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Summary

Chronic infection with hepatitis C virus (HCV) is a major global health problem—there are
approximately 120-130 million chronic infections worldwide. Since discovery of HCV 24 y ago,
there has been a relentless effort to develop successful antiviral therapies. Studies of interferon- O
(IFN)-based therapies have helped define treatment parameters, and these treatment strategies
have cured a substantial percentage of patients. However, IFN must be injected, and there are
problems with tolerability, adherence, and incomplete response in a large percentage of patients.
New drug candidates designed to target the virus or the host have recently been introduced at an
unprecedented pace. In phase I-I11 studies, these agents have exceeded expectations and achieved
rates of response previously not thought possible. We are therefore entering a new era of therapy
for HCV infection and interferon independence.
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HCV Structure and Life Cycle

Interferon

HCV has a positive-stranded RNA genome with a single long open-reading frame that is
translated into a large polyprotein and processed by host and viral proteases into structural
and nonstructural (NS) proteins.t All steps in the HCV life cycle can be considered
vulnerable to pharmacologic intervention, including entry, translation, RNA replication,
assembly, and export of progeny viruses (Fig. 1). Viral enzymes and proteins involved in
essential functions of the HCV lifecycle are the most common targets for new drugs which
are now called direct-acting antiviral agents (DAAS). Host cellular proteins that are essential
for the viral life cycle may also be responsive to antiviral intervention and these compounds
are termed host-targeted antiviral agents (HTA). This review will focus on those DAAS in
advanced clinical development that are moving HCV treatment paradigms to IFN-free
regimens. These include NS3/4A protease inhibitors (P1), nucleoside/nucleotide and non-
nucleoside inhibitors (NI and NNI respectively) of the RNA-dependent RNA polymerase
(RdRp), and NS5A inhibitors (Fig. 1).

and Ribavirin

Type | interferon-a (IFN) is the prototypical HTA and was the first effective antiviral agent
used against chronic HCV infection even before the viral species was identified.2 IFN
monotherapy achieved only low rates of sustained virologic responses (SVR), however, later
combination regimens of pegylated IFN and ribavirin (RBV) led to SVR rates of nearly 50%
in patients entered into large clinical trials.3 Numerous trials during the IFN era established
working guidelines for optimal treatment outcomes and the concept of response guided
management for patients with different host and viral variables emerged. Although these
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principles are solid and continue to guide new DAA drug development, new IFN-free
regimens have re-defined treatment intervals and some response parameters.

Type | IFN exerts primary antiviral activities against both RNA and DNA viruses through
numerous interferon-stimulated gene (ISG) products which antagonize HCV replication and
within hours decrease serum viral load. Different ISGs target both host and viral processes
resulting in a broad antiviral attack.? In response, HCV evolved highly efficient mechanisms
to evade host IFN signaling at key pathogen recognition points that limit the antiviral
effectiveness of IFN-based therapies and impair the host's ability to resolve acute infection.®

IFN gene expression is variable at the cellular level and in some patients ISG expression is
diminished.# Those patients with reduced 1SG expression appear more sensitive to
exogenous IFN therapy. IFN sensitivity is significantly associated with single nucleotide
polymorphisms (SNP) located in the interleukin 28B (IL28B) gene promoter region.
Genotype for the most commonly used SNP, rs12979860 (CC, CT or TT), is strongly
associated with treatment outcome, with CC patients showing highest rates of SVR as
compared to patients with a T allele.8 Interestingly, in chronically infected persons, the
responsive CC genotype is inversely correlated with ISG expression 7.

RBYV has limited direct antiviral effects when given alone, yet in combination with IFN
promotes a major increase in SVR by accelerating the long term decline of HCV RNAS.
However, the primary mechanism whereby RBV enhances SVR in patients is not clear.
Pharmacologically, RBV is a synthetic guanosine analog, but the drug shows multiple other
intracellular drug actions such as promotion of viral mutagenesis, enhancement of 1SG
expression, and immunomodulatory behavior.?

