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Rheumatology to hepatology cross talk:
An evidence based update on the treat
to target strategy in hepatitis-C related
extrahepatic autoimmune syndromes

Abstract: Hepatitis C virus (HCV) is a universally identified major epidemiological health problem with
an estimated reservoir of almost 200 million or 3% of the global population. In the year 2013, the WHO
declared viral hepatitis as “a leading cause of death worldwide 1.46 million deaths, a toll higher than
that from HIV, tuberculosis or malaria, and on the increase since 1990” with more than 90% of these
deaths being related to the sequelae of the infection with either forms of hepatitis viruses (HBV-HCV).
HCV is classically a hepatotropic virus with the liver cells providing the primary bed for viral replication
with clinical evidences supporting an additionally significant viral lymphotropism. HCV is a linear single
stranded RNA retrovirus, member of the genus hepacivirus of the flaviviridae family. It is a small virus
comprised of a positive-sense 9.6 Kb single-stranded RNA genome embodied in a double layered
glycosylated protein envelope, the viral genome protein is basically made up of structural and non-
structural proteins. The viral enzymes- NS2-3 and NS3-4A proteases, NS3 helicase and NS5BRdRp— are
essential contributors for HCV replication, the HCV serine protease NS3, and its cofactor NS4A, constitute
a complex that directs polyprotein cleavage. HCV infected individuals are capable of producing 10-13
trillion virions/day with the majority coming primarily from viral replication within the hepatocytes
with an unpredictable yet significant extrahepatic contributions that may lead to the development
and modulation of systemic extrahepatic disease. The use of conventional antiviral therapy PEGylated
interferon (Peg-IFN) and ribavirin (RBV) practically contributed to the disease burden with less than a 50%
sustained viral response rates. A major challenge for interferon therapy comes from the Hepatitis C viral
genome itself. The challenging draw backs to interferon based regimen in patients with autoimmune
extrahepatic disease EHD demanded an evidence based revisit to the classic recommendations on the
use of conventional antivirals with immunomodulatory drugs in this indication. It wasn't until spring
of 2011 when the FDA approved the first two directly acting antiviral drugs that the hepatologists
experienced a revolutionary shift in Hepatitis C virus (HCV) treatment paradigm. Directly acting antiviral
drugs (DAAs are drugs that target some of the main molecular components of HCV, including NS3/4A
protease (first and second generation protease inhibitors), NS5B polymerase (nucleoside and non-
nucleoside analogs) and NS5A protein. The recent era of DAAs established an additional need to modify
treatment regimens in extrahepatic disease. In the year 2017 the international study group of HCV
extrahepatic disease published evidence based recommendations on the use of antivirals for control
of EHD. The treatment armamentarium in chronic HCV viremia with and without extrahepatic disease
has experienced a revolution with the establishment of directly acting antiviral drugs. Interferon free
directly acting antiviral drug regimens are currently considered as standard of care in patients with
extrahepatic disease. Longitudinal studies are further requested to assess the unmet needs including
drugs addressing other potential targets in the viral genome and life cycle.
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tuberculosis or malaria, and on the increase since
1990” with more than 90% of these deaths being
related to the sequelae of the infection with
either forms of hepatitis viruses (HBV- HCV).
The WHO then issued a notification that “In
the absence of additional efforts, 19 million
hepatitis-related deaths are anticipated from
2015 to 2030” and that “Treatment now can
prevent deaths in the short- and medium term.”
In 2014 World Health Assembly requested the
World Health Organization to examine the
feasibility of eliminating hepatitis B and C, and
the 2015 Agenda for Sustainable Development
commits to combating viral hepatitis. WHO
modelled options, and results of the analysis
suggest that if the viral hepatitis response reaches
five prevention and treatment service coverage
targets, hepatitis B and C could be eliminated as
a public health threat (i.e. 90% reduction in new
chronic infections, 65% reduction in mortality
compared with a scenario in which interventions
would continue at the current level) [4].

