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Background & Aims: In a Japanese Phase I study, the hepatitis C
virus NS3/4A protease inhibitor simeprevir demonstrated potent
antiviral activity and significantly improved sustained virologic
response rates when added to peginterferon ¢-2a/ribavirin in treat-
ment-naive patients infected with hepatitis C virus genotype 1.
Methods: CONCERTO-1 was a Phase II, randomized, double-
blind, placebo-controlled trial. Treatment-naive  adulis
(<70 years) with chronic hepatitis C virus genotype 1 infection
(hepatitis C virus RNA =5 logio IU/ml) were randomized (2:1)
to simeprevir 100 mg once-daily with peginterferon o-2afribavi-
rin for 12 weeks then response-guided therapy with peginterfer-
on o-2afribavirin for 12 or 36 weeks, or to placebo with
peginterferon «-2a/ribavirin for 12 weeks then peginterferon
o-2afribavirin for 36 weeks.

Results: Overall, 183 patients were treated. Sustained virologic
response 12 weeks after treatment end (primary efficacy endpoint)
was achieved in 88.6% of simeprevir- and 61.7% of placebo-treated
patients (p <0.0001 for stratum-adjusted between-group differ-
ence). Overall, 91.9% of simeprevir-treated patients met
response-guided therapy criteria and completed treatment at
week 24; sustained virologic response rate at 12 weeks in these
patients was 92.0%. One simeprevir- (0.8%) and two placebo-trea-
ted patients (3.3%) experienced viral breakthrough; respective
viral relapse rates were 7.6% and 30.6%. Overall adverse event pro-
file in simeprevir-treated patients was comparable fo that in
patients who received peginterferon o-2afribavirin alone.
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ELSEVIER

Conclusions: Simeprevir once daily with peginterferon o-2a/
ribavirin significantly improved sustained virologic response rate
12 weeks after treatment end in treatment-naive patients with
chronic hepatitis C virus genotype 1 infection, with a shorter
24-week treatment duration in most patients.

© 2014 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Japan has one of the highest rates of hepatitis C virus (HCV) infec-
tion worldwide, with around 2 million people estimated to be
infected [ 1]. Of these, about 70% are infected with HCV genotype
1b, 20% with genotype 2a, and the remainder with genotype 2b or
other genotypes. Hepatocellular carcinoma is a leading cause of
cancer mortality in Japan, with approximately 70% of cases
related te HCV infection [2].

The goal of chronic HCV infection treatment is virus eradica-
tion, to prevent progression to cirrhosis and hepatocellular carci-
noma. Until recently, standard of care was combination therapy
with peginterferon (PegIFN) and ribavirin (RBV) for 24-48 weeks
[3.4], resulting in sustained virologic response (SVR) in approxi-
mately 50% of patients [5,6]. However, HCV genotype 1 appears
less responsive to PeglFN-based therapy than other genotypes [7].

The development of direct-acting antiviral agents represents a
major breakthrough in the treatment of chronic HCV infection.
These have been shown to improve SVR rates when combined
with PegIFN/RBV in treatment-naive and treatment-experienced
patients [8,9]. Current Japanese guidelines recommend {riple
therapy with the HCV NS3/4A protease inhibitor (PI) telaprevir
plus PegIFN/RBY for chronic genotype 1 HCV infection [10]. How-
ever, first-generation HCV Pls, such as telaprevir and boceprevir,
are associated with two- or three-times daily dosing, the poten-
tial for adverse events (AEs) including anemnia, rash, and renal
dysfunction; and relatively rapid emergence of resistance in
patients who do not achieve SVR [8,9,11-13].

Simeprevir (TMC435) is a potent, oral, once-daily (QD), HCV
NS3/4A Pl which has recently been approved in Japan [14]. In a
Phase 1 study, simeprevir plasma exposure was found to be
higher in healthy Japanese adult male volunteers than in healthy
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Caucasian volunteers [15]. Based on this finding, simeprevir
doses of 50 and 100 mg QD were selected for use in further stud-
ies in Japan. A Phase II study in Japanese treatment-naive patients
with HCV genotype 1 infection and high viral load reported sim-
eprevir (50 or 100 mg QD, for 12 or 24 weeks) in combination
with PegIFNai-2a/RBV to be generally well tolerated and associ-
ated with improved SVR rates and shorter 24-week treatment
duration in most patients [16]. The Clinical Optimization of
New treatment strategy with TMC435 in Combination with
peginterferon plus Ribavirin for Treatment-naive and treat-
ment-experienced patients infected with HCV genotype 1 (One;
CONCERTO) studies were initiated to further explore efficacy
and safety of simeprevir combined with PegIFN/RBV in patients
with HCV genotype 1 infection in Japan. We present results of
the CONCERTO-1 study (ClinicalTrials.gov: NCT01292239) in
freatment-naive patients.

Patients and methods
Patients

Treatment-naive male and female patients aged 20-70 years with documented
chronic genotype 1 HCV infection and plasma HCV RNA >5.0log;olU/ml at
screening were eligible. Key exclusion criteria included liver cirrhosis, hepatic
failure, any other liver disease of non-HCV etiology and co-infection with HIV-
1, HIV-2, hepatitis B, or non-genotype 1 HCV. Additional exclusion criteria are
summarized in the Supplementary data. All patients provided written informed
consent before study entry.

Study design

This Phase III, multicenter, randomized, double-blind, placebo-controlled trial
assessed efficacy and safety of simeprevir combined with PeglFNa-2a/RBV in
treatment-naive patients with chronic genotype 1 HCV infection. The study was
conducted at 37 sites in Japan from January 17, 2011 to October 22, 2012. The
study protocol conformed to Good Clinical Practice Guidelines and to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by
the institutions” human research committee. (ClinicalTrials.gov: NCT01292239).

Eligible patients, stratified by age (<65 or >65 years old) and [L28B genotype
(rs8099917; TT, TG, and GG), were randomized centrally 2:1 to simeprevir
100 mg QD plus PeglFNa-2a/RBV for 12 weeks followed by response-guided ther-
apy (RGT) with PeglFNwa-2a/RBV alone for 12 or 36 weeks, or placebo with Peg-
IFNo-2a/RBV for 12 weeks followed by PeglFNa-2a/RBV for 36 weeks (see
Supplementary data for details of treatment administration). Randomization
was balanced by using randomly permuted blocks. Patients, study personnel,
and the sponsor were blinded to treatment groups. According to RGT criteria, Peg-
IFNa-2a/RBV therapy could be stopped at week 24 in simeprevir-treated patients
who achieved HCV RNA <1.2 log;e [U/m! detectable or undetectable at week 4 and
had undetectable HCV RNA at week 12. RGT was not permitted in the placebo
group. All patients were followed for 72 weeks after treatment initiation.

Virologic stopping criteria were implemented to ensure that patients with a
suboptimal response discontinued treatment in a timely manner in order to limit
the risk of drug resistance and reduce unnecessary exposure to PeglFNa-2a/RBV.
Patients with HCV RNA >3.0 log;p IU/ml at week 4 discontinued simeprevir or pla-
cebo but continued PegIFNo-2a/RBV. Patients with HCV RNA >1.2 logyo IU/ml at
week 36 stopped PegiFNa-2a/RBV,

The primary efficacy endpoint was the proportion of patients with undetect-
able plasma HCV RNA at end of treatment and 12 weeks after end of treatment
(SVR12). Other efficacy endpoints included: the proportion of patients with unde-
tectable plasma HCV RNA at end of treatment and 24 weeks after end of treat-
ment (SVR24); the proportion of patients with undetectable plasma HCV RNA
at week 4 (rapid virologic response) or week 12 (complete early virologic
response); incidence of viral breakthrough (>1logie IU/ml increase in plasma
HCV RNA level from the lowest level reached, or plasma HCV RNA level
>2.0 logyo IU/ml in patients whose plasma HCV RNA level had previously been
<1.2 logyo IU/ml detectable or undetectable); viral relapse (detectable or quantifi-
able plasma HCV RNA at last available measurement during post-treatment fol-

low-up in patients who had undetectable plasma HCV RNA at end of
treatment), and the proportion of patients who had achieved normalization of
ALT levels.

Study assessments

To assess virologic response, plasma HCV RNA was quantified at screening, base-
line, day 3, weeks 1, 2, 3, 4, 8, 12, 16, 20, 24, 28, 36, 48, 60, and 72 using the
COBAS® TagMan® HCV Auto Assay System (Roche, USA; lower limit of quantifica-
tion, 1.2 loge IU/ml). Plasma HCV RNA levels were also measured at weeks 42
and 52 in patients receiving PeglFNa-2a/RBV until week 48. ALT levels were mea-
sured at regular intervals throughout the study. Normal ALT levels, i.e., <40 1Uf
ml, were defined according to laboratory reference ranges.

