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Abstract. Telaprevir, a non-structural (NS)3/4A protease 
inhibitor, is a direct-acting antiviral drug that inhibits viral 
replication. Triple therapy with telaprevir, pegylated interferon, 
and ribavirin is a standard therapeutic regimen for patients with 
genotype 1b chronic hepatitis C virus (HCV) infection and a 
high viral load. Several factors, including mutations in the NS5A 
gene, are important predictors of the efficacy of interferon 
therapy. In this study, we examined the mutational diversity 
of NS5A and its impact on the efficacy of triple therapy. We 
enrolled patients with genotype 1b chronic HCV infection and 
a high viral load (31 males/17 females; mean age, 57.6 years), 
who were treated with triple therapy. This study was conducted 
at Kobe University Hospital and at three affiliated hospitals 
in Hyogo prefecture, Japan, between November  2011 and 
June 2013. A sustained viral response after 12 weeks (SVR12) 
was achieved in 37/48 patients (77%). Based on intent-to-treat 
analysis, SVR12 was significantly greater in patients with the 
major allele than in those with the minor allele for the IL28B 
single nucleotide polymorphism (SNP; 88 vs. 56%; P<0.05). 
The prevalence of the V2334I mutation in NS5A was signifi-
cantly higher in patients who achieved SVR12, while that of 

G2356E was significantly higher in patients who did not achieve 
SVR12 (P<0.05). Mutations in the NS3 region that are thought 
to confer resistance to telaprevir were detected in 3/27 patients 
who achieved SVR12 (Val36, n=3) and in 5/10 patients who did 
not achieve SVR12 (Val36, n=4; Thr54, n=1). In conclusion, 
the IL28B SNP and mutations in the NS5A region were associ-
ated with the therapeutic response to triple therapy. Half of the 
patients who did not achieve SVR12 had mutations conferring 
resistance to telaprevir. However, pre-existing mutations in 
NS3 did not affect the efficacy of triple therapy.

Introduction

Hepatitis C virus (HCV) is a major cause of chronic liver 
disease. An estimated 170  million individuals worldwide 
are infected with HCV, including 1.5 million individuals in 
Japan  (1,2). The main goal of treatment for chronic HCV 
is to prevent the progression to cirrhosis and the develop-
ment of hepatocellular carcinoma by eradicating the virus. 
Interferon (IFN)-based therapy was first used in 1992 (3), and 
the treatment regimens have improved since then. In Japan, a 
combination of pegylated interferon (PEG-IFN) and ribavirin 
(RBV) has been used since 2004 (4). However, almost half 
of the patients treated with this combination do not achieve a 
sustained viral response (SVR), despite long-term therapy (5).

Several factors have been reported to influence the efficacy 
of PEG-IFN/RBV therapy. Host factors associated with unfa-
vorable outcomes, include advanced age, the female gender 
and advanced fibrosis. Additionally, the IL28B single nucleo-
tide polymorphism (SNP) has been reported to be a strong 
genomic predictor of the efficacy of PEG-IFN/RBV therapy, 
such that the IL28B SNP is routinely examined before begin-
ning any treatment regimen (6). As regards viral factors, a 
mutation at amino acid 70 of the core region of HCV (core 70) 
is an important predictor of the therapeutic efficacy (7). The 
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non-structural (NS)5A protein combines with the core protein 
in the formation of the viral particle. It has been reported that 
several regions in domain II of NS5A are associated with the 
therapeutic efficacy of IFN monotherapy and PEG-IFN/RBV 
combination therapy. For example, in 1996, it was reported that 
a large number of mutations in the IFN sensitivity-determining 
region (ISDR) (amino acids,  2209‑2248) were associated 
with the SVR to IFN monotherapy in Japanese patients with 
genotype 1b HCV (8). In 2008, it was reported that mutations 
in the IFN-RBV resistance-determining region (IRRDR) 
(amino acids, 2334-2379) were also associated with the SVR to 
combined PEG-IFN/RBV therapy (9).

Telaprevir (TPV), an NS3/4A protease inhibitor, is the first 
commercially available direct-acting antiviral (DAA) that 
directly inhibits viral replication. Although TPV/PEG-IFN/
RBV combination therapy has achieved a viral eradication 
rate of up to 70-80% (10), 20-30% of patients did not achieve 
SVR during treatment due to side-effects (e.g., skin rash and 
renal dysfunction), loss of compliance and the development of 
antiviral resistance.