Antiviral treatment response

Interferon therapy initially defined patient response parameters. SVR was defined as HCV
becoming undetectable in blood during treatment and remaining so 24 weeks after the end of
treatment, as assessed using a sensitive viral detection method, (LOD: <10-15 IU/mL)
Responder/relapsers (RR) achieve undetectable HCV RNA during therapy, yet virus re-
appears post treatment. Partial responders (PR) show more than a 2 log drop by week 12
without loss of detectable virus; and null responders (NR) do not achieve a 2 log drop in
viral load by week 12. While this terminology has persisted into the DAA era, more
prognostic, shorter-term response intervals are now emerging that reflect the more rapid
kinetic decline of virus seen with DAAs. Recent data indicate that undetectable HCV RNA
at 12 weeks post treatment is highly reliable to predict SVR.10

SVR is considered curative with presumed clearance of all HCV-infected cells in the
patient's body. Viral kinetic modeling studies performed on patient blood samples
established two viral disappearance rates during IFN treatment that are necessary to achieve
a SVR.1 (i) a rapid phase | decline in circulating HCV RNA indicating inhibition of viral
production, and (ii) a significant second phase decline in circulating HCV RNA that is steep
enough to ensure complete eradication of virus from liver cells during the treatment time.
Otherwise infected cells remain and rapidly restore infection after treatment is completed.
PR and NR have decreased phase | slopes, resulting from sub-optimal drug dosing, and/or
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insufficient host response. Early modeling data with DAAs suggest that the more effective
the drug, the earlier HCV RNA can be eliminated from infected cells resulting in overall
shorter treatment duration.12 Understanding of DAA viral clearance kinetics will be
important for drug selection for IFN-free regimens.

Classes and Mechanisms of DAA (Table 1)

Protease Inhibitors (PI)

The NS3/4A protease complex cleaves all NS proteins from the polyprotein downstream
from the NS2-3 junction. The protease domain comprises the amino-terminal third of NS3
and must be complexed with the NS4A fragment for optimal proteolytic activity and
subcellular location. The catalytic active site is long and shallow as compared to other
serine-activated proteases, which initially made design of Pls challenging.

The first generation Pls telaprevir and boceprevir contain ketoamide moieties that tightly
“trap” the catalytic serine of the active site irreversibly.13 These genotype 1 specific drugs
cannot be used as monotherapy because of rapid emergence of resistant variants and were
approved only for use with IFN/RBV. Second-wave, first-generation Pls such as simeprevir,
(genotypes 1, 2, 4 and 6) 14 danoprevir, (genotypes 1,4, and 6) and others 1 have improved
resistance profiles in addition to expanded genotype sensitivities.

Nucleos(t)ide Polymerase Inhibitors (NI)

NIs are analogues of natural RdRp substrates and are incorporated into the RNA chain at the
highly conserved enzyme active site and abruptly terminate replication. In vitro and in vivo,
NIs demonstrate broad genotypic anti-viral activity with high barrier to resistance.18
Because of high resistance barrier, NlIs are a prudent choice to serve as a “backbone” to IFN-
free DAA regimens. NI development was initially hampered by problems with candidate
drug toxicity.1”- 1 However, promising drugs such as sofosbuvir are now in phase 111 testing
with others in development (Table 1).1°.

Non-nucleoside Polymerase Inhibitors (NNI)

NNIs bind to one of four allosteric sites (Thumb I and Il; Palm I and 11) on the polymerase,
thus causing decreased enzymatic performance. These drugs generally have a low genetic
barrier to resistance 16 and are genotype or subtype dependent. In spite of these
shortcomings, phase 1l trials of NNIs in combination with other DAASs have yielded
promising results as discussed below. NNIs may be an effective combination with protease
inhibitors because there is no cross-resistance with common PI variants.20

NS5A Inhibitors

NS5A is a non-enzymatic RNA-binding phosphoprotein required for RNA replication and
assembly of infectious particles. The protein is an attractive drug target because it has no
known human homologues. In HCV replicon cells, inhibition of NS5A disrupts formation of
new replication complexes.2! A number of NS5A inhibitors have been developed (Table 1)
and are currently in early to mid-phase clinical testing. Daclatasvir (DCV) is the most
advanced NS5A inhibitor showing activity in the picomolar range, broad genotypic
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sensitivity, and once daily administration. However, in spite of robust activity, 22 the drug
has a low resistance barrier to subtype 1a and selected mutants have good invitroand in
vivo fitness in the presence of the compound.23

