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(discontinuation rate of all drugs, 17% vs 7-10%; discon-
tinuation of only TVR, 19% vs 7-12%) in a phase-3 study
of triple therapy with TVR, Peg-IFN and RBV [5-9]. In
particular, severe adverse events such as rash and anaemia
were more frequent in Japan compared with Europe and
the United States (rash, 12% vs <1%; anaemia, 11% vs
2%). Higher adverse events with triple therapy in Japanese
patients may result from an excessive dose of TVR due to
reduced body weight compared with Westerners. An initial
dose reduction of TVR was therefore recommended in Japa-
nese patients, especially for older patients, and we have
reported similar SVR rates among two groups with the
introduction of TVR at 1500 and 2250 mg [14]. However,
the real impact of low-dose TVR on antiviral efficacy and
adverse effects remains unknown. The optimum dosage of
TVR should be examined for older patients in Japan
because Japanese patients infected with HCV tend to be
10-20 years older than those in the United States and
European countries.

In this study, we examined the antiviral efficacy and
adverse effects with a focus on TVR dosage in Japanese
patients with HCV genotype 1 treated with TVR, Peg-IFN
and RBV.

PATIENTS AND METHODS

Patients

The current study was a retrospective, multicentre study
conducted by Osaka University Hospital and other institu-
tions participating in the Osaka Liver Forum. A total of
202 patients with chronic hepatitis C (CH-C) treated with
TVR, Peg-IFN and RBV combination therapy between
December 2011 and December 2012 were enrolled in this
study.

Eligible patients were those who were 20 years of age
and older, had chronic HCV genotype 1b infection with a
viral load of more than 10° IU/mL and did not have
co-infection with hepatitis B virus (HBV) or anti-human
immunodeficiency virus (HIV). The patients were excluded
if they had decompensated cirrhosis, HCC or other forms of
liver disease (alcohol liver disease, autoimmune hepatitis),
a history of splenectomy or partial spleen embolization
(PSE), chronic renal failure, depression or immunodefi-
ciency. Patients using erythropoietin were also excluded.
After enrolment, 42 patients (co-infection with HBYV,
n = 3; co-infection with HIV, n = 2; splenectomy, n = 5;
PSE, n=2) were excluded, and a total of 166 CH-C
patients were assessed. This study was conducted accord-
ing to the ethics guidelines of the 1975 Declaration of Hel-
sinki amended in 2002 and approved by the ethics
commission of Osaka University Hospital and independent
or institutional review boards of all study centres. All
patients provided written informed consent before partici-
pating in the study.
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Study design

All patients received TVR (TELAVIC; Mitsubishi Tanabe
Pharma, Osaka, Japan) with Peg-IFN alfa-2b (PEGIN-
TRON; MSD, Tokyo, Japan) and RBV (REBETOL; MSD).
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 3545 kg, 60 pg; 46—
60 kg, 80 pg; 61-75 kg, 100 pg; 76-90 kg, 120 pg; 91—
120 kg, 150 pg). RBV was administered orally twice a
day at a total dose of 600-1000 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
a patient had detectable HCV RNA at 12 weeks or any
time during weeks 13 through 20, that patient was not
permitted to complete the remainder of the assigned dura-
tion of therapy.

Dose modification

Dose modification followed, as a rule, the manufacturer’s
drug information in Japan. The initial dose of RBV was
reduced by 200 mg per day in case of the Hb level <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/mm?> or the platelet count to <8 x 10*/mm>. RBV
was also reduced from 1000 to 600 mg or 800 to 600 mg
or 600 to 400 mg if the Hb level decreased to <12 g/dL
and 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 by
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/mm?>,
the neutrophil count to <500/mm?> or the platelet count to
<5 x 10%/mm?> or the Hb level decreased to <8.5 g/dL.
TVR was reduced according to adverse events related to
TVR by the physician’s decision. The use of erythropoietin
was not allowed for increasing the Hb level. In case of
drug interruption of TVR or Peg-IFN and RBV, resumption
of treatment was allowed if the peripheral blood findings or
adverse events were reversed.

