 mo LAM

'Simultaneous therapy; *Sequential therapies; *First year; ‘Second year; *Third year; ‘Until HBeAg seroconversion or evidence of resistance. NA: Information

was not given in the study; IFN: Interferon; LAM: Lamivudine; HBeAg: Hepatitis B e antigen.

it can naturally occur with a relatively high incidence
in previously untreated patients with CHB™!. Recently,
the incidence of YMDD mutants in previously untreated
patients from eight countries was found to be 12.2%",
It is important to investigate these mutations in
primary LAM-nonresponsive patients. Although some
correlation between virologic breakthrough during
LAM therapy and previously presence of LAM-resistant
mutants in untreated patients has been found, its
clinical significance during LAM therapy is still unknown.
However, there is a small possibility for these mutants
to be dominant during HBV infection and CHB can
effectively be treated with LAM. Lee et a/*** indicated
that previously presence of LAM resistant mutants was
rapidly cleared with LAM therapy in untreated CHB
patients. Further researches are necessary to evaluate
the influence of LAM-resistant mutants in previously
untreated patients with CHB.

CROSS-RESISTANCE

Presently, medications such as adefovir, entecavir and,
recently, tenofovir have been used for the treatment of
adolescents with CHB™.. However, only IFN-a. and LAM
are still available as a first-line treatment especially
in young children at this time. In patients with LAM-
resistance, sufficient suppression of HBV-DNA is not
obtained and the incidence of resistance to adefovir is
increased. It has been observed that adding adefovir
to continued LAM therapy is found to be linked with
lower adefovir resistance rates. Because only one
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additional substitution at T184, S202, and/or M250
is enough to emergence of entecavir resistance, the
development of entecavir resistance occurs more
easily in LAM-resistant patients than treatment-naive
patients™!!. After two years therapy, the resistance
rates of entecavir have been increased (8%) in LAM-
resistant patients™. Tenney et al** reported a low
rate of entecavir resistance (0.8%) and a high rate of
entecavir resistance (43%) in LAM-resistant patients
after five years of therapy.

TREATMENT OF LAM-RESISTANT CHB
IN CHILDREN

In case of virologic breakthrough, to avoid the emer-
gence of cross resistance, a second antiviral agent
without cross-resistance is added to LAM™, There have
been no beneficial effects of using adefovir in children
between 2 and 12 years of age. Therefore, adefovir was
licensed for use in adolescents. Jonas et al**' reported
that early virologic response was a good predictor
for emergence of resistance against adefovir. Both
the combination of LAM with adefovir and entecavir
monotherapy were found to be more effective by Chu
et al”® in suppressing HBV replication compared to
adefovir monotherapy in LAM-resistant children. Ryu et
al*”! reported that high baseline viral load was rapidly
declined with entecavir monotherapy in LAM refractory
children. However combination of LAM with adefovir
was more effective in suppressing the viral load than
entecavir.
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LAM-ASSOCIATED VACCINE-ESCAPE

MUTATIONS

Currently, there are two types of LAM-associated HBV
mutants with antigenically modified HBsAg. In the
genome organization of HBV, surface and polymerase
genes overlap; and changes in the polymerase reverse
transcriptase which involve LAM resistance substitutions
may cause mutations [first type hepatitis B surface
antigen (HBsAg) mutant] in the surface gene of HBV. A
triple substitution pattern (V173L + L180M + M204V) of
LAM resistance is associated with the changes (sE164D
+ sI195M) in the overlapping surface gene!*®. These
mutants may act as a vaccine escape mutants (sG145R).
As a result, those viruses which have mutated cannot
be recognized and eliminated by existing monoclonal
antibodies (anti-HBs). Because of the prolonged viral
suppression with LAM treatment, the second type
HBsAg mutants are emerged from the selection of
surface antigen escape mutants*’, The development of
LAM resistant and HBsAg escape mutants is associated
with decreased attachment of anti-HBs antibodies
to HBsAg"™\. LAM-resistant HBV mutants with the
capability to escape from anti-hepatitis B surface
antibodies have the ability to infect individuals both
vaccinated and unvaccinated for HBV. Therefore, it is
imperative that physician weigh up the possible benefits
and harms of treatment with LAM carefully.

CONCLUSION

Currently, LAM monotherapy is not used in adults
because of very high recalcitrance rates. Similarly,
most potent antiviral agents with optimal resistance
profile should be used as first-line therapy in children.
It is important to monitor early detection of virologic
breakthrough and determine genotypic resistance to
decide the optimal intervention. Monitoring the levels of
HBV-DNA and determination of types of resistant strains
would be necessary to establish therapeutic strategies.
Because the LAM resistant viruses appear to be more
prevalent in population, these mutants may become a
potential serious public health problem.

In condusion, there is a need to conduct further studies
and new arrangements in general health insurance policies
for use of the antiviral drugs which have strong antiviral
effects and low resistance rates as first-line treatment in
children with CHB.
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Abstract

AIM: To study the clinical presentation of Budd-Chiari
syndrome (BCS) and identify the aetiologies of this
disease in Algeria.

METHODS: Patients with BCS, hospitalised in our unit
from January 2004 until June 2010 were included and the
aetiological factors were assessed. Patients presenting
a BCS in the setting of advanced-stage cirrhosis or a
liver transplantation were excluded from the study. The
diagnosis was established when an obstruction of hepatic
venous outflow (thrombosis, stenosis or compression)
was demonstrated. We diagnosed myeloproliferative
disease (MPD) by bone marrow biopsy and V61/F
JAKZ mutation. Anti-phospholipid syndrome (APLS) was
detected by the presence of anticardiolipin antibodies,
anti-p2 glycoprotein antibodies and Lupus anticoagulant.
We also detected paroxysmal nocturnal haemoglobinuria
(PNH) by flow cytometry. Celiac disease and Behcet
disease were systematically investigated in our patients.
Hereditary anticoagulant protein deficiencies were also
assessed. We tested our patients for the G20210A
mutation at Beaujon Hospital. Imaging procedures were
performed to determine a local cause of BCS, such as a
hydatid cyst or a liver tumour.