Sequence analysis of the HCV NS3 protease domain was performed at base-
line and in patients with simeprevir treatment failure (see Supplementary data
for further details).

Safety was evaluated throughout the study. AEs were assessed during the
treatment period and 28 days after the last dose of study medication. AE severity
was graded by investigators using the World Health Organization grading scale.
Certain AEs were identified as being of special or clinical interest (see Supplemen-
tary data for further details). Vital sign monitoring, electrocardiogram, and clini-
cal laboratory tests were performed at regular intervals during treatment and the
post-treatment follow-up period. Severity of laboratory abnormalities was classi-
fied according to the World Health Organization grading scale.

Statistical analysis

The sample size of the study (183 subjects) was calculated based on published
data [16], and was considered to be sufficient to show superiority of simeprevir
vs. placebo for the proportion of subjects achieving SVR12 with 90% power (see
Supplementary data for further details). Efficacy analyses were performed on
the full analysis set, which comprised all randomized patients who had received
>1 dose of study medication for whom post-baseline efficacy it data
were available. SVR rates between treatment groups were compared using the
Cochran-Mantel-Haenszel test adjusted for the stratification factors (age and
I128B genotype). The 95% confidence interval of the stratum-adjusted difference
in the proportions between the treatment groups was calculated.

The safety population comprised all patients who received >1 dose of study
medication. Incidence of AEs and other safety endpoints was summarized for
each treatment group.

Statistical analyses were performed using SAS® version 9.2 (SAS Institute Inc.,
Cary, NC, USA).

Resuits
Study population

Overall, 223 patients were screened for study participation and
188 were randomized, and 183 received >1 dose of study med-
ication (123 received simeprevir and 60 received placebo) (Fig. 1).
Eleven patients (6.0%) discontinued the study during follow-up
(3.3% and 11.7% in the simeprevir and placebo groups, respec-
tively). The most common reason for study discontinuation was
withdrawal of consent. In the simeprevir group, 92.7% completed
the treatment period, as did 75.0% in the placebo group. Reasons
for non-completion of all study medication are summarized in
the Supplementary data.

Baseline demographic and disease characteristics were gener-
ally similar between treatment groups (Table 1). All patients
were Japanese, 34.4% were male, and median age was 55 years
(range 23-69 years). Most patients had the major alleles TT for
11.28B 8099917 and CC for IL28B 12979860 associated with higher
likelihood of response to pegIFN/RBV (66.7% and 64.2% in the
simeprevir group, respectively, and 70.0% for both in the placebo
group). Almost all patients had HCV genotype 1b (98.4%), except
for three patients with HCV genotype 1a (two in the simeprevir
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Screened
n=223

Screening failures
% n =35
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Randomized
n= 188

1

Not reated
n=3

Treated
Simeprevir 100 mg 12 weeks
+ PR 24/48 wesks
n=123

Discontinued only simeprevir
(continued PR)
ne=1

Mot treated
n=2

Treated
placebo 12 weeks
+ PR 48 weeks
n=60

Discontinued only placebo
{continued PR)

n=15

Discontinued during
treatment period
n=9

Completed treatment period
n=114

Discontinued during
follow-up period
n=4

Completed follow-up period

n=118

Met RGT criteria and completed
treatment with PR at week 24
n=113

Fig. 1. Subject disposition. PR, peginterferon/ribavirin; RGT, response-guided therapy.

group and one in the placebo group). Median baseline HCV RNA
was 6.3 logplU/ml (range 3.3-7.4logolUfml), with most
patients in both groups having baseline HCV RNA levels
=6 loge U/ml (74.0% for simeprevir and 76.7% for placebo).

Sustained virologic response

SVR12 was achieved in 88.6% of patients receiving simeprevir vs.
61.7% of patients receiving placebo (Table 2). The stratum-
adjusted difference in SVR12 rate between the two groups was
statistically significant (27.5% [95% confidence interval, 1438~
40.56%]; p<0.0001). Most (113/123; 91.9%) simeprevir-freated
patients met RGT criteria and completed treatment at week 24.
The SVR12 rate in these patients was 92.0%. Only one patient in
the simeprevir group did not meet RGT criteria; this patient dis-
continued treatment with simeprevir only and completed treat-
ment with PeglFNo-2a/RBV. The remaining nine patients
discontinued the study before assessment of RGT criteria at week
24.

The proportion of patients achieving SVR24 was 88.6% in the
simeprevir group and 56.7% in the placebo group (Table 2).
Efficacy of simeprevir combined with PeglFNo-2a/RBV was
statistically significantly superior to placebo combined with
PeglFNw-2a/RBV (p <0.0001).

Discontinued during
treatment period
n=15

Completed treatment period
n =45

Discontinued during
follow-up period
n=7

Completed follow-up pericd
n =53

On-treatment virologic response

Onset of antiviral activity was more rapid with simeprevir than
with placebo (Fig. 2). In the simeprevir group, 84.4% of patients
had undetectable HCV RNA at week 4 vs. 13.3% in the placebo
group (Table 2). The proportion of patients with undetectable
HCV RNA at week 12 was also higher with simeprevir than with
placebo (98.2% and 68.5%, respectively) (Table 2).

A notable difference in the proportion of patients achieving
undetectable HCV RNA at weeks 4, 12, and 24 according fo
{L28B genotype at rs8099917 was seen between the simeprevir
and the placebe groups (Fig. 3). With simeprevir, undetectable
HCV RNA levels at week 4 were achieved by 87.8% of patients
with the 1288 major allele (TT) and 75.6% of those with IL28B
minor alleles (TG and GG). The proportion of simeprevir-treated
patients with undetectable HCV RNA levels was increased at
week 12 (96.3% with TT and 97.6% with TG and GG) and remained
high at week 24 (92.7% with TT and 90.2% with TG and GG), irre-
spective of IL2Z8B genotype. Undetectable HCV RNA levels at week
4 were achieved in 19.0% of placebo-treated patients with the
IL28B major allele. No placebo-treated patients with IL28B minor
alleles achieved undetectable HCV RNA at this time. Undetectable
HCV RNA levels were achieved in 85.7% of placebo-treated
patients with the I128B major allele at weeks 12 and 24, and in
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Table 1. Baseline demographics and clinical characteristics.

Characteristic Simeprevir group Placebo group
(n=123) (n=60)

Male, n (%) 39 (31.7) 24 (40.0)

Age (yr), median (range) 56.0 (23-69) 54.5 (30-689)

Age 265 years, n (%) 22 (17.9) 10 (16.7)

BMI (kg/m?), median (range)
IL28B genotype (rs8099917), n (%)
T

TG/IGG
IL28B genotype (rs12979860), n (%)
CC
L emrooo
HCV genotype, i (%)
1a
Baseline HCV RNA (Log,, IU/ml), median (range)
Baseline HCV RNA category (Log,, IU/ml), n (%)
<6.0
26.0 to <7.0
20
Metavir fibrosis stage,” n/N (%)
0: No fibrosis
1: Periportal fibrosis expansion
2: P-P septae (>1 septum)
3: P-C septae
4: Cirrhosis
Platelets (x10%L), n (%)
<150
2150
ALT (1Ufmi)
<50
250
Total bilirubin (mg/dl}, median (range)
Hemaoglobin (g/dl), median (range)
Neutrophils (x10%pl), median (range)
Platelets (x10%u!), median (range)

22.0 (16.9-32.9) 22.5 (17.3-33.2)

82 (66.7) 42 (70.0)
41(33.3) 18 (30.0)
79 (64.2) 42 (70.0)
44 (35.8) 18 (30.0)
2(1.6) 1(1.7)
121(984) 59 (98.3)
6.3 (4.57.2) 6.4 (3.3-7.4)
32 (26.0) 14 (23.3)
85 (69.1) 45 (75.0)

6 (4.9) 1(1.7)
3/41(7.3) 0

28/41 (68.3) 18/24 (75.0)
8/41 (19.5) 5/24 (20.8)
2/41 (4.9) 1/24 (4.2)

0 0

30 (24.4) 10 (16.7)
93 (75.6) 50 (83.3)
74 (60.2) 39 (65.0)
49 (39.8) 21 (35.0)
0.7 (0.3-1.7) 0.7 (0.2-1.5)

13.9 (11.1-17.2)
24.2 (11.4-54.7)
18.3 (9.5-29.0)

14.1 (12.3-17.0)
22.5 (11.6-45.8)
20.2 (10.6-31.3)

*Available for patients who had a liver biopsy within 2 years before informed consent or during the screening period.
BMI, body mass index; HCV, hepatitis C virus; P-P, portal-portal; P-C, portal-central; ALT, alanine aminotransferase.

