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Telaprevir Alone or With Peginterferon and Ribavirin Reduces HCV RNA
in Patients With Chronic Genotype 2 but Not Genotype 3 Infections
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This article has an accompanying continuing education activity on page e13. Learning Objective: Upon completion of
this activity, successful learners will be able to identify the role of telaprevir in treating patients with hepatitis C of
genotype 1, 2, and 3, and will be able to prescribe telaprevir in previously untreated patients with hepatitis C in

accordance with the recent FDA recommendations.
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See Covering the Cover synopsis on page 784;
see Larrey D et al on page 781 in CGH.

BACKGROUND & AIMS: We evaluated antiviral activ-
ity of 2 weeks therapy with telaprevir alone, peginterferon
alfa-2a and ribavirin (PR), or all 3 drugs (TPR) in treat-
ment-naïve patients with chronic hepatitis C virus (HCV)
genotype 2 or 3 infections. METHODS: We performed a
randomized, multicenter, partially blinded study of pa-
tients (23 with HCV genotype 2, 26 with genotype 3) who
received telaprevir (750 mg every 8 h), placebo plus PR
(peginterferon, 180 �g, once weekly and ribavirin, 400 mg,
wice daily), or TPR for 15 days, followed by PR for 22 or
4 weeks. Plasma levels of HCV RNA were quantified.
ESULTS: Levels of HCV RNA decreased in all patients
ith HCV genotype 2, including those who received tel-
previr monotherapy. The decrease was more rapid
mong patients who received telaprevir. By day 15, 0%
telaprevir), 40% (TPR), and 22% (PR) of patients with

CV genotype 2 had undetectable levels of HCV RNA;
ates of sustained virologic response were 56%, 100%, and
9%, respectively. Overall, 6 of 9 HCV genotype 2 patients
hat received only telaprevir had viral breakthrough
ithin 15 days after an initial response. HCV RNA levels
ecreased slightly among patients with HCV genotype 3
ho received telaprevir and decreased rapidly among pa-

ients given PR or TPR (telaprevir had no synergistic
ffects with PR). Sustained virologic response rates were
0%, 67%, and 44% among patients given telaprevir, TPR,
r PR respectively; 7 patients with HCV genotype 3 re-

apsed after therapy (2 given telaprevir, 3 given TPR, and
given PR) and 3 patients with HCV genotype 3 had viral

reakthrough during telaprevir monotherapy. The inci-

ence of adverse events was similar among groups. CON-
LUSIONS: Telaprevir monotherapy for 2 weeks re-
uces levels of HCV RNA in patients with chronic
CV genotype 2 infections, but has limited activity in

atients with HCV genotype 3.

eywords: C209; VX-950; Liver Disease; Clinical Trial.

iew this article’s video abstract at www.gastrojournal.org

Current therapy for patients with chronic hepatitis C
virus (HCV) who are infected with genotype 2 or 3

comprises peginterferon (Peg-IFN) and ribavirin (RBV)
administered for 24 weeks.1 The aim of therapy is to
achieve a sustained virologic response (SVR; defined as
undetectable HCV RNA 6 months after treatment cessa-
tion), which is believed to be equivalent to a cure since
long-term follow-up studies show very limited disease
recurrence.2 In general, patients with genotype 2/3 treated
with Peg-IFN/RBV achieve SVR rates approaching 80%,
although some patient subgroups respond less well.1,3

Agents that directly target viral replication have the
potential to improve SVR rates and shorten treatment
duration. Telaprevir is an orally available, highly potent,
specific inhibitor of the HCV nonstructural (NS) 3 pro-
tease that increased SVR rates and reduced treatment
duration in phase III clinical trials of patients with geno-
type 1 HCV when added to Peg-IFN/RBV therapy vs
Peg-IFN/RBV alone.4 –7 Telaprevir was generally well-tol-

Abbreviations used in this paper: AE, adverse event; EOT, end of
treatment; HCV, hepatitis C virus; IL, interleukin; NS, nonstructural;
Peg-IFN, peginterferon; PR, peginterferon alfa-2a (180 �g once weekly)
nd ribavirin (400 mg twice daily); RBV, ribavirin; SVR, sustained viro-

ogic response rate; T, telaprevir administered alone; TPR, telaprevir
dministered with peginterferon alfa-2a (180 �g once weekly) and

ribavirin (400 mg twice daily).
© 2011 by the AGA Institute
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882 FOSTER ET AL GASTROENTEROLOGY Vol. 141, No. 3
erated in genotype 1 clinical trials, but with a slightly
higher rate of some adverse events (AEs), including rash,
than with Peg-IFN/RBV.4 –7 In vitro data suggest that
telaprevir is also active against genotype 2 and 3 HCV, and
modeling data imply that the drug has activity against
nongenotype 1 protease enzymes.8 However, to date, phase II
studies have not assessed protease inhibitors in patients with
genotype 2 or 3 chronic HCV. It is therefore unclear whether
they will play a role in increasing response rates and reducing
the duration of therapy in these patients. Accordingly, we
conducted a multicenter, randomized, controlled, phase II
clinical trial to evaluate the early kinetics of genotype 2 and
3 HCV in treatment-naïve patients treated with telaprevir-
based therapy vs Peg-IFN/RBV alone. To allow a clear eval-
uation of telaprevir’s intrinsic antiviral activity, a small num-
ber of patients also received the drug as monotherapy during
the early phase of the study.

