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Abstract: The launch of first-generation protease inhibitors (PIs) is a major step forward in HCV 

treatment. However, the major advance is up to now restricted to genotype 1 (GT-1) patients. 

The development of second-wave and second-generation PIs yields higher antiviral potency 

through plurigenotypic activity, more convenient daily administration, fewer side effects and, 

for the second-generation PIs, potential activity against resistance-associated variants. NS5B 

inhibitors include nucleoside/nucleotide inhibitors (NIs) and non-nucleotide inhibitors (NNIs). 

NIs have high efficacy across all genotypes. Sofosbuvir has highly potent antiviral activity 

across all genotypes in association with pegylated interferon and ribavirin (PR), thus allowing 

shortened treatment duration. NS5A inhibitors (NS5A.I) have highly potent antiviral activity. It 

has recently been shown for the first time that NS5A.I in combination with protease inhibitors 

can cure GT-1b null responders in an interferon-free regimen. Besides, several studies demon-

strate that interferon (IFN)-free regimens with direct-acting antiviral agent combinations are 

able to cure a large number of either naïve or treatment-experienced GT-1 patients. Moreover, 

quadruple regimen with PR is able to cure almost all GT-1 null responders. The development 

of pan-genotypic direct-acting antiviral agents (NIs or NS5A.I) allows new combinations with 

or without PR that increase the rate of sustained virological response for all patients, even for 

those with cirrhosis and independently of the genotype. Therefore, the near future of HCV 

treatment looks promising. The purpose of this article is to provide an overview of the clinical 

results recently reported for HCV treatment.

Keywords: SVR, direct antiviral agents, host-targeting agents, interferon-free regimen, pange-

notypic activity, cirrhosis

Introduction
Approximately 170–200 million people worldwide (3% of the world population) are 

chronically infected with the hepatitis C virus (HCV).1 HCV prevalence and genotype 

distribution vary around the world. Among the six identified HCV genotypes, genotype 

1 (GT-1) is the most prevalent worldwide; it was the most difficult to cure with the 

standard of care treatment: the combination of pegylated interferon (PEG-INF) alpha 

and ribavirin (RBV).

Chronic hepatitis C can lead to cirrhosis and subsequent complications such as 

hepatocellular carcinoma (HCC). Every year, more than 350,000 people woldwide die 

from hepatitis C-related liver diseases. The goal of HCV treatment is to achieve a sustained 

virological response (SVR), which is defined as undetectable HCV RNA, 6 months after 

cessation of therapy, leading to HCV clearance. SVR is associated with an improved 

histological outcome, and a reduction of morbidity and mortality.
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In 2011, the launch of the two first-generation protease 

inhibitors (PIs), boceprevir and telaprevir, was a major step 

forward for the treatment of GT-1–infected patients. Asso-

ciated with PEG-INF/RBV therapy (PR), these two drugs 

increase the chance of cure for naïve patients by 30%.2–4 The 

benefit is even greater in treatment-experienced patients: 

the chance of cure increases by 50%–60% for relapsers, 

40%–45% for partial responders, and 25% for null respond-

ers.5,6 However, only GT-1 patients benefit from this major 

advance. For the 50–70 million people infected with other 

HCV genotypes, the combination of PR remains the cur-

rent standard-of-care (SOC) treatment.7 The development of 

more effective treatments for non-GT-1 patients is essential, 

especially for GT-4 patients for whom SVR rates are relatively 

low with PR.

Different potential therapeutic targets in HCV life cycle 

have been identified. This has led to the development of 

both direct antiviral agents (DAA) and agents targeting 

the host functions, which are essential for viral replication. 

Besides the first-generation PIs boceprevir and telaprevir, 

DAA comprise second-wave and second-generation PIs, 

nucleos(t)-ide (NI) and non-nucleoside (NNI) inhibitors 

of the NS5B complex, and NS5A-inhibitors (NS5A.I). 

Host-targeting agents (HTA) are, for example, cyclophilin 

inhibitors and silibinin. Next-generation DAAs appear to 

be promising; they may enable interferon-free (INF-free) 

regimens for cirrhotic patients and even for patients with 

more advanced or decompensated cirrhosis.

The purpose of this article is to provide an overview of 

the recent clinical results concerning future HCV treatment 

of GT-1, non-GT-1, and cirrhotic patients.

Treatment of GT-1 patients beyond 
boceprevir and telaprevir
Triple therapy including boceprevir or telaprevir in combi-

nation with PR increases the SVR rates by 30% for naïve 

patients, and even more for treatment-experienced patients. 

