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Abstract

Hepatitis C virus (HCV) infection is the leading cause of
chronic liver-related diseases, including cirrhosis, liver
failure, and hepatocellular carcinoma. Currently, no ef-
fective vaccine is available for HCV infection. Polyethyl-
ene glycol interferon-o. (PegIFN-o) in combination with
ribavirin (RBV) is the standard of care (SOC) for chronic
hepatitis C. However, the efficacy of PegIFN-a. and RBV
combination therapy is less than 50% for genotype 1
HCV, which is the dominant virus in humans. In ad-
dition, IFN and RBV have several severe side effects.
Therefore, strategies to improve sustained virological
response (SVR) rates have been an important focus
for clinical physicians. The serine protease inhibitors
telaprevir and boceprevir were approved by the United
States Food and Drug Administration in 2011. The ad-
dition of HCV protease inhibitors to the SOC has sig-
nificantly improved the efficacy of treatments for HCV
infection. Several direct-acting antiviral drugs currently
in late-stage clinical trials, both with and without peg-
IFN and RBVY, have several advantages over the previous
SOC, including higher specificity and efficacy, fewer side
effects, and the ability to be administered orally, and
might be optimal regimens in the future. Factors affect-
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ing the efficacy of anti-HCV treatments based on IFN-a
include the HCV genotype, baseline viral load, virological
response during treatment, host /288 gene polymor-
phisms and hepatic steatosis. However, determining the
effect of the above factors on DAA therapy is necessary.
In this review, we summarize the development of anti-
HCV agents and assess the main factors affecting the
efficacy of antiviral treatments.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Understanding the effectiveness and affect-
ing factors of antiviral regimens are critical for mak-
ing informed treatment decisions for hepatitis C virus
(HCV) infection. In this review, we have summarized
the history of anti-HCV agents from interferon to the
direct-acting antiviral drugs (DAAs) without polyeth-
ylene glycol interferon-o therapies and the affecting
factors of antiviral treatment, focusing on investigat-
ing the optimal combination of antiviral therapies to
achieve higher efficacy and better medication compli-
ance. Although the efficacy of DAAs is significantly
improved, many unmet needs and questions remain,
such as avoidance of cross-resistance, the remaining
high incidence of side effects, the role of IL28B status
as well as the management of patients who do not re-
spond to therapy.
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INTRODUCTION

Hepatitis C virus (HCV) infection, a worldwide public
health problem affecting 170 million patients, is likely the
cause of chronic hepatitis liver cirthosis, liver failure, and
hepatocellular carcinoma'. Of the patients with chronic
HCV infection, 40%-75% still exhibit extrahepatic mani-
festations including metabolic hematological, vascular
and rheumatological diseases””. Until recently, however,
there have been no effective vaccines available. In the
eatly 2000s, polyethylene glycol intetferon-or (PeglFN-or)
combined with tibavirin (RBV) became the standard of
cate (SOC) regimen for HCV, which showed a SVR that
was mainly associated with its genotype. For example,
patients with genotype 1 achieved a sustained virologi-
cal response (SVR) of less than 50%. Additionally, this
treatment regimen has several side effects, including
granulocytopenia, anemia, and depression, and it is asso-
ciated with a long treatment duration and increased cost.
In 2011, the first direct-acting antiviral drugs (DAAs),
telaprevir and boceprevir, were approved by the United
States Food and Drug Administration (FDA). Combined
with PegIlFN-q, and RBYV, these DAAs resulted in a high-
er SVR rate in patients with HCV genotype 1. Thus, this
treatment regimen became the SOC regimen for such pa-
tients. Soon afterward, other DAAs in the pre-clinical or
pilot phase also achieved good treatment results. Current
studies are focusing on investigating the optimal combi-
nation of antiviral therapies to achieve higher efficacy,
shorter treatment duration, more simple administration,
and better medication compliance. In response to an ap-
proved DAA, an evaluation of multiple factors (HCV
genotype, baseline viral load, virological response during
the treatment, and IL.28B gene polymorphisms) affecting
anti-HCV treatment therapy based on IFN is necessary.