Histological evaluation

Pretreatment liver biopsies were conducted within
6 months of the start of combination therapy. Histopatho-
logical interpretation of the specimens was performed by
experienced liver pathologists who had no clinical, bio-
chemical or virologic information of the patients. The
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histological appearance, activity and fibrosis were evalu-
ated according to the METAVIR histological score [15].

Virologic assessment and definition of viral response

The serum HCV RNA level was quantified with the COBAS
Tagman HCV test, version 2.0 (detection range 1.2-7.8
log IU/mL; Roche Diagnostics, Branchburg, NJ, USA) and
was assessed before treatment, every 4 weeks during treat-
ment and 24 weeks after therapy. A rapid virologic
response (RVR) was defined as undetectable serum HCV
RNA at week 4, a complete early virologic response
(c-EVR) as undetectable serum HCV RNA at week 12 and
an EOT response (ETR) as undetectable serum HCV RNA
at the end of treatment (EOT). SVR was defined as an
undetectable serum HCV RNA level at 24 weeks after EOT.
Relapse was defined as an undetectable serum HCV RNA
level at EOT but a detectable amount after EOT. Nonre-
sponse 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 haematologic assessments and safety assess-
ment were performed every week during the start to first
12 weeks of treatment and every 4 weeks from week 12—
24 of treatment. At each visit, data on adverse events were
collected, and physical examinations were performed if
clinically indicated.

Assessment of drug exposure

The amounts of TVR, Peg-IFN alfa-2b and RBV actually
taken by each patient during treatment were evaluated by
reviewing the medical records. The mean doses of each
drug were calculated individually as averages based on
body weight at baseline: TVR was expressed as mg/kg/day,
Peg-IFN alfa-2b was expressed as pg/kg/week, and RBV
was expressed as mg/kg/day.

Statistical analysis

Baseline continuous variables were expressed as the
means + standard deviation or median and categorical vari-
ables as frequencies. The virologic response was evaluated in
an intention-to-treat (ITT) set. Differences between the two
groups were assessed by a chi-square test or a Mann—Whit-
ney U-test in univariate analyses. The factors selected as sig-
nificant by the univariate analysis were evaluated by
multivariate logistic regression analyses. The cumulative
discontinuation of the drug was assessed by the Kaplan—Me-
ier method and the log-rank test. A P-value <0.05 was con-
sidered significant. The statistical analysis was conducted
using SPSS, version 19.0] (IBM, Armonk, NY, USA).
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RESULTS

Progress of patients treated with TVR, Peg-IFN a-2b and
RBV

The baseline characteristics of the patients are summarized
in Table 1. There were 59 treatment-naive patients and
73 and 29 relapsers and nonresponders to previous Peg-
IFN with RBV treatment. Of the 166 patients, 119 com-
pleted the 12 weeks of TVR and 24 weeks of Peg-IFN and
RBV, 42 discontinued TVR, and 22 discontinued Peg-IFN
and RBV. Among the patients who discontinued TVR or
Peg-IFN and RBV, 17 discontinued all drugs before treat-
ment week 12.

Virologic response

Five patients (four patients discontinued TVR, one patient
discontinued all drugs) were lost during follow-up and
were excluded for the analysis of SVR. The RVR, cEVR,
ETR and SVR rates were 82% (122/149), 96% (154/160),
93% (150/162) and 82% (132/161). The SVR rate was
85% (101/119) among the patients who completed the
entire treatment schedule, 70% (26/37) among those who
discontinued TVR, 57% (12/21) among those who discon-
tinued Peg-IFN and RBV and 44% (7/16) among those
who discontinued all drugs before treatment week 12.

