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Abstract

Background Triple therapy with telaprevir (TVR),
pegylated interferon and ribavirin has improved antiviral
efficacy in patients with chronic hepatitis C (CH-C).
However, the severe adverse effects caused by TVR are
important to resolve. In this prospective, randomized,
multicenter, open-label study, the antiviral efficacy and
safety in the reduced administration of TVR were
examined.

Methods A total of 81 CH-C Japanese patients with HCV
genotype 1 were randomized into two regimens of TVR
2250 mg (TVR-2250) or 1500 mg (TVR-1500) and treated
with triple therapy for 24 weeks.
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Results The mean HCV RNA at start, 2 and 4 weeks of
treatment were 6.69 £+ 0.70, 1.05 £ 0.74, 0.22 4 0.48
logjo IU/ml in the TVR-2250 group and 6.70 + 0.62,
1.02 £ 0.62, 0.13 & 0.41 log;o IU/ml in the TVR-1500
group. The SVR rates were 85 % in both groups (35/41 and
34/40, respectively). There were no patients with viral
breakthrough in either group. As for adverse effects, rash
more than moderate and severe anemia with <8.5 g/dl of
hemoglobin were higher in the TVR-2250 group than in the
TVR-1500 group (p = 0.046, p < 0.001, respectively).
The increase in serum creatinine levels and decrease in
estimated glomerular filtration rates were higher in the
TVR-2250 group than in the TVR-1500 group.

Conclusions The lower dose of TVR (1500 mg/day) can
result in similar SVR rates and lower treatment-related
adverse effects compared to the higher dose of TVR
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(2250 mg/day) in triple therapy (UMIN: 000007313,
000007330).

Keywords Chronic hepatitis C - Telaprevir - Pegylated
interferon plus ribavirin - Dose reduction

Abbreviations

HCV Hepatitis C virus

IFN Interferon

Peg-IFN  Pegylated interferon

RBV Ribavirin

PI Protease inhibitor

TVR Telaprevir

SVR Sustained virologic response

EOT End of treatment
HCC Hepatocellular carcinoma
CH-C Chronic hepatitis C

Hb Hemoglobin

WBC ‘White blood cell

RVR Rapid virologic response

¢-EVR  Complete early virologic response
ETR End of treatment response

SMV Simeprevir

Introduction

Antiviral therapy for patients with chronic hepatitis C virus
(HCV) genotype 1 infection has changed from interferon
(IFN) monotherapy to dual therapy with pegylated IFN
(Peg-IFN) and ribavirin (RBV) and then to triple therapy
with protease inhibitor (PI), Peg-IFN and RBV [1]. The
clinical trials of triple therapy with telaprevir (TVR), which
is a first-generation PI, Peg-IFN and RBV have reported
that addition of TVR leads to a substantial improvement in
sustained virologic response (SVR), defined as an unde-
tectable HCV RNA at 24 weeks after the end of treatment
(EOT), compared to Peg-IFN and RBV among naive
patients and re-treatment patients [2-9]. However, severe
adverse effects caused by TVR, such as severe anemia,
rash and gastrointestinal disorder, were also reported [2, 3,
8, 9]. Generally, older patients and patients with advanced
liver fibrosis have greater risk of hepatocellular carcinoma
(HCC) and, therefore, should be treated with antiviral
therapy as early as possible in order to eliminate HCV.
However, adverse effects caused by TVR in those patients
may lead to serious complications, such as death [10].

A phase 1b, placebo-controlled, double-blinded study
conducted in Europe evaluated the antiviral activity, phar-
macokinetics and safety of TVR [11]. That study examined
the antiviral activity of TVR for 14 days at 450 or 750 mg
every 8 hor 1250 mg every 12 h. The highest trough plasma
drug concentrations, and the greatest HCV RNA reduction

