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Abstract: Chronic hepatitis C virus (HCV) infection causes end-stage liver diseases and
hepatocellular carcinoma. In the USA, Canada, and Japan, simeprevir — one of the second-
generation HCV NS3/4A protease inhibitors — in combination with peginterferon ¢-2a or 2b plus
ribavirin has recently been approved for HCV genotype 1-infected patients and is now used in daily
clinical practice. This review summarizes the mechanism of action of simeprevir and the results
of clinical trials of simeprevir and peginterferon plus ribavirin for HCV genotype 1 patients. In
general, the simeprevir and peginterferon plus ribavirin treatment is highly effective and its adverse
events are similar to those of peginterferon plus ribavirin only, the exception being milder, revers-
ible jaundice. In the near future, the development of interferon-free regimens with simeprevir is
expected. Careful attention should be paid to new results of clinical trials with simeprevir.
Keywords: hepatitis C virus, HCV NS3/4A protease inhibitor, hepatocellular carcinoma,
TMCA435

Introduction

Hepatitis C virus (HCV) is one of the major causes of chronic liver disease,
hepatocellular carcinoma, and end-stage liver diseases in the USA, European coun-
tries, and Japan.' In untreated patients with HCV, the steady progression of hepatic
fibrosis is observed in many cases.* Several studies indicated that once patients develop
cirrhosis, hepatocellular carcinoma develops at approximately 1%—7% per year, and
the rate is increasing.>° This clearly highlights the importance of HCV treatment.

HCV is a single-stranded RNA virus approximately 9.6 kb in length, and is of the
Hepacivirus genus belonging to the Flaviviridae family.” The HCV genome encodes at
least ten proteins: four structural (core, E1, E2, and p7) and six non-structural proteins
(NS2, NS3, NS4A, NS4B, NS5A, and NS5B). Among them, HCV NS2 and NS3 are
cysteine protease and serine protease, respectively. HCV genomes are translated into
an open reading frame of approximately 3,011 amino acids in length. Then, viral and
cellular proteases chop this protein into structural and non-structural proteins, which
are important for HCV assembly and replication.’

Peginterferon plus ribavirin treatment leads to only 40%—-50% sustained virologic
response (SVR) in HCV genotype 1-infected patients but approximately 80% SVR
in HCV genotype 2-infected patients.” In 2011, boceprevir or telaprevir — both first-
generation HCV NS3/4A protease inhibitors — in combination with peginterferon plus
ribavirin became available for HCV genotype 1-infected patients.® However, the treat-
ment with HCV NS3/4A protease inhibitors is often associated with serious adverse
events, despite achieving 70%—-80% SVR in these patients.® !
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In the USA, Canada, and Japan, simeprevir — one of the
second-generation HCV NS3/4A protease inhibitors — in
combination with peginterferon plus ribavirin has recently
been approved for HCV genotype 1-infected patients. This
review focuses on and discusses simeprevir-including
treatment for HCV genotype 1 infection.

Simeprevir (TMC435)

Simeprevir is an orally administered HCV NS3/4A protease
inhibitor with a macrocyclic structure (Figure 1) and is one
of the non-covalent inhibitors."! HCV NS3/4A protease
inhibitors are divided into two classes: reversibly covalent
and non-covalent. Boceprevir and telaprevir are linear
peptidomimetic structures incorporating an o-ketoamide.'?
Simeprevir is a highly specific, potent HCV NS3/4 A protease
inhibitor, and biochemical assays have shown that HCV
NS3/4A proteases of genotypes la and 1b, respectively, are
inhibited with 0.5 nM and 0.4 nM of simeprevir."* In geno-
types except HCV genotype 3, simeprevir has been shown
to be effective in vivo.'*!* This compound has synergistic
effects with interferon-ot and HCV NS5B inhibitor, and it
has additive effects with ribavirin in HCV replicon cells." In
rats, simeprevir was extensively distributed to the liver and
intestinal tract, absolute bioavailability was 44% after a single
oral administration, and compound concentrations were
detected in both plasma and liver at 8 hours.'* It was reported
in both in vivo and in vitro studies that amino acids V36M,
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Figure | Structure of simeprevir.

Q41R, F43S, T54S, Q80K/R/L, R155K, A156T/V, and
D168N/A/V/E/H/T were resistance mutations to simeprevir.'¢
R155K and D168E are the common resistance mutations in
HCV genotypes la and 1b, respectively,'”"' although further
studies will be needed. To prevent the resistant variants from
emerging, simeprevir should be used in combination with
peginterferon plus ribavirin, or other classes of direct-acting
antivirals against HCV.?