Thus, taking the above data into consideration, we 
conducted a collaborative study in Kobe, Japan to identify 
which factors, including NS5A mutations, are associated with 
the SVR in patients with genotype 1b HCV and a high viral 
load who were treated with TPV/PEG-IFN/RBV.

Materials and methods

Patients and sample collection. Serum samples were collected 
from patients with genotype 1b chronic HCV infection and 
a high viral load. Overall, 48 patients (31 males/17 females; 
mean ± standard deviation age, 57.7±8.3 years) were enrolled 
in this study. The patients were treated with TPV/PEG-IFN/
RBV combination therapy for 12 weeks followed by PEG-IFN/
RBV for 12 weeks. TPV (Mitsubishi Tanabe Pharma Corp., 
Osaka, Japan) was orally administered at doses of 750 or 
500 mg 3  times daily (every 8 h). PEG-IFN (Pegintron®; 
Schering-Plough, Innishannon, County Cork, Ireland) was 
subcutaneously injected once weekly (1.5 µg/kg). RBV was 
orally administered at 400-800 mg daily.

The serum HCV-RNA status was assessed at 4 weeks, at 
the end of treatment, and at 6 months after the end of treat-
ment. Serum samples were collected and stored at -80˚C until 
virological examination. The rapid virological response (RVR) 
was defined as undetectable HCV-RNA at 4 weeks. SVR12 
was defined as persistent undetectable serum HCV-RNA and 
normal serum alanine aminotransferase levels at 12 weeks 
after the end of treatment.

This study was conducted between November 2011 and 
June 2013 at Kobe University Hospital and at 3 affiliated 
hospitals in Hyogo prefecture. The study was approved by 
the Ethics Committee of Kobe University Hospital. Written 
informed consent was obtained from each patient prior to 
enrollment in the study.

NS3 and NS5A sequence analysis. HCV-RNA was extracted 
from 140 µl of serum using a commercial kit according to the 
manufacturer's instructions (QIAamp viral RNA kit; Qiagen, 
Tokyo, Japan). The NS3 and NS5A regions of the HCV 
genome were amplified and sequenced by nested RT-PCR 

using primer sets, as previously described (9,11). The amino 
acid sequences were deduced and aligned using Genetyx Win 
software version 7.0 (Genetyx Corp., Tokyo, Japan).

Statistical analysis. All statistical analyses were performed 
using SPSS software version  16 (SPSS Inc., Chicago, IL, 
USA). P-values of <0.05 were considered to indicate statisti-
cally significant differences.

Results

Baseline characteristics and on-treatment responses. Among 
the 48 patients, 22 were treatment-naïve and 26 were receiving 
IFN-based therapy. Of these latter 26 patients, 17 experienced 
relapse on prior therapy and 9 were non-responders. As regards 
the IL28B SNP (rs8099917), 32 patients had the major allele 
(TT) and 16 patients had the minor allele (TG/GG). Overall, 
37/48 patients (77%) achieved SVR12 following triple therapy. 
The mean age of the patients who achieved SVR12 was less 
than that of those who did not achieve SVR12, although the 
difference was not significant. The SVR12 rate was signifi-
cantly lower in non-responders to previous therapy (44%) than 
in relapsed patients (82%) and treatment-naïve patients (86%) 
(P<0.05). The SVR12 rate was significantly higher in patients 
with the IL28B major allele than in patients with the minor 
allele (88 vs. 56%; P<0.05).

Effect of mutations in the core protein or NS5A region on 
therapeutic outcomes. We then sought to identify factors 
associated with the SVR12 by intent-to-treat analysis. The 
frequency of mutations amino acid 70 in the core region of 
HCV and the number of mutations in the ISDR did not differ 
significantly between patients who achieved SVR12 and 

Figure 1. Amino acid alignment in the IFN-RBV resistance-determining region 
(IRRDR) region. V2334I and G2356E mutations were frequent in patients who 
achieved SVR12 and in those who did not achieve SVR12, respectively.
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those who did not achieve SVR12 (Table I). The amino acid 
alignment in IRRDR is shown in Fig. 1. The mean number of 
mutations in the IRRDR did not differ significantly between 
patients who achieved SVR12 and those who did not achieve 
SVR12 (5.1±2.9 vs. 4.4±2.2). However, the frequencies of 
2 amino acid mutations differed significantly the 2 groups of 
patients. The V2334I mutation was significantly more frequent 
in patients who achieved SVR12 than in those who did not 
achieve SVR12 (44 vs. 10%; P<0.05), and the frequency of the 
G2356E mutation was lower in patients who achieved SVR12 
than in those who did not achieve SVR12 (22 vs. 70%; P<0.05).

