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This article has an accompanying continuing education activity on page e14. Learning Objective: Upon completion of
this CME activity, successful learners will be able to explain details on the design and results of the SOUND-C1 clinical
trial (BI 201335, BI 207127 and RBV in treatment-naïve patients with chronic HCV GT-1 infection) and assess the

potential for this regimen as a future treatment for this patient population.
Podcast interview: www.gastro.org/gastropodcast.
Also available on iTunes; see editorial on page 1963.

BACKGROUND & AIMS: Therapeutic regimens are be-
ng developed for patients with hepatitis C virus (HCV)
nfection that do not include the combination of pegin-
erferon alfa and ribavirin. We investigated the antiviral
ffect and safety of BI 201335 (an inhibitor of the NS3/4A
rotease) and BI 207127 (an inhibitor of the NS5B non-
ucleoside polymerase) with ribavirin. METHODS: Thirty-
wo treatment-naïve patients with chronic HCV genotype

infection were randomly assigned to groups that were
iven 400 mg or 600 mg BI 207127 3 times daily plus 120
g BI 201335 once daily and 1000 to 1200 mg/day

ibavirin for 4 weeks. The primary efficacy end point was
irologic response (HCV RNA level �25 IU/mL at week 4).
hirty-two patients received treatment; 31 completed all 4
eeks of assigned combination therapy. RESULTS: In the

group given BI 207127 400 mg 3 times daily, the rates of
virologic response were 47%, 67%, and 73% at days 15, 22,
and 29; a higher rate of response was observed in patients
with genotype-1b compared with genotype-1a infections.
In the group given BI 207127 600 mg 3 times daily, the
rates of virologic response were 82%, 100%, and 100%,
respectively, and did not differ among genotypes. One
patient in the group given 400 mg 3 times daily had
virologic breakthrough (�1 log10 rebound in HCV RNA)
at day 22. The most frequent adverse events were mild
gastrointestinal disorders, rash, and photosensitivity.
There were no severe or serious adverse events; no patients
discontinued therapy prematurely. CONCLUSIONS:

The combination of the protease inhibitor BI 201335,
the polymerase inhibitor BI 207127, and ribavirin has
rapid and strong activity against HCV genotype-1 and
did not cause serious or severe adverse events.

Keywords: Drug; Clinical Trial; Direct-Acting Antivirals;
Peginterferon-Free.

Watch this article’s video abstract and others at http://
tiny.cc/j026c.

Scan the quick response (QR) code to the left with
your mobile device to watch this article’s video ab-
stract and others. Don’t have a QR code reader? Get
one at mobiletag.com/en/download.php.

Chronic hepatitis C virus (HCV) infection represents a
major public health problem worldwide. With current

standard therapy for patients infected with HCV genotype
(GT)-1 consisting of peginterferon alfa (PegIFN) and ribavi-
rin (RBV) for 48 weeks, �60% of patients fail to achieve a
sustained virologic response (SVR), defined as undetectable
plasma HCV RNA 24 weeks after the completion of therapy.
Even lower SVR rates are reported for several populations
such as HCV/human immunodeficiency virus–coinfected
patients or patients with decompensated liver cirrhosis.

Abbreviations used in this paper: AE, adverse event; DAA, direct-
acting antiviral agent; GT, genotype; LLOD, lower limit of detection;
LLOQ, lower limit of quantification; NI, nucleoside polymerase inhibitor;
NNI, non-nucleoside inhibitor; PegIFN, peginterferon alfa; RBV, ribavirin;
SVR, sustained virologic response.
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Due to the side effect profile of both drugs, many patients
are ineligible for interferon-based treatment. Furthermore,
of patients starting therapy with PegIFN and RBV, a sub-
stantial proportion is unable to tolerate these side effects
and prematurely discontinue treatment.