However, this benefit is associated with the increase of 

side effects such as anemia and with the onset of new side 

effects: dysgeusia (nearly one-third of the patients treated 

with boceprevir) and cutaneous rash (55% of the patients 

treated with telaprevir).8 Moreover, the triple regimen results 

in the increase of treatment withdrawals due to adverse 

events. Concerning anemia management, these new treat-

ments have led to a new paradigm: for noncirrhotic patients, 

the ribavirin dose can be reduced without impairing SVR, 

even at early stages of treatment when HCV RNA is still 

detectable.9–11

Second-wave and second-generation PIs
The main weaknesses of the first-generation PIs are their low 

genetic barrier to resistance and the fact that their effective-

ness is limited to GT-1 patients. Second-wave PIs have a 

higher barrier to resistance, better activity against multiple 

genotypes except GT-3, more convenient dosing schedules, 

and improved safety and tolerance.12–14 Second-generation PIs 

are compounds that are broadly active against all genotypes 

and against viral isolates which carry resistance mutations for 

first-generation PIs.15–26 In combination with PR, the new PIs 

appear to achieve greater SVR rates than the first-generation 

PIs. These new treatments allow for more convenient admin-

istration schedules (one or two administrations per day); this 

could result in improved pharmacokinetics and better patient 

compliance. Besides, the safety profile seems to be good. 

The pan-genotypic activity of this new treatment provides 

new therapeutic options for a greater number of patients, in 

particular for those infected with GT-4.25,27–29

See Table 1 for an overview of the efficacy and the toler-

ance of the second-wave PIs, which are currently developed. 

Second-generation PIs are in early stage of development. 

MK-5172  in monotherapy demonstrates pan-genotypic 

activity;29 other molecules such as ACH-2684, AVL-181, and 

AVL-192 show promising results in vitro.30

NS5B polymerase-inhibitors (NS5B.I)
NS5B nucleoside/nucleotide inhibitors (NIs)
NIs mimic natural polymerase substrates and bind to NS5B 

active sites, thereby causing chain termination and increasing 

the number of errors when incorporated into a growing RNA 

chain. As these NS5B sites are well conserved among geno-

types, NIs tend to have activity across all genotypes.31 They also 

have the highest barrier to resistance of all DAAs so far.

The f irst NI developed was the nucleoside analog 

mericitabine. In triple regimen with PR, mericitabine shows 

less antiviral activity for GT-1 patients compared to triple 

regimen with PIs.32,33 However, it has high antiviral activity 

for GT-2 and GT-3 treatment-experienced patients and 

for GT-4 patients34 (Table  2). If included in the INF-free  

regimen with ritonavir-boosted danoprevir and ribavirin 

for treatment-experienced GT-1b patients, or in quadruple 

therapy with boosted danoprevir and PR for treatment-

experienced GT-1 patients, mericitabine leads to promising 

SVR rates20 (Table 3).

The pyrimidine nucleotide analog sofosbuvir has highly 

potent pan-genotypic antiviral activity and a high genetic 

barrier to resistance. In combination with ribavirin in an 

INF-free  regimen for 12 weeks, sofosbuvir achieves SVR 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2

Wendt et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Pharmacology: Advances and Applications 2014:6

rates from 84% to 100% for GT-1, GT-2, and GT-3 naïve 

patients. For treatment-experienced GT-1 patients, SVR rates 

are lower (11%); almost all patients relapse after treatment 

discontinuation.35,36 Triple regimen with PR for GT-1, GT-2, 

GT-3, GT-4, and GT-6 naïve patients achieves SVR rates 

from 88%–100%37–39 (Table 2). At the moment, sofosbuvir 

is also used in combination with PIs or NS5A.I (with or 

without ribavirin).

Non-nucleotide inhibitors (NNIs)
NNIs have a restricted spectrum of activity against the 

various genotypes, and a low barrier to resistance. They 

are active against GT-1, with less antiviral activity for 

GT-1a infected patients than for GT-1b infected patients. 

Table 2 gives an overview of the clinical efficacy of NNIs in 

combination with PR.40–45 They appear to have less antiviral 

activity compared to triple regimen with PIs or NS5A.I. 

Nevertheless, the fact that they target five different sites 

of the NS5B-polyprotein suggests that combinations with 

other NNIs or with different DAAs (PIs or NS5A.I) could 

be effective.

NS5A-complex-inhibitors (NS5A.I)
HCV NS5A is a phosphoprotein. It does not possess 

any enzymatic function, but has a crucial role in HCV 

replication. NS5A is comprised of three structural domains 

as well as an amphipathic alpha helix that functions in 

membrane localization. Domain I is essential for viral 

RNA replication. Domain II is involved in the binding 

to cyclophilin A. It has been postulated to play a role 

in antagonizing the innate immune response to HCV. 

Domain III seems to be important for the assembly of 

infectious viral particles.46 The f irst-in-class NS5A.I 

daclatasvir shows potent pan-genotypic antiviral activity. 

It has a low barrier to resistance. Especially GT-1a patients 

can select resistance-associated variants (RAVs) after a 

single administration.

