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Abstract: Hepatitis C virus (HCV] infection results in a chronic carrier state in 80% of
individuals infected with the virus and presently affects over 170 million people worldwide.
Approximately 20% of those chronically infected will ultimately progress to develop cirrhosis
and death due to end-stage liver disease or hepatocellular carcinoma (HCC). Unlike many
other chronic viral infections, effective treatments for HCV are available. Cure from the
infection is known as a sustained virologic response (SVR). SVR is associated with reversal of
the long-term outcomes of chronic liver disease, decrease in incidence of HCC, and decrease
HCV attributable mortality. The current FDA approved therapies for hepatitis C virus genotype
1 (GT-1) include pegylated interferon (PEG-IFN) and ribavirin (RBV) in combination with a
directly acting antiviral agent (DAA). New therapeutic advances are being made aiming to
simplify management, improve the tolerability of treatment, and shorten the duration of
therapy. Moreover, treatment regimens that will effectively eradicate hepatitis C without

the use of interferon formulations (IFN) are being developed. In this review, we report the
transition of HCV therapeutics from an interferon-a based combination therapy to an all-oral,

directly acting antiviral therapy.
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Introduction

Hepatitis C virus (HCV) infects an estimated 170
million individuals worldwide [Mohd Hanafiah
et al. 2013] and about 4 million people in the
United States [Armstrong ez al. 2006]. Most indi-
viduals with acute HCV infection will progress to
chronicity and over time will develop liver fibrosis.
Progressive liver fibrosis can lead to cirrhosis and
decompensated liver disease in due course. A total
of 25% of all cirrhotic patients will also develop
hepatocellular carcinoma (HCC). Today, HCV is
the primary cause of liver transplantation in the
United States and Western Europe [Alter er al.
1999; Davis et al. 2010; Salmon-Ceron ez al. 2009].

HCV exists as six closely related, yet distinct known
genotypes (GTs). The most common GTs found
in the United States are G'T-1, -2, and -3 (GT-1-3)
[Germer et al. 2011; Delwart et al. 2012; Manos
et al. 2012]. Interestingly, GT-3 is associated
with the development of hepatic steatosis

[Rubbia-Brandt ez al. 2000]. Since the discovery of
HCV in 1989 [Choo er al. 1989], strategies to
eradicate HCV have evolved rapidly. The need for
a simple therapeutic regimen with fewer side effects
allowing lower dropout rates, and improved overall
efficacy cannot be over emphasized (Figure 1).

Sustained virologic response (SVR) is defined as
the absence of detectable levels of plasma HCV
RNA 12 weeks after the completion of therapy
[Swain ez al. 2010]. Patients who achieve SVR have
stable virologic remission over the years following
treatment and experience reversal of liver fibrosis
and better liver-related outcomes [Swain er al.
2010]. SVR is therefore the equivalent to success-
ful treatment of HCV. In monoinfected individu-
als, SVR has been linked to a decrease liver-related
morbidity such as: decrease in liver decompensa-
tion, decrease in required liver transplantation,
incidence of HCC and a decrease in all cause and
liver-related mortality [Zator and Chung, 2013].
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Figure 1. Evolution of treatment for hepatitis C.

Type I interferons were initially used to treat hep-
atitis C successfully [Renault and Hoofnagle,
1989]. Subsequently, ribavirin (RBV), an antivi-
ral agent, was added to improve cure rates
[Mchutchison ez al. 1998; Poynard ez al. 1998].
Interferon oo (IFN) is administered as subcutane-
ous injection while RBV is administered orally.
Several steps of HCV lifecycle are blocked i vitro
by IFN and their products, as well as by RBV
(Figure 2). Recently, directly acting antivirals
(DAAs) that target various stages of the HCV life-
cycle have been developed. Two of these antivi-
rals, telaprevir (TPV) and boceprevir (BOC),
have been approved by the FDA for use in combi-
nation with pegylated interferon (PEG-IFN) and
RBYV for patients with HCV GT-1 and are associ-
ated with modest rates of cure, but significant
dose-limiting adverse events (Table 1).
Furthermore, SVR rates with interferon-based
combination therapy have historically been poor
in subgroups of HCV-infected patients such as
African Americans, Hispanics, patients coinfected
with HIV, patients with advanced liver disease,
and those who have previously failed HCV treat-
ment [Chung ez al. 2004; Muir et al. 2004]. The
basis for poor response manifested by various
suboptimal outcomes to IFN-based therapy in
these patients is not completely understood
(Table 2). There is an urgent need for more effec-
tive treatment options for chronic HCV infection
in all infected patients, regardless of baseline
prognostic factors, since untreated, the disease
may progress to liver fibrosis, cirrhosis, decom-
pensated liver disease, HCC, and death.
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HCV therapeutics are rapidly emerging with
approaches that are highly successful for the erad-
ication of HCV without the use of injectable IFN
formulations and RBV. This evolution is expected
to revolutionize the care of HCV by offering sim-
ple regimens that are better tolerated and provide
high rates of SVR, with shortened treatment
duration. This transformation of DAA therapy
will likely increase the number of patients who
will engage in care and receive HCV treatment.