Mutations in the NS3 region before and after treatment. We 
then examined whether mutations in the NS3 region were 
associated with antiviral resistance, using sera obtained before 
and after therapy. Three patients who achieved SVR12 had the 
Val36 mutation in the NS3 region, which is thought to confer 

resistance to TVR (Fig. 2). In addition, 5/10 patients who did not 
achieve SVR12 had mutations conferring resistance to TVR, 
including 4 patients with Val36 and 1 with Thr54 (Fig. 3).

Discussion

In recent years, many DAAs have been developed and thus 
clinical trials are examining their efficacy for the treatment of 
chronic HCV infection (12,28). TPV was approved in Japan in 
November 2011, and the triple therapy (TVR/PEG-IFN/RBV) 
has become a standard regimen for patients with genotype 1b 
chronic HCV infection with a high viral load. In the US, 
TVR was approved by the Food and Drug Administration in 
May 2011 for use in combination with PEG-IFN/RBV for the 
treatment of genotype 1b chronic HCV infection (13). The SVR 
rate in patients with genotype 1 HCV treated with triple therapy 
was 61-69% in the PROVE1 and PROVE2 studies published in 

Figure 2. Amino acid alignment in the NS3 region before treatment. Three patients who achieved SVR12 had the Val36 mutation in the NS3 region.

Figure 3. Amino acid alignment in the NS3 region of 7 patients is shown. Alignment before and after treatment was arranged in 2 lines. Four patients who did 
not achieve SVR12 (case nos. 5, 9, 13 and 20) had Val36 mutations and 1 patient (case 33) had a Thr54 mutation, which are thought to confer resistance to TVR.
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2009 (10,14). Since then, several clinical studies have confirmed 
the effectiveness of TVR-based therapy and it has now become a 
standard component of therapeutic regimens worldwide (15,16). 
In our study, the SVR12 rate was 77%, which is as high as that 
in earlier studies. However, 31% of patients classified as non-
responders to prior therapy achieved SVR during treatment 
with a TVR-based regimen in the REALIZE trial published 
in 2012 (17). We obtained similar results in our study, as the 
SVR12 was significantly lower in non-responders (44%) than 
in relapsed patients (82%) and treatment-naïve patients (86%) 
(P<0.05).

The NS3 protein is approximately 67 kDa and has serine 
proteinase activity. The NS3 protein forms a complex with 
NS4 and serves to process NS4 and NS5 proteins. NS3/4A 
protease inhibitors exhibit strong antiviral effects as the 
NS3/4A protease activity is necessary for the lifecycle of HCV. 
Although TVR is very effective, it is frequently associated 
with side-effects, including skin rash and renal dysfunction, 
which lead to treatment discontinuation. Therefore, it is essen-
tial to increase compliance to improve the therapeutic efficacy 
of TPV. In this study, 7/48 patients discontinued treatment 
due to side-effects and 4 of these patients experienced disease 
relapse. Accordingly, it will be important to investigate how to 
maintain compliance, particulalry among older patients.

Although TVR-based therapy is highly effective, approxi-
matley 30% of patients do not achieve SVR, despite triple 
therapy. In trials of boceprevir-based therapy, it was found 

that RVR and the IL28B SNP were predictive of SVR (18). 
Similarly, Chayama et al reported that RVR, the IL28B SNP, 
and the response to prior therapy were predictors of SVR 
during triple therapy (19). In terms of viral factors, it has been 
reported that substitutions of amino acid 70 in the core region 
of HCV genotype 1b were significant predictors of SVR (20). 
In our study, IL28B and the response to prior therapy were 
significant predictors of SVR.