ADVANCES IN ANTIVIRAL TREATMENT

Interferon

PegIFN-o: When administered as a once-a-week injec-
tion, PegIFN-o increased the SVR rate and compliance
in patients by delaying renal clearance to extend the i

vivo half-life by cross-linking polyethylene glycol and
interferon-o.. Currently, treatment combining PegIFN-¢
and RBV is still the most widely used SOC regimen.
Many clinical studies have compared the SVR rates
in patients receiving different PegIlFN-a (e.g., IFN-q-2a
and IFN-o-2b), dosages, and treatment durations. The
results suggested that the patients given a standard dose
(180 pg) of PeglFN-q-2a had higher SVR rates than
those given a weight-based dose (1.5 pg/kg) of PegIFN-
a-2b"". The IDEAL study, which included 3070 patients
with hepatitis C, showed that the SVR rate in patients
with HCV genotype 1 infection given different doses of
PegIFN-a-2b (1.0 or 1.5 pg/kg) was not different from
that in patients given PegIFN-o-2a (180 pg)”. In pa-
tients with HCV genotype 2/3 infections, those given a
standard dose of PegIFN o-2b (1.5 pg/ kﬁ@ had a higher

SVR rate than those given a low dose!"’ . Meanwhile,
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the SVR rates in patients receiving a high dose of RBV
(1000-1400 mg/d) were higher than those in patients re-
ceiving a low dose (800 mg/d) of the PegIFN-q.-related
treatments ", The difference was especially obvious in
the patients with a genotype 1 infection. Some studies
investigated the antiviral therapy administered to patients
with a genotype 2/3 infection. Although the overall SVR
rate decreased after shortening the duration, a 12- or
16-wk treatment period was recommended for patients
who achieved rapid virological responses (RVR)""'>'!

The IDEAL study results showed that regardless of
which PegIFFN-q, was chosen to treat hepatitis C, the type
and frequency of the adverse responses appeared similar
(serious adverse responses, approximately 4%; headaches,
46%; myalgia, 40%; neutropenia, 5%; hemoglobin less
than 86 g/L, approximately 3%), with a higher incidence
of depression but lower incidence of skin rash associated
with PeglFN-q-2b compared with PegIFN—(x—ZaF)].

Human serum albumin IFN-q fusion: Albinterferon
is a genetic fusion protein used for the treatment of
chronic hepatitis C (CHC), which takes advantage of the
long half-life of human albumin to provide a new treat-
ment approach that enables albinterferon administration
at 2- or 4-wk intervals in individuals with CHC. Stud-
ies have demonstrated that the SVR rate resulting from
the combined treatment of albinterferon and RBV was
equivalent to that resulting from the SOC treatments, and
the incidence rates of adverse drug reactions were also
similar’™". However, albinterferon is associated with the
risk of reduced lung function, particularly in patients be-
ing treated for more than 6 wk 9,

PegIFN-)\-1a: IFN-A is a class Il interferon and has
completely different receptors from those of IFN-
alpha in vivo. Its receptors are mainly distributed in the
liver, which means that the extrahepatic adverse reac-
tion from IFN-) is significantly reduced compared with
that from IFN-q. In recent years, PegIFN-A-1 has been
conﬁrmed to have anti-HCV activity and mild adverse
reactions™. One clinical trial assessed the efficacy and
safety of PegIFN -A-1a plus RBV compated to the SOC
for the treatment of naive patients with HCV genotypes
2/3. The results showed that the curative effects of the
two treatments were similar but that the viral load in the
PegIFN-A-1a group decreased faster and that the adverse
reactions were significantly reduced”’.

DAAs

NS3 protease inhibitors: The unique structure and
function of NS3 protease in the HCV life cycle makes it
a new target for anti-HCV drug development. In addi-
tion to cleaving the polyprotein and generating the NS3,
NS4A, NS4B, NS5A, and NS5B proteins, NS3 protease
acts as an antagonist of the host innate immune system
by cleaving signaling molecules that mediate a cellular
antiviral response and resulting in the suppression of
interferon production. The two NS3 protease inhibitors
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discussed herein are telaprevir and boceprevir.

