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Table 3 Risk factors for HCC incidence in patients with sustained virological response

Aunthor (reference) SVR Observation  Risk factor Hazard ratio or
patients period development rate
{vears) of HCC per 100
person-years
Yoshida et al. 1999° 789 4.3 Liver fibrosis, FO-1/F2/F3/F4 0.11/0.10/1.29/0.49%
Makiyama et al. 2004%* 1197 5.9 Male 5.9
Age, 250 yeass 7.4
Liver fibrosis, 2F3 : 23
Ikeda et al. 20057 1056 4.7t Age, 260 years 3.1
AST, >100 3.1
Platelets, <15 x 10%/pL 2.8
Tokita et al. 2005 126 5.5 Age, 265 years; alcohol, 227 g/day; liver fibrosis, >F3
Tanaka et al. 2007°° 266 9.9 Age, 255 years; liver fibrosis, 2F3; liver steatosis, 22
Akuta et al. 2011°° 1273 1.1 HCV genotype 1b with GIn70 or His70 10.5
Liver fibrosis, 2F3 3.0
Age, 255 years 3.1
Hung efal. 2011 1027 437 DM
Arase et al. 20137 1900 8.1 Liver fibrosis, CH/LC 0.16/1.82%
CH, age, 10 years 2.6
Male 3.4
Alcohol 2.7
Type 2 DM 4.8
LC, alcohol 3.8
Asahina et al. 2013% 913 6.1 Post-IFN ALT, 240, post-IFN AFP, 210
Oze et al. 2014" 1425 3.3 Age, 265 years. 5.8
Post-IFN AFP, 25 8.1
TMedian.

$Development rate of HCC per 100 person-years.

AFP, alpha-fetoprotein; CH, chronic hepatitis; DM, diabetes mellitus; Gln, Glutamine; HCC, hepaiocellular carcinoma; His, Histidine;

LG, liver cirrhosis; SVR, sustained virological response.

Sato et al® conducted a retrospective, multicenter
study of 130 patients who developed cancer after achiev-
ing SVR and reporied that the proportions of patients
who developed cancer were 50% at less than 5 years,
29% at 5-10 years, 9% at 10-15 years and 3% at 15
years or more. Nagaoki et al.* conducted a retrospective,
single-institution study of 41 patients who developed
HCC after achieving SVR and reported that the propor-
tions of patients who developed HCC were 49% at less
than 5 years, 22% at 5-10 years, 22% at 10-15 years and
7% at 15 years or more. In both studies, HCC develop-
ment within 5 years after the end of antiviral therapy
accounted for approximately half of the patients.

In multivariate analyses of risk factors for HCC devel-
opment within 5 years after the end of treatinent, sig-
nificant factors reported were low albumin levels at
baseline (<3.9 g/dL; HR, 2.6) and high AFP levels at
baseline (210 ng/ml; HR, 2.8).*' Another study showed
that older age at the end of antiviral therapy (=55 years;

HR, 26.6) and excessive alcohol drinking (80 g/day for
=5 years; HR, 8.9) were significant factors.® Fusther-
more, Toyoda et al. reported that more than 50% of the
patients who developed cancer had HCC of more than
20 mm in diameter, and 30% or more of the patients
had multiple HCC because more patients in the SVR
group dropped out of the periodical follow up after the
end of treatment than those of the non-SVR group,”
which has been identified as an issue. Given the above,
long-term HCC surveillance should be conducted even
after SVR to antiviral therapy.

CONCLUSION

LTHOUGH PATIENTS WITH hepatitis C who
achieve SVR to antiviral treatrnent show a suppres-
sive effect for HCC, some do develop cancer after
achieving SVR. Antiviral {reatment for hepatitis C has
changed from 1PN monotherapy to PEG IEN plus RBV
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Al Renal damage has been reported as an imporiant com-
plication during combination treatment of peginterferon (PEG
IFNj, ribavirin (RBV} and telaprevir (TVR} for chronic hepatitis
C. However, very little is known about this complication. We
investigated the role TYR plays in renal damage during this
triple therapvy.

Methods: Twenty-five chronic hepatitis C patients with
genotype 1 and high viral load received TYR in combination
with PEG IFN and RBY for 12 weeks followed by treatment
with PEG IFN and RBY. Renal function of these patienis was
prospectively evaluated for 16 weeks.

Results: Creaiinine clearance decreased significantly during
PEG IFN/RBV/TYR treatment. Consequently, serum creatinine
and cystatin C significantly rose during PEG IFN/RBV/TVR freat-
ment. Serum creatinine returned to prefreatment levels after

the termination of TVYR. The increase of serum creatinine and
cystatin C from baseline significantly correlated with serum
TVR level at day 7, which was determined by starting dose
of TVR per bodyweight . When the patients were classified
according to the starting dose of TVR per bodyweight,
renal impairment was observed only in the high-dose
{TVR 233 mgikg per day) group, not in the low-dose (TVR
<33 mglkg per day} sroup.

Conclusion: These resulls suggest that TVR dose per

bodyweight is impertant for the occurrence of renal impair-
ment in PEG IFN/RBY/TVR treatment.

Key words: chronic hepatitis C, peginterferon, renal
impairment, ribavirin, telaprevir

INTRODUCTION

EPATITIS C VIRUS (HCVY) infection affects

I & approximately 170 million people worldwide
and 1.5 million people in Japan. Approximately 30% of
individuals infected with HCV progiess to decompen-
sated cirrhosis or hepatocellular carcinoma, resulting in
a fatal ouicome.’? It is a significant public health chal-
Ienge to diagnose and appropriately treat individuals
with the HCV infection to improve the prognosis.®*
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Telaprevir {TVR]}, a potent non-structural protein 3/4A
protease inhibitor, has recently been approved for the
treatment of persons infected with genotype 1 HCV in
the USA, EU and Japan. The worldwide studies demon-
strate that patients who received TVR in combination
with peginterferon (PEG IFN}-¢-2b and ribavirin (RBV)
achieved significantly higher rates of sustained virclogi-
cal response than those who received PEG IFN and
RBV.SS

Several adverse events are known to become an
obstacle to continuity of PEG IPN/RBV/TVR treat-
ment.” ! Anemia and skin disorders are frequent
adverse events, which were observed in 90.8% and
82.3%, respectively, in studies in Japan.’ Recently,
alteration of renal function, such as an increase of serum
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creatinine and uric acid, during PEG IFN/RBV/TVR treat-
ment has been increasingly reported. Serious adverse
events such as acute renal failure have also been
reported. Renal impairment often forces reduction of
drug dose, leading to diminished treatment effect.