Simeprevir with peginterferon
plus ribavirin for treatment-naive

HCYV genotype | patients

The Phase IIb, double-blind, placebo-controlled PILLAR
trial (A Phase II Study of TMC435 in Combination with
Peginterferon o-2a and Ribavirin in Patients Infected
with Genotype 1 HCV Who Never Received Treatment;
NCT00882908) examined the efficacy and safety of two dif-
ferent doses of simeprevir administered once daily (QD) for
two different durations in combination with peginterferon
plus ribavirin in treatment-naive HCV genotype 1 patients.?!
A total of 386 patients were randomly assigned to one of five
groups (Figure 2): simeprevir (75 mg or 150 mg QD) for
12 or 24 weeks, or placebo, and peginterferon plus ribavirin.
Patients in the simeprevir arms were treated for 24 or 48 weeks
according to response-guided therapy (RGT) criteria. SVR
rates, measured at 24 weeks after the end of treatment for
each treatment group, are shown in Figure 2. SVR rates were
74.7%—-86.1% in the simeprevir groups versus 64.9% in the
placebo control group (P<<0.05).?' For patients treated with
simeprevir 75 mg, the SVR rates were lower for genotype la
(66.2%) than for genotype 1b (88.9%), although the SVR rates
in genotype 1a (82.4%) and 1b (83.8%) patients were similar
with simeprevir 150 mg.?! For the 332 patients with METAVIR
scores of FO-F2, SVR rates were 81.7% with simeprevir 75
mg, 84.6% with simeprevir 150 mg, and 64.3% with placebo
control. For the 53 patients with METAVIR scores of F3,
SVR rates were 63.0% with simeprevir 75 mg, 75.0% with
simeprevir 150 mg, and 71.4% with placebo control. Multiple
regression analysis showed that treatment with simeprevir was
associated with higher rates of SVR.*!

Among simeprevir-treated patients infected with HCV
genotype la, higher SVR rates were observed in patients
without the Q80K polymorphism at baseline.?' It was
reported that differences in the type of emerging mutations
were observed between genotype la- (mainly emerging
R155K alone or in combination with other mutations at NS3
positions 80 and/or 168) and 1b- (mainly D168V) infected
patients.?!
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RGT in SMV group only

N=155 N = SVR
SMV + PR Placebo + PR PR or post-treatment follow-up 126/155
(81.2%)
Week 2448
N=154
SMV 75 mg or 150 mg + PR PR or post-treatment follow-up 124/154
(80.5%)
Week 2448
N=77
50/77
Pl PR
acebo + PR (84.9%)
Week 0 Week 24 Week 48

Figure 2 PILLAR study design and results. SVR rates were measured at 24 weeks after the end of treatment.

Notes: RGT algorithm: all therapy of the SMV group was completed at week 24 if hepatitis C virus RNA was <25 IU/mL at week 4 and undetectable at weeks 12, 16, and 20.
Data from Fried MW et al.?' In the control group, patients received PR (180 pig/week peginterferon; 1,000-1,200 mg/day ribavirin) for 48 weeks.

Abbreviations: PILLAR, Protease Inhibitor TMC435 Trial Assessing the Optimal Dose and Duration as Once-Daily Antiviral Regimen; PR, peginterferon plus ribavirin;

RGT, response-guided therapy; SMV, simeprevir; SVR, sustained virologic response.

SVR rates were 83.9% and 50.0%—78.1% with simeprevir
75 mg, 97.1% and 66.7%—80.0% with simeprevir 150 mg, and
100% and 50% in the control group (interleukin 28B [IL28B]
major and minor genotype, respectively).?! Other than
mild reversible hyperbilirubinemia, without serum amin-
otransferase abnormalities, associated with higher doses of
simeprevir, the adverse event profile was similar between
simeprevir and control groups.?' This study?' showed no
differences in SVR between the 12- and 24-week durations
of simeprevir, and it was also demonstrated that simepre-
vir allows the majority of treatment-naive HCV genotype
1 patients to shorten their treatment duration to at least
24 weeks.

Simeprevir with peginterferon plus
ribavirin for treatment-naive HCV
genotype |b patients in Japan
The Phase II, multicenter, double-blind, DRAGON study
(A Phase II Study of TMC435 in Patients with Chronic
Hepatitis C; NCT00996476) examined the efficacy and safety
of two different doses of simeprevir administered QD for two
different durations in combination with peginterferon plus
ribavirin in treatment-naive HCV genotype 1b patients.?
A total of 92 patients were randomly assigned to one of five
groups (Figure 3): simeprevir (50 mg or 100 mg QD) for
12 or 24 weeks, and peginterferon plus ribavirin. Patients in
the simeprevir arms were treated for 24 or 48 weeks accord-
ing to RGT criteria.

In the simeprevir groups, nine patients permanently dis-
continued all treatment due to adverse events (8/79, 10%) or

virologic stopping criteria (1/79, 1.3%). In the peginterferon
plus ribavirin for 48 weeks group, three patients permanently
discontinued all treatment due to adverse events (2/13, 15%)
or another reason (1/13, 7.7%).>> Among the simeprevir
groups, SVR rates ranged from 83%-90% (Figure 3).2 In the
DRAGON study,* no emerging mutations were observed in
the selected NS3 protease domain in the single patient with
viral breakthrough. Among ten of eleven simeprevir-treated
relapsers, mutations in the NS3 protease domain (Q80R,
R155Q, and D168A/C/E/H/V, alone or in combination)
emerged in six patients.?? These results showed that sim-
eprevir was highly effective for patients infected with HCV
subgenotype 1b, to which almost all of HCV genotype 1
belongs.”? The RGT approach might be beneficial for patients
in Japan, although the majority of simeprevir-treated patients
were eligible to stop all treatment at week 24.22 The addition
of simeprevir (100 mg QD) to peginterferon plus ribavirin
demonstrated potent antiviral activity and improved the SVR
rates with only 24-week treatment duration in treatment-naive
patients infected with HCV genotype 1 in Japan.

