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Abstract Since the approval of the first direct-acting

antiviral agents (DAAs), treatment for hepatitis C virus

(HCV) has undergone significant transformation. A new

milestone in the treatment of HCV, the approval of the first

interferon-free regimens, could be achieved by the end of

2013. For patients with HCV who have absolute or relative

contraindications to pegylated-interferon or have failed the

currently available treatments, the arrival of new regimens

will have a major impact on long-term outcomes. The

combinations of DAAs in trials are numerous, and many

have demonstrated sustained virologic response rates

higher than 90 %. These improvements have also been

observed in previous null responders and patients who

failed telaprevir- or boceprevir-based regimens. Some

specific subpopulations may not be perfectly served by

interferon-free regimens, such as patients with genotypes

1a or 3 or cirrhosis, whereas others, such as HIV-infected

patients or transplant patients, will definitively benefit from

regimens with a lower burden of side effects. This paper

reviews the interferon-free regimens currently in phase II

or III for which sustained virologic response data are

available and discusses the successes and potential pitfalls

of these regimens.

1 Introduction

Hepatitis C virus (HCV) is a disease that affects at least

150 million individuals worldwide [1]. Research on new

therapies has progressed slowly for many years but is

currently advancing at a remarkable pace. Prior to the

discovery of the HCV, interferon (IFN) and its successor

pegylated-interferon (PEG-IFN) have been used for the

treatment of HCV [2]. Currently, IFN is a component of all

treatment regimens for all HCV genotypes. Unfortunately,

IFN has been associated with the vast majority of side

effects, including flu-like symptoms, depression, anemia,

leukopenia, thrombocytopenia, thyroid dysfunction, flare

of autoimmune conditions, and several others. A meta-

analysis looking at the serious adverse events during PEG-

IFN/ribavirin clinical trials reported rates of 7 % [3]. In

addition, IFN is contraindicated in certain patient popula-

tions, such as organ recipients other than liver, and patients

with uncontrolled psychiatric conditions or autoimmune

conditions. In combination, these reasons have left many

patients without treatment options. For patients in whom

IFN is indicated, treatment is often refused due to fear of

potential side effects [4]. In the HCV protease inhibitor era,

Chen et al. [5] recently looked at reasons for non-initiation

of HCV treatment in their genotype 1 population and found

that patients had relative or absolute contraindications

51 % of the time and that 23 % of the patients refused the

treatment.

Rates of sustained virologic response (SVR) in geno-

types 2–3 are 70–85 % with PEG-IFN and ribavirin [6].

For HCV genotype 1 patients previously naive to treat-

ment, the rates have been recently improved to 63–75 %

with the introduction of the first direct-acting antiviral

agents (DAAs), telaprevir and boceprevir [7, 8]. There still

remain a significant number of patients in need of another
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option. In addition, patients carrying the CT or TT alleles

of the recently discovered interleukin (IL)-28B polymor-

phism are less sensitive to IFN and genetically less likely to

achieve SVR with an IFN-based regimen [9]. These alleles

are over-represented in the African American population

and may partially explain the lower SVR rates typically

achieved in this population [9]. For carriers of these neg-

ative alleles, regimens without IFN are likely to make a

significant difference.

Alternative treatments are needed and are rapidly

approaching. Numerous combinations of DAAs are cur-

rently in phase III and the New Drug Application (NDA)

for the first IFN-free combination was submitted in April

2013 [10]. The aim of this paper is to review more

advanced IFN-free trials and to underline the strengths and

weaknesses of these types of regimens. A PubMed search

was conducted to find preliminary and final results of phase

II and III interferon-free trials. Abstracts from the Ameri-

can Association for the Study of Liver Diseases (AASLD),

the European Association for the Study of Liver (EASL),

the Asia Pacific Association for the Study of the Liver

(APASL), and the Conference on Retroviruses and

Opportunistic Infections (CROI) were also evaluated.

Studies of agents for which the development was stopped

or put on hold were not included in this review.