Recently, Suzuki eral. reported that the treatment
regimen of 1500 mg/day TVR reduced the increase of
serum creatinine level during the treatment compared
with a dose of 2250 mg/day TVR." They suggested
that several treatment-related adveise events could be
avoided by dose adjustment of TYR. Here, we investi-
gated the relation between alteration of renal function
and serum TVR level. We show that adjustment of TVR
starting dose according to bodyweight would avoid
renal damage.

METHODS

Patients and study design

WENTY-FIVE PATIENTS WITH chronic hepatitis C

were included in this prospective study. The inclu-
sion criteria of the study were as follows: (i} infection by
genotype 1b; (i} serum HCV RNA levels of 5.0 logye
IU/ml. or higher determined by the COBAS TagMan
HCV test (Roche Diagnostics, Tokyo, Japan); (iii) more
than 20 years old at the time of entry; and (iv) comple-
tion of 4 weeks of therapy. The exclusion criteria in this
study were as follows: (i) co-infection with hepatitis B
virus or HIV; (ii) co-existing chronic liver diseases such
as autoimmaune hepatitis and primary biliary cirthosis;
(iii) presence of cirrhosis; {iv) impaired renal function
{creatinine clearance <50 mL/min); (v) serum hemoglo-
bin level less than 12 g/dL; and (vi) platelet count lower
than 10 x 10%/uL.

Al 25 patients entolled in this study participated in
either of the two dlinical trials conducted by the Osaka
Liver Forum from March 2012 to November 2012. One
was a randomized, double-arm, open-label study com-
paring the efficacy of TVR at starting doses of 2250 mg/
day and 1500 mg/day. The other study was a single-arm,
open-label study evaluating the efficacy of TVR at a start-
ing dose of 2250 mg/day. In both studies, patients
received PEG IFN/RBV/IVR therapy for 12 weeks fol-
lowed by PEG IFN/RBV therapy for 12 weeks. The pro-
tocols were approved by the institutional review board
and written informed consent was obtained from each
patient. Patients who withdrew from the dinical trials
within 4 weeks were not included in this study. As a
result, TVR was administrated at a dose of 2250 mg/day
{750 mg every 8h after food) in 14 patients and

© 2013 The Japan Sodiety of Hepatology
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1500 mg/day (500 mg every 8h after food) in 11
patients. Patients received PEG IFN-0-2b (Pegintron;
MSD, Tokyo, Japan) at a starting dose of 1.5 ugfkg s.c.
every week. RBY (Rebetol; MSD) was given at a starting
dose of 600-1000 mg/day based on bodyweight
(<60 kg, 600 mg; 60-80 kg, 800 mg >80 kg, 100 mg),
according to a standard treatment protocol for Japanese
patients.

Dose modification followed the manufacturer’s drug
information on the intensity of the hematological
adverse effects. The PEG IFN-0-2b doses were reduced to
50% of the assigned dose when the neutrophil count fell
below 750/uL or the platelet count fell below 8 x 10%/
ul, and the agent was discontinued when the neutrophil
count fell below 500/mm?® or the platelet count fell
below 5 x 10%/uL. The initial dose of RBV was reduced
by 200 mg/day in the case of a2 hemoglobin level of less
than 13 g/dL at baseline. The RBY dose was reduced by
200 mg/day in patients receiving 600 or 800 mg/day
{by 400 mg/day in those receiving 1000 mg) when
the hemoglobin level was less than 12 g/dL and was
reduced by an additional 200 mg/day when the hemo-
globin level was less than 10 g/dL. The RBV dose was
also reduced by 200 mg/day if the hemoglobin level
dropped by 1 g/dL or more within 1 week, TVR was
withdrawn when the hemoglobin level was less than
8.5 g/dL. PEC IFN/RBV were withdrawn or interrupted
when the hemoglobin level was less than 8.5 g/dL. Dose
modification and intercuption of TVR were allowed if
serious adverse events appeared. The use of erythropoi-
etin was not allowed.

Renal function was evaluated for 4 weels in 25
patients. Their adherence to TVR for the first week was
100%, and their degree of adherence to TVR for the full
4 weeks ranged 71~100%. Twenty of thern received TVR
for more than 10 weeks and their renal function was
followed for 16 weeks.

Baseline characteristics of the patients are summa-
rized in Table 1.

Measurements of TVR

Serum concentrations of TVR were determined by using
a high-performance liquid chromatographic apparatus
fitted with a mass specirometer.*

Single nucleotide polymorphism genotyping
Interleukin (IL}-28B (rs8099917) and inosine triphos-

phate pyrophosphatase (1s1127354) were determined
as reported previously 17
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Table 1 Baseline characteristics of the patients treated with the
pegylated interferon/tibavirin/telaprevir triple therapy

=25
Sex (maleffemale} 13/12
Age (years) 66 {31-71)7
Bodyweight {kg) 57.0 (40.5-82.5}7
Hypertension (presence/absence}® 6/19

Diabetes mellitus (presencef/absence}t  4/21

[L-28B; £38099917 (TT/TG/GG) 20/5/0

ITPA; 151127354 (CC/CAJAA) 23/1/0%

ISDR substituted animo acid sites 18/4$
(0-1/22)

Core amino acid 70 (wild/mutant} 19/6

Core amino acid 91 (wild/mutant} 16/9

History of interferon therapy (nafve/ 5/16/4
relapse/non-responder}

Hepatitis C virus RNA (logiU/mL) 6.8 (5.1-7.6)%

Alanine aminotransferase (IU/L)
Creatinine {mag/dL}

36 (10-150}%
0.77 (0.47-1.17)+

Cystatin C 1.02 {0.78-1.50}%

Creatinine clearance (mlL/min per 86 (58-128}%
1.73 m?}

Hemoglobin {(g/dL}) 14.4 (12.1-17.0)F

White blood cell (/uL)
Platelet (x10*/uL) (median [rangel)

4530 (2310-7330)+
15.5 (10.1-31.1)%

tMedian {range).

¥The diagnoses of hypertension and diabetes mellitus were made
by the reported criteria. >

§inosine triphosphate pyrophosphatase (ITPA) and interferon
sensitivity-determining region (ISDR) substitirted animo acid
sites were ot determined in one and three patients, respectively.

