>65 years) showed increases in reported adverse events
and laboratory abnormalities in older patients, but these
differences did not present a barrier to treatment as no pre-
mature discontinuation of study treatment occurred in any
patient. Analysis of safety data according to the presence
or absence of cirrhosis did not indicate clinically important
differences in safety or tolerability of the 12-week sofosbu-
vir plus ribavirin regimen.

Consistent with previous reports, the results of this
study confirm the high barrier to resistance afforded by
the sofosbuvir plus RBV treatment regimen. Rapid viral
suppression was observed with all patients achieving HCV
RNA undetectable status by week 4, with no virologic
breakthrough observed during treatment in any of the
153 patients. The percentage of patients who relapsed
after treatment was low (3%), and none of the subjects
who relapsed had S282T or other nucleoside inhibitor
resistance-associated variants. No change in susceptibility
to sofosbuvir or ribavirin compared with the correspond-
ing baseline or wild-type reference was observed at the
relapse time point.

The main limitation of this study was the lack of a con-
trol arm to allow direct comparison with interferon-based
regimens. Several considerations guided our choice of an
uncontrolled study design. Adding an interferon-based con-
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Simeprevir (TMC435) once daily with peginterferon-o-2b
and ribavirin in patients with genotype 1 hepatitis C virus
infection: The CONCERTO-4 study
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Aim: The efficacy and safety of simeprevir in combination
with peginterferon-o-2b and ribavirin (PEG IFN-o-2b/RBY)
were investigated in patients infected with hepatitis C virus
(HCV) genotype 1 who were treatment-naive or had previ-
ously received interferon (IFN)-based therapy.

Methods: CONCERTO-4 {NCT01366638) was an open-label,
non-comparative, multicenter study of once-daily simeprevir
(TMC435) 100 mg in combination with PEG IFN-o-2b/RBV
in treatment-naive and -experienced patients {prior relapsers
or non-responders to IFN-based therapy) with chronic HCV
genotype 1 infection. Twelve-week combination treatment
was followed by 24/48-week response-guided PEG IFN-o-2b/
RBV therapy for treatment-naive patients and prior relapsers,
and 48-week PEG IFN-0-2b/RBV therapy for prior non-
responders. Patients were followed for 72 weeks after treat-
ment initiation. The proportions of patients with sustained
viral response (SVR; undetectable HCV RNA) at treatment end
and 12 weeks after the last treatment (SVR12) were among
the major efficacy end-points. Safety, including adverse
events (AE), was monitored.

Results: Ofthe 79 patients treated, the proporticn achieving
SVR12 was highest among treatment-naive patients (91.7%)
and prior relapsers (100%) versus 38.5% of prior non-
responders. All treatment-naive patients and prior non-
responders who achieved SVR12 also achieved SVR at
treatment end and 24 weeks after last dose; 96.6% of prior
relapsers achieved both end-points. Most AE were of grade 1
or 2 severity. Grade 3 AE occurred in 17 patients, most
frequently neutropenia (6.3%).

Conclusion: Simeprevir combined with PEG IFN-0-2b/RBV
was effective in patients infected with HCV genotype 1,
both for initial treatment of naive patients and for
retreatment of patients in whom previous IFN-based therapy
had failed.

Key words: chronic hepatitis C, direct-acting antiviral,
protease inhibitor, simeprevir (TMCA435), sustained virologic
response
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INTRODUCTION

PPROXIMATELY 1.5-2 MILLION Japanese people

are infected with hepatitis C virus (HCV), with
the majority being infected with HCV genotype 1b.!
Chronic infection with HCV is a major cause of liver
disease,” and is estimated to account for more than 70%
of hepatocellular carcinoma cases, one of the most
common causes of cancer death in Japan.?

Combination therapy with weekly peginterferon-e.
(PEG IFN-0) injections and twice-daily oral ribavirin
(RBV) for 48-72 weeks has been standard care for
HCV genotype 1 infection for many years.** However,
treatment discontinuations and dose reductions are
common owing to the wide range of adverse events (AE)
associated with PEG IFN-0/RBV therapy, including
influenza-like symptoms, anemia and depression.”™

Novel direct-acting antiviral agents, including protease
inhibitors (PI) that target the HCV NS3/4A serine prote-
ase, have recently become available and are recom-
mended for use in combination with PEG IFN-o/RBV.S
The addition of PI to PEG IFN-a/RBV has improved
treatment outcomes substantially in both treatment-
naive and treatment-experienced patients.*'%!% Sus-
tained virologic response (SVR) rates of 60-88% have
been reported for the first-generation PI in combination
with PEG IFN-a/RBV in untreated and previously treated
relapsed HCV infection,'®!* compared with rates of
40-50% with PEG IFN-g/RBV alone.”””'"'® This has
enabled the use of shorter courses of PEG IFN-o/RBV
than the standard 48 weeks.'>'* However, currently avail-
able PI in combination with PEG IFN-¢//RBV are associ-
ated with higher incidences of anemia, dysgeusia, rash
and nausea than PEG IFN-a/RBV alone, '*-'>'516 and high
rates of patient discontinuation.'"'* In addition, cur-
rently available PI require multiple daily dosing. Patients
infected with HCV would benefit from novel agents with
improved tolerability and more convenient dosing
schedules.

Simeprevir (TMC435) is a once-daily, oral HCV
NS§3/4A P, with potent antiviral activity against HCV
genotype 1,% as well as against isolates of genotypes 2
and 4-6.*' Simeprevir combined with PEG IFN-a-2a/
RBV has demonstrated good tolerability and high SVR
rates in both treatment-naive and treatment-experienced
patients infected with HCV genotype 1 in international
studies®* and in phase III studies in Japan
(CONCERTO-1,-2 and -3).5%

We report the results of a phase IlI, open-label, non-
comparative study (CONCERTO-4) conducted in Japan
to investigate the efficacy and safety of simeprevir

© 2014 The Japan Society of Hepatology
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in combination with PEG IFN-a-2b/RBV in patients
infected with HCV genotype 1 who were treatment-
naive or had previously received interferon (IFN)-based
therapy.

METHODS

Patients

LIGIBLE PATIENTS WERE aged 20-70 years with

chronic HCV genotype 1 infection and plasma HCV
RNA of 5.0 log,o IU/mL or more at screening. Treatment-
naive patients must not have received prior treatment
with any approved or investigational HCV drug (includ-
ing IFN). Patients who had previously received IFN-
based therapy for 24 weeks or more were eligible
provided their last treatment was administered 60 days
or more before the study start. Treatment-experienced
patients were classified as prior relapsers (i.e. patients
who had undetectable levels of HCV RNA at the last
assessment while on IFN-based therapy and subsequent
detectable levels of HCV RNA within 12 months from
their last treatment), or prior non-responders (i.e.
patients who did not achieve undetectable HCV RNA
on prior IFN-based therapy or who had discontinued
IEN-based therapy within 24 weeks of treatment initia-
tion due to <2 logy IU/mL reduction from baseline
in HCV RNA at week 12 of treatment). All patients
provided written informed consent.

Exclusion criteria included liver cirrhosis or hepatic
failure, liver disease of non-HCV etiology, infection/
co-infection with non-genotype 1 HCV, hepatitis B
virus, or HIV-1 or HIV-2, any condition that required
caution with PEG IFN-0-2b or RBV therapy, and any
other clinically significant disease, organ transplant or
defined laboratory abnormalities at screening. In addi-
tion, treatment-experienced patients were not eligible if
they had received treatment with any HCV therapy other
than IFN, PEG IFN or RBV, or if they had discontinued
previous therapy due to an AE considered likely to be
treatment-limiting during PEG IFN-a-2b/RBV therapy.

