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Abstract: The treatment of hepatitis C virus (HCV) infection with pegylated interferon alpha and
ribavirin leads to a sustained virologic response in around 50% of patients with HCV genotype 1,
65% with HCV genotype 4, 75% with HCV genotype 3 and around 80% with HCV genotype 2.
A better understanding of the HCV lifecycle has resulted in the development of several
potential direct-acting antiviral drugs (DAAs) targeting viral proteins [NS3/4A protease
inhibitors, NS5B nucleos(t)idic and non-nucleos(t)idic polymerase inhibitors, NS5A replication
complex inhibitors]. This review summarizes the main clinical data for the combinations of
oral DAAs. DAAs, either in combination with pegylated interferon alpha or in interferon-free
regimens, have demonstrated a high level of antiviral efficacy and a generally well-tolerated
safety profile in treatment-naı̈ve patients and in prior nonresponders to pegylated interferon
alpha/ribavirin. Oral combination of new DAAs is likely to become the standard of care for
chronic HCV in treatment-naı̈ve or treatment-experienced patients. However, most studies so
far have included small numbers of ‘easy-to-treat’ patients with short post-treatment periods
for defining the sustained virologic response. Extension of the number of treated patients
(including ‘difficult-to-treat’ patients, i.e. patients infected with genotype 3, who failed
to respond to first-generation protease inhibitors or with cirrhosis as well as immunocom-
promised patients) and of the post-treatment follow up in a real-life setting could significantly
worsen the rate of recovery. In these ‘difficult-to-treat’ patients, the rate of virologic cure with
new DAAs could be lower than expected and consequently interferons may be still necessary in
combination with the new drugs.

Keywords: cirrhosis, combination therapy, direct-acting antiviral, hepatitis C virus, polymer-
ase inhibitor, protease inhibitor, replication complex inhibitor

Introduction
Treatment of chronic hepatitis C with pegylated

interferon alpha and ribavirin (PR) for a duration

adapted according to the early virologic response

results in effective and sustained viral suppression

in less than 50% of patients infected with hepa-

titis C virus (HCV) genotype 1 (the commonest

genotype in North America and Europe), in 65%

with HCV genotype 4, 75% with genotype 3 and

around 80% with genotype 2 [EASL, 2011]. A

better understanding of the HCV lifecycle and

the characterization of viral enzymes that are

potential antiviral targets [Moradpour et al.

2007] have led to the development of a number

of potential new direct-acting antiviral agents

(DAAs) targeted against viral proteins [Buhler

and Bartenschlager, 2012]. These include first-

generation NS3/NS4A protease inhibitors, which

mostly specifically target HCV genotype 1, and

second-generation NS3/NS4A protease inhibi-

tors, NS5B polymerase inhibitors, or NS5A

inhibitors with a broader spectrum [Sarrazin

et al. 2012; Yang et al. 2011]. Several non-

DAAs, which could be associated with DAAs,

are also under development, e.g. new interferons,

cyclophilin inhibitors, monoclonal antibodies

and vaccine therapy [Donnelly and Kotenko,

2010; Flisiak et al. 2007; Burioni et al. 2008].

Standard of care after 2011 with first-wave
DAAs
Recent approval of the first-generation HCV

NS3/4A protease inhibitors boceprevir and tela-

previr, and their use in triple combinations with

PR, has significantly improved sustained virolo-

gic response (SVR) rates by around 30% in
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genotype-1-infected treatment-naı̈ve patients

[Jacobson et al. 2011; Poordad et al. 2011] and

those experienced with PR treatment [Bacon

et al. 2011; Zeuzem et al. 2011a]. This was a

major breakthrough but both agents have consid-

erable side effects [Cacoub et al. 2012] (which add

to those of PR), including severe skin rashes/prur-

itus and severe cutaneous adverse reaction

(SCAR) (telaprevir), anal discomfort (telaprevir)

and anaemia (telaprevir and boceprevir). In the

real-life studies, cirrhosis decompensation and

death related mainly to bacterial infections may

occur in experienced Child A cirrhotic patients

with albumin levels below 35 g/l and platelets

count below 100,000/ml) [Hezode et al. 2012a].