In triple therapy with PR, daclatasvir demonstrates high 

antiviral potency for GT-1 and GT-4 naïve patients47 (Table 4). 

Studies with treatment-experienced GT-1 patients and with 

GT-2/3 are still ongoing.48,49

Quadruple therapy with daclatasvir in association with 

the PI asunaprevir and PR for 24 weeks results in SVR rates 

of more than 90% for GT-1 null responders (who are the 

most difficult to treat).26,50 However, this approach is feasible 

only for patients who can tolerate PEG-INF  and ribavirin. 

For cirrhotic patients, response rates are likely to be lower, 

while adverse event rates are probably higher.

Several INF-free regimens with daclatasvir have been 

studied. Dual therapy with daclatasvir and asunaprevir for 

24 weeks achieves SVR for 65%–78% of GT-1b patients 

who are previous null responders.50 Dual or triple therapy 

with daclatasvir or sofosbuvir (with or without ribavirin) 

for 24 weeks achieves SVR for 93%–100% of naïve GT-1 

patients and for 83%–100% of naïve GT-2/3 patients.51

Other NS5A.I are currently in development. In asso-

ciation with PR, ABT-267  shows promising on-treatment 

results.52 ledipasvir has been studied in quadruple regi-

men, either with PI and PR or in INF-free regimen with PI, 

NNI, and ribavirin.53 Second-generation NS5A.I, including 

MK-8742 and ACH-3102, have been developed, but clinical 

results are pending.

Host targeting agents (HTA) and other 
antiviral treatments
Cyclophilins are a highly conserved family of human 

enzymes involved in cellular processes associated with 

protein folding, transport, and secretion, as well as mito-

chondrial function and immune response.54 HCV can 

coopt cyclophilins as cofactors for viral replication. In 

the hepatocyte, cyclophilin A and B bind with the viral 

proteins NS5A, NS5B, and NS2 to form a replication com-

plex mediating the correct folding and trafficking of HCV 

proteins. Thus they are functioning as a positive modulator 

for HCV replication.55 Alisporivir (Debio 025) (ALV) is a 

nonimmunsuppressive form of cyclophilin inhibitor that 

shows a potent antiviral activity for many HCV genotypes, 

low resistance rates without cross-resistance to PI, NS5B.I, 

and NS5A.I. Phase II studies show increased SVR rates 

compared to PR for naïve G1 patients receiving a com-

bination of ALV and PR for at least 24 weeks. For GT-1 

treatment-experienced patients, ALV +  PR demonstrated 

higher complete early virological response compared to 

PR in relapsers, partial responders, and null responders.56 

Moreover, for GT-2/3 naïve patients, the possibility of an 

INF-free regimen has been studied.57 Among patients treated 

with only ALV or with RBV in combination, 22%–34% 

reach rapid virological response (RVR) and undergo 24 

weeks of INF-free treatment. SVR in this subgroup varies 

from 82% to 91%. These results demonstrate the ability 

of such a regimen to cure these patients.57 In the Phase II 

program, ALV appears to have a good safety profile, with 

rare cases of hyperbilirubinemia. However, during the Phase 

III program in April 2012, the US Food and Drug Admin-

istration (FDA) placed the ALV program on a full clinical 

hold and, all patients discontinued therapy. This was due to 
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a cluster of three cases of acute pancreatitis, one of them 

fatal, in the treatment group receiving ALV and PR. Two 

other cyclophilin inhibitors are currently in development 

(SCY-635, NIM-811). Cyclophilin inhibitors could be an 

important addition to DAAs in treatment combinations; they 

may be able to shorten and simplify therapy. They have the 

potential to be a cornerstone drug for an IFN-free regimen 

in combination with DAAs, because they have a high bar-

rier to resistance, no cross-resistance with DAAs, and a 

pan-genotypic activity. ALV development is likely to move 

forward, but will not be used in association with PEG-INF 

because of the potential risk of acute pancreatitis.

Therapeutic vaccines fail to show any signif icant 

positive results yet. GI-5005 is not able to increase SVR 

compared to PR alone, except in a subgroup of difficult-

to-treat patients. Other vaccines, such as ChronVac-C, 

IC41, and TG-4040, demonstrate limited antiviral activ-

ity.30,58 Polyclonal and monoclonal antibodies do not reach 

any endpoint in trials evaluating recurrence after liver 

transplantation. Toll-like receptors may enhance the host 

immune system against HCV; they are currently in the 

early development phase.

Silibinin is a flavonoid compound targeting the host cell. 

It is a direct inhibitor of HCV RNA-dependent RNA poly-

merase and a blocker of virus entry and transmission. It was 

recently proved to be successful in the treatment of previous 

PR nonresponders.59

Peg interferon lambda has the same antiviral efficacy as 

PEG-INF alpha, but significantly reduces side effects for 

GT-1 and GT-4 patients (even if they are cirrhotic).60 It may 

become a new alternative in combination with DAAs.