MNS5A IFN-sensitivity determining region and
core amino acid

Amino acid substitutions in the NS5A and HCV core
were determined as described previousiy.'®"”

Measurements of creatinine clearance

Creatinine clearance was calculated using the formula as
follows:™

Creatinine clearance (mL/min) =
(urinary creatinine (mg/dL)x urine volume [mL])/
(serum creatinine {mg/dL}x min)x
(1.73/body surface area).

Statistical analysis

SPSS version 17.0 software {SPSS, Chicago, IL, USA) was
used for statistical analysis. Comparisons between the
two groups were performed using Student's #-test or

Renal impairment of telaprevir in HCV 1167

y*-test as appropriate. Repeated measures ANOVA was
used for comparisons between pre- and post-treatment
variables. Correlations were determined by using Pear-
son's linear regression analysis. All P-values were two-
sided and a P-value of less than 0.05 was considered
statistically significant.

RESULTS

Alteration of renal function
during treatment

REATININE CLEARANCE SIGNIFICANTLY de-

creased at day 7 compared with the pretreatment
level (69.9£17.6 vs 84.8+21.2 mL/min per 1.73 m?,
P <0.001}, and persisted at reduced level during PEG
IFN/RBV/TVR treatment (Fig. 1a). Consequently, serum
creatinine and cystatin C levels significantly rose at
day 7 compared with the pretreatment level {creatinine,
0.90£021 wvs 0.78+0.19mg/dl, P<0.001; and
cystatin C, 1.21 £0.25vs 1.03 £0.15 mg/dL, P < 0.001),
and persisted at elevated level during PEG IFIN/RBV/TVR
treatment (Fig. 1b,c). Serum creatinine returned fto
preireatment level after the termination of TVR admin-
istration (Fig. 2).

Relation between renal function and TVR

At day 7, increases of serum creatinine and cystatin C
from baseline showed significant correlation with serum
TVR concentration (r= 0.543, P=0.005, and r=0.585,
P =0.003, respectively) (Fig. 3). Serum TVR level at day
7 strongly correlated with the starting dose of TVR per
bodyweight {r=0.775, P<0.001) (¥ig. 4). At day 7,
increases of serum creatinine and cystatin C showed
significant corvelation with the starting dose of TVR
per bodyweight (r=0.741, P<0.001, and r=0.715,
P < §.001, respectively) (Fig. 5).

Effect of TVR dose per bodyweight on
renal function

All the patients were classified into two groups accord-
ing to the median starting dose of TVR per bodyweight
which was 33 mg/kg. Clinical profiles of the high-dose
group (n=15, TVR 233 mg/kg per day) and low-dose
group {n =10, TVR <33 mgfkg per day) did not differ
significanily. Serumn creatinine in the high-dose group
significantly rose during PEG IFN/RBV/TVR treatment,
whereas those in the low-dose group did not show sig-
nificant change (Fig. 6). The rates of rapid virological
response in both groups were similar (100% in the
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Figure 1 Change of creatinine clearance (a), serum creatinine (b} and serum cystatin C (¢) from baseline during the pegylated
interferon (PEG IPN)/ribavirin (RBV)/telaprevir (TVR) triple therapy. Creatinine clearance was measured on admission. Each cixcle
and bar represents mean values + standard deviations, respectively. *P < 0.001, **P < 0.02 (vs day 0, paired Student’s i-test).

low-dose group and 83.3% in high dose-group). Dose
modification, interruption or withdrawal of TVR due to
deterioration of renal function were observed in three
patients of the high-dose TVR group and in none of
those of the low-dose TVR group.

DISCUSSION

ENAL IMPAIRMENT IS often observed during
PEG IFN/RBV/TVR treatment. Termination of TVR

usually leads to restoration of renal function, although
persistent renal damage is sometimes reported. Similar
to previous reporis, in our study, serum creatinine and
cystatin C sigaificantly increased during PEG IEN/RBV/
TYR treatment, and returned 1o pretreatment level after
termination of TVR, Increases of serum creatinine
and cystatin C showed significant correlation with
serum TYR level. These observations suggest ihat
TVR would play an important role in treatment-related
renal damage.

(mg/dL) | PEG-FN/RBY/TVR | PEG-FN/RBV |
11
1.0
2 o9 '
=
E
s 08
% Figure 2 Change of serum creatinine
5’3 0.7 from baseline during the pegylated
interferont (PEG IPN)/ribavirin {RBV)/
05 - telaprevir (TVR) triple therapy followed
oo by teatment with PEG IFN and RBV.
Bach cdrde and bar represent mean
05 i values * standard deviations, respec-
0 4 8 12 16 tively. P <0.001, **P <0.02 (vs day 0,
{weeks)  paired Student’s t-test).
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concentration at day 7 {r=0.543, P=0.005, and r= 0.585, P=0.003, respectively}.
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Figure 4 Relationship between serum telaprevir (TVR) con-
centration at day 7 and TVR starting dose per bodyweight.
Serumn TVR level strongly coirelated with the starting dose of
TVR per bodyweight {r=0.775, P <0.001).

Telaprevir is metabolized mainly by cytochrome
P450 isoenzyme CYP3A in the liver.” However, besides
CYP3A, interactions with renal and hepatic drug trans-
porters should not be neglected, and can also be
expected to play an important role. Recently, Kunze
et al. reported that TVR exhibited significant inhibition
of the human renal drug transporters, organic cation
transporter 2 (OCT2) and multidrug and toxin extrusion
transporter 1 (MATE1}.? Tubular secretion of many
organic cations is mediated by uptake across the
basolateral membrane by OCT2 and by efflux across
the apical membrane by MATE. Although the accurate
mechanism of renal damage due to TVR still remains
unclear, these observations suggested the direct effect of
TVR on renal function.

In our study, serum TVR level strongly correlated with
the gtarting dose of TVR per bodyweight. These findings
suggest that adjustment of TVR dose according to
bodyweight would avoid renal impairment during treat-
ment. When the patients were classified according to
the median starting dose of TVR per bodyweight, renal
impairment was observed only in the high-dose group
{TVR 233 mg/kg per day}, not in the low-dose group
(TVR <33 mg/kg per day). Suzuki et al. reported that
dose reduction of TVR given per day from 2250 mg to

© 2013 The Japan Society of Hepatology
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Figure 5 Relationship between the increase of serum areatinine (a) and cystatin C (b} from baseline at the day 7 and telaprevir
(TVR) starting dose per bodyweight. The increase of serum creatinine and cystatin © from baseline at the day 7 correlated with the
starting dose of TVR per bodyweight (r= 0.741, P < 0.001, and v = 0.715, P < 0.001, respectively).