Materials and Methods
Patients
The study took place between December 2007 and May

2009 in 12 centers in France, the United Kingdom, Italy, and
Sweden. Key inclusion criteria were: age 18 – 65 years; chronic
infection with either genotype 2 or genotype 3 HCV (serum HCV
RNA �10,000 IU/mL); absolute neutrophil count �1500 mm3 and
platelet count �100,000 mm3; no prior treatment for HCV. Key
exclusion criteria included any relevant concomitant medical con-
dition; decompensated liver disease or cirrhosis, or other significant
liver disease; human immunodeficiency virus or hepatitis B virus
co-infection; Peg-IFN or RBV contraindication; a history of alcohol
or illicit drug use; pregnancy/breast feeding. Independent Ethics
Committees reviewed and approved the trial protocol, and the trial
was conducted in accordance with provisions of the Declaration of
Helsinki and Good Clinical Practice guidelines. All patients gave
their written, informed consent before initiation. The trial was
registered with ClinicalTrials.gov (NCT00561015). Study discontin-
uation was mandatory in case of noncompliance with study pro-
cedures, withdrawal of consent, a serious AE, pregnancy, grade 3
rash, or use of prohibited medications.

Study Design
This phase IIa, multicenter, partially blinded, random-

ized, multiple-dose trial included a screening period of up to 6
weeks before treatment initiation. In an investigational treat-
ment phase, patients were randomized 1:1:1 to receive telaprevir
750 mg every 8 h for 2 weeks (telaprevir monotherapy group), or
telaprevir 750 mg every 8 h plus Peg-IFN alfa-2a 180 �g once

eekly plus RBV 400 mg twice daily for 2 weeks (telaprevir plus
eg-IFN/RBV [TPR] group), or telaprevir placebo (every 8 h) plus
eg-IFN alfa-2a 180 �g once weekly plus RBV 400 mg twice daily
or 2 weeks (Peg-IFN/RBV [PR] group). Following this phase,
atients received standard treatment with Peg-IFN alfa-2a 180

�g once weekly plus RBV 400 mg twice daily (24 weeks: telapre-
ir monotherapy group; 22 weeks [protocol amendment]: other
roups). Prespecified analyses were conducted when all random-
zed patients had completed the investigational treatment phase
nd once the trial was completed. Randomization, via a central
andomization system, was stratified for HCV genotype. A ran-
omization list for each stratum was created by permuted blocks
nder the supervision of the sponsor. Dose modification of

elaprevir was not permitted.
The investigational 2-week treatment phase was open-label for
he telaprevir monotherapy group and the other groups were dou-
le-blinded to telaprevir or placebo. HCV RNA quantification re-
ults were only communicated after all randomized patients had
ompleted or discontinued the investigational treatment phase.

End Points
The primary efficacy end point was early viral kinetics

determined by plasma HCV RNA quantification at frequent time
points over a 2-week period. Secondary efficacy end points in-
cluded virologic response (percentage of patients with HCV RNA
�25 IU/mL) at different time points, viral breakthrough, SVR,
and relapse. Viral breakthrough was defined as an increase �1
log10 in HCV RNA from nadir or HCV RNA �100 IU/mL in

atients who previously reached HCV RNA �25 IU/mL, and
equired confirmation by 2 consecutive samples �4 weeks apart.
atients who met the definition of viral breakthrough at the end
f the investigational treatment phase, but for whom this find-

ng could not be confirmed during the standard treatment
hase, were considered unconfirmed viral breakthroughs. SVR
as defined as �25 IU/mL undetectable HCV RNA at end of

reatment (EOT), and 24 weeks after final study medication.

Efficacy and Safety Assessments
Clinic visits were at baseline (day 1, first day of investi-

gational treatment phase), days 2, 3, 4, 8, 12, and 15 (last day of
investigational treatment/first day of standard treatment phase),
and at weeks 4, 6, 14, and 24 (telaprevir plus Peg-IFN/RBV and
Peg-IFN/RBV groups) or 26 (telaprevir monotherapy group).
After EOT, all patients were followed for at least 24 weeks to
assess SVR. If viral relapse occurred during the follow-up period,
24 weeks of follow-up after relapse was required.

Plasma samples were obtained at every visit except follow-up
week 26. HCV RNA was quantified using the COBAS TaqMan
HCV test (version 2.0; Roche Molecular Systems Inc, Branch-
burg, NJ; limit of quantification 25 IU/mL). HCV RNA values
below the limit of quantification were reported either as �25
IU/mL detectable, if a signal was detected, or �25 IU/mL un-
detectable, if no signal was detected. Population-based viral
sequencing for resistance analyses was performed at baseline in
all patients and at breakthrough or relapse on samples with
HCV RNA values above the limit of detection of the sequencing
assay (�1000 IU/mL). The population-based sequencing assay
detects mutations present in approximately 20% of the viral pop-
ulation. HCV genotype was assessed using the Trugene 5’NC
method performed by the central laboratory, and with a more
accurate HCV genotyping method based on the NS5B sequencing.

AEs were recorded at every visit up to and including follow-up
week 4, thereafter only possibly related serious AEs or grade 3
AEs were reported. AEs of interest included rash (any type) and
anemia. Laboratory parameters (hematology, clinical chemistry,
urinalysis), cardiovascular safety end points, and physical exam-
inations were also assessed at various study visits. Steady-state
pharmacokinetics of telaprevir were evaluated on day 15.