Sooner or later, it is expected that treatment for
chronic HCV be so simplified that management will
move from specialists to general internists. In the
near future, HCV treatment may be delivered to
patients by their primary care providers. The objec-
tive of this review is to describe the steady, fast-paced
progress in HCV therapeutics from an IFN-based
therapy to IFN-sparing or IFN-free regimens.

Pegylated interferon and ribavirin

At the start of the millennium, two major advances
in the management of hepatitis C took place: one,
the approval by FDA of PEG-IFN for the treat-
ment of HCV infection, that allowed weekly sub-
cutaneous injection instead of the previous daily
or thrice weekly injection with standard IFN; and
the other, the use of weight-based RBV (1-1.2g/
day). By the mid-2000s, it was established that
PEG-IFN-a2a or PEG-IFN-02b could be used
in combination with weight-based RBV for GT-1-
infected patients, or with flat-dosed RBV for
GT-2- or GT-3-infected patients, and that this
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Figure 2. Drug targets in the lifecycle of the hepatitis C virus.

combination was better than treatment with
standard IFN and RBV.

HCV lifecycle and new targets for DAA therapy
HCV preferentially infects hepatocytes and under-
goes transcription to form a complementary negative
sense RNA molecule, which forms the template for
the production of positive stranded RNA molecules
(Figure 2). HCV genome is composed of approxi-
mately 9000 nucleotides and generates structural
and nonstructural (NS) proteins. The structural pro-
teins are used to assemble new viral particles and the
NS proteins support viral RNA replication. The
NS3/4A is a serine protease (NS3) and cofactor
(NS4A) that catalyzes the post-translational process-
ing of NS proteins from the polyprotein, which is
important for viral replication. The products released
go on to form a replicative complex (NS5A) respon-
sible for producing viral RNA using the RNA
dependent/RNA polymerase (INS5B). Finally, virions
are assembled, packaged and released.

HCV NS3/4A serine protease inhibitors

The NS3/4A serine protease is required for self-
cleavage during viral replication. Targeting this
protease may therefore restore IFN responsive-
ness as well as inhibiting viral replication. TPV,
BOC, and simeprevir are all examples of HCV
protease inhibitors.

HCV NS5B inhibitors

The HCV polymerase inhibitors are another
promising DAA class. These molecules are
divided into nucleoside/nucleotide competitive
polymerase inhibitors and allosteric inhibitors of
RNA polymerase. Nucleoside/nucleotide poly-
merase inhibitors have a high barrier to resist-
ance and appear to be effective across a broad
range of genotypes. Allosteric polymerase inhibi-
tors have a lower barrier of resistance and appear
to be genotype specific. Whereas the nucleoside
inhibitors bind to the polymerase’s active site,
the allosteric inhibitors bind to allosteric sites of
the enzyme. This induces conformational
changes that downregulate the polymerase’s
activity. Different binding sites disposed in a
right-hand motif with the thumb (thumb 1 and
thumb 2), finger and palm (palm 1 and palm 2)
domains are potential targets of allosteric inhibi-
tors. As a result of different target sites, mecha-
nism of inhibition, and potency differences,
allosteric inhibitors have a low genetic barrier to
resistance compared with nucleoside/nucleotide
analogs (Figure 2). Sofosbuvir is an example of
nucleotide analog.