1500 mg may decrease the treatment-related adverse
events, specifically avemia and creatinine increase,
without the atienuation of treatment effect. Taken
together, these findings suggest that adjustment of TVR
dose according to bodyweight would improve the con-
tinuity and effect of PEG IFN/RBV/TVR treatment.

Our study has several limitations. First, the patients
included in this study were relatively elderly compared
with previous studies. Seventeen out of 25 patients were
over 60 years old, and four patients were over 70 years
old. Generally, renal function is thought to decrease
with aging. Moreover, drug-induced renal dysfunction is
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rized by the median starting dose of
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patients with TVR starting dose of
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more prone to occur in elderly persons. The effect of
TVR on renal function in our study may be influenced
by this sample bias. Second, the sample size of cur study
was relatively small. Other factors such as age, pretreat-
ment serum creatinine level, hypertension and diabetes
mellitus may be assodiated with renal impairment
during PEG IFN/RBV/TVR therapy. The sample size of
this study was not sufficient to investigate these associa-
tons. A future larger study is necessary to draw definite
conclusions.

In conclusion, we showed that TVE dose per body-
weight was significantly related o the occurrence of
renal damage during PEG IPN/RBV/TVR treatment.
Adjustment of TVR dose according to the bodyweight of
patient may improve the effect of the treatment.
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Simeprevir is a second-wave hepatitis C virus NS3/4A protease inhibitor that was designed to
optimize its antiviral activity, safety, drug-drug interactions, and pharmacokinetic profile.
When used to treat patients with hepatitis C virus genotype 1, simeprevir is coadministered
with peginterferon and ribavirin for 12 weeks, followed by double therapy with Peg-IFN and
ribavirin for an additional 12 or 36 weeks. Phase I studies achieved a sustained virclogic
response in 80-90% of treatment-naive patients (International Phase Ml studies QUEST-1/2:
80/81%; Japanese Phase Il trial CONCERTO-1: 89%). Unlike with the first protease inhibitors,
telaprevir or boceprevir, used in triple therapy, when using simeprevir the frequency of
clinically problematic adverse events such as anemia, rash, and digestive symptoms is almost
comparable to that of double therapy. The advent of simeprevir has enabled interferon
therapy, which started as monotherapy in early 1990s, to reach its maximum efficacy and

arrive at what can be considered its final form at least in genotype 1b.

Kevworps: direct acting antiviral o hepatitis C virus » peginterferon » protease inhibitor ¢ Simeprevir

An esimated 130-150 million people world-
wide are infected with the hepadtis C virus
(HCV) 1. The majority of these individuals
are infecred as adults through blood exposure,
and although 20-30% develop only a transient
infection, the other 70-80% develop a persis-
tent infection. Spontancous clearance of the
virus after the development of a persistent
infection is rare (~0.2% per year), and infec-
tons lasting 20-30 years can lead to decom-
pensated liver cirthosis or liver cancer. In the
USA and Japan, these discases are the leading
indications for liver transplantation because of
end-stage liver disease. Therefore, it is impor-
tant to completely eradicate the virus to defer
the development of liver disease during the
persistent infection stage.

Interferon monotherapy was introduced as
an antiviral therapy for hepatitis C in the catly
1990s, and it has made achieving a sustained
virologic response (SVR; defined as the inabil-
ity to detect HCV RNA ar 24 weeks after
completing treatment) possible in roughly 1 of
3 or 4 cases. However, it was not effective for
patients with HCV genotype 1, particularly
those with a high viral load, and the SVR rate
was found to be approximately 5-10%, which

led to these cases being called ‘difficuli-to-treat
hepatitis C' (meoee 1). In the 2000s, two-drug
combinadon  therapy  with  peginterferon
(Peg-IFN) and ribavirin (RBV) became the
standard antiviral therapy for chronic HCV
infection. With this treatment, the SVR rate
for genotype 1 patients after 48 or 72 weeks
of weatment became 40-50% and the rate for
genotype 2 padenss  afier 24 weeks  of
treatment became approximately 80% [21. The
release of the protease inhibitor telaprevir
(TVR), and also boceprevir (BOC), as a
treatment for genotype 1 patents in 2011
ushered in the era of wiple therapy, drasti-
cally shrinking the treatment duratien to
24 weeks at least for some naive patients and
relapsers and improving the SVR rate o
roughly 80% [3]. Although TVR and BOC
had problematic aspects including complex
drug interactions and strong side effects such
as anemia and skin manifestations, simepre-
vir (SMV), a second-wave protease inhibitor
with very limited side effects, was approved
at the end of 2013 (4. This paper reviews
the use of triple-drug therapy with SMV
for the treatment of patents with HCV

genotype 1.
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Figure 1. Changss to interferon ireatment before the advent of simeprevir. Sustained virologic response rates are from therapies

using postmarket IFNs conducted at Osaka University and associated facifities. Advancements in IFN therapy have led to improvements in
the sustained virologic response rates for patients with hepatitis C genotype 1 and genotype 2, but the frequency of side effects has also
increased. In particular, decreased compliance with long-term treatment and the increased side effects associated with additional dosage

of telaprevir are problematic Tor patients with genotype 1.

IFN: Interferon; Peg-IFN: Peginterferon; RBV: Ribavirin; SVR: Sustained virologic response; TVR: Telaprevir.