RESULTS: One hundred and fifteen patients were

included. Mean follow up: 32.12 mo. Mean age: 34.41
years, M/F = 0.64. Chronic presentation was frequent:
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63.5%. The revealing symptoms for the BCS were
ascites (74.8%) and abdominal pain (42.6%). The
most common site of thrombosis was the hepatic veins
(72.2%). Involvement of the inferior vena cava alone
was observed in 3 patients. According to the radiological
investigations, BCS was primary in 94.7% of the cases
(7 = 109) and secondary in 5.2% (7 = 6). An aetiology
was identified in 77.4% of the patients (7 = 89); it
was multifactorial in 27% (n = 31). The predominant
aetiology of BCS in our patients was a myeloproliferative
disease, observed in 34.6% of cases. APLS was found
in 21.7% and celiac disease in 11.4%. Other acquired
conditions were: PNH (n = 4), systemic disease (7 = 6)
and inflammatory bowel disease (7 = 5). Anticoagulant
protein deficiency was diagnosed in 28% of the patients
(n = 18), dominated by protein C deficiency (7 = 13).
Secondary BCS was caused by a compressing hydatic
cyst (7 = 5) and hepatocellular carcinoma (7 = 1).

CONCLUSION: The main aetiologic factor of BCS in
Algeria is MPD. The frequency of celiac disease justifies
its consideration when BCS is diagnosed in our region.

Key words: Algeria; Etiologie; Celiac disease; Budd-Chiari;
Thrombosis

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Budd-Chiari syndrome (BCS) is a rare disease,
but it seems quite common in our country and in
North Africa in general. However, we do not know the
etiological features of this disease in our region. We
collected 115 cases of BCS in 6 years. A fairly complete
etiologic assessment was achieved. We identified the
cause of BCS in 77%. It was multifactorial in 27%. The
etiologies were dominated by the myeloproliferative
disease 34%, followed by antiphospholipid syndrome in
21%. Finally, the etiological distribution in our patients
does not differ too much from what is reported in
Western countries.
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INTRODUCTION

Budd-Chiari syndrome (BCS) has been characterised by
a panel of European experts as a group of disorders that
results from an obstruction of hepatic venous outflow
at any level from the small hepatic veins (HV) to the
junction of the inferior vena cava (IVC) and the right
atrium. BCS may be secondary to a non-thrombotic
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obstruction of hepatic venous drainage pathways, but
in most cases, it is related to a venous thrombosis. This
is referred to as primary BCS. Heart failure, constrictive
pericarditis and veno-occlusive disease are excluded
from this definition!"’.

BCS is a rare disease, with an estimated prevalence
of 2 per 100000 inhabitants and an annual incidence
of approximately 0.2 cases per million inhabitants™.

The clinical presentation of BCS depends on the
extent and the acute or progressive occurrence of venous
thrombosis. We distinguish asymptomatic forms of
BCS, which are discovered fortuitously, and symptomatic
forms, which can be acute or chronic. The acute form is
characterised by abdominal pain, ascites and hepatomegaly,
without evidence of portal hypertension. This form can
be complicated by fulminant hepatitis. The chronic form
is difficult to distinguish from cirrhosis regardless of the
aetiology. The subacute form is characterised by features
of acute BCS with portal hypertension. It reflects an
extension of a previous occurrence of thrombosis in the
HV.

Primary BCS is the clinical expression of an under-
lying thrombotic condition that should be identified by
an exhaustive aetiological investigation.

The causal mechanism of venous thrombosis, which
is frequently multifactorial, often involves a myelo-
proliferative disorder (MPD)!"*. The purpose of this work
was to identify causal factors of BCS in Algeria. We also
sought to study the anatomic aspects and the clinical
presentation of BCS in our patients.

MATERIALS AND METHODS

This was a prospective study that included consecutive
patients, over the age of 16 years with BCS, who were
hospitalised in our unit from January 2004 until June
2010. Patients who presented with BCS complicating
advanced-stage cirrhosis and transplantation were
excluded from the study. At inclusion, Doppler ultra-
sound exploration, triphasic computed tomography (CT)
and/or magnetic resonance (MR) angiography were
performed in all patients, to confirm the diagnosis.

The diagnosis was established when a thrombosis, a
stenosis or a compression of hepatic venous outflow (HV
and/or suprahepatic IVC) was demonstrated. We also
looked for indirect signs of BCS, such as HV dilatation
upstream of a stenosis, spiderweb collateral venous
circulation between HV, enlarged segment I of the liver
or patchy enhancement of hepatic parenchyma.

For the aetiological work-up, we looked for acquired
causes of thrombosis, especially MPD, with a bone
marrow biopsy (BMB) and a test for V61 7F JAK2 mutation
by real-time polymerase chain reaction (RQ-PCR) (JAK2
MutaQuant kit, Ipsogen). In doubtful cases, a second
examination of the BMB was performed in the pathology
unit of Beaujon Hospital in Paris. The diagnosis of MPD
was established using the World Health Organization
2008 revised criteria”®’. MPD was considered latent
if BMB was abnormal and/or if a JAK2 mutation was
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Table 1 Revealing symptoms

Symptoms n %

Ascites 86 748
Abdominal pain 49 42,6
Jaundice 16 13.9
Bleeding 14 122
Hepatic encephalopathy 6 52
Fever 18 15.7

Lower limb edema 15 13

found while the blood count was normal.

Tests were conducted to detect anticardiolipin
(ACL) IgG and IgM antibodies, anti-B2 glycoprotein
antibodies and lupus anticoagulant to determine the
presence of anti-phospholipid syndrome (APLS). Patients
were considered positive when the results from two
successive tests performed within a 2 to 3 mo interval
exceeded the cutoff levels of 20 U/L for ACL antibodies
and 10 U/mL for A2BGP antibodies. Autoantibody
tests were also performed to distinguish primary and
secondary APLS that may be associated with Lupus.