Study design

This was an open-label, non-comparative, multicenter
study to assess the efficacy and safety of simeprevir
(TMC435) combined with PEG IFN-o-2b/RBV in
treatment-naive and treatment-experienced (prior
relapsers or non-responders to IFN-based therapy)
patients with chronic HCV genotype 1 (NCT01366638).
The study was conducted at 14 sites in Japan from
1 April 2011 to 20 November 2012. The study was
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approved by the relevant institutional review boards
and was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice Guidelines.

Eligible patients received oral simeprevir 100 mg once
daily (Q.D.) plus PEG IFN-0-2b/RBV for 12 weeks. In
treatment-naive patients and prior relapsers, this was
followed by response-guided therapy (RGT) with PEG
IFN-0-2b/RBV until week 24 or 48. Treatment-naive
patients and prior relapsers who achieved HCV RNA of
less than 1.2 logy,, IU/mL detectable or undetectable
levels at week 4, with undetectable levels at week 12,
stopped PEG IFN-¢-2b/RBV therapy at week 24, while all
others continued to week 48. All prior non-responders
received PEG [FN-a-2b/RBV until week 48. All patients
were followed for 72 weeks after treatment initiation.

Patients had to discontinue simeprevir but could
continue with PEG IFN-o-2b/RBV if they experienced
grade 4 elevations of aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) and the value was
more than 2 times baseline, or if they experienced grade
4 blood bilirubin elevations and bilirubin values were
the same or higher at retesting. All study medications
were stopped if patients experienced grade 4 AE or labo-
ratory abnormalities that were not considered to be
related to simeprevir specifically or were not expected
toxicities of PEG IFN-¢-2b/RBV or HCV infection, or if
patients experienced grade 3/4 skin events/allergic reac-
tions, or worsening of hepatic disease. Additionally, all
study medications were stopped if the following pre-
defined virologic stopping criteria were met: less than
2 logio IU/mL reduction in HCV RNA at week 12 relative
to baseline (treatment-naive patients and prior
relapsers); HCV RNA levels of more than 2 log;e IU/mL
at week 12 (prior non-responders); and confirmed
detectable HCV RNA of 1.2 log,, IU/mL or more at
weels 24 or 36 (all patients). Patients who discontinued
therapy proceeded immediately into follow-up.

The major efficacy end-point was the proportion of
patients with undetectable HCV RNA at the end of treat-
ment and 12 weeks after the last treatment (SVR12).
Other efficacy end-points included the proportion of
patients with: undetectable HCV RNA at end of treat-
ment and 24 weeks after the last treatment (SVR24);
undetectable HCV RNA at end of treatment and 4 weeks
after the last treatment {SVR4); rapid virologic response
(RVR; undetectable HCV RNA at week 4); complete early
virologic response (cEVR; undetectable HCV RNA at
week 12); undetectable HCV RNA at the end of treat-
ment; viral breakthrough (increase of >1 logi, IU/mL in
plasma HCV RNA level from the lowest level reached or
plasma HCV RNA level >2.0 log,, IU/mL in patients

Simeprevir in hepatitis C 3

whose plasma HCV RNA level had previously been
<1.2 logyy IU/mL detectable or undetectable); viral
relapse {detectable or quantifiable plasma HCV RNA
during the post-treatment follow-up period in patients
who had undetectable plasma HCV RNA at the end of
treatment); and normalization of ALT. Tolerability and
safety (AE, clinical laboratory parameters and viial
signs) were secondary end-points.

Treatment administration

Simeprevir 100 mg was administered orally Q.D. as a
single capsule. No simeprevir dose adjustments were
permitted but, at the investigator’s discretion, dosing
could be interrupted for 4 days or less due to AE.
PEG IFN-0-2b (Pegintron®; Merck Sharp & Dohme,
Whitehouse Station, NJ, USA) was administered weekly
as an s.c. injection (1.5 pg/kg body weight), and
RBV (Rebetol®, Merck Sharp & Dohme) was adminis-
tered as oral capsules (600-1000 mg total daily dose,
according to body weight). Dose change, temporary
interruption or discontinuation of PEG IFN-¢-2b and
RBV had to be conducted in accordance with the manu-
facturer’s prescribing information. Patients were hospi-
talized for at least 1 week, starting on the first day of
treatment. Use of erythropoiesis-stimulating agents and
medications acting on the immune system was not per-
mitted during treatment.

Study assessments

Plasma HCV RNA was quantified at screening, at base-
line, on day 3, and at weeks 1, 2, 3, 4, 8, 12, 16, 20 and
24 (all patients), and weeks 28, 36, 48, 60 and 72
{patients receiving PEG IFN-a-2b/RBV until week 24),
or weeks 28, 36, 42, 48, 52, 60 and 72 (patients receiv-
ing PEG IFN-0-2b/RBV until week 48). Levels were
determined at a central laboratory using Roche COBAS®
TagMan® HCV Auto (Roche Molecular Diagnostics,
Pleasanton, CA, USA) with a lower limit of quantifica-
tion of 1.2 log,, IU/mL.

Sequence analysis of the HCV NS3 protease domain
was performed at baseline and in patients with
simeprevir treatment failure (viral breakthrough,
meeting virologic stopping rule, detectable HCV RNA at
end of treatment or viral relapse). The analysis of base-
line polymorphisms focused on detecting previously
characterized HCV genotype 1 amino acid substitutions
in the NS3 region at positions 36, 43, 54, 80, 122, 138,
155, 156, 168 and 170 that have been associated with
reduced susceptibility to simeprevir and other HCV N§3
Pl in vitro.””?®

© 2014 The Japan Society of Hepatology
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Safety and tolerability were evaluated throughout the
entire treatment period, from first study medication
intake until 28 days after the last dose. Severity of AE was
graded by investigators according to the World Health
Organization (WHO) grading scale. Vital sign monitor-
ing, electrocardiograms, physical examinations and
clinical laboratory tests were performed at regular inter-
vals during the study period. Severity of laboratory
abnormalities was classified according to the WHO
grading scale.

Statistical analysis

A sample size of 70 patients was deemed sufficient to
give a 97% probability of detecting an AE of special
interest with 5% or more incidence.

Efficacy analyses were performed on the full analysis
set (i.e. all patients who received the study medicat-
ion and had post-baseline efficacy assessment data).
The safety population included all patients who received
at least one dose of simeprevir.

Ninety-five percent confidence intervals (CI) around
the SVR12, SVR24 and SVR4 rates were calculated for
each group. Descriptive statistics and tabulation were

Hepatology Research 2014

used to summarize baseline characteristics. All statistical
analyses were performed using SAS® version 9.2 (SAS
Institute, Cary, NC, USA).

RESULTS

Patients

N TOTAL, 97 patients were screened and 79 received

treatment (24 treatment-naive patients, 29 prior
relapsers and 26 prior non-responders) (Fig. 1). All 79
patients who received treatment were included in the
full analysis set and safety populations. All study medi-
cations were completed by 65 patients (82.3%). The rate
of treatment completion was lowest among prior non-
responders (57.7% vs 91.7% for treatment-naive
patients and 96.6% for prior relapsers). Of the 14
patients who discontinued medications, one patient dis-
continued simeprevir and subsequently discontinued
PEG IFN-0-2b/RBV, nine patients discontinued PEG
IFN-a-2b/RBV after completing simeprevir treatment
and four patients discontinued all study medications at
the same time. The main reason for treatment discon-

Screening failures
n=18

Treated
=79

' |

|

Naive Relapser Non-responder
Simeprevir 100 mg 12 wks PR 24/48 Simeprevir 100 mg 12 wks PR 24/48 Simeprevir 100 mg 12 wks PR 48
n=24 n=29 n=26
I I [
Discontinued only simeprevir Discontinued only simeprevir Discontinued only simeprevir
(continued PR) (continued PR) (continued PR)
n=0 n=0 n=0
Discontinued during Discontinued during Discontinued during
— treatment period t 1t period 1t period
n=2 n=1 n=11
5
Completed treatment period Completed treatment period Completed treatment period
n=22 n=28 n=15
Discontinued during Discontinued during Discontinued during
follow-up period foliow-up period = follow-up period
n=1 n=0 n=6
Completed follow-up period Completed follow-up period Completed foliow-up period
n=23 n=29 n=20

Met RGT criteria and completed
treatment with PR at Week 24
{n=22)

(n=28)

Met RGT criteria and completed
treatment with PR at Week 24

Figure 1 Patient disposition. PR, peginterferon-a-2b and ribavirin; RGT, response-guided treatment; wks, weeks.

