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Abstract

Hepatitis C virus (HCV) affects 3% of the world popu-
lation. It represents the main cause of chronic liver
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disease and is responsible for extra-hepatic complications,
such as type 2 diabetes and cardiovascular diseases. HCV
includes 7 genotypes differing in the nucleotide sequence
variability, the geographic distribution, the rates of viral
clearance, the risk of progression to liver fibrosis and to
hepatocellular carcinoma, and the response to therapy.
Last years have seen remarkable advances in the field
of HCV infection with the approval of direct antiviral
agents (DAAs) targeting key viral proteins involved in the
HCV replication. Several oral regimens combining DAAs
from different families have been developed and these
regimens showed increased and sustained virological
response rates to above 90% reducing the treatment
duration to 12 wk or less. In particular, sofosbuvir, a
nucleotide analogue nonstructural (NS)5B polymerase
inhibitor, and velpatasvir, a NS5A inhibitor, have been
tested in two phase 3 trials, the ASTRAL-2 (against
HCV genotype 2) and the ASTRAL-3 (against HCV geno-
type 3), demonstrating to be effective, safe, and well
tolerated in patients who were 18 years of age or older
and had at least a 6-mo history of HCV infection with a
compensated liver disease.
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NS5A inhibitor; NS5B inhibitor

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) spread all over the
world. In the last years, new therapies with direct anti-
viral agents draw a great revolution thanks to several
oral regimens combining different drugs of this class.
The present editorial provides a brief overview on the
association between two direct antiviral agents, sofo-
zsbuvir and velpatasvir, and their implication in the treat-
ment of HCV infection.

Bonaventura A, Montecucco F. Sofosbuvir/velpatasvir: A promising
combination. World J Hepatol 2016; 8(19): 785-789 Available
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INTRODUCTION

Hepatitis C virus (HCV) infects approximately 3% of the
world population and leads to cirrhosis and hepatocellular
carcinoma!, HCV is a member of the Flaviviridae family
of RNA viruses and is classified into 7 genotypes; each
genotype is different from the others in its nucleotide
sequence. This remarkable genetic diversity represents a
challenge for the development of new therapies™. HCV
genotypes differ not only in the nucleotide sequence
variability, but also in their geographic distribution, rates
of viral clearance, risk of progression to liver fibrosis and
to hepatocellular carcinoma, and response to therapy".

In last years, HCV treatment has undergone sub-
stantial advances. Direct antiviral agents (DAAs), when
combined with pegylated interferon (PegIFN) and riba-
virin (RVR), demonstrated increased rates of cure in
chronic HCV infections when compared to PegIFN and
RVR alone!®. The first class of DAAs to be approved
for treatment of HCV was that of protease inhibitors
targeting the nonstructural protein (NS)3/4A serine
protease, responsible for the processing of the nascent
viral polyprotein™. The search for new key viral targets
continued and compounds against two additional targets
- NS5A replication scaffold and the NS5B RNA-dependent
RNA polymerase (RdRp) - have been generated™. Drugs
inhibiting NS5B include two subclasses: Nucleos(t)ide
inhibitors (NIs) and non-nucleoside inhibitors (NNIs).
NS5B is strictly required during the HCV replication both
to copy the RNA genome and to transcribe messenger
RNA: These steps are essential and the inhibition of
NS5B is able to block viral propagation (Figure 1).

Many phase 2 trials have been conducted with
promising results. Two phase 3 trials have done encour-
aging results with the combination of the nucleotide
polymerase inhibitor sofosbuvir and the NS5A inhibitor
velpatasvir in patients chronically infected with HCV
genotype 2 and 3™,