The classical diagnostic criteria were used to identify
Behget’s disease™’; genotyping for the Human Major
Histocompatibility Complex (HLA) B51 was performed in
doubtful cases. To identify paroxysmal nocturnal haem-
oglobinuria (PNH) in patients with haemolytic anemia
and elevated lactate dehydrogenase (LDH) levels, flow
cytometry was performed to detect CD55/CD59 deficient
peripheral blood cells.

The systematic assessment for celiac disease included
tests for anti-endomysium and/or anti-transglutaminase
antibodies and duodenal biopsies in patients without
major coagulation disorders. PCR for HLA class I and
class II antigens was performed in seven patients with
both celiac disease and BCS. The work-up included an
examination of other acquired prothombotic disorders
including hyperhomocysteinaemia, inflammatory bowel
disease and tuberculosis.

We also looked for an inherited cause of thrombosis
(i.e., proteins C, S or antithrombin Il deficiency).
When a family survey was not available, the deficiency
in anticoagulant proteins was considered to be a
primary disorder in the absence of severe liver failure
(prothrombine time > 60%), nephrotic syndrome, acute
thrombosis or anticoagulant treatment. Activated protein
C resistance was used to diagnose a factor V mutation,
because genetic testing (Leiden mutation) was not
available. The prothrombin gene was sequenced in 21
patients in the molecular biology unit of Beaujon Hospital,
to detect the G20210A mutation.

We also looked for oral contraceptive use or the
occurrence of BCS during or after pregnancy. Appropriate
imaging procedures were performed to search for a local
cause of BCS, notably a hydatid cyst or a liver tumour.

The statistical analysis was performed with SPSS
13.0 (SPSS Inc., Chicago, IL). Estimated variables are
reported with the 95% confidence interval. P < 0.05
was considered statistically significant. Fisher's exact
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test and the 4* test were used for the comparison of
qualitative variables and the Fisher-Snedecor test was
used for the comparison of quantitative and qualitative
variables.

RESULTS

A total of 115 patients were included in this study. The
mean time from the onset of symptoms to the diagnosis
was 13.03 = 4.5 mo (range: 4 d-10 years). The mean
patient age was 34 years; the M/F sex-ratio was 0.64.
The majority of patients were aged from 20 to 29
years at the time of diagnosis. The chronic form of BCS
predominated, which was observed in 63.5% of the
patients (n = 73). In contrast, the acute form was found
in 8.7% of the patients (n = 10) and the fulminant form
was observed in 3 patients.

BCS was latent and was discovered fortuitously in
9.6% of the patients (n = 11). In the majority of cases,
BCS was revealed by ascites and abdominal pain, as
observed in 74.8% and 42.6% of patients respectively.
Revealing symptoms are reported in Table 1.

Ascites and gastrointestinal bleeding were more
frequent in patients with the chronic form of BCS, however,
as might be expected, pain, fever and an elevated
transaminase level were predominantly observed in the
acute and sub-acute forms of the disease. This difference
was highly significant (P < 0.001). Demographic, clinical
and laboratory features are reported in Table 2.

The Child-Pugh classification scores at admission
were: B (n = 62, 53.9%); A (n = 34, 29.6%); C (n =
19, 16.5%).

Doppler ultrasound was performed in 90% of
patients (n = 104) and established the diagnosis in
87%. For the remaining cases, the diagnosis was
based on the CT-scan. MR-angiography completed the
work-up in 46% of patients (n = 53). According to the
radiological investigations, BCS was secondary in 5.3%
(n = 6) and primary in 94.7% (n = 109). Secondary
BCS was caused by a hydatic liver cyst (n = 5) or
hepatocellular carcinoma (n = 1). Isolated involvement
of the HV was observed in 72% of patients and both the
HV and IVC were involved in 25.2%. Involvement of
the IVC alone was observed in 3 patients. Thrombosis
in other venous areas was observed in 32.7% of the
cases (Table 3). Thoraco-abdominal collateral venous
circulation (CVC) was predominant in patients with an
isolated HV thrombosis (P = 0.05), whereas lumbar
CVC was prevalent in patients with combined HV and
IVC thrombosis (P = 0.007). A dysmorphic liver was
found in 64.3% of patients (n = 74). Hypertrophy of the
caudate lobe was noted in 86.1% of the cases (n = 99).
Intrahepatic collateral veins typical of BCS were found
in 81.7% (n = 94) and hypervascular regenerative
macronodules were observed in 27.8% of the patients (n
= 32).

The aetiologies of BCS are reported in Table 4. At
least one cause of BCS was found in 77.4% of the cases
(n = 89) and a combination of several prothrombotic
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Table 2 Clinical and laboratory characteristics at diagnosis

Table 3 Radiological features

Demographic parameters

Age (yr) 34 (16-72)
M/F (n) 45/70
Distribution by age, 1 (%)

<20yr 89

20-40 yr 63 (72)

> 40 yr 29 (34)

Clinical parameters 7 (%)

Disease onset

Acute 8.7 (10)

Chronic 63.5 (73)

Subacute 27.8 (32)
Ascites 62.6 (72)
Hepatomegaly 62.6 (72)
Splenomegaly 42.6 (49)
Thoraco-abdominal venous collaterals 43.5 (50)
Lumber venous collaterals 11.3 (13)
Hepatic encephalopathy 3.5(4)
Jaundice 40 (46)
Lower limb oedema 24.3 (28)