11.1% and 44.4% of placebo-treated patients with [L28B minor
alleles at week 12 and week 24, respectively.

Viral breakthrough, viral relapse, and treatment failure

Viral breakthrough was observed in one patient (0.8%) in the sim-
eprevir group, occurring at week 17 during treatment with Peg-
IFNoi-2a/RBV alone. Viral breakthrough was reported in two
patients in the placebo group (3.3%) at weeks 2 and 21.

Viral relapse rates were lower in the simeprevir group than in
the placebo group (7.6% vs. 30.6%, respectively). Viral relapse
mostly occurred at follow-up week 12 (9/9 patients in the sime-
previr group; 12/15 patients in the placebo group).

The proportion of patients meeting virologic stopping criteria
was lower in the simeprevir group compared with the placebo
group (0.8% vs. 40.0%, respectively). All of these patients met viro-
logic stopping criteria at week 4 (plasma HCV RNA levels
>3.0 logyo [U/ml).

Sustained virologic response according to baseline characteristics

SVR12 rates were higher in the simeprevir group than in the pla-
cebo group for all baseline demographic and disease characteris-
tic subgroups. SVR12 rate by baseline demographic and disease
characteristics is summarized in Supplementary Table 1.

NS3 sequencing analysis

Most patients (87.4% in the simeprevir group; 84.5% in the placebo
group) had no baseline polymorphisms at any NS3 positions asso-
ciated with reduced antiviral activity to simeprevir in vitro. Further
information is provided in the Supplementary data section.

Alanine aminotransferase

In most patients with abnormal ALT levels at baseline, ALT levels
were normalized by end of treatment (73.5% in the simeprevir
group; 76.2% in the placebo group).
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Endpoint, n/N (%)* Simeprevir group Placebo group
(n=123) (n = 60)
SVR12
All patients 109/123 (88.6) 37/60 (61.7)
Patients meeting RGT criteria 104/113 (92.0) n.a.
SVR24 109/123 (88.6) 34/60 (56.7)
Undetectable HCV RNA at Wk 4 of treatment” 103/122 (84.4) 8/60 (13.3)
Undetectable HCV RNA at Wk 12 of treatment” 117/118 (99.2) 37/54 (68.5)
Viral breakthrough 1/123 (0.8) 2/60 (3.3)
Viral relapse* 9/118 (7.6) 15/49 (30.8)

SVR12, sustained virologic response 12 weeks after the end of treatment; RGT, response guided therapy; SYR24, sustained virologic response 24 weeks after the end of

treatment; n.a,, not available,

“Subjects who discontinued all study medication prior to assessment of undetectable HCV RNA at week 4 and week 12 of treatment were not included in the denominator

for calculation of these on-treatment response rates.

**Viral relapse was only assessed in patients with undetectable HCV RNA at end of treatment and with at least one follow-up HCV RNA measurement.

# Placebo
& Simeprevir 100 mg

Plasmia HCV RNA (Log,, IU/mi)
Mean {+ SE)

Q
637 2 3 84 .8 12
Day Wesk
0 3d  7d 2wk 8wk 4wk 8wk 12wk

No.ofpatients
Placebo 60 80 60 &8 58 58 57
Simeprevir 100mg 123 123 122 123 123 122 123 120

Fig. 2. Mean change from baseline in plasma HCV RNA levels up to week 12.
HCV, hepatitis C virus; SE, standard error.

Safety

For the entire treatment period, no clinically significant differ-
ences in the type and incidence of AEs were observed between
groups (Table 3; Supplementary Table 2). Most AEs were grade
1/2 (72.4% in the simeprevir group; 66.7% in the placebo group).
Rates of treatment discontinuation and PeglFNo-2a/RBV dose
modification due to AEs were similar between groups, with no
AEs leading to permanent discontinuation of simeprevir only.
Serious AEs were observed in four patients (3.3%) in the simepre-
vir group and six patients (10.0%) in the placebo group. There
were no deaths reported.

For AEs of special/clinical interest (Table 3), incidence was
higher in the simeprevir group than in the placebo group for
increased bilirubin-related AEs (22.8% vs. 10.0%) and photosensi-

- tivity conditions (1.6% vs. 0%). Incidence was lower in the sime-
previr group than in the placebo group for rash (any type) and
selected gastrointestinal events. For anemia, neutropenia, and
pruritus-related AEs, incidence rates were similar in both groups.
In the simeprevir group, all AEs of special/clinical interest were
grade 1/2, except for grade 3 anemia-related AEs in one patient

— Placebo . Simeprevir 100 mg

s

% « TTn=42 § ~TTn=82

%100 Treresn= % 100 ~Te+6En=41

§ &0 ] &0

5 / =4

E ; e

5 ® 5 60

8 a0f / g 10

o ; &

v / 7

5 20 // o 20

Zz =z

x i

> 0 ~ 0

2 4 12 24 R 4 12 24
Week Week

Fig. 3. Proportion of patients with plasma HCV RNA <1.2 logy, WU/ml unde-
tectable according to IL28B genotype at rs8099917. HCV, hepatitis C virus.

(0.8%) and grade 3/4 neutropenia-related AEs in 28 patients
(22.8%). None of the neutropenia-related AEs were serious and
none led to discontinuation of any study medications.

Fig. 4 shows changes in laboratory parameters over the entire
duration of treatment and follow-up. Notably, only one patient in
the simeprevir group continued treatment with PegIFNc-2a/RBY
from week 24 onwards. Except for total bilirubin, no differences
between groups were observed in median change from baseline
for any of these laboratory parameters. Median total bilirubin
levels increased in the simeprevir group from baseline to week
2 and then decreased to near baseline levels from week 4 to week
12. During this period, median levels remained within normal
limits. From week 12, median values returned fo baseline.
Increases in total bilirubin levels were not associated with
increased ALT or AST levels.

No consistent clinically significant differences in any other
laboratory parameters, electrocardiogram parameters, or vital
signs were observed between groups.

Discussion

This study was undertaken to assess efficacy and safety of sime-
previr in combination with PeglFNo-2a/RBV in treatment-naive
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Table 3. Summary of AEs reported in the entire study treatinent period and during with si

previr plus PegiFNo-2a and ribavirin (safety population).

Entire treatment period Simeprevir/Placebo + PeglFNa-2a/RBV

No. of patients, n (%) Simeprevir group Placebo group Simeprevir group Placebo group
o R (n=123) (n=60) (n=123) (n=60)
Treatment discontinuation due to AE o o o
Simeprevir/placebo only® 0 1(1.7) 0 1(1.7)
Alstudy medication® — 6(48) 563 4@3)  3(50)
Dose modification due to AE N V S
PeglFNa-2a 47 (38.2) 24 (40.0) n.a. n.a.
RBV 67 (54.5) 27 (45.0) na. n.a.

SAE 4(3.3) 6 (10.0) 3(2.4) 3(5.0)

Death 0 0 0 0

AEs of special/clinical interest*

Increased bilirubin-related AEs 28 (22.8) 6 (10.0) 28 (22.8) 6 (10.0)
Blood bilirubin increased 20 (16.3) 4(6.7) 20 (16.3) 4(6.7)
Hyperbilirubinemia 8 (6.5) 2(3.3) 8 (6.5) 2(3.3)

Rash (any type) 71(57.7) 42 (70.0) 64 (52.0) 27 (45.0)
Rash 57 (46.3) 37 (61.7) 54 (43.9) 24 (40.0)
Erythema 17 (13.8) 4(6.7) 13 (10.6) 2(3.3)
Other events ) 6 (4.9) 3(5.0) ‘ 4(33) » 2(33)

Pruritus-related AEs 37 (30.1) 19 (31.7) 29 (23.6) 5(8.3)
Pruritus 35 (28.5) 18 (30.0) 28 (22.8) 5(8.3)
Pruritus generalized 2(1.8) 1(1.7) 1(0.8) 0(0)

Photosensitivity conditions 2(1.6) 0 1(0.8) 0(0)
Photosensitivity reaction 208 o 108 0O

Neutropenia-related AEs 97 (78.9) 49 (81.7) 90 (73.2) 42 (70.0)
White blood cell count decreased 78 (63.4) 41 (68.3) 74 (60.2) 35 (58.3)
Neutrophil count decreased 69 (56.1) 37 (61.7) 59 (48.0) 30 (50.0)
Neutropenia ’ 8(6.5) 1(1.7) 8 (6.5) 1(1.7)

Anemia-related AEs 97 (78.9) 45 (75.0) 74 (60.2) 30 (50.0)
Anemia 70 (56.9) 36 (60.0) 55 (44.7) 24 (40.0)
Hemoglobin decreased 27 (22.0) 9(15.0) 19 (15.4) 6(10.0)

Selected gastrointestinal events 53 (43.1) 38 (63.3) 46 (37.4) 28 (46.7)
Decreased appetite 28 (22.8) 20 (33.3) 28 (22.8) 14 (23.3)
Diarrhea 20 (16.3) 17 (28.3) 14 (11.4) 12 (20.0)
Nausea 16 (13.0) 12 (20.0) 15(12.2) 9 (15.0)
Constipation 9(7.3) 5(8.3) 7 (5.7) 2(3.3)
Vomiting 6 (4.9) 5(8.3) 4(3.3) 1(1.7)

TPermanent discontinuation of simeprevir or placebo alone, PegIFNa-2a/RBV continued.