Simeprevir with peginterferon plus
ribavirin for treatment-experienced
HCV genotype | patients

The Phase IIb international, randomized, double-blind,
placebo-controlled ASPIRE study (Antiviral Stat-C Protease
Inhibitor Regimen in Experienced Patients; NCT00980330)
evaluated the efficacy, tolerability, and safety of simeprevir
QD in combination with peginterferon o-2a plus ribavi-
rin in HCV genotype 1 patients who failed to respond to
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RGT in SMV group only

SVR
21/27
SMV 50 mg + PR PR PR or post-treatment follow-up (78%)
N=13
10/13
SMV 50 mg + PR PR or post-treatment follow-up (77%)
N=26
SMV 100 mg + PR PR PR or post-treatment follow-up 20/026
(T7%)
N=13
SMV 100 mg + PR PR or post-treatment follow-u 1213
P P (92%)
N=13
6/13
PR PR (46%)
Week 0 Week 24 Week 48

Figure 3 DRAGON study designs and results.

Notes: SVR rates were measured at 24 weeks after the end of treatment. RGT criteria: all therapy of the SMV group was completed at week 24 if hepatitis C virus RNA
was <1.4 log IU/mL at week 4 and undetectable at weeks 12, 16, and 20; otherwise PR (180 pig/week peginterferon 0i-2a; 600-1,000 mg/day ribavirin) was continued to
week 48. In the control group, patients received PR for 48 weeks. Data from Hayashi et al.2

Abbreviations: DRAGON, A Phase Il Study of TMC435 in Patients with Chronic Hepatitis C; PR, peginterferon plus ribavirin; RGT, response-guided therapy; SMV, simeprevir;

SVR, sustained virologic response.

previous peginterferon/ribavirin treatment.?* A total of 463
patients who did not respond (null response), had partial
response, or relapsed after treatment with peginterferon
plus ribavirin were randomly assigned to receive simeprevir
(100 or 150 mg QD) for 12, 24, or 48 weeks plus peginter-
feron and ribavirin for 48 weeks (n=396), or placebo plus
peginterferon and ribavirin for 48 weeks (n=66). SVR rates
were significantly higher (P<<0.01) in the simeprevir groups
(61%—80%) than in those given placebo (23%) (simeprevir
versus placebo: prior null response, 38%—59% versus 19%;
prior partial response, 48%—-86% versus 9%; and prior
relapse, 77%—-89% versus 37%).**

SVR rates were higher in simeprevir-treated patients
compared with control irrespective of HCV subgenotype,
and were generally higher with simeprevir 150 mg than
simeprevir 100 mg. In patients with simeprevir 150 mg,
HCV genotype 1a and 1b patients had 63.1% and 80.4%
SVR rates, respectively.?* Regarding METAVIR scores,
cirrhotic patients (METAVIR score F4) treated with
simeprevir 150 mg achieved SVR rates of 73%, 82%,
and 31% in prior relapse, prior partial response, and prior
null response, respectively, compared with 0% for control
patients.?* There might be a benefit with simeprevir in pre-
vious null responders who have advanced stages of fibrosis
and/or cirrhosis. Regarding /L28B genotype rs12979860,
the SVR rates with 150 mg were 88% for CC, 74% for CT,

and 61% for TT genotypes (versus 18%, 31%, and 14%,
respectively, in the control group).?* Regarding resistance
mutations associated with simeprevir treatment, D168V
was observed primarily in HCV genotype 1b and R155K
in HCV genotype 1a.2* Among patients infected with HCV
genotype la, the presence of the Q80K polymorphism
at baseline did not appear to influence the SVR rate in
the simeprevir 150 mg group of the ASPIRE study.*
Mild and transient increases in mean bilirubin were seen
during the first weeks of simeprevir treatment. In vitro
studies have demonstrated that simeprevir is an inhibitor
of the bilirubin transporters OATP1B1 and MRP2.2** In
treatment-experienced patients, 12, 24, or 48 weeks of
simeprevir (100 mg QD or 150 mg QD) in combination
with 48 weeks of peginterferon plus ribavirin significantly
increased SVR rates.