HCV NS5A inhibitors

Because of its critical involvement in viral repli-
cation and assembly, NS5A has been identified
as a target for viral inhibition, leading to
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Table 1. Agents available to treat HCV: mechanisms, activity and major adverse events.

development of therapeutic agents. Inhibition of
NS5A at picomolar concentrations has been
associated with significant reductions in HCV
RNA levels in cell culture-based models, which
makes these agents among the most potent anti-
viral molecules yet developed. NS5A inhibitors
have pan-genotypic activity, i.e. they suppress
replication of all HCV genotypes, but their anti-
viral effectiveness against genotypes other than 1
may vary from one molecule to another.
Daclatasvir and ledipasvir are examples of NS5A
inhibitors.

http://taj.sagepub.com

Combination therapy with PEG-IFN, RBV and
a DAA

Combination therapy with PEG-IFN, RBV and a
HCV NS3/4A serine protease inhibitor

BOC and TPV, both selective inhibitors of HCV
NS3/4 serine protease, were developed and found
to be effective in treating HCV-infected GT-1
patients in combination with PEG-IFN and RBV.
Both agents are not indicated for use in GT-2 and
GT-3 patients. Combination therapy using TPV
or BOC with PEG-IFN and RBV resulted in
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Table 2. Clinical responses to directly acting antiviral treatment.

Response Definition

Outcome

Viral breakthrough

Detectable HCV RNA after
previously undetectable HCV RNA

Failure with emergence of viral
resistance

while receiving therapy

Relapse

Undetectable HCV RNA on
therapy with detectable HCV RNA

Failure with or without
emergence of viral resistance

after stopping therapy

Sustained virologic response

Undetectable HCV RNA 12 weeks
after stopping therapy

Functional cure for hepatitis C
infection

HCV, hepatitis C virus HCV; RNA, ribonucleic acid.

higher rates of SVR for the treatment of HCV
GT-1 in treatment naive patients (range 61-75%)
compared with treatment with PEG-IFN + RBV
(range 38-49%) [Hezode ez al. 2009; Mchutchison
et al. 2009; Kwo er al. 2010; Jacobson et al. 2011;
Poordad ez al. 2011; Sherman et al. 2011; Kumada
et al. 2012].

Both TPV and BOC are used quite differently as
part of combination therapy. For example, TPV +
PEG-IFN + RBV were used as combination tri-
ple therapy for 12 weeks, followed by PEG-IFN +
RBYV alone for the duration of treatment. However,
BOC is added to PEG-IFN + RBYV for the dura-
tion of treatment after a 4-week lead-in phase
with PEG-IFN + RBV alone. SVR outcomes
were measured following response-guided ther-
apy. Response-guided therapy is defined as short-
ened duration of treatment (24 versus 48 weeks
for TPV and 28 versus 48 weeks for BOC) for
patients who achieved early viral load declines. In
this regard, those patients who achieve undetect-
able HCV RNA levels at weeks 8 and 24 and
weeks 4 and 12 for TPV- and BOC-containing
regimens, respectively, can be treated for 24 and
28 weeks, respectively. SVR rates were found to
be similar with response-guided treatment as well
as extended treatment [Bacon ez al. 2011; Poordad
et al. 2011; Sherman et al. 2011]. There are sev-
eral host factors that determine poor response to
IFN-containing therapy, such as African American
race. Only one study reported [Poordad ez al.
2011] a subanalysis of African American patients
(n=159 participants), which showed an improve-
ment in SVR with BOC + PEG + RBV (SVR
53%) over PEG + RBV alone (SVR 23%). Hence,
the addition of BOC could improve SVR rates
among African Americans infected with hepatitis
C GT-1. Both agents were studied among those
patients who have experienced treatment with
IFN and RBV in the past [Mchutchison er al.