Biological parameters

ALT (ULN) 2.5 (1-60)
Bilirubin (mg/dL) 20.58 (3-265)
Prothrombin time (%) 57 (14-98)
Haemoglobin (g/dL) 11.7 (3-17)
RBC (10°/mm’) 4.5 (1.7-7.9)
WBC (10°/mm’) 7.7 (1.3-21.5)
Platelet count (/mm’) 263212 (29000-695000)
Albumin (g/L) 29.4 (16.7-45)
Thrombocytosis 1 (%) 20 (23)
Erythrocytosis 1 (%) 11.3 (13)
Hyperleucocytosis 1 (%) 25.2 (29)
Cholestasis 1 (%) 73.9 (85)
Hyperbilirubinaemia n (%) 41.7 (48)
Elevated liver enzymes n (%) 49.6 (57)
Liver failure n (%) 61.7 (71)
Renal failure 1 (%) 9.5 (11)

ALT: Alanine aminotransferase; ULN: Upper limit of normal; M/F: Male/
female; RBC: Red blood cells; WBC: White blood cells.

conditions was noted in 27% (n = 31). The most
common aetiological association was MPD and APLS.
Secondary BCS was often associated with an underlying
thrombophilia.

MPD was the predominant causal factor of BCS and
was observed in 34% (n = 36) of the tested patients.
A BMB was performed in 95 cases (83%) and testing
for the JAK2 mutation was performed in 53 patients
(46%). The MPD was patent in 19 cases (polyglobulia
n = 5; essential thrombocytaemia n = 9; myelofibrosis
n = 5) and latent in 17 cases. Fourteen patients were
positive for the JAK2 mutation and 30 patients had signs
of MPD on BMB. Among patients with JAK2 mutation,
8 had histological features of MPD. The BMB was not
contributive otherwise (n = 6). Patients with and without
MPD were comparable; no statistically significant
differences were observed between the groups with
respect to the mean age, sex ratio, disease onset or site
of thrombosis.

ACL antibodies were detected in 21% of the tested
patients (n = 20), and were associated with systemic
lupus in one patient. A second cause of thrombophilia
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Thrombosis site n %

Hepatic veins 83 72.2
vC 3 2.6
IVC and HV 29 25.2
Associated thrombosis 37/113 322
Retrohepatic IVC 7 6.0
Portal vein 26 22.6
Mesenteric vein/splenic vein 4 3.4
Renal veins 4 3.4
Iliac veins 3 2.6

IVC: Inferior vena cava; HV: Hepatic veins.

Table 4 Budd-Chiari syndrome aetiologies

Aetiologies Tested patients n % (n/tested n)
MPD 104 36 34.6
Patent 19

Latent 17

APL syndrome 92 20 21.7
Protein C deficiency 67 13 19.4
Protein S deficiency 59 5 8.5
Antithrombin deficiency 68 0
APCR 68 7 10.3
Celiac disease 88 10 114
Hyperhomocysteinaemia 42 b 119
PNH 11 4

Systemic disease' 106 6 5.6
Inflammatory bowel disease” 60 5 8.3
Gene I mutation 21 1 47
Liver hydatic cyst 115 5 43
Hepatocellular carcinoma 115 1 0.8
Hormonal factors 70 25 35.7
Oral contraception 70 24 34.3
Pregnancy 70 3 43
Hormonal treatment 70 1 1.4
Unknown aetiology 24 20.9

'Systemic lupus erythematosus (1 = 1), granulomatosis (1 = 1), sarcoidosis
(n = 1), Behget disease (1 = 3); *Ulcerative colitis (n = 1), Crohn’s disease
(n = 4). PNH: Paroxysmal nocturnal haemoglobinuria; APL: Anti-
phospholipid syndrome; APCR: Activated protein C resistance; MPD:
Myeloproliferative disease.

was associated with APLS in 79% of these patients.

Celiac disease was found in 10 patients and was
diagnosed during the work-up for BCS in most cases (n
= 6). In these patients, an underlying thrombophilia,
apart from celiac disease was noted in only 40% of
cases. The immunogenetic study failed to disclose any
HLA class | specificity. With respect to the HLA class
I antigens, the patients were positive for DQB1*02
and/or DQB1*03, two alleles strongly linked with celiac
disease and for alleles DR31*04 and/or DRB1*07
which are known to be in linkage disequilibrium with
DQB1*03 and DQR1*02.

PNH was found in 4 patients and had been undetected
prior to the BCS work-up in 3 of them. Severe anaemia
with an elevated LDH level was found in 3 patients;
the flow cytometry results were positive in all of
these patients (n = 4). An associated splanchnic vein

April 28,2015 | Volume 7 | Issue6 |



thrombosis was also found in 100% of cases (n = 4).

Other acquired causes of thrombosis were: systemic
disease (n = 6) and inflammatory bowel disease (n = 5).

Anticoagulant protein deficiency was observed in 28%
of patients (n = 18), dominated by protein C deficiency
(n = 13). Only 5 patients demonstrated a protein S
deficiency, one had a mutation in the prothrombin gene
and no patient demonstrated an antithrombin deficiency.

In 3 cases, BCS occurred during pregnancy or
during the post-partum period. Nevertheless, a general
cause of thrombosis was found in the majority of these
patients.

DISCUSSION

This series collected 115 cases of BCS over a period of
seven years in a single centre, which corresponds to
approximately 18 cases annually. This is comparable
with the data provided by the French national BCS
observatory (20 new cases/year)™. The present series
is the largest reported to date in North Africa.

Except for a few series in Asia, where the mean
age was less than 30 years®”! and the M/F sex-ratio >
1% BCS has generally been observed in young female
patients™®*!, This was the case in our series where the
M/F ratio was 0.6, and the mean age was 34 years.

The diagnosis of BCS depends on the results of
non-invasive imaging techniques. Though the results
of Doppler-ultrasound are operator-dependent, its
estimated diagnostic yield is 90%, according to recent
studies™® ¥, or even greater with advanced technical
devices such as contrast ultrasound™, The diagnostic
yield was estimated to be 87% in our series. MR-
angiography should be proposed if the diagnosis by
Doppler ultrasound is doubtful, because it avoids the
radiation exposure associated with CT-angiography. In
our work, MR-angiography was performed in only 46.1%
of the patients because it was not available before
October 2007.