In addition, telaprevir and boceprevir are dosed

2 and 3 times daily respectively, and carry a high

pill burden (12 per day for boceprevir and 6 for

telaprevir in addition of 4�7 for ribavirin)

[Jacobson et al. 2011; Poordad et al. 2011;

Bacon et al. 2011; Zeuzem et al. 2011a].

CYP3A4 and CYP3A5 metabolism requires

drug adaptation and choice due to potential

drug�drug interactions [Burger et al. 2013].

Finally, both telaprevir and boceprevir are

approved only for genotype-1-infected patients

even if an antiviral potency has been reported in

genotype-2-infected patients (telaprevir) [Foster

et al. 2011] and to a lesser extent in genotype-

4-infected patients (telaprevir and boceprevir).

Thus, there remains a need for new therapeutic

strategies with simplified oral dosing, broader

efficacy across HCV genotypes, minimal side

effects and improved tolerability profiles. Most

of the new drugs (second-generation NS3/

NS4A protease inhibitors, NS5B polymerase

inhibitors or NS5A inhibitors) have a higher

and pangenotypic antiviral activity, a fair safety

profile and a lower pill burden. However, their

triple combinations with PR, even if it increases

the SVR rate significantly (from 75% to 90%),

remains associated with the significant adverse

events of the PR combination. This is why it is

likely that combinations of these new oral anti-

viral agents in interferon-free regimens will soon

become the standard of care for HCV infection,

tailored to individual patients according to the

degree of disease progression (fibrosis, cirrhosis,

hepatocellular carcinoma), HCV genotypes and

subtypes, resistance profiles and prior thera-

peutic history. This review summarizes most of

the recent reported data. However, it is difficult

to obtain a complete picture of this new field

because: (1) completeness is becoming a

challenge given the very rapid development of

various drugs and combination; (2) most of the

results are preliminary, achieved in a limited

number of patients belonging mainly to ‘easy-

to-treat’ populations without cirrhosis; (3)

unmet needs persist in ‘difficult-to-treat’ patients

such as cirrhotics, allograft recipients, human

immunodeficiency virus (HIV) co-infected

patients or patients with end-stage renal disease;

and (4) several agents in the pipeline have had to

be discontinued due to safety issues.

Second-wave DAAs
A better understanding of the HCV lifecycle and

the characterization of viral enzymes that are

potential antiviral targets has led to the develop-

ment of a number of potential new DAAs tar-

geted against viral proteins (Figure 1) [Buhler

and Bartenschlager, 2012; Yang et al. 2011].

These include NS3/NS4A protease inhibitors,

nucleos(t)idic or non-nucleos(t)idic NS5B poly-

merase inhibitors, and NS5A inhibitors. Most of

ongoing protocols are summarized in Table 1.

Second-wave protease inhibitors
After telaprevir and boceprevir, other protease

inhibitors including macrocyclic inhibitors, are

now in phase II studies: danoprevir (boosted by

ritonavir), GS-9256, ABT-450 (boosted by

ritonavir), vaniprevir (MK-7009), BI-201335

(faldaprevir), TMC-435 (simeprevir), MK-5172

and asunaprevir.

For vaniprevir, a phase II trial showed that triple

therapy with vaniprevir and PR is more efficient

than PR in previously treated genotype 1

patients: between 66.7% and 84.6% of SVR

(according to the dose of vaniprevir and duration

of triple therapy) versus 19% in the control group

(p< 0.001) [Manns et al. 2012]. Similar results

have been reported for asunaprevir in combin-

ation with PR [Bronowicki et al. 211].

Faldaprevir is a peptidomimetic linear protease

inhibitor which has a long half-life, as demon-

strated by preclinical and human pharmacoki-

netic studies, allowing once-daily (QD) dosing.

In phase Ib studies, faldaprevir combined with

PR demonstrated strong antiviral responses and

was well tolerated in treatment-naı̈ve and treat-

ment-experienced HCV genotype 1 patients

[Sulkowski et al. 2013]. In a phase IIb study of

faldaprevir (SILEN-C1), up to 84% of treat-

ment-naı̈ve genotype 1 patients achieved SVR,

and the safety and tolerability profile of

Therapeutic Advances in Infectious Disease 1 (3)

108 http://tai.sagepub.com



F
ig

u
re

1
.