Table 1 Baseline characteristics of patients

Factor

Number 166

Age (y.0.) 60.3 £+ 8.8

Gender: male/female 85/81

Past history of IFN": naive/relapse/ 59/73/29
nonresponse

HCV RNA (median, log IU/mL) 6.7

Liver histology™, :

Activity: A0/1/2/3 1/63/25/0

Fibrosis: FO/1/2/3/4 7/41/20/17/4

White blood cell (/pL) 4808 + 1306

Haemoglobin (g/dL) 142 £ 1.4

Platelets (x10%/uL) 16.4 + 5.1

ALT (IU/L) 57 £ 55

IL28B SNP(rs8099917)%: 56/19/1
TT/TG/GG

TVR dose at stat (mg/kg/day): 31.6 £ 7.9,
2250 mg/1500 mg 83/83

Peg-IFN dose at start (ng/kg/ 148 £ 0.16
week)

RBV dose at start (mg/kg/day) 11.3 £ 1.7

*Five patients missing.
TMETAVIR.

t77 patients missing.
%90 patients missing.
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Discontinuation of treatment by adverse events

The discontinuance rate of all drugs was 11% (18/166),
and the discontinuance rate of TVR was 26% (43/166).
The discontinuance rates and the reasons for all drugs and
TVR according to age are shown in Table 2. The discon-
tinuance rate of TVR was significantly higher in patients
>65 y.o. than that in those <65 y.o. (P = 0.015).

Factors associated with TVR discontinuance

The factors associated with TVR discontinuance were
assessed among demographic, haematological, biochemical
and virologic factors and drug adherence by a univariate
analysis (Table 3A). Next, the factors selected as significant
by the univariate analysis were evaluated by a multivari-
ate analysis (Table 3B), and older age (=65 y.0.) and
higher TVR dose during treatment (=35 mg/kg/day) were
extracted as the factors associated with the discontinuance
of TVR. Figure 1 shows the cumulative discontinuance of
TVR according to age and TVR dose. The cumulative dis-
continuance rates were significantly higher in patients at
>35 mg/kg/day of TVR than in those at <25 mg/kg/day of
TVR among the patients <65 y.o. (Fig. 1a) and >65 y.o.
(Fig. 1b). The cumulative discontinuance rate of TVR was
highest in patients >65 y.0. at >35 mg/kg/day of TVR
(58%). Among this group, 25% of the patients discontin-
ued TVR during treatment week 1.

Factors associated with SVR

In a per protocol (PP) analysis including the patients who
completed the entire treatment schedule, the SVR rate was
very high in the patients at >25 mg/kg/day of TVR (25—
35 mg/kg/day of TVR, 93%; >35 mg/kg/day of TVR, 95%)
compared with 67% in those at <25 mg/kg/day (Fig. 2a).

Table 2 Adverse events leading to drug discontinuation

However, in an ITT analysis including the patients who
discontinued any drugs as well as those who completed
the entire treatment schedule, the SVR rate was higher at
91% in the patients at 25-35 mg/kg/day of TVR compared
with 78% in those at >35 mg/kg/day and 71% in those at
<25 mg/kg/day (Fig. 2b). According to previous IFN treat-
ment response and TVR dose, the highest SVR rates (ITT
analysis) were obtained at a dose of 25-35 mg/kg/day of
TVR among naive patients and prior relapsers; the SVR
rate at >35 mg/kg/day of TVR was not less than that at
25-35 mg/kg/day among the nonresponders (80% vs
73%) (Fig. 2c).

The factors associated with SVR were assessed among
demographic, haematological, biochemical and - virologic
factors, drug adherence and treatment discontinuance by a
univariate analysis (Table 4A). Next, the factors selected as
significant by the univariate analysis were evaluated by a
multivariate analysis (Table 4B). The favourable factors
associated with SVR were treatment-naive, relapse to pre-
vious treatment, TVR dose during treatment (25-35 mg/
kg/day) and completion of treatment.