Statistical Analysis
All analyses were performed on an intent-to-treat basis,

and included all randomized patients receiving at least 1 dose of
telaprevir or placebo.

The inclusion of 16 patients in each treatment group was
considered sufficient to explore the antiviral activity, safety and
tolerability, pharmacokinetics, and pharmacokinetic–pharmaco-

dynamic relationships of telaprevir. Assuming a standard devi-

http://www.clinicaltrials.gov
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September 2011 TELAPREVIR IN GENOTYPE 2 AND 3 HCV INFECTION 883
ation of 1.34 for the change in HCV RNA at week 2, the
precision (1-sided) of the 95% confidence interval of the differ-
ence in HCV RNA at week 2 vs baseline was 0.66 log10 for 16
patients, based on data from a previous study in which patients
were infected with HCV genotype 1.9

Due to the exploratory nature of the study, formal statistical tests
were not applied to the data. However, a 1-sample t test was applied
retrospectively to analyze the mean difference in HCV RNA levels
between baseline and day 3 in the telaprevir monotherapy group.

For telaprevir, the area under the plasma concentration-time
curve over the dosing interval, maximum and minimum plasma
concentrations, and time to maximum plasma concentration
were calculated on day 15 using noncompartmental methods
and analyzed using WinNonlin Professional (version 4.1; Phar-
sight Inc, Mountain View, CA).

Results
Patient Disposition and Baseline
Characteristics
Patient disposition is shown in Figure 1. Twenty-

Figure 1. Summary of patient disposition and outcomes. aThese 3 patie
of study medication. bIncludes confirmed and unconfirmed viral breakth

NA at day 15 (last visit), but was subsequently lost to follow-up (Peg-IF
at week 12 after EOT, but was subsequently lost to follow-up. eOne patien
patient had undetectable HCV RNA at EOT, but did not return for any fo
and 8 after EOT) but were subsequently lost to follow-up.
six patients with HCV genotype 2 were randomized,
and 23 were treated (2 patients in the telaprevir plus
Peg-IFN/RBV group withdrew consent before first in-
take and another patient in the telaprevir plus Peg-IFN/
RBV group was infected with HCV genotype 4). Twenty-
six patients with genotype 3 HCV were randomized and
all were treated. All treated patients completed the
2-week investigational treatment phase. Nineteen pa-
tients (83%) with HCV genotype 2 and 21 patients (81%)
with HCV genotype 3 completed the entire study (in-
cluding follow-up). Baseline demographics and disease
characteristics were generally well balanced across ge-
notype and treatment groups (Table 1) and differences
between treatment groups at baseline were probably
due to the small sample size, and were thought unlikely
to influence the outcome.

Efficacy
Efficacy in HCV Genotype 2–Infected Patients. At

baseline, median log10 HCV RNA values were similar

were randomized to the TPR group and were excluded before first intake
hs, as described in the Methods section. cPatient had detectable HCV

BV provided but intake unknown). dPatient had undetectable HCV RNA
ith detectable HCV RNA at EOT was subsequently lost to follow-up. fOne
-up visits; 2 patients had undetectable HCV RNA at last visit (weeks 4
nts
roug
N/R
t w
llow
across groups; 6.61 (telaprevir montherapy), 6.21 (telapre-
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884 FOSTER ET AL GASTROENTEROLOGY Vol. 141, No. 3
vir plus Peg-IFN/RBV), and 6.15 (Peg-IFN/RBV) log10 IU/
L. During the investigational treatment phase, HCV
NA values decreased in all groups (Figure 2A); in partic-
lar, there was a marked, rapid decrease in HCV RNA
alues in patients receiving telaprevir monotherapy (Fig-
re 2A and B). At day 3, the median HCV RNA decreases
ere �3.27 (range, �4.3 to �2.8), �4.03 (range, �4.4 to
3.2), and �2.04 (range, �3.9 to 0.1) log10 IU/mL in the

elaprevir monotherapy, telaprevir plus Peg-IFN/RBV, and
egIFN/RBV groups, respectively. The difference in mean

Table 1. Baseline Demographics and Patient Characteristics

Parameter

HCV genotype 2

Telaprevir
monotherapy

(n � 9)

Telaprevir plus
Peg-IFN/RBV

(n � 5)
Peg-IFN/RBV

(n � 9) (n

Male, n (%) 7 (78) 1 (20) 5 (56) 13
Caucasian/White,

n (%)
6 (67) 3 (60) 6 (67) 15

ge (y), median
(range)

42.0 (21–60) 59.0 (48–61) 52.0 (28–61) 52.0

HCV RNA log10

IU/mL, median
(range)

6.61 (4.4–7.3) 6.21 (5.3–7.3) 6.15 (5.5–7.4) 6.55

HCV RNA
�800,000
IU/mL, n (%)

1 (11) 1 (20) 3 (33) 5

irrhosis, n (%)a 0 0 0

aCirrhosis was an exclusion criteria; however, 1 patient with cirrhosis was enrol

Figure 2. Viral load changes (observed data) over the 2-week investig
change); (B) individual patients in the HCV genotype 2 telaprevir monothe