P
o

te
n

ti
a

l
a

n
ti

vi
ra

l
ta

rg
e

ts
a

n
d

n
e

w
d

ir
e

ct
-a

ct
in

g
a

n
ti

vi
ra

ls
u

n
d

e
r

p
ro

g
re

ss
,

in
cl

u
d

in
g

N
S

3
/4

p
ro

te
a

se
in

h
ib

it
o

rs
,

N
S

5
A

n
u

cl
e

o
s(

t)
id

ic
o

r
n

o
n

-n
u

cl
e

o
s(

t)
id

ic
p

o
ly

m
e

ra
se

in
h

ib
it

o
rs

a
n

d
re

p
li

ca
ti

o
n

co
m

p
le

x
N

S
5

A
in

h
ib

it
o

rs
.

A
d

a
p

te
d

fr
o

m
M

o
ra

d
p

o
u

r
e

t
a

l.
2

0
0

7
,

P
a

w
lo

ts
k

y
e

t
a

l.
2

0
0

7
,

T
e

ll
u

in
g

h
u

is
e

n
e

t
a

l.
2

0
0

5
,

G
is

h
e

t
a

l.
2

0
0

1
,

C
o

e
lm

o
n

t
e

t
a

l.
2

0
1

0
.

B
ID

,
tw

ic
e

d
a

il
y;

C
YP

,
cy

to
ch

ro
m

e
P

4
5

0
;

D
D

I,
d

ru
g

�
d

ru
g

in
te

ra
ct

io
n

;
G

T
,

g
e

n
o

ty
p

e
;

G
T

3
,

g
e

n
o

ty
p

e
3

;
H

C
V

,
h

e
p

a
ti

ti
s

C
vi

ru
s;

Q
D

,
o

n
ce

d
a

il
y;

T
ID

,
th

re
e

ti
m

e
s

a
d

a
y.

S Pol, M Corouge et al.

http://tai.sagepub.com 109



Table 1. Summary of new direct-acting antivirals (DAAs) in phase III studies for chronic hepatitis C (adapted
from last interrogation of ClinTrials.gov on 25 February 2013).

Company ClinicalTrials.
gov identifier

DAAs PR* Status

Janssen NCT01725529 TMC-435 PR Recruiting
NCT01727323 TMC-435 PR Not recruiting
NCT01366638 TMC-435 PR Completed
NCT01292239 TMC-435 PR Completed
NCT01290731 TMC-435 PR Completed
NCT01349465 TMC-435 PR Not recruiting
NCT01567735 TMC-435 PR Not recruiting
NCT01281839 TMC-435 PR Not recruiting
NCT01289782 TMC-435 PR Not recruiting
NCT01479868 TMC-435 PR Not recruiting
NCT01290679 TMC-435 PR Not recruiting
NCT01288209 TMC-435 PR Completed
NCT01323244 TMC-435 PR Recruiting
NCT01485991 TMC-435 PR Not recruiting

Abbott NCT01773070 ABT-450/r, ABT-333, ABT-267 R Not recruiting
NCT01716585 ABT-450/r, ABT-333, ABT-267 R Recruiting
NCT01715415 ABT-450/r, ABT-333, ABT-267 R Recruiting
NCT01767116 ABT-450/r, ABT-333, ABT-267 R Recruiting
NCT01704755 ABT-450/r, ABT-333, ABT-267 R Recruiting

Boehringer NCT01608737 BI-201335 PR Not recruiting
NCT01399619 BI-201335 PR Not recruiting
NCT01358864 BI-201335 PR Not recruiting
NCT01330316 BI-201335 PR Recruiting
NCT01297270 BI-201335 PR Not recruiting
NCT01343888 BI-201335 PR Not recruiting
NCT01579474 BI-201335 PR Not recruiting
NCT01728324 BI-201335, BI-207127 R Recruiting
NCT01732796 BI-201335, BI-207127 R Recruiting