Telaprevir, as the first approved DAA, has a recom-
mended dose of 750 mg tid, combined with PegIFN-q
and RBV treatment (triple therapy), for a duration of 48
wk for naive or previous treatment failure HCV geno-
type 1 patients. The disadvantage of this medication is
the need to ingest it with greasy food, which may cause
an incredible weight increase during treatment. Six ran-
domized clinical trials assessed the efficacy of the triple
therapy compared with the SOC in naive HCV genotype
1 patients[zzfzﬂ. All patients were treated with telaprevir,
PeglFN-q, and RBV for 8 or 12 wk, followed by the
combined therapy of PegIFN-q, and RBV. The results
showed that the telaprevir triple therapy for 24 wk yield-
ed a higher SVR rate than the SOC™**, Even when
the duration was shortened to 12 wk, the SVR rates were
equivalent to those of the SOCP but prolonged dura-
tion did not improve its efficacy for those who achieved
rapid virological response (RVR) and early virological re-
sponse (EVR)”*\. The administration frequency of tela-
previr (750 mg tid or 1125 mg bid) and PegIFN type (o-2b
or o-2a) in patients with RVR and EVR had no effect on
the SVR rate™. Among the previous treatment failure
patients, the telaprevir triple therapy group had a higher
SVR rate than that of the SOC group, but the overall
effect was poort, especially for non-responders, with an
SVR rate of 29%-33%"". Common adverse reactions to
telaprevir include anemia, rash, nausea, hemorrhoids and
itching, Because telaprevir treatment can lead to resistant
mutants over the short term, the long-term use of the
drug should be limited. Drug resistant mutants have been
found to exhibit the following changes: V36A/M, T54A/
S, R155K /T, and A156S/T.

Boceprevir is another NS3 protease inhibitor ap-
proved at the same time as telaprevir. The recommended
dose of boceprevir is 800 mg tid, combined with
PeglFN-o and RBV therapy, for a duration of 48 wk
for naive or previous treatment failure HCV genotype 1
patients. Unlike telaprevir, boceprevir is started at week
4 of treatment, following a 4-wk lead-in period of treat-
ment with peg-IFN and RBV, and RBV is required to en-
hance the efficacy of boceprevirp()]. Studies showed that
the boceprevir triple regimen among naive patients for 48
wk increased the SVR rate associated with the SOC treat-
ment to 16%-37%""""!, whereas the SVR rates in the pre-
vious treatment failure patients were significantly higher
(59%-66% vs 21%)P. Boceprevir-related adverse effects
include fatigue, anemia, nausea, headache, dry mouth,
granulocyte decreases, taste disorders, and thrombocyto-
penia. The long-term use of this drug can also lead to re-
sistance mutations, including V36A/M, T54A/S, V55A,
R155K/T and A156/S/T/V.

Simeprevir is a second-generation NS3 protease in-
hibitor and a competitive reversible macrocyclic, non-
covalent inhibitor of NS3/4A proteasem]. Phase II clini-
cal trials compared the efficacy of simeprevir, PeglFN-o
and RBV with the SOC treatment for naive or previous
treatment failure HCV genotype 1 patients. Among the
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naive patients, those treated with the triple therapy with
different doses of simeprevir (75 or 150 mg) once a day
(qd) for 12 or 24 wk and then with PeglFN-o and RBY,
for a total treatment course of 24 or 48 wk, obtained a
higher SVR ratio compared with that of patients treated
with the SOC (74.7%-86.1% vs 64.9%). In addition, for
the majority of patients, the duration can be shortened
to 24 wk™. The phase IIb ASPIRE study demonstrated
that simeprevir is a highly potent, efficacious, and well-
tolerated once-daily PI for the majority of prior null or
partial responders and relapsers compared to IFN-based
therapy. Simeprevir has entered a phase Il clinical study.
The most common adverse reactions are nausea, fatigue
and hyperbilirubinemia, which are generally mild and
reversible. The resistance mutations include Q8K and
R155K.

Faldaprevir is a second-generation HCV NS3/4A
protease inhibitor. Phase II clinical trials have compared
the efficacy of the SOC with that of the combined treat-
ment with faldaprevir, PeglFFN-q, and RBV in treatment-
naive or treatment-experienced patients with chronic
hepatitis C genotype 1 infection. The SVR rate in the
treatment-naive patients who underwent 24-wk triple
therapy including faldaprevir 240 mg qd with no lead-
in was the highest, at up to 84%, whereas the group re-
ceiving the same drug dose with lead-in during the early
phase of treatment or receiving a half dose of faldaprevir
had a 72% SVR; in contrast, the other group (SOC regi-
men) had a SVR of only 56%"”. Similar results were ob-
tained for the treatment-experienced patients. The group
receiving triple therapy with faldaprevir 240 mg qd for 48
wk with no lead-in had the highest SVR rate (50% in pri-
or partial responders and 35% in prior null responders);
the SVR rate in the lead-in treatment group that received
the same dose was the lowest™. The adverse responses
of faldaprevir include jaundice, skin changes (eg., rash),
photosensitivity, pruritus, nausea, vomiting, diarrhea, and
drying. The incidence of side effects is associated with
the dosage. To date, the resistance mutations R155K and
D168V/E have been observed.