With the development of HCV NS3/4A serine protease
inhibitors, SVR rates for HCV GT-1–infected patients have
substantially increased. However, rapid selection of resis-
tance-associated variants is observed when these HCV pro-
tease inhibitors are administered as monotherapy. Thus,
HCV protease inhibitors must be combined with PegIFN
and RBV to reduce treatment failure due to the selection of
resistant viral variants. With such triple combinations, SVR
rates for treatment-naïve GT-1 patients have been increased
to 65% to 84%.1–4 However, limitations associated with Pe-

IFN and RBV, including multiple organ system toxicities,
ntolerability, convenience, and contraindications, will re-

ain until PegIFN/RBV-free treatments become available.
In vitro and in vivo studies suggest that combinations of

irect-acting antiviral agents (DAAs) with different modes of
ction and nonoverlapping resistance profiles can reduce the
election of resistant variants and thus may improve re-
ponse to antiviral therapy.5,6 The first clinical phase 1b trial
nvestigating a PegIFN/RBV-free combination therapy, com-
rising the NS3/4A protease inhibitor danoprevir (RG7227)
nd the NS5B nucleoside polymerase inhibitor (NI) meric-
tabine (RG7128) in HCV-infected GT-1 patients, showed
ignificant antiviral potency and suppressed viral rebound
or up to 14 days.7

BI 201335 is a second-generation HCV NS3/4A pro-
tease inhibitor with highly potent in vitro activity against
GT-1a/1b subtypes (median effective concentration values
of 6.5 and 3.1 mol/L) and improved pharmacokinetics
suitable for once-daily dosing. BI 201335 is currently in
phase 3 of development.4,8,9 BI 207127 is an orally bio-
available, reversible, thumb pocket 1 non-nucleoside in-
hibitor (NNI) of the HCV NS5B polymerase with potent
and specific antiviral activity in vitro (HCV replicon me-
dian effective concentration values of 23 and 11 nmol/L
against GT-1a and GT-1b, respectively). BI 207127 is cur-
rently in phase 2 of development.10 Drug resistance stud-
es in cell culture show that BI 201335 and BI 207127
ave different resistance profiles, and previous observa-
ions using NS3/4A protease inhibitors and NS5B thumb
ocket 1 NNI compounds have shown that 2-drug com-
inations profoundly reduce the selection of drug-resis-
ant variants.11

Here we report the results of a clinical phase 1b trial
(SOUND-C1: Safety and antiviral effect of Oral combina-
tions withoUt iNterferon in patients Diagnosed with
chronic hepatitis C) investigating the safety, antiviral ef-
fect, and pharmacokinetics of BI 207127 in combination
with BI 201335 and RBV for 4 weeks in treatment-naïve
patients with chronic HCV GT-1 infection.

Patients and Methods
Patients
Patients were enrolled in May 2010 in Australia, France,

Germany, New Zealand, and Switzerland. Eligible patients were
18 to 75 years of age with chronic HCV GT-1 infection and were
therapy naïve to interferon, PegIFN, RBV, or any DAA for acute
or chronic hepatitis C infection. Patients had plasma HCV RNA
levels �100,000 IU/mL at screening and a liver biopsy within 2
years, or a FibroScan (ECHOSENS, Paris, France) within 6
months, before screening that excluded cirrhosis. Patients with
HCV of mixed GT, hepatitis B virus, human immunodeficiency
virus, previous or ongoing rash or photosensitivity, decompen-
sated liver disease, or hyperbilirubinemia (�1.5� the upper limit
of normal) were excluded (patients with Gilbert’s polymorphism
were accepted). All patients provided written informed consent
before participation in the trial.

Study Design
This was a phase 1b, multicenter, open-label, random-

ized trial. Thirty-four treatment-naïve patients with chronic
HCV GT-1 infection were randomized 1:1 to either 400 mg or
600 mg BI 207127 3 times daily plus 120 mg BI 201335 once
daily and 1000 mg (body wt �75 kg) or 1200 mg (body wt �75
kg) of RBV per day for 4 weeks (Figure 1). BI 201335, BI 207127,
and RBV were dosed with food. Use of erythropoietin and dose
reductions of RBV was permitted at the discretion of the inves-
tigator. Thirty-two patients started treatment. Randomization
was stratified by baseline plasma HCV RNA level (�800,000 and

Figure 1. Trial schema. eRVR,
extended rapid virologic re-
sponse (HCV RNA level �25
IU/mL at week 4, and HCV RNA
undetectable from weeks 5 to
18); QD, once daily; TID, 3 times

daily.