DISCUSSION

Baseline factors such as the virologic response to previous
IFN therapy, the degree of liver fibrosis progression and
genetic polymorphism near the IL28B gene have been
reported to be associated with SVR in triple therapy with
TVR, Peg-IFN and RBV [7,16,17]. The setting of an opti-
mum dosage of TVR that can increase the antiviral effect
and decrease adverse effects is necessary because such
baseline factors do not change. Regarding the TVR dosage,
a phase 1b, placebo-controlled, double-blinded study con-
ducted in Europe indicated that HCV RNA reduction was
greatest at 750 mg of TVR every 8 h than at 450 mg of
TVR every 8 h or 1250 mg of TVR every 12 h; as a result,

All drug discontinuation

TVR discontinuation

Factor Age <65 y.o. Age >65 y.o. Age <65 y.o. Age >65 y.o.
Rash 4 4 7 8

Anaemia 2 1 8 5
Gastrointestinal disorder 1 1 3 5

Fatigue 1 1 2 1
Hyperbilirubinaemia 1 2
Thrombopenia 1 1

Renal dysfunction 1

Unknown 1

Discontinuance rate 8% (9/110)

16%* (9/56)

20% (22/110) 38%" (21/56)

*P = 0.12, Age <65 y.o. Age =65 y.o.
TP =0.015, Age <65 y.o. Age =65 y.o.
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Table 3 Factors associated with TVR discontinuation

TVR adherence on antiviral and side effect 5

A. Univariate analysis

Factor No (n = 123) Yes (n = 43) P-value
Age (y.0) 59.1 + 9.2 63.9 + 5.9 0.002
Gender: male/female 67/56 18/25 0.15
Past history of IFN: naive/relapse/nonresponse 44/52/24 15/21/5 0.48
HCV RNA (median, log [U/mL) 6.65 6.7 0.48
Liver histology: Activity: AO-1/2-3 45/21 19/4 0.28
Fibrosis: FO-2/3-4 49/17 19/4 0.57
White blood cell (/uL) 4928 4+ 1357 4469 4+ 1093 0.07
Haemoglobin (g/dL) 14.2 + 1.4 14.0 + 1.2 0.10
Platelets (x10%/pL) 16.5 £ 5.3 16.2 + 4.6 0.91
ALT (1U/L) 54 4 38 64 + 86 0.94
TVR dose (mg/kg/day): <25/25-35/35< 42/59/22 7/120/16 0.013
Peg-IFN dose (pg/kg/week): <1.2/1.2-1.5/1.55 26/61/36 7/14/21 0.049
RBV dose (mg/kg/day): <6/6-10/10< 35/59/29 12/21/9 0.96
B. Multivariate analysis
Factor Category 0Odds ratio 95% CI P-value
Age 0: <65 y.o

1: 265 y.o. 2.266 1.062-4.835 0.034
TVR dose 0: <25 mg/kg/day

1: 25-35 mg/kg/day 2.062 0.778-5.469 0.146

2: 235 mg/kg/day 3.877 1.323-11.362 0.014
Peg-IFN dose 0: <1.2 pg/kg/week

1: 1.2-1.5 pg/kg/week 0.792 0.275-2.279 0.666

2: 21.5 pg/kg/week 1.701 0.598-4.839 0.319

100 (a) 100 (b)

80+

60

40+

20r

Cumulative discontinuation rate (%)

Treatment week

80

60

40+

20+

Cumulative discontinuation rate (%)

Treatment week

Fig. 1 The cumulative discontinuance rate of TVR according to the mean TVR dose. (a) age <65 y.o. (b) age =65 y.o.
Dashed line, mean TVR dose <25 mg/kg/day. Grey line, mean TVR dose of 25-35 mg/kg/day. Black line, mean TVR dose
>35 mg/kg/day. P = 0.025, mean TVR dose >35 mg/kg/day vs mean TVR dose <25 mg/kg/day among patients <65 y.o.
P =0.023, mean TVR dose >35 mg/kg/day vs mean TVR dose <25 mg/kg/day among patients >65 y.o.

the regimen of 750 mg of TVR every 8 h (total 2250 mg/
day) was selected [12]. However, HCV RNA was reduced
similarly with TVR at 500 or 750 mg every 8 h in a phase
1, open-label, two-arm study of TVR with Peg-IFN alfa-2b
and RBV conducted in Japan using 20 patients with CH-C
[13]. Recently, in Japanese CH-C patients limited with

© 2014 John Wiley & Sons Ltd

IL.28B rs8099917 TT or relapse to previous IFN therapy, a
similar antiviral effect was reported at 750 mg TVR every
8 or 12 h with Peg-IFN alfa-2b and RBV [18]. Further-
more, in a prospective study, we have reported that similar
antiviral efficacies and fewer treatment-related adverse
effects were obtained with initial TVR at 500 mg every
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Fig. 2 The SVR rate according to the mean TVR dose. (a) Per protocol analysis. (b) Intention-to-treat analysis. (c)
According to past history of IFN in intention-to-treat analysis. White bar, mean TVR dose <25 mg/kg/day. Grey bar, mean
TVR dose of 25-35 mg/kg/day. Black bar, mean TVR dose >35 mg/kg/day.