Drug pharmacology and resistance

Resistance is an ongoing concern for all DAAs because of untoward effects on treatment
outcome. DAA resistance arises during treatment because there is selection pressure for viral
variants with amino acid substitutions at the drug target that are less susceptible to drug
inhibition .24 Recent work has shown that drug-resistant variants do not arise as new viral
mutations, but preexist constitutively as minor groups within the patient's quasispecies
population, generated by the error prone RdRp. The variants have reduced replicative
capacity but increased drug resistance as compared to wild type virus and survive to fill the
vacant replication space. Secondary mutations can theoretically restore the fitness of the
resistant virus in vivo, allowing replication to reach near-baseline levels and even to persist
after drug withdrawal. 24

In the host, viral resistance is influenced by three major factors.24 (i) The genetic barrier to
resistance, defined as the number of amino acid substitutions needed for a viral variant to
acquire full drug resistance. If only a single substitution is needed for drug resistance, then
the drug is considered to have a low genetic barrier to resistance. If three or more
substitutions are needed then the drug has a high genetic barrier. (ii) The in vivo fitness of
the variant population, defined as its ability to survive and grow in the replicative
environment. A selected resistant variant must have the capacity to propagate in order to fill
in the replication space left vacant by the susceptible “wild-type* virus during drug
exposure. Thus, a highly resistant but poorly fit virus will be less clinically significant than a
less resistant but fitter virus that can replicate efficiently in the presence of the drug. (iii)
Drug exposure, defined as the drug concentration achieved in the relevant cellular
compartment in vivo relative to the IC50-1C90/EC50-EC90s (where 1C50 or 90 = 50 or 90%
maximal inhibitor concentration and EC50 or 90 = 50 or 90% maximal effective
concentration) of resistant variants. If drug levels achieved in vivo are far above these IC/EC
values, then resistant variants will be efficiently inhibited, even if they are far less sensitive
than the wild-type virus in vitro.

All of the major classes of DAASs have been shown to select resistant viral species in vitro.
Clinically, PI monotherapy selects resistant viral populations within a few days or weeks,
depending on the level of drug exposure. The first generation PIs, share cross-resistance in
vitro with substitutions (in order of increasing in vitro resistance) that include: V36A/M/C,
T54A/S, R155K/T/Q, V36A/M+R155K/T, A156V, and V36A/M+A156V/T.25 26 Subtype
1a has a lower genetic barrier to Pl resistance than does 1b. Newer second-generation Pls
such as MK-5172 have pan-genotype activity and increased resistance to most viral variants
that arise from first-generation Pls.27: 28

The highly conserved active site of the RdRp results in a high drug resistance barrier. Early
in vitro studies showed that drug-induced mutations in the polymerase active site result in
moderate loss of antiviral activity, but with a costly reduction in replicative capacity for the
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virus.2® Thus, mutations are seldom seen in vivo.39 In contrast, non-competitive inhibition
of the polymerase by NNIs results in low barriers to resistance because viral mutations at
allosteric sites are easily accommodated by the virus without dramatic loss of fitness.
Fortunately, there is a general lack of cross-resistance of NNI specific for different allosteric
sites.29

Viral inhibition with NS5A inhibitors leads to several resistance mutations in at least two
locations on the NS5A protein. Current NS5A inhibitors in development, such as DCV and
GS-5885, have a lower resistance barrier for genotype 1a than for genotype 1b.23 Multiple
potential mutation sites were shown in genotype 1a patients after GS-5885 administration
while genotype 1b patients showed only a single focused site.3!

Although the appearance of resistance mutations during antiviral therapy always generates
concern, it is not known whether mutant HCV promote greater disease activity. Resistant
variants diminish after discontinuation of the failed DAA and it is not known whether these
patients would be harder to treat with other DAAs. Consequently, retreatment of resistant
patients with another DAA agent is reasonable, provided the new drug is not less potent and
does not share cross-resistance with the initial drug. Lessons learned from HIV and recent
data obtained with DAA IFN-free trials indicate that clinical resistance can be managed with
prudent drug combinations.