C
LI

N
IC

A
L

LI
V

ER

December 2011 BI 201335, BI 207127, AND RBV FOR HCV GT-1 2049
�800,000 IU/mL) and by HCV subtype (1a and 1b). A loading
dose of 240 mg BI 201335 was given on the first day of BI
201335 administration, followed by 120 mg once daily starting
on day 2. An induction dose of 1200 mg BI 207127 was given on
the first day of BI 207127 administration, aiming to achieve
early and profound viral load reduction,10 followed by the as-
signed dose. Concomitant treatment with the following sub-
strates of P-gp, UGT1A1, CYP3A4, or 2C9, with a narrow ther-
apeutic range, was not permitted: alfentanil, astemizole,
cisapride, mosapride, di-/ergotamine, cyclosporine, everolimus,
sirolimus, tacrolimus, fentanyl, irinotecan, pimozide, quinidine,
and terfenadine.

At day 29, all patients were switched from their assigned
treatment to 120 mg BI 201335 once daily, PegIFN alfa-2a, and
RBV until week 24 or 48, depending on the achievement of
extended rapid virologic response (HCV RNA level �25 IU/mL
at week 4 and HCV RNA undetectable from weeks 5 to 18).
Patients with virologic breakthrough before day 29, defined as
plasma HCV RNA rebound �1 log10 from a quantifiable nadir
during BI 207127/BI 201335/RBV treatment, and confirmed by
a second, consecutive plasma HCV RNA measurement, were
immediately switched to treatment with PegIFN alfa-2a and
RBV alone for 48 weeks.

Our study was conducted in accordance with the principles
of Good Clinical Practice and was approved by the appropri-
ate institutional review boards and regulatory agencies
(NCT01132313).

Efficacy Assessments
Plasma samples for HCV RNA measurements were ob-

tained at the time of screening and at days 1, 2, 4, 8, 10, 15, 22,
and 29. Samples were processed by a central laboratory using the
Roche COBAS TaqMan HCV/HPS assay (version 2.0; Roche,
Basel, Switzerland) with a lower limit of quantification (LLOQ)
of 25 IU/mL and a lower limit of detection (LLOD) of 17 IU/mL.

HCV GT for screening and randomization was determined
using the Trugene HCV assay (Bayer, Leverkusen, Germany); due
Figure 2. Patient disposition.
to the technical limitations of this genotyping assay, definitive
HCV GTs used for all analyses were based on complete NS5B
sequencing and phylogenetic analyses for all randomized pa-
tients. Samples for sequencing the HCV NS3/4A protease and
NS5B polymerase were collected at screening and all patient
visits. Viral genotyping was performed for all patients at baseline
and for all patients in which plasma HCV RNA level plateaued
above �1000 IU/mL, or plasma HCV RNA values indicated
breakthrough, during the trial period.

Viral RNA was isolated from plasma using the QiaAmp Viral
RNA Extraction Kit (Qiagen, Hilden, Germany). Complementary
DNA was synthesized using the SuperScript III One-Step RT-
PCR System with Platinum Taq DNA Polymerase using GT-
specific primers (Qiagen). The LLOD of the reverse-transcription
polymerase chain reaction amplification method restricted the
analysis to patient samples with HCV RNA levels �1000 IU/mL.
The NS3/4A protease and NS5B polymerase nucleotide se-
quences were obtained by direct DNA sequencing of the ampli-
fied product using the ABI 3730 Genetic Analyzer Detection
System (Applied Biosystems, San Francisco, CA). The base call-
ing with ABI’s software allowed for the detection of variants
present at �30% of the total population.

Safety Assessments
All adverse events (AEs) occurring during the course of

the trial were documented and reported by the investigator to
the sponsor. As defined in a rash management plan, the intensity
of rash was graded as mild (localized), moderate (diffuse, 30% to
�70% body surface area), or severe (diffuse generalized, mucous
membrane involvement, organ dysfunction, signs of anaphy-
laxis, or life threatening). The intensity of all other AEs was
judged based on patient tolerability of the event as mild (easy to
tolerate), moderate (interference with usual activity), or severe
(incapacitating or causing inability to work or to perform usual
activities). Electrocardiograms, vital signs, and routine labora-
tory parameters were also evaluated. The study included regular
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reviews of data by a data monitoring committee external to the
sponsor.