(D) individual patients in the HCV genotype 3 telaprevir monotherapy group
CV RNA levels between baseline and day 3 in the tel-
previr montherapy group was statistically significant
P � .001). The rapid decreases in both telaprevir regi-

ens continued, resulting in large differences between
hanges in HCV RNA levels vs Peg-IFN/RBV up to days 8
o 12 (Figure 2A). Between days 12 and 15, median HCV
NA levels increased in the telaprevir monotherapy
roup. On day 15, the median HCV RNA decreases were
3.66 (range, �5.4 to �0.9), �5.51 (range, �6.0 to �4.6),

nd �4.83 (range, �6.0 to �0.2) log10 IU/mL in the

HCV genotype 3

l
3)

Telaprevir
monotherapy

(n � 8)

Telaprevir plus
Peg-IFN/RBV

(n � 9)
Peg-IFN/RBV

(n � 9)
Total

(n � 26)

) 5 (63) 8 (89) 9 (100) 22 (85)
) 3 (38) 5 (56) 4 (44) 12 (46)

–61) 43.0 (31–60) 44.0 (27–51) 39.0 (20–63) 44.0 (20–63)

–7.4) 6.65 (5.8–7.1) 6.79 (5.4–7.4) 6.92 (3.9–7.3) 6.76 (3.9–7.4)

) 1 (13) 2 (22) 3 (33) 6 (23)

0 0 1 (11) 1 (4)

nal treatment phase: (A) all HCV genotype 2 treatment groups (median
y group; (C) All HCV genotype 3 treatment groups; (median change); and
Tota
� 2

(57
(65

(21

(4.4

(22

0

atio
rap
. G, genotype; LOQ, limit of quantification.
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September 2011 TELAPREVIR IN GENOTYPE 2 AND 3 HCV INFECTION 885
telaprevir monotherapy, telaprevir plus Peg-IFN/RBV, and
Peg-IFN/RBV groups, respectively (Figure 2A).

The proportion of patients with undetectable HCV
RNA on day 8 were 0% (telaprevir monotherapy), 20% (1
of 5; telaprevir plus Peg-IFN/RBV), and 0% (Peg-IFN/
RBV). The proportions on day 15 were 0%, 40% (2 of 5),
and 22% (2 of 9), respectively, increasing to 89�100% at
EOT (Table 2).

Following initiation of standard therapy after 2 weeks,
HCV RNA values decreased in the telaprevir monotherapy
group and continued to decrease in the Peg-IFN/RBV
group to week 4, while low HCV RNA levels were main-
tained in the telaprevir plus Peg-IFN/RBV group. At week
24/26, median HCV RNA decreases were �5.91 (range,
�6.6 to �3.7), �5.51 (range, �6.6 to �4.6), and �5.45
(range, �6.7 to 0.7) log10 IU/mL in the telaprevir mono-
herapy, telaprevir plus Peg-IFN/RBV, and Peg-IFN/RBV
roups, respectively.

The median times to first undetectable HCV RNA were
1, 12, and 43 days in the telaprevir monotherapy, tel-
previr plus Peg-IFN/RBV, and Peg-IFN/RBV groups, re-
pectively, and the proportions of patients with an SVR
ere 56% (5 of 9), 100% (5 of 5), and 89% (8 of 9) in these
roups (Table 2). One patient in the telaprevir mono-
herapy group had undetectable HCV RNA at follow-up
eek 12, but was lost to follow-up by week 24, and

onsequently was a treatment failure. One patient in the
elaprevir monotherapy group relapsed; time to relapse
as 85 days (after EOT) in this patient.

Efficacy in Genotype 3–Infected Patients. Base-
line median log10 HCV RNA values were similar across
groups: 6.65 (telaprevir monotherapy), 6.79 (telaprevir
plus Peg-IFN/RBV), and 6.92 (Peg-IFN/RBV) log10 IU/mL.

imilar HCV RNA decreases from baseline were seen over
ime in response to telaprevir plus Peg-IFN/RBV and
eg-IFN/RBV (Figure 2C). In contrast to the observed
ndings in genotype 2 HCV, telaprevir elicited only slight
ecreases in HCV RNA levels when used as monotherapy

Figure 2D). At day 3, median HCV RNA decreases were
0.54 (range, �2.0 to 0.1), �3.05 (range, �4.1 to �1.5),

nd �2.38 (range, �3.7 to �0.4) log10 IU/mL in the
elaprevir monotherapy, telaprevir plus Peg-IFN/RBV, and
eg-IFN/RBV groups, respectively. Although the absolute
hange was smaller than in genotype 2 HCV, the differ-
nce in mean HCV RNA levels between baseline and day 3
n the telaprevir monotherapy group was statistically sig-
ificant (P � .036). On day 15, median changes in HCV
NA were �0.54 (range, �1.0 to �0.1), �4.85 (range,
6.1 to �2.3), and �4.72 (range, �6.1 to �3.2) log10

IU/mL in the telaprevir monotherapy, telaprevir plus Peg-
IFN/RBV, and Peg-IFN/RBV groups, respectively (Figure
2C).

HCV RNA levels markedly decreased upon commence-
ment of standard therapy (Peg-IFN/RBV) in the telaprevir
monotherapy group, and continued to decrease slightly
with time in the other groups. At week 24/26, the median
changes from baseline were �5.71 (range, �6.4 to �0.9),

�5.50 (range, �6.7 to �4.7), and �6.22 (range, �6.6 to
�3.2) log10 IU/mL in the telaprevir monotherapy, telapre-
ir plus Peg-IFN/RBV, and Peg-IFN/RBV groups,
espectively.