History of NS3/4A protease inhibitor development

IFN and RBV have long been used as the primary antiviral
drugs to treat hepatits C [2) as both drugs are nonselective
HCV inhibitors. [FN is a cytokine prototype discovered in the
19505, and RBV is an early nucleoside analog antiviral drug
synthesized in 1970. Although HCV was discovered in 1989,
its discovery in itself did not lead direcdy to the development
of new drugs for treating heparitis C infection. The main rea-
son for this was that although the genetic structure of the virus
had been characrerized, no efficient assay system for HCV rep-
lication was developed quickly — it took 10 years after the dis-
covery of the virus for a replicon that could reproduce HCV
proliferation iz witro to be created in 1999 [51. Another impor-
tant step that laid the groundwork for research on new drugs
for treating HCV infection was that the structures of HCV
proteases, which are esseniial to HCV replication, were eluci-
dated in 1996 f6). HCV NS3 protease was shown to undergo
inhibition by the N-terminal substrate products. This made it
possible to design functional molecules to targer the aciive sites
of the proteases. In the 2000s, the conformation of the sub-
strate peptides predicted from the structures of proteases was

altered to a nonpeptide form, and after the antivirus activity of
small molecules thar could be taken orally was screened using
replicons, a new era of clinical development of drugs with
direct antiviral activity against HCV (direct-acting antivirals)
began.

One of these HCV-selective antiviral drug prototypes was
BILN 2061 (fieurs 2). The BILN 2061 molecule is a noncovalent
protease inhibitor with a macrocyclic structure resembling a lid
placed from above on the aciive site of the NS3/4A HCV prote-
ase [7). BILN 2061 was the first drug to inhibit HCV replication
in humans, but subsequent studies on monkeys revealed cardio-
toxicity at high doses (8], and thus its development was sus-
pended. Another molecule developed slighdy after BILN
2061 was VX-950, which is a covalent protease inhibitor with a
linear structure that binds to the bottom part of the groove of
the active site of the NS3/4A HCV protease. VX-950 immedi-
ately gained attention because of its sirong HCV inhibitory
effect both in witre and 7m vive, and following clinical erials, it
was released for dclinical use as TVR in 2011. The release of
TVR improved the SVR rate for hepatitis C genotype 1 after
24 weeks of combined treatment with Peg-IFN + RBV w0 73%

g1¢
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Figure 2. Structure of protease inhibitors and development of simeprevir,

HCV: Hepatitis C virus; PK: Pharmacokinetic.

(in a Japanese Phase III development study). Alchough TVR is
certainly a first-in-class drug, particular caution must be taken
with its use because of its complex interactions with many other
drugs and its unique side effect profile that includes anemia,
skin reactions and kidney damage [391.

Although development of the macrocyclic molecule BILN
2016 was suspended, several other drugs are being developed
based on its structure with the conformation changed o avoid
toxicity. One of these is SMV (code name, TMC435), and
other similar drugs currendy in clinical development include
faldaprevir and vaniprevir. To differentiare them from the frst
drugs TVR and BOC (the latter not approved in Japan), they
are second-wave protease inhibitors. SMV is based on a lead
compound developed from BILN 2061 and was selected after
performing tests incuding an enzyme inhibitory actvity test
using recombinant proteins, an inhibitory effect on replication

test using a replicon, a clearance test using human liver micro-
somes, a permeability test using Caco-2 cells and a pharmaco-
kinetic test in raws [10]. Although SMV was approved for
clinical use after TVR, its molecular structare has been carefully
optimized as described above, making it highly supetior with
respect to its safety, drug interaciions and pharmacokinetic
profile.

Clinical development of SMVY

Preclinical studies

Protease inhibitors are classified as linear or macrocyclic based
on their meolecular structure. TVR and BOC, which have
already been approved in Europe and the USA, possess linear
keto-amide structure, whereas SMV possesses macrocyclic struc-
ture. SMV has a molecular weight of 750 Da and can be taken
orally. This drug is a strong inhibitor of the NS3/4A protease
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that originates in HCV genotypes 12 and 1b (the enzyme inhi-
bition constant [Ki] of SMV against NS3/4A proteases is
0.5 amol/l in genotype la [H77 stain] and 1.4 nmol/l in
genotype 1b [Conl strain]) and strongly suppresses replication
in genotype ib replicon cells (ECsy = 8.1-25.2 nM) and
genotype la replicon cells (ECsq = 28.4 nM) [11). In combina-
tion with other drugs in 2 replicon system, it has synergistic
antiviral effects with TFNs and INS5B polymerase inhibitors, as
well as additive effects with RBV. Studies on the drug distribu-
tion among organs in rats showed high accumuladon in the
liver (fiver-to-plasma ratio, 32:1-65:1). The plasma concentra-
tion 8 h after adminiscration reached the same ECog value mea-
sured in the replicon, and the concentration remained at ECsq
even after 24 h, indicating that a once-daily dose of the drug
could yield sufficiently long-lasting effects. It is known that the
mutations to the NS3 domain that confer resistance to SMV
differ from those that confer resistance to TVR. Specifically,
the antiviral effect of SMV is not affected by subsdtutions of
amino acids 36, 54 and 170, which confer resistance o TVR,
whereas substitutions of amino acids 43, 80, 155, 156 and
168 are known to confer resistance to SMY [123. Mutaiions at
position 155 and 156 also confer resistance to TVR, but the
others are not related to TVR resistance.

Phase lila studies

A randomized double-blind placebo-controlled wial in
49 healthy adults and a nonplacebo-controlled open-label study
in six patients with hepatitis C (TMC435350-C101 study)
were Phase [ studies of a single administration of
TMC435 conducted ousside Japan (131 Healthy adulss were
administered a single dose from 50 to 600 mg in an ascending
dose study and continuous doses of 100 (once daily),
2060 (once daily), 200 (cwice daily) and 400 mg (once daily)
over 5 days. The increase in blood concentration after the start
of administration was greater than the increase in dose. Some
subjects experienced issues such as headache and photosensitiv-
ity while wking the drug, bur no serious adverse events
were observed. Patients with hepatits C (4 genotype la, 2
genotype 1b) were adminisiered a 200 mg dose once daily for
5 days. Three days after the start of trearment, blood levels of
HCV RNA fell by a median magnitade of 3.46 log;y TU/ml
(1.6-3.8) and ultimately decreased by at least 3 logyq IU/ml in
all six subjects. Although no viral breakihrough was observed in
the 8 days after starting administration, new protease domain
variants were detected in all six subjects after starting treatment.
The 24 h area under the curve afier 5 days of weatment was
approximately threefold higher than that of healthy subjects,
suggesting that the pathology of hepatitis C may influence
elimination of the drug.