The path to interferon freedom

Seminal phase 3 clinical trials with telaprevir and boceprevir provided the first proof of
concept that DAAs, added to an IFN/RBV regimen, could increase SVR and shorten
treatment duration. Either Pl in combination with IFN/RBV boosted SVR rates nearly two
fold in genotype 1 therapy-naive patients after response-guided therapy.32-34 Experienced
RR and NR patients also showed improved SVR with triple therapies as compared to
conventional combination therapy (69-88% and 33-59% respectively). 35-37

The advent of triple therapy revealed new patient barriers further complicating an already
rigorous regimen of IFN/RBV. Both telaprevir and boceprevir have low tolerability and a
high pill burden contributing to suboptimal treatment adherence. Because these are additive
side effects to IFN/RBV, an unacceptable percentage of patients cannot tolerate triple
therapy or are simply unwilling to undergo IFN-based regimens because of poor quality of
life and anticipation for IFN-free protocols.

Development of IFN-free DAA regimens

Experimental treatment of chimpanzees provided the first evidence that SVR could be
achieved without IFN using a combination of NI (MK-0608), and PI (MK-7009).38 The
INFORM-1 trial provided the first evidence in humans that DAAs from different drug
classes can overcome drug resistance, at least in the short-term. In naive and IFN NR
patients, Gane et al, tested antiviral activities of danoprevir, a macrocyclic PI plus the NI
mericitabine.19 Patients received 14 days of DAA therapy before starting IFN/RBV at
intervals up to 14 days later. During this IFN-free period there was a biphasic decline of
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HCV RNA levels and no evidence of emergent resistance; thus opening the door for longer
treatment interventions with IFN-sparing regimens.

Proof of concept that patients could achieve SVR without IFN or RBV employed the NS5A
inhibitor, DCV, and a PI, asunaprevir, in 11 prior NRs 39 (table 3). Two genotype 1b
patients and 2 of 9 genotype 1a patients experienced SVR after 24 weeks of treatment,
which was well tolerated. Overall, 4 of 11 difficult-to-treat patients were cured with an all-
oral DAA regimen, while in contrast, 10 additional subjects who received quadruple therapy
with DCV and asunaprevir plus IFN/RBV all achieved SVR.39 P resistant mutations were
primarily associated with treatment failure, though the NS5A resistance variant (Q30E) was
also detected at relapse. This study also documented that genotype 1 subtype can influence
the outcome of DAA regimens, quite similar to phase 111 findings from triple therapy
protocols.32: 33 Persons with genotype 1a showed inferior rates of response as compared to
those with genotype 1b, due to a more frequent selection of variants bearing amino acid
substitutions in both the NS5A and NS3 protease regions.

Further support for the efficacy of oral DCV/asunaprevir came from a Japanese study of 10
prior NRs infected with genotype 1b.40 SVR with 24 weeks of treatment even without RBV
was 90%, suggesting that combination of two potent DAA drugs (one with a low barrier to
resistance, the other one with a high barrier for this subtype) can suffice to produce SVR
(table 3).

With the initial proof of concept that HCV can be successfully treated without interferon,
clinical research on a global scale has focused on DAA treatment parameters for optimal
responses. Successful strategies include combinations of different classes of DAAS that have
sufficient antiviral potency with non-overlapping resistance profiles. Whether it is
advantageous to have one drug with a high barrier to viral resistance remains unsettled. IFN-
free studies are best understood if viewed from the perspective of one, two, or three drug
combinations used together with or without RBV (Tables 2, 3 and 4, respectively).

One DAA with or without RBV

Studies of a single NI given alone or in combination with RBV (ELECTRON) have provided
exciting IFN-free treatment data (Table 2). 35 naive patients were treated with once daily
sofosbuvir (SOF) and RBV for 12 weeks without IFN.#1 Ten genotype 2/3 and 25 genotype
1 patients achieved SVR rates of 100% and 84% respectively. The high percentage SVR in
the genotype 1 patients occurred in spite of the fact that 88% were subtype 1a and over half
had unfavorable IL28B T allele.