Mutations in several amino acids in the NS5A protein 
have been reported and appear to play an important role in 
the response to IFN. HCV NS5A is a zinc-containing phos-
phoprotein that regulates HCV RNA replication and particle 
production. A previous study using bioinformatics-assisted 
modeling suggested that there were 3 principal domains (21), 
with domain  I (amino acids,  1973-2185) located in the 
N-terminal region, and domain II (amino acids, 2222-2314) 
and domain III (amino acids, 2328-2419) in the C-terminal 
region. Another study revealed that domain III was important 
for HCV particle formation  (22). We have also previously 
reported that IRRDR in domain  III is strongly associated 
with SVR (23). Although the number of ISDRs and IRRDRs 
did not affect the therapeutic efficacy of triple therapy in this 
study, 2 novel mutations were potentially associated with SVR. 
V2334 is located in the putative nuclear localization signal 
sequence (PPRKKRTVV; amino acids, 2326-2334) within the 
C-terminal region of NS5A (24). This mutation may affect the 
sensitivity to antiviral therapy by changing the transition of 
HCV during intracellular localization. Another study suggested 
that a specific C-terminal region (amino acids, 2350-2419) is 
involved in basal phosphorylation (25). G2356 is located in 
this region and may affect cellular signaling mechanisms by 
altering NS5A phosphorylation.

TPV has a covalent linear structure and is a first-generation 
NS3/4A inhibitor. Several mutations, including V36A/M/L, 
T54A/S, R155K/M/S/T, A156S and A156T/Y, have been 
reported to confer resistance to TPV (26). In this study, we 
also examined mutations associated with resistance to anti-
viral drugs. Using direct sequencing analysis, we found that 
3 patients had the Val36 mutation in NS3 before therapy, which 
may confer resistance to TVR. However, all of these patients 
achieved SVR12, which suggests that antiviral therapy should 
not be contraindicated in patients with mutations conferring 
low levels of resistance, such as Val36 and Thr54. Simeprevir, 
which should soon be available for the treatment of genotype 1 
chronic HCV infection (27), is a non-covalent macrocyclic 
inhibitor and is classified as a second-generation inhibitor 
with a different resistant profile to first-generation inhibitors. 
While the Q80 and D168 mutations are specific to non-covalent 
peptidomimetic inhibitors, Arg155 and A156 confer cross-
resistance to all proteinase inhibitors (28). Although the Val36 
and Thr54 mutations were detected in relapsed patients and 
in non-responders of the present study, we found none of the 
cross-resistant mutations. These patients may benefit from 
second-generation DAAs, but it is important to determine the 
presence of mutations that may confer resistance to these drugs.

Although TVR-based IFN therapy is effective, this treat-
ment regimen is often limited by the side-effects of IFN. It 
is necessary that future therapies should be associated with 
greater SVR, greater compliance, shorter treatment duration, 
less viral resistance and better safety profiles than existing 

Table I. Comparison between patients who achieved SVR and 
those who did not (no SVR).

Factor	 SVR	 No SVR	 P-value

Number of patients	 37 (77%)	 11 (23%)
Age	 56.0±9.2	 59.5±12.4	 NS
Gender (M/F)	 24/13	 7/4	 NS
Previous therapy
  Naïve	 19 (86%)a	 3 (14%)
  Relapse	 14 (82%)a	 3 (18%)
  NVR	  4 (44%)	 5 (56%)
IL28B SNP
  TT	 28 (88%)	 4 (12%)	 <0.05
  TG/GG	   9 (56%)	 7 (44%)
Core 70 wild	 17/28	 5/11
ISDR ≥1	   5/16 (31%)	   4/9 (44%)	 NS
IRRDR ≥4	 19/27 (70%)	 6/10 (60%)	 NS
V2360A and/or K2378T	 17/27 (63%)	 5/10 (50%)	 NS
V2334I	 12/27 (44%)	 1/10 (10%)	 0.039
G2356E	   6/27 (22%)	 7/10 (70%)	 0.016

aP<0.05, compared to NVR. SVR, sustained viral response; SNP, 
single nucleotide polymorphism; NS, not significant; NVR, no 
viral response; ISDR, IFN sensitivity-determining region; IRRDR, 
IFN-RBV resistance-determining region.
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drugs. Previous studies demonstrated that dual oral therapy with 
daclatasvir, a NS5A inhibitor, and asnaprevir, an NS3 protease 
inhibitor, was well tolerated and the SVR was high (29,30). 
Based on these results, we predict that a combination of two 
or more DAAs could achieve complete viral clearance in all 
patients with chronic HCV infection.

In conclusion, the IL28B SNP is strongly associated with 
SVR in patients receiving TVR/PEG-IFN/RBV triple therapy. 
Mutations in V2334 and G2356 are potential viral factors 
associated with the therapeutic efficacy of this regimen. 
Mutations in NS3 were found in approximately half of patients 
who did not achieve SVR and may confer resistance to second-
generation proteinase inhibitors.
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