DAA combinations: the challenge  
of INF-free regimens
Most DAAs currently being developed for HCV treatment 

have been initially tested in combination with PR. The ratio-

nale of combination therapy is to increase viral potency, to 

decrease viral resistance, and to avoid the use of PEG-INF.

INF-related side effects remain a major problem in clini-

cal routine. They often affect the patient’s compliance and 

hinder treatment in cirrhotic patients or in those with HCV-

recurrence after liver transplantation. DAA combinations 

may permit association of molecules with different mecha-

nism of action, different resistance profiles, and high antiviral 

activity.

An overview of the efficacy and tolerability of DAA 

combination treatments with or without PEG-INF is outlined 

in Table 3.20,26,50,51,53,61–74
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Quadruple therapy with PEG-INF
Four studies20,26,50,75 have been reported so far. The first 

study (quadruple regimen, associating asunaprevir [PI], 

daclatasvir [NS5A.I], and PR for 24 weeks for previous 

GT-1 null responders) reports SVR rates over 90%. The 

second study by Gilead (associating a PI, a NS5A.I, and 

PR for treatment duration of 6 to 24 weeks for naïve GT-1 

patients) is ongoing.

Two studies combining a PI, an NS5B.I, and PR for GT-1 

patients have been reported. Telaprevir (PI) plus VX-222 

(NNI) and PR for 12 weeks followed by 12 weeks PR leads to 

SVR rates of 83%–90% for GT-1 naïve patients.75 Ritonavir-

boosted danoprevir (PI/r) in combination with mericitabine 

(NI) and PR for 24 weeks leads to SVR rates of 75%–96% 

for GT-1 previous partial responders and to SVR rates of 

73%–100% for GT-1 previous null responders. Overall, the 

results of quadruple therapy with PEG-INF show SVR rates 

over 90% for the most difficult-to-cure patients and a reason-

able safety profile.20

Two DAAs in INF-free regimens
The first proof of concept of INF-free regimens was given 

by the INFORM-1 study, which demonstrates that 13 days 

of dual therapy with danoprevir and mericitabine are able 

to induce a 5.1 log
10

 IU/mL decline from baseline for 

naïve GT-1 patients and a 4.9 log
10

 IU/mL decline from 

baseline for treatment-experienced null responders.61 

A full dual therapy with asunaprevir (PI) and daclatasvir 

(NS5A.I) without INF for GT-1b treatment-experienced 

null responders for 24 weeks shows SVR12 rates from 

65%–78% up to 91% (depending on the asunaprevir 

dosage).26,50,72 Recently, a dual therapy with daclatasvir 

(NS5A.I) and sofosbuvir (NI) for 24 weeks demonstrated 

SVR rates from 93%–100% for GT-1 naïve patients.51 

Currently, a study with simeprevir and sofosbuvir for 12 

or 24 weeks for GT-1 null responders is being conducted 

(Table 3).

Two DAAs and RBV in INF-free regimens
Four studies combine PIs, NNIs, and RBV (Table 3). The 

largest trial involves 362 GT-1 naïve patients. They are treated 

with faldaprevir (PI), BI-207127 (NNI), and RBV for 16 to 48 

weeks. SVR rates range from 55% to 84% for GT-1b patients 

and from 38% to 47% in GT-1a patients. A second-wave 

ritonavir-boosted PI (ABT-450) in association with NNIs 

and RBV for 12 weeks can achieve SVR rates of over 90% 

for GT-1 naïve patients (regardless of the HCV subtype 1a or 

1b). However, SVR rate was lower in GT-1 null responders. T
ab
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This suggests that such a combination is not optimal for this 

difficult-to-treat population.

The combination of ritonavir-boosted ABT-450 (PI), 

ABT-267 (NS5A.I), and RBV for 12 weeks increases SVR 

rates up to 89% for null responders.

The addition of RBV to the combination of daclatasvir 

(NS5A.I) and sofosbuvir (NI) for 24 weeks did not increase 

the SVR rate compared to dual therapy for GT-1 naïve 

patients.

Three DAAs with or without RBV in INF-free 
regimens
Three studies53,70,74 combine a second-wave PI, an NS5B.I, and 

an NS5A.I with or without RBV. The first study by Gilead 

et  al on naïve GT-1 patients associates GS-9451 (second-

wave PI), ledipasvir (NS5A.I) and tegobuvir (NNI) with or 

without RBV for 12 or 24 weeks; the SVR-rate is 97%. The 

second Phase II study associates asunaprevir (PI), daclatasvir 

(NS5A.I), and BMS-790052 (NNI) for 12 or 24 weeks for 

GT-1 naïve patients; the SVR rate is 94%. The third study 

associates a second-wave ritonavir-boosted PI (ABT-450/r), 

ABT-333 (NNI), ABT-267 (NS5A.I), and RBV for 12 weeks 

for GT-1 naïve or treatment-experienced patients; the SVR 

rate is 99% for GT-1 naïve patients and 93% for GT-1 null 

responders. The safety profiles of these regimens appear to 

be good.