Another 10 genotype 2/3 naive patients were treated with SOF monotherapy and 6 achieved
SVR. In contrast, only 1 of 10 genotype 1 prior NRs achieved SVR and treatment failure
was entirely due to viral relapse since all patients cleared virus on therapy.*! 80% of
relapsers had unfavorable 1L28B alleles and 90% were viral subtype 1a.

Although the significance of ELECTRON is limited due to small sample sizes, the study
made it clear that a potent NI in combination with RBV can produce SVR without IFN.
These results also emphasized the importance of RBV, since only 6/10 genotype 2/3
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infected persons achieved SVR without RBV as compared to 10/10 with RBV. ELECTRON
also showed that retreating prior NRs with IFN-free regimen can still result in a high viral
relapse rate in spite of the fact that most patients cleared virus on oral therapy. This implies
that longer treatment durations may be more efficacious in these patients.*!

In the SPARE trial, SOF in combination with full or half dosage RBV was given to 60 “hard
to treat” naive patients for 24 weeks.*2 The majority of subjects (70%) were viral subtype
1a, male (62%), AA (83%), non-CC 1L28 genotype (80%), BMI > 30 (48%), and nearly two
thirds had advanced liver disease (stage F3 or F4) with high viral loads. In the first group, 10
patients with early hepatic fibrosis scores were given SOF with full dosage ribavirin (RBV).
In the second group, 50 patients with all stages of fibrosis received SOF with only half
dosage RBV. All patients cleared virus by end of treatment and 100% of patients in the first
group, achieved SVR12. In the second group, 17/24 (68%) and 12/22 ( 48%) of those
patients receiving high and low dosage RBV respectively achieved SVR12. These findings
indicated that important variables for IFN-based therapy, such as fibrosis scores and
ribavirin, are also important for DAA only protocols. Whether known negative treatment
parameters can be overcome with more complicated multi-drug regimens remains to be
shown in “hard to treat” patients.

Results of three important phase 111 studies of SOF in combination with RBV in genotype
2,3 patients recently were recently reported (Table 2). POS TRON tested whether SOF/RBV
could be successfully used in a difficult population of patients who were unwilling to take,
or intolerant to IFN. After 12 weeks of SOF/RBV, 78% (161/207) achieved SVR12 with no
SAEs and a benign side effect profile as compared to IFN/RBV therapy.43

In FISSION, naive patients were randomized to receive either 24 weeks of IFN/RBV (n =
243) or 12 weeks of SOF/RBV (n = 256) to directly compare both regimens. Both groups
achieved an identical SVR rate of 67% indicating that the all oral regimen is not inferior to
the current standard of care for genotype 2/3 patients.*4

In FUSON, the length of treatment of SOF/RBV was compared between two groups of
patients who were prior RR to INF/RBV. Oral therapy was given for 12 (n = 103) or 16 (n =
98) weeks (Table 2). Patients treated 16 weeks (n = 98) showed higher rate of SVR (73%) as
compared to those treated 12 weeks (50%) (n = 103).43 In all the phase 111 studies, adverse
drug events have been relatively minor and far fewer patients discontinued treatment
because of an adverse event of SOF/RBV as compared to IFN/RBV. All in all, POSTRON,
FISSION and FUSION are key phase Il trials that hopefully will facilitate approval of SOF
in 2013.

Two DAAs with or without RBV

Early two-drug DAA protocols suggest that it is advantageous to have one DAA with a high
resistance barrier (Table 3). In a recent combination of SOF with the NS5A inhibitor DCV,
three groups each of naive genotype 1 or genotype 2/3 patients were given 23-24 weeks of
both DAASs with or without RBV. In subtype 1a/1b and genotype 2,3 patients SVR was
100% and 86-100% respectively.> Although there were small patient numbers in each
group, there were no significant differences in treatment outcomes due to RBV, genotype or
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other parameters. A later “add-on” of two groups of genotype 1, prior NRs, treated with

SOF + DCV, also showed 100% SVR regardless of ribavirin.#> Although direct comparisons
with other DAA combinations and “hard to treat” populations are needed, it appears that a
NI and NS5A inhibitor is a potent treatment combination.