Discontinuation of simeprevir/placebo and PeglFNa-2a/RBV at the same time, or discontinuation of PeglFNo-2a/RBY after completion or discontinuation of simeprevir/placebo).

*See Supplementary data for further details.

AEs, adverse events; PeglFNa-2a, peginterferon «-2a; RBV, ribavirin; SAE, serious adverse event; n.a., not available,

patients with chronic HCV genotype 1 infection and high viral
load in Japan. A simeprevir dose of 100 mg with a 12 week dura-
tion for triple therapy was selected for use in this study based on
results of a previous Phase Il trial [16]. Oral once-daily treatment
with simeprevir 100 mg for 12 weeks was associated with a sig-
nificant improvement in SVR12 rate in this patient population. An
RGT strategy was employed to allow individualized shortening of
PeglFNoi-2a/RBV treatment duration to 24 weeks, based on early
virologic response. Almost all simeprevir-treated patients (91.9%)
met RGT criteria and were eligible to stop PeglFNa-2a/RBV at
week 24. The SVR12 rate in these patients was 92.0%, supporting

this approach. A shorter overall treatment duration is highly
desirable in patients with chronic HCV infection as it reduces
PegIFNoi-2a/RBV exposure and the potential for treatment-
related AEs [17].

Even in patients with unfavorable demographic and baseline
disease characteristics for a response to PeglFNoi-2a/RBV (e.g.,
older age, high baseline HCV RNA, and low baseline platelet
counts), treatment with simeprevir was associated with signifi-
cantly improved SVR rates (Supplementary Table 1). As expected,
IL28B single nucleotide polymorphism was predictive of thera-
peutic effect for PeglFNa-2a/RBV. It is well documented that
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Fig. 4. Median changes in serum levels. (A) hemoglobin, (B) platelet count, (C) neutrophil count, (D) total bilirubin, (E) uric acid, and (F) creatinine over the entire duration
of treatment and follow-up.”Only one patient in the simeprevir group continued treatment with peginterferon «-2a/ribavirin from week 24 onwards. EoT, end of treatment;

FU, follow-up.

patients carrying IL28B minor alleles show greater resistance to
PegIFN/RBV than those carrying major alleles [18-21]. Approxi-
mately two-thirds of patients in this study had favorable [L28B
genotypes associated with higher likelihood of response to peg-
IFN/RBV therapy. Nevertheless, our results suggest that addition
of simeprevir to PegiFNo-2a/RBV reduces the impact of unfavor-
able [L28B minor alleles at rs8099917 and rs12979860. Consis-
tent with the epidemiology of HCV infection in Japan [1],
genotype 1b was dominant among patients enrolled in this study
(98.4%). It has been suggested that HCV genotype 1a infection has
a lower genetic barrier to resistance relative to genotype 1b infec-
tion [22].

The SVR rate in patients treated with PeglFNo-2a/RBV for
48 weeks is consistent with the original assumption for sample
size estimation and is similar to that reported in a previous Phase

1l study of PegiFNoi-2a/RBV in a comparable japanese population
[5]. The SVR rate observed in simeprevir-treated patients in this
study is within the range reported in a previous dose-ranging
Phase II study of simeprevir in freatment-naive patients with
chronic HCV genotype 1 infection in Japan [16].

Viral breakthrough was observed in one patient (0.8%) in the
simeprevir group and two patients (3.3%) in the placebo group.
Viral relapse occurred infrequently in simeprevir-treated patients
compared with the placebo group, being observed in 7.6% of sim-
eprevir-treated patients with undetectable plasma HCV RNA at
end of treatment compared with 30.6% of patients who received
placebo.

Sequence analysis of the HCV NS3 protease domain focused
on detecting previously characterized HCV genotype 1 amino
acid substitutions in the NS3 region that have been associated
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with reduced susceptibility to simeprevir and other HCV NS3 Pls
in vitro (43, 80, 155, 156, and 168) (see Supplementary
data) {23,24]. Overall, 86.4% of patients did not have baseline
polymorphisms at these positions. Emerging mutations were
detected in most simeprevir-treated patients who experienced
treatment failure, with D168V the most frequent emerging
mutation. Emerging mutations identified at the time of treatment
failure were generally not detectable at later time points, sug-
gesting that these mutations do not persist and may resolve over
time.

Simeprevir had a clinically favorable safety and tolerability
profile ‘in this patient population, with no notable differences
in the type and incidence of AEs or discontinuations due to
AEs observed between the simeprevir and placebo groups. In
contrast to first-generation Pls, such as telaprevir [8,9,12,13],
incidence of anemia- and rash-related AEs observed in simepre-
vir-treated patients was no higher than in placebo-treated
patients, and no cases of severe anemia or severe rash were
seen in simeprevir-treated patients in this study. Renal dysfunc-
tion has also been identified as a potential safety concern with
currently marketed first-generation HCV Pls, including telapre-
vir; no clinically relevant changes in renal function parameters
were reported in this study. Cases of sepsis and pneumonia
have recently been reported in telaprevir-treated patients dur-
ing post-marketing surveillance in Japan (Mitsubishi Tanabe,
personal communication). However, no severe infectious dis-
eases were reported in this study. Mild reversible transient
increases in bilirubin levels were observed in simeprevir-
treated patients, as reported previously [14,16]. In vitro data
suggest that this results from inhibition of OATP1B1 and
MRP2 transporters by simeprevir, as both play a role in biliru-
bin clearance [25].

In summary, results of the CONCERTO-1 study in treatment-
naive patients with HCV genotype 1 and high viral load show that
oral once-daily simeprevir in combination with PegIFNo-2a/RBV
significantly improves SVR rates and shortens treatment duration
in most patients. Simeprevir has now been approved in Japan for
the treatment of chronic HCV infection. Ongoing studies are
investigating simeprevir in IFN-free combinations, including ali
oral regimens [26].
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Sequential occurrence of acute hepatitis B among
members of a high school Sumo wrestling club

Sung Kwan Bae, Hiroshi Yatsuhashi, lkuko Takahara, Yoko Tamada, Satoru Hashimoto,
Yasuhide Motoyoshi, Eisuke Ozawa, Shinya Nagaoka, Kenji Yanagi, Seigo Abiru,

Atsumasa Komori and Hiromi Ishibashi

Clinical Research Center, National Hospital Organization (NHO), Nagasaki Medical Center, Kubara Omura,

Nagasaki, Japan

A 17-year-old male was admitted to our hospital and diag-
nosed with acute hepatitis B. Six weeks later, a 15-year-old
male was admitted with acute hepatitis B as well. They were
Sumo wrestling players in the same club. A detailed survey in
the club revealed that a 28-year-old male coach was a hepa-
titis B surface antigen carrier with high-level viremia. The con-
sistency of hepatitis B virus (HBV) DNA in the infected players
was revealed by analyzing the complete HBV genome
sequences. Sumo players are more likely to get injured,
including cuts and bleeding, compared with players of other
sports because of the characteristic wrestling style. Several

past reports have suggested that highly viremic HBV carriers
have high HBV DNA titers in both their blood and other body
fluids such as sweat. In our cases, percutaneous HBV trans-
mission through the bleeding wounds was the most probable
infection route. We conclude that a universal HBV immuniza-
tion program should be introduced urgently in Japan, similar
to those implemented in other countries worldwide.

Key words: hepatitis B virus, horizontal transmission, Sumo,
universal vaccination

INTRODUCTION

HE HORIZONTAL TRANSMISSION of hepatitis B

virus (HBV) occurs in limited situations such as
sexual intercourse with HBV positive partners, the trans-
fusion of HBV-contaminated blood, and the re-use of
needles and syringes used for the i.v. administration of
drugs.'”® In addition, there are several reports of hori-
zontal HBV transmission in elementary schools and
day-care centers due to bites and scratches or exposure
to blood or blood-contaminated fluids among
children.*” Although it is rare, HBV horizontal trans-
mission has been reported in various sports as well,
including Sumo wrestling and American football,
because of contact with open wounds during training.®’
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In this paper, we report a sequential occurrence of
acute hepatitis B in members of a high school Sumo
wrestling club. After a detailed field survey, a 28-year-old
male coach was determined to be a hepatitis B surface
antigen (HBsAg) carrier with a high-level of viremia.
This individual was identified as the source of transmis-
sion by analyzing the complete HBV genome sequences.