Danoprevir is another second-generation NS3 pro-
tease inhibitor used for the treatment in naive or ex-
perienced HCV genotype 1 patients, and it is expected
to eliminate the use of IFN-based drugs. One clinical
trial compared the efficacy of the SOC with that of the
combined treatment with danoprevir, PeglFN-a and
RBYV in treatment-naive patients with HCV genotype 1
infection””. The SVR rate in the group given danoprevir
600 mg q12h was the highest at up to 85%, whereas the
group receiving the SOC had a SVR rate of 42%. Even
when the duration among patients given danoprevir who
had an extended rapid virological response (eRVR4-20:
HCV RNA < 15 IU/mL during weeks 4-20) was short-
ened to 24 wk, 96% had an SVR. The INFORM-1 study
evaluated the combination of danoprevir and meric-
itabine. Combination therapy was administered for up to
2 wk, resulting in a reduction in viral load and undetect-
able HCV RNA levels at the end of dosing in 63% of
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treatment-naive patlents | Relevant evidence indicates
that ritonavir can inhibit the metabolism of danoprevir
in vivo, reduce the side effects, and improve the SVR
rate, providing the possibility for IFN-free combination
therapy. The INFORM-SVR study provided SVR data
for the combination of mericitabine and danoprevir/
ritonavir with or without RBV for 12-24 wk. SVR rates
in HCV genotype 1a and genotype 1b patients were 26%
and 71% in treatment arms including RBV, respectively,
but significantly lower SVR rates were found in all RBV-
free treatment groups’ . The adverse reactions of dano-
previr mainly include anemia, neutropenia, and rash. The
resistance mutations R155K and D168T/E have been
observed.

ABT-450 is a potent, specific protease inhibitor of
HCV NS3. Ritonavir is used to increase the plasma
concentration of ABT-450, prolong its half-life, and re-
duce the risk of drug resistance, enabling an ABT-450
dose regimen of once dailyHO’“J. Fifty HCV genotype 1
patients including naive, prior partial or null responders
participated in an open-label, multiple-center phase I
ABT-450 clinical trial. In the application of the com-
bined treatment of ABT-333 [non-nucleoside inhibitors
(NND], RBV, and ritonavir, the curative effects of dif-
ferent doses of ABT-450 over 12 wk were assessed. The
results suggested that the SVR rates were higher than
90% in treatment-naive patients and 47% in prior partial
or null responders™”. The common adverse responses of
ABT-450 include fatigue, pain, hyperbilirubinemia, and
vomiting,

There are many other NS3 protease inhibitors in clini-
cal studies, such as asunaprevir (BMS 650032), vaniprevir
(MK-7009), narlaprevir (SCH 900518), VX 985, and
MK-5172. Some of these NS3 protease inhibitors are ex-
pected to be approved for anti-HCV therapy in the near
future.

NS5A inhibitors: NS5A is an essential viral component
of the membrane-associated HCV replication complex
and plays an important role in the formation of HCV
infectious particles. Daclatasvir (BMS) 790052 was the
first-in-class NS5A-specific targeted molecular inhibitor
to be developed. Preclinical studies have shown that this
NS5A inhibitor has broad genotype antiviral activity, but
the associated mechanism is unclear. A phase I a study
compared the efficacy of the combination of daclatasvir
and asunaprevir (two-drug treatment) with or without
the addition of PeglFN-q, and RBV for the treatment
of HCV genotype 1 prior null responders over a 24-wk
duration. The results showed that the sustained viro-
logical response at post-treatment week 14 (SVR24) of
the two-drug treatment was 36% and that the sustained
virological response at post-treatment week 12 (SVR12)
and SVR24 of the four-drug treatment were 100% and
90%, respectivelyml. High virological response rates wete
obtained in 90 treatment-naive patients administered
the combination of daclatasvir with sofosbuvir, with or
without RBYV, for 24 wk. In HCV genotype 1 patients,
RVR and SVR rates were 100% and 100%, while in HCV
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genotype 2 and genotype 3 patients they were 100% and
91%, respectively™”. However, it is notable that all failures
were relapses after therapy. Analyses of resistance iz vivo
and 7n vitro showed mutations in the amino acid residues
L31V/M and Y93H/N.