Treatment of non-GT-1 patients
The treatment of non-GT1 patients is based on PR, which 

remains the SOC treatment.7 Worldwide, between 50 and 

70 million individuals are chronically infected with HCV 

GT-2 to GT-6.76 In some countries such as Egypt, the HCV 

patients have almost exclusively GT-4.

In observational cohorts like the PROPHESYS-cohort, 

the SVR rates are 41%, 61%, 59%–68%, and 71% for 

GT-4, GT-3, GT-5/6, and GT-2 patients, respectively.77 The 

GT-4 patients are currently the most difficult to treat. New 

treatments are needed for unsuccessfully treated non-GT-1 

patients: currently, the only option is a second course of 

PR, which results in poor SVR rates (19% to 34% for 

nonresponders and 46% for relapsers).78

Telaprevir and boceprevir in non-GT-1 
patients
Telaprevir monotherapy has an antiviral activity against HCV 

GT-2, but not against GT-3.79 Triple therapy with telaprevir 

for 2 weeks for GT-2 patients leads to a greater drop of HCV 

RNA level compared to the SOC treatment.79 In a Phase IIa 

study with 24 GT-4 patients, triple therapy with telaprevir 

for 2 weeks induces a greater reduction of HCV RNA level 

compared to the SOC treatment. However, after the continu-

ation of PR for 46 weeks, the SVR rates do not increase 

compared to the SOC treatment.80 The data on treatment with 

boceprevir is limited. Boceprevir monotherapy for 2 weeks 

induces a significant viral drop for GT-3 patients.81 However, 

no Phase II study exists for this population. Triple regimens 

with first-generation PIs have at most limited antiviral effec-

tiveness in GT-3 and GT-4 patients; this confirms the need 

for more potent combinations with pan- or plurigenotypic  

activity.

Beyond first-generation PIs
The second-wave and second-generation PIs seem to have a 

better activity against multiple genotypes. Second-wave PIs 

have no activity against GT-3 but a good efficacy on GT-4 

patients. Second-generation PIs (MK-5172, ACH-2684, 

AVL-181, AVL-192) are effective against all HCV genotypes 

in vitro.82

NIs (mericitabine and sofosbuvir) have similar efficacy 

against all genotypes and the highest barrier of resistance. 

Therefore, they appear to be among the most promising pan-

genotypic drugs.35 On the other hand, NNIs demonstrate no 

antiviral activity against non-GT-1 patients.

NS5A.I also have an antiviral efficacy against all geno-

types.46 The first-in-class NS5A.I demonstrate potent antiviral 

efficacy in triple regimen and in IFN-free regimen against 

GT-2, GT-3, and GT-4.

HTAs such as alisporivir demonstrate antiviral activities 

against GT-2, GT-3, and GT-4.83

Future GT-2 treatment
Simeprevir (TMC-435) monotherapy for 7 days demonstrates 

weak antiviral activity against GT-2 patients.84 MK-5172 

appears to be more promising in this setting. A combination 

study with PR for 12 or 24 weeks is ongoing. After 4 weeks 

of triple regimen with mericitabine and PR for GT-2/3 treat-

ment-failure patients, the RVR rate is 95% in the mericitabine 

arm versus 60% in the PR arm. Due to the short duration of 

the triple regimen, the high RVR rate does not transfer to a 

high SVR rate (only 63%).34 Sofosbuvir (GS-7977) 400 mg 

QD in association with PR for 12 weeks induces in Phase 

II studies an SVR for all patients. The same SVR rate is 

reached when naïve patients are treated in an IFN-free regi-

men with sofosbuvir and RBV for 12 weeks.35 For treatment-

experienced patients, the same regimen for 12 weeks leads to 

an SVR rate of 68%. In Phase III studies (POSITRON and 
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FISSION), IFN-free regimen with sofosbuvir and RBV for 

12 weeks yields an SVR rate of 92%–97% for GT-2 naïve 

patients. For this population, IFN-free regimen with a com-

bination of an NS5A.I and an NI appears to be of interest. 

A Phase II study combining daclatasvir and sofosbuvir with 

or without RBV for 24 weeks conducted with 44 GT-2 and 

GT-3 naïve patients demonstrates a 100% SVR rate among 

patients treated with DAAs only. The study shows that RBV, 

if added to this combination, does not increase the SVR rate.51 

HTAs such as alisporivir may also play an important role in 

combination with DAAs. In a Phase II study (VITAL), 346 

GT-2 and GT-3 naïve patients are randomized in 5 groups 

with different doses of ALV only or in combination with RBV 

with or without PEG-INF. In the three IFN-free arms, 22%, 

23%, and 34% of the patients reach RVR and are therefore 

maintained on the IFN-free regimen until week 24. Twelve 

weeks after cessation of treatment, the SVR rates range from 

82% to 93%.