No genotype 3–infected patients had undetectable
CV RNA on day 8. At day 15, 0%, 22% (2 of 9) and 11%

1 of 9) of patients, respectively, had undetectable HCV
NA levels, and these proportions were higher at EOT

Table 2). Median times to first undetectable HCV RNA
ere 99, 43, and 29 days, respectively. The proportions
f patients with an SVR were 50% (4 of 8), 67% (6 of 9),
nd 44% (4 of 9), respectively (Table 2). Two patients in
ach of the telaprevir monotherapy and Peg-IFN/RBV
roups, and 3 patients in the telaprevir plus Peg-IFN/
BV group, relapsed. In addition, 1 patient (Peg-IFN/
BV group) had undetectable HCV RNA at EOT but
as a treatment failure because no follow-up data were
vailable.

Virology Findings
Sequences were available for 22 of 23 (HCV geno-

type 2) and 24 of 26 (HCV genotype 3) baseline samples.
None of these had any of the following NS3 mutations at
baseline: V36A/M, T54A, R155K/T/I/M, or A156V/T/S,
which have previously been observed in telaprevir-treated
patients infected with HCV genotype 1 with on-treatment
virologic failure or relapse.

Virology Findings in HCV Genotype 2–Infected Pa-
tients. In the telaprevir monotherapy group, confirmed
viral breakthrough occurred in 2 patients during the in-
vestigational treatment phase (ie, while receiving telapre-
vir monotherapy). An additional 4 patients had uncon-
firmed viral breakthrough at the end of this period and
were analyzed for the emergence of viral variants. No
patients in the other groups had viral breakthrough dur-
ing the investigational treatment phase. One patient (Peg-
IFN/RBV group) had viral breakthrough during the stan-
dard treatment phase.

Viral sequences were available for 5 of the 6 patients in
the telaprevir monotherapy group at breakthrough. This
analysis focused on identifying mutations observed to
emerge in HCV genotype 1 patients (V36A/M, T54A,
R155K/T/I/M, or A156V/T/S). All 5 patients had emerg-
ing mutations at the time of viral breakthrough. Muta-
tions were detected in all of the analyzed samples; specific
mutations are shown in Table 3.

Of the 6 patients with viral breakthrough (confirmed
and unconfirmed) in the telaprevir monotherapy group, 5
had undetectable HCV RNA at the end of the standard
therapy phase. Three of these patients achieved an SVR (all
with an unconfirmed viral breakthrough). The only patient
with HCV genotype 2 who relapsed (telaprevir monotherapy
group without prior viral breakthrough, noncompliant dur-
ing standard therapy phase) did not have any relevant emerg-
ing mutations at follow-up week 24.

Virology Findings in HCV Genotype 3–Infected Pa-
tients. Viral breakthrough was not seen in the telaprevir
monotherapy, telaprevir plus Peg-IFN/RBV, or Peg-IFN/

RBV groups. As telaprevir monotherapy only resulted in a



Table 2. Summary of Antiviral Activity

Variable

HCV genotype 2 HCV genotype 3

Telaprevir monotherapy
(n � 7–9)

Telaprevir plus Peg-IFN/
RBV (n � 5)

Peg-IFN/RBV
(n � 9)

Telaprevir monotherapy
(n � 7–8)

Telaprevir plus Peg-IFN/
RBV (n � 7–9)

Peg-IFN/RBV
(n � 9)

Change in HCV RNA (log10 IU/mL), mean (95% CI)
Day 2 �2.28 (�2.89 to �1.67) �3.04 (�3.59 to �2.48) �1.45 (�2.55 to �0.34) �0.53 (�0.91 to �0.15) �2.03 (�2.63 to �1.43) �1.90 (�2.53 to �1.27)
Day 3 �3.44 (�3.83 to �3.05) �3.92 (�4.49 to �3.35) �1.87 (�3.12 to �0.62) �0.82 (�1.56 to �0.07) �2.93 (�3.52 to �2.35) �2.62 (�3.42 to �1.82)
Day 4 �3.95 (�4.37 to �3.52) �4.46 (�4.75 to �4.18) �1.92 (�3.15 to �0.69) �0.77 (�1.45 to �0.08) �3.08 (�3.92 to �2.23) �2.54 (�3.28 to �1.79)
Day 8 -4.51 (�5.12 to �3.91) �5.18 (�6.03 to �4.34) �2.35 (�3.80 to �0.91) �0.68 (�1.19 to �0.18) �3.56 (�4.36 to �2.77) �3.34 (�4.04 to �2.63)
Day 12 �4.29 (�5.28 to �3.31) �5.48 (�6.12 to �4.84) �3.13 (�4.74 to �1.51) �0.59 (�0.94 to �0.25) �4.53 (�5.23 to �3.83) �4.59 (�5.33 to �3.85)
Day 15 �3.46 (�4.86 to �2.06) �5.38 (�6.21 to �4.55) �3.47 (�5.18 to �1.76) �0.55 (�0.80 to �0.29) �4.69 (�5.50 to �3.89) �4.61 (�5.36 to �3.87)
Week 4 �5.67 (�6.78 to �4.56) �4.64 (�8.06 to �1.22) �4.52 (�5.97 to �3.06) �2.98 (�4.77 to �1.20) �5.41 (�6.02 to �4.80) �5.43 (�6.22 to �4.64)
Week 6 �5.17 (�7.37 to �2.97) �5.75 (�6.76 to �4.74) �5.14 (�6.16 to �4.12) �3.99 (�5.59 to �2.38) �5.69 (�6.24 to �5.14) �5.61 (�6.49 to �4.7)
Week 14 �5.80 (�6.72 to �4.89) �5.75 (�6.76 to �4.74) �4.94 (�6.69 to �3.20) �5.43 (�6.48 to �4.38) �5.87 (�6.42 to �5.32) �5.61 (�6.49 to �4.72)
Week 24/26 �5.80 (�6.72 to �4.89) �5.75 (�6.76 to �4.74) �4.96 (�6.66 to �3.27) �4.76 (�6.59 to �2.93) �5.74 (�6.45 to �5.04) �5.61 (�6.49 to �4.72)