CASE REPORT

17-YEAR-OLD MALE (case 1) was admitted to our

hospital with a 1-week history of jaundice and
itching. He had no past medical history, except pediatric
asthma, and was not taking any medications currently.
There were no HBV carriers in his family. He reported no
alcohol consumption, recent travel or sexual contact.
He was a member of a high school Sumo wrestling club.
On examination, the patient was slightly icteric with
stable vital signs. Blood test results (Table 1) revealed
the following: total bilirubin (T-Bil), 3.9 mg/dL; aspar-
tate aminotransferase (AST), 1152 IU/L; alanine amino-
transferase (ALT), 2856 IU/L; HBsAg, 12 229.87 IU/mL;
hepatitis B e-antigen (HBeAg), 473.29 §/CO; anti-
hepatitis B core (anti-HBc), 4.0 S/CO; immunoglobulin
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Table 1 Laboratory findings at the initial visit

Hepatology Research 2013

Case 1 Case 2 Case 3 Reference range
White blood cells {10°/puL) 5.8 4.0 4.2 3.9-9.8
Red bload cells (10°/ulL) 5.38 5.18 5.11 4.10-5.30
Hemoglobin (g/dL) 15.8 14.7 16.4 13.5-17.6
Platelet (10%/uL) 293 232 198 131-362
Prothrombin time (%) 100.6 89.7 106.0 72.0-130.0
APTT (s) 38.7 36.6 38.7 24.8-40.4
Total bilirubin {mg/dL) 3.9 3.2 0.9 0.3-1.2
Direct bilirubin {mg/dL) 2.5 2.0 0.1 0.0-0.2
AST (1U/L) 1152 1567 42 13-33
ALT (1LH/L) 2856 2526 76 8-42
ALP (1LI/L) 729 1167 237 115-359
v-GT (1U/L) 176 170 46 10-47
Albumin {g/dL} 4.9 4.1 4.9 4.0-5.0
Immunoglobulin G (mg/dL) 1600 1730 1080 870-1700
Immunoglobulin A (mg/dL) 220 297 281 110-410
Immunoglobulin M {mg/dL) 120 107 114 33-190
HBsAg (1U/mL) 12 229.87 12 381.98 62 276.59 <0.05
HBeAg (5/CO) 473.29 553.41 1394.20 <1.00
Anti-HBe (INH%) 0.0 0.0 0.0 <50
Anti-HBc (5/C0O) 4.00 7.88 7.34 <100
IgM anti-HBc (5§/CO) 24.10 19.320 0.78 <1.00
HBV DNA {log copies/ml.) 6.1 6.1 >9.1 Non-detectable
HBV genotype C C C -
Precore mutations Wild wild wild -
Core promoter mufations wild Wwild wild -
HCV RNA (log IU/mL) Non-detectable Non-detectable Not tested Non-detectable
IgM anti-HAV (§/CO) <0.40 <0.40 Not tested <0.40
EBV-VCA IgG 0.8 33 MNot tested <0.5
EBV-VCA IgM 0.0 0.0 Not tested <0.5

ALP, alkaline phosphatase; ALT, alanine aminotransferase; anti-HBc, anti-hepatitis B core; anti-HBeAg, hepatitis B e-antibody; APTT,
activated partial thromboplastin time; AST, aspartate aminotransferase; EBV-VCA, Epstein-Barr virus viral capsid antigen; HBeAg,
hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; IgM anti-HAY, immunoglobulin
M anti-hepatitis A virus; igM anti-HB¢, immunoglobulin M anti-hepatitis B core; y-GT, y-glutamyl transferase.

M anti-hepatitis B core (IgM anti-HBc), 24.1 $/CO; HBV
DNA, 6.1 log copies/mL; and HBV genotype, C. On the
basis of these results, a diagnosis of acute hepatitis B was
confirmed, although the exact route and source of infec-
tion could not be identified. The patient recovered natu-
rally and was discharged 12 days after admission. The
clinical course was uneventful, and HBsAg clearance was
achieved 157 days after admission.

Six weeks after discharge of case 1, a 15-year-old male
(case 2} from the same high school Sumo wrestling club
was admitted to our hospital with elevated transami-
nases. He had no past medical history, except atopic
dermatitis, and was not taking any medications cur-
rently. There were no HBV carriers in his family, except
that his father was an inactive HBsAg carrier. He
reported no alcohol consumption, recent travel or

©® 2013 The Japan Society of Hepatology

sexual contact. On examination, the patient was
slightly icteric with stable vital signs. Blood test results
(Table 1) revealed the following: T-Bil, 3.2 mg/dL; AST,
1567 IUJL; ALT, 2526 IU/L; HBsAg, 12 381.98 IU/mL;
HBeAg, 553.41 §/CO; anti-HBc, 7.88 §/CO; IgM anti-
HBc, 19.30 S/CO; HBV DNA, 6.1 log copies/mL; and
HBV genotype, C. On the basis of these results, this
individual was diagnosed with acute hepatitis B as well.
However, as in the first case, we could not identify the
precise route or source of infection. The patient recov-
ered naturally and was discharged 30 days after admis-
sion. The clinical course was uneventful, and HBsAg
clearance was achieved 96 days after admission.
Because acute hepatitis B was observed to occur suc-
cessively in the same high school Sumo wrestling club in
a relatively short time period, we suspected the presence
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of an infection route and source within the club. After
obtaining informed consent from all the club members
and coaches, they were tested for HBsAg and hepatitis B
surface antibody (anti-HBs) by the school health service.
Consequently, a 28-year-old male coach (case 3) was
observed to be HBsAg and HBeAg positive with a high
level of viremia. There were no HBV carriers in his
family. His blood test results (Table 1) revealed the fol-
lowing: T-Bil, 0.9 mg/dL; AST, 42 IU/L; ALT, 76 IU/L;
HBsAg, 62 276.59 IU/mL; HBeAg, 1394.20 S/CO; anti-
HBc¢, 7.34 §/CO; IgM anti-HBc, 0.78 S/CO; HBV DNA,
more than 9.1 log copies/mL; and HBV genotype, C. To
identify the infection source, we performed an analysis
of the complete HBV genome sequences in the two
patients with acute hepatitis B as well as in the coach
suspected to be the source of HBV transmission. Three
isolates obtained from the two patients (cases 1 and 2)
and the coach (case 3) had the same genomic length of
3215. Between case 1 and case 3, one base (nt1272) had
mutated from T to G, with 99.97% (3214/3215) HBV
DNA being consistent. Further, between case 2 and
case 3, the HBV DNA sequence was 100% (3215/3215)
consistent. Using Basic Local Alignment Search Tool
(BLAST) analysis, which is a sequence similarity search
program to compare a query to a database of sequences,
we found that the sample from case 1 was most geneti-
cally similar to samples from cases 2 and 3 among other
pooled samples. A phylogenetic tree of full-length HBV,
obtained using a neighbor-joining method, revealed
that the three isolates in this study (cases 1, 2 and 3}
were most closely related to each other, and classified
into subgenotype C2 (Fig. 1). On the basis of these
results, the coach was determined to be the infection
source for the successive occurrence of acute hepatitis B
in this Sumo wrestling club.

DISCUSSION

LTHOUGH SEXUAL INTERCOURSE is known as

the major route for the horizontal transmission of
HBV, several other routes have been reported in the
past as well. Iatrogenic routes, including dental or
oral surgery,’® sharing of needles,'' fingerstick blood-
sampling devices,? surgical procedures” and acupunc-
ture,'* have been revealed as possible routes of
horizontal HBV transmission. On the other hand, non-
iatrogenic routes for horizontal HBV transmission
include bites and scratches in children’s day-care centers
or institutions for the mentally retarded,*” household
contact,'>" tattooing,*® sharing knives among butch-
ers,*! and needle pricks or scissor cuts in barbers.?

Acute hepatitis B in Sumo wrestling club 3

With regard to the field of sports, Kashiwagi et al.
reported an acute hepatitis B outbreak in a high school
Sumo wrestling club in 1982.% They confirmed five cases
of acute hepatitis B among 10 club members within a
1-year period. Investigations identified an asymptom-
atic carrier who was judged to be the source of transmis-
sion for the hepatitis infection that occurred during
the training sessions. Thereafter, in 2000, Tobe et al.
reported an outbreak of acute hepatitis B in an American
university football team.® During a period of
19 months, they confirmed five cases of acute hepatitis B
among 65 team members and detected a single HBeAg
carrier in the same training group. Consequently, they
concluded that the carrier was the source of the hepatitis
infection that occurred during the training sessions.
They performed HBsAg analysis (subtype adr) and sug-
gested that horizontal HBV transmission can occur in
sports, probably because of contact with open wounds
during training.