Hepatitis C viral structure

Hepatitis C Virus is a linear single stranded RNA
retrovirus, member of the genus hepacivirus of
the flaviviridae family that was early identified in
1989. It is a small virus comprised of a positive-
sense 9.6 Kb single-stranded RNA genome
embodied in a double layered glycosylated
protein envelope. The viral genome protein
is basically made up of structural and non-
structural proteins [5,7]. The structural viral
proteins comprise the envelope glycoprotein
complex, the core protein, and the P7 protein.
Structural proteins are primarily involved in
viral endocytosis, antigenic variability, immune
evasion and neutralization of antibodies, and
metabolic syndromes related to chronic viremia.
On the other hand we find that the HCV-RNA
genome carries a long open reading frame (ORF)
encoding a large non-structural replicative
polyprotein comprised of 3010 amino acids
that feature a vital role at the translational, post-
translational and replicative levels. These are the
nonstructural proteins that are potential players
in viral replication, resistance to interferon
therapy and immune evasion [8-11].

Viral tissue tropism and life cycle

Hepatitis C Virus is classically a hepatotropic
virus with the liver cells providing the primary
bed for wviral replication. Clinical evidences
support an additionally significant viral
lymphotropism. HCV infected individuals are
capable of producing 10-13 trillion virions/day
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with the majority coming primarily from viral
replication within the hepatocytes and a variable
yet significant extrahepatic contributions that
may lead to the development and modulation
of systemic extrahepatic disease [6]. The viral
life cycle starts once the virion attaches itself to
its specific receptor on the surface membrane of
the hepatocytes. HCV enters into host cell via
receptor mediated endocytosis which is currently
regarded as a slow and complex multistep
procedure. The attachment takes place through
a number of candidate molecules that contribute
to the formation of viral receptor complex with
subsequent viral endotropism. These molecules
“surface receptors” have included; the CD81
tetraspanin, the scavenger receptor type B class
1 protein (SRB-1), high density lipoprotein
binding molecule of the host cell, the HCV low-
density lipoprotein (LDL) receptor, the tight
junction components claudins (mainly CLDN-
1, CLDN-6 and CLDN-9) and mannose binding
proteins (DC-SIGN and L-SIGN) [12-14]. The
HCV enzymes- NS2-3 and NS3-4A proteases,
NS3 helicase and NS5BRdRp—are essential for
HCV replication, the HCV serine protease NS3,
and its cofactor NS4A, constitute a complex that
directs polyprotein cleavage at the NS3-NS4A,
NS4A-NS4B, NS4B-NS5A and NS5A-NS5B
junctions via cellular and viral encoded proteases
which stratifies them amongst the potential
targets for the development of small molecule

anti-HCV compounds [5,13-17].

Viral B cell stimulation and Immune
Evasion

Hepatitis C Virus envelope glycoproteins and
viral genome proteins are key players that
interfere with effective viral immune handling
by the innate and adaptive immune responses
sustaining viremia via a number of mechanisms.
First during the acute infection the HCV
E2-CD81 receptor interaction suppresses
the induction of natural killer cells with
upregulation of the inhibitory NK receptors
thereby inhibiting cytotoxicity and IFN alpha
and beta production by NK cells [5,7,9]. Second
HCYV infection is sensed in infected hepatocytes
by the pattern recognition receptors RIG-I
(retinoic acid-inducible gene I) and TLR3 (Toll-
like receptor 3). RIG-I and TLR3 signaling are
mediated by the adaptor proteins MAVS and
TRIF, respectively. Cleavage of adaptor proteins
MAVS and TRIF by viral non-structural
protein NS3/4A suppresses the transcription of
antiviral genes [18-20]. The HCV core protein
also interferes with the JAK/STAT pathway that
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leads to impaired induction of antiviral effector
proteins including interferons alpha and beta
[21,22]. The observable impaired traflicking
of the Dendritic Cells and T lymphocytes
insufficient expansion and maturation of HCV
specific CD4+ and CD8+ T cell populations
[23]. Ongoing Viral mutations affect the virus
specific CD8+ T cell responses by decreasing
the binding affinity between the epitope and
the MHC molecule and impairing proteosomal
processing of HCV antigens [24-26]. Mutations
within the Foxp3 gene alter CD4+CD25+
regulatory T cell development [5]. The
HCV nonstructural (NS) proteins augment
the oxidative stresses via the disturbance of
mitochondrial metabolism [27,28]. The HCV-
Induced B Lymphocyte hyperproliferation via
HCV-E2 hypervariable region which is capable
of directly interacting with B-lymphocytes
through tetraspanin CD 81 receptor lowering
the lymphocytes activation threshold with
subsequent clonal expansion of the rheumatoid
factor (RF) IgM/k producing lymphocytes.
HCV possesses the potential of persistent and
prolonged stimulation of B lymphocytes passing
from a physiologic polyclonal activation to a
mono-oligo-clonal  expansion characteristic
with mixed cryoglobulinemia until the frank
monoclonality of B cell lymphoma [29]. The
HCV-dependent gene translocation leads to
Bcl-2 recombination, activation of this anti-
protoncogene promotes B cell
hyperproliferation  [30,31]. HCV, induces
expression of Toll like receptors 4(TLR4),
through the action of its NS5A protein leading
to enhanced IFN-gamma and IL-6 production
and secretion. Stimulation of members of the
TNF superfamily (B-lymphocyte stimulator-
BLyS and APRIL- a proliferation inducing
ligand) represents another potential immune-
stimulatory pathway, where the binding of BLyS
to its receptors (TACI and BLyS-R) induce
strong B cells proliferation and extended survival