SOUND-C2 evaluated a second wave, first-generation Pl, faldaprevir (B1201335) and a
NNI, BI207127, with or without RBV.46 This study included 314 genotype 1 naive patients
who were treated for 16-24 weeks. While there was no difference in SVR rates in groups as
a function of treatment length, there was a marked effect of RBV on SVR (69% vs 44% with
and without RBV, respectively). This study also documented differences in response
patterns according to subtype 1a and 1b as well as IL28B allele status. Response rates in
patients with subtype 1a were influenced by IL28B genotype with CC patients
demonstrating significantly higher SVRs than those having T allele. In contrast, subtype 1b
subjects showed high SVR rates irrespective of IL28B genotype. These data are in contrast
to those of SOF and DCV noted above which showed no effect of RBV, 1L28B genotype, or
1a/1b subtype on outcome. The CO-PILOT and PILOT phase Il studies separately assessed
the effects of two different NNIs combined with the same Pl on HCV genotype 1
patients.*’CO-PILOT included 50 patients of which 33 naive subjects were randomized to
two different daily dosages of the PI ABT-450/r (ritonavir boosted) together with the NNI,
ABT-333 and RBV. Seventeen treatment experienced patients also received ABT-450/r,
ABT-333 and RBV. A majority of both naive and NR patients were subtype 1a (table 3).
While SVR12 was achieved in 94% of treatment-naive patients at either dosage of ABT-450
only 47% of prior NRs achieved SVR, most likely because all NRs contained the IL28B T
haplotype. In the PILOT study ABT-450/r and the NNI ABT-072 plus RBV were given to
11 treatment naive genotype 1 patients (8 = 1a), all with IL28B CC, and 9 of 11 achieved
SVR24.

Another all-oral two DAA combination plus RBV was tested in the ZENITH trial.#8
Telaprevir and the NNI VX-222 together with RBV were given to genotype 1a or 1b naive
patients for 12 weeks, and if HCV was detectable at 2 or 8 weeks after start of therapy,
patients were given an additional 24 weeks of IFN/RBV. Of those patients with no
detectable virus at 2 or 8 weeks, (11 of 46 total patients treated), 9 (82%) went on to achieve
SVR12. In spite of the fact that early responders represented only 24% of all the patients
treated in the study, the data also verified that early viral clearance is a useful indicator for
eventual SVR.

Finally, considering all of the two DAA +/- RBV trials (Table 3), there was a noticeable
performance difference between regimens containing a high resistance barrier NI, as
compared to other combinations, although the numbers of patients treated were small. This
was especially apparent for prior NR and “hard to treat” patient cohorts. Whether this high
performance is a NI class effect will need clarification.

Three DAAs with or without RBV

The encouraging results of the CO-PILOT and PILOT studies gave rise to the phase Il study,
AVIATOR, the most comprehensive three DAA trial to date (Table 4).4° The PI ABT-450/r
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was combined with the NS5A inhibitor ABT-267 and the NNI ABT-333 with and without
RBYV for durations of 8, 12, or 24 weeks. The large study included 438 treatment naive and
133 prior NRs of which 66% had genotypela infection and over 70% were non-CC IL28B.
SVR12 and SVR24 rates were comparable and all were 90% or greater for naive as well as
prior NRs for patients receiving all four drugs for 12 or 24 weeks. Furthermore, there was

little, if any differences in SVR rates when data were tested for variables of RBV use, non-
CC IL28B genotype or viral 1a subtype in either null or treatment naive groups.

A similar three DAA combination showed as impressive SVR rates as the AVIATOR study,
but was conducted without RBV.0 Asunaprevir, the NNI BMS-791325, and DCV were
given to two groups of 16 genotype 1 patients for 24 or 12 weeks. The patient population
was well-represented for difficult to treat IL28B non-CC genotypes (72%), AA (25%) and a
majority were subtype la. SVR24 was 94% for those receiving 12 weeks of therapy. Two
additional groups of genotype 1 patients were treated for 24 or 12 weeks with twice the
dosage of BMS-791325 and achieved 94% SVR4 and 89% SVR12 respectively.?9 In both
three—drug studies, combinations were well-tolerated with only minor constitutional side
effects and no serious adverse events. Altogether, the triple DAA combination trials clearly
demonstrated that multiple drugs can potentially overcome the necessity for RBV, as well as
the adverse impact of unfavorable parameters such as IL28B non-C allele, subtype 1a, and
prior NR on the likelihood of SVR.