2 Overview of the Direct-Acting Antiviral Agent (DAA)

Classes

NS3/NS4 protease inhibitors are the most advanced class,

with two agents already approved: telaprevir and boceprevir

(Table 1). Simeprevir, faldaprevir, asunaprevir, danoprevir,

and ABT-450/r are also under development. Protease

inhibitors are characterized by a high potency and a low

barrier to resistance. Many of these agents are also associated

with a significant number of drug–drug interactions. Tela-

previr and boceprevir are administered three times daily and

can induce significant adverse events, mainly anemia, rash,

and ano-rectal symptoms for telaprevir, and anemia and

dysgeusia for boceprevir [7, 8, 11, 12]. Simeprevir and

faldaprevir are once-daily drugs [13–15]. Faldaprevir has

been associated with photosensitivity, and sunscreen use is

recommended during administration [13, 14].

Daclatasvir and ledipasvir are NS5A polymerase inhibi-

tors and are more advanced in their development. In general,

NS5A polymerase inhibitors are highly potent, have multi-

genotypic coverage, and intermediate barrier to resistance.

Daclatasvir has a half-life of 12–15 h, suitable for once-daily

dosing [16]. Importantly, daclatasvir and ledipasvir will

likely be used in combination with other DAAs. In studies

examining daclatasvir in combination with asunaprevir,

common adverse events included headache, nasopharyngitis,

elevations in alanine aminotransferase (ALT) and aspartate

aminotransferase (AST), and diarrhea [17, 18]. In phase I and

II studies, ledipasvir was well tolerated, with headaches and

fatigue being the most frequent adverse events [19].

Sofosbuvir and mericitabine are NS5B nucleos(t)ide

polymerase inhibitors currently under development. NS5B

inhibitors commonly have a high barrier to resistance and

have pan-genotypic activity. Sofosbuvir is administered

once daily and mericitabine will be administered twice

daily [6, 20–22]. Both of these drugs have been well tol-

erated, with fatigue and headache being the most common

adverse events [6, 20, 21, 23].

The NS5B non-nucleosidic polymerase inhibitors

(NNIs) for which IFN-free trial results are available

include deleobuvir (BI207127), GS-9669, ABT-072, and

ABT-333. Generally, NNIs have limited genotypic cover-

age and a low barrier to resistance. NNIs also have an

intermediate level of potency. ABT-072 and GS-9669 will

likely require daily dosing. Deleobuvir and ABT-333 will

be administered twice daily [14, 24].

3 Interferon-Free Regimens: Proof of Principle

The first proof of principle for an IFN-free regimen was

presented in 2011 at the International Liver Congress of

Table 1 Drug classification

Class Drug Administrationa,b

Protease inhibitors Boceprevir 800 mg PO tid

Telaprevir 750 mg PO tid with 20 g

of fat

Simeprevir 150 mg PO od

Faldaprevir 120–240 mg PO od

ABT-450/r 100–200/100 mg PO od

Asunaprevir 200 mg PO bid

Danoprevir 100/100 mg PO bid

NS5A inhibitors Daclatasvir 60 mg PO od

Ledipasvir 90 mg PO od

Nucleos(t)ide NS5B

inhibitors

Mericitabine 1,000 mg PO bid

Sofosbuvir 400 mg PO od

ABT-267 25 mg PO od

Non-nucleoside NS5B

inhibitors

Deleobuvir 600 mg PO bid–tid

GS-9669 500 mg PO od

ABT-072 400 mg PO od

ABT-333 400 mg PO bid

bid twice daily, od once daily, po oral administration, tid three times

daily
a Doses may have to be adjusted in some specific situations
b Optimal doses of certain agents are still not clear
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Table 2 Selected arms of studies with final or preliminary sustained virologic response results

Trial/phase Genotype Previous tx response Cirrhosis Selected armsa SVR (%)

Lok et al. [17]

Phase IIa

1 Null responders No DAC ? ASU 9 24 weeks 36

Suzuki et al. [18]