�25 IU/mL undetectable HCV RNA, n/N (%)
Day 8 0/9 1/5 (20) 0/9 0/8 0/9 0/9
Day 12 0/8 3/5 (60) 0/9 0/8 1/9 (11) 2/9 (22)
Day 15 0/9 2/5 (40) 2/9 (22) 0/8 2/9 (22) 1/9 (11)
Week 4 (RVR) 5/7 (71) 4/5 (80) 4/9 (44) 0/7 3/9 (33) 6/9 (67)
Week 6 5/7 (71) 5/5 (100) 7/9 (78) 3/8 (38) 6/9 (67) 9/9 (100)
Week 14 7/7 (100) 5/5 (100) 8/9 (89) 6/8 (75) 9/9 (100) 9/9 (100)
Week 24/26 7/7 (100) 5/5 (100) 8/9 (89) 6/8 (75) 7/7 (100) 9/9 (100)

EOT 8/9 (89) 5/5 (100) 8/9 (89) 6/8 (75) 9/9 (100) 9/9 (100)
SVR 5/9 (56) 5/5 (100) 8/9 (89) 4/8 (50) 6/9 (67) 4/9 (44)
Relapse 1/9 (11) 0/5 0/9 2/6 (33) 3/9 (33) 2/9 (22)
Missing at follow-up,

week 24
2/9 (22) 0/5 0/9 0/8 0/9 3/9 (33)

RVR, rapid virologic response.
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slight decrease in HCV RNA in HCV genotype 3–infected
patients, the majority of these patients did not meet the
criteria for viral breakthrough (ie, they did not experience
a �1 log10 reduction in HCV RNA values from nadir

uring the investigational treatment phase). Three pa-
ients in the telaprevir monotherapy group were found to
ave viral breakthrough in the investigational treatment
hase; 1 confirmed and 2 unconfirmed. The mutation
155K was found at time of breakthrough in 2 of these
atients, and at a later time point in the third patient

Table 3). One of these 3 patients achieved an SVR (with
confirmed viral breakthrough) and 1 had undetectable
CV RNA at EOT but relapsed during follow-up (with
nconfirmed virologic breakthrough).
Among patients who did not meet the criteria for viral

reakthrough but had detectable HCV RNA at the end of
elaprevir treatment, viral sequences were available for 4 of

patients in the telaprevir monotherapy group and 1
atient in the telaprevir plus Peg-IFN/RBV group. No
nown mutations associated with decreased susceptibility
o telaprevir were detected. Of the 5 patients in the tel-
previr monotherapy group, 4 had undetectable HCV
NA at EOT, 3 went on to achieve an SVR following

tandard treatment, and 1 relapsed. Two patients in the
elaprevir monotherapy group and 3 in the telaprevir plus
eg-IFN/RBV group relapsed at the end of the 26-week

Table 3. Sequencing Results for Patients With Viral
Breakthrough

Treatment group Genotypea
Day of viral

breakthrough

Emerging
mutations

associated with
decreased

susceptibility to
telaprevir at viral

breakthroughb

Genotype 2
Telaprevir

monotherapyc
2b 15 R155K (T54A at

day 12)
Telaprevir

monotherapy
2a 12 T54A (A156S at

day 15)
Telaprevir

monotherapyc
2b 15 T54A/T, R155K/R

Telaprevir
monotherapy

2 15 T54A

Telaprevir
monotherapyc

2 15 A156S

enotype 3
Telaprevir

monotherapy
3a 12 R155K

Telaprevir
monotherapyc

3a 12 R155K

Telaprevir
monotherapyc

3a 8 No mutation
(R155K/R at
day 12)

NOTE. Sequencing data were not available for 1 genotype 2�infected
patient with unconfirmed viral breakthrough.
aNS5B sequencing assay.
bMutations emerging at different time point are shown in brackets.
cPatient had an unconfirmed virologic breakthrough.
reatment period. Viral sequences were available for 4 of m
hese patients. In the telaprevir monotherapy group, 1
ample had no detectable mutations and the other had
he R155K mutation. Neither of the 2 patients analyzed
rom the telaprevir plus Peg-IFN/RBV group at relapse
ad detectable mutations.

Safety and Tolerability
There were no apparent differences in the inci-

dence, severity, or type of AEs, or laboratory and cardiac
safety parameters in HCV genotype 2–infected patients vs
those with HCV genotype 3 infection. Thus, the safety
data were combined.