We also experienced successive occurrence of acute
hepatitis B in a high school Sumo wrestling club similar
to that reported by Kashiwagi et al.® We initiated an
investigation in the club after confirming the diagnosis
in the second patient. Sumo players wrestle on hard soil
in an almost naked style, except for the Sumo belt,
which is referred to as “Mawashi” in Japanese. There-
fore, they are more likely to be injured and incur cuts
and bleeding compared with athletes in other sports.
Several recent reports have suggested that HBV carriers
may exhibit high HBV DNA titers in other body fluids
such as sweat, saliva, tears, nasopharyngeal fluid and
urine.”? In our cases, we could not determine whether
the intermediate for HBV was blood or other body
fluids. However, during their daily training, the players
take turns wrestling with one another and continue even
when injured or while bleeding from wounds. The
nature of this training and our test results suggested that
HBV was transmitted through cuts and bleeding wounds
sustained during training. We eventually identified the
carrier as the source of transmission by analyzing
the complete HBV genome sequences in the infected
patients. Several cases of horizontal HBV transmission
have been reported previously; however, in the field of
sports, this is the first report that confirmed the consis-
tency of HBV DNA in the infected patients. Meanwhile,
identification of the exact route of HBV transmission
was difficult in the three patients in this outbreak.
The mean incubation period for acute hepatitis B is
2-3 months after exposure but can range 1-6 months
after exposure.”® This implies that it is possible for
one of the two patients with acute hepatitis B to have

© 2013 The Japan Society of Hepatology
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Figure 1 Phylogenetic tree of full-length hepatitis B virus by the neighbor-joining method. Isolates obtained in this study (cases 1,

2 and 3) are shown in bold..

infected the other during the incubation period. In our
cases, the coach could have been the origin of transmis-
sion and could have infected at least one player,
although we could not determine whether or not he
infected the other player.

It is remarkable that all three reports of horizontal
HBY transmission in the field of sports were from Japan.
In 1992, the World Health Organization recommended
that all countries should integrate hepatitis B vaccina-
tion into their national immunization programs by
1997. By the end of 2009, 177 countries had imple-
mented a universal HBV immunization program for
newborns, infants and/or adolescents. However, at the
time of drafting of this manuscript (2013), Japan
had not introduced this universal HBV immunization

© 2013 The Japan Society of Hepatology

program yet. In 1986, Japan initiated a national preven-
tion program comprising selective vaccination for new-
borns delivered by HBV carrier females. However, this
does not aim at preventing horizontal HBV transmis-
sion but prevents vertical transmission alone.

Although the number of professional Sumo wrestling
players in Japan is very few, the Japanese Ministry of
Education revised the guidelines for junior high school
education to include compulsory “Budo” (Japanese
martial arts) education in 2008. Nowadays, all the stu-
dents in Japanese junior high schools are taking martial
arts classes such as Sumo and Judo. This means that they
have a certain risk of exposure to HBV through body
fluids or blood during the classes, even though most of
them are negative for anti-HBs. In addition, recently
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8 million foreign tourists visit Japan and 18 million
Japanese nationals travel abroad each year. This has
resulted in the rapid development of Japan's interna-
tionalization. Consequently, HBV genotype A infections
as a sexually-transmitted disease have increased in
urban areas of Japan, and then spread to other areas.”
Thus, this might have increased the risk of horizontal
HBV transmission in Japan, particularly in young indi-
viduals without HBs antibodies. Therefore, there is an
urgent need to prevent horizontal HBV transmission in
Japan, and thus the introduction of a universal HBV
immunization program is both needed and desirable.
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SUMMARY. Genotype 2 hepatitis C virus (HCV) accounts for
up to 30% of chronic HCV infections in Japan. The standard
of care for patients with genotype 2 HCV - peginterferon and
ribavirin for 24 weeks — is poorly tolerated, especially among
older patients and those with advanced liver disease. We con-
ducted a phase 3, open-label study to assess the efficacy and
safety of an all-oral combination of the NS5B polymerase
inhibitor sofosbuvir and ribavirin in patients with chronic
genotype 2 HCV infection in Japan. We enrolled 90 treat-
ment-naive and 63 previously treated patients at 20 sites in
Japan. All patients received sofosbuvir 400 mg plus ribavirin
(weight-based dosing) for 12 weeks. The primary endpoint
was sustained virologic response at 12 weeks after therapy
(SVR12). Of the 153 patients enrolled and treated, 60% had
HCV genotype 2a, 11% had cirrhosis, and 22% were over the

aged 65 or older. Overall, 148 patients (97%) achieved
SVR12. Of the 90 treatment-naive patients, 88 (98%)
achieved SVR12, and of the 63 previously treated patients,
60 (95%) achieved SVR12. The rate of SVR12 was 94% in
patients with cirrhosis and in those aged 65 and older. No
patients discontinued study treatment due to adverse events.
The most common adverse events were nasopharyngitis,
anaemia and headache. Twelve weeks of sofosbuvir and riba-
virin resulted in high rates of SVR12 in treatment-naive and
previously treated patients with chronic genotype 2 HCV
infection. The treatment was safe and well tolerated by
patients, including the elderly and those with cirrhosis.

Keywords: Hepatitis C virus, HCV genotype 2, direct-acting
antiviral agents, nucleotide polymerase inhibitor.

INTRODUCTION

Approximately two million people in Japan — nearly 2% of
the population — are chronically infected with the hepatitis C

Abbreviations: CI, confidence interval; GCP, Good Clinical Practice;
HCV, hepatitis C virus; ICH, International Conference on Harmoni-
zation; Peg-IFNa, pegylated interferon alpha; PK, pharmacokinetics;
RBV, ribavirin; SVR12, 12 weeks after therapy.

Correspondence: Masao Omata, Yamanashi Prefectural Hospital
Organization, 1-1-1 Fujimi, Kofu City, Yamanashi 400-0027,
Japan. E-mail: momata-tky@umin.ac.jp

Trial registration details: ClinicalTrials.gov number
NCT01910636.

virus (HCV) [1]. The population of patients with chronic HCV
infection in Japan differs from that of other countries; patients
are generally older, have more advanced liver disease and are
more likely to have received previous treatment for HCV
infection [2,3]. It is estimated that 15-30% of Japanese
patients with HCV will develop serious complications, includ-
ing liver cirrhosis, end-stage liver disease and hepatocellular
carcinoma [4]. Although genotype 1 HCV is currently the
most prevalent strain of the virus in Japan, genotype 2 HCV,
which now accounts for up to 30% of infections, is rising in
prevalence [5]. The current standard of care regimen for the
treatment of chronic genotype 2 HCV infection in Japan is
24 weeks of pegylated interferon alpha (Peg-IFNa) and
ribavirin (RBV) [6]. Although relatively high rates of SVR

© 2014 The Authors. Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License,
which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and

no modifications or adaptations are made.



have been reported in clinical trials with this regimen (71~
86%), the use of Peg-IFNa+RBV in an ageing population with
progressive liver disease s limited by safety and tolerability
issues. Moreover, a substantial number of patients have abso-
lute or relative contraindications to interferon. As a resul,
many Japanese patients with chronic genotype 2 HCV infec-
tion have no available treatment options and are thus at risk
for worsening of liver disease and complications of cirrhosis,
including hepatocellular carcinoma.

Sofosbuvir (Gilead Sciences) is an oral nucleotide ana-
logue inhibitor of the HCV-specific NS5B polymerase that
has recently been approved in the United States and Fur-
ope for the treatment of chronic HCV infection [7]. The
labelled use for patienis with chronic genotype 2 HCV
infection is sofosbuvir and RBV for 12 weeks. In phase 3
studies, 12 weeks ol treatment with sofosbuvir plus RBV in
patients infected with genotype 2 HCV resulted in rates of
SVR12 of 97% in treatment-naive patients, 93% in
patients ineligible to receive interferon and 86-90% in pre-
viously treated patients [8-10].

We conducted a phase 3 trial to determine the efficacy
and safety of 12 weeks of sofosbuvir and RBV in treat-
ment-naive and previously treated Japanese patients with
chronic genotype 2 HCV infection with and without com-
pensated cirrhosis.