Phase IIa

1b Null responders No DAC ? ASU 9 24 weeks 91

Ineligible/intolerant DAC ? ASU 9 24 weeks 63.6

SOUND-C2 [14]

Phase Ib/II

1 Naive Yes FAL ? DEL 600 tid ? RBV 9 16 weeks 59

FAL ? DEL 600 tid ? RBV 9 28 weeks 59

FAL ? DEL 600 tid ? RBV 9 40 weeks 52

FAL ? DEL 600 bid ? RBV 9 28 weeks 69

FAL ? DEL 600 tid 9 28 weeks 39

SOUND-C3 [13]

Phase IIb

1a CC Naive Yes FAL ? DEL 600 bid ? RBV 9 16 weeks 17

1b FAL ? DEL 600 bid ? RBV 9 16 weeks 95

ELECTRON [22]

Phase IIa

2–3 Naive No SOF ? RBV 9 12 weeks 100

SOF ? RBV ? PEG-IFN 9 12 weeks 100

SOF ? RBV ? PEG-IFN 9 12 weeks (8 weeks for

PEG-IFN)

100

SOF ? RBV ? PEG-IFN 9 12 weeks (4 weeks for

PEG-IFN)

100

SOF ? RBV ? PEG-IFN 9 8 weeks 100

SOF 60

1 Naive SOF ? RBV 9 12 weeks 84

Null responders SOF ? RBV 9 12 weeks 10

ELECTRON [29]

(annexed arms)

Phase IIa

1 Naive No SOF ? RBV ? LED 9 12 weeks 100

SOF ? RBV ? GS-9669 9 12 weeks 92

Null responders SOF ? RBV ? LED 9 12 weeks 100

SOF ? RBV ? GS-9669 9 12 weeks 100

(SVR4)

QUANTUM [25]

Pase IIb

1–4 Naive Yes SOF ? RBV 9 12 weeks 56

SOF ? RBV 9 24 weeks 52

FISSION [21]

Phase III

2–3 Naive Yes SOF ? RBV 9 12 weeks 67

FUSION [6]

Phase III

2-3 Non responders Yes SOF ? RBV 9 12 weeks 50

Relapsers SOF ? RBV 9 16 weeks 73

POSITRON [6]

Phase III

2–3 IFN intolerant, unwilling

or ineligible

Yes SOF ? RBV 9 12 weeks 78

INFORM-SVR [20]

Phase IIb

1 Naive No Mericitabine ? danoprevir/r 100/100 mg

bid ? RBV 9 24 weeks

41

MATTERHORN [23]

Phase II

1b Partial responders No Mericitabine ? danoprevir/r ? RBV 9 24 weeks 39

Null responders Mericitabine ? danoprevir/r ? RBV 9 24 weeks 55

PILOT [32]

Phase IIa

1 Naive No ABT-450/r 150/100 mg od ? ABT-072 ? RBV

9 12 weeks

91

CO-PILOT [24]

Phase II

1 Naive No ABT-450/r 250/100 mg od ? ABT-333 bid ? RBV

9 12 weeks

95

ABT-450/r 150/100 mg od ? ABT-333 bid ? RBV

9 12 weeks

93

Non responders ABT-450/r 150/100 mg od ? ABT-333 tid ? RBV

9 12 weeks

47
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EASL. In this small, phase IIa study combining daclatasvir

and asunaprevir for 24 weeks in previous null responders,

4 of the 11 (36 %) patients achieved SVR24 (Table 2) [17].

The rate of SVR24 may seem small, but these were prior

null responders to IFN. In addition to proving that IFN was

not required to achieve an SVR, the same study also

demonstrated that quadruple therapy (daclatasvir, asuna-

previr, PEG-IFN, and ribavirin) could lead to SVR rates of

100 % in null responders [17].