A stady where TMC435, Peg-IFNo-2a and RBV were
administered to patients with hepatids C, genotype 1 was con-
ducted outside Japan as a Phase II proof-of-concept study
(OPERA-1 study [TMC435-C201 study]). Considerable mean
reductions in HCV RNA levels were observed after 4 weeks of
wiple therapy; specifically, 3.64 logig IU/ml in the placebo

group, 4.74 logje IU/ml in the 25 mg TMC435 group,
5.52 logye [Ufmt in the 75 mg group and 5.44 logy, 1U/ml
in the 200 mg group [14. To assess the efficacy of treatment
in patients with other genotypes, single doses of TMC435
(200 mg once daily) were administered for 7 days to 37
treatment-naive  patients  with HCVY  genotypes 26
(TMC435-C202 study) [15.16]. Alchough this considerably re-
duced the viral load in subjecis with genotypes 4-6, it only
reduced HCV RNA by roughly half in subjects with
genotype 2 and did not reduce the viral load in any subject

with genotype 3.

Phase lib studies

The international PILLAR study (TMC435-C205 study) and
the Japanese DRAGON study (TMC435-C215) began as
Phase IIb studies in 2009 at around the same time (Tnsizs 1 & 2)
17.18]. In the DRAGON study, 92 IFN therapy-naive patients
with chronic hepatitis C genotype 1 infection and a high vizal
load were randomly assigned to a group that received wiple
therapy with SMV + Peg-IFNo-2a + RBV for 12 weeks fol-
lowed by Peg-IFNa-2a + RBV (600-1000 mg depending on
body weight) for 12 weeks, a group that received triple therapy
with SMV + Peg-IFNa-2a + RBV for 24 weeks, or a conirol
group that received Peg-ITENo-2a + RBV for 48 weeks [18].
The 12-week and 24-week groups were both subdivided into
50 mg and 100 mg SMV dose groups, which are lower doses
than used in the PILLAR study, which is discussed in a later
section. The DRAGON study protocol called for response-
guided therapy (RGT). Total Peg-IFN + RBV duration would
be 24 weeks if HCV RNA was <14 logig IU/ml at week
4 and undetectable at weele 12, 16 and 20, and if this critera
were not met total Peg-IEN + RBV durarion was 48 weeks. As
a result, only one patient was treated for 48 weeks. The SVR
rates in the SMV groups (listed by 12/24 week subgroups)
were 78/77% in the 50 mg/day groups and 77/92% in the
100 mg/day groups, indicating that trearment with SMV was
significantly more efficacious than treatment with the Peg-
IFNe-2a + RBV (46%). Although adverse events such as
decreased hemoglobin levels and drug eruptions occurred, most
events were grade 1 or 2, and the frequency of events did not
differ between the TMC435 and control groups. Transient
hyperbilirubinemia after 1-2 weeks of treatment was a side
effect observed in the SMV groups, but it was not found to be
associated with any other clinical symptoms or laboratory test
parametets such as aspartate aminotransferase or alanine amino-
transferase levels. These results suggest that in Japanese
treatment-naive patients infected with HCV genotype 1 with
high viral load, triple therapy with SMV is superior to double
therapy with respect t its SVR rate with a comparable safety
and tolerability.

The PILLAR study, an international study of IEN
treatment-naive padents with HCV genotype 1, had a similar
treatnent design to the DRAGON study but used higher doses
of SMV (75 and 150 mg) and RBV (1000-1200 mg depend-
ing on body weight) (17]. The SVR rates of the SMV groups in
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Phase i b Hli it i
Patient population Nalve Experienced (relapsers/pariial Naive Naive Experienced (relapsers)
responders/null respanders)
Study design 5 arms 7 arms 2 arms 2 arms 2 arms
Simeprevir dose (mg) 75/150 1007150 150 150 150
Patient number 386 462 394 391 393
Genotype Tb (%) 55 57 44 58 58
Cirrhosis (%) Excluded Included (18) Included (12) Included (8) Included (15)
Peg-IFN o2a ola o2a a2a/o2b ola
Treatment duration (weeks) 24 (RGT) 43 24 (RGT) 24 (RGT) 24 (RGT)
Met RGT criteria (%) 79-86 NA 85 91 93
SVRT (SMV arms) (%) 75-86 38-59 (null responders) 80 81 79
4886 (partial responders)
77-89 (relapsers)
(Control PR43 arm) (%) G5 19 (null responders) 50 50 37
9 (partial responders)
37 (relapsers)
Ref, [17] [19] {20} [21] {22}

*SVR shown is determined at 24 weeks for PILLAR and ASPIRE and at 12 weeks for QUEST-1/2 and PROMISE after the end of treatment.
Peg-IFN: Peginterferon; RGT: Response-guided treatment; SMV: Simepravir; SVR: Sustained virologic response.

the PILLAR study (listed by 12/24 week subgroups) were
82/75% in the 75 mg/day groups and 81/86% in the 150 mg/
day groups, indicating that treatment with SMV was more
effeciive than weatment with the Peg-IFNo-2a + RBV (65%).
According to RGT criteria, 79-86% of SMV-treated patents
completed treatment by week 24; 85-96% of these subse-
quently achieved SVR. No clear relationship between the dos-
ing period of SMV and the SVR raie was observed. The SVR
rate was lower for genotype la than for genotype 1b in the
75 mg dose group, but did not differ between genotypes in the
150 mg dose group.

In SMV/Peg-IFN/RBV triple therapy, the effect of prior
treatment is currenily the most important factor influencing
the SVR. Ouside Japan, a second Phase IIb study was con-
ducted in patients who had previously received Peg-IFIN/RBV
therapy (ASPIRE study [TMC435-C206 study]) (197. The dos-
ing period for each regimen was set to 48 weeks. The conirol
group received Peg-TENo-2a + RBV for 48 weeks, whereas the
experimental groups received Peg-TFNa-2a + RBV for 48 weeks
along with 100 mg/day or 150 mg/day of SMV for the first
12 weeks, the first 24 weeks or the entire 48 weeks of the
study. The SVR rates of the SMV groups (listed by 12/24/
48 week subgroups) were 70/66/61% in the 100 mg/day
groups and 67/72/80% in the 150 mg/day groups, respectively,
significantdly higher than the 23% of the control group; the
SVR rate did notr differ with respect to the SMV dosing

petiod. However, the effect of prior treatment strongly

influenced the SVR rate, which (for 100 mg/150 mg doses)
was 85/85% for relapsers, 57/75% for pariial responders
(22 log reduction in HCV RNA at week 12 of previous treat-
ment) and 46%/51% for null responders (<2 log reduction in
HCV RNA at week 12 of previous wearment), The SVR rate
did not differ berween genotypes 1a and 1b in prior relapsers,
but was lower for genotype la in prior partial responders and
prior null responders. Transient hyperbilirubinemia and rash
were observed more frequently in the SMV group than in the
control group. However, the incidence of clinically problematic
major adverse events did not differ berween the treatment
groups. In the ASPIRE study, unlike the PILLAR study, 18%
of subjects had liver cirrhosis, but no particulaily problematic
adverse events were observed in subjects with advanced fibrosis.