8 h compared with initial 750 mg every 8 h with Peg-IFN
alfa-2b and RBV. However, these reports have not shown
how the dosage of TVR increases or decreases the antiviral
effect and adverse effects in patients treated with TVR,
Peg-IFN and RBV [14]. The usual dose for individuals orig-
inally differed on the basis of body weight, with an initial
TVR dosage ranging from 22.5 to 45 mg/kg/day at
2250 mg/day and 15 to 30 mg/kg/day at 1500 mg/day
among patients weighing 50-100 kg. In the present study,
we examined the antiviral effect and prevalence of side
effects with a focus on a weight-based TVR dosage.

The SVR rate was significantly higher, at 85%, in patients
who completed the entire treatment schedule of all three
drugs than the 70% found for those who discontinued TVR.
Because the discontinuance rate of TVR was high at 25%,
avoiding the discontinuance of TVR and completing treat-
ment have the potential to increase the SVR rate. As a result
of a multivariate analysis for TVR discontinuation, the fac-
tors of age and TVR dose were found to be significantly asso-
ciated. Although it has been reported that there is no
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difference in the TVR discontinuance rate between patients
<60 y.o. and those >60 y.o. [17], the TVR discontinuance
rates in this study were significantly higher with advanced
age (<60 y.o., 14%, 8/56; 60-64 y.o., 26%, 14/54;
>65 y.0., 38%, 21/56, P = 0.02). Because the haematopoi-
etic capacity and renal function are generally low in older
patients, TVR tolerability can be poor. Moreover, the discon-
tinuance of TVR occurred dose dependently, regardless of
age. Remarkably, 58% of the patients >65 y.o. at >35 mg/
kg/day of TVR discontinued TVR treatment. Therefore, older
patients should be treated with caution to prevent the
administration of a higher dose of TVR (=35 mg/kg/day) to
avoid its discontinuation. In contrast, even in the patients
>65 y.o., none discontinued TVR before treatment week 8 if
given <25 mg/kg/day.

The SVR reflects the result that increases according to
the antiviral effect of the drug and is countered by the dis-
continuation of the drug. To examine the real impact of
TVR dosage on antiviral effect, a PP analysis among the
patients who completed the entire treatment schedule was

© 2014 John Wiley & Sons Ltd



Table 4 The factors associated with SVR

TVR adherence on antiviral and side effect 7

A. Univariate analysis

Factor SVR (n = 132) Non-SVR (n = 29) P-value
Age (y.0) 60.0 + 9.1 61.3 £ 7.0 0.90
Gender: male/female 72/60 10/19 0.05
Past history of IFN: naive/relapse/nonresponse 46/64/18 9/9/11 0.01
HCV RNA (median, log IU/mL) 6.7 6.5 0.35
Liver histology: Activity: AO-1/2-3 53/17 9/7 0.12
Fibrosis: FO-2/3-4 55/15 10/6 0.18
White blood cell (/pL) 4869 + 1409 4467 + 725 0.15
Haemoglobin (g/dL) 14.2 + 1.4 139 + 1.3 0.30
Platelets (x 10*/uL) 16.8 £ 5.1 14.5 4+ 4.9 0.01
ALT (IU/L) 54 4+ 57 73 4 44 0.002
IL.28B SNP(rs8099917): TT/non-TT 45/14 10/6 0.27
TVR dose (mg/kg/day): <25/25~35/35< 35/69/28 14/7/8 0.02
Peg-IFN dose (ng/kg/week): <1.2/1.2-1.5/1.5< 25/63/44 7/9/12 0.32
RBV dose (mg/kg/day): <6/6-10/10< 40/62/30 5/15/8 0.40
TVR discontinuation: no/yes 105/27 18/11 0.045
PEG/RBV discontinuation: no/yes 120/12 20/9 0.001
RVR: yes/no 105/15 16/12 <0.001
B. Multivariate analysis
Factor Category Odds ratio 95% CI P-value
Past history of IFN 0: Naive