Another key study highlighting this proof of principle

was the ELECTRON study. The results for the first arms of

the study were presented in 2011 at the Liver Meeting of

Table 2 continued

Trial/phase Genotype Previous tx response Cirrhosis Selected armsa SVR (%)

M12-998 [33]

Phase II

1 Naive No ABT-450/r ? ABT-267 9 12 weeks 100

ABT-450/r ? ABT-267 ? RBV 9 12 weeks 60

2 ABT-450/r ? ABT-267 9 12 weeks 80

ABT-450/r ? ABT-267 ? RBV 9 12 weeks 60

3 ABT-450/r ? ABT-267 9 12 weeks 50

ABT-450/r ? ABT-267 ? RBV 9 12 weeks 10

AVIATOR [31]

Phase IIb

1 Naive No ABT-450/r 150/100 ? ABT-267 ? ABT-

333 ? RBV 9 8 weeks

89

ABT-450/r 150/100 ? ABT-333 ? RBV 9 12

weeks

85

ABT-450/r 100/100, 200/100 ? ABT-267 ? RBV

9 12 weeks

91

ABT-450/r 150/100 ? ABT-267 ? ABT-333 9 12

weeks

90

ABT-450/r 100/100, 150/100 ? ABT-267 ? ABT-

333 ? RBV 9 12 weeks

99

ABT-450/r 100/100, 150/100 ? ABT-267 ? ABT-

333 ? RBV 9 24 weeks

93

Null responders ABT-450/r 200/100 ? ABT-267 ? ABT-

333 ? RBV 9 12 weeks

89

ABT-450/r 100/100, 150/100 ? ABT-267 ? RBV

9 12 weeks

93

ABT-450/r 100/100, 150/100 ? ABT-267 ? ABT-

333 ? RBV 9 24 weeks

98

AI444-040 [27]

Phase IIa

1 Naive No SOF lead-in ? DAC 9 24 weeks 100

SOF ? DAC 9 24 weeks 100

SOF ? DAC ? RBV 9 24 weeks 100

SOF ? DAC 9 12 weeks 98

SOF ? DAC ? RBV 9 12 weeks 95

2, 3 SOF lead-in ? DAC 9 24 weeks 88

SOF ? DAC 9 24 weeks 100

SOF ? DAC ? RBV 9 24 weeks 86

AI444-040 [28]

(annexed arms)

Phase IIa

1 Protease inhibitor failures No SOF ? DAC 9 24 weeks 100

SOF ? DAC ? RBV 9 24 weeks 95

COSMOS [15]

Phase IIa

1 Null responders No SOF ? SIM 9 12 weeks 93

SOF ? SIM ? RBV 9 12 weeks 96

SOF ? SIM 9 24 weeks Pending

SOF ? SIM ? RBV 9 24 weeks Pending

ASU asunaprevir, bid twice daily, DAC daclatasvir, DEL deleobuvir, FAL faldaprevir, LED ledipasvir, od once daily, PEG-IFN pegylated

interferon, RBV ribavirin, SIM simeprevir, SOF sofosbuvir, SVR sustained virologic response, tid three times daily, tx treatment,
a Unless shown, doses and administration are those presented in Table 1
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the AASLD [22]. The study addressed several questions:

how many weeks of PEG-IFN are required to achieve

SVR, can a single DAA be used in monotherapy, and is

an IFN-free combination effective in different genotypes

and in patients with different previous treatment respon-

ses? The first part of the study included eight arms: sof-

osbuvir alone, in combination with ribavirin and in

combination with PEG-IFN for different durations (4, 8,

and 12 weeks) in patients with genotype 2 or 3 and sof-

osbuvir and ribavirin for 12 weeks in naives and previous

null responder patients with genotype 1. Ten patients were

included in each arm, except for the genotype 1 naive

arm, which included 25 patients. Genotype 2 or 3 patients

who were on sofosbuvir monotherapy achieved a SVR

rate of 60 %, while 100 % of the patients receiving sof-

osbuvir/ribavirin with or without PEG-IFN achieved SVR.