AEs. AEs occurring during the overall treatment
eriod are listed in Table 4. The most frequently reported
Es (�20% of patients in any group; Table 4) were influ-
nza-like illness, pruritus, asthenia, headache, nausea, in-
omnia, myalgia, fatigue, vomiting, dry skin, pyrexia, rash,
norexia, cough, alopecia, and irritability. All AEs were
rade 1 or 2 in severity, except for 1 telaprevir-treated
atient who had a grade 3 rash (telaprevir plus Peg-IFN/
BV group; investigational phase), grade 3 neutropenia (1
atient in the telaprevir monotherapy group, 2 patients in
he Peg-IFN/RBV group; standard treatment phase), and

Table 4. Adverse Events During Overall Treatment Perioda

Incidence, n (%)b

Telaprevir
monotherapy

(n � 17)

Telaprevir plus
Peg-IFN/RBV

(n � 14)
Peg-IFN/RBV

(n � 18)

Any AE 17 (100) 13 (93) 18 (100)
�Grade 2 AE 9 (53) 8 (57) 8 (44)
�Grade 3 AE 1 (6) 2 (14) 2 (11)
Any serious AE 1 (6) 3 (21) 0
AE leading to

discontinuation
of:

Telaprevir/placebo 0 1 (7) 0
RBV 0 1 (7) 0
Peg-IFN 0 1 (7) 0

AE occurring in �20%
of patients in any
individual
treatment groupb

Influenza-like illness 6 (35) 9 (64) 7 (39)
Pruritus 8 (47) 7 (50) 6 (33)
Asthenia 7 (41) 6 (43) 7 (39)
Headache 4 (24) 3 (21) 7 (39)
Nausea 1 (6) 7 (50) 4 (22)
Insomnia 3 (18) 3 (21) 4 (22)
Myalgia 4 (24) 2 (14) 4 (22)
Fatigue 1 (6) 4 (29) 4 (22)
Vomiting 4 (24) 4 (29) 1 (6)
Dry skin 2 (12) 3 (21) 3 (17)
Pyrexia 0 3 (21) 5 (28)
Rash (any type)c 3 (18) 6 (43) 2 (11)
Anorexia 1 (6) 3 (21) 3 (17)
Cough 0 1 (7) 4 (22)
Alopecia 2 (12) 3 (21) 1 (6)
Irritability 2 (12) 3 (21) 0

aData pooled for both genotypes.
bRegardless of severity and drug relatedness unless stated.
cIncludes rashes reported as eczema, erythema, generalized rash,
acular rash, and skin burning sensation.
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pharyngolaryngeal pain and pneumonia in 1 patient (te-
laprevir plus Peg-IFN/RBV group; standard treatment
phase). Five serious AEs were recorded in 4 patients dur-
ing the overall treatment phase, only 1 of which (pneu-
monia) was considered to be possibly related to study
medication (Peg-IFN/RBV). Any rash (including rashes
reported as eczema, erythema, generalized rash, macular
rash, and skin burning sensation) occurred in 3 (18%), 6
(43%), and 2 (11%) patients in the telaprevir monotherapy,
telaprevir plus Peg-IFN/RBV, and Peg-IFN/RBV groups,
respectively. All rashes were grade 1 or 2 in severity, except
for the grade 3 rash in 1 patient on day 3 that led to
permanent discontinuation of telaprevir; Peg-IFN/RBV
was temporarily interrupted but later restarted. Another
patient permanently discontinued Peg-IFN/RBV at week
17 due to grade 2 rash. Four patients experienced anemia
and all events were grade 2 or lower. No life-threatening
AEs or deaths occurred during the trial.

Laboratory Parameters and Cardiovascular Safe-
ty. The most frequently observed (at least 3 patients in any
group) treatment-emergent toxicities were decreased neutro-
phils, white blood cells, lymphocytes, hemoglobin, and as-
partate aminotransferase and alanine aminotransferase lev-
els, and increased uric acid. No clinically relevant changes over
time were observed for electrocardiogram parameters and the
incidence of electrocardiogram abnormalities was low.

Pharmacokinetic Analyses
In the monotherapy groups, telaprevir exposure

was comparable between genotype 2– and genotype 3–in-
fected patients (Supplementary Table 1). Telaprevir expo-
sure was higher in the telaprevir plus Peg-IFN/RBV group
vs the telaprevir monotherapy group; this difference was
more pronounced in genotype 2–infected patients. There
was no clear association between telaprevir exposure and
response (including viral breakthrough) or safety param-
eters (occurrence of rash-related AEs or hemoglobin tox-
icities) (data not shown).

Discussion
Telaprevir monotherapy studies provided evidence

for the activity of telaprevir against HCV genotype 1.9 In
studies of patients with genotype 1 chronic HCV infec-
tion, telaprevir combined with Peg-IFN/RBV significantly
increased the SVR rate and reduced the duration of ther-
apy in a large proportion of patients.5–7,10 –12 Patients with

enotype 2 and 3 HCV usually respond well to 24 weeks of
herapy with Peg-IFN/RBV.1 However, 20 –30% of patients
o not achieve an SVR with this treatment regimen.1,13

These difficult-to-treat patients include those with ad-
vanced fibrosis, higher baseline HCV RNA levels, a higher
body weight, and a TT interleukin (IL)-28B genotype. In
addition, genotype 2/3 patients who do not achieve un-
detectable HCV RNA at week 4 are also less likely to
achieve an SVR.14 –16 These patients are in need of addi-
ional therapies. The potential for telaprevir to shorten

reatment regimens (in most cases) and increase SVR rates e
n patients with genotype 1 HCV5–7,10 –12 suggests that
elaprevir may also be able to improve treatment out-
omes in other genotypes. The purpose of this study was
o evaluate, for the first time, the antiviral activity of
elaprevir in patients infected with genotype 2 or 3 HCV.