© 2014 The Japan Society of Hepatology
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Table 1 Patient demographics and baseline characteristics (full analysis set)

Simeprevir in hepatitis C 5

Characteristic

Treatment-naive

Prior relapsers

Prior non-responders

(n=24) (n=29) (n=26)

Male, n (%) 8(33.3) 16 (55.2) 13 (50.0)
Age, years, median {range) 60 (37-68) 60 (38-70) 53 {45-69)
Age <65 years, n (%) 19 (79.2) 20 (69.0) 22 {84.6)
BMI, kg/m’, median {range} 22.95{18.1-30.2) 22.5(18.1-31.9) 22.4 (16.9-34.3)
IL28B genotype (SNP 138099917}

TT, n (%) 16 (66.7) 26 (89.7) 2(7.7)

TG/GG, n (%) 8(33.3) 3(10.3) 24 (92.3)
IL28B genotype (SNP 1812979860}

CC, n (%) 16 (66.7) 26 (89.7) 2(7.7)

CT/TT, n (%) 8(33.3) 3(10.3) 24 (92.3)
Genotype 1b, n (%) 24 (100.0} 29 (100.0) 25 (96.2)
Baseline HCV RNA, log, 1U/mL, median (range) 6.6 (5.4-7.0) 6.6 (4.9-7.4) 6.5 {5.1-7.4)
METAVIR score, category, n (%) 1 n=6 n=06 n=7

FO 0 0 0

Fl 5 (83.3) 4 (66.7) 5(71.4)

F2 1(16.7) 1{16.7) 2 (28.6)

F3 0 1(16.7) 0

F4 0 0 0
Platelets (x10%/L), n (%)

<150 5 (20.8) 9 (31.0) 11 (42.3)

2150 19 (79.2) 20 (69.0) 15 (57.7)
Prior therapy, n (%)

IFN only N/A 1(3.4) 0

IFN/RBV N/A 0 3(11.5)

PEG IFN only N/A 0 0

PEG IEN/RBV N/A 28 (96.6) 23 (88.5)
ALT

<50 [U/mL 16 {66.7) 20 (69.0) 13 (50.0)

250 [U/mL 8 (33.3) 9 (31.0) 13 (50.0)
Total bilirubin {mg/dL}, median (range) 0.7 (0.3-1.8) 0.8 (0.4-2.2) 0.8 (0.3-1.1)

Hemoglobin {g/dL), median (range)
Neutrophils (x10%/uL), median (range}
Platelets (x10%/uL), median (range)

14.2 (12.4-16.3)
25.4 (12.1-51.2)
17.1 (12.2-27.5)

14.4 (11.5-17.0)
25.4 (10.1-48.1)
16.3 (9.6-33.3)

13.9 (12.2-16.6)
22.2 (9.6-35.8)
15.4 (11.0-20.5)

tAvailable for patients who had a liver biopsy within two years prior to informed consent or during the sareening period.
ALT, alanine aminotransferase; BMI, body mass index; HCV, hepatitis C virus; IFN, interferon; N/A, not applicable; PEG IFN,
peginterferon; RBY, ribavirin; SNP, single nucleotide polymorphism.

tinuation was meeting the virologic stopping criteria
{eight patients, all prior non-responders}.
Demographic and disease characteristics at baseline
were generally comparable across the three patient
groups {Table 1}, with a few notable exceptions for sex,
IL28B genotype and baseline platelet counts. Median age
was 60 years (range, 37-70), with 22.8% of patients aged
65 years or more. Most treatment-naive patients and
prior relapsers had major allele TT and CC genotypes for
IL28B 189088817 and 1s12979860 polymorphisms,
respectively. By contrast, most prior non-responders had
minor alleles TG/GG and CT/TT at these loci. All but one
patient (prior non-responder) had HCV genotype 1b;

median HCV RNA at baseline was 6.5 log IU/mL. Most
prior relapsers and prior non-responders had previously
been treated with PEG IFN plus RBV. Platelet counts at
baseline were slightly lower in prior non-responders,
with 42.3% having counts of less than 150 x 10°/L versus
31.0% or less of patients in the other groups.

Efficacy

SVR

The proportion of patients achieving SVR4, SVR12
(major efficacy end-point), and SVR24 is shown in
Fig. 2. The proportion of patients achieving SVR12 was

® 2014 The Japan Society of Hepatology
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Figure 2 Sustained virologic response at 4, 12 (major end-
point) and 24 weeks after the end of treatment. Bars indicate
95% confidence intervals. 'n=12. SVR, sustained virologic
response (undetectable hepatitis C virus RNA); SVR4, SVR at
end of actual treatment and at 4 weeks after the last treatment;
SVR12, SVR at end of actual treatment and at 12 weeks after
the last treatment (major efficacy end-point); SVR24, SVR at
end of actual treatment and at 24 weeks after the last treatment.
O, SVR4; £, SVR12; &, SVR24.

highest among treatment-naive patients (91.7%; 95%
Cl, 73.0-99.0%) and prior relapsers (100%; 95% CI,
88.1-100%). Only two patients in the treatment-naive
group did not achieve SVR12; both had undetectable
HCV RNA at end of treatment, but had viral relapse at
the SVR4 time point. Among prior non-responders, 10
patients (38.5%; 95% CI, 20.2-59.4%) achieved SVR12,
11 patients had detectable HCV RNA at end of treat-
ment, four patients had viral relapse at the SVR4 time
point, and one patient had discontinued follow-up
before the SVR12 time point.

The SVR24 rate was 91.7% (95% CI, 73.0-99.0%)
among treatment-naive patients and 96.6% (95% CI,
82.2-99.9%) for prior relapsers (Fig. 2). All treatment-
naive patients and prior non-responders who achieved
SVR12 also achieved SVR24, while 28 of 29 prior
relapsers achieved both end-points (one patient experi-
enced viral relapse at week 24 of follow-up).

Twenty-two (91.7%) treatment-naive patients and 28
{96.6%) prior relapsers met RGT criteria and completed
PEG IFN-0-2b/RBV treatment at week 24. The remaining
three patients had discontinued treatment before the
week 24 assessment. Rates of SVR12 and SVR24 for
patients stopping treatment at week 24 were 90.9%
(20/22) for treatment-naive patients and 100% (28/28)
for prior relapsers.

© 2014 The Japan Society of Hepatology
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Virologic response

A rapid decline in mean plasma HCV RNA levels was
evident in all patient groups up to week 2 (Fig. 3), by
which time most patients had achieved levels below the
lower limit of quantification.

Most patients in all three groups achieved RVR (60.0-
86.2%; Table 2) and cEVR (79.2-100%; Table 2). All
treatment-naive patients and prior relapsers had unde-
tectable levels of HCV RNA at the end of treatment
(Table 2). In prior non-responders, 57.7% of patients
had undetectable HCV RNA at end of treatment; all
patients in this group had a reduction in HCV RNA from
baseline of 1 log,, IU/mL or more at week 4.

Viral breakthrough and viral relapse

No viral breakthrough was observed in treatment-naive
patients or prior relapsers. Six prior non-responders
(23.1%) had viral breakthrough (Table 2). Two of these
six patients experienced breakihrough at week 8 during
the simeprevir treatment period. One patient had viral
breakthrough at week 8 after discontinuing simeprevir
at week 5 upon meeting virologic stopping criteria. The
remaining three patients experienced viral breakthrough
during PEG IFN-0-2b/RBV-only ireatment (weeks
12-24).