This suggested that the length of IFN treatment did not

have an influence on SVR rates. Importantly, the mono-

therapy arm suggested that a combination of agents or,

more specifically, ribavirin was required. For those with

genotype 1, results were satisfying for previously naive

(84 %), but not for previous null responders (10 %). In

this study, all failures were relapsers and only one patient

developed the S282T mutation, the one conferring resis-

tance to sofosbuvir [22].

Based on the results of the ELECTRON study, Gilead

developed a phase III program for the combination of

sofosbuvir/ribavirin in patients with HCV genotype 2 and

3. FISSION studied treatment-naive patients; FUSION,

previously treated patients; and POSITRON, IFN ineligi-

ble/intolerant/unwilling patients [6, 21]. FISSION was a

non-inferiority trial comparing 12 weeks of sofosbuvir and

ribavirin with 24 weeks of PEG-IFN/ribavirin, the current

standard of care for HCV genotype 2 and 3 treatment. The

SVR rate was 67 % in both arms, proving non-inferiority.

There was an important difference in SVR between the

patients with genotype 2 or 3 in the sofosbuvir/ribavirin

arm (97 versus 56 %), whereas the difference was smaller

in the patients in the PEG-IFN/ribavirin group (78 versus

63 %). This result suggests that genotypes 2 and 3 can no

longer be studied in a combined manner when testing IFN-

free regimens. The difference was validated in FUSION

and POSITRON. FUSION was a blinded trial comparing

12 versus 16 weeks of sofosbuvir/ribavirin and POSI-

TRON was a blinded trial of 12 weeks of sofosbuvir/

ribavirin versus placebo. SVR rates were 50 and 73 % for

the 12- and 16-week arms of FUSION and 78 % for the

active treatment arm of POSITRON. Again, the genotype

made a major difference, with SVR rates of 86, 94, and

93 % for genotype 2 and 30, 62, and 62 % for genotype 3.

We can also infer from these results that, at least in pre-

viously treated patients, 16 weeks of treatment may in part

overcome the negative impact of the genotype 3.

The QUANTUM study tested sofosbuvir, GS-0938, and

ribavirin in different combinations in naive patients with

genotypes 1 through 4 [25]. It confirmed that the combi-

nation of sofosbuvir/ribavirin was not ideal for genotype 1

patients (SVR rates of 65 % for genotype 1a and 48 % for

genotype 1b in the sofosbuvir/ribavirin arms) [25]. The

NDA submitted in April for sofosbuvir proposed its use in

combination with PEG-IFN and ribavirin for genotypes 1,

4, 5, and 6, but without PEG-IFN for genotypes 2 and 3

[10]. Of note, GS-0938 demonstrated signs of liver tox-

icity during QUANTUM, and its development was

discontinued.

4 Genotype 1a versus 1b Differences

Historically, genotype 1 has been considered the hardest to

treat, and little attention was given to sub-genotype 1a and

1b. This landscape is changing with the DAAs. The dif-

ference between genotype 1a and 1b was another element

discerned from the initial daclatasvir/asunaprevir study

[17]. All the patients who failed the IFN-free part of the

trial were genotype 1a [17]. The development of this

combination is now continuing only in patients with

genotype 1b. In one recently published study, this combi-

nation was tested in a phase IIa trial carried out in Japanese

genotype 1b previous null responders or IFN-ineligible/

intolerant patients [18]. SVR24 was achieved by 90.5 % of

the null responders and 63.6 % of the previous IFN ineli-

gible/intolerant [18]. Of note is that virtually all of the

HCV in Japan is genotype 1b.

SOUND-C2 combined faldaprevir and deleobuvir with

and without ribavirin for different durations (16–40 weeks)

and different dosing of deleobuvir [14]. It was a phase IIb

study for treatment-naive genotype 1 patients (40 % 1a and

60 % 1b). Around 10 % of the patients included had cir-

rhosis. SVR12 varied from 39 % for the group receiving

twice-daily faldaprevir and deleobuvir without ribavirin for

28 weeks to 68 % for the group receiving twice-daily

faldaprevir, deleobuvir, and ribavirin for 28 weeks [14].