@ Springer

were measured in the 750-mg-dose group. The most frequent
adverse effects were headache, diarrhea, fatigue, nausea and
dry skin, and there were no severe adverse effects and no
dosing interruptions. As a result, the regimen of 750 mg of
TVR every 8 h (total 2250 mg/day) was selected. Subse-
quently, a phase 2 study for triple therapy with TVR, Peg-
IFN and RBV was conducted in Europe and the United States
[2—4]. However, a dose-finding study of TVR in triple ther-
apy was not conducted in these phase 2 studies. The dose of
TVR in triple therapy was determined based on the TVR
monotherapy study. On the other hand, in Japan, the phase 1,
open-label, two-arm study of TVR at 500 or 750 mg every
8 h with Peg-IFN alfa-2b and RBV was conducted using 20
chronic hepatitis C (CH-C) patients [12, 13]. The pharma-
cokinetic parameters such as the area under the plasma
concentration time curve from 0 to 8 h (AUCqy_gp), the
maximum plasma concentration (Cp,x) and the trough
plasma concentration (Cyougn) 0f TVR were higher in the
750-mg dose group than in the 500-mg dose group, and there
was no difference in adverse effect between these two
groups. As a result, a regimen of 750 mg of TVR every 8 h
(total 2250 mg/day) was selected, although HCV RNA
reduction was similar in both groups.

In the phase 3 study of triple therapy with TVR, Peg-IFN
and RBYV, similar SVR rates were observed in clinical trials
in Europe, the United States and Japan (naive 69-75 vs.
73 %, treatment-relapse, 83-88 vs. 88 %) [5-9]. Whereas
the rate of discontinuation of all drugs and the rate of dis-
continuation of TVR were 7-10 % and 7-12 % in Europe
and the United States, those rates were higher at 17 % and
19 % in Japan. As for the severe adverse effects, rash and
anemia were more frequent in Japan compared to Europe
and the United States (rash 12 % vs. <1 %; anemia 11 % vs.
2 %). More adverse effects with triple therapy in Japanese
patients may result from excessive doses of TVR because
the dosage of TVR is constant, and Japanese people tend to
weigh less than Western people. Alternatively, Asian peo-
ple including Japanese can cause severe adverse effects
compared to Western people. Therefore, the triple therapy
with reduced TVR, Peg-IFN and RBV has the potential to
improve safety of Japanese patients with CH-C.

In this multicenter, randomized study, we examined the
antiviral efficacy and safety in triple therapy after admin-
istration of two TVR dosages: 1500 and 2250 mg/day.

Patients and methods
Patients

The current study was a prospective, randomized, multi-
center, open-label study conducted by Osaka University
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Hospital and other institutions participating in the
Osaka Liver Forum. A total of 81 CH-C patients were
enrolled in this study between December 2011 and
December 2012.

Eligible patients were 20 years of age and older, had
chronic HCV genotype 1 infection with a viral load of
more than 10° TU/ml, did not have co-infection with hep-
atitis B or anti-human immunodeficiency virus and had an
absolute neutrophil count of 1500/mm’ or more, a platelet
count of 10 x 10mm?® or more, and a hemoglobin (Hb)
level of 12 g/dl or more. The patients were accepted
regardless of history of IFN treatment. The patients were
excluded if they had decompensated cirrhosis, HCC or
other forms of liver disease (alcohol liver disease, auto-
immune hepatitis), an experience with splenectomy or
partial spleen embolization, chronic renal failure, depres-
sion or immunodeficiency. This study was conducted
according to the ethical guidelines of the 1975 Declaration
of Helsinki amended in 2002 and was approved by the
ethics commission of Osaka University Hospital and
independent or institutional review boards of all study
centers (UMIN000007313, 000007330). All patients pro-
vided written informed consent before participating in the
study.

Study design

This study was a randomized, open-label trial. Patients
were stratified according to gender and age (<60 vs.
>60 years old) and were randomly assigned to one of two
groups. The TVR-1500 group received 1500 mg/day of
TVR (TELAVIC; Mitsubishi Tanabe Pharma, Osaka,
Japan), Peg-IFN alfa-2b (PEGINTRON; MSD, Tokyo,
Japan) and RBV (REBETOL; MSD) for 12 weeks, fol-
lowed by Peg-IFN alfa-2b and RBV for 12 more weeks.
The TVR-2250 group received 2250 mg/day of TVR, Peg-
IFN alfa-2b and ribavirin for 12 weeks, followed by Peg-
IFN alfa-2b and RBV for 12 more weeks. The randomi-
zation was performed at a 1:1 ratio between the two
groups.