METHODS

Patients

Patients were enrolled between 16 July 2013 and 30 Septem-
ber 2013 at 20 sites in Japan. Eligible patients were aged
20 years or older with a body weight of at least 40 kg.
Patients were required to be chronically infected with
genotype 2 HCV and with HCV RNA levels >10* 1U/mL at
screening. Planned enrolment was for approximately 84
treatment-naive and 50 previously treated patients. See Sup-
plement for definitions of types of response to prior treatment.
Up to 40% of enrolled subjects in each group (i.e. treat-
ment naive or treatment experienced) could have evidence
of compensated cirrhosis at screening (Child-Pugh A). Cir-
rhosis was defined as liver biopsy showing a Metavir score
of 4 or Ishak score >5 or a FibroScan score of >12.5 kPa.
Patients were required to have ALT and AST <10 x upper
limit of the normal range, platelet count =50 000 per pL,
haemoglobin >11 g/dL for women and >12 g/dL for men
and albumin >3 g/dL. There were no upper limits on age
or body mass index. Similarly, no restriction was applied to
white blood cell or absolute neutrophil count at screening.

Study design

In this multicenter, open-label trial, all patients received
12 weeks of treatment with 400 mg of sofosbuvir, adminis-
tered orally once daily, and ribavirin (Copegus®, Chugai

Sofosbuvir in Japanese patients with HCV genotype 2 763

Pharmaceutical Co., Lid, Tokyo, Japan), administered orally
iwice daily, with doses determined according to body weight
(600 mg daily in patients with a body weight of <60 kg,
800 mg daily in patients weighing >60 and <80 kg, and
1000 mg daily in patients with a body weight of >80 kg).

In addition to the main study of efficacy and safety, sparse
PK samples were collected from all patients over the course of
the study for population PK analyses and all patients were eli-
gible to participate in an optional substudy to determine the
steady-state pharmacokinetics (PK) of sofosbuvir (and its pre-
dominant circulating metabolite GS-331007). The target en-
rolment per treatment group was approximately 15 patients.
For the PK substudy, intensive serial pharmacokinetic sam-
ples were collected (samples obtained over 24 h postdose) at
cither the week 2 or week 4 treatment visits.

Study assessments

Screening assessments included serum HCV RNA levels
and IL28B (rs12979860) genotyping, as well as standard
Jaboratory and clinical tests. Serum HCV RNA was mea-
sured with the COBAS® TagMan® HCV Test, version 2.0
for Use with the High Pure System (Roche Molecular Sys-
tems, West Sussex, UK), which has a lower limit of quanti-
fication (LLOQ) of 25 IU/ml. HCV genotype and subtype
were determined at screening using the Siemens VERSANT
HCV Genotype INNO-LiPA 2.0 assay.

On-treatment assessments included standard laboratory
testing, serum HCV RNA, vital signs, electrocardiography
and symptom-directed physical examinations. All adverse
events were recorded and graded according to a standard-
ized scale (see Supplementary Table §7).

NS5B amplification and deep sequencing was performed
at DDL Diagnostics Laboratory (Rijswijk, The Netherlands)
for all subjects who did not achieve SVR12. Deep sequenc-
ing of HCV NS5B was performed at the first virologic fail-
ure time point if' a plasma/serum sample was available and
HCV RNA was >1000 IU/mL, along with the respective
baseline samples. Amino acid substitutions in NS5B in the
samples collected at virologic failure were compared with
the genotype 2 reference and the respective baseline
sequence for each patient.

The population pharmacokinetic parameters for sofosbu-
vir and GS-331007 were computed for all subjects from
concentration data from intensive and/or sparse samples
using the previously established sofosbuvir and G8-331007
population PK models [11].

Statistical analysis

For treatment-naive patients without cirrhosis, the SVR12
rate was compared to an adjusted historical SVR rate of
69%, using a two-sided exact one-sample binomial test.
The historical control rate was calculated from the
weighted average of historical SVR rates for noncirrhotic,

© 2014 The Authors. Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.
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treatment-naive Japanese patients with genotype 2 HCV
infection receiving 24 weeks of Peg-IFN«+RBV (79% with
a 10% discount applied due to the expected improvement
in safety profile and shorter treatment duration ~ see Sup-
plementary Table S2 for further details). We calculated
that a sample size of 50 patients would provide 80% power
to detect an 18% improvement in the SVR12 rate over the
adjusted historical rate at a significance level of 0.05. For
SVR12 rates for the overall population, for treatment-naive
patients with cirrhosis, and for previously treated patients,
statistical hypothesis testing was not performed. For these
outcomes, we calculated point estimates of SVR12 rates
with two-sided 95% exact confidence interval using the
binomial distribution (Clopper—Pearson method).

Study oversight

This trial was approved by the institutional review board
or independent ethics committees at all participating sites
and was conducted in accordance with local regulations
and with recognized international scientific and ethical
standards, including the International Conference on Har-
monization (ICH) guideline for Good Clinical Practice (GCP)

Table 1 Baseline Demographic Characteristics

and the original principles embodied in the Declaration of
Helsinki. The study was designed and conducted according
to protocol by the sponsor (Gilead Sciences) in collabora-
tion with the principal investigators. The sponsor collected
the data, monitored study conduct and performed the sta-
tistical analyses. The manuscript was prepared by Gilead
Sciences with input from all authors.

RESULTS

Baseline characteristics

Of the 188 patients who were initially screened, 153 (90
treatment-naive and 63 previously treated patients) were
enrolled and began treatment (Table S1 and Figure S1).
The demographic and baseline clinical characteristics of
the patients are provided in Table 1. Overall, the majority
of patients were female (54%), and all were Japanese. The
mean age was 57 years (ranging from 25 to 74 years)
and 22% were aged 65 or older.

Previously treated patients were slightly older than the
treatment-naive patients, with a higher percentage of males,
higher baseline viral load, with a higher prevalence of cirrho-

Treatment naive (n = 90) Previously treated (n = 63)

Characteristic Overall (N = 153)
Mean age, years (range) 57 (25, 74)
Mean BMI, kg/m? (range) 24 (16.5, 34)

Male, n (%) 70 (46)

Mean HCV RNA, log;o IU/mL + SD 6.3 (0.84)
HCV RNA >5 log;o IU/mL, n (%) 140 (92)
HCV genotype, n (%)
2a 92 (60)
2b 61 (40)
Cirrhosis, n (%)
No 136 (89)
Yes 17 (11)
IL28B genotype, n (%)
cC 121 (79)
CT 28 (18)
TT 4 (3)
Median baseline ALT, U/L (range) 34 (12, 412)
Baseline ALT >1.5 x ULN, n (%) 43 (28)
Interferon eligibility, n (%)*
Interferon eligible 72 (80)
Interferon ineligible 5(6)
Interferon unwilling 13 (14)
Response to prior HCV treatment, n (%)
Nonresponse 15 (24)
Relapse/breakthrough 45 (71)
Interferon intolerant 3 (5
Median eGFR, mL/min (range) 85 (51, 209)

55 (25, 73) 60 (34, 74)
24 (17, 34) 24 (16.5, 34)
33 (37) 37 (59)
6.2 (0.92) 6.5 (0.66)
78 (87) 62 (98)
52 (58%) 40 (63%)
38 (42%) 23 (37%)
82 (91) 54 (86)
8 (9) 9 (14)
73 (81) 48 (76)
17 (19) 11 (17)
0 4 (6)
32 (12, 412) 36 (12, 232)
28 (31) 15 (24)
72 (80) Not applicable
5 (6) Not applicable
13 (14) Not applicable

Not applicable
Not applicable
Not applicable

86 (52, 175)

15 (24)

45 (71)
3(5)

84 (51, 209)

*Interferon eligibility was determined by the site investigator based on whether or not, in their judgment, the patient had

contraindications to interferon therapy.

© 2014 The Authors. Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.



sis and non-CC IL28B genotype. Overall, 11% of participat-
ing subjects had cirrhosis. The proportions of patients
infected with genotype 2a and 2b HCV were 60% and 40%,
respectively, which is similar to previous reports of HCV sub-
type distribution in the Japanese population [4]. Most (80%)
of the treatment-naive patienits were considered eligible for
interferon therapy, with 6% having contraindications to
inferferon therapy and 14% unwilling to receive this treat-
ment. Most (71%) of the previously trealed patients had
experienced virologic breakthrough or relapse after previous
treatment, with 24% reporting nonresponse to prior therapy.

Efficacy

Overall, 148 of the 153 patients (97%, 95% confidence
interval [CI] 93-99%) achieved SVR12 {Table 2). By prior
treatment history, 88 of the 90 treatment-naive patients
(98%, 95% CI, 92-100%) and 60 of the 63 previously trea-
ted patients (95%, 95% CI, 87-99%) achieved SVR12, Of
the 82 trealment-naive patienis without cirrhosis, 80 (97%,
95% CI 91-100%) achieved SVR12, thus meeting the pri-
mary efficacy endpoint for this group of superiority to the
adjusted historical control rate of 69% (P < 0.001). Of note,
“all eight treatment-naive patients {100%) with cirrhosis and
eight of the nine previously treated patients with cirrhosis
(89%) achieved SVR1Z. Overall, 16 of the 17 patients with
cirrhosis (94%, 95% CI 71-100%) achieved SVR12.