Several other NS5A inhibitors have also entered
clinical trials, including ABT-267, ledipasvir (GS-5885),
ACH-2928, and IDX791. Some of these inhibitors may
be approved to become anti-HCV drugs.

NS5B polymerase inhibitors: NS5B is an RNA-depen-
dent RNA polymerase (RdRp) in the HCV replication
complex that catalyzes the synthesis of positive- and
negative-stranded viral RNAs. Because mammals lack
RdRp, new drugs to act as HCV NS5B polymerase in-
hibitors will be highly specific. NS5B enzyme activity can
be inhibited by two different types of compounds: nu-
cleoside/nucleotide derivative inhibitors (NIs) and NNIs.
NIs can competitively bind to RdRp active sites, whereas
NNIs target allosteric enzyme binding sites. Therefore,
because both classes of drugs affect RdRp at different
sites, cross-resistance is not easily produced.

NIs can simulate natural polymerase nucleotide sub-
strates and act as a terminator that can be incorporated
into RNA. The highly conserved HCV RdRp activation
center showed that NIs have a similar efficacy on differ-
ent HCV genotypes, as well as a high barrier to and low
incidence of resistance genes.

Sofosbuvir can be used for the treatment of non-
genotype 1 HCV infection™*!. A randomized, double-
blind phase II clinical trial showed that treatment with
sofosbuvir, PeglFN-a, and RBV for 12 wk, followed by
subsequent treatment with PegIlFN-o and RBV for 12 or
36 wk, resulted in a SVR12 rate of 90% in HCV geno-
type 1 patients, which was similar to that in genotype 2/3
patients (92%)™. Another clinical trial showed that the
12-wk treatment of HCV genotype 1 naive patients with
sofosbuvir, PeglFN-o and RBV was safe and effective.
In addition, extended duration did not improve the effi-
cacy, although these results need to be further confirmed
by phase Il clinical trials™™. Tt is notable that no viral
breakthrough or resistance development during therapy
has been described. Because of the absence of cross-re-
sistance with the other DAAs, including NS5A inhibitors,
sofosbuvir can be used for salvage therapy.

Mericitabine is a nucleoside analog polymerase inhibi-
tor of HCV. Phase 1 clinical study data showed that the
treatment with mericitabine combined with PeglFN-o
and RBV was safe and well tolerated. In the triple regi-
men for 24 wk, the SVR rate in HCV genotype 1/4 treat-
ment-naive patients was higher than the SOC group[%]
The phase I MATTERHORN study showed that for
genotype 1a/1b prior null and partial responders after
the combined treatment with ritonavir, danoprevir, mer-
icitabine, PegIlFN-q and RBYV, the sustained virological
response at post-treatment week 4 (SVR4) reached 83%
and 100%, respectively. Currently, resistance mutants
have not been found.

The design of NNIs involves targeting one of at
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least five non-contiguous sites of RdRp allosteric en-
zymes, resulting in conformational changes that inhibit
the enzyme activity, which have limitations on the geno-
type compared with NIs. A low genetic barrier may soon
induce virus mutations. In phase [ and II clinical stud-
ies, the results showed that BI 207127 and VX-222, re-
gardless of whether they were combined with PegIFN-¢
treatment, can both improve the genotype 1 HCV
infection RVR or EVR rate and demonstrate good toler-
ance. However, reducing the treatment with PegIFN-o
resulted in a relatively high proportion of virological
breakthroughsmw].