Statistical Assessments
The primary efficacy end point of this study was rapid

virologic response, defined as HCV RNA level below the LLOQ
(�25 IU/mL) at week 4. Safety end points included vital signs,
physical examination, discontinuation due to AEs, and labora-
tory abnormalities. Descriptive statistics for efficacy, safety, and
pharmacokinetic end points were calculated. One interim anal-
ysis was planned after all patients had finished day 29.

Results
Patient Disposition and Baseline
Characteristics
Fifty-six patients were enrolled into the trial, of

which 34 were randomized and 24 did not start treatment
due to withdrawn consent (n � 3), not meeting inclusion/
exclusion criteria (n � 9), or missing the predefined ran-
domization cut due to very fast enrollment (n � 12)
Figure 2). The latter 12 patients were offered randomiza-
ion into the second part of the trial, which is ongoing.
herefore, 32 patients received at least one dose of as-

igned treatment (Figure 2). Of these 32 patients, 31
ompleted all 4 weeks of assigned treatment; one patient
ith confirmed virologic breakthrough was switched to
egIFN and RBV at day 29 as defined in the protocol.
Patients were evenly distributed over both dose groups

ith regard to baseline HCV RNA level, ethnicity, age, sex,
ody mass index, and subtype (Table 1). Mean age was

Table 1. Summary of Baseline Characteristics

BI 207127 400 mg
3 times daily � BI

201335 120 mg once
daily � RBV

(n � 15)

BI 207127 600 mg
3 times daily � BI

201335 120 mg once
daily � RBV

(n � 17)

Age (y)
Mean 51 51
SD 10.0 11.5

Body mass index
(kg/m2)

Mean 23 24
SD 2.9 3.8

Sex, n (%)
Male 8 (53.3) 10 (58.8)
Female 7 (46.7) 7 (41.2)

thnicity, n (%)
Asian 0 (0.0) 1 (5.9)
White 15 (100.0) 16 (94.1)

CV RNA
(log10IU/mL)

Mean 6.45 6.51
SD 0.51 0.66

enotype, n (%)
1a 10 (66.7) 8 (47.1)
1b 5 (33.3) 8 (47.1)
Other 0 1a (5.9)

aRetrospective GT analysis based on NS5B sequence identified 1 GT-1
sample as GT-6e.
1 � 11 years, mean body mass index was 23.8 � 3.5
kg/m2, and mean HCV RNA level was 6.48 log10 IU/mL. A
slightly higher number of patients had GT-1a infection,
and all but one patient were white.

Efficacy
During the first 2 days of treatment, all patients

showed a rapid and steep decline in HCV RNA levels. This
was followed by a slower second phase decline until day 29
in all patients receiving BI 207127 600 mg 3 times daily and
in all but 2 patients receiving 400 mg 3 times daily (Figure 3).
In the group receiving 600 mg 3 times daily, the declines in
HCV RNA levels were slightly steeper and the HCV RNA
curves clustered more tightly, and a higher proportion of
patients achieved HCV RNA below LLOQ or LLOD by the
end of oral treatment compared with the group receiving
400 mg 3 times daily.

Virologic response rates (HCV RNA level �25 IU/mL)
in the group receiving BI 207127 400 mg 3 times daily
were 27%, 47%, 67%, and 73% at days 8, 15, 22, and 29,
respectively; higher response rates were observed in GT-1b–
infected patients compared with GT-1a–infected patients
(Table 2). In contrast, corresponding response rates in the
group receiving BI 207127 600 mg 3 times were 18%, 82%,
100%, and 100%, without subtype differences (Table 2).
Most patients in the group receiving 600 mg 3 times daily
even had undetectable HCV RNA at days 22 and 29 (53%
and 71%, respectively), whereas these rates did not exceed
20% in the group receiving 400 mg 3 times daily.