Two treatment-naive patients experienced viral
relapse at week 4 of follow-up. One prior relapser expe-
rienced viral relapse at week 24 of follow-up. Four of 15
prior non-responders with undetectable HCV RNA at

Plasma HCV RNA (logyo IU/ml)
Mean (+/-SE)

&
T 1
8 12

Week
Naive 2424 24 24 24 24 24 24
Relapser 2929 29 29 29 29 29 29
Non-responder 2626 26 26 25 25 25 25

SE, standard error
Figure 3 Mean (+SE} change in hepatitis C virus (HCV) RNA
levels from baseline to week 12. D, day. ——, naive; —&—,
relapser; —#—, non-responder.
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Table 2 Virologic response rates

Response, n/N (%) Treatment-naive Prior relapsers Prior non-responders

(n=24) (n=129) (n=26)
RVR,' 1 (%) 19/24 (79.2) 25/29 (86.2) 15/25 (60.0)
CEVR,' 1 (%) 23/23 (100.0) 28/28 (100.0) 19/24 (79.2)

End of treatment response,® n (%)
Viral breakthrough,! n (%)
Viral relapse,” n (%)

24/24 (100.0)
0/24 (0)
2/24 (8.3)

29/29 (100.0)
0/29 (0)
1/29 (3.4)

15/26 (57.7)
6/26 (23.1)
4/15 (26.7)

Note: RVR and cEVR are assessed while on treatment. If a subject discontinues all study medications prior to the time point of the
parameter of interest, then the subject is not included in the denominator.

"Undetectable HCV RNA at week 4 (i.e. while on treatment). *Undetectable HCV RNA at week 12. *Undetectable HCV RNA at end of
treatment. YAn increase of >1.0 log,e IU/mL in HCV RNA level from the lowest level reached, or HCV RNA level of »2.0 logye IU/mL in
patients whose HCV RNA had previously been <1.2 loge IU/mL detectable or undetectable. ""Detectable HCV RNA during the
post-treatment follow-up period of sustained viral response assessment in patients who had undetectable plasma HCV RNA at end of
treatment. The incidence of viral relapse was calculated only for patients with undetectable HCV RNA levels at end of treatment and

with 21 follow-up HCV RNA measurement. The denominator for prior non-responders was n = 15.
cEVR, complete early virologic response; HCV, hepatitis C virus; N, number of patients with data at specific time point assessed;

n, number of patients with observation; RVR, rapid virologic response.

end of treatment had documented viral relapse at the
week 4 follow-up visit.

Emerging mutations in treatment failures

Sequencing analysis of the NS3 protease domain of
HCV was available for 17 (two treatment-naive patients,
one prior relapser and 14 non-responders) of the 18
simeprevir-treated patients classified as treatment fail-
ures (i.e. met predefined virologic stopping criteria,
detectable HCV RNA at end of treatment, viral break-
through or viral relapse). Emerging mutations were
identified for 16 patients at the time of failure, including

six patients with viral breakthrough. D168V was the
most frequent emerging mutation, accounting for eight
single mutations, followed by QB80R+D168E (three
patients), D1G8E (two patients), and R155K, D168T
and Q80K+D168E (one patient each).

SVR according to selected demographic and
baseline disease characteristics

A summary of SVR12 rate by selected demographic and
baseline disease characteristics is presented in Table 3.
Most treatment-naive patients and all prior relapsers
achieved SVR12; therefore, no apparent trend was noted

Table 3 SVR12 rates by selected demographic and baseline disease characteristics

Characteristic SVR12 rate, n/N (%)
Treatment-naive (n = 24) Prior relapsers (n = 29) Prior non-responders {(n = 26)

Sex

Male 7/8 (87.5) 16/16 (100.0) 5/13 (38.5)

Female 15/16 (93.8) 13/13 (100.0) 5/13 (38.5)
Age

<65 years 19/19 (100.0) 20/20 (100.0) 7/22 (31.8)

265 years 3/5 (60.0) 9/9 (100.0) 3/4 (75.0)
IL28B genotype (1s8099917)

T 16/16 (100.0) 26/26 (100.0) 0/2 (0.0)

TG/GG 6/8 (75.0) 3/3 (100.0) 10/24 (41.7)
IL28B genotype (1512979860)

cC 16/16 (100.0) 26/26 (100.0) 0/2 (0.0)

CT/IT 6/8 (75.0) 3/3 (100.0) 10/24 (41.7)

SVR12, undetectable hepatitis C virus RNA 12 weeks after the last treatment.

© 2014 The Japan Society of Hepatology
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in SVR12 rates for the selected demographic and base-
line disease characteristics. For non-responders, the
number of patients in each subgroup was too small to
draw firm conclusions. One prior non-responder who
was infected with HCV genotype 1a did not achieve
SVR12.

Normalization of ALT

At the end of treatment, the proportion of patients for
whom ALT levels were abnormal at baseline and
changed to be within the normal limits (based on WHO
toxicity grades) was 13/15 (86.7%) for treatment-naive
patients, 8/13 (61.5%) for prior relapsers and 8/13
(61.5%) for prior non-responders.

Safety

Adverse events and laboratory investigations reported as
AE during the entire treatment period are summarized in
Table 4. All patients experienced at least one AE.
No deaths occurred. Two serious AE occurred during
treatment - peripheral T-cell lymphoma (unspecified)
and hyperbilirubinemia - of which hyperbilirubinemia
was considered by the investigator likely to be related to
simeprevir. The majority of AE were grade 1 or 2. Grade 3
AE mainly occurred by week 4 and were reported for 17
patients; the most frequent grade 3 AE were neutropenia
(6.3%), decreased white blood cell count (5.1%], leuko-
penia (3.8%) and decreased neutrophil count {3.8%).
One patient experienced grade 4 decreased neutrophil
count at week 1, which was considered unrelated to
simeprevir. No neutropenia-related AE were serious or
led to permanent discontinuation of study treatment.

Three patients discontinued treatment due to AE. One
patient discontinued all three study medications at week
8 owing to grade 1 anemia, which was considered very
likely related to RBV. Two patients discontinued PEG
IFN-0-2b/RBV after the simeprevir treatment period
owing to grade 3 allergic dermatitis and grade 2 depres-
sion, considered probably related to RBV and PEG IFN-
0-2b, respectively. Rates of PEG IFN-0-2b and RBV dose
interruptions due to AE were 12.7% and 17.7%, respec-
tively, with anemia being the most frequently reported
AE leading to dose interruption (5.1% for PEG IFN-o-2b
and 7.6% for RBV).

The most common AE reported in more than 30% of
patients overall during the entire treatment period were
pyrexia (84.8%), anemia (50.6%), decreased white
blood cell count (58.2%), malaise (48.1%) and head-
ache (45.6%). During the simeprevir treatment period,
the most common AE were pyrexia (83.5%), decreased

© 2014 The Japan Society of Hepatology
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white blood cell count (58.2%) and malaise (48.1%).
There were no differences between patient groups in the
incidence of each AE (Table 4).

Rash (any type) was reported in 34 patients (43.0%)
during the entire treatment period (25 patients [31.6%}
during the simeprevir treatment period), which
included rash (n = 30; 38.0%), erythema (n = 6; 7.6%),
skin exfoliation (n=2; 2.5%), erythema multiforme
(n=1; 1.3%) and photosensitivity reaction (n=1;
1.3%). All rash AE were of grade 1 or 2 severity. None of
these AE were serious or led to permanent discontinua-
tion of the study treatment.