BMS NCT01448044 BMS-790052 PR Not recruiting
NCT01616524 BMS-790052 PR** Recruiting
NCT01492426 BMS-790052 PR Not recruiting
NCT01389323 BMS-790052 PR Not recruiting
NCT01471574 BMS-790052 PR Recruiting
NCT01718158 BMS-790052 PR** Not recruiting
NCT01741545 BMS-790052 PR** Not recruiting
NCT01497834 BMS-790052, BMS-650032 No Not recruiting
NCT01718145 BMS-790052, BMS-650032 No Not recruiting
NCT01581203 BMS-790052, BMS-650032 No or PR Recruiting
NCT01573351 BMS-790052, BMS-650032 PR Recruiting

Merck NCT01370642 MK-7009 PR Not recruiting
NCT01405937 MK-7009 PR Not recruiting
NCT01405560 MK-7009 PR Not recruiting
NCT00689390 SCH 900518 PR Recruiting

Gilead NCT01667731 GS-7977 R Not recruiting
NCT01783678 GS-7977 R Recruiting
NCT01542788 GS-7977 R Not recruiting
NCT01604850 GS-7977 R Not recruiting
NCT01641640 GS-7977 PR Not recruiting
NCT01497366 GS-7977 R Not recruiting
NCT01625338 GS-7977 R Recruiting
NCT01682720 GS-7977 R Recruiting
NCT01701401 GS-7977, GS-5885 No or R Recruiting
NCT01768286 GS-7977, GS-5885 No or R Not recruiting

*DAAs alone (No), or associated with pegylated interferon alpha (P) or ribavirin (R) or pegylated interferon alpha þ
ribavirin (PR).
**Comparison also with pegylated interferon lambda.
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faldaprevir was found to be favourable.

Moreover, up to 87% of patients achieved the

criterion of a maintained rapid virologic response

(mRVR) (HCV RNA <25 IU/ml at week 4 and

undetectable from week 8 to week 20) and qua-

lified for shortened treatment duration with 24

weeks overall treatment. In the SILEN-C3

study, triple therapy with faldaprevir in genotype

1 naı̈ve patients (including cirrhotic patients),

during 12 or 24 weeks followed by PR for 12 to

36 weeks according to extended virologic

response (eRVR) achievement (defined by

undetectability of HCV RNA at week 4 and 12

of therapy) or not, resulted in similar SVR rates

between the two groups (65% versus 73%), with a

good tolerance [Dieterich et al. 2011].

Faldaprevir is now in phase III (Table 1).

Simeprevir seems especially interesting because

of its broader antiviral spectrum since it inhibits

the viral replication of genotypes 1, 2, 4, 5, and 6

in vitro, but not genotype 3 [Lenz et al. 2013].

The ASPIRE study assessed triple therapy with

simeprevir during 12, 24 or 48 weeks and bither-

apy during 48 weeks, in previously treated geno-

type 1 patients; in the arm simeprevir 150 mg/day

SVR was significantly higher compared with the

control group (PR 48 weeks) 72.9% versus 22.7%

[Lenz et al. 2012]. Interesting results have been

reported in experienced patients especially in

prior null responders. In relapsers or partial

responders, the SVR rate with triple therapy

including simeprevir was not clearly different

than that reported for triple therapy including

telaprevir in the REALIZE trial [Fried et al.

2011]. Finally, the impact of the polymorphism

of the protease codon Q80K which is present in

30�40% of genotype 1a viruses has to be better

defined, even if the problem may be overcome

using high doses of simeprevir.

Replication complex NS5A inhibitors
Daclatasvir (BMS-790052) is a potent and highly

selective NS5A replication complex inhibitor with

broad genotypic coverage (genotypes 1�5) and a

pharmacokinetic profile supportive of QD dosing

[Gao et al. 2010]. Daclatasvir is the first NS5A

replication complex inhibitor to enter clinical

development for the treatment of chronic hepatitis

C. Its antiviral efficacy and resistance profile have

been reported in phase IIa and IIb studies in com-

bination with PR for 24�48 weeks resulting in

around 75% of SVR rate in genotype-1-infected

patients (eRVR was 100% in genotype-4-infected

patients) [Pol et al. 2012; Hezode et al. 2012b] but

poorer results were achieved in experienced

patients [Ratziu et al. 2012].

Other NS5A inhibitors have been associated in

oral combinations with fascinating results (ABT-

264 and GS-5885) and others are in rapid devel-

opment (MK MK-8742, GS-5885, GSK-

2336805, PPI-668).