The differences in SVR rates between genotype 1a and 1b

were very impressive in this trial, ranging from 11–47 %

for genotype 1a to 57–83 % for genotype 1b. The sub-

genotype had a more important influence on the outcome

than IL28B polymorphism. Patients with a genotype 1a and

an IL28B CC did worse (75 %) than patients with a

genotype 1b but an IL28B CT/TT (84 %) [14]. SOUND-C3

further investigated the interaction between the IL28B

polymorphism and the sub-genotype [13]. Faldaprevir,

deleobuvir, and ribavirin were combined for 16 weeks. The

study included naive patients with either HCV genotype 1a

and IL28B CC or with genotype 1b and any IL28B allele

group. Only 17 % of the genotype 1a patients achieved
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SVR12, while 95 % achieved SVR in the patients with

genotype 1b. This combination of agents is now in phase

III, but only for genotype 1b (HCVerso1, 2 and 3;

NCT01732796, NCT01728324, NCT01830127) [26].

A difference between genotype 1a and 1b was also

found in the INFORM-SVR trial, a phase IIb study for

genotype 1 naive patients with stage F0–F2 [20]. Patients

received mericitabine and danoprevir boosted with ritona-

vir with or without ribavirin for 12 or 24 weeks. The viral

load of the patients eligible for the 12-week arms had to be

below quantification between weeks 2 and 8 and unde-

tectable by week 10. The 12-week arm with ribavirin and

all the placebo arms were discontinued early because of

high rates of relapse. SVR12 rate in the remaining 24-week

arm with ribavirin was 41 %, but was 26 versus 71 % for

genotype 1a versus 1b, respectively [20]. The numbers

were small, but seem again to demonstrate a more impor-

tant impact of the sub-genotype than the IL28B polymor-

phism. Among the arms of the MATTERHORN study, two

were an IFN-free combination of mericitabine, danoprevir

boosted with ritonavir, and ribavirin [23]. One was for

previous partial responders and the other for previous null

responders. They were restricted to genotype 1b patients

and led to SVR12 rates of 39 and 56 % for partial and null

responders, respectively [23].

5 Successes of Combination Regimens

Although SVR rates with some agents in genotype 1a

patients are lower, several combinations have overcome

this hurdle. If the drugs combined are potent enough,

SVR12 rates near 100 % may be achieved. Daclatasvir and

sofosbuvir have been combined in study AI444-040. The

first part was designed for treatment-naive patients without

cirrhosis [27]. Patients with genotype 2 or 3 were ran-

domized to a lead-in of 7 days with ribavirin followed by

23 weeks of sofosbuvir and daclatasvir or to a 24-week

combination of sofosbuvir and daclatasvir from the

beginning with or without ribavirin. The same arms were

available for genotype 1, and there were also two 12-week

arms of sofosbuvir and daclatasvir with and without riba-

virin. For genotype 2 and 3, one patient in the lead-in arm

relapsed, one had a breakthrough, and one patient in the

treatment arm with ribavirin was lost to follow-up, leading

to SVR24 rates of 88, 100, and 93 %. All the patients in the

24-week arms for genotype 1 achieved SVR24. Final data

are not available yet for the 12-week arms.

The second part of study AI444-040 focused on patients

who previously failed telaprevir or boceprevir treatment

[28]. Patients with cirrhosis and those who discontinued

due to side effects were excluded. Patients were random-

ized to receive sofosbuvir and daclatasvir with or without

ribavirin for 24 weeks. Except for one patient who missed

his post-treatment week 12 visit, all patients achieved

SVR12. The missing patient achieved SVR24 [28]. This

study is an extremely important proof of principle because

it is the first study to look at re-treatment with DAAs for

patients who previously failed protease inhibitors. Despite

only including 41 patients, it suggests that failing one class

of agent does not preclude treatment with other classes.