Median values over time for selected laboratory
parameters are presented in Fig. 4. Median bilirubin
values increased transiently during the first two weeks of
simeprevir treatment in all patient groups, but returned
to baseline levels by week 16 (i.e. within 4 weeks of the
end of the simeprevir treatment period). Median levels
between weeks 2 and 16 were slightly higher in prior
relapsers. Elevation of bilirubin levels was not associ-
ated with increases in ALT or AST. Seven patients expe-
rienced grade 3 elevations (>2.5 mg/dL) in blood
bilirubin and one patient experienced a grade 4 eleva-
tion (>5.0 mg/dL). None of the increased bilirubin-
related AE led to permanent discontinuation of study
treatment. No changes were noted for uric acid or
creatinine.

The incidences of grade 3 or 4 treatment-emergent
or worsened laboratory abnormalities were low (occur-
ring in <5% of patients), with the exceptions of
decreases in absolute neutrophil count (grade 3, 21.5%;
grade 4, 2.5%) and increases in bilirubin (grade 3, 8.9%;
grade 4, 1.3%).

DISCUSSION

HIS STUDY INVESTIGATED the efficacy and safety

of simeprevir in combination with PEG IFN-o-2b/
RBV in a mixed population of both treatment-naive and
treatment-experienced patients chronically infected
with HCV genotype 1. The dose of simeprevir (100 mg
Q.D. as part of triple therapy) and treatment duration
(12 weeks) was chosen based on the results of a phase II,
dose and duration ranging study in Japanese treatment-
naive patients infected with genotype 1 HCV (DRAGON
study).”

In this study, simeprevir 100 mg Q.D. for 12 weeks in
combination with PEG IFN-0-2b/RBV (administered for
a total of 24 or 48 weeks) demonstrated high rates of
SVR12 (91.7-100%) and SVR24 (91.7-96.6%) in
treatment-naive patients and prior relapsers. Although
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Table 4 Summary of AE during the entire treatment period and during treatment with simeprevir plus PEG [FN-0-2b/RBV (safety population’)

No. of patients (%)

Entire treatment period

Simeprevir + PEG [FN-0-2b/RBV treatment period

Treatment-naive Prior relapsers Prior Total Treatment-naive Prior relapsers Prior Total
(n=24) (n=29) non-responders (n=79) (n=24) (n=29) non-responders  (n=79)
(n=26) (n=26)
Discontinuation of any study 1(4.2) 1(3.4) 1(3.8) 3(3.8) 0 1(3.4) 0 1{1.3)
medication due to AE*
Discontinuation of simeprevir 0 0 0 0 0 0 0 0
alone due to AE
Temporary interruption of PEG 3 (12.5) 4(13.8) 3(11.5) 10 (12.7) NJ/A N/A NJA N/A
IFN-0-2b due to AE
Dose reduction of PEG 11 (45.8) 4(13.8) 9 (34.6) 24 (30.4) NJA NJA N/A N/A
IFN-0-2b due to AE
Temporary interruption of RBV 4 (16.7) 6(20.7) 4(15.4) 14 (17.7) N/A NjA N/A N/A
due to AE
Dose reduction of RBV due 10 (41.7) 11 (37.9) 9 (34.6) 30(38.0) N/A N/A N/A N/A
to AE
Any serious AE 1(4.2) 0 1(3.8) 2(2.5) 1(4.2) 0 0 1(1.3)
Grade 3/4 AE 6 (25.0) 5(17.2) 7 (26.9) 18 (22.8)  5(20.8) 4(13.8) 5(19.2) 14{17.7)
Death 0 0 0 0 0 0 0 0
Common AE®
Pyrexia 18 (75.0) 27 (93.1) " 22 (84.6) 67 (84.8) 17 (70.8) 27 (93.1) 22 (84.6) 66 (83.5)
Decreased white blood cell 17 (70.8) 16 (55.2) 13 (50.0) 46 (58.2) 17 (70.8) 16 (55.2) 13 (50.0} 46 (58.2)
count
Anemia 11 (45.8) 21 (72.4) 8 (30.8) 40 (50.6) 11 (45.8) 16 (55.2) 6 (23.1) 33 (41.8)
Malaise 12 (50.0) 12 (41.4) 14 (53.8) 38 (48.1) 12 (50.0) 12 (41.4) 14 (53.8) 38 (48.1)
Headache 11 (45.8) 12 (41.4) 13 (50.0) 36 (45.6) 13 (41.7) 10 (34.5) 12 (46.2) 32 (40.5)
Decreased appetite 12 (50.0) 12 (41.4) 7 (26.9) 31(39.2) 12(50.0) 12 (41.4) 7 (26.9) 31(39.2)
Injection-site reactions 11 (45.8) 8 (27.6) 12 (46.2) 31(39.2) 10(41.7) 7 (24.1) 11 (42.3) 28 (35.4)
Rash 12 (50.0) 8 (27.6) 10 (38.5) 30 (38.0) 10 (41.7) 7 (24.1) 8(30.8) 25 (31.6)
Alopecia 14 (58.3) 9 (31.0) 5(19.2) 28 (35.4) Overall incidence <30%
Arthralgia 11 (45.8) 10 (34.5) 6(23.1) 27 (34.2) 10 (41.7) 10 (34.3) 6(23.1) 26 (32.9)
Decreased neutrophil count 11 (45.8) 8(27.6) 7 {26.9) 26 (32.9) 11(45.8) 8 (27.6) 7 (26.9) 26 (32.9)
Decreased platelet count 11 (45.8) 6(20.7) 8 (30.8) 25(31.6) 11 (45.8) 6 (20.7) 7 {26.9) 24 (30.4)

All patients who received study drugs. *Permanent discontinuation of all study medication {i.e. discontinuation of simeprevir and PEG IFN-0.-2b/RBV at the same time, or
discontinuation of PEG IFN-0.-2b/RBV after completion or discontinuation of simeprevir). *Occurring in >30% patients overall.
AE, adverse events; N/A, not available; PEG IFN, peginterferon; RBY, ribavirin.
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Figure 4 Changes in laboratory parameters over time. (a) Hemoglobin; (b) neutrophil count;
(e) urate; and (f) creatinine. EOT, end of treatment; FU, follow-up. —o—, treatment-naive (n = 24);

—=a—, prior non-responders (n =26).
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our study is somewhat limited by the small patient
numbers and non-comparative design, the results in this
study population are consistent with the high rates of
virologic response that have been reported previously
for simeprevir in combination with PEG IFN-o-2a/
RBV in other phase 11l studies in Japan®™*® and in inter-
national studies.”? In QUEST-2, a phase Il study
conducted outside Japan, simeprevir combined with
PEG IFN-0-2a/RBV or PEG IFN-0-2b/RBV was found
superior to each PEG IFN-0/RBV regimen alone in
treatment-naive HCV genotype 1 patients.”® The
response rates also compare favorably with those dem-
onstrated in trials of telaprevir in combination with PEG
IFN-2-2b/RBV in treatment-naive patients and prior
relapsers.''"?

The rates of SVR among prior non-responders who
received 48 weeks of treatment with PEG IFN-o-2b/RBV
were lower than those for treatment-naive patients and
prior relapsers, consistent with other studies of prior
non-responders.'''%** Most patients had received prior
treatment with PEG IFN/RBV. A high proportion of
the patients in this group had heterozygous TG geno-
types for a polymorphism (rs8099917} in the IL28B
locus that has been associated with poor response to
therapy.”!

All patient groups showed a rapid reduction in HCV
RNA levels within the first two weeks of treatment with
simeprevir, and most patients achieved RVR at week 4
(60.0-86.2%) and cEVR at week 12 (79.2-100%). All
treatment-naive patients and prior relapsers had unde-
tectable HCV RNA at the end of treatment, with no
viral breakihrough and a very low incidence of viral
relapse during follow-up in these two groups. Six
(23%) of 26 prior non-responders had viral break-
through, which was documented during simeprevir
treatment for three of these patients. Emerging muta-
tions in the NS3 protease domain were identified for
isolates from all six patients at the time of break-
through and for 16 of the 17 patients classified as treat-
ment failures in the study. All patients except for one
prior non-responder were infected with HCV genotype
1b. Some of the mutations identified (D168E/T/V,
Q80R/K, R155K) have been previcusly described in
HCV genotype 1b isolates following exposure to
simeprevir in vitro and in clinical studies™*?* and are
thought to confer reduced susceptibility. Data from
studies of other PI suggest that poor response to IFN-
based therapy increases the likelihood of the emer-
gence of resistant isolates.® However, further studies are
needed to evaluate emerging mutations in HCV geno-
type 1 and their clinical impact.