apoptotic

via the strong activation of the antiapoptotic
bcl-2 gene [32-35]. Lastly HCV infection of
lymphocytes induces sustained clonal somatic
hypermutation (SHM) of the B- Lymphocytes
generating intraclonal diversity in lymphoid

tissue [36].

Viral proteins and resistance to interferon
therapy

A major challenge to interferon therapy
was the HCV genome itself. HCV had the

capacity to resist the INF response with failure

target strategy in hepatitis-C

of clearance in up to 50% of the treated cases
and tendency to recurrence in a significant
proportion of responders. The HCV viral
non-structural proteins proved to be major
contributors to interferon response failure
via multiple mechanisms: [3-40] The HCV
NS5A plays a central role in escape of antiviral
action of interferon via the interferon sensitive
region (ISDR). The NS5A also induces IL-8, a
chemokine which inhibits the antiviral actions
of IFN. Most of the HCV expressed proteins
especially the core protein and NS5A seem
to impair the mitochondrial respiratory chain
through an overproduction of ROS, which alter
both mitochondria’s structure and function of
infected hepatocytes. HCV infection induced
increase in oxidative stress blocks the interferon
response via the c-Jun N-terminal Kinase/Signal
Transducers and Activator of Transcription
(JNK/STAT) pathway required for signaling
by interferon. The NS3 serine protease further
contributes to defective interferon response by
inhibition of RIG-I and TLR3 signaling that
leads to defective the interferon response [37-

40].
The treat to target in chronic HCV viremia

Novel insights into the molecular structure
and the life cycle of HCV lead to a major
advent in the treatment landscape towards
effective intervention and targeted approaches
to suppress viral replication [41]. It wasn’t
until spring of 2011 when the FDA approved
the first two directly acting antiviral drugs
NS3/4A protease inhibitors (Pls), boceprevir
and telaprevir for HCV genotype I that the
hepatologists experienced a revolutionary shift in
HCV treatment paradigm. However, evidences
from clinical trials revealed that monotherapy
with either of these two PI resulted in the rapid
emergence of resistant variants whereas triple
therapy with PEG-IFN/RBV and either of
these Pls increased SVR rates to 70-80% with
combined adverse events. By then the question
was “Is it a tight control strategy or an expansion
to the list of adverse events in these patients?”

[42].

From this point potential efforts have been
deployed to establish other forms of DAAs that
achieve stringent control of viral replication.
Currently a long list of broad spectrum multi-
genotypic DAAs exists with barriers to resistance
hitting a supreme SVR reaching up to 95%
Figure 1.
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The Updated Multidisciplinary Therapeutic Strategy in Extrahepatic Manifestations of Hepatitis C Virus %7

Etiologic
Target HCV Viremia

Directly Acting antivirals- DAAs \
The NS3/4A protease inhibitors block the
catalytic site of the protease, resulting inthe
failure of polyprotei ing and p i

terminators within the polymerase catalytic
site, non ide inhibitors bind to di
allosteric sites causing conformational changes
that render the polymerase ineffective.