One virologic breakthrough was observed during treat-
ment at day 22 and confirmed at day 29, when the patient
was switched per protocol to PegIFN plus RBV; the pa-
tient showed a good virologic response 4 weeks later (HCV
RNA decrease 2 log10). One other patient showed an
ncrease in HCV RNA level from a nadir of 0.7 log10

IU/mL. HCV RNA plateaued at this level until the
patient was switched to BI 201335/PegIFN/RBV triple
therapy at day 29; after 10 days of triple therapy, HCV
RNA level decreased to �100 IU/mL. Both patients
were GT-1a, had never achieved undetectable HCV
RNA, and were treated with the lower dose of BI 207127
at 400 mg 3 times daily.

Safety
Overall, the safety and tolerability profile of oral

treatment was favorable. Most patients had mild gastro-
intestinal disorders (diarrhea, nausea, vomiting), and at
the higher dose, 42% of patients had a mild rash or
photosensitivity reaction (Table 3). Four patients in the
group receiving 600 mg 3 times daily experienced tran-
sient and mild paraesthesias of very different localizations
and underlying conditions (2 were associated in time and
localization with photosensitivity or rash). Due to overlap
in the safety profiles, these AEs cannot be assigned to one
particular compound. However, there were no severe AEs,
serious AEs, or AE-related premature treatment discon-
tinuations within the 4-week study period.

Laboratory studies indicated a continuous decline in

alanine aminotransferase level in all patients (Table 4),



N

C
LI

N
IC

A
L

LI
V

ER

December 2011 BI 201335, BI 207127, AND RBV FOR HCV GT-1 2051
reflecting the rapid and effective suppression of HCV
replication.12 There was a slight dose-dependent decrease
in hemoglobin levels that was in line with the effect of
RBV on red blood cells.13 The dose of RBV had to be
reduced for hematologic reasons in one patient in the 400
mg group after 24 days, and no patient required the use of
erythropoietin. After the protocol-defined switch to BI

Figure 3. Absolute HCV RNA
level from baseline to day 29 for
individual patients in (A) the BI
207127 400 mg dose group
and (B) the BI 207127 600 mg
dose group. *Patient with viro-
logic breakthrough observed
during treatment at day 22.
**Patient with an increase in
HCV RNA from nadir of 0.7 log10

IU/mL. LLOD, 17 IU/mL; LLOQ,
25 IU/mL.

Table 2. Frequency of Patients Attaining Virologic Response (
Treatment and Genotype

HCV RNA

BI 207127 400 mg 3 times daily �
BI 201335 120 mg once daily � RBV

(n � 15)

Day
All

(n � 15)
GT-1a

(n � 10)
GT-

(n �

8 4 (27) 2 (20) 2 (4
15 7 (47) 5 (50) 2 (4
22 10 (67) 6 (60) 4 (8
29 11 (73) 6 (60) 5 (1

OTE. LLOQ was 25 IU/mL.
aGenotype corrected by HCV NS5B sequencing and phylogenetic analys

600 mg arm due to the exclusion of one patient with GT-6e.
201335, PegIFN, and RBV at day 29, the median hemo-
globin level decreased further (median change from base-
line at day 36, �3.0 g/dL), most likely in part due to the
added effect of PegIFN. A mild increase in platelet count
was found in both dose groups, which was rapidly revers-
ible after stopping treatment or switching patients to
PegIFN/RBV therapy (median change from baseline at day

V RNA Level Less Than LLOQ at Day 29) by Duration of

el less than LLOQ, n/N (%)

BI 207127 600 mg 3 times daily �
BI 201335 120 mg once daily � RBV

(n � 17)

All
(n � 17)

GT-1a
(n � 8a)

GT-1b
(n � 8a)

3 (18) 2 (25) 1 (13)
14 (82) 8 (100) 5 (63)
17 (100) 8 (100) 8 (100)
17 (100) 8 (100) 8 (100)

numbers do not add up to 100% of patients treated in the BI 207127
HC

lev

1b
5)

0)
0)
0)
00)

is;
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36, �7.7 � 109/L). Finally, a dose-dependent increase in
unconjugated bilirubin (median �5.3 and �7.8 �mol/L;

irect/total bilirubin ratio �0.5 in all cases) was observed,
hich was not associated with signs of liver dysfunction.
total of 3 patients each had total bilirubin elevation �3

o 5 times the upper limit of normal or �5 to 10 times the
pper limit of normal (peaks of 129, 131, and 199

�mol/L), with levels peaking between days 10 and 14 of
treatment. However, none of these patients had simulta-
neously elevated direct bilirubin (10, 5, and 9 �mol/L),
alanine aminotransferase (19, 41, and 45 U/L), or hemo-
globin values �10 g/dL, and only 3 of these patients had
jaundice (all with peak bilirubin level �5 times the upper
limit of normal). Other safety laboratory parameters
showed no relevant changes from baseline (Table 4).