Like the AI444-040 study, the ELECTRON study pre-

sented above was later amended to add arms combining

sofosbuvir and ribavirin with the NS5A inhibitor ledipasvir

[29]. After 12 weeks of treatment, all 25 naive patients and

ten null responders achieved SVR12 [29]. Two other arms

changed ledipasvir for the non-nucleoside NS5B inhibitor

GS-9669. The SVR12 rate of naives was 92 %. For the null

responders, all patients achieved SVR4, but results are still

pending for SVR12 [29]. The combination of sofosbuvir

and ledipasvir is now in phase III trials.

The COSMOS study was also a collaborative effort

between Janssen Pharmaceuticals, Inc. and Gilead Sci-

ences. The study combined simeprevir and sofosbuvir with

and without ribavirin for 12 or 24 weeks in genotype 1

prior null responders to PEG-IFN/ribavirin and with stage

F0–F2 on biopsy [15]. Only preliminary results are avail-

able so far. SVR8 rates in the 12-week arms were 96 and

93 % with and without ribavirin, respectively [15]. Sime-

previr and sofosbuvir NDAs have both been submitted, and

the launch of these drugs may happen by the end of 2013

[10, 30]. Clinicians may then be tempted to order this off-

label combination, but the results presented thus far from

the COSMOS study are preliminary and only exist for 41

patients [15].

While most drug combinations have usually contained

one or two DAAs with or without ribavirin, some regimens

include up to four or five drugs. AVIATOR is the most

advanced study for which data are available, combining

three DAAs and ribavirin [31]. It tested different drug

combinations, dosing, and treatment durations for ABT-

450/r, ABT-333, ABT-267, and ribavirin in naives and

previous null responders. It achieved SVR12 in 85–99 %

of naive patients and 89–98 % of previous null responders

[31]. Of note, this study was preceded by two smaller

studies, PILOT and CO-PILOT. PILOT combined ABT-

450/r, ABT-072, and ribavirin and was restricted to geno-

type 1 naive patients with an IL28B CC genotype [32].

Although the SVR rate was 91 %, the study is mostly

known to have reported a late relapse (36 weeks post-

treatment). The patient demonstrated a polymerase muta-

tion (Y448H) consistent with resistance to ABT-333 [32].

CO-PILOT reported excellent SVR rates for naive patients

(93–95 %) but poor rates for previous non-responders

(47 %) while combining ABT-450/r, ABT-333, and riba-

virin [24]. The M12-998 study was for genotype 1, 2, or 3
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naive patients without cirrhosis. Patients were treated for

12 weeks with ABT-450/r and ABT-267 with and without

ribavirin [33]. Like in the Gilead trials, response rates for

genotype 3 patients were lower than for genotype 1 patients

(arms with ribavirin 100, 80, 50 % for genotype 1, 2, and 3,

respectively). Response rates were also lower in the arms

without ribavirin (60, 60, and 10 % for genotype 1, 2, and

3) [33].

6 Specific Situations

6.1 Fibrosis and Previous Treatment Response

The impact of the number and class of agents combined

and the HCV genotype/subtype on SVR rates has been

discussed above, but several other factors play a critical

role. Cirrhosis clearly predicted a worse prognosis in PEG-

IFN-based regimens. Few studies so far have allowed cir-

rhotic patients and, when included, these patients were

under-represented: 10 % in QUANTUM and SOUND-C2

and 20–30 % in the genotype 2–3 sofosbuvir studies [6, 14,

21, 25]. Conclusions cannot be drawn from QUANTUM

and SOUND-C2, as the sample size of cirrhotic patients

was too small and data were not broken down [14, 25];

however, the negative impact of cirrhosis was clear from

FUSION, FISSION, and POSITRON [6, 21]. In the

12-week arm of FUSION, SVR12 rates were 61 % among

patients without cirrhosis versus 31 % in those with cir-

rhosis [6]. Hopefully, increasing the treatment duration to

16 weeks may partly overcome this effect (76 versus 66 %

for patients without and with cirrhosis, respectively) [6].

