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HCV infection — more than 20 years of drug development
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Since the discovery of hepatitis C virus (HCV) in 1989 as a causing agent of acute and chronic hepatitis C (HC),
therapy of the disease underwent substantial progress. Interferon was the golden standard for treating HC pa-
tients for more than two decades. This so-called conventional therapy resulted in sustained virological response’
(SVR) only in 50 % of HCV genotype 1 patients and 80 % of HCV genotype 2 and 3 patients. This treatment had not
only a significant impact to patient’s quality of life but also was long-lasting (24-48 weeks). Nowadays pangeno-
typic regimens combining direct acting antiviral drugs (DAADs) are successful for 95 % of all HCV genotype pa-
tients and the therapy has shortened to 8 weeks.
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Infekcia HCV - viac ako 20 rokov vyvoja terapie

0d objavenia virusu hepatitidy C (HCV) v roku 1989 ako povodcu akutnej a chronickej hepatitidy C (HC) terapia
tohto ochorenia znacne pokrocila. Liecba interferonom predstavovala zlaty Standard terapie pre pacientovs HC
viac ako dve dekady. Tato takzvana konvenéna terapia vyvolala dlhodobu virologicku odpoved' (SVR) iba u 50 %
pacientov s HCV genotypom 1 a u 80 % pacientov s genotypmi 2 a 3 s negativhymi dosledkami na kvalitu zivo-
ta pacienta a dizkou trvania 24 a7 48 tyzdiov. Sti¢asna pangenotypicka liecba, pozostavajlica z kombinacie ta-
kzvanych priamych antivirotik, je G¢inna az pre 95 % pacientov vSetkych HCV genotypov s minimom neziadu-

cich ucinkov.
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WHO estimated that in 2015, 71 million persons were li-
ving with chronic HCV infection worldwide (global prevalen-
ce: 1%) and that 399 000 had died from cirrhosis or hepato-
cellular carcinoma. Aside from the burden of HCV infection
secondary to liver-related sequelae, HCV causes an additio-
nal burden through comorbidities among persons with HCV
infection, including depression(, diabetes mellitus® and
chronic renal disease®. A proportion of these morbidities is
directly attributable to HCV and is therefore referred to as ex-
trahepatis manifestations. These manifestations are likely to
be affected by treatment®.

Mechanism of infection

HCV, which is transmitted parenterally, enters the liver via
the bloodstream. In the liver sinusoids, the virus can pass the
fenestrated endothelium and contact the basolateral surface
of hepatocytes. HCV host cell entry is a complex multistep
process that requires numerous host cell proteins like sca-
venger receptor class B type | (SCARB1), claudin-1, occlu-
din and tetraspanin CD871. All four entry factors needs to be
expressed on HCV-susceptible cells®. SCARB1 and CD81
binds to glycoprotein E2 on the surface of virion. However,
exact function of all four host cell receptors is not clear and
its experimental evidence is lacking. After cell surface bin-
ding and coordinated interaction with entry factors, HCV is
taken up by clathrin mediated endocytosis.

No vaccine

Despite 20 years of intensive research, a vaccine to pre-
vent infection with the HCV remains elusive. HCV diversity
is classified into seven genetically distinct genotypes (HCV
1-7) that differ by more than 30 % at nucleotide level, and in-
to more than 50 subtypes that differ between 15 % and 25 %
at nucleotide level within genotypes. A major barrier for the
development of vaccines, broadly active antivirals, and as-
says, is the high genetic diversity of HCV and its potential to
quickly adapt to different environments. HCV is under con-
stantimmunological pressure. Neutralizing antibody respon-
se of the host is targeting mainly the viral envelope proteins
E1 and E2, but the virus manages to escape due to the lar-
ge plasticity in the highly variable regions in these proteins.
Effective targeting of conserved regions (Figure 1) in the ge-
nome may improve vaccine design. While vaccine design is
still under experimental stage, development of DAADs has
progressed into clinical practice.