The NS5A inhibitors are potent antivirals that
interact with the NS5A protein and inhibit HCW
replication.

- NS5B polymerase | inhibitors act as chain HCV-EHD

Pathogenic
Target Polyclonal B cell Proliferation

%4 B- Cell targeted therapy Rituximab (anti CD-20)

3 - Currently be considered to be the best biological
target option for patients with EHM (consider
risk/benefit) — OFf Label.

Better results for a combination of rituximab and
the old iviral therapy p with
antiviral therapy alone.

Remission rates reached up to 83% in RCTs
comparing rituximab (375 mg/m?/week for 4
consecutive weeks) with placebo.

In refractory and moderate to severe HCV-EHD.

Symptomatic

Acute Inflammatory Manifestations
Vasculitis

Plasma Exchange.
Intravenous Corticosteroids Pulse Therapy.
Short term Oral corticosteroids.
Immunosuppressive Drugs

Figure 1. The Updated Multidisciplinary Therapeutic Strategy for the management of HCV

extrahepatic disease (HCV_EHD).

Directly acting antiviral drugs

Directly acting antiviral drugs (DAAs) are
drugs that target some of the main molecular
components of HCV, including NS3/4A
protease (first and second generation protease
inhibitors), NS5B polymerase (nucleoside and
non-nucleoside analogs) and NS5A protein.
The NS3/4A protease inhibitors (PIs: telaprevir,
boceprevir, simeprevir, paritaprevir, voxilaprevir,
asunaprevir, grazoprevir, glecaprevir) block the
catalytic site of the protease, resulting in the
failure of polyprotein cleaving and processing.
NS5B  polymerase I inhibitors include
nucleoside analogs (sofosbuvir) that act as chain
terminators within the polymerase catalytic
site and non-nucleoside inhibitors (dasabuvir,
beclabavir) bind to different allosteric sites
causing conformational changes that render the
polymerase ineffective. The NS5A inhibitors
(daclatasvir, ledipasvir, ombitasvir, velpatasvir,
elbasvir, pibrentasvir) are potent antivirals that
interact with the NS5A protein and inhibit HCV
replication, the mechanism remains unclear [43-

46].

Evidence based recommendations

on the use of DAAs and Non antiviral
therapy in HCV extrahepatic autoimmune
syndromes: The rheumatology to
hepatology cross talk

Int. J. Clin. Rheumatol. (2018) 13(3)

The challenging draw backs to interferon
based therapy in patients with autoimmune
extrahepatic disease EHD demanded an evidence
based revisit to the classic recommendations
on the use of conventional antivirals with
immunomodulatory drugs in this indication. In
the year 2017 the international study group of
HCV extrahepatic disease published evidence
based recommendations on the use of antivirals
for control of EHD. Data were mostly derived
from clinical trials in HCV cryoglobulinemic
vasculitis because of their higher frequency
and potential life threatening manifestations.
The panel provided supportive evidences for
the value of DAAs in remission of extrahepatic
manifestations considering multiple potential
confounders in this category of patients [47].

The core tips for the use of antivirals

in HCV cryoglobulinemic vasculitis
and extrahepatic disease as quoted for
these recommendations by the ISG-
HCVEHD-2017 stated that [47,48]

* Antiviral treatment is recommended
for all patients with EHM, except those
with limited life expectancy due to causes
unrelated to HCV or metastatic cancer.
These guidelines included patients with
CV or renal involvement with the highest
priority for treatment due to high risk of
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life-threatening complications. (Level of
evidence: 2 for CV and B cell lymphoma;
3-5 for the remaining EHMs, Strength
of recommendation: B)

When considering a choice between
DAA regimens that achieve similar rates
of SVR, care providers and clinicians
should take into account the potential
side effects associated with the regimen
in patients with EHMs and not only the
RBV-free regimens
could be used as the first choice for
patients with EHMs presenting with
haemoglobin levels\10 g/dl. The reduced
length of therapy compared with older

cost/effectiveness.

options is a strong positive point with
respect to safety issues in patients with
EHMs. The decision of which DAA
regimen to use may involve consideration
of drug interactions between DAAs and
concomitant medications. (Level of
evidence: 3 for CV, 5 for other EHMs,
strength of recommendation: C) [48-53].