Isolated HV involvement occurred in 72% of our
patients. This same pattern is generally reported in
European series'**!, but not in Asian series, particularly
those from Japan, where IVC obstruction is frequent®*”.
Splanchnic thrombosis, which worsens the prognosis
of patients with BCS, was observed in 23% in our
series, which contrast with the literature, where this
association is noted in less than 14%®°', The number
of aetiological factors has been significantly related to
the extension of the thrombosis into the splanchnic
territory'®. Indeed, in our patients, multifactorial
thrombophilia was more frequently observed among
patients with combined BCS and portal vein involvement
(34% vs 24% for isolated BCS). An earlier and well-
conducted anticoagulant regimen would most likely
reduce the rate of this complication which compromises
the efficacy of the therapeutic options for BCS.

Our work-up, although incomplete, enabled an
etiological diagnosis in 77.4% of cases.

In the literature, the cause of thrombophilia was
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found in 87%, 72% and 84% of the cases presented
in recent studies from India®®, Turkey!®! and Europe™
respectively. The causes encountered in our work
were similar to those observed in Europe, with a clear
predominance of MPD. In Southeast Asian countries,
bacterial and parasitic infections have been suggested to
be risk factors for IVC thrombosis®***". In recent studies
from India, the aetiological profile of SBC has changed.
Prothrombotic states are now found in more than 60%
of the cases in those series™?**, which is similar to the
rates reported in Western series. This could be linked to
the widespread availability of diagnostic tests, including
the essays to detect the JAK2 mutation.

In our series, the rate of MPD-related BCS did not
reach 50% as reported in the Western literature, but was
most likely underestimated because only 46% of our
patients were tested for JAK2 mutation. The concordance
of the JAK2 mutation with BMB was not strong in our
study: among the 14 patients with a positive mutation,
only 8 (57%) had histological features of MPD on BMB.
This finding is most likely related to the poor sample
quality of the BMB.

In accordance with the data from the literature®®,
the second leading cause of BCS in our patients after
MPD was APLS. ACL antibodies were detected in 21.7%
of the tested patients. An associated thrombophilia
was observed in 75% of these patients. This result is
comparable with data published by Espinoza from a
series of 43 patients with APLS-associated BCS, where
ACL antibodies were often associated with another
thrombophilic disorder™*.

The rate of factor V Leiden mutation, the most
common inherited cause of thrombophilia, was unusually
low in our study. However, the only test available for the
diagnosis of this condition at our centre was the activated
protein C resistance test, which lacks diagnostic reliability,
and most likely underestimates the frequency of this
condition.

A high rate of celiac disease was also noted in our
patients with BCS. This association seems to be frequent
in North Africa. We found 16 published cases in the
literature until 2012 and noted that 12 of them
were originated from Algeria or Tunisia. Environmental
factors, particularly geophagia or special diets might
be involved, although they were not demonstrated.
These factors were excluded in our patients. The
immunogenetic study that was performed did not show
any association with a specific major histocompatibility
complex antigen in these patients®. Further information
from a broader genetic study might be useful.

The frequency of celiac disease in Maghreb might
also explain the high number of the association of celiac
disease with BCS. An epidemiological study conducted
in Oran (west Algeria) gave an estimated rate of 2.34 £
1.3 celiac disease cases per 1000 live births'*”.. In our
setting, we thus propose a systematic search for celiac
disease in the aetiological work-up for BCS.

All of patients with PNH died. The management of
these patients was challenging in our setting because
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oral anticoagulants were often discontinued when
haemolytic events occurred. This led to an extension
of the thrombosis to the splanchnic veins. It should be
noted, however, that Eculizumab was not yet available
when this study was conducted. This treatment has
significantly improved the prognosis of patients with
PNH by reducing the rate of thromboembolic events®®,
Furthermore, in specialised centres, patients with PNH-
BCS currently have the same prognosis as other patients
with BCSP?,

As mentioned above, the aetiological workup was
not exhaustive. The lack of molecular biolgy techniques
constitutes the main limitation of our work. Tests for
mutations in JAK2 and prothrombine genes were not
performed in all patients, whereas tests for factor V
Leiden mutation were simply unavailables. We used
indirect methods for the diagnosis of this last condition,
which may be insufficient. An improvement in the
diagnostic tools should most likely enhance the results
of the aetiological investigation in our patients.

In conclusion, this study demonstrates that BCS is
not rare in Algeria and that the predominant cause of
thrombophilia is MPD, as reported in Western countries.
There is however one particular aspect that concerns
the presence of celiac disease and hydatid cysts of
the liver that should be systematically included in the
aetiological work-up of BCS in our geographic location.
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Abstract

Advanced cholangiocarcinoma is associated with poor
prognostic survival and has limited therapeutic options
available at present. The importance of angiogenesis and
expression of pro-angiogenic factors in intrahepatic forms
of cholangiocarcinoma suggest that therapies targeting
angiogenesis might be useful for the treatment of this
disease. Here we report three cases of patients with
advanced intrahepatic cholangiocarcinoma progressive
after standard chemotherapy and treated with sunitinib
50 mg/d in 6-wk cycles of 4 wk on treatment followed
by 2 wk off treatment (Schedule 4/2). In all three
patients, sunitinib treatment was associated with a
sustained disease control superior to 4 mo, patients
achieving either a partial response or stable disease. A
reduction in tumor size and density was observed in all
cases, suggesting tumor necrosis as a result of sunitinib
treatment in these patients. In addition, sunitinib was
generally well tolerated and the occurrence of side effects
was managed with standard medical interventions, as
required. Our results suggest that sunitinib therapy may
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be associated with favorable outcomes and tolerability
in patients with advanced cholangiocarcinoma. Those
observations contributed to launch a prospective phase
II multicenter trial investigating sunitinib in advanced
intrahepatic cholangiocarcinoma (SUN-CK study; NCT017
18327).