In patients with genotype 2 HCV, telaprevir inhibited viral
eplication and synergized with Peg-IFN/RBV. Hence, there
as a highly significant reduction in HCV RNA from base-

ine to day 3 in the telaprevir monotherapy group. However,
here was limited activity of telaprevir in patients with geno-
ype 3 HCV. The differences in response were not due to
ifferences in telaprevir exposure, as patients infected with
ither genotype had sufficient telaprevir plasma concentra-
ions. These observations, which could not be predicted
rom in vitro models or structural analysis of the viral pro-
ease,8 highlight the need for clinical studies involving short

onotherapy arms to confirm the activity of direct-acting
ntiviral agents.

The use of telaprevir monotherapy for a period of 2
eeks allowed us to determine the intrinsic activity of the
rug against HCV genotype 2 and 3, and to determine
otential synergy between Peg-IFN/RBV and telaprevir.
lthough combining telaprevir with Peg-IFN/RBV

howed antiviral activity in genotype 2–infected patients,
he use of telaprevir monotherapy led to a rapid viral
reakthrough, as described in genotype 1.4 This finding

confirms that telaprevir monotherapy is not a feasible
treatment option for HCV. We identified mutations pre-
viously associated with reduced susceptibility to telaprevir
in genotype 1 in all genotype 2 and 3 viral breakthrough
patients who could be tested and in some patients with
relapse (further details to be published elsewhere). How-
ever, approximately half of the viral breakthrough pa-
tients went on to achieve an SVR following standard
treatment, 2 were discontinued or lost to follow-up and
only 1 relapsed (no relevant mutations detected). There-
fore, as seen in genotype 1,4 Peg-IFN/RBV treatment can
radicate telaprevir-resistant variants that emerge during
iral breakthrough. This finding underlines the impor-
ance of administering telaprevir and other direct-acting
ntiviral agents in combination with Peg-IFN/RBV to
ontrol low-level emergent variants and to ultimately
aximize the chance of achieving an SVR.
Although the number of patients evaluated was small,

he incidence and severity of AEs in this trial were com-
arable with other studies of patients infected with HCV
enotype 1;5–7,10 –12 no new side effects were observed.
ost AEs were grade 1 or 2, although 1 telaprevir-treated

atient had grade 3 rash during the investigational phase
nd permanently discontinued telaprevir (Peg-IFN/RBV
ere temporarily interrupted). One patient permanently
iscontinued Peg-IFN/RBV due to grade 2 rash during
eg-IFN/RBV therapy, and no life-threatening AEs or
eaths occurred during the study.
The study was limited primarily by its small sample size

nd exploratory nature. Indeed, these factors may account
or the observed lack of association between telaprevir

xposure and response. In addition, since the IL-28B poly-
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morphism is a predictor of Peg-IFB/RBV response in pa-
tients with genotypes 2 and 3 HCV,14 examination of the
mpact of IL-28B on the observations in the study may
ave provided further insight. However, IL-28B was not
iscovered at the time of study enrollment and data were
herefore not collected.

Conclusions
This study was the first to evaluate the activity of

telaprevir in patients with genotype 2 or 3 HCV. The
results showed that telaprevir had antiviral activity in
treatment-naïve patients with genotype 2 HCV, but lim-
ited activity against genotype 3, indicating that this drug
is unlikely to have major clinical utility in this patient
subpopulation. However, the potential of telaprevir-based
triple combination therapy in patients with HCV geno-
type 2 who have not responded to Peg-IFN/RBV should be
explored. For treatment-naïve patients with genotype 2
HCV, studies to examine a shortened duration of therapy
that includes telaprevir should be considered.

Supplementary Material

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:
10.1053/j.gastro.2011.05.046.
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; tmax, time to maximum plasma concentration.
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Supplementary Table 1. Pharmacokinetics of Telaprevir at D

Parameter

HCV genotype

Telaprevir monotherapy
(n � 8) Pe

Cmin (ng/mL), mean � SD 1605 � 1106
Cmax (ng/mL), mean � SD 3261 � 1818
tmax (h), median (range) 3.6 (1.0–4.0)
AUC8h (ng · h/mL), mean � SD 20,144 � 11,129 2

NOTE. Samples not available from all patients.
AUC8h, area under the plasma concentration-time curve from time o
tration; Cmin, minimum plasma concentration; SD, standard deviation
ay 15

2 HCV genotype 3

Telaprevir plus
g-IFN/RBV (n � 4)

Telaprevir
monotherapy (n � 6)

Telaprevir plus
Peg-IFN/RBV (n � 6)

2164 � 1398 1800 � 375 2002 � 659
4318 � 1518 2898 � 423 3358 � 377
3.0 (3.0–4.0) 2.5 (1.0–4.0) 3.0 (0.0–6.0)

6,588 � 10,908 18,480 � 3011 20,895 � 6242

f administration to 8 hours after dosing; C , maximum plasma concen-
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