Simeprevir in hepatitis C 11

In this study, an RGT approach (based on levels of
HCV RNA) was used to determine whether treatment-
naive patients or prior relapsers could reduce the dura-
tion of PEG IFN-o-2b/RBVY therapy to 24 weeks. More
than 90% of these patients were able to stop PEG IFN-
0-2b/RBV at 24 weeks rather than continuing to 48
weeks. Those patients who stopped therapy at 24 weeks
had high rates of SVR12 and SVR24 (90.9-100%),
despite the shorter treatment duration. The reduction in
exposure to PEG IFN-0-2b/RBV therapy following initial
triple combination therapy with simeprevir could
potentially limit the extent and duration of PEG IFN-o-
2b/RBV-related AE.

Treatment with simeprevir 100 mg Q.D. in combina-
tion with PEG IFN-o-2b/RBV was well tolerated, with
mostly grade 1/2 AE. Notably, there was a very low
incidence of treatment discontinuation due to AE, and
those reported were considered to be related to PEG
IFN-0-2b and/or RBV. This is in contrast to studies of
first-generation PI, which have reported rates of treat-
ment discontinuation due to AE of 10-20%.'""*'* In
addition, serious toxicities that have been widely
reported with first-generation PI (e.g. anermnia, cutaneous
reactions, neutropenia)®*'*'%3? were mainly of grade 1
or 2 severity in this study of simeprevir. In phase 11
studies of simeprevir, mild transient hyperbilirubinemia
has been reported.”’ Although patients in this study
experienced a transient elevation of blood bilirubin,
levels returned to baseline values after simeprevir treat-
ment and the elevation was not associated with
increases in ALT or AST levels. Also, there were no treat-
ment discontinuations due to increased bilirubin-
related AE. Telaprevir has been associated with increases
in uric acid and creatinine.” No changes were noted in
median uric acid and creatinine values in this study of
simeprevir.

In conclusion, treatment with simeprevir 100 mg
Q.D. for 12 weeks in combination with PEG IFN-o-2b/
RBV (for 24 or 48 weeks) demonstrated potent antiviral
activity and high rates of SVR in patients who were
treatment-naive or had previously relapsed after IFN-
based therapy, with most patients having a shorter treat-
ment duration. Antiviral activity was also demonstrated
in patients who had failed to respond to prior IFN-based
therapy. Simeprevir was well tolerated in all patients.
The present phase IIl CONCERTO-4 study demonstrates
the efficacy and safety of simeprevir in a relatively small
sample of treatment-naive and previously treated
patients with chronic HCV genotype 1 infection, while
CONCERTO-1, -2 and -3 provide further data on the
efficacy and safety of this regimen in a larger population.

©® 2014 The Japan Society of Hepatology
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Introduction

Abstract

Background and Aim: Chronic hepatitis C genotype 2 patients show high susceptibility
to pegylated interferon plus ribavirin therapy (PEG/RBV). However, the differences in
response to therapy between genotypes 2a and 2b, and the efficacy of prolonged therapy for
refractory patients have not been evaluated. We investigated the differences in response to
PEG/RBYV between each genotype and examined the efficacy of prolonged therapy.
Methods: A total of 343 chronic hepatitis patients infected with hepatitis C virus (HCV)
genotype 2 (2a: n=195; 2Zb: n= 148) were enrolled in this study. All patients received
PEG/RBV for 24 (24 week group, n = 242) or more weeks (prolonged group, n = 101). We
analyzed the differences in virological response between genotypes 2a and 2b. Clinical and
virological factors of patients in the 24-week group and the prolonged treatment group
were matched using propensity score analysis, and the efficacy of prolonged therapy
established by comparing time of serum HCV disappearance for each genotype.
Results: Virological response tended to be higher for genotype 2a compared with geno-
type 2b; however, there was no significant difference in sustained virological response rates
between genotypes (2a: 78.3%; 2b: 70.2%; P = 0.19). After propensity score matching, the
adjusted P-value for sustained virological response rate was significantly different for
genotype 2b patients with undetectable HCV-RNA between weeks 5 and 8, and for
genotype 2a patients with detectable HCV-RNA at week 8.

Conclusion: Prolonged therapy with PEG/RBV may be effective when serum HCV-RNA
is detectable at week 4 and week 8 for genotype 2b and 2a patients, respectively.

(RBV) combination therapy (PEG/RBV) for 24 weeks. It has been
reported that 70-93% of HCV genotype 2-infected patients can

Worldwide, approximately 150 million people are persistently
infected with hepatitis C virus (HCV), and about 30% of them
develop serious liver disease. Every year, more than 350 000
people die from hepatitis C-related liver diseases such as decom-
pensated cirrhosis and hepatocellular carcinoma.'? In Japan, HCV
seroprevalence has been reported in 1.5-2.3% of the population,’
and about 70% of patients with chronic hepatitis C are infected
with HCV genotype 1. For the remaining 30% of patients, 20-25%
are infected with genotype 2a and 5-10% with genotype 2b.*
Standard therapy for patients with high viral loads of HCV
genotype 2 is pegylated interferon (PEG-IFN) plus ribavirin
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achieve sustained virological response (SVR) with this therapy.’
The reported SVR rate for genotype 2-infected patients in Japan
was about 80%. A significant difference in SVR rate between
genotypes 2a and 2b has not been previously reported. Because of
the high response rate to PEG/RBV therapy, the differences
between genotype 2a and 2b have not been examined fully. Thus,
some articles have discussed reducing therapy duration,®’ but pro-
longation of therapy may be important in about 20% of refractory
patients. In Japan, the standard duration for treatment of HCV
genotype 2-infected patients is 24 weeks, but recommendations by
physicians have resulted in refractory patients undergoing longer

337

© 2014 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asia Pty Ltd



Sensitivity to interferon in genotype 2

periods of therapy. In this study, we investigated the differences in
virological response to PEG/RBV for genotypes 2a and 2b. Fur-
thermore, we compared patients infected with the same genotype
who had undergone different durations of therapy after balancing
both groups using propensity score matching® and examined the
efficacy of prolonged therapy for each genotype.

Patients and methods

Patients. Atotal of 343 chronic hepatitis patients infected with
HCV genotype 2 were ireated with PEG/RBV at Hiroshima Uni-
versity Hospital or one of 13 other hospitals or clinics in Hiro-
shima between August 2002 and September 2010. All patients
were infected with high titer (> 10 000 IU/mL) HCV genotype 2a
or Zb. HCV subtype was identified by direct sequence analysis.
Neither genotype 2¢ nor subsets of genotype 1 were identified in
this study. Exclusion criteria included liver disease from another
cause, decompensated cirrhosis, presence of liver cancer, hepatitis
B or human immunodeficiency virus infection, renal insufficiency,
history of heart disease or cerebral infarction, pregnancy, or cur-
rently breastfeeding.