Persistent NRs and special populations of patients

Even with new, impressive IFN-free regimens treatment of groups such as NRs, cirrhotics,
HIV co-infections, and the immunosuppressed will remain challenging. Randomized testing
of DAAs in these groups as compared to “uncomplicated” patients will likely follow initial
approval of DAA regimens. Another point is whether patients with IFN insensitivity, clearly
important for IFN combinations, will remain a significant factor for DAA only regimens.
Some DAASs, such as Pls can restore endogenous IFN signaling pathways that are impaired
by viral proteins such as NS3/4A and restore IFN sensitivity.? Restoration of IFN sensitivity
with DAAs might facilitate resolution of HCV acute infection, immunological based
therapies, and immunization.

Epidemiological and clinical impact

The most obvious beneficiaries of IFN sparing regimens are persons who are intolerant or
insensitive to IFN and available information suggests the impact will be considerable. In
addition, as HCV treatment becomes safer and less complicated it will change patient and
provider perceptions of disease leading to expanded testing. Simpler regimens will allow
treatment in unconventional settings such as public health clinics or developing countries.
The degree to which these trends occur will determine the net impact of IFN-free treatments
worldwide.

Conclusions

With the advent of oral regimens that obviate IFN, it is clear that we have entered the final,
long awaited chapter of HCV therapeutics. IFN-free therapy is a major milestone in liver
disease that not only eliminates the IFN side effects barrier but it expands patient feasibility
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and eligibility for treatment. We can anticipate a number of new DAA combinations in the
coming years that will grow from the present exciting preliminary data and lead to true
interferon independence.
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Therapeutic Targets of the HCV Replication Cycle. DAA viral target sites in advanced
clinical development are numbered 1-3.
ER, endoplasmic reticulum; LD, luminal domain
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Characteristic

Protease inhibitors

Nucleos(t)ide Polymerase inhibitors

Nonnucleoside Polymerase inhibitors

NS5A inhibitors

Potency

High; variable among
genotypes

Moderate-high; consistent across
genotype, subtype

Variable; variable among genotypes

High; multiple among
genotypes

Barrier to Resistance

Low gen la<1b

Very High; gen 1a = 1b

Very Low gen la< 1b

Low gen la< 1b

Asunaprevir
3ABT/50/r
3Danoprevir/r

Drug Interaction Potential High Low Variable Low to moderate
Toxicity Rash Anemia TBilirubin Mitochondrial Nuclear interactions Variable Variable
(ART, RBV)

Pharmacokinetics Variable; QD to TID QD Variable; QD to TID QD
Agents approved or in - 2 . 3o 3 .
late stage clinical trials JTelaprewr 4 Sofosbuvir 5 BI-207127 gaclataswr

Boceprevir Mericitabine BMS-791325 GS-5885
2Simeprevir 4VX-135 (ALS-2200) 3ABT-072 3ABT-267
3Faldepravir 3ABT-333
3

Comments

2nd generation Pls:
better barrier, pan-
genotypic

Single target active site

Allosteric; many targets

Multiple antiviral MOA

1
Currently approved for use

2Submitted to FDA [April, 2013]

3Curren’( phase 111 or in phase 111 planning

4
Current phase Il
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Drug and Trial RBV # Patients / Treatment Time (wks) 2 SVR (%) Reference
name genotype / SVR/Total
experience
Phasell
; 41
lSOF ELECTRON + 10/2,3/ naive 12 10/10 100% Gane et al 2013
0 10/2,3/ naive 12 6/10 60%
+ 25/1/ naive 12 22/25 88%
+ 10/1/null 12 1/10 10%
SOF SPARE Full: 60/1/naive 24 10/10 Full RBV 100% 420sinusi et al
1.2g9 [82% AA/ 72% 2013 and CROI
or geno 1a] 17/24 Full RBV | 68% SVR12 2013 Abstract
Half: #157LB
0.69 12/22 half RBV | 48% SVR12
daily
Phasel1l
SOF POSITRON + 207 /2,3 / naive 12 161/207 78% SVR12 43Jacobson et al.
2013
SOF FISSON + 256/ 2,3/ naive 12 170/253 67% SVR12 44 awitz et al.
2013
SOF FUSION + 103/2,3/null 12 50/100 50% SVR12 43Jacobson et al
2013
98/2,3/null 16 69/95 73% SVR12