A BRIEF PRESENTATION OF SOFOSBUVIR
AND VELPATASVIR

Sofosbuvir

Sofosbuvir (SOF) (formerly known as GS-7977; Gilead
Sciences, Foster City, CA, United States) is a NS5B NI
It is converted into a pharmacologically active form
(GS-461203) within hepatocytes, inhibits RdRp activity
by competing with uridine, and blocks RNA synthesis
by acting as “chain terminator”®. Given the high
conservation of the catalytic site of the NS5B protein,
this drug is believed to have pangenotypic activity'®.
The combination of SOF and RVR achieved sustained
virologic response (SVR) rates of 100% for genotype
2 infection and 91% for genotype 3 infection. On
December 6, 2013, the United States Food and Drug
Administration (FDA) approved SOF (Sovaldi™) for the
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treatment of chronic HCV, genotypes 1, 2, 3 and 4, in
combination with Peg-IFN and RVR or with RVR alone.
SOF is also highly effective in HCV patients who are
co-infected with human immunodeficiency virus (HIV).
It should not be administered with potent inducers of
intestinal P-glycoprotein, such as rifampin and Saint
John'’s wort, resulting in reduced absorption™®. Moreover,
co-administration of SOF with select anticonvulsants,
rifabutin, rifapentine, or tipranavir/ritonavir is not recom-
mended™. SOF showed no clinically significant drug
interactions with many of the common medications meta-
bolized by CYP3A enzymes, such as tacrolimus, cyclo-
sporine, and methadone, as well as with the common
combination therapies for HIV™.

Velpatasvir

Velpatasvir (VEL) (formerly GS-5816; Gilead Sciences;
Foster City, CA, United States) is a new NS5A protein
inhibitor with pan-genotypic activity in vitro*., In phase 2
trials, it demonstrated high rates of SVR in patients with
HCV genotypes 2 and 3 in combination with sofosbuvir
for a period of 12 wk of treatment™***, Regimens includ-
ing an NS5A inhibitor have demonstrated high tolerability
and high antiviral efficacy in phase 3 studies™",

SOF AND VEL IN PHASE 2 AND 3
STUDIES

The phase 2 studies

In phase 2 studies, the SOF/VEL combination admini-
stered for 12 wk showed high rates of SVR and was well
tolerated in all HCV genotype infections!*>*?,

In the phase 2 study by Everson et a'?, treatment-
naive non-cirrhotic patients achieved high rates of SVR at
12 wk with SOF/VEL, independently of HCV genotypes.
Virologic failure was rare; the nonresponse of 1 patient
with HCV genotype 3 infection and the relapse in a
patient with HCV genotype 1 infection, both receiving
25 mg of VEL, may suggest that the 100 mg dose
could have a clinical advantage over the 25 mg one. In
general, the therapy with SOF/VEL with or without RVR
was well tolerated. In the other phase 2 study by Pianko
et al'**, SOF/VEL demonstrated to be safe, effective,
and well-tolerated for treatment-experienced patients
with HCV infection genotype 1 or 3, including those with
compensated cirrhosis, which are the most common
genotypes accounting for approximately 46% and 22%
of all global infections, respectively!¥. In particular, the
SVR at 12 wk in patients with genotype 3 HCV infection
under VEL 100 mg compared favorably with those pre-
viously reported for other regimens!*>*"),

The ASTRAL-2 and the ASTRAL-3 trials

The ASTRAL program aimed to evaluate the safety
and the efficacy of the association SOF/VEL in patients
with HCV genotype 1-6 infection including patients with
decompensated liver disease. ASTRAL-2 and ASTRAL-3
trials are two randomized, controlled, phase 3 trials, in
which a fixed-dose combination tablet of SOF/VEL for
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Figure 1 Structure of hepatitis C virus and mechanisms of action of direct antiviral agents™. The open reading frame of hepatitis C virus (HCV) encodes 11