If a lack of resources limits the ability to
treat all patients with EHM immediately
with DAA as recommended, then it is
most appropriate to treat those presenting
with more severe EHM involvements
first.  No that
compare the results of current antiviral
treatments graded by severity of EHMs.
(Level of evidence: 5, strength of
recommendation: C) [52,53].

The efficacy of therapies in EHM
patients should be evaluated not only

studies are available

according to the virological response, but
also according to the full impact of the
other clinical and immunological. The
requirement for longer follow-up periods
searching for late clinical responses may
be recommended for some specific organs
(renal or neurological involvements).
(Level of evidence: 3, Strength of
recommendation: C) [54-57].

With limited resources, the priority for
the immediate initiation of antiviral
therapies in the following subset of EHM
patients was rated as follows (highest to
lowest priority). (Level of evidence: 3,
Strength of recommendation: B) [58-
61].

There is little specific information on

target strategy in hepatitis-C

the clinical efficacy of antiviral therapies
on non-vasculitic autoimmune features
(sicca features, arthritis, cutaneous lupus,
pulmonary involvement etc.). (Level
of evidence: 2 for vasculitic features, 5
for non-vasculitic features, Strength of
recommendation: B) [54-60].

In Patients with non-specific general
features (i.e. fatigue, chronic pain,
fibromyalgia), evidences found that
physical function only improved in
patients who achieved SVR with
antiviral therapy, other studies found
improvements independently of SVR,
suggesting that viral clearance alone can
achieve significant physiological changes.
In the new DAA era, the SF-36 physical
status score and the mental status score
improved significantly. The use of IFN-
and RBV-free regimens for HCV showed
better patients’ experience and work
productivity during treatment. (Level of
evidence: 3, Strength of recommendation:

C) [60,61].

Interferon IFN-free antiviral regimens
might be less effective than IFN-
containing regimens in some patients
with B cell lymphoma, possibly due to
the lack of additional anti-proliferative
activity of IFN, while the association
of rituximab with DAA regimens could
be more effective than isolated antiviral
therapies. (Level of evidence: 3, Strength
of recommendation: C) [62,63].

Recommendations on Non-antiviral
therapy considered that:

Regimens in common use include: gluco-
corticosteroids, immuno-suppressant
agents, plasma exchange and biological
therapies. These non-antiviral approaches
were derived primarily from strategies
employed in other systemic vasculitides.
Non-antiviral therapeutic approaches
are recommended for moderate and,
especially, for

severe organ-speciﬁc

involvements [54-59].

Short-term glucocorticoid regimens can
be used as a bridge therapy to control
mild manifestations and control the
acute inflammation in moderate to severe
vasculitic manifestations prior to antiviral
agents.  Methylprednisolone  Pulse
therapy (0.5-1.0 g/day) for three days
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followed by prednisone (not exceeding
1 mg/kg/day) may be appropriate for
resistant or severe acute life threatening
or organ threatening manifestations.

e In the current DAA era, the role of
immunosuppressive agents (often used in
a maintenance therapy regimen) may be
marginal. Immunosuppression requires
close monitoring of blood counts and
other parameters. Patients treated with
glucocorticoids and cyclophosphamide
should also  receive  prophylaxis
for Pneumocystis pneumonia and
surveillance for other opportunistic

infections [64,65].

e Plasma exchange may be added to other
therapies, especially in patients with
severe/ life-threatening manifestations
especially  cryoglobulinemic  vasculitis,
coagulopathies. Apheresis techniques can
lead to a rebound phenomenon in which
cryoglobulin production increases after
the cessation of apheresis [66].