Polymerase inhibitors
Two different classes of polymerase inhibitors (PolI)

are currently developed, nucleosidic (sofosbuvir/

GS-7977 or mericitabine) and non-nucleosidic

(ABT-333, VX-222, BI-207127, BMS-791325),

which may be associated or not with interferon.

The combination of mericitabine with PR

resulted in genotype-1-infected patients achiev-

ing less than 60% of SVR [Pockros et al. 2012].

In contrast, the combination of sofosbuvir/GS-

7977 (400 mg QD) and PR for 12�24 weeks in

genotype 1, 4 and 6 infection resulted in an

SVR12 (HCV RNA undetectable at week 12

post-treatment) rate higher than 90% with a

fair safety profile and a lower pill burden than

the PR combination [Kowdley et al. 2013].

All these studies using second-wave DAAs in

combination with PR usually resulted in a

higher antiviral potency with a better safety pro-

file that those reported with the first-generation

HCV protease inhibitors with a lower pill burden

(one to two pills per day). Their limitations are

mainly the association with interferon and the

numerous pegylated interferon alpha or PR asso-

ciated adverse events and the duration of the

treatment (24�48 weeks with a response-guided

therapy depending on early viral kinetics). These

limitations suggest the need for new trials using

new combinations with better antiviral potency

and safety/tolerance and without interferon

Oral combinations of DAAs
The combination of several agents with direct

antiviral action could, by targeting various steps

of viral replication, induce viral suppression while

preventing the emergence of viral resistance and

allowing eradication of HCV in interferon-free

regimens.

Proof of concept
The proof of concept was provided by the

INFORM 1 study [Gane et al. 2010], which

assessed the combination RG-7128 [mericitabine

1000 mg twice daily (BID)], danoprevir (100 mg

S Pol, M Corouge et al.
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boosted by ritonavir 100 mg BID) and ribavirin in

88 genotype 1 naı̈ve noncirrhotic patients for 24

weeks. The main objective was to decrease the

viral load by week 14. The median viral load

decline ranged from �3.7 to �5.2 log (versus

þ0.1 log in the placebo control group), with a

good tolerance. In patients achieving a rapid viral

decline and who were not completed with the PR

combination, the SVR12 rate in genotype-1-

infected patients was only 41%, 26% in genotype

1a and 71% in genotype 1b with minimal influence

of the IL28B genotype [Gane et al. 2010].

In another study, the combination of the protease

inhibitor BI 201335 (faldaprevir: 120 mg/day),

the polymerase inhibitor BI 207127 (600 mg/

day) and ribavirin had a potent antiviral activity

against HCV genotype 1 without serious or

severe adverse events [Zeuzem et al. 2011b]; a

28-week combination allowed a 68% SVR12

rate (82% in G1b and G1a with IL28B genotype

CC but only 32% in non-CC G1a). Interestingly,

these encouraging results were similar in cirrhotic

patients [Soriano et al. 2012].

These two pioneer studies clearly demonstrated

that: (1) oral combination of DAAs may achieve

significant SVR rates; (2) subtype 1b is easier to

cure than subtype 1a infection with DAAs (around

75% versus 35%) in part related to the resistance

profile, though this was previously reported with

the PR combination which is assumed to be not

associated with viral resistance [Rallón et al. 2012];

(3) the IL28B polymorphism may have an impact

in the choice of therapy; and (4) cirrhosis had only

a limited negative impact on the SVR rate.

Dual oral combination
The first dual DAA oral combination to be stu-

died was daclatasvir (60 mg QD) plus asunapre-

vir (600 mg BID) given in 11 patients (nine with

HCV genotype 1a) for 24 weeks [Lok et al.

2012]. Only 4/11 patients (36%) achieved

SVR12 and SVR24 (HCV RNA undetectable at

week 24 post-treatment): 2/9 with genotype 1a

and 2/2 with genotype 1b. Viral breakthrough

occurred between weeks 3 and 12 in 6/11

patients, all with genotype 1a. Details on the

safety and resistance were published recently

[Pol, 2013]. The daclatasvir 60 mg QD/asuna-

previr combination has been further evaluated

in an expansion cohort of 41 patients (20 with

asunaprevir 200 mg BID and 21 patients with

asunaprevir 200 mg QD) with similar results

with a SVR4 (HCV RNA undetectable at week

4 post-treatment) in 13/15 and 10/16 patients,

respectively [Pol, 2013].