TVR was administered orally at a dose of 500 or
750 mg every 8 h after food. Peg-IFN alfa-2b was
administered subcutaneously once a week at a dose of
60-150 pg/kg based on body weight (body weight
35-45 kg, 60 pg; 46-60 kg, 80 pg; 61-75 kg, 100 pg;
76-90 kg, 120 pg; 91-120 kg, 150 pg), and RBV was
administered orally twice a day at a total dose of 600 to
1000 mg/day based on body weight (body weight <60 kg,
600 mg; 60-80 kg, 800 mg; >80 kg, 1000 mg), according
to a standard treatment protocol for Japanese patients. In
principle, the patients were treated with TVR, Peg-IFN
and RBV for 12 weeks, followed by Peg-IFN and RBV
for 12 weeks. If patients had detectable HCV RNA at

12 weeks or any time during weeks 13 through 20, they
were not permitted to complete the remainder of the
assigned duration of therapy.

Dose modification

Dose modification followed the manufacturers’ drug
information. The initial dose of RBV was reduced by
200 mg per day when the Hb level was <13 g/dl at
baseline. The dose of Peg-IFN alfa-2b was reduced to
50 % of the assigned dose if the white blood cell (WBC)
count declined to <1500/mm?®, the neutrophil count to
<750/mm3, or the platelet count to <8 x 10%mm>. RBV
was also reduced from 1000 to 600 mg, from 800 to
600 mg, or from 600 to 400 mg if the Hb level decreased
to <12 g/dl, and the dose was reduced by an additional
200 mg per day when the Hb level was <10 g/dl. The
dose of RBV was also reduced by 200 mg per day if the
Hb level dropped more than 1 g/dl within a week, and
this level was <13 g/dl. TVR, Peg-IFN alfa-2b and RBV
were withdrawn or interrupted if the WBC count
declined to <1000/mm3, the neutrophil count to <500/
mm3, the platelet count to <5 x 104/mm3, or the Hb
level to <8.5 g/dl. TVR was reduced from 2250 to
1500 mg, from 1500 to 750 mg according to adverse
effects of TVR, such as rash, anemia, intestinal disorder
and increase of serum creatinine levels by physician’s
decision. The use of erythropoietin was not allowed for
elevating the Hb level. In the case of drug interruption
with TVR or Peg-IFN and RBV, if peripheral blood
finding or adverse effects subsided, resumption of treat-
ment was allowed.

Histological evaluation

Pre-treatment liver biopsies were conducted within
6 months of the start of the combination therapy. Histo-
pathological interpretation of the specimens was performed
by experienced liver pathologists who had no clinical,
biochemical or virological information. The histological
appearances, activity and fibrosis were evaluated according
to the METAVIR histological score [14].

Virologic assessment and definition of viral response

Serum HCV RNA levels were quantified with the COBAS
Tagman HCV test, version 2.0 (detection range 1.2-7.8 log
[U/ml; Roche Diagnostics, Branchburg, NJ). Serum HCV
RNA level was assessed before treatment, at weeks 2, 4, 8,
12, 16, 20 and 24 during treatment and 24 weeks after the
therapy. A rapid virologic response (RVR) was defined as
undetectable serum HCV RNA at week 4, a complete early
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virologic response (c-EVR) as undetectable serum HCV
RNA at week 12 and an EOT response (ETR) as unde-
tectable serum HCV RNA at EOT. An SVR was defined as
an undetectable serum HCV-RNA level at 24 weeks after
the EOT. Relapse was defined as an undetectable serum
HCV RNA level at the EOT but a detectable amount after
the EOT. Non-response was defined as a detectable HCV
RNA level during therapy. Breakthrough was defined as
quantifiable HCV RNA after undetectable HCV RNA
during therapy.

Safety assessment

Chemical and hematologic assessments and a safety
assessment were performed every week during the first
12 weeks of treatment and every 4 weeks from week 12 to
week 24 of treatment. At each visit, data on adverse effects
were collected and physical examinations were performed,
if clinically indicated.