e B cell targeted therapy: Rituximab (anti
CD-20) RTX is currently be considered
to be the best biological target option
for patients with EHM (consider risk/
benefit) — Off Label. The level of
evidence is the highest of all current
therapeutic options for EHMs, both in
the number of treated patients and in the
data quality (RCTs). Prospective studies
found better results for a combination of
rituximab and the old standard antiviral
therapy compared with antiviral therapy
alone. Rituximab showed excellent
tolerance in patients with cirrhosis, even
with improvement in liver cirrhosis
markers. Remission rates reached up
to 83% in RCTs comparing rituximab
(375 mg/m?/week for 4 consecutive
weeks) with placebo. Retention rates
were significantly higher in patients with
refractory EHD randomized to RTX
combination (71% and 61%) compared
to Conventional therapy (3%) at 6 and
24 months respectively [50-67].

e In HCV-Cryovasculitis with mild to
moderate disease, an optimal antiviral
IFN-free treatment should be given
alone. Low-dose corticosteroids may
help to control inflammatory signs. For
patients with severe vasculitis rituximab
+ plasmapheresis + antiviral IFN-free

Int. J. Clin. Rheumatol. (2018) 13(3)

therapy should be started at the same
time. A combination of RTX and DAAs
gave SVR rates >95% at 24 weeks.
In case of persistent Cryovasculitis
manifestations in patients with a
sustained  virologic response (SVR),
another underlying condition should be
considered, especially B-cell lymphoma.
Finally the panel recommended the
earlier the better [50-65].

The panel emphasized that the earlier the
viral eradication the better the results in terms
of sustained and complete clinical response.
However, they requested caution while
interpreting these data due to the large degree
of heterogeneity in patient characteristics,
the different DAA regimens used and the
uncontrolled designs of the studies [47-48].

Potential future interventional targets
CD81- A co-receptor

The soluble forms of CD81 have the potential
to inhibit entry of HCV pseudoparticles to the
cell also ectopic expression of CD81 in CD81-
negative cells does not permit HCVpp entry
indicating that CD81 is a co-receptor. Lately,
several host restriction factors that protect cells
from viral infection have been identified such as
EW1-2wint. EW1- 2wint is a CD81 associated
protein which is able to inhibit HCV entry into
target cells by blocking the interactions between
HCV glycoproteins and CD81. EWI-2wint may
interfere with actin- polymerization during viral
entry or block signaling pathways necessary for
viral entry [68-72].

Targeting host small molecular RNAs

Targeting host micro-RNAs might provide a
salvage route to suppress viral replication in
patients who fail multiple DAAs. One promising
model was the widely used antihistamine
chlorceyclizine that was found to block an early
stage in the HCV life cycle and showed synergy
with DAAs in a humanized mouse model of
HCV. However, inhibiting host proteins raises
concerns about adverse effects. Addressing host
targets need to be carefully assessed in upcoming

research [67-70].
Envelope glycoproteins

E2 contains two hypervariable regions (HVR),
HVR1 and HVR2, which are under constant
selection for mutation probably because they are
targets for neutralizing antibodies. Numerous
studies have highlighted the genetic heterogeneity
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of the HVR1, which may enable virus to evade
the immune system and facilitate establishment
of chronic infection. However, chronic infection
has been reported in an experimentally infected
chimpanzee even though there was no variation

in HVR [67-70].
HCV low density lipoprotein receptor

The low density lipoprotein (LDL) receptor is
involved in the process of viral endocytosis. I
vitro studies have shown that viral entry could
be prevented in a number of cell types using an
anti-LDL monoclonal antibody [71-72].

Mannose binding proteins

The mannose binding proteins (DC-SIGN
and L-SIGN) have been suggested as to have
interactions with E2 but their contribution to
viral entry is not known [73].

Conclusion

The treatment armamentarium in chronic HCV
viremia with and without extrahepatic disease has
experienced a revolution with the establishment
of directly acting antiviral drugs. Interferon
free directly acting antiviral drug regimens
are currently considered as standard of care in
patients with extrahepatic disease. Longitudinal
studies are further requested to assess the unmet
needs including drugs addressing other potential
targets in the viral genome and life cycle.
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