Resistance
No known resistance mutations to either the

NS3/4A protease inhibitor BI 201335 or the NS5B NNI
polymerase inhibitor BI 207127 were detected at baseline
by population sequencing; a detailed phenotypic and ge-
notypic analysis will be reported elsewhere. Nucleic acid
sequencing of virus isolated at day 30 (and compared with
the sequence obtained at baseline) from the one patient

Table 3. Most Frequent (�20%) Adverse Events

BI 207127 400 mg 3 times
BI 201335 120 mg once da

(n � 15)

All AEs Mild

Headache 5 (33) 3 (20)
Paraesthesias 0 (0) 0 (0)
Nausea 4 (27) 3 (20)
Vomiting 4 (27) 4 (27)
Diarrhea 4 (27) 3 (20)
Jaundicea 4 (27) 3 (20)
Pruritus 3 (20) 3 (20)
Photosensitivity reaction 3 (20) 3 (20)
Rash 1 (7) 1 (7)
Asthenia 5 (33) 4 (27)
Fatigue 3 (20) 2 (13)
Anemia 1 (6.7) 1 (6.7)

NOTE. All values are expressed as n (%). There were no severe AEs,
aClinical symptom as reported by the investigator, including scleral ic

Table 4. Laboratory Changes During Treatment at Week 4 Co

Test parameter (normal range)

BI 207127 40
BI 201335 120

(

Alanine aminotransferase (0.0–35.0 U/L) �35 (
Bilirubin, total (5.1–17 �mol/L) �9.9 (
Bilirubin, indirect (3.4–12 �mol/L) �4.5 (
Hemoglobina (12.0–17.2 g/dL) �1.4 (
latelets (150–350 � 109/L) �67 (

White blood cells (4.5–11.0 � 109/L) �0.3 (

OTE. Values are expressed as median (minimum, maximum).
aThe percentages of patients with hemoglobin levels �10 g/dL were 6.
g 3 times daily and 600 mg 3 times daily, while no patient had a hemo
with confirmed breakthrough identified R155K in NS3
and P495L in NS5B as major changes in amino acid
sequence that represented the selection of double mutant
virus conferring resistance to BI 201335 and BI 207127.
Comprehensive NS3/4A and NS5B genotyping could not
be performed on samples from the patient with the in-
crease of 0.7 log10 IU/mL, because the HCV RNA level was
ess than 1000 IU/mL and too low to generate full-length
mplicons. However, we obtained partial sequence of the
S3 protease domain from virus isolated on day 17 and,

elative to the baseline sequence, identified a R155K
mino acid change in NS3; an amplicon spanning the 3=
nd of the NS5B region from the day 17 virus did not
etect any canonical changes in P495 or P496 residues
hat are known to confer resistance to the thumb pocket

class of NNI.

Discussion
Many patients with chronic hepatitis C who re-

quire antiviral therapy are unable to tolerate PegIFN and
account for 13% of treatment discontinuations.14,15 More-
over, an estimated 30% to 60% of patients with HCV
cannot be treated with current treatment because of med-

ily �
RBV

BI 207127 600 mg 3 times daily �
BI 201335 120 mg once daily � RBV

(n � 17)

Moderate All AEs Mild Moderate

2 (13) 2 (12) 2 (12) 0 (0)
0 (0) 4 (24) 4 (24) 0 (0)
1 (7) 11 (65) 9 (53) 2 (12)
0 (0) 8 (47) 6 (35) 2 (12)
1 (7) 3 (18) 3 (18) 0 (0)
1 (7) 3 (18) 3 (18) 0 (0)
0 (0) 6 (35) 5 (29) 1 (6)
0 (0) 3 (18) 3 (18) 0 (0)
0 (0) 4 (24) 4 (24) 0 (0)
1 (7) 4 (24) 2 (12) 2 (12)
1 (7) 4 (24) 4 (24) 0 (0)
0 (0) 1 (5.9) 0 (0) 1 (5.9)

ous AEs, or AE-related discontinuations.
s.