Statistical analysis

Baseline continuous variables were expressed as the
mean =+ standard deviation or median and categorical
variables as frequencies. The virologic response was
evaluated in intention-to-treat set. Differences between
the two groups were assessed by a Chi Square test or a
Mann—-Whitney U test and a t test. The cumulative
incidence of adverse effects was assessed with the
Kaplan—-Meier method and a log-rank test. A
p value < 0.05 was considered significant. Statistical
analysis was conducted with SPSS version 19.0 J (IBM,
Armonk, NY, USA).

Results
Patients

Eight-one Japanese patients underwent randomization and
received treatment (Fig. 1). The baseline characteristics of
the patients were similar between the two treatment groups
except for the TVR dose (Table 1). The mean TVR dose
per body weight was significantly higher in the TVR-2250
group than in the TVR-1500 group. Among the patients
with non-response, 4 patients were partial-responder with
>2 logjo IU/ml of HCV RNA decrease in previous Peg-
IFN and RBV and no patients were null-responder with <2
logyo IU/ml of HCV RNA decrease in previous Peg-IFN
and RBV in the TVR-2250 group (one patient was
unknown). There were 3 partial-responders and 4 null-
responders were in the TVR-1500 group (one patient was
unknown).
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Virologic response

The mean HCV RNA at start, 2 and 4 weeks of treatment
were 6.69 &+ 0.70, 1.05 &= 0.74 and 0.22 4 0.48 logo IU/
ml, respectively, in the TVR-2250 group and 6.70 =£ 0.62,
1.02 4 0.62 and 0.13 =+ 0.41 logo IU/ml, respectively, in
the TVR-1500 group, and there was no significant differ-
ence (Fig. 2a). As for naive patients, similar decreases in
HCV RNA were attained in both groups (Fig. 2b). There
was no significant difference in RVR, cEVR, ETR and
SVR rates in both groups (Fig. 3a). According to history of
IFN treatment, there was no significant difference in SVR
rates in both groups (Fig. 3b). Two patients with non-SVR
in the TVR-1500 group were null-responders in previous
Peg-IFN and RBV.

Drug reduction and discontinuation

All three drugs were discontinued until 12 weeks in 4
patients (10 %) in both groups. TVR was discontinued in 10
patients (24 %) of the TVR-2250 group and in 9 patients
(23 %) of the TVR-1500 group. The main reasons for dis-
continuation of TVR were anemia, rash, gastrointestinal
disorder, general fatigue, hyperbilirubinemia and renal
dysfunction. Table 2 shows the proportion of patients with
dose reduction and discontinuation due to adverse effects.
Although the discontinuation rates of TVR were similar in
both groups, the number of patients without dose reduction
or discontinuation of TVR was larger in the TVR-1500 group
than in the TVR-2250 group (68 vs. 32 %, p = 0.001). RBV
was reduced at 93 % in the TVR-2250 group and 88 % in the
TVR-1500 group, and the number of patients without dose
reduction or discontinuation of TVR was low in both groups
(7, 13 %, respectively). On the other hand, the number of
patients without dose reduction or discontinuation of Peg-
IFN was larger in the TVR-1500 group than in the TVR-2250
group (24 vs. 48 %, p = 0.03).

Adverse effects

Rash was common in the TVR-2250 group (68 %: grade 1,
28 %; grade 2, 35 %; grade 3, 5 %) and in the TVR-1500
group (58 %: grade 1, 36 %; grade 2, 22 %; grade 3, 0 %).
The cumulative occurrence of rash more than moderate
was significantly higher in the TVR-2250 group than in the
TVR-1500 group (p = 0.046, Fig. 4a). Anemia, defined as
a decline of more than 3 g/dl of Hb, occurred in 98 % of
the TVR-2250 patients and 85 % of the TVR-1500
patients. The decreases of Hb from baseline were signifi-
cantly greater in the TVR-2250 group than in the TVR-
1500 group at 4 and 8 weeks of treatment (4 weeks,
34+ 1.1vs.2.8 £ 1.3 g/dl, p = 0.03; 8 weeks, 4.5 £ 1.4
vs. 3.4 £+ 1.3 g/dl, p = 0.001). Severe anemia, defined as
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