2010; Bacon et al. 2011; Zeuzem et al. 2011;
Flamm er al. 2013]. Among the previous IFN-
experienced GT-1 patients, previous partial
responders and relapsers had significant improve-
ment in SVR rates when treated with TPV- or
BOC-containing regimens for up to 48 weeks
(range 69-83%) as compared with PEG-IFN +
RBYV alone in all studies (range 20-29%), while
previous null responders had modest increases in
SVR using TVP-based therapy (range 39-56%
versus range 9-17%) [Mchutchison et al. 2010;
Zeuzem er al. 2011]. Hence, addition of either
BOC or TPV resulted in significantly higher rates
of SVR among partial responders and relapsers.
To date, there are no extensive data on the treat-
ment of HCV infection in African American
patients, Hispanic patients, or patients with
advanced liver disease using regimens that include
TPV or BOC. Treatment recommendations for
these subpopulations are mainly based on expert
opinion. The addition of BOC to PEG-IFN +
RBYV regimens results in increased incidence of
anemia, dysgeusia, and neutropenia compared
with PEG-IFN + RBV alone [Kwo ez al. 2010;
Poordad et al. 2011]. The addition of TPV to
PEG-IFN + RBV regimens is associated with
increased fatigue, pyrexia, nausea, diarrhea, hem-
orrhoids, pruritus ani, rashes, alopecia, insomnia,
and anemia [Mchutchison ez al. 2009; Jacobson
et al. 2011]. Given the diversity in adverse events
reported, no formal statistical comparison of
adverse events on various treatment regimens was
performed, but the rates of discontinuation of
medications was higher in treatment arms con-
taining TPV or BOC than PEG-IFN + RBV alone
(range 9-26% versus 8—25% versus 2—16%, respec-
tively). In summary, the addition of a protease
inhibitor increases the adverse event profile of
HCV treatment and affects compliance and abil-
ity to complete treatment duration in most
patients. In this regard, the CUPIC trial
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demonstrated that patients with cirrhosis who are
more likely to benefit immediately from HCV
treatment are also more likely to experience more
adverse events [Hezode, 2014].

e PEG-IFN + RBV + BOC for 28 or 48 weeks for
GT-1 patients.

e PEG-IFN + RBV + TPV for 24 or 48 weeks for
GT-1 patients.

Combination therapy with PEG-IFN, RBV

and a second-generation protease inhibitor,
simeprevir

Simeprevir, an HCV NS3/4 serine protease inhib-
itor, was recently developed and used to treat hep-
atitis C GT-1 patients in combination with
PEG-IFN and RBV. There were four separate
clinical trials that evaluated this combination and
demonstrated superior rates of SVR (79-86%)
when 12 weeks of simeprevir was used with PEG-
IFN and RBYV, followed by 12-36 weeks of PEG-
IFN and RBV as compared with PEG-IFN and
RBYV alone in treatment-naive patients and relaps-
ers [Fried et al. 2013; Hayashi et al. 2014; Jannsen-
Therapeutics, 2013]. In these studies, 90% of
patients had an early viral load decline (HCV
RNA undetectable at 4 and 12 weeks) and were
eligible to stop therapy at 24 weeks using the
response-guided therapy approach. This response
rate is much higher than what was obtained with
the use of first-generation protease inhibitors,
BOC and TPV. There was no difference in SVR in
patients treated with either 12 or 24 weeks of
simeprevir in combination with PEG-IFN and
RBYV, which justifies the use of simeprevir for the
initial 12 weeks followed by PEG-IFN and RBV
for the rest of the duration of treatment. These
results demonstrate that use of simeprevir along
with PEG-IFN and RBV allows for a 24 weeks
treatment regime. Combination therapy with
simeprevir was also evaluated in the treatment of
previous null and partial responders. The addition
of simeprevir (12-48 weeks) + PEG-IFN + RBV
(48 weeks) in previous null and partial responders
and relapsers showed high rates of SVR (67-80%)
compared with PEG-IFN + RBV [Jacobson et al.
2013a]. However, similar to what was observed
with BOC- and TPV-based combination thera-
pies, SVR rates were lower in subgroups of null
responders (41-59%) and partial responders (65—
86%) than previous relapsers (76-89%). Due to
the advances in techniques that allowed us to eval-
uate HCV polymorphisms and mutations, SVR