Phase Il trials in Japanese patients
infected with HCV genotype |
Four Phase III Japanese studies of simeprevir QD demon-
strated SVR 12 weeks after the end of treatment (SVR12) in
HCV genotype 1 patients (Figure 4).25%7

In CONCERTO-1 (A Study of the Efficacy of Combination
Therapy Including Simeprevir [TMC435] in the Treatment
of Genotype 1 Hepatitis C; Figure 4A), 183 treatment-naive
patients were randomized to receive simeprevir or placebo for
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12 weeks plus peginterferon o-2a and ribavirin for 24 or 48
weeks. In CONCERTO-2 (A Study of the Efficacy of Retreat-
ment with Simeprevir [TMC435] in the Treatment of Genotype
1 Hepatitis C; Figure 4B), 108 patients who failed to respond
to previous treatment were randomized to two groups. In one
group, patients received simeprevir plus peginterferon o-2a
and ribavirin for 12 weeks, followed by RGT of peginterferon
o-2a and ribavirin alone for 12 or 36 weeks. In the other
group, patients received simeprevir plus peginterferon o-2a
and ribavirin for 24 weeks, followed by RGT of peginterferon
o-2a and ribavirin alone for up to 24 weeks. In CONCERTO-3
(A Study of the Efficacy of Retreatment with Simeprevir
[TMC435] in the Treatment of Genotype 1 Hepatitis C; Figure
4B), 49 patients with prior relapse received simeprevir and
peginterferon a-2a and ribavirin for 12 weeks, followed by
RGT of peginterferon o-2a and ribavirin alone for 12 or 36
weeks. In CONCERTO-4 (A Study of the Efficacy of Com-
bination Therapy with Simeprevir [TMC435], Peginterferon
0-2b, and Ribavirin in the Treatment of Genotype 1 Hepatitis
C; Figure 4C), instead of peginterferon o-2a, peginterferon
0-2b was used for a total of 79 patients.?’ Simeprevir with
peginterferon a-2a/2b plus ribavirin treatment was effective for
not only treatment-naive patients but also prior null responders
and relapsers with HCV genotype 1b in Japan.

Phase Il trials in treatment-
naive patients infected

with HCV genotype |

The QUEST (Phase III Trial of TMC435 in Treatment-
naive, Genotype 1 Hepatitis C-infected Patients) trials
were Phase III, randomized, double-blind studies that
evaluated simeprevir with peginterferon o-2a (QUEST-1) or
peginterferon o-2a/2b (QUEST-2) plus ribavirin in treatment-
naive HCV genotype 1 adult patients. The pooled analysis
consisted of 785 patients (IL28B TT, 14.6%; METAVIR F4,
10.4%; genotype la, 48.4%; Q80K+, 16.8%) (QUEST-1,
n=394; QUEST-2, n=391).2® The SVRI12 rate was signifi-
cantly superior with simeprevir/peginterferon plus ribavirin
versus placebo/peginterferon plus ribavirin (80.4% versus
50.0%; P<<0.001). In simeprevir-treated patients with rapid
virologic response (defined as HCV RNA <25 IU/mL
undetectable at week 4), 89.6% achieved SVR12. SVR12
rates of 94.7%, 92.3%, 85.4%, and 83.9% were achieved in
patients treated with simeprevir who had IL28B genotype
CC, baseline HCV RNA =800,000 IU/mL, genotype 1b,
and METAVIR FO-F2, respectively.?® High rapid virologic
response rates were observed in patients with IL28B minor
genotype, METAVIR F4, and Q80K (68.8%, 66.7%, and

63.1%, respectively) with high SVR rates (77.4%, 75.0%, and
79.2%, respectively).?® Results from these studies suggest that
simeprevir also conferred clinical benefit among patients with
unfavorable baseline characteristics, such as IL28B minor
genotype, METAVIR F4, and HCV genotype 1a/Q80K+.

Phase Il trials in HCV genotype |
patients who relapsed after previous

interferon-based therapy

The double-blind, multicenter, Phase IIl PROMISE (Phase II1
Trial of TMC435 in Genotype 1 Hepatitis C-infected Patients
Who Relapsed After Previous Therapy) study evaluated sim-
eprevir plus peginterferon o-2a/ribavirin in HCV genotype 1
patients with prior relapse.?’ The “intent-to-treat” population
consisted of 393 patients. SVR12 was significantly higher
with simeprevir (150 mg QD)/peginterferon o-2a plus
ribavirin than placebo/peginterferon o-2a/ribavirin (79.2%
versus 36.8%; P<<0.001). With simeprevir (150 mg QD)
treatment, SVR12 was 88.7%, 85.9%, and 82.0% in patients
with IL28B CC genotype, HCV genotype 1b, and METAVIR
FO-F2, respectively. The incidence and profile of adverse
events were generally similar between the simeprevir and pla-
cebo treatment groups. Bilirubin increases with simeprevir/
peginterferon o-2a plus ribavirin were mild, transient, and
without concomitant increases in alanine aminotransferase/
aspartate aminotransferase.? Simeprevir might be useful for
the treatment of the different patient subpopulations with
prior relapse on interferon, including patients with IL28B
minor genotype and METAVIR score F4.%