Key words: Biliary tract tumors; Antiangiogenic therapy;
Hypodensity; Tumor response; Vascular endothelial
growth factor receptor inhibitors; Chemoresistance

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No systemic therapy after progression on
platinum-based chemotherapy is currently approved.
Based on imaging hypervascular pattern and molecular
expression of vascular endothelial growth factor, we
evaluated sunitinib, a multikinase inhibitor as second
line treatment in patients with advanced intrahepatic
cholangiocarcinoma. We report 3 cases of disease control
lasting 4-16 mo that provide the rational for developing
prospective clinical trials with sunitinib in second line for
advanced intrahepatic cholangiocarcinoma.

Dreyer C, Sablin MP, Bouattour M, Neuzillet C, Ronot M, Dokmak
S, Belghiti J, Guedj N, Paradis V, Raymond E, Faivre S. Disease
control with sunitinib in advanced intrahepatic cholangiocarcinoma
resistant to gemcitabine-oxaliplatin chemotherapy. World J Hepatol
2015; 7(6): 910-915 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i6/910.htm DOT: http://dx.doi.org/10.4254/
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INTRODUCTION

While cholangiocarcinoma is the second-most common
primary hepatic tumor after hepatocellular carcinoma
(HCCQ), it is a rare disease for which there are few
therapeutic options!*’. The only curative treatment is
surgical resection; however, this is only viable for
localized disease. Resectable cholangiocarcinoma is
associated with frequent recurrences and a five-year
survival rate of 20%-40% following surgery'"!, Treatment
with cisplatin plus gemcitabine is associated with
moderate efficacy when disease recurs®; however, for
patients presenting with disease progression following
first-line therapy, there is currently no consensus on the
best treatment option.

Angiogenesis and the expression of pro-angiogenic
factors, such as vascular endothelial growth factor
(VEGF) and platelet-derived growth factor (PDGF),
play an important role in the pathogenesis of biliary
tract cancers, including cholangiocarcinoma®®®!, In
addition, an association between microvessel density
and inferior curative resection rate and local recurrence
has also been observed™. In addition, our pathology
team and other have showed that intrahepatic forms
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of cholangiocarcinoma are associated with high VEGF
expression in comparison to hilar cholangiocarcinoma
and that VEGF expression level correlates with poor
prognosis'”®!. Anti-angiogenic agents, such as the
humanized anti-VEGF receptor (VEGFR) monoclonal
antibody, bevacizumab, in combination with the receptor
tyrosine kinase inhibitor erlotinib, have demonstrated
activity in biliary tract carcinomas. In one study, among
49 patients with unresectable biliary tract cancer treated
with bevacizumab 5 mg/kg intravenously on days 1 and
15 and erlotinib 150 mg by continuous daily dosing, time
to progression was 4.4 mo and 6 patients demonstrated
a partial response (PR)®\. Targeted agents, such as
sorafenib, are now commonly used in HCC, another
disease in which angiogenesis plays an integral role,
yielding prolonged survival with acceptable toxicity!'®.
Recent advances in the knowledge of molecular
alterations underlying cholangiocarcinoma support the
need of better patient selection for appropriate medical
therapy in this disease!". Together, those data suggest
that anti-angiogenic therapy may confer benefits in the
treatment of particular subtypes of cholangiocarcinoma.

We report here three cases of patients with recurrent
intrahepatic cholangiocarcinoma who showed promising
results under therapy with sunitinib, in the absence of
other validated therapeutic options.

CASE REPORT

Case 1: A 39-year-old woman

The patient, referred to our center for an intrahepatic
tumor in the right lobe of the liver revealed by abdominal
pain and was treated with surgical resection. Pathological
examination showed a 10 cm cholangiocarcinoma, with
multiple satellite nodules and vascular, perineural, and
regional lymph node involvement. Given the presence of
multiple risk factors for recurrence, including large tumor
size, multifocal nature, and lymph node involvement,
adjuvant combination chemotherapy with 6 mo of
gemcitabine 1000 mg/m2 and oxaliplatin 85 mg/m?2
every two weeks was initiated after multidisciplinary
consultation and patient consent. Four months after
completion of adjuvant chemotherapy, intrahepatic
recurrence in liver right lobe was diagnosed on computed
tomography (CT) scan, and second-line chemotherapy
with irinotecan plus 5-fluorouracil (5-FU) and leucovorin
(FOLFIRI) (irinotecan 180 mg/m?2, 5-FU 400 mg/m?2 bolus,
leucovorin 400 mg/m2 then 5-FU 2400 mg/m?2 as a 47-h
infusion every two weeks) was initiated. After three
months of treatment, the patient exhibited stable disease
(SD) and therapy was continued for an additional three
months. At the time of second evaluation (following 6
mo of FOLFIRI therapy; 18 mo after initial diagnosis),
a CT scan showed tumor progression with peripheral
rim enhancement suggesting hypervascular lesions
(Figure 1A). As the patient was young with excellent
performance status (PS) and with vascularized lesions
on CT scans, treatment with sunitinib 50 mg/d on
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Figure 1 Computed tomography scans (A) prior to and (B) 4 mo after initiating sunitinib treatment, demonstrating density variation of three target lesions
(arrows) in the liver. Baseline computed tomography (CT) shows heterogeneous lesions with contrast-enhanced peripheral ring, while post-treatment CT shows

disappearance of the hypervascular aspect of the three lesions.