The combination of daclatasvir (60 mg QD) and

asunaprevir (initially 600 mg BID in a sentinel

cohort of 10 null responders, subsequently

reduced to 200 mg BID) for 24 weeks in an

open-label phase IIa study (AI447-017) was

given to 43 HCV genotype-1b-infected Japanese

patients who were intolerant or ineligible to PR

(n¼ 20) or null responders (n¼ 21) [Suzuki et al.

2011]. Among null responders, 19/21 (90%) had

SVR12 compared with 14/22 (64%) of ineligible

or intolerant patients (in whom the plasma

trough concentrations were below the median

level for both agents, arguing a poor compliance,

but rapid virologic response was similar to that

achieved in null responders).

The Electron studies combining sofosbuvir/GS-

7977 and ribavirin for 12 weeks (in comparison

with the sofosbuvir/GS-7977 and PR combin-

ation) resulted in a 100% SVR rate in noncirrho-

tic naı̈ve genotype-2- and genotype-3-infected

patients (only 10 patients per arm), but mono-

therapy by sofosbuvir/GS-7977 for 12 weeks,

reduction of the ribavirin dosing (800 mg) or

reduction of the treatment duration (8 weeks)

reduced the SVR rate (60%, 60% and 67%,

respectively) [Gane et al. 2013]. Finally, the 12-

week sofosbuvir/GS-7977 and ribavirin combin-

ation in 25 experienced patients allowed a 68%

SVR rate [Gane et al. 2013].

In the Positron study, 278 genotype 2 and 3 naı̈ve

patients were given the 12-week sofosbuvir/GS-

7977 (400 mg QD) and ribavirin combination

(n¼ 207) or placebo (n¼71) (16% cirrhotic,

51% genotype 2 and 49% genotype 3); the

SVR12 rates were 78% (compared with 0% in

the placebo arm) in the overall treated population

(but 93% in genotype 2, contrasting with 61% in

genotype 3) and 81% in noncirrhotics versus 61%

in cirrhotics.

In the Fission study, 499 genotype 2 and 3 naı̈ve

patients were given the 12-week sofosbuvir/GS-

7977 and ribavirin combination (n¼ 258) or the

PR combination for 24 weeks as the standard of

care (n¼ 243) (20% cirrhotic, 28% genotype 2

and 72% genotype 3). The SVR12 rates were

similar with the oral dual new combination and

the PR arm (67%), but different in genotype 2

(97 versus 78%) and not different for genotype 3

(56% versus 63%) or cirrhotics (47% versus 38%)
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(press release Gilead on February 4, 2013; http://

www.gilead.com/news/press-releases/2013/2/

gilead-announces-sustained-virologic-response-

rates-from-two-phase-3-studies-of-sofosbuvir-

for-hepatitis-c).

These very recent results provide evidence of the

negative impact of genotype 3 on SVR while cirrho-

sis seems to poorly affect the SVR rate in genotype-

2-infected patients. This resulted on 4 February

2013 in an extension to 24 weeks of sofosbuvir/

GS-7977 and ribavirin combination in genotype-

3-infected patients from the Valence study.

Dual and triple combination
In a first study evaluating the combination of an

NS5A inhibitor and a nucleotide NS5B inhibitor,

daclatasvir has been studied in combination with

the sofosbuvir/GS-7977 in an interferon-free regi-

men [Sulkowski et al. 2012a]. Treatment-naı̈ve

patients with HCV genotype 1, 2 or 3 received

daclatasvir (60 mg QD) plus the sofosbuvir

(400 mg QD), with or a without a 1 week lead-in

of sofosbuvir, with or without ribavirin, over 24

weeks [Kowdley et al. 2013; Gane et al. 2010]. In

patients with genotype 1a or 1b, 86�87% (12/14

and 13/15) of patients treated with the dual com-

bination daclatasvir plus GS-7977, and 93% (14/

15) of those receiving the triple combination dacla-

tasvir plus GS-7977 plus ribavirin had undetectable

HCV RNA at week 24 [end of therapy (EOT)]. All

patients achieved SVR4 and SVR12. In patients

with HCV genotype 2 or 3, 94�100% (15/16 and

14/14) of patients treated with the dual combin-

ation daclatasvir plus GS-7977, and 86% (12/14)