proteins: 3 structural proteins (core, E1, and E2); 6 nonstructural (NS) proteins (NS2, NS3, NS4A, NS4B, NS5A and NS5B); the p7 protein; and the frameshift (F)
protein (not illustrated). The core protein has a role in viral capsid formation and can directly interact with many cellular proteins and pathways implicated in the HCV
lifecycle. Envelope glycoproteins, E1 and E2, are fundamental components of the virion envelope and are essential for HCV entry and fusion; in particular, E2 has a
central role in the early steps of infection because it functions as a host receptor binding protein and mediates the attachment to host cells. The F protein is probably
produced during viral infection and could be involved in viral persistence, but the exact role has not been fully elucidated. The p7 protein is an integral membrane
protein belonging to the viroporin family and maybe acts as a calcium ion channel, but further studies are needed to confirm its function. NS2 is a non-glycosylated
transmembrane protein having a protease activity, which may interact with host cell proteins. NS3 is a multi-functional protein owning a serine protease domain and
a helicase/nucleoside triphosphatase domain, while NS4A is a cofactor of NS3 protease activity. The 2 proteins can interact with host cell pathways and proteins
involved in HCV lifecycle and for this reason they are an appealing viral target for anti-HCV therapies. NS4 is an integral membrane protein serving as a membrane
anchor for the replication complex; moreover, it can inhibit cellular syntesis and modulate the HCV RdRp activity. NS5A is a zinc-metalloprotein playing a role in virus
replication, cell growth replication, and in mediating interferon-resistance, even if some of these functions need to be still clarified. NS5B belongs to the class of tail-
anchored proteins. Its crystal structure showed that the RdRp has a "fingers, palm and thumb" structure; interactions between the fingers and thumb subdomains
create a fully surrounded catalytic site ensuring both HCV RNA strand synthesis. For this reason, the RdRp is an attractant target for new anti-HCV drugs.

12 wk was compared to standard treatment with SOF Safety
plus RVR for 12 or 24 wk in patients already treated for In both trials, rates of adverse events (AEs) were
HCV genotype 2 and 3 infection and in those who had lower among patients who received SOF/VEL than those
not received this treatment, including the ones with who received SOF/RVR. In both trials, only 1 patient
decompensated cirrhosis'®’. receiving SOF/VEL stopped the treatment prematurely
The two studies shared the same eligibility criteria, because of an AE (anxiety, headache, and difficulty in
except for HCV genotype. Patients who were 18 years concentrating). Common AEs, such as headache, fati-
of age or older and with at least a 6-mo history of HCV gue, and nausea have been reported in 10%-38% of
infection could enter the study, whilst patients with clinical SOF/VEL patients, together with insomnia, irritability,
evidence of hepatic decompensation were excluded. In pruritus, nasopharyngitis, cough, and dyspesia'®. Serious
the two trials, patients with chronic HCV infection were AEs in the SOF/VEL group of the ASTRAL-2 included
randomly assigned to receive a fixed-dose combination enteritis, pneumonia, and abdominal pain, whereas in the
tablet containing 400 mg of SOF and 100 mg of VEL ASTRAL-3 acute myocardial infarction, acute cholecystitis,
once daily for 12 wk or 400 mg of SOF plus RVR for 12 wk food poisoning, hematochezia, intracranial aneurysm,
(for patients with HCV genotype 2) or 24 wk (for patients and rupture of ovarian cyst have been described™. In
with HCV genotype 3). RVR was administered orally both trials, only 1 patient receiving SOF/VEL stopped
twice daily, with body weight-determined doses. The the treatment prematurely because of an AE (anxiety,
primary endpoint was a SVR, defined as an HCV RNA headache, and difficulty of concentration). Death after
level of less than 15 IU per milliliter at 12 wk after the treatment occurred in two patients in the ASTRAL-2 (1

end of treatment. from cardiac arrest and one from metastatic lung cancer
In the ASTRAL-2 trial, patients who had received SOF/ complications); in the ASTRAL-3, two deaths occurred
VEL met the primary endpoint with no virologic failures. during treatment (1 from unknown cause and 1 from

In the ASTRAL-3 trial, patients who were administered gunshot wounds) and one in the post-treatment period
with SOF/VEL gained a SVR, but 4% of them showed (from unknown cause).

virologic failure after the end of treatment. Overall, the

rate of SVR was higher among patients without cirrhosis Comparison between Nis and NNIs

and who did not receive any previous treatment. NIs inhibit the RdRp by mimicking NS5B protein sub-
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strate leading to the termination of the new viral RNA
chain; they possess a high-resistance barrier, are highly
effective, and own a pan-genotypic activity™™®. NNIs
behave as allosteric inhibitors by binding to the RdRp
blocking polymerase function through conformational
change; this results in a lower barrier to resistance and
lower anti-viral activity with respect to NIs™®,