When potent combinations are used, the impact of pre-

vious treatment response with IFN-based treatment on IFN-

free regimens is less significant. This was well illustrated

by the AVIATOR and ELECTRON (ledipasvir arm)

studies, and the daclatasvir/asunaprevir studies, where

previous null responders achieved SVR rates over 90 %

[18, 29, 31]. Similarly, the IL28B polymorphism has less

influence on IFN-free combinations although an effect on

SVR rates has been detected in some studies [6, 14, 20, 21].

6.2 HIV/Hepatitis C Virus Co-Infected Patients

DAA studies focusing on HIV/HCV co-infected patients

are progressing at a much slower pace than studies for

HCV mono-infected patients. So far, the only studies for

which SVR12 has been presented are the phase II trials for

telaprevir and boceprevir [34, 35]. Preliminary SVR12

results for simeprevir were also presented at CROI 2013,

whereas on-treatment responses were presented for falda-

previr [36, 37]. These studies combined the protease

inhibitors with PEG-IFN and ribavirin. As opposed to

lower rates of SVR seen in co-infected patients treated with

PEG-IFN and ribavirin, these studies all demonstrated

results very similar to those seen in mono-infected patients.

In this context, IFN-free regimens may be expected to be

effective in co-infected patients, but future studies will be

required. Two phase III trials combining sofosbuvir with

ribavirin in co-infected patients are currently on-going

(NCT01667731 and NCT01783678) [26]. The biggest

challenge for treatment of HIV/HCV co-infected patients

will be the management of drug–drug interactions. The

addition of telaprevir or boceprevir to PEG-IFN and riba-

virin has already significantly limited the compatible anti-

retrovirals that can be used [38]. With the use of more than

one DAA in some combinations, this situation is likely to

become a real puzzle and will require strong two-way

communication between liver and HIV providers.

6.3 Post-Liver Transplant Patients

The use of IFN is contraindicated post-transplant for most

organs except the liver. In liver transplant patients, it can

be used with caution in the case of recurrent HCV, but the

side effects are significant and success rates are disap-

pointing [39]. DAAs are expected to improve both the

safety profile and the rate of SVR; however, similar to

observations in HIV-infected patients, drug–drug interac-

tions, especially with calcineurin inhibitors, will be an

issue with post-transplant patients and will require careful

evaluation. Fontana et al. [39] recently published the first

case of IFN-free treatment in a patient with a severe

cholestatic HCV recurrence post-transplant. The patient

was treated with 24 weeks of sofosbuvir and daclatasvir

and achieved SVR36. He did not experience any adverse

events on treatment [39]. Studies are currently on-going

with sofosbuvir and ribavirin in post-transplant patients

with recurrent HCV (NCT01687270) and in pre-transplant

patients in order to avoid infection of the transplanted liver

(NCT01559844) [26].

7 Conclusion

The pace of development of IFN-free therapies is extre-

mely fast and the first regimen is likely to be approved by

the end of 2013 for patients with genotype 2 or 3. Many

others will undoubtedly follow, as soon as 2014. The

majority of patients will likely be able to achieve SVR with

IFN-sparing regimens, but this may not be the case for all

patients. Genotypes 1a and 3 seem more difficult to treat

with these regimens than the other genotypes, and infor-

mation is still scant for genotypes 4–6, with only a handful

of patients included in QUANTUM. Patients with cirrhosis,

as seen in IFN-based regimens, still have lower SVR rates
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than patients with less advanced fibrosis. New multi-drug

combinations may become a solution for patients who have

previously failed IFN or even telaprevir or boceprevir, but

issues of drug–drug interactions may still arise. Addition-

ally, if patients failing one class of DAA may be treated

with another class, treatment options for patients failing a

regimen with more than one class are likely to be limited.

Resistance testing has not played a major role in treatment

decisions for HCV so far, but it may eventually become

essential in these patients. Finally, IFN-free regimens may

be expensive, and access to treatment may become an

important issue, although treatment of HCV is well known

to be extremely cost effective because of the consequences

of un-treated HCV [40, 41].
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