Other clinical trials with simeprevir
The ATTAIN (An Efficacy, Safety, and Tolerability Study for
TMC435 Versus Telaprevir in Combination With Peginter-
feron o-2a and Ribavirin in Chronic Hepatitis C Patients Who
Were Null or Partial Responders to Prior Peginterferon o.-2a
and Ribavirin Therapy) Phase III trial examined the efficacy,
safety and tolerability of simeprevir versus telaprevir in
combination with peginterferon o.-2a and ribavirin in chronic
hepatitis C patients who were null or partial responders to
prior treatment.*® The results have not yet been published.
The COSMOS (A Study of TMC435 in Combination With
PSI-7977[GS7977] in Chronic Hepatitis C Genotype 1-Infected
Prior Null Responders To Peginterferon/Ribavirin Therapy or
HCYV Treatment-naive Patients) Phase II, randomized, open-
label study evaluated the efficacy and safety of simeprevir
150 mg QD and sofosbuvir 400 mg QD — an HCV NS5B
nucleotide polymerase inhibitor — with or without ribavirin for
12 or 24 weeks in HCV genotype 1 patients with METAVIR
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Figure 4 SVRI2 in four Phase lll Japanese hepatitis C virus genotype | patients
treated with (A and B) simeprevir and ribavirin plus peginterferon o-2a or
(C) peginterferon o-2b. (A) CONCERTO-I trials for treatment-naive patients;
(B) CONCERTO-2 and CONCERTO-3 trials for prior non-responders and prior
relapsers, respectively; and (C) CONCERTO-4 trials for treatment-naive patients,
prior non-responders, and prior relapsers. Data from Hayashi et al,”® lzumi et al,?
and Suzuki et al.”’

Abbreviations: CONCERTO- |, A Study of the Efficacy of Combination Therapy
Including Simeprevir (TMCA435) in the Treatment of Genotype | Hepatitis C;
CONCERTO-2/3, A Study of the Efficacy of Retreatment with Simeprevir (TMC435)
in the Treatment of Genotype | Hepatitis C; CONCERTO-4, A Study of the Efficacy
of Combination Therapy with Simeprevir (TMC435), Peginterferon o-2b, and
Ribavirin in the Treatment of Genotype | Hepatitis C; SVR12, sustained virologic
response |12 weeks after the end of treatment; wks, weeks.

score FO—F2 who were prior null responders to peginterferon
plus ribavirin (cohort 1) or treatment-naive patients and prior
null responders with F3—F4 (cohort 2).3! Totals of 80 (cohort 1)
and 87 (cohort 2) patients began the treatment. In cohort 1,
SVR12 was 96.3% (26/27) and 92.9% (13/14) in patients
treated with simeprevir plus sofosbuvir with and without
ribavirin for 12 weeks, and SVR12 was 79.2% (19/24) and
100% (14/14) in patients treated with simeprevir plus sofos-
buvir with or without ribavirin for 24 weeks.*' In cohort 2,
SVR4 was 83.3% (20/24) and 93.3% (14/15) in patients
treated with simeprevir plus sofosbuvir with and without
ribavirin for 12 weeks.?! Simeprevir plus sofosbuvir with or
without ribavirin for 12 or 24 weeks might result in a high
SVR in HCV genotype 1 patients including null responders
and patients with cirrhosis.?!

It was recognized that some “difficult-to-treat” patients
would still exist,*” and this would include HCV-human
immunodeficiency virus (HIV) co-infected patients. For the
shared modes of transmission, 20%—-30% of HIV-infected
patients in the USA are co-infected with HCV** HIV infection
facilitates HCV-related fibrosis progression, increasing
the risk of cirrhosis and decompensated liver disease.’ In
HCV-HIV patients, the peginterferon plus ribavirin treat-
ment led to only ~20% SVR in HCV genotype 1 patients.?*
Telaprevir- or boceprevir-based triple therapy is a promising
option for co-infected patients with well-controlled HIV
infection, although these drugs may be associated with
severe adverse events.** Simeprevir with peginterferon
plus ribavirin led to 57% SVR for prior null responders of
HCV genotype 1/HIV co-infected patients.** Overall SVR12
was ~74%. Simeprevir is metabolized by cytochrome P450
3A4 enzyme and preclinical studies showed that it interacts
with certain antiretrovirals. In that study, patients were not
permitted to use HIV protease inhibitors or efavirenz, and
most were on raltegravir and almost all took nucleoside/
nucleotide reverse transcriptase inhibitors.* Simeprevir/
peginterferon o-2a plus ribavirin could be useful for the
treatment of some “difficult-to-treat” patients.?? Previous
studies suggested that amino acid substitutions in the HCV
core region are a useful predictor of SVR in the peginterferon
plus ribavirin combination treatment in patients infected with
HCV genotype 1.4 Information from both IL28B single
nucleotide polymorphism testing and HCV core protein
substitutions may yield a more accurate baseline predic-
tion of SVR in simeprevir with peginterferon plus ribavirin
therapies.”*® Although simeprevir shows cross-resistance
with telaprevir at amino acid positions 155 and 156,'%!7
most simeprevir-resistant mutations were reported to be at
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amino acid position 168.* Further studies will be needed to
determine whether simeprevir is effective against the posi-
tively selected variants upon antiviral treatment.

Conclusion

This review summarized key preclinical and clinical data
of simeprevir — an HCV NS3/4A protease inhibitor, its
mechanism of action, resistance mutations, and its efficacy
in clinical trials. In the USA, Canada, and Japan, simeprevir
and peginterferon plus ribavirin have been approved for the
treatment of HCV genotype 1 patients and are now used in
daily clinical practice. In general, simeprevir and peginter-
feron plus ribavirin treatment is highly effective, with adverse
events similar to those of peginterferon plus ribavirin, the
exception being milder, reversible jaundice. In the near future,
interferon-free regimens with simeprevir are sure to shed new
light on HCV treatment. New results from clinical trials using
simeprevir should be the focus of attention.