rates for simeprevir-based regimens were evalu-
ated based on preexisting mutations in the NS3/4A
region. Interestingly, SVR rates were lower in
treatment-naive and treatment experienced HCV
GT-1a patients with a baseline NS3 Q80K poly-
morphism compared with patients without the
polymorphism (26-31% difference in SVR). This
polymorphism is rarely observed in GT1b and
hence response rates for GT1b were higher than
GTl1a in these studies. Simeprevir was approved
by FDA in late 2013 for the treatment of HCV
chronic infection as a component of a combina-
tion antiviral treatment regimen. Simeprevir ther-
apy is reserved for those patients infected with all
GT-1b and GT-1a without Q80K polymorphism.
This would require all GT-1a-infected patients to
undergo sequencing analysis to rule out the pres-
ence of Q80K mutation.

The use of second-generation protease inhibitor
(simeprevir) for the treatment of HCV chronic
infection as a component of a combination antivi-
ral treatment regimen allows for a shorter length
of therapy, usually 24 weeks in most people.
Simeprevir is also associated with less-severe and
less-frequent gastrointestinal, dermatological and
hematological side effects [Jannsen-Therapeutics,
2013] when compared with the first-generation
counterparts (BOC and TVP).

e PEG-IFN + RBV + simeprevir for 12 weeks
followed by PEG-IFN + RBV for an additional
12-36 weeks for GT-1b and GT-1a patients
without Q80K mutation in NS3/4A patients.

Combination therapy using PEG-IFN, RBY

and a novel HCV NS5B polymerase inhibitor,
sofosbuvir

Recently, a novel, first-in-class HCV RNA
dependent RNA polymerase inhibitor (NS5B),
sofosbuvir, was approved by FDA for the treat-
ment of chronic hepatitis C as a component of a
combination antiviral treatment. Phase III clinical
trial using combination therapy with PEG-IFN,
weight-based RBV and sofosbuvir for 12 weeks
resulted in high SVR rates in GT-1, GT-4, GT-5
and GT-6 patients (89-90%) [Kowdley et al.
2013; Lawitz er al. 2013a, 2013b]. Even though
there was no comparator arm, the rates of SVR
were significantly higher than what would have
been historical control arm for the patients. There
was no added benefit to extending duration of
treatment to 24 weeks or use the response-guided

http://taj.sagepub.com
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therapy approach (SVR 89-91%). The addition
of sofosbuvir to PEG-IFN and RBV reduces the
total duration of treatment and adds little to the
overall adverse event profile.

e PEG-IFN + RBV + sofosbuvir for 12 weeks for
GT-1, GT-4, GT-5 and GT-6 patients.

IFN-free DAA therapy

The field of HCV therapeutics has exploded with
newer potent antiviral agents allowing for a vari-
ety of combination therapy with or without the
use of concomitant IFNs or RBV. Furthermore,
novel DAA therapy offers the additional advan-
tage of short duration, low pill burden and favora-
ble side-effect profile. Hence, DAA-only
therapeutics may provide us with a simple and
highly effective treatment for HCV. These combi-
nations have allowed to shorten the duration of
therapy even further and reduce the pill burden
with the promise of making HCV therapy simpler
and highly effective for those in the general popu-
lation infected with hepatitis C. Recently, treat-
ments of shortened durations with new classes of
potent DAAs (Figure 2), have been shown to
result in SVR with or without PEG + RBV. A
recent clinical trial showed high SVR rates (up to
83%) when daclatasvir, an NS5A replication
complex inhibitor of HCV, was used with PEG +
RBV for 48 weeks in GT-1 treatment-naive
patients [Pol ez al. 2012]. In patients infected with
HCV GT-1 four small studies evaluated various
IFN-free treatment regimens in HCV GT-1-
infected, treatment-naive patients resulting in
high SVR rates (range 84—100%) [Chayama ez al.
2012; Lok et al. 2012; Gane et al. 2013, Poordad
et al. 2013]. A combination of daclatasvir and
asuneprevir (NS3/4A inhibitor) was effective in
treating GT1b patients [Lok ez al. 2012]. However,
this regimen was not successful in treating GT-1a
subjects. A combination of ABT450/r (NS3/4A
inhibitor), ABT 267 (an NS5A inhibitor) and
ABT-333 (an NS5B inhibitor) with RBV resulted
in high rates of SVR in treatment-naive and treat-
ment-experienced GT-1 patients [Kowdley et al.
2014].