ared With Baseline

g 3 times daily �
g once daily � RBV

15)

BI 207127 600 mg 3 times daily �
BI 201335 120 mg once daily � RBV

(n � 17)

36, �6) �27 (�147, �5)
.6, �65.5) �17.9 (�2.0, �99.2)
.2, �38.5) �7.8 (�1.2, �59.8)
.5, �0.7) �2.6 (�4.7, �0.5)
1, �103) �89 (�21, �144)
.1, �2.1) �0.6 (�1.4, �2.4)

(n � 1) and 5.9% (n � 1), respectively, in the groups treated with 400
da
ily �

seri
mp

0 m
m

n �

�2
�2
�1
�3
�2
�1

7%

globin level �8.5 g/dL.
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ical contraindications to PegIFN/RBV,16,17 highlighting
he high clinical unmet need for interferon-free regimens.
everal PegIFN-free combinations of 2 DAAs with differ-
nt modes of action, with or without RBV, are currently
nder clinical investigation.7,18 –21 NS3/4A protease inhib-

tors, NS5A inhibitors, and NS5B NNIs have a lower
enetic barrier to resistance compared with NS5B NIs.22

So far, most dual combinations of DAAs with a lower
barrier to resistance have failed to maintain suppression
of viral replication.18,20 Variants with resistance to 2 DAAs
seem to preexist and are selected during dual DAA com-
bination therapy.23 Potential strategies to overcome this

roblem are (1) DAA combinations including polymerase
nhibitors with a high barrier to resistance, (2) triple DAA
herapy, and (3) combinations of 2 DAAs with a lower
enetic barrier to resistance plus RBV.

Virologic breakthrough, with the selection of resistant
ariants, has not yet been observed in short-term clinical
tudies of the NS3/4A protease inhibitor danoprevir plus
he NI mericitabine,7 suggesting that inclusion of an NI in

DAA combination therapy may be an attractive strategy.
However, additional efficacy (SVR) and safety data from
longer-term treatments are still required. The approach of
combining 3 non– cross-resistant DAAs with a lower ge-
netic barrier to resistance (ie, an NNI plus a NS3/4A
protease inhibitor and an NS5A inhibitor) is well sup-
ported by mathematical analyses. Rong et al showed that
resistant variants against the 3 drug classes are unlikely to
preexist before treatment initiation, and emergence is
unlikely to occur during therapy.24 However, drug-drug
nteraction and overlapping safety profiles remain an is-
ue.

A third highly attractive strategy is to combine 2 DAAs
ith a lower genetic barrier to resistance plus RBV. A trial

valuating GS-9256 plus tegobuvir with or without RBV
howed the major role of RBV in HCV RNA decline and
he reduction of viral breakthroughs for DAA combina-
ions with a low barrier to resistance.18 In the present trial,
ll patients received the NS3/4A protease inhibitor BI
01335 and the NS5B NNI BI 207127 in combination
ith RBV. This PegIFN-free combination showed rapid,

trong antiviral activity in patients chronically infected
ith HCV GT-1. Only one patient, treated with the lower
ose of BI 207127, experienced virologic breakthrough
nd selected for dually resistant virus. This was a GT-1a
atient in the lower dose group, reflecting the slightly
educed antiviral activity of BI 207127 against this sub-
ype, which was also seen in monotherapy.10 In contrast,
o virologic breakthrough occurred in the group receiving
I 207127 600 mg 3 times daily, showing that the rapid
nd uniform selection of resistance mutations associated
ith NS3/4A protease inhibitor monotherapy is effec-

ively reduced or delayed in this PegIFN-free regimen. The
eason for the high antiviral activity associated with a low
reakthrough rate of this combination as compared with
ther protease inhibitor/NNI combinations with only 2 of
2 patients developing a single or double mutant to BI

07127 and/or BI 20133518,19 may be due to the RBV p
effect, which is probably caused by a weak direct antiviral
activity as well as by induction of interferon-sensitive
genes.12 Importantly, BI 207127 belongs to the thumb

ocket 1 class of NNIs that displace the NS5B amino-
erminal �1 finger loop from the upper thumb domain

and interfere with a conformational change required to
initiate RNA synthesis. In contrast to other sites that are
exposed on the surface of the NS5B polymerase, the
thumb pocket 1 binding site comprises an interface be-
tween functional domains that restricts sequence poly-
morphism and may provide for a higher resistance barrier
relative to other NNIs.11 Results from the ongoing phase
2b study comparing dose regimens of BI 201335 and BI
207127 with or without RBV will provide further insights.