This data suggests that the majority of GT-2 patients may 

soon be cured with a short course of DAA combination with 

or without RBV.

Future GT-3 treatment
Second-wave PIs have no effects on GT-3 patients. MK-5172 

appears to be more promising; a combination study with PR 

for 12 or 24 weeks is ongoing. For GT-2 and GT-3 treatment-

failure patients, 4 weeks of triple regimen with mericitabine 

and PR achieves an RVR rate of 95% (versus 60% for the PR 

arm). Again, the high RVR rate does not transfer to a high 

SVR rate (only 63%) due to the short duration of the triple 

regimen (see Future GT-2 treatment).34 In Phase II studies, 

sofosbuvir (GS-7977) 400 mg QD in association with PR 

for 12 weeks induces SVR for all patients. The same SVR 

rate is reached when naïve patients are treated in an IFN-free 

regimen with sofosbuvir and RBV for 12 weeks (see Future 

GT-2 treatment).35 SVR rates drop to 60% if sofosbuvir is 

used alone or if the RBV dose is reduced to 600 mg daily. As 

outlined in Section IIIc, the same regimen for 12 weeks leads 

to an SVR rate of 68% for treatment-experienced patients. 

In Phase III studies (POSITRON and FISSION), IFN-free 

regimen with sofosbuvir and RBV for 12 weeks results in 

an SVR rate of 56%–61% for GT-3 naïve patients. These 

results suggest that GT-3 patients are more difficult to cure 

with such short IFN-free regimens; a longer duration of treat-

ment and association with other DAAs (like pan-genotypic 

NS5A.I) is needed. A Phase II study combining daclatasvir 

and sofosbuvir with or without RBV for 24 weeks con-

ducted with 44 GT-2 and GT-3 naïve patients demonstrates 

a 100% SVR rate among patients treated with DAAs only. 

The study shows that RBV, if added to this combination, 

does not increase the SVR rate.51 HTAs such as alisporivir 

may also play an important role in combination with DAAs. 

In a Phase II study (VITAL), 346 GT-2 and GT-3 naïve 

patients are randomized in five groups with different doses 

of ALV only or in combination with RBV with or without 

PEG-INF. In the three IFN-free arms, 22%, 23%, and 34% 

of the patients reach RVR and are therefore maintained on 

the IFN-free regimen until week 24. Twelve weeks after 

cessation of treatment, the SVR rates range from 82% to 

93% (see Future GT-2 treatment).

As for GT-2 patients, this data suggests that the majority 

of GT-3 patients may soon be cured with a short course of 

DAA combination with or without RBV. However, for some 

patients, combination therapy with PEG-INF and RBV is 

still required.

Future GT-4 treatment
Simeprevir monotherapy is able to induce a mean viral 

decrease of 3.52 log
10

 IU/mL after 8 days of treatment for 

naïve GT-4 patients.84 Ritonavir-boosted danoprevir in asso-

ciation with PR for 24 weeks has cured all 29 GT-4 naïve 

patients treated so far.28 Asunaprevir is currently studied in 

an ongoing trial in combination with PR for various dura-

tions (24 to 48 weeks) for naïve GT-4 patients. Mericitabine 

in combination with PR appears to achieve comparable 

SVR rates to the SOC treatment for GT-4 naïve patients.85 

Sofosbuvir 400  g daily in combination with PR for 24 

weeks induces an end-of-treatment induces a SVR-rate of 

82% in all eleven GT-4 naïve patients.39 Daclatasvir 60 mg 

daily in association with PR for 24 weeks reaches SVR for 

all 12 GT-4 naïve patients.47 There are two ongoing studies 

with GT-4 treatment-experienced patients. The first one 

evaluates the combination of daclatasvir, asunaprevir, and 

PR for 24 weeks; the second one evaluates the combina-

tion of ritonavir-boosted danoprevir, mericitabine and PR 

for 24 weeks. Moreover, there are several ongoing studies 

with IFN-free regimens for GT-4 naïve patients: the com-

bination of ABT-450/r (PI), ABT-267 (NS5A.I), and RBV 

for 12 weeks; the combination of asunaprevir, daclatasvir 

plus BMS-790052 (NNI) for 12 or 24 weeks; the combi-

nation of sofosbuvir, ledipasvir (NS5A.I), and RBV for  

12 weeks.

In conclusion, clinical results with DAAs are sparse 

for GT-4 patients. However, the reported results are 

promising, and suggest that the vast majority of GT-4 

patients can be cured either with triple or quadruple 
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regimen including PR. Also, IFN-free DAA combinations 

including PIs, NS5A.I, and NIs may be a good option.