Cyclosporine - a cyclophilin inhibitor: Cyclophilins
are a family of cell isomerases, including cyclophilins A,
B, and C. The importance of human cyclophilins in HCV
replication was confirmed by the anti-HCV activity of cy-
closporine A. The mechanism of action of cyclosporine
A involves NS5A and/or NS5B. Alisporivir (Debio-025)
is a derivative of cyclosporine A, which removed the im-
munosuppressive activity but retained the potent antiviral
activity against a wide range of HCV genotypes. All cy-
clophilin inhibitors have a high barrier to resistance. In
vitro studies have shown a lack of significant cross-resis-
tance with NS3/4A or other protease inhibitors. Motre-
over, there is an additive effect when cyclophilin inhibi-
tors are combined with PEGIFN-q. Thus, in addition to
having the advantage of once-daily administration, these

.. . P 50,51
agents are promising host-directed antivirals™",

Supplementation therapy: Iz vitro, vitamin B2 acts as
a natural inhibitor of HCV replication. A study assessed
the effect of vitamin Bi2 on the virological response in
antiviral therapy-naive patients with chronic HCV infec-
tion. The SVR rate was significantly higher in the SOC
plus Bi2 group than in the SOC group"™. At present, it
is also believed that vitamin D has an anti-HCV activ-
ity #n vitro that is mediated through its active metabolite,
calcitriol™. The SVR of treatment-naive patients with
chronic HCV genotype 1 or 2/3 infection is signifi-
cantly improved by adding vitamin D to conventional
PeglFN-q, and ribavirin therapy”*”. However, given the
very small number of available studies, additional studies
are needed to assess potential differences in the associa-
tions between vitamin Bi2/vitamin D and SVR for HCV.

The hematologic adverse events of PeglFN-o com-
bined with RBV therapy include anemia, thrombocy-
topenia, and leukopenia, which most frequently lead to
drug discontinuation or dose modifications. L-Carnitine
is a necessary nutrient factor in energy production and
has been proposed as a potential adjuvant treatment to
improve anemia, thrombocytopenia, and leukopenia.
A study comparing the PEGIFN-q plus RBV plus an
L-carnitine group versus the PEGIFN-q, plus RBV group
observed a significant improvement in SVR for 50% »s
25% of patientsm. This finding suggests that L-carnitine
supplementation may be useful in patients treated for
HCV. Other supplementations including erythropoietin,
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zinc and probiotics have been assessed in clinical studies,
but the effects of those on SVR are still not clear.

FACTORS AFFECTING THE EFFICACY OF
HCV ANTIVIRAL THERAPY

The main factors influencing the efficacy of HCV anti-
viral treatments are divided into two categories: viral and
host-related. The viral category includes the HCV geno-
type, baseline viral load, and virological response during

treatment, and the host category includes age, gender,
race, drinking habits, obesity, degree of liver fibrosis,
and IL28B gene polymorphisms. In particular, IL.28B
gene polymorphisms are associated with the SVR. With
approved DAAs on the market, more clinical treatment
choices have been provided. The efficient and reliable
prediction of the efficacy is essential to create individual
antivirus solutions, improve the efficacy, reduce the side
effects, and lower the treatment cost.

Viral factors

HCYV genotype: Genotype plays an important role in
predicting the response to the SOC treatments and deter-
mining the appropriate antiviral treatment. The response
of patients with HCV genotype 1/4/5/6 infection is
worse than that of patients with genotype 2/3 infection.
DAAs are mainly used for the treatment of HCV geno-
type 1 infection. Although the effects of partial drugs on
non-type 1 infection have been evaluated, there have been
no sufficient data to clarify the relationship between the
genotype and the effect of DAAs. Short-term data from
a study on sofosbuvir indicated that the treatment with
sofosbuvir combined with the SOC regimen resulted in
a SVR12 of 91% in genotype 1 treatment-naive patients
and 92% in patients with genotype 2/3. Another study
showed that sofosbuvir combined with RBV resulted in a
SVR rate of 84% in genotype 1 treatment-naive patients
and 100% in patients with genotype 2/ 3% Whether the
HCV genotype affects the efficacy of DAA treatment
remains to be confirmed by further studies.