Single DAA therapy (sofosbuvir and RBV)

The first attempt to use an interferon free regi-
men for hepatitis C was attempted recently using
a combination of sofosbuvir and RBV. Sofosbuvir
has several unique characteristics that allowed

novel combination therapy regimens without the
use of interferon. Sofosbuvir is a one-pill-a-day
regimen that similar to interferon is active against
all genotypes [Lawitz ez al. 2013b]. It has an excel-
lent safety profile and is not associated with emer-
gence of resistance resulting in viral breakthroughs.
Hence, sofosbuvir was used in a regimen that
allowed treatment of hepatitis C without use of
Peg-IFN. All oral combination therapy with sofos-
buvir and RBV for 12-24 weeks in HCV GT-1
was evaluated in recent studies [Gane ez al. 2013;
Osinusi et al. 2013]. SVR rates using weight-based
dosing of RBV with sofosbuvir were higher in
GT-1 treatment-naive patients (SVR 68-84%)
[Lalezari et al. 2013; Osinusi ez al. 2013]. One
unique study compared sofosbuvir and RBV was
studied in patients with traditional bad prognostic
factors and resulted in high rates of SVR [Osinusi
et al. 2013]. Most experience for this combination
was conducted for GT-2 and GT-3 patients. In
patients with HCV GT-2 or GT-3, a study showed
higher rates of SVR after sofosbuvir + RBV for 12
weeks as compared with PEG + RBV for 24
weeks. For HCV GT-2-infected patients, SVR
rates were (SVR 97% wversus 78%) for each treat-
ment group respectively. However, for HCV
GT-3-infected patients, the improvement in SVR
rates in the sofosbuvir group was not observed
(SVR 56% versus 63%, respectively) [Lawitz er al.
2013b]. Extending the duration of sofosbuvir +
RBYV in subjects with HCV GT-2 infection mini-
mally change the outcome (SVR 86% versus 94%
at 12 and 16 weeks, respectively) [Jacobson et al.
2013b]. Extending the duration of treatment
from 12 to 16 weeks in the group of patients with
HCV GT-3 infection resulted in a significant
increase in the SVR rate (SVR 30% versus 62%,
respectively) [Jacobson ez al. 2013b]. Another
study confirmed the high SVR rate for sofosbuvir
+ RBYV in treatment-naive and treatment-experi-
enced GT-2 patients (SVR 93%) and showed an
improved SVR rate when this combination is used
for 24 weeks in patient with HCV GT-3 (SVR
80% ) [Gilead-Sciences, 2013].

e Sofosbuvir + RBV for 12 weeks for GT-2 patients.
e Sofosbuvir + RBV for 24 weeks for GT-3 patients.
e Sofosbuvir + RBV for 24 weeks for GT-1 patients.

Dual DAA combination therapy

More recently, combinations of these DAAs have
been effectively used without the use of IFN and
RBYV to achieve high rates of SVR. In an open-label
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study, 88 HCV-infected treatment-naive patients
(44 HCV GT-1 and 44 GT-2/3) were assigned to
daclatasvir + sofosbuvir with or without RBV for
24 weeks. The study expanded to include 123
additional patients that were randomly assigned to
daclatasvir + sofusbuvir, with or without RBV for
12 weeks (82 patients were treatment naive) or 24
weeks (41 patients with prior virologic failure with
TPV or BOC + PEG-IFN + RBV). For HCV
GT-1, high SVR rates (SVR 98%) were seen in
both treatment-naive and treatment-experienced
patients, at 12 weeks after the end of therapy
[Sulkowski ez al. 2014]. High SVR rates were also
seen at 12 weeks after the end of therapy for HCV
GT-2- and GT-3-infected patients with SVR of
92% and 89%, respectively. High rates of SVR at
week 12 were observed in HCV GT-1a and GT-1b
(SVR 98% and 100%, respectively). SVR rates in
patients with CC and non-CC IL28B genotypes
were also high (SVR 94% and 98%, respectively)
[Sulkowski er al. 2014]. In this open-label study,
once-daily oral sofosbuvir and daclatasvir was
associated with high SVR in patients infected with
HCV GT-1, GT=2 and GT-3, including patients
with no response to prior therapy with TPV or
BOC [Sulkowski et al. 2014].