Study design. All patients were treated subcutaneously with
PEG-IFN-0-2b (Pegintron; Schering-Plough, Tokyo, Japan) once
weekly and orally with 600-1200 mg/day RBV (Rebetol;
Schering-Plough). PEG-IFN dose was based on the patient’s body
weight measured at the start of therapy (60 pg for <45 kg; 80 ug
for > 45 kg to < 60 kg; 100 pg for > 60 kg to < 75 kg, and 120 pg
for > 75 kg 10 =90 kg). RBY dose was also adjusted according to
body weight: 600 mg for < 60 kg, 800 mg for > 60 kg to < 80 kg,
and 1000 mg for > 80 kg, based on information supplied by the
manufacturer, These are the durations and dosages approved by the
Japanese Ministry of Health, Labour and Welfare. The daily dose
of RBV was reduced by 200 mg when hemoglobin (Hgb) levels
fell below 10 g/dL, or for an acute decrease followed by stabiliza-
tion of Hgb concentrations at more than 3 g/dL below baseline, or
for the onset of clinical symptoms of anemia (e.g. palpitations,
dyspnea on effort, and fatigue) associated with a decrease in Hgb
of > 2 g/dL from baseline. Once the RBV dose was reduced, it was
maintained at that level throughout the remainder of the study
when patients complained of anemia-relaied symptoms of fatigue
or pallor. RBV was discontinued when Hgb levels fell below
8.5 g/dL, or where patients manifested more severe anemia includ-
ing orthostatic hypotension; patients exhibiting the latter were
excluded from the analysis. Patients who could not continue
therapy because of other side-effects, such as fiu-like symptoms,
fatigue, nausea, vomiting, diarrhea, dizziness, depression, and hair
loss, were also excluded from the siudy.

Data collection. Background factors included age, sex, body
weight, history of antiviral therapy, and duration of therapy. Viral
load, white blood cell count, Hgb, platelet count, and levels of
serum aspartate aminotransferase, alanine aminotransferase,
y-glutamyltranspeptidase, creatinine, HgbAlc, and total choles-
terol were analyzed. Patients were followed up for 24 weeks after
the cessation of active therapy. Patients underwent HCV-RNA
testing at least once every 4 weeks. At each visit, blood samples
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were collected for hematology and blood chemistry analysis,
undertaken at the local hospital laboratory using standard meth-
odologies. HCV-RNA was centrally assessed by qualitative
reverse transcription polymerase chain reaction. SVR was defined
as undetectable HCV-RNA at 24 weeks after the completion of
therapy. The study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the local Ethics Commit-
tees of all participating centers. Written informed consent was
obtained from all participating patients.

Data management and sististical analysis. The
24-week therapy group (24-week group) comprised patients who
had received PEG/RBY for between 20 and 28 weeks. Patients
who had undergone therapy for more than 20 weeks were included
in the analysis as it was expected they would have received > 80%
of the PEG/RBY of patients who had undergone the full 24 weeks
of therapy.” Despite a treatment period of 20 weeks, there were
some cases where PEG/RBV was less than 80% of a sufficient
dose. However, there was no difference in background with com-
parison groups. The prolonged therapy group (prolonged group)
comprised patients who had received more than 29 weeks of
PEG/RBV therapy.

To analyze the efficacy of prolonged therapy, background dif-
ferences were adjusted, excluding therapy duration, for the
24-week group and the prolonged group using propensity score
analysis. Age, sex, viral load, and history of antiviral therapy were
included to control for the influence of confounding covariates.
Hgb was also used as a covariate for comparisons of genotype 2b.
Propensity score matching was performed using R version 2.14.0
(University of Tsukuba, Ibaraki, Japan). The propensity score
matching method used to produce balanced samples was evaluated
and found to have a c statistic of 0.67. The estimated SVR rate was
established using the inverse probability weighting method. The
SVR rate was presumed by the reciprocal of the propensity score.
All covariates were assumed fo have a sirong association with
SVR.' Continuous variables were tested for normal distribution
with the Kolmogerov—Smirnov test. In the case of dichotomous
variables, group differences were examined with the Pearson chi-
squared or Fisher’s exact test, as appropriate. A P-value of 0.05
was considered to indicate statistical significance.

Resulis

Baseline characteristics. The patients’ baseline character-
istics are shown in Table 1. The 24-week group included 139 HCV
genotype 2a and 103 genotype 2b patients. The prolonged therapy
group included 56 genotype 2a and 45 genotype 2b patients. HCV
viral loads of genotype 2b-infected patients were significantly
higher than those of genotype 2a-infected patients in both groups
{Table 1). Genotype Za-infected patients of the prolonged group
were older, had lower platelet counts, and had greater anamneses
of IFN therapy than for the 24-week group. With the exception of
Hgb levels, no other difference in background was observed for
genotype 2b patients in either group. Each patient had been
assessed by a doctor and were directed to undergo treatment for
either 24-weeks or longer. To date, there are no universal guide-
lines to determine which patients should undergo prolonged
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Table 1 Characteristics of genotype 2a and genotype 2b patients in the 24-week and prolonged therapy groups

24-week group Prolonged group P-valug****
Genotype 2a Genotype 2b Genotype 2a Genotype 2b Pvalue*  Pvalue*®  Pvalue***
(n=185) (n=111) {n = 56) (n = 45)
Age (years) 58 (21-79) 57 (17-82) 60 (32-79) 58 (22-82) 0.74 0.1 0.017 0.46
Sex (male/female) 88/97 57/54 25/31 20/25 0.61 0.86 0.70 043
BW (kg) 60 (35.7-86) 57.6 (41-95) 57.3 (40-71.6) 57.6 (41-95) 0.67 0.38 0.83 0.61
BMI (kg/m?) 23.05 (16.1-35.2) 22.8 (16.6-30.3) 22.07 (15.7-35.2) 22.1(16.6-30.3) 0.37 0.59 0.58 0.38
Histological stage (FO/F1/F2/F3/F4) 7/79/42/21/6 1/50/20/16/2 2/15/8/7/5 0/13/15/4/5 0.37 0.125 0.06 0.38
Prior IFN therapy {-/mono therapy/PEG + RBV) 135/47/3 87/24/0 26/25/5 24/15/6 0.37 0.60 0.25 0.10
WBC (x 10%/mL) 5000 (2100-13500) 5100 (2660-10100) 4930 (2700-9800) 4800 (1750-11370} 0.88 0.0037 0.69 0.84
Neut (x 10%/mL) 2580 (857-9544) 2611 (892-7917) 2548 (1291-5949) 2734 (987-4585) 0.62 0.54 0.60 0.79
Hgb (g/dL) 13.9 (8.3-17.5) 14.0 (11.0-15.3) 13.7 (8.4-16.8) 13.6 (10.8-18.5) 0.77 0.50 0.31 0.047
PLT (x 10%mm?) 17.4 (7.8-32.9) 17.6 (4.0-39.5) 15.4 (6-32.9) 17.8 (6.6-38) 0.81 0.14 0.14 0.60
AST (U/L) 40 (6.9-279) 36 (11-214) 38 (20-175) 33 (13-229) 0.58 0.40 0.40 0.47
ALT (IU/L) 52.5 (11-354) 43 (11-214) 33.5 (13-240) 32 (11-462) 0.486 0.75 0.76 0.17
¥GTP (1U/L) 27 (8-709) 30 (9-397) 31 (11-199) 26 (11-631) 0.20 0.79 0.777 0.89
HCV-RNA (log IU/mL) 5.95 (5.0-6.98) 6.38 (5.03-7.3) 5.97 (6.13-7.30) 6.44 (5.45-7.12) <0.05 0.0015 0.0015 0.41
T-chol (mg/dL) 174 (70-297) 183.5 (112-279) 182 (115-261) 186 {129-235) 0.10 0.93 0.93 0.67
TG {mg/dL) 97 (39-699) 93 (10-590) 99.5 (12-1207) 112 (63-231) 0.085 0.80 0.74 0.20
1L28B (rs8099917) 47/16/1 31/71 16/9/0 14/6/0 0.72 0.19 0.61 0.600
PEG > 80%/80%> 116/29 68/10 34/5 29/4 0.18 0.92 0.31 0.92
RBV > 80%/80%> 92/53 50/28 30/10 26/9 0.92 0.94 0.17 0.29