Acknowledgment

This work was supported by a Grant for Scientific Research
from the Ministry of Education, Culture, Sports, Science,
and Technology, Japan (24590955 to TK).

Disclosure

Tatsuo Kanda reports receiving lecture fees from Chugai Phar-
maceutical, MSD K K., Mitsubishi Tanabe Pharma, Ajinomoto,
Bristol-Myers Squibb, Daiichi-Sankyo, and GlaxoSmithKline.
Osamu Yokosuka reports receiving grant support from Chugai
Pharmaceutical, Bayer, MSD K K., Daiichi-Sankyo, Mitsubishi
Tanabe Pharma, and Bristol-Myers Squibb. The other authors
report no conflicts of interest in this work.

References

1. Ditah [, Ditah F, Devaki P, et al. The changing epidemiology of hepatitis C
virus infection in the United States: national health and nutrition exami-
nation survey 2001 through 2010. J Hepatol. 2014;60(4):691-698.

2. Fenoglio L, Serraino C, Castagna E, et al. Epidemiology, clinical-
treatment patterns and outcome in 256 hepatocellular carcinoma cases.
World J Gastroenterol. 2013;19(21):3207-3216.

3. Kim MN, Kim BK, Han KH. Hepatocellular carcinoma in patients
with chronic hepatitis C virus infection in the Asia—Pacific region.
J Gastroenterol. 2013;48(6):681—688.

4. Omata M, Kanda T, Yu ML, et al. APASL consensus statements and
management algorithms for hepatitis C virus infection. Hepatol Int.
2012;6(2):409-435.

5. Seeff LB. Natural history of chronic hepatitis C. Hepatology. 2002;
36(5 Suppl 1):S35-S46.

6. Takano S, Yokosuka O, Imazeki F, Tagawa M, Omata M. Incidence of
hepatocellular carcinoma in chronic hepatitis B and C: a prospective
study of 251 patients. Hepatology. 1995;21(3):650-655.

7. Kanda T, Imazeki F, Yokosuka O. New antiviral therapies for chronic
hepatitis C. Hepatol Int. 2010;4(3):548-561.

14.

20.

21.

22.

23.

24.

25.

26.

217.

. Kanda T, Nakamoto S, Nakamura M, et al. Direct-acting antiviral agents

for the treatment of chronic hepatitis C virus infection. J Clin Transl
Hepatol. 2014;2(1):1-6.

. D’Ambrosio R, Colombo M. Safety of direct antiviral agents in real

life. Dig Liver Dis. 2013;45(Suppl 5):S363—-S366.

. Kumada H, Toyota J, Okanoue T, Chayama K, Tsubouchi H, Hayashi N.

Telaprevir with peginterferon and ribavirin for treatment-naive patients
chronically infected with HCV of genotype 1 in Japan. J Hepatol.
2012;56(1):78-84.

. Tsantrizos YS. TMC-435, an NS3/4A protease inhibitor for the

treatment of HCV infection. Curr Opin Investig Drugs. 2009;10(8):
871-881.

. Rosenquist A, Samuelsson B, Johansson PO, et al. Discovery and devel-

opment of simeprevir (TMC435), a HCV NS3/4A protease inhibitor.
J Med Chem. 2014;57(5):1673-1693.

. Lin TL, Lenz O, Fanning G, et al. In vitro activity and preclinical

profile of TMC435350, a potent hepatitis C virus protease inhibitor.
Antimicrob Agents Chemother. 2009;53(4):1377-1385.

Moreno C, Berg T, Tanwandee T, et al. Antiviral activity of TMC435 mono-
therapy in patients infected with HCV genotypes 2—-6: TMC435-C202,
a Phase Ila, open-label study. J Hepatol. 2012;56(6):1247-1253.

. Lenz O, Vijgen L, Berke JM, et al. Virologic response and characterisa-

tion of HCV genotype 26 in patients receiving TMC435 monotherapy
(study TMC435-C202). J Hepatol. 2013;58(3):445-451.

. Wu S, Kanda T, Nakamoto S, Imazeki F, Yokosuka O. Hepatitis C virus

protease inhibitor-resistance mutations: our experience and review.
World J Gastroenterol. 2013;19(47):8940-8948.

. Lenz O, Verbinnen T, Lin TI, et al. In vitro resistance profile of the

hepatitis C virus NS3/4A protease inhibitor TMC435. Antimicrob
Agents Chemother. 2010;54(5):1878-1887.

. Halfon P, Locarnini S. Hepatitis C virus resistance to protease inhibitors.

J Hepatol. 2011;55(1):192-206.