SOF is the only NI approved and was associated with
high SVR rates in all kind of patients. The addition of
SOF to PegIFN and RVR demonstrated to be the most
effective IFN-containing regimen in HCV patients with
compensated cirrhosis. In the NEUTRINO and FISSION
studies, patients receiving SOF had rapid and substantial
decreases in serum HCV RNA levels. Moreover, AEs were
uncommon among patients receiving SOF regimens as
well as severe AEs were few in all study groupst'®. In
IFN-free regimens, SOF was tested in combination with
the first generation NS5A inhibitor ledispavir both in
treatment-naive and pre-treated patients and showed
good response in terms of SVR?*?!, Nonetheless, among
all patients, the majority had at least one, mild-to-mode-
rate AE (fatigue, headache, insomnia, and nausea), but
also serious AEs occurred in 6%-8% of patients of the
24 wk-SOF regimens™®?!. AEs were higher and more
serious in the groups concomitantly treated with RVR.
Finally, some mild modifications of the haemochrome
were present, whilst the increase in bilirubin and trans-
aminases were more frequently in the group treated with
RVR.

Among NNI, dasabuvir is the only drug approved and
is usually administered in combination with ritonavir/
paritaprevir and ombitasvir. Dasabuvir is mainly effective
against HCV genotype 1. When used in combination,
these three drugs showed excellent SVR rates at 12 wk
in patients with HCV-1-compensated cirrhosis. Mild AEs
were recorded in nearly 80% of patients, especially when
treated with RVR and included nausea, fatigue, pruritus,
and headache. A modest decrease of hemoglobin was
reported, sometimes reaching the lower limit of the
normal range'®?, Serious AEs were rare. However, in
the post-marketing surveillance many cirrhotic were
found developing hepatic decompensation and/or liver
failure. For this reason, the United States FDA issued a
waming in which it was noted that this treatment could
cause serious liver injury in cirrhotic patients™”.

CONCLUSION

The development of DAAs revolutionized the therapeutic
weapons against HCV infection. These advances have
been possible thanks to the increased knowledge of the
structures of HCV protease and HCV polymerase, which
permitted to design structure-based drug inhibiting key
viral enzymes. Indeed, HCV drug development was
fast for different reasons, such as a shorter treatment
duration, no need for control arms, and the short period
to evaluate the SVR (12-24 wk)™,

Since 2014, many drugs were approved: The first
one was SOF, followed by simeprevir and daclatasvir. In
2015, ledipasvir in combination with SOF, and paritaprevir
in combination with ombitasvir and dasabuvir were
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approved in several countries. In 2016/2017, three other
combinations could be approved, such as grazoprevir in
combination with elbasvir, SOF with VEL, and ABT-493
plus ABT-530 combination therapy®®.

The combination SOF/VEL was extensively studied in
phase 2 and 3 studies. In the ASTRAL-2 and ASTRAL-3
studies, SOF/VEL showed great efficacy against HCV
infections genotype 2 and 3 (except for a virologic
failure after the end of treatment for 11 patients in the
ASTRAL-3) and a reasonable safety™. The treatment of
patients with HCV genotype 3 is still a challenge, even
in the era of DAAs and further researches are needed
to increase the rate of SVR in this subtype of patients.
As the same researchers of ASTRAL-2 and ASTRAL-3
state, the generalizability of the results are limited by
the small nhumber of black patients included in the trials,
considering that genotype 2 is present in sub-Saharian
Africa™. Moreover, the exclusion of patients with decom-
pensated cirrhosis represents another pivotal point
to cope with, given the huge importance of HCV in the
natural history of cirrhosis and hepatocellular carcinoma,
never forgiving the extrahepatic complications, such as
type 2 diabetes mellitus and cardiovascular diseases.

Further trials evaluating new DAAs should focus on
the prolongation of the SVR and the inclusion of patients
such as those abovementioned, which can get a real
benefit from these new therapies, if safe, effective, and
well tolerated.
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