Future GT-5 and GT-6 treatment
Clinical results concerning the use of DAAs for GT-5 and 

GT-6 HCV infections are limited.

Simeprevir monotherapy induces a significant mean 

decrease of viremia of 4.35 log
10

 IU/mL after 8 days for the 

GT-6 patients; the mean decrease for GT-5 patients is only 

2.19 log
10

 IU/mL (2.71 log
10

 IU/mL at day 3).84

Five GT-6 patients are included in the ATOMIC study. 

Under a combination therapy with sofosbuvir (GS-7977) 

400 mg QD, PEG-INF, and RBV for 24 weeks, both the RVR 

rate at week 4 and the SVR rate 12 weeks after the end of the 

treatment are 100%.86

Cirrhotic patients
Cirrhotic patients require HCV treatment most urgently: 

HCV-clearance allows both a significant decrease of fibrosis 

and potential cirrhosis reversal and a significant decrease of 

cirrhosis-related complications.

Triple therapy with first-generation PIs
GT-1 patients with severe fibrosis or compensated cirrhosis 

benefit from adequate triple therapy with first-generation PIs, 

even if the increase of the SVR rate is less significant than 

for noncirrhotic patients.2–6

Compared to PR, a triple therapy with boceprevir leads 

to an increase of the SVR rate of 14% for naïve GT-1 cir-

rhotic patients. For patients with mild or moderate fibrosis, 

the SVR rate increases even by 30%.2 With telaprevir, the 

SVR rate increases by 10%–30% for cirrhotic patients, 

compared to 30% for noncirrhotic patients.3,4 Treatment-

experienced patients benefit more from triple therapy with 

either boceprevir or telaprevir if they are previous relapsers 

than if they are partial responders.5,6 For null responders, 

the benefit is limited, and needs to be weighted against the 

increase of side effects.

Cirrhosis is one of the negative predictive factors for 

the response to triple therapy. In Phase III studies with 

boceprevir and telaprevir, cirrhotic patients have lower 

RVR rates, more frequent relapses, and always require 

long fixed duration therapy (4 weeks of PR lead-in fol-

lowed by 44 weeks of triple regimen with boceprevir; 

12 weeks of triple regimen with telaprevir followed by 

36 weeks of PR).

In Phase III studies, serious adverse events occur for 

approximately 10% of the patients with both drugs. Serious 

adverse events are higher for cirrhotic patients. (Note 

however, that the number of cirrhotic patients in these 

studies is limited.) In the real-life setting of the French 

CUPIC cohort, which includes more than 600 treatment-

experienced cirrhotic patients, it is demonstrated that the 

number of serious adverse events increases dramatically 

for cirrhotic patients after 16 weeks of treatments: by 38% 

with boceprevir and by 49% with telaprevir.87 Six patients 

died, mainly related to infection or hepatic decompensation. 

In multivariate analysis, two baseline factors are predictive 

for death infection or hepatic decompensation: platelet 

count ,100,000/mm3 and serum albumin level ,35 g/L. 

As expected, anemia is frequent and severe for cirrhotic 

patients treated with PIs in the CUPIC cohort. Despite 

the use of erythropoietin for nearly half of the patients, 

blood transfusion rate is high (6.3% with boceprevir and 

16% with telaprevir after 16 weeks of treatment). This 

can partly be explained by the relatively small number of 

patients for whom the RBV dose was reduced (10% with 

boceprevir and 13% with telaprevir). The ITT analysis of 

preliminary virological results at week 16 shows that 67% 

of the patients treated with telaprevir and 58% of patients 

treated with boceprevir have undetectable HCV RNA. 

These good results need to be balanced with safety issues. 

Overall, triple therapy is feasible for cirrhotic patients 

who need to be carefully and frequently monitored during 

treatment.

Little data is available concerning the use of triple regi-

mens in the post-transplant setting.88 The virological response 

during treatment appears to be promising. However, treatment 

is difficult due to very frequent hematological side effects. 

Drug–drug interactions with calcineurin inhibitors appear to 

be manageable by sizeable dose reduction of the calcineurin 

inhibitors.

Beyond first-generation PIs
Few data are available concerning second-wave PIs or other 

DAAs for cirrhotic patients.89 In a Phase IIb study, 83 GT-1 

treatment-experienced cirrhotic patients are treated with 

simeprevir 100 or 150 mg QD and PR for 12, 24, or 48 

weeks, followed by PR alone up to week 48. The SVR rates 

are 73% for previous relapsers, 82% for partial respond-

ers, and 31% for null responders (for those treated with 

150 mg QD); in all cases, the SVR rates are higher than in 

the PR arms.16

For 23 GT-1/4 naïve cirrhotic patients treated with 

mericitabine 1000 mg BID and PR for 24 or 48 weeks, the 

SVR rate is 38% versus 22% in PR arms.32,33 However, dose 
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or duration reduction of mericitabine impairs treatment 

response for cirrhotic patients. An ongoing study with GT-1 

cirrhotic patients receiving quadruple regimen (mericitabine, 

ritonavir-boosted danoprevir, and PR) is currently being 

conducted.