of those receiving the triple combination daclatasvir

plus GS-7977 plus ribavirin, had undetectable

HCV RNA at week 24 (EOT); 88�100% (14/16

and 14/14) of patients treated with the dual com-

bination daclatasvirþGS-7977, and 86% (12/14;

two patients were lost to follow up) of those receiv-

ing the triple combination daclatasvir plus GS-

7977 plus ribavirin achieved SVR4 and SVR 12.

Thus, with an all-oral combination of daclatasvir

plus GS-7977, SVR12 rates of >95% were

achieved independent of HCV genotype. The

sofosbuvir/GS-7977 lead-in phase or the addition

of ribavirin had no effect on virologic response but

the latter increased the frequency of anaemia

(which was absent in the ribavirin-free arms).

Quadruple combination and more
The rapid development of ABT-450 boosted by

ritonavir in association with the NS5B non-

nucleos(t)ide polymerase inhibitor ABT-333

with ribavirin for 12 weeks results in excellent

SVR rates in naı̈ve genotype 1 noncirrhotic

patients (93 and 95% in 14 and 19 patients)

while results were disappointing in 17 prior

experienced patients (47% of SVR with a good

RVR of 77% indicating a high rate of viral break-

through) [Poordad et al. 2013].

Preliminary results of another quadruple com-

bination of the protease inhibitor GS-9451, the

NS5A inhibitor GS-5885 (30 for 46 patients or

90 mg daily for 94 patients), the non-nucleosidic

polymerase inhibitor tegobuvir/GS-9190 and

ribavirin for 12�24 weeks suggest a high SVR4

or SVR12 rates from 77% to 100% with higher

rates in genotype-1b- than in genotype-1a-

infected patients [Sulkowski et al. 2012b].

Finally, fascinating results have been reported in

noncirrhotic genotype-1-infected patients who

were given a quadruple or quintuple combination

ABT-450 boosted by ritonavir, the ABT-267 NS5A

inhibitor, in association or not with the NS5B non-

nucleos(t)ide polymerase inhibitor ABT-333 and

ribavirin for 8�12 weeks [Kowdley et al. 2012].

The SVR12 rate was from 87% to 97% in naı̈ve

patients and 93% in experienced null responders,

including 100% in subtype 1b patients.

In summary, the data presented in this review

show that various DAAs can be combined

together to achieve high SVR rates, with a

rather good tolerance (even if agents in the pipe-

line were discontinued given severe adverse

events) and a convenient dosing schedule.

After more than 15 years with the combination of

PR as the standard treatment for chronic HCV

infection, this field is now dramatically changing

with the rapid entry of numerous new antivirals

into clinical development, including DAAs and

agents with nonviral targets (cyclophilin inhibi-

tors, interferon lambda, vaccine therapy). It is

likely that combinations of these agents, in inter-

feron-free regimens, will soon become the stand-

ard of care for HCV infection, tailored to

individual patients according to the degree of dis-

ease progression (fibrosis, cirrhosis, hepatocellu-

lar carcinoma), HCV genotypes and subtypes,

resistance profiles and prior therapeutic history.

The hypothesis of a ‘magical combination (i.e.

including sofosbuvir)’ is appealing; the results

of the triple oral combination by BMS and

Abbott, or of the quadruple/quintuple oral com-

bination of the Aviator study (protease inhibitor/
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r, PolI, NS5A inhibitor and ribavirin), resulting

in more than 97% of SVR challenge such a

hypothesis. And this remains probably true des-

pite the next combination of sofosbuvir with riba-

virin or the NS5A inhibitor GS-5885 in a ‘single-

tablet regimen’.

These regimens have a better safety profile and

greater antiviral potency compared with the com-

bination of PR and a first-generation protease

inhibitor. Future challenges to be addressed,

over and above the already increased efficacy,

will be to further improve the safety (resistance

does not appear to be a major concern) and

adherence, and to evaluate the cost-effectiveness

of these new oral combinations.
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