1: Relapse 1.183 0.320-4.371 0.801

2: NR 0.185 0.048-0.702 0.013
Platelets By 1 x 10* /uL 1.087 0.962-1.228 0.180
ALT By 1 IU/L 0.995 0.988-1.002 0.133
TVR dose 0: <25 mg/kg/day

1: 25-35 mg/kg/day 4.537 1.348-15.266 0.015

2: 235 mg/kg/day 2.602 0.651-10.398 0.176
TVR discontinuation 0: no

1: yes 0.563 0.148-2.143 0.399
PEG/RBV discontinuation 0: no

1: yes 0.154 0.034-0.703 0.016
RVR 0: RVR

1: Non-RVR 0.442 0.129-1.514 0.194

performed. In the PP analysis, TVR was dose dependently
correlated with SVR, and the SVR rate was higher in
patients at >25 mg/kg/day of TVR than that in those at
<25 mg/kg/day. In addition, TVR was also dose depen-
dently correlated with the discontinuance of TVR, and the
discontinuance rate of TVR was lower in patients at
<25 mg/kg/day of TVR and higher in patients at >35 mg/
kg/day. As a result, according to an ITT analysis, among
the patients at <25 mg/kg/day of TVR, the discontinuance
rate of TVR decreased, but the SVR rate also decreased due
to a poor antiviral effect; among the patients at >35 mg/
kg/day of TVR, the SVR rate decreased because the discon-
tinuance rate of TVR increased. Finally, based on the ITT
analysis, the highest SVR rate was obtained in the patients

© 2014 John Wiley & Sons Ltd

at 25-35 mg/kg/day of TVR. Therefore, a TVR dose of 25~
35 mg/kg/day can be optimal. As for the results of the
multivariate analysis for SVR in the ITT analysis for all
patients including those who discontinued any drugs as
well as those who completed the entire treatment schedule,
the factors of treatment-naive, relapse to previous treat-
ment, TVR dose during treatment and completion of treat-
ment were found to be the significant factors. Regarding
the response to previous treatment and TVR dose during
treatment, similar results that the highest SVR rate was
obtained in patients at 25-35 mg/kg/day of TVR in the
ITT analysis were obtained in the naive patients and
relapsers. However, because the patient group with nonre-
sponse to previous Peg-IFN and RBV was too small to
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examine the relationship between the SVR rate and TVR
dose, there was no significant difference between the SVR
rate and TVR dose. However, the SVR rate among patients
with nonresponse to previous Peg-IFN and RBV was
insufficient in triple therapy with simeprevir (SMV), a sec-
ond-generation PI, Peg-IFN and RBV; the SVR rates were
calculated to be 51.7% (46/89) from a phase-2 study of
triple therapy with SMV, Peg-IFN and RBV [19]. Moreover,
because SMV is one tablet (100 mg of 150 mg), dose
adjustment is impossible. In contrast, TVR doses are adapt-
able, and higher doses of TVR might have the potential to
increase SVR in nonresponse patients. Further analysis
using a larger cohort is needed to clarify the optimal dose
of TVR in patients with nonresponse.

In conclusion, in Japanese patients, the administration of
25-35 mg/kg/day of TVR can result in the highest SVR
rate in TVR, Peg-IFN and RBV triple therapy. Although it
is important to avoid adverse effects by reducing TVR dos-
age and to complete treatment, when TVR is reduced, spe-
cial attention is needed not to reduce it to <25 mg/kg/day.
These data have important implications for clinicians treat-
ing Japanese patients — whether similar dosing changes are
appropriate for light weight elderly patients from other
countries remains to be determined.
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