Figure 2 Computed tomography scans (A) prior to and (B) 4 mo after initiating sunitinib treatment, showing a partial response according to the response
evaluation criteria in solid tumors criteria of a retroperitoneal lymphadenopathy (arrow), and a decrease in tumor density.

schedule 4/2 (4 wk on treatment followed by two weeks
off treatment) was initiated. An early CT scan was
performed after one month of treatment and showed
the lesions to be hypodense, suggesting decrease tumor
vasculature induced by anti-angiogenic treatment. After
two months of treatment, the dose of sunitinib was
reduced to 37.5 mg/d due to treatment-related grade
3 thrombocytopenia, asthenia and peripheral edema.
Following four months of treatment, the patient had SD
with disappearance of the hypervascular aspect of the
tumor lesions (Figure 1B). In the context of persistent
tumor stabilization in a young patient with excellent,
sustained PS (0), surgical resection of the recurrent
tumor was performed, consisting of repeated right
hepatectomy associated with resection of segment IV.
Sunitinib was stopped 3 wk before surgery. Pathological
examination confirmed the diagnosis of a multifocal
cholangiocarcinoma, consisting of tumor nodules with a
fibro-hyaline center with multifocal vascular involvement.
Sunitinib treatment was resumed three weeks after
surgery at a dose of 37.5 mg/d but had to be stopped
two months later due to a biliary fistula. Since the
performance status of the patient further deteriorated,
she was transferred to a palliative care unit in a primary
center care close her home; the last news being available
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eight months after the second surgery.

Case 2: A 64-year-old man

The patient complained for 6 mo of intermittent abdominal
pain; imaging including CT-scan and MRI revealed a
6 cm tumor of the segment 6 of liver. A biopsy was
performed and showed a low-differentiated carcinoma
proliferation but immunohistochemistry staining was
inconclusive. A right hepatectomy was performed. Final
pathological examination and immunoassaying of the
surgical specimen confirmed the diagnosis of an 8 cm
intrahepatic cholangiocarcinoma with satellite nodules,
vascular embolism and perineural involvement. Given
the risk factors of recurrence, 6 mo of adjuvant combi-
nation chemotherapy with gemcitabine 1000 mg/m?2
and oxaliplatin 85 mg/m2 (GEMOX) every 15 d was
administered. One month after completion of adjuvant
chemotherapy, a 6 cm retroperitoneal lymphadenopathy
was detected by CT scan (Figure 2A). As this was a
unique recurrence in a patient with excellent PS (0),
lymph node dissection was scheduled. However during
the explorative laparotomy, the lesion was deemed
unresectable due to regional tumor adherences. After
multidisciplinary discussion and patient consent, systemic
therapy with sunitinib 50 mg/d on schedule 4/2 was
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initiated. After one month of treatment, CT scan showed
extensive hypodensity of the lesion suggesting tumor
necrosis, although sunitinib dose reduction to 37.5
mg/d was required due to treatment-related grade 3
thrombocytopenia. No further major toxicity was observed
following dose reduction of sunitinib. After three months
of treatment, CT scan showed a 25% reduction in tumor
size, and sunitinib was recommenced at 37.5 mg/d with
good tolerability. After four months of treatment, a PR,
according to the response evaluation criteria in solid
tumors (RECIST) criteria, was observed with increased
necrosis of the tumor (Figure 2B). Sunitinib treatment was
maintained for a total of 18 mo before disease progression
was observed. The patient further developed jaundiced
due to biliary compression requiring biliary stents.
Gradually his general condition deteriorated and he died 7
mo after sunitinib interruption.

Case 3: A 36-year-old woman

The third patient was diagnosed with an intrahepatic
cholangiocarcinoma, associated with epigastric pain.
Ultrasound examination revealed a 6 cm tumor in the left
lobe of the liver, and a 9 mm satellite nodule in the right
lobe. The patient was treated with six cycles of GEMOX
(gemcitabine 1000 mg/m?2, oxaliplatin 85 mg/m?2),
which was well tolerated. CT scan demonstrated stable
disease in the left lobe of the liver but the occurrence
of new lesions in the right lobe. Because of this tumor
progression, treatment was changed to a combination
of cisplatin and epirubicin. After nine treatment cycles, a
further CT scan revealed again tumor progression. As the
patient had a good PS (0), treatment was initiated with
sunitinib 50 mg/d on Schedule 4/2 after multidisciplinary
discussion and patient consent. A CT scan performed
three weeks after initiating sunitinib treatment demon-
strated tumor hypodensity and a 15% reduction in lesion
size. Following three months of treatment, the lesions
were stable and the patient experienced moderate
toxicity with grade 1 asthenia, grade 1 hypertension,
and grade 3 thrombocytopenia. Subsequently, sunitinib
treatment was continued at a dose of 37.5 mg/d. After
a total of eight months of sunitinib treatment with
good tolerability, progression of the right liver lesions
was observed, and the treatment was interrupted. The
patient general condition further deteriorated, therefore
she returned to her original country for palliative care
management; the last news being available at the time
of the end of sunitinib treatment.

DISCUSSION

Here we report the cases of three patients treated
with sunitinib for intrahepatic cholangiocarcinoma with
progressive disease following surgery (two patients)
and chemotherapy. Sunitinib-associated toxicity was
acceptable after dose reduction from 50 mg/d to 37.5
mg/d. Treatment duration was prolonged (6-12 mo),
and was associated with a PR in one patient, and SD with
tumor hypodensity on CT scans in two patients. These
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results are promising in a setting where few therapeutic
options are available. Our results support the investigation
of sunitinib in clinical trials in patients with good PS who
are not responsive to chemotherapy, and especially in
those with an intrahepatic type of cholangiocarcinoma
displaying hypervascular features.

Cholangiocarcinoma represents a tumor type with
many unmet medical needs''”. Recent data have
demonstrated the efficacy of chemotherapy in other
related tumors for which limited treatment options are
available. As a reference for first-line treatment, the
ABC-02 randomized trial of 410 patients with locally
advanced or metastatic cholangiocarcinoma, gallbladder
cancer, or ampullary cancer, showed that cisplatin
combined with gemcitabine was associated with a
significant survival advantage, vs gemcitabine alone,
for up to 24 wk [median overall survival (OS) 11.7 mo
vs 8.1 mo, respectively; hazard ratio = 0.64; 95%CI:
0.52-0.80; P < 0.001]%.