Treatment with BI 201335 and BI 207127 plus RBV
showed a favorable overall safety and tolerability profile.
As expected from phase 1 and 2 results of both com-
pounds,4,9,10 a substantial proportion of patients had mild
to moderate rash, photosensitivity, or gastrointestinal
symptoms, which did not impact treatment continuation.
Jaundice was rather common but usually mild and always
due to isolated, predominantly unconjugated hyperbiliru-
binemia, without signs of liver toxicity. The mechanisms
involved, as proposed from extensive in vitro studies,
include BI 201335-mediated inhibition of bilirubin trans-
porters (eg, OATP1B1, MRP-2) and conjugating enzymes
(eg, UGT1A1)25 in the presence of RBV-induced hemoly-
sis. The simultaneous slight elevation of conjugated bili-
rubin level found in some patients can be explained by the
common diazo assay-related overestimation of direct bil-
irubin26 and the inhibitory effect of BI 201335 on the

ilirubin efflux transporter MRP-2.25 Similar mechanisms
f interaction with bilirubin metabolism have been de-
cribed for other HCV27 and human immunodeficiency

virus protease inhibitors.28,29 In confirmation of these
eports, jaundice associated with BI 201335 was not asso-
iated with any symptoms other than jaundice in the
hase 2 studies of BI 201335 in combination with Pe-
IFN/RBV.25 The mild elevation of platelets observed was
n a similar range as that found with RBV monotherapy.30

However, there were no thrombotic events reported in our
trial and the effect was rapidly reversible with an incre-
mental decrease in platelet count after switching patients
to PegIFN/RBV. Similarly, the decrease in hemoglobin
levels and the rate of anemia found after 4 weeks of HCV
treatment with BI 201335, BI 207127, and RBV is likely
caused by RBV-induced hemolysis. The largest RBV
monotherapy study described a mean decrease in hemo-
globin level after 4 weeks of RBV by �2 g/dL, with 20% of
subjects experiencing a decline by �4 g/dL.13 However,
he ongoing phase 2b study is evaluating several longer-
erm dosing regimens of this oral combination, including
n RBV-free dose regimen, and thus will show whether the
AA combination has an additional effect on hemoglobin

r platelet counts. In summary, the general safety profile
f this DAA combination is comparable with other com-

ounds of both drug classes. Lack of serious AEs and
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treatment discontinuations shows that this treatment is
generally safe and side effects are manageable.

Recently, proof of concept for achievement of SVR with
a PegIFN-free treatment regimen in patients with HCV
was reported. The combination of an NS5A inhibitor and
an NS3/4A protease inhibitor in GT-1 patients with null
response to previous PegIFN/RBV treatment achieved
SVR in 4 of 11 patients who were treated for 24 weeks,
with only one relapse in this cohort.20 This indicates that
HCV can be eradicated in chronically infected patients with
a PegIFN-free DAA combination regimen and supports in-
vestigations with various DAA combinations that may be
able to improve SVR rates without the need for PegIFN.

The BI 201335 and BI 207127 plus RBV all oral regimen
showed potent antiviral activity in HCV GT-1 patients
that was generally safe and tolerable without the selection
of resistance in the higher dose group. The crucial next
step in clinical development is the evaluation of safety and
SVR with longer-term treatment with this PegIFN-free
combination. Moreover, eliminating not only PegIFN but
also RBV from future HCV treatment would undoubtedly
improve tolerability and would potentially allow for the
treatment of patients with RBV contraindications. A pro-
spective phase 2b study evaluating sustainability of virologic
responses to different longer-term treatments is ongoing.
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