*Genotype 2a versus genotype 2b in 24-week PEG/RBVY; **genotype 2a versus genotype 2b in prolonged PEG/RBV; ***24-week PEG/RBV versus prolonged PEG/RBV in genotype 2a;
**xxx94-week PEG/RBV versus prolonged PEG/RBV in genotype 2b.
v-GTP, y-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, serum aspartate aminotransferase; BMI, body mass index; BW, body weight; HCV, hepatitis C virus; Hgb, hemoglobin; IFN,
interferon; Neut, neutrophil cell; PEG/RBV, pegylated interferon plus ribavirin therapy; PLT, platelet count; T-chol, total cholesterol; TG, triglyceride; WBC, white blood cell.
TT: 1L28B SNP rs8089917 genotype TT, which is relatively sensitive to IFN therapy. {L28B TG/GG: IL28B SNP rs8099917 genotypes TG/GG, which are relatively resistant to IFN therapy.
Underlined values were significantly different factors between each groups.
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Figure 1 Virological response to pegylated interferon (PEG-IFN) and ribavirin (RBV) combination therapy in hepatitis C virus (HCV) genotype 2a- and
2b-infected patients. (a) Cumulative rate of serum HCV-RNA disappearance. (b) The ratio of sustained virological response for the 24-week and
prolonged group. A significant difference between genotype 2a and 2b patients was recognized for the 24-week therapy group (P = 0.007 by log-rank
analysis). The cumulative rate of HCV-RNA disappearance from weeks 4 to 11 was significantly higher for genotype 2a patients than for genotype 2b
(P < 0.05 by chi-squared test). By comparison, no significant difference in disappearance rate was recognized between genotype 2a and 2b patients

in the prolonged therapy group.

therapy. Therefore, there was a tendency for advanced fibrosis or
IFN therapy refractory cases to be present for genotype 2a of the
prolonged group.

Differences in virological responses to PEG/RBV therapy
revealed cumulative rates for HCV-RNA disappearance were sig-
nificantly higher for patients infected with genotype 2a compared
with genotype 2b (P = 0.0014; log rank test in the 24-week group)
(Fig. la). However, the SVR ratio for each genotype was similar
for both the 24-week and prolonged groups (Fig. 1b).

The relationship between time of HCV-RNA disappearance and
SVR rate was investigated (Fig. 2). A delay in HCV-RNA disap-
pearance corresponded with a decrease in SVR rate for genotypes
2a and 2b in the 24-week group. For the prolonged group, patient
therapy duration was determined independently by their treating
physician and was found to be similar for genotype 2a (median 48
[29-72] weeks) and genotype 2b (median 48 [29-96] weeks). For
the prolonged group, genotype 2b-infected patients who had unde-
tectable HCV-RNA at week 9 or later had significantly lower SVR
rates compared with patients with undetectable HCV-RNA by 8
weeks. However, for genotype 2a patients undergoing prolonged
therapy, the SVR rate dropped gradually and was not considered
statistically significant.

Finally, the efficacy of prolonged therapy for each genotype was
investigated. Patients who achieved a rapid virological response
(RVR) were more likely to achieve a SVR, and therefore a total of
154 patients (2a: 98, Zb: 44) with undetectable HCV-RNA at 4
weeks were excluded from this analysis. The remaining 189
patients (2a: 97, 2b: 92) were divided into two groups based on
whether serum HCV-RNA disappeared by week 8 of therapy. We
used propensity scores to match the clinical and virological factors
of patients in the 24-week group and compared the SVR rate
according to time of HCV-RNA disappearance for each genotype.
Significant differences in background factors such as sex, IFN
anamnesis, and white blood count were abolished after propensity
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score matching (Table 2). Prolonged therapy coincided with an
increase in SVR rate for genotype 2a patients who were HCV-
RNA positive at week § of therapy and for genotype 2b patients
who were HCV-RNA negative at week 8 (Fig. 3).

Discussion

Itis well known that the therapeutic effects of PEG/RBV treatment
of patients with chronic hepatitis C varies according to HCV
genotype.!! Because of the high SVR rate, therapy guidelines
stipulate that genotype 2 patients undergo therapy for 24 weeks."?
Mangia et al. reported that 12 weeks of therapy was sufficient for
patients who achieved a RVR and that it was efficacious as stan-
dard therapy.® For patients without a RVR, the SVR rate following
therapy was reported to be 48-77%; hence, additional prolonged
therapy is required for refractory patients.' In previous reports, no
significant difference in SVR rate was observed between 24 (81%)
and 48 weeks (76-80%) of PEG/RBV therapy.'*!> These studies
included both HCV genotype 2 and 3 patients. Zeuzem et al.
reported that following 24 weeks of therapy, SVR rates for geno-
type 2 (93%) and genotype 3 (79%) patients were not significantly
different.” There was some association between rs12979860 and
liver histopathology for genotype 3 patients but not for genotype 2
patients,'® so further investigation is warranied. Arase et al. believe
that prolonged therapy is effective for genotype 1 patients,'” while
others have shown that prolonged therapy does not improve the
SVR rate for genotype 2 patients.'s Currently, prolonged therapy is
performed only for patients who have demonstrated a tolerance for
continuous therapy. In previous studies, genotypes 2a and 2b were
investigated collectively as genotype 2, with few reports investi-
gating them individually. The purpose of this study was to examine
whether the therapeutic effects of PEG/RBV were similar for
genotype 2a and 2b patients, and whether prolonged therapy was
effective for each of these genotypes.
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Figure 2 Sustained virological response rate according to the time point of hepatitis C virus (HCV)-RNA disappearance in the 24-week and prolonged
therapy group. When HCV-RNA disappearance was delayed, as for the 24-week therapy group, the sustained virological response (SVR) rate gradually
decreased. In particular, the SVR rate for genotype 2b patients, for HCV-RNA disappearance at > 9 weeks, was considerably lower than for genotype

2a patients. The SVR rate improved for both genotype 2a and 2b patients when the HCV negative period was prolonged.

In our study, the disappearance rate of HCV-RNA between
weeks 4 and 11 was significantly higher for genotype 2a than for
genotype 2b (Fig. 1a). Higher SVR rates were reported for geno-
type 2a-infected patients compared with genotype 2b-infected
patients in other studies,'*'"” but no such difference was observed in
the current study (Fig. 1b).

Therefore, our results may reflect differences because of other
factors, such as viral load, which was lower for genotype 2a
compared with genotype 2b patients. SVR rates corresponding to
time point serum HCV-RNA disappearance differed between the
24-week and prolonged group for both subtypes (Fig. 2). The SVR
rate was more than 80% for RVR patients for both subtypes and for
both therapy groups. Non-RVR patients in the prolonged group
tended to have higher SVR rates than those in the 24-week group
for both subtypes. However, differences in background character-
istics of patients may have led to these results. Significant differ-
ences in viral load and patient age were observed for genotype 2a
patients between the two groups, while Hgb levels were different
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for genotype 2b patients (Table 2). To control for this bias, we used
propensity scores to compare the two groups after excluding RVR
patients. Using this method, we found that prolonged therapy was
effective for genotype 2a patients who were HCV-RNA positive at
week 8 and genotype 2b patients who were HCV-RNA negative by
week 8. The average treatment duration for patients in the pro-
longed group was 48 weeks. Nagoshi et al. reported that SVR rates
tend to increase when the HCV-RNA negative period is greater
than 17 weeks.” Protracted therapy duration may improve SVR
rates for genotype 2b patients who are HCV-RNA negative for
relatively short periods; alternatively, it may be necessary to con-
sider other therapies. Further investigation is required.
Previously, only one report has examined the difference in viral
sequence heterogeneity between the two genotypes and their
response to IFN. The presence of four or more nucleotide muta-
tions in the IFN/RBV resistance-determining region (IRRDR) of
HCV 2a was significantly associated with RVR and SVR. In geno-
type 2b-infected patients, the presence of two or more nucleotide
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