Baseline viral load: Many studies have demonstrated
that, regardless of the HCV genotype, a low baseline vi-
ral load (before treatment, HCV RINA < 600000-800000
IU/mL) was an independent predictive factor of the
SVR"™* 1n this range, the impact of the changes in
the HCV RNA concentration on the SVR was not linear;
when the HCV RNA was lower than 400000 1U/mL,
an increase in the amount of virus decreases the SVR
rate. However, an HCV RNA concentration higher than
400000 TU/mL results in a relatively stable SVR rate",
In 2011, the European guidelines for the prevention and
treatment of hepatitis C suggested that if the baseline
viral load was less than 400000-800000 IU/mL, the
course of treatment for genotype 1/4 naive patients who
received RVR can be shortened to 24 wk and that for

patients with genotype 2/3 may be shortened to 12-16
w1

December 21, 2013 | Volume 19 | Issue 47 |



Zhu Y et a/. Antiviral therapy for HCV infection

Virological response during treatment: Using differ-
ent patterns of response such as RVR, EVR, and delayed
virological response (DVR: not having achieved RVR and
EVR but testing negative for HCV RNA before the 24"
wk) to predict the efficacy, determine the duration, and
tailor the program can maximize benefits, rationalize the
course of treatment, and minimize the recurrence rate. In
the 2011 European guidelines[m] for the prevention and
treatment of hepatitis C, the following adjustments are
made. For the genotype 1/4 patients, if the baseline viral
load was low before treatment and RVR was acquired
after treatment, the duration could be reduced to 24 wk.
If the patient acquired DVR, the duration should be pro-
longed to 72 wk to reduce the recurrence rate. For the
genotype 2/3 patents, if the baseline viral load was low
and RVR was acquired, the duration could be shortened
to 12-16 wk. For patients who did not acquire RVR and
EVR or only acquired DVR or exhibit combined effects
from other factors (such as obesity and insulin resis-
tance), as long as the viral load was undetectable at the
24" wk, the duration could be extended to 48 or 72 wk.
Regardless of the genotype, if the viral load decreased
to less than 21og IU/mL at the 12™ wk and HCV RNA
can still be detected at the 24" wk, the treatment could
be discontinued. RGT principles are also applied to NS3
protease inhibitors. For HCV genotype 1 naive patients,
using telaprevir or boceprevir combined with SOC and
having acquired RVR and EVR, shortening the duration
can be considered, but for patients with liver cirrhosis, a
recommended treatment for 48 wk would be appropri-
ate. The simeprevir results show that, according to the
RGT principle, the treatment duration in HCV genotype
1 naive patients can be shortened to 24 wk, but further
research is needed to confirm this recommendation”™
The existing faldaprevir data show that extending the du-
ration from 24 wk to 48 wk did not increase the SVR rate
in HCV genotype 1 naive patients who achieved RVR
and EVR, but for the previous treatment failure patients,

a 48-wk course should be considered”".

Host factors

Polymorphisms of the ILZ8B gene: In 2009, three ge-
nome-wide association studies (GWAS) found that single
nucleotide polymorphisms (SNPs) in the IL.-28B gene,
located on chromosome 19, are associated with hepatitis
C treatment efficacy'™*". In patients with HCV type 1
infection, Ge ¢z al™ found that 1s12979860 (3 kilobases
upstream of the II.28B gene encoding the type Il inter-
feron IFN-13) showed a strong correlation with the treat-
ment response. The SVR rate of SOC in CHC patients
carrying the CC genotype was 2-3 times higher than that
in patients not carrying the genotype. A Japanese study
showed that rs8099917 was correlated with the HCV
treatment response and was one of the most important
predictors of non-response after the logistic regression
analysis™. The frequency difference in different popu-
lations with the rs12979860 CC genotype is very large,
with East Asians having the highest frequency of the CC
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genotype[()z], followed by Europeans, and with Africans
having the lowest frequencym. In a multivariate regres-
sion model, the IL28B polymorphism was the best pre-
dictor of treatment response, being better than the ethnic
background, baseline viral load, degree of liver fibrosis,
fasting glucose level, BMI, and other predictors[()(’]. Hal-
fon et al”” analyzed the predictive values of 1512979860
and rs8099917 in 198 patients with HCV genotype 1 with
respect to their response to treatment and showed that
rs12979860 seemed to be sufficient for clinical decisions.
EASL guidelines showed that IL28B polymorphisms can
be used to predict treatment response but have a low
predictive value®. In contrast, AASLD argues that for
determining the treatment regimen (SOC regimen com-
bined with or without DAA), the IL28B polymorphism is
a very strong predictor™

The predictive value of IL28B polymorphisms is
not only limited to SOC regimen but has also been
demonstrated in a study from Japan in patients receiv-
ing triple therapy with telaprevir. The study showed that
rs12979860 and 1s8099917 were associated with SVR,
and the univariate and multivariate analyses confirmed
that rs8099917 can be used as an independent predic-
tor of the SVR. Similar results were also found in
other studies on the SOC treatments combined with
DAAs"™. An IFN-free study of mericitabine as a
monotherapy or in combination with danoprevir showed
that the rs12979860 CC genotype was related to faster
and eatlier viral decline™.