. Xue W, Pan D, Yang Y, Liu H, Yao X. Molecular modeling study on the

resistance mechanism of HCV NS3/4A serine protease mutants R155K,
A156V and D168A to TMC435. Antiviral Res. 2012;93(1):126-137.
Lenz O, de Bruijne J, Vijgen L, et al. Efficacy of re-treatment with TMC435
as combination therapy in hepatitis C virus-infected patients following
TMC435 monotherapy. Gastroenterology. 2012;143(5):1176-1178.
Fried MW, Buti M, Dore GJ, et al. Once-daily simeprevir (TMC435)
with pegylated interferon and ribavirin in treatment-naive genotype 1
hepatitis C: the randomized PILLAR study. Hepatology. 2013;58(6):
1918-1929.

Hayashi N, Seto C, Kato M, Komada Y, Goto S. Once-daily sim-
eprevir (TMC435) with peginterferon/ribavirin for treatment-naive
hepatitis C genotype 1-infected patients in Japan: the DRAGON study.
J Gastroenterol. 2014;49(1):138-147.

Wau S, Kanda T, Nakamoto S, et al. Prevalence of hepatitis C virus sub-
genotypes la and 1b in Japanese patients: ultra-deep sequencing analysis
of HCV NS5B genotype-specific region. PLoS One. 2013;8(9):¢73615.
Zeuzem S, Berg T, Gane E, et al. Simeprevir increases rate of sustained
virologic response among treatment-experienced patients with HCV
genotype-1 infection: a Phase 1Ib trial. Gastroenterology. 2014;146(2):
430-441.

Hayashi N, Izumi N, Kumada H, et al. Simeprevir with peginterferon/
ribavirin for treatment-naive hepatitis C genotype 1 patients in Japan:
CONCERTO-1, a phase I1I trial. J Hepatol. Epub 2014 Apr 9.

Izumi N, Hayashi N, Kumada H, et al. Once-daily simeprevir with
peginterferon and ribavirin for treatment-experienced HCV genotype
l-infected patients in Japan: the CONCERTO-2 and CONCERTO-3
studies. J Gastroenterol. 2014;49(5):941-953.

Suzuki F, Hayashi N, Goto S, Kumada H. Simeprevir with Peginterferon
alpha-2b/Ribavirin for hepatitis C genotype 1 patients: the CONCER-
TO-4 study. Kanzo. 2014;54(suppll):A157. Japanese.

. Jacobson IM, Dore GJ, Foster GR, et al. Simeprevir (TMC435) with

peginterferon/ribavirin for treatment of chronic HCV genotype 1 infec-
tion in treatment-naive patients: efficacy in difficult-to-treat patient
sub-populations in the QUEST-1 and 2 Phase III trials [abstract].
Hepatology. 2013;58(Suppl 1):756A.

Therapeutics and Clinical Risk Management 2014:10

submit your manuscript

393

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kanda et al

Dove

29.

Forns X, Lawitz E, Zeuzem S, et al. Simeprevir (TMC435) with
peginterferon o-2a/ribavirin for treatment of chronic HCV genotype 1
infection inpatients who relapsed after previous interferon-based
therapy: efficacy and safety in patient sub-populations in the PROMISE
Phase II1 trial [abstract]. Hepatology. 2013;58(Suppl 1):737A.

40.

Sulkowski M, Pol S, Mallolas J, et al. Boceprevir versus placebo
with pegylated interferon o-2b and ribavirin for treatment of
hepatitis C virus genotype 1 in patients with HIV: a randomised,
double-blind, controlled Phase 2 trial. Lancet Infect Dis. 2013;13(7):
597-605.

30. Janssen R&D Ireland. TMC435HPC3001 —an efficacy, safety and toler- 41. Martel-Laferriere V, Brinkley S, Bichoupan K, et al. Virological response
ability study for TMC435 vs telaprevir in combination with pegINFo-2a rates for telaprevir-based hepatitis C triple therapy in patients with and
and ribavirin in chronic hepatitis C patients who were null or partial without HIV coinfection. HIV Med. 2014;15(2):108-115.
responders to prior pegINFo-2a and ribavirin therapy (ATTAIN). 42. Fierer DS, Dieterich DT, Mullen MP, et al. Telaprevir in the treatment
Available from: http://clinicaltrials.gov/ct2/show/NCT01485991. NLM of acute hepatitis C virus infection in HIV-infected men. Clin Infect
identifier: NCT01485991. Accessed February 10, 2014. Dis. 2014;58(6):873-879.

31. Jacobson IM, Ghalib RH, Rodriguez-Torres M, et al. SVR results ofa ~ 43. Highleyman L. EACS 2013: simeprevir with interferon effec-
once-daily regimen of simeprevir (TMC435) plus sofosbuvir (GS-7977) tive for genotype 1 HIV/HCV coinfected people [webpage on the
with or without ribavirin in cirrhotic and non-cirrhotic HCV genotype 1 Internet]. San Francisco, CA: hivandhepatitis.com; 2013 [cited
treatment-naive and prior null responder patients: the COSMOS study October 20, 2013]. Available from: http://www.hivandhepatitis.com/
[abstract]. Hepatology. 2013;58(Suppl 6):1379A. hev-treatment/experimental-hcv-drugs/4367-eacs-2013-simeprevir-