Patient responses according to baseline characteristics are
shown in Supplementary Table S3. Rates of SVR12 were
high in all subgroups of patients. Patients with characteris-
tics historically associated with poor response fo interferon-
based treatment — non-CC ILZ8B genotype, high baseline
viral load, elderly patients, cirrhosis ~ had rates of SVR12
similar o those in patients without these characteristics.

Relapse accounted for all cases of virologic failure; theve
were no patients with virologic breakthrough or nonresponse
during treatment. Among all patients treated, 97% had HCV
RNA <LLOQ by treatment week 2, and 100% achieved HCV
RNA <LLOQ by treatment week 4. Overall, five patients expe-
rienced virologic relapse after the end of therapy: two (2%)

Table 2 Response during and afier Treatment

Sofosbuvir in Japanese patients with HCV genotype 2 765

treatment-naive patients and three {5%) treatment-experi-
enced patients. Four patients relapsed by post-ireatment
week 4, and one patient relapsed between post-treatment
weeks 4 and 12. Characteristics of patients who relapsed are
provided in Table 84. There were no consistent host or viral
characteristics in the five subjects who relapsed; however,
the number of virologic failures is too small for any conclu-
sions to be drawn concerning predictors of virologic failure.
No patient relapsed after post-treatment week 12. All 148
SVR12Z patients (100%) also achieved SVR24.

Viral resistance testing

The NS5B region was deep sequenced in samples collected
from the five relapsers at baseline and at the time of
relapse. No S282T variant — known (o be associated with
reduced susceptibility to sofosbuvir - or any other nucleo-
tide inhibitor resistance-associated variants were detected
in any patieni at relapse. Phenotypic analysis of the NS5B
gene showed no change in suscepiibility to either sofosbu-
vir or ribavirin.

Pharmacokinetics

Population pharmacokinetic analysis was performed to
estimate the pharmacokinetics of solosbuvir and its major
circulating nucleoside metabolite, G8-331007. The mean
(CV%) of steady-state AUC, 54 and C.,, were 973 (31.2)
ng*h/ml and 544 (33.6) ng/mL for sofosbuvir (N = 45),
respectively, and 10 400 (27.2) ng h/mL and 818 (27.9)
ng/mL for GS-331007 (N = 153), respectively. Within the
Japanese study population, there were no clinically rele-
vant differences in the pharmacokinetics of GS8-331007
and sofosbuvir, based on age, sex, BMI, cirrhosis status,
prior treatment experience or SVR12 outcome.

Safety

Overall, 73% of patienis experienced at least one adverse
event; however, the majority of patients experiencing

Response Overall (N = 153)

Treatment naive (n = 90) Previously treated (n = 63)

HCV RNA <LLOQ during treatment, n (%)*
At week 2 148 (97%)
At week 4 153 (100%)
HCV RNA <LLOQ after end of treatment, n (%)

SVR4 149 (97%)
SVR12 148 (97%)
95% confidence interval 92.5-99%
On-treatment failure O
Relapse, n/n (%) 5 (3%)

88 (98%)
90 (100%)

60 (95%)
63 (100%)

89 (99%) 60 (95%)
88 (98%) 60 (95%)
92->99% 87-99%
0 0
2 (2%) 3 (5%)

*LLOQ denoies lower limit of quantification, which is 25 IU/mL. SVR denotes sustained virologic response.
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adverse events (84%) had only mild (grade 1) events. The
most common treatment-emergent adverse events were
nasopharyngitis (upper respiratory viral illness), anaemia,
headache, malaise and pruritus (Table 3). No patient in the
study discontinued treatment prematurely due to adverse
events (or for any other reason). Twenty-two patients (14%)
had adverse events that led to modification or interruption
of a study drug; 20 patients had ribavirin dose reductions to
manage anaemia, and one patient interrupted sofosbuvir
and RBV for 1 day because of an event of nasopharyngitis.
All but one of the 22 patients with modification or interrup-
tion of study drugs achieved SVR12. Two patients experi-
enced treatment-emergent serious adverse events: one
treatment-experienced 63-year-old woman had a worsening
of anaemia for which she was hospitalized, and one treat-
ment-naive 36-year-old woman had a severe anaphylactic
reaction to a bee sting. No patient experienced a life-threat-
ening (grade 4) adverse event, and only three patients expe-
rienced severe (grade 3) events, two of which were deemed
to be related to study treatment, the above-mentioned case
of anaemia and one case of transient, ribavirin-associated
hyperbilirubinaemia in a treatment-experienced 65-year-old
man, which resolved during follow-up.

The overall rates of adverse events in younger
(<65 years) and older (>65 years) patients did not differ
substantially (72% vs 76%, respectively), although there
was a higher incidence of anaemia and pruritus in older

Table 3 Discontinuations, Adverse Events and Laboratory
Abnormalities by Age

Parameter Overall (N = 153)

Discontinuation of any study 0
drug due to adverse event

Serious adverse events 2 {1%)
Anaemia 1 (1%)
Anaphylactic reaction 1 (1%)

Any adverse event 112 (73%)

Common adverse events®

Nasopharyngitis 45 (29%)
Anaemia 18 (12%)
Headache 15 (10%)
Malaise 11 (7%)
Pruritus 9 (6%)
Laboratory abnormalities, n (%)
Decreased haemoglobin concentration
<10 g/dL 19 (12%)
<8 g/dL 1 (1%)
Neutropenia (500-<750 per mm?) 1 (1%)
Hyperglycaemia (>250-500 mg/dL) 3 (2%)
Hyperbilirubinaemia 2 (1%)

(>2.5-5.0 x ULN)

ULN, upper limit of normal.
*Adverse events occurring in at least 5% of patients.

patients (Table S5). The incidence and severity of adverse
events in patients with and without cirrhosis at baseline
were similar (Table S6).

Overall, the mean change in haemoglobin from baseline
to week 12 of treatment was —1.2 g/dL. For patients aged
65 and older, the mean change in haemoglobin was
—1.7 g/dL, as compared with 1.0 g/dL in patients under
the age of 65. Of all 153 patients enrolled and treated, 19
(12%) had at least one postbaseline haemoglobin value of
<10.0 g/dL, and one (1%) had a postbaseline haemoglobin
value of <8.5 g/dL. Two patients (1%) had grade 3 hyper-
bilirubinaemia; no grade 4 hyperbilirubinaemia occurred.
One patient, who had grade 2 neutropenia at baseline, had
transitory grade 3 neutropenia.

DISCUSSION

In this phase 3 trial, twelve weeks of treatment with sof-
osbuvir and RBV resulted in high rates of sustained viro-
logic response (>95%) in treatment-naive and previously
treated Japanese patients with chronic genotype 2 HCV
infection. Patients with host and viral characteristics that
have historically been predictive of lower rates of SVR
- older age, presence of cirrhosis, high viral load, non-CC
IL28B alleles — had rates of SVR12 similar to patients with-
out these characteristics. In patients who had been previ-
ously treated for HCV infection, the nature of the prior
response was not associated with significant differences in
rates of SVR following treatment with sofosbuvir and riba-
virin; patients who had nonresponse to prior treatment
had similar response rates as patients who had previously
experienced relapse or viral breakthrough. No clear or con-
sistent baseline predictors of treatment failure were evident
among the five patients who relapsed after treatment.

The current standard-of-care treatment for Japanese
patients with chronic genotype 2 HCV infection is 24 weeks
of Peg-IFNo+RBV. Although patients who received this regi-
men in clinical trials achieved SVR12 rates ranging from
72% to 86%, these studies were restricted to patients
<65 years of age [12,13]. However, the Japanese population
chronically infected with genotype 2 HCV includes many
patients with characteristics that make the use of interferon-
based therapy problematic — older age, progressive liver dis-
ease, prior treatment experience and comorbid conditions
such as diabetes and cardiovascular disease [14]. Moreover,
many patients cannot receive interferon therapy due to rela-
tive or absolute contraindications. The interferon-free com-
bination of sofosbuvir and ribavirin may represent a
promising treatment option for these patients.

Given the characteristics of the patient population in
Japan with HCV infection — generally older, and more
likely to have advanced liver disease — safety and tolerabil-
ity of therapeutic regimens is an important issue. In the
present study, 22% of patients were aged 65 or older and
11% had cirrhosis. Analyses of safety data by age (<65 vs

© 2014 The Authors. Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.