1SOF = sofosbuvir

2SVR = SVR at 24 wks unless indicated otherwise.
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Two drug trial +/- RBV

Table 3
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Drug and Trial name RBV # Patients / Treatment Time (wks) SVR/Total % SVR Reference
genotype /
experience
SOF (NI) + DCV 15/ 1/ naive SOF x one wk then SOF + 15/15 100% 45sulkowski et al. 2013
(NS5A) DCV x 23 wks
14/ 1/ naive 24 14/14 100%
15/ 1/ naive 24 15/15 100%
16 /2,3 / naive SOF x one wk then SOF + 14/16 88%
DCV /23 wks
14/2,3/ naive 24 14/14 100%
14 /2,3 / naive 24 12/14 86%
20/1 /null 24 20/20 100
21/1 Inull 24 21/21 100
Asunaprevir (P1) + 2/1b/null 24 2/21b) 100% 1b 39 ok et al 2012
Daclatasvir (NS5A)
9/1a/null 2/9 1a 22% la
10/1b/ null 24 9/10 90 40Chayama 2012
18/ 1b/ null 24 15/18 83% SVR12 511 ok et al 2012
Faldaprevir (PI) + 314 /1/ naive 16 48/73 66% 52Zeuzem et al 2012
B1207127 (NNI)
SOUND-C2 28 47/67 70%
40 40/58 69%
28 54/75 2%
28 18/41 44%
ABT 450/ (PI) + 19/1/ naive 12 18/19 95% 47poordad et al. 2013
ABT-333 (NNI) CO- [250 ABT-450]
PILOT -
14/ 1/ naive 13/14 93%
[150 ABT-450]
17/1/null [150 8/17 47%
ABT-450
ABT 450 (PI) + 11/ 1/ naive 12 10/11 91% 53 awitz et al 2012
ABT-072 (NNI) PILOT
Telaprevir (P1) + 23/ 1a/ naive 12 55 1R 100% 48Jacobson et al. 2012
VX-222 (NNI) +/-
IFN/RBV ZENITH 23/1b / naive 12 4/6 ER 67%

lER = Early responders [patients without detectable virus at 2 or 8 weeks after start of DAA only regimen treated with oral therapy only 48]
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Table 4
Three drug trials +/- RBV
i 0,
Drug and RBV Patients (genotype 11) Time (wks) SVR12/ # patientsz (%) SVR Reference
Trial name
SVR12 | SVR24
ABT 450/r Naive “Kowdley
(PI) ABT 267 etal. 2013
(NS5A) ABT + 80 8 71/80 89% 88%
333 (NNI)
AVIATOR. + 79 12 78179 99% 96%
0 79 12 7179 90% 87%
+ No ABT267 41 12 35/41 85% 83%
+ No ABT333 79 12 72179 91% 89%
+ 80 24 74/80 93% 90%
Prior Null responders
+ 45 12 42/45 93% 93%
+ No ABT333 45 12 39/44 89% 89%
+ 43 24 23/24 98% 95%
Drug and RBV Patients/genotype/experience | Time (wks) SVR/pts SVR Reference
Trial name
DCV (NS5A) 0 16 /1 /naive 75mg BMS 24 15/16 94% SVR24 S0Everson
Asunaprevir 791325 etal. 2013
Gd))
BMS-791325 16 /1 / naive 75 mg 12 15/16 94% SVR36
(NNI) BMS-791325
16/ 1 /naive 150 mg 24 15/16 94% SVR4
BMS-791325
18/1 /naiive 150 mg 12 16/18 8 9% SVR12
BMS-791325

1Overall, 66% patients were genotype 1a and within groups, 1a and 1b well-mixed.

2Patients dosed with drug.
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