HCV - basics, that helped to improve the therapy
Understanding of all aspects of HCV lifecycle helps to find
therapy strategies targeted straightly to virus. An example of
this approach is discovery of miRNA-122 (miR-122) involve-
ment in HCV infection and subsequent development of drug
called miravirsen. HCV relies on the host miR-122 in a unique
way as miR-122 binds to the 5 -non-translated region of the

Sustained Virological Response = absence of anti-HCV and HCV RNA in the blood 12 weeks after treatment
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HCV genome, which results in increased stability of the lat-
ter and thus increased replication. Miravirsen represents the
first RNA-interference-based drug currently undergoing pha-
se Il of clinical trials?. Silencing of expression miR-122 by
Miravirsen leading to HCV genome degradation may be a so-
lution for HC patients resistant to current pangenotypic re-
gimens.

The story of increasing effectiveness

15 years ago the standard of care of adolescents and chil-
dren infected with HCV was dual therapy with pegylated-in-
terferon and ribavirin for 24 weeks for genotypes 2 and 3,
and 48 weeks for genotypes 1 and 4. This combination re-
sulted in an SVR rate of around 52% in children infected with
HCV genotypes 1 and 4, and 89% in those infected with HCV
genotypes 2 and 3, but was associated with significant si-
de-effects®.

Table 1. Direct-acting antivirals (DAAs) divided according to class®

In 2011, two inhibitors against NS3 and NS4A viral pro-
teases have been included in standard therapy in some re-
gions, including Slovakia, which are mainly focused on the
treatment of genotype 1. The triple combination of PEG-in-
terferon, ribavirin and protease inhibitors improved virolo-
gical response in several cohorts of patients from 50 % to
70 %610,

However, this approach has limited efficacy for a particu-
lar group of patients (with liver cirrhosis, liver transplant pa-
tients, patients who are primarily unresponsive to this type
of treatment, and hemodialysis patients). An important as-
pect of the development of the NS3 inhibitor is resolution
of the crystalline structure of this protein alone and in con-
junction with the cofactor, which facilitated the design of
the drug. There are currently several drugs that inhibit NS3
protease (Table 1). All DAADs against NS3 target the active

NS5B polymerase inhibitor

NS5B polymerase inhibitor

BRI G e (Ll it (nucleotide analogue) (non-nucleoside analogue)
Glecaprevir Daclatasvir Sufosbuvir Dasabuvir
Voxilaprevir Velpatasvir
Grazoprevir Ledipasvir
Paretaprevir Ombatasvir
Simeprevir Pibrentasvir

Elbasvir

Figure 1. The HCV genome consists of a 9.6 kilobase ORF flanked with 5’ and 3’untranslated regions®. IRES-mediated translation of
the ORF produces polyprotein that is processed by cellular and viral proteases into ten viral proteins: C, ET and E2 structural proteins,
and P7, NS2, NS3, NS4A, NS4B, NS5A and NS5B non-structural proteins. Abbreviations: C: Core protein, IRES: Internal ribosome entry
site, ORF: Open reading frame, NS: Non-structural protein
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site of the protease, but it has been identified substitutions
at this site that cause resistance(.

NS5A is another virus protein candidate to inhibit. This
multifunctional protein is an essential component of the
viral replication complex, involved in the regulation of repli-
cation and the composition of the viral particle. These drugs
(Table 1) have become a central part of the current combi-
ned DAAD therapy but have a relatively low barrier to the de-
velopment of viral resistance(.

NS5B is an HCV protein that functions as a RNA-depen-
dent RNA-polymerase and is therefore a target for the inhi-
bition of viral replication. The basic research of the NS5B
polymerase has enabled the generation of efficient nucle-
oside analogues against HCV virions with various pange-
nomes. The great advantage is that it is targeting a highly
conserved enzyme, and therefore, in this case, the barrier to
the development of resistance is high. This category inclu-
des the drug sofosbuvir, which is used in the treatment of
all genotypes of HCV. The combination of sofosbuvirus with
the NS5A inhibitor velpatasvirus is effective against all six
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