Sofosbuvir was tested initially on 8 cirrhotic (CHILD-

Pugh B) patients for 7 days (400 mg QD). The systemic expo-

sure was the same for cirrhotic as for noncirrhotic patients, 

and a significant HCV RNA decline was observed. The decline 

for cirrhotic patients was less impressive than in patients with 

mild or moderate fibrosis.90 In the Phase III NEUTRINO 

study, sofosbuvir (400 mg QD) and PR for 12 weeks reaches 

an 80% SVR rate for 56 GT-1 cirrhotic patients.

Daclatasvir 20 or 60 mg QD in association with PR for 24 

weeks reaches a SVR rate between 57% to 62% in 20 GT-1 

naïve cirrhotic patients.47

INF-free regimen
Very few INF-free regimen studies include patients with 

cirrhosis. In SOUND-C2, one of the largest IFN-free regimen 

studies, 33 naïve GT-1 cirrhotic patients are treated with 

faldaprevir and BI-207127 with or without RBV for 16, 

28, or 48 weeks. The SVR rates are 43%–50% for GT-1a 

patients and 57%–80% for GT-1b patients.91 These rates are 

close to those observed for the noncirrhotic population. Two 

Phase III studies investigate regimens with sofosbuvir 400 mg 

QD and RBV for 12 weeks with GT-2 or GT-3 patients. 

In the POSITRON study, the SVR rate is 61% among the 

31 GT-2/3 cirrhotic patients; in the FISSION study, it is 47% 

(100 GT-2/3 cirrhotic patients).

Conclusion
Triple therapy with first-generation PIs was a major step 

forward in HCV treatment for GT-1 patients. Since 2010, more 

than ten different DAAs are in Phase II or III development. 

Approximately ten more DAAs are either in preclinical or 

in early clinical development. Meanwhile, several studies 

demonstrate that IFN-free regimens are able to cure a large 

number of either naïve or treatment-experienced GT-1 

patients. Moreover, for the most difficult-to-cure patients, 

quadruple regimen with PR is able to cure almost all GT-1 

null responders. The development of pan-genotypic DAAs 

Table 5 Estimate of first approval for the new HCV treatments in the USA and Europe

Protease inhibitor Company Current 
clinical 
phase

FDA approval 
expected

EMEA 
approval 
expected

Simeprevir TMC-43514,15 Tibotec III 2013 2014
Faldaprevir BI-201 13516,17 Boehringer Ingelheim III 2014 2014
Danoprevir (ITMN-191, RG 7227)18,19 Roche II 2015? 2015 ?
Vaniprevir (MK-7009)20,21 Merck III No 2014(Japon) No
ABT-45022 Abbott III 2014 2014
Sovaprevir ACH-162523 Achillion II ? ?
Asunaprevir BMS-65003224,25 BMS III 2014 2014
GS-925667 Gilead II ? ?
MK-5172 MSD II 2015/2016 2015/2016
Polymerase inhibitors
RG-7128 Mericitabine 31–33 Roche II ? ?
GS- 7977 Sofosbuvir34–38 Gilead III 2013 2013
NNI-Site 1 inhibitors BI 207 12739 Bohringer Ingelheim III 2014 2014
NNI-Site 1 inhibitors BMS 79132573 BMS II 2014/2015 2014/2015
NNI-Site 2 inhibitors Filibuvir40 Pfizer II ? ?
NNI-Site 2 inhibitors VX-22241 Vertex II ? ?
NNI-Site 3 inhibitors Setrobuvir 
ANA59842

Anadys I ? ?

NNI-Site 3 inhibitors ABT-33343 Abbott III 2014 2014
NNI-Site 3 inhibitors ABT-07243 Abbott II ? ?
NNI-Site 4 inhibitors  
Tegobuvir (GS9190)44

Gilead II ? ?

NS5A-inhibitor
Daclatasvir (DCV) BMS-79005246–48 BMS III 2014 2014
ABT 26751 Abbott III 2014 2014
Ledipasvir GS-5885 
www.clinicaltrial.gov

Gilead III 2014 2014

Abbreviations: EMEA, European Medicines Agency; FDA, US Food and Drug Administration; HCV, hepatitis C virus.
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such as NIs or NS5A.I allows new DAA combinations with 

or without PR; these increase the SVR rates for all patients 

(even for those with cirrhosis and for all genotypes). This new 

regimen appears so far to be safer, and also allows shorter 

treatment duration. These developments appear to be another 

major step forward for HCV treatment. Table  5  gives an 

estimated period on the timing that we could expect for the 

molecule to be launched. In conclusion, there is hope that 

almost all treated patients can be cured in the near future.
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