Angiogenesis plays an important role in tumor
growth and survival. The negative prognostic value of
angiogenesis has been shown in cholangiocarcinoma,
although vascular density is lower in this disease
than in HCC!®.. In a study in 22 patients undergoing
surgical resection for intrahepatic cholangiocarcinoma,
increased microvessel density was associated with
both poor prognosis and the presence of intra-hepatic
metastases™*. Moreover, there was a correlation
between microvessel density and the levels of both VEGF
and angiopoietin-2!"*), In addition, VEGF expression is
especially important in intrahepatic cholangiocarcinoma,
suggesting a potential benefit of anti-angiogenic agents
in this particular subtype of tumors'”.

Thrombospondin 1 (TSP1) is also implicated in
angiogenesis, although its role remains controversial.
TSP1 was found to be overexpressed in tumor cells
when compared with normal cells™". However, the
risk of intrahepatic metastasis was found to be higher
in cholangiocarcinomas with low levels of TSP11*%,
Moreover, a correlation was shown between levels of
VEGF and lymph node involvement in a series of 36
intrahepatic cholangiocarcinomas!®.

Sunitinib is an oral multi-tyrosine kinases inhibitor
targeting VEGFR, PDGF receptor;, stem-cell factor receptor
and fetal liver tyrosine kinase receptor 3. Sunitinib has
shown potent antitumor and antiangiogenic activities
with acceptable safety profile in patients with advanced
solid tumors™™”*®), Adverse events related to sunitinib are
generally manageable, the most common side effects
including asthenia, hand-foot syndrome, and hema-
tological toxicities. Taken together, there is a strong rational
to evaluate antiangiogenics, including sunitinib, in patients
with intrahepatic forms of cholangiocarcinoma.

Three previous phase 1I trials in unselected subtypes
of cholangiocarcinoma report disparate results. In the
first study, where 31 eligible patients were treated
in the first-line setting with sorafenib™!, median 0S
was nine months and median PFS was 3 mo. Two
patients achieved an unconfirmed PR and ten patients
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demonstrated SD. In another trial of 46 patients treated
with sorafenib, one patient achieved PR and nine
exhibited SD™. The third study investigated combination
therapy with bevacizumab and erlotinib as first-line
therapy™. Of 20 evaluable patients, four achieved PR and
seven achieved SD lasting more than four months.

Of note, evaluation of tumor response is difficult in
patients treated with anti-angiogenic agents for primary
liver tumors. The most common evaluation criteria
(RECIST) are based exclusively on tumor size. Other
composite criteria, such as the Choi criteria, provide an
alternative as they consider both tumor size and tumor
density, particularly as anti-angiogenic agents may
render a tumor hypodense without size modification™*?,
However, these criteria require validation in large patient
cohorts.

Based on the rationale to target VEGF pathways and
those encouraging results in selected cases, our team
has launched a prospective multicenter phase II trial
to investigate the activity of sunitinib in second line for
patients with advanced intrahepatic cholangiocarcinoma
previously treated with chemotherapy (SUN-CK trial;
NCT01718327).

COMMENTS

Case characteristics

Three cases of recurrent/advanced intrahepatic cholangiocarcinoma; all cases
presented with no specific symptoms including abdominal pain.

Clinical diagnosis

The initial clinical presentation of cases had low clinical relevance; in all cases
positive diagnosis was confirmed histologically.

Differential diagnosis

Hepatocellular carcinoma was the main differential diagnosis. Imaging features
were not typical of hepatocellular carcinoma but suggested cholangiocarcinoma
imaging diagnosis. Differential diagnosis was excluded by histological examination
in all 3 patients.

Imaging diagnosis

Computed tomography scan showed lesions in the liver (cases 1 and 3) or
lymph nodes (case 2) with contrast update at the arterial phase suggesting
hypervascularisation of tumor lesions. Upon sunitinib treatment all target lesions
showed decrease in density compatible with sunitinib antiangiogenic effects.
Pathological diagnosis

For all cases, histological examination showed phenotypical features of
cholangiocarcinoma; immunohistochemical staining confirmed the diagnosis
with positivity for CK7 and CK20 but negativity for anti-hepatocyte and glypican.
Terminology

All patients received sunitinib at the time of progression after conventional
chemotherapy. Two cases received sunitinib as a third-line option after
progression on platinum-based chemotherapy and one case as second-line
treatment after progression on GEMOX regimen.

Related reports

In the literature, many preclinical and clinical data have shown the rational
to block angiogenesis pathways in cholangiocarcinoma. However, few data
are available evaluating antiangiogenic agents in the specific subtype of
intrahepatic cholangiocarcinoma.

Term explanation

Cholangiocarcinoma is a group of heterogeneous tumors including intrahepatic,
perihilar and distal cholangiocarcinomas. It is the second most frequent
primitive liver malignancy after hepatocellular carcinoma and the incidence of
intrahepatic cholangiocarcinoma is increasing worldwide.

Experiences and lessons
Those cases reports showed promising results of sunitinib in chemotherapy-
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pretreated patients with advanced cholangiocarcinoma. These results support
the concept to target deregulated signaling pathways in this disease, here
vascular endothelial growth factor receptor signaling pathway in the intrahepatic
subtype of cholangiocarcinoma. Based on these observations, a prospective
phase I study has been launched in France evaluating sunitinb as second-line
treatment in patients progressive and/or intolerant to chemotherapy.

Peer-review

The manuscript addresses the question of second-line treatment where no
standard of care is available for advanced cholangiocarcinoma. Those results
support the investigation of targeted agents blocking angiogenesis in advanced
intrahepatic forms of cholangiocarcinoma.
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