Phase lif studies

Following the success of the Phase II studies, Phase III studies
of triple therapy with SMV + Peg-IFN + RBV were initiated.
Gutside Japan, the QUEST-1 and QUEST-2 studies were con-
ducted in treatment-naive patients, (2021), and the PROMISE
study was conducted in prior relapsers [22. In Japan, the
CONCERTO-1 study [231 was conducted in treatmente-naive
patients, the CONCERTO-2 and CONCERTO-3 studies [24]
were conducted in treatment-experienced patienss and the
CONCERTO-4 study [25] was conducted separately and used
Peg-IFNea-2b. Studies outide Japan included subjects with
liver cirrhosis, whereas Japanese studies did not. In addition,
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Phase b il i

i i
Patient population Naive Naive Experienced Experienced All
(nonresponders’)  (relapsers)
Study design 5 arms 2 arms 2 arms 1 arm 3 ams
SMV dose (mg) 50/160 100 100 100 100
Patient number 92 183 106 49 7S
Genotype 1b (%) 100 98 97 98 g9
Cirrhosis Excluded Excluded Exdluded Excluded . Excluded
Peg-IFN ®2a o2a o2a o2a o2b
Treatment duration (weeks) 24 (RGT) 24 (RGT) 24 (RGT) 24 (RGT) 24 (RGT) for naive/relapsers
48 for nonresponders
Met RGT criteria (%) 83-90 g2 74-81 96 92 for naive
97 for relapsers
SR (SMV arms) (%) 77-92 29 36-51 90 92 for naive
39 for nonresponders
97 for relapsers
(Control PRAS arm) (%) 46 57 NA NA NA
Ref. {181 [23] [24) {24] f25]

ﬁNonresponder means partial responder plus null responder.
*SVR shown is determined at 24 weeks after the end of treatment.

Pag-IFN: Paginterferon; RGT: Response-guided treatment; SVR: Sustained virologic response; SMV: Simepravir.

about half of the subjects in studies cutside Japan were
genotype la, whereas most subjects in Japanese studies were
genotype 1b.

The QUEST-1 (n = 394) and QUEST-2 (n = 391) studies
compared the weatment efficacy of SMV (150 mg/day,
12 weeks) + Peg-IFN + RBV in padents with hepadis C
genotype 1 infection (including those with compensated cirrho-
sis) with the conirol treatment of Peg-IJEN + RBV. The SVR
rate for wiple therapy with SMV + Peg-IFN + RBV was
80-81% overall and 82-90% for genotype 1b. By IL28B geno-
type (rs12979860), the SVR rate was 94-96% for the CC allele,
76-80% for the CT allele and 58-65% for the TT allele.
By the degree of fibrosis (METAVIR score), the SVR rate was
83-85% for F0-2, 67-78% for F3 and 58-65% for F4.

The CONCERTO-1 study conducted in Japan compared
the treatment efficacy of SMV (100 mg/day, 12 weeks) + Peg-
IENo-2a + RBV in 183 weatment-naive patients with hepatitis
C genotype 1 infection with the conirol treatment of Peg-
IFN@-2a + RBV. While the SVR rate of control arm was 57%
(34/60), that for wiple therapy with SMV/Peg-ITENo-Za/RBY
was 89% (109/123) overall, 87% (20/23) for subjects aged
<45 years, 90% (70/78) for those 44-64 years and 86% (19/
22} for those 265 years (but <70), indicating no difference
with respect to age. By /L2858 genotype (158099917}, the SVR
rate was 94% (77/82) tor the major, favorable, allele TT and
78% (32/41) for the minor alleles TG/GG. Although the rate

was significantly higher for the TT allele, the efficacy of treat-
ment for the TG/GG alleles was also relatively high. The inci-
dence of serious adverse events was lower in the study group
than in the control group (3.3 vs 10%). Although a transient
increase in bilirubin levels was observed in subjects socon afrer
treatment began in the study group, but not in the placebo
group, this increase was not accompanied by an increase in
transaminase and subsided in all cases as treatment continued.
In the CONCERTO-4 study, a clinical trial of SMV-based wri-
ple therapy using Peg-IFNoi-2b, the SVR rate for treatment-
naive subjects was 92% (44/49), almost the same as thar

“achieved with SMV-based wiple therapy using Peg-IFNoi-2a

{CONCERTO-1 study).

The CONCERTO-2 study was conducted in 106 prior
nonresponders infected with the hepatitis C genotype 1. Sub-
jects were administered Peg-IFNoi-2a + RBV for 24 wecks
along with SMV (100 mg/day) for the first 12 weeks or the
full 24 weeks. The SVR rare was 51% (27/53) and 36% (19/
53), respectively. The SVR rate was 50% (7/14) for the TT
allele and 42% (39/92) for the TG/GG alleles, indicating no
clear relationship between the IL28B genotype (rs8099917)
and therapeutic efficacy. The CONCERTO-3 study was con-
ducted in 49 prior relapsers infected with the hepatitis C
genotype 1. Subjects were administered Peg-IENe-2a + RBV
for 24 weeks along with SMV (100 mg/day) for the first
12 weeks as with CONCERTO-1. The SVR rate was 90%
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(32/33) overall and was high for all IL28B genotypes
(rs8099917) ar 91% (32/35) for the TT allele and 86%
(12/34) for TG/GG alleles. In the CONCERTO-4 study, 2
clinical trial of SMV-based iriple therapy using Peg-IFNo-
2b, the SVR rate was 97% (28/29) for prior relapsers and
38% (10/26) for nonresponders, almost the same as the rates
achieved with SMV-based triple therapy using Peg-IFNo-Za
(CONCERTO-2, 3 studies).,