Triple DAA combination therapy

In another phase IIB, randomized, open-label
trial of faldeprevir (a NS3/4A protease inhibitor)
and deleobuvir (a nonnucleoside NS5B polymer-
ase inhibitor) [Zeuzem ez al. 2013], 362 treat-
ment-naive patients infected with HCV GT-1
were assigned to one of five groups: faldeprevir
120mg once daily + deleovubir 600mg three
times daily + RBV for 16, 28, or 40 weeks
(TID16W, TID28W, or TID40W, respectively);
faldeprevir 120mg once daily + deleobuvir at
600 mgtwice daily + RBV for 28 weeks (BID28W);
or faldeprevir 120mg once daily + deleobuvir
600mg three times daily, without RBV for 28
weeks (TID28W-NR). The primary endpoint
SVR at 12 weeks after completion of therapy was
met in 59% in the TID16W group, 59% of
patients in the TID28W group, 52% of patients in
the TID40W group, 69% of patients in the
BID28W group, and 39% of patients in the
TID28W-NR group. In this study, SVR rates
were 56—-85% among patients with HCV GT-1b
infection, as compared with 11-47% among
patients with HCV GT-1a infection. SVR rates in
patients with CC and non-CC IL.28B genotypes
were 58-84% and 33-64%, respectively. The SVR
at 12 weeks after the completion of therapy was

52-59% among patients who received IFN-free
treatment with faldaprevir + deleobuvir +RBV.

In regimens using daclatasvir or sofosbuvir with
PEG-IFN + RBYV, the range of patients who dis-
continued therapy increased with treatment dura-
tion from 12 weeks (range 0-6%) to 24 weeks
(range 2-14%) to 48 weeks (range 8-33%). More
data from ongoing clinical trials are needed before
a safety profile for these combinations can be
established.

Concluding remarks

HCV therapy is steadily moving from an immune-
based, long-term therapy with significant adverse
events and modest efficacy to an all oral, well-
tolerated, DAA, short-term, and more efficacious
regimen. Today, an IFN-sparing regimen is only
recommended for those infected with GT-2 and
GT-3 and for GT-1 if they are intolerant or ineli-
gible to be treated with IFN a. However, it is
highly likely that an IFN-free regimen will be
available for treatment of all genotypes of HCV
in the near future. To date, several DAA have
been developed and are currently being evalu-
ated in various combinations in clinical trials.
The recommendations for HCV therapy could
soon become complex and confusing. The
authors refer the reader to follow the Joint IAS-
USA-IDSA-AASLD expert panel guidelines
available online as a dynamic document which
will be regularly updated with new information
on current management strategies for chronic
hepatitis C (see http://www.aasld.org). Changes
to guidelines for treatment of HCV can be
expected as new regimens are developed and new
agents are approved by FDA. In addition, given
the recently published CDC guidelines [CDC,
2012] recommending birth-cohort screening for
HCV infection, many new HCV diagnoses can
be expected in the United States. The increase
awareness of HCV infection and the increased
detection by testing will identify large numbers of
chronically infected individuals. The recent
advances in HCV therapeutics are in the verge of
a paradigm shift in the treatment of chronic hep-
atitis C into a routinely curable disease. The
availability of shorter, simpler, well-tolerated
treatment regimens can have a major impact in
reducing the morbidity and mortality associated
with HCV infection. This has major implications
in public health and in personalized medicine tai-
lored for the specific needs of a particular HCV-
infected patient.
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A major factor to consider is the cost of curing
HCYV, which at the moment is substantial. It is
unrealistic to expect that 170 million people with
chronic hepatitis C infection worldwide can be
cured with existing regimens. Moving forward,
there will have to be a global strategy to test and
diagnose HCV infected individuals, link them to
care, and provide them with effective treatments
that are simple to dispense, to take, and to adhere
to. At this time, deferring HCV treatment in
patients with early liver disease, while impending
simpler and more effective and affordable regi-
mens are available, seems reasonable.
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