32. Kanda T, Yokosuka O, Omata M. Antiviral therapy for “difficult- with-interferon-effective-for-hivhcv-coinfected-people-with-genotype-
to-treat” hepatitis C virus-infected patients. Chin Med J (Engl). 1-or-4. Accessed February 10, 2014.
2013;126(23):4568-4574. 44. Donlin MJ, Cannon NA, Yao E, et al. Pretreatment sequence diver-

33. Sulkowski MS. HCV therapy in HIV-infected patients. Liver Int. sity differences in the full-length hepatitis C virus open reading
2013;33(Suppl 1):63-67. frame correlate with early response to therapy. J Virol. 2007;81(15):

34. Perez-Latorre L, Sanchez-Conde M, Rincon D, et al. Prediction of 8211-8224.
liver complications in patients with hepatitis C virus-related cirrthosis ~ 45. Akuta N, Suzuki F, Hirakawa M, et al. A matched case-controlled
with and without HIV coinfection: comparison of hepatic venous pres- study of 48 and 72 weeks of peginterferon plus ribavirin combination
sure gradient and transient elastography. Clin Infect Dis. 2014;58(5): therapy in patients infected with HCV genotype 1b in Japan: amino acid
713-718. substitutions in HCV core region as predictor of sustained virological

35. Torriani FJ, Rodriguez-Torres M, Rockstroh JK, et al. Peginterferon o-2a response. J Med Virol. 2009;81(3):452—458.
plus ribavirin for chronic hepatitis C virus infection in HIV-infected 46. Alestig E, Arnholm B, Eilard A, et al. Core mutations, IL28B
patients. N Engl J Med. 2004;351(5):438-450. polymorphisms and response to peginterferon/ribavirin treatment in

36. Chung RT, Andersen J, Volberding P, et al. Peginterferon a-2a Swedish patients with hepatitis C virus genotype 1 infection. BMC
plus ribavirin versus interferon o-2a plus ribavirin for chronic Infect Dis. 2011;11:124.
hepatitis C in HIV-coinfected persons. N Engl J Med. 2004;351(5): 47. Soriano V, Poveda E, Vispo E, Labarga P, Rallon N, Barreiro P.
451-459. Pharmacogenetics of hepatitis C. J Antimicrob Chemother.2012;67(3):

37. Carrat F, Bani-Sadr F, Pol S, et al. Pegylated interferon a-2b vs stan- 523-529.
dard interferon o-2b, plus ribavirin, for chronic hepatitis C in HIV- 48. Nakamoto S, Imazeki F, Fukai K, et al. Association between mutations
infected patients: a randomized controlled trial. JAMA. 2004;292(23): in the core region of hepatitis C virus genotype 1 and hepatocellular
2839-2848. carcinoma development. J Hepatol. 2010;52(1):72-78.

38. Laguno M, Murillas J, Blanco JL, et al. Peginterferon o-2b plus ribavirin 49. Mackawa S, Enomoto N. Once-daily simeprevir in combination with
compared with interferon o-2b plus ribavirin for treatment of HIV/HCV pegylated-interferon and ribavirin: a new horizon in the era of direct-
co-infected patients. AIDS. 2004;18(13):F27-F36. acting antiviral agent therapy for chronic hepatitis C. J Gastroenterol.

39. Sulkowski MS, Sherman KE, Dieterich DT, et al. Combination therapy 2014;49(1):163-164.
with telaprevir for chronic hepatitis C virus genotype 1 infection in
patients with HIV: a randomized trial. Ann Intern Med. 2013;159(2):

86-96.
Therapeutics and Clinical Risk Management Dove
Publish your work in this journal
Therapeutics and Clinical Risk Management is an international, peer- ~ EMBase, Scopus and the Elsevier Bibliographic databases. The
reviewed journal of clinical therapeutics and risk management, focusing ~ manuscript management system is completely online and includes a
on concise rapid reporting of clinical studies in all therapeutic areas,  very quick and fair peer-review system, which is all easy to use. Visit
outcomes, safety, and programs for the effective, safe, and sustained  http:/www.dovepress.com/testimonials.php to read real quotes from
use of medicines. This journal is indexed on PubMed Central, CAS, published authors.
Submit your manuscript here: http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal
394 submit your manuscript Therapeutics and Clinical Risk Management 2014:10

Dove


http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://clinicaltrials.gov/ct2/show/NCT01485991
http://www.hivandhepatitis.com/hcv-treatment/experimental-hcv-drugs/4367-eacs-2013-simeprevir-with-interferon-effective-for-hivhcv-coinfected-people-with-genotype-1-or-4
http://www.hivandhepatitis.com/hcv-treatment/experimental-hcv-drugs/4367-eacs-2013-simeprevir-with-interferon-effective-for-hivhcv-coinfected-people-with-genotype-1-or-4
http://www.hivandhepatitis.com/hcv-treatment/experimental-hcv-drugs/4367-eacs-2013-simeprevir-with-interferon-effective-for-hivhcv-coinfected-people-with-genotype-1-or-4
http://www.hivandhepatitis.com/hcv-treatment/experimental-hcv-drugs/4367-eacs-2013-simeprevir-with-interferon-effective-for-hivhcv-coinfected-people-with-genotype-1-or-4

	Publication Info 2: 
	Nimber of times reviewed: 