The four CONCERTO studies examined genetic mutations
of the NS3 protease domain in 87 cases of meamment failure
defined by viral breakchrough, virologic stopping due to insuffi-
cient antiviral efficacy, HCV RNA-positive status at completion
of treatment or relapse following completion of weatment
Mutations conferring SMV resistance were detected in approxi-
mately 90% of trearment failure cases, and almost all were due
to substitutions of amino acid 168, with approximately 90%
involving D168V (single 1D168Y substitutions and muldple
substimtions including 1168V). It should be noted bere tha,
in total, 98% of subjects in these CONCERTO studies had
genotype 1b, while the non-Japanese PILLAR and ASPIRE
studies similarly reported the involvement of D168 in almost
all SMV-resistant mutations in genotype 1b. A study of
83 pelymorphism before weatment showed that the main
polymorphs were S122G  (16-27%), S1227T (3-13%) and
Q80L (8-10%); it should be noted that, in Japanese swudies,
almost all patients are genotype 1b. However, susceptibility to
SMV did not differ between these polymorphs in an in viso
system, and no differences were observed in the efficacy for the
$112G polymorph observed in the CONCERTO studies.
Moreover, almost no D168 polymorphism was present before
ereatment. The therapeutic efficacy of triple therapy with SMV
is known to be slightly lower in genotype la patients than in
genotype 1b patents due to the Q80K mutation seen in a pro-
poriion of genotype la patients; of note proportion of Q80K
differs substantially within genotype la patients ranging from
5 to 10% depending on region [022]. Indeed, in the
QUEST-1 study, the patients with genotype 1la and Q80K
mutation had a similar efficacy in the wiple therapy arm com-
pared with control arm. It is also known that in genotype la
patients, in contrast with genotype 1b patdents, R155K is the
most common resistance mutation that appears with treatment
failure.

Conclusion

Triple therapy with SMV + Peg-IFN + RBV yields a high SVR
rate (=80%) after a standard 24-week treatment period in
paiients with hepatitis C genotype 1 infection. High percentage
of subjects who met RGT criteria and the high SVR rates in
these subjects support the fixed treatment duration recom-
mended in the USPI based on Phase III trial data. The side
effect profile of this treatment, in contrast with that of TVR, is
comparable to the side effect profile of double therapy with
Peg-IFN + RBV, although it should also be noted that SMV
still has several side effects such as hyperbilirubinemia and pho-
tosensitivity. In addition, the therapeutic efficacy depends on

factors such as responsiveness to IFN (IL28B genotype or
responsiveness to prior treavment) and the stage of liver fibrosis,
but efficacy remains relatively high for patiens with minor
TL28B  genotypes, prior nonresponders and  patients with
advanced liver disease. The incidence of side effects is also com-
parable to that of double therapy with Peg-IFN + RBV, mak-
ing it an excellent treatment and an easy choice for a large
number of paiienis.

Expert commentary

IEN therapy for hepatids C was staried in the 1990s, but the
therapeuric efficacy for genotype 1 patients with high viral load
was soon discovered to be low, leading to such cases being
called ‘difficule-to-treat hepatitis C.” In the 2000s, Peg-JEN +
RBY became the standard treatment, but genotype 1 cases
required a longer treatment period (48-72 weeks) than
genotype 2 cases, and the therapeutic efficacy was only
40-50%. Today, the addition of SMV to therapy has short-
ened the treatment period for patients with chronic hepatitis C
genotype 1 to 24 weeks, and superior, or equal at least, treat-
ment results can now be expecied from Peg-IFN + RBV ther-
apy in patients with genotype 2. It should also be noted that
the addition of SMV has not yet been reported o increase the
incidence of clinically important adverse events. The advent of
triple therapy with SMV has led to IFN therapy, which has
improved the method of treating difficult-to-treat cases of
hepatitis C since its development in the 1990s, o what can be
considered nearly its final form. Both SMV + Peg-IFN + RBV
and sofosbuvir (SOF) + Peg-IFN + RBY therapies have been
approved in the USA for genotype 1 cases, (26], but the SOF
triple therapy regimen is not being developed in Japan and
thus SMV + Peg-IFN + RBV is the first-line treatment for
genotype 1 cases.

Hepatitis C treatments that are planned for release include
not only other types of wriple therapy with IFN, but also treat-
ments such as daclatasvic (DCV) + asunaprevic (ASV) and
SOF + ledipasvir (LDV) that omic IFN. (2728]. Antiviral ther-
apy for hepatitis C must be started as soon as possible to con-
trol the progression of liver disease and the development of
liver cancer, particulatly in aged patient populations like that
of Japan. At the same time, secondary options must also be
considered in advance because treatment failure occurs in
10-20% of cases. In the era of direct-acting antiviralss, it is
important to avoid creating resistant viruses to the greatest
possible extent. It is generally believed that treatments that
include IEN present a high bartier to the emergence of resis-
tant viruses. In patients who developed virologic failure to
SMV + Peg-TFN + RBV, mutations can develop, more specifi-
cally, D168V for genotype 1b and R155K for genotype la.
Although these two resistance mutations are shared by the
second-wave protease inhibitors, their susceptibility to
SOF + LDV will likely be maintained. The fact that such
secondary options are available is yer another reason why
SMV + Peg-IEN + RBV combination therapy can be consid-
ered an excellent trearment method.
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Simeprevir (SMV) is a second-wave hepatitis C virus NS3/4A protease inhibitor that was designed to optimize its antiviral activity,
drug~drug interactions and pharmacokinetics.
SMV is coadministered with peginterferon (Peg-IFN) and ribavirin (RBV) for 12 weeks, followed by double therapy with Peg-IFN and RBV
for an additional 12 or 36 waeks for genotype 1 patients. )
SMV + Peg-IFN + RBY therapy yields a high sustained virologic response rate (280%) for treatment-naive patients.

The efficacy of SMV + Peg-IFN + RBV therapy depends on factors such as responsiveness to IFN (IL28B genotypes for naive patients or
responsiveness to prior treatment for experienced patients) and the stage of liver fibrosis.
Therapeutic efficacy of triple therapy with SMV is slightly lower in genotype 1a patients than in genotype 1b patients due to the Q80K
mutation seen in a proportion of genotype 1a patients.
in patients who developed virological failure to SMV + Peg-IFN + RBV therapy, mutation can dévelop specifically D168V for genotype 1b
and R155K for genotype 1a, which may have little influence to give the effect of the later therapy such as a combination of NS5A inhib-

itor and NS5B inhibitor.
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