Thus, the II.28B gene has a better predictive value
with respect to not only the SOC but also DAAs. How-
ever, further research is still needed to confirm these
observations.

Hepatic steatosis and other negative predictors: The
value of steatosis as a negative predictor of response to
anti-HCV therapy was confirmed in two large clinical tri-
als. In one study, 574 HCV patients treated with the SOC
were evaluated, and the results showed that the presence
of steatosis reduces the likelithood of achieving EVR
and SVR in genotype-1 infected patients”sl. In another
study, 231 HCV patients treated with the SOC were
evaluated””. The results showed that steatosis negatively
affected SVR in HCV genotype non-3-infected patients.
In the last year, new data showing that steatosis is also
an independent predictor of relapse in genotype 3 have
been publishedm. Steatosis has been associated with
significantly higher rates of relapse, irrespective of viral
load, in patients infected with HCV genotype 3 who had
a rapid virological response (RVR) . Several studies™ ™.
have shown that RVR consistently remains an important
determinant of SVR in patients with HCV genotype 2
or 3. Recent studies have confirmed that RVR is a good
indicator for SVR in genotype 2, but not in genotype 3,
in which steatosis is a predictor of relapse. This suggests
that the underlying pathogenic mechanisms of steatosis
differ between genotype 3 and other genotypes and may
influence response to IFN-based therapy. These data sug-
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gest that new therapeutic strategies are necessary for this
subgroup of HCV genotype 378,

Other adverse predictive factors affecting the efficacy
of HCV treatment include liver cirrhosis’”, age = 40
years old™ insulin resistance®* and metabolic syn-
drome™*. 1n patients with these factors, either the treat-
ment duration may need to be extended or the dose may

need to be increased.

CONCLUSION

PeglFFN-o combined with RBV is currently the most
classic and widely used standard treatment; however, its

limited efficacy and significant side effects, as well as the
absence of an HCV vaccine, promoted the development
of new drugs. In recent years, the development of HCV
antiviral drugs has progressed. Two HCV NS3 protease
inhibitors, telaprevir and boceprevir, were approved by
the United States FDA in 2011, and their combined treat-
ment with the SOC not only significantly improved the
SVR rate in HCV naive patients but also showed good
efficacy in patients with previous treatment failure. Many
other HCV NS3 protease inhibitors, NS5A inhibitors,
and NS5B RdRp inhibitors are in the final stage of clini-
cal trials and are likely to soon be approved as anti-HCV
drugs. DAAs have shown a trend toward a gradual re-
placement of the SOC scheme. Although the efficacy of
DAAs is significantly improved, the incidence of treat-
ment-related side effects appears to be high, and because
of the direct-acting antiviral effect, resistance mutations
appear to be more likely to appear. Therefore, the imple-
mentation of personalized treatment approaches is very
important. The application of many HCV antiviral drugs
provides clinicians with more effective treatment choices
for CHC. Host genetic factors guide individualized treat-
ment strategies and aid in determining the best treatment
plan for each patient. Polymorphisms in the IL.28B gene
have been used in clinical practice to help determine anti-
HCV treatment strategies. Genetic markers need further
verification, which can be performed in the preclinical
testing stage. At the same time, accurately predicting the
success of treatment and the progression of the disease
will enhance the treatment compliance of patients, which
will aid in maximizing the treatment effect.

Although DAAs show good potential, it is difficult to
completely overcome the associated drug toxicity and oc-
currence of drug resistance; thus, not all patients can be
cured by antiviral therapy. Therefore, determining how
to prevent infection with HCV is an important research
direction. Over the years, HCV vaccine development
strategies are mostly based on the viral genome, unable
to overcome HCV high variability, and starting from the
human genome to explore other ways to prevent HCV
infection may open up a new era in infection prevention
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