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Abstract

Objective: Rapid virological response (RVR), defined as undetectable serum hepatitis C virus (HCV) RNA at
week 4, is a useful predictor of sustained virological response (SVR) to peginterferon (PEG-IFN) plus ribavirin (RBV)
therapy and protease inhibitor (telaprevir (TVR)/simeprevir (SMV)) based triple therapy for patients infected with
genotype 1 HCV. The aim of this study was to predict SVR using viral response within 2 weeks of therapy initiation.

Methods: Fifty-two HCV genotype 1b patients with high viral loads treated with protease inhibitor (TVR/SMV)-
based triple therapy were analysed. Thirty-seven patients were treated with TVR-based triple therapy and 15 with
SMV-based triple therapy. HCV RNA levels were measured at the following points: the day of therapy initiation, at
days 1 and 3, and at weeks 1 and 2.

Results: SVR was achieved in 87% (45/52) of patients. There was no difference in SVR rate between the TVR-
based triple therapy group (92%) and the SMV-based triple therapy group (73%) (P=0.1726). Univariate analysis of
contributors to SVR showed a significant effect of liver fibrosis, platelet count, aspartate transaminase, α-fetoprotein
in terms of pre-treatment factors, and HCV RNA load at week 2, reduction of HCV RNA at day 1 and week 2, RVR,
and PEG-IFN adherence in terms of on-treatment factors. By multivariate analysis, platelet count and HCV RNA
load at week 2 were independently associated with high SVR rate.

Conclusion: HCV RNA level at week 2 was the most useful predictor of SVR after TVR/SMV-based triple therapy
in patients with genotype 1 HCV.

Keywords Chronic hepatitis C; Telaprevir; Simeprevir; Sustained
virological response; Prediction

Introduction
Hepatitis C virus (HCV) infection is a major worldwide cause of

liver-related diseases such as chronic hepatitis (CH), liver cirrhosis
(LC), liver failure and hepatocellular carcinoma (HCC) [1,2]. Since
2004, peginterferon (PEG-IFN) plus ribavirin (RBV) therapy (PEG-
IFN/RBV therapy) has been standard for HCV genotype 1 patients in
Japan. Sustained virological response (SVR), defined by undetectable
HCV RNA at 24 weeks after the completion of therapy, was observed
in approximately 50% of CH-C patients [3,4]. Large prospective
clinical trials compared the NS3/4A protease inhibitors telaprevir
(TVR) or simeprevir (SMV) in combination with PEG-IFN plus RBV
(TVR/SMV-based triple therapy) with conventional dual therapy in
patients with CH-C [5-15]. Both in treatment-naïve patients and those
previously treated with IFN, the SVR rate following TVR/SMV-based
triple therapy was higher than that after dual therapy.

It was reported that HCV RNA dynamics were a useful predictor of
SVR. In particular, rapid virological response (RVR), defined as
undetectable serum HCV RNA at week 4, was associated with SVR
after PEG-IFN/RBV therapy [16,17]. Similarly, RVR was associated
with SVR after TVR/SMV-based triple therapy [10,13,18-20].
However, there are few reports on predicting the occurrence of SVR
earlier than week 4 after the initiation of protease inhibitor-based triple
therapy [21-23]. The aim of the present study was to evaluate whether
SVR after TVR/SMV-based triple therapy in patients with a high viral
load of HCV genotype 1 could be predicted on the basis of a super-
early virological response i.e., within 2 weeks.

Methods

Patients and treatment regimens
We conducted a retrospective chart review of patients with HCV

genotype 1b who were treated at University of Miyazaki between
February 2012 and April 2014 with either TVR-based triple therapy
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(37 patients) or SMV-based triple therapy (15 patients). This study was
approved by the Research Ethics Committee of University of Miyazaki.

Patients were administered three agents (TVR or SMV/PEG-IFN/
RBV) during the first 12 weeks of the treatment, followed by dual
therapy (PEG-IFN/RBV) in the latter 12 weeks, for a total treatment
period of 24 weeks. TVR was administered every 8 hours three times a
day, while SMV was given once a day. The initiation dose of TVR was
2,250 mg daily in males with hemoglobin (Hb) ≥ 13 g/dL and in
females with Hb ≥ 14 g/dL, and 1,500 mg daily in others. The daily
dose of SMV was 100 mg. PEG-IFN α-2b was injected at a dose of 1.5
μg/kg, α-2a was at a dose of 180 μg once a week. RBV was
administered twice a day with dose based on body weight: 600 mg for
≤ 60 kg; 800 mg for >60 ~ ≤ 80 kg; and 1000 mg for >80 kg. During
treatment, TVR and SMV were withdrawn at the attendant physician’s
discretion. The dose of PEG-IFN was reduced by 50% when the
leukocyte count decreased to <1.5 × 109/L , neutrophil count to <0.75
× 109/L or platelet count to <80 × 109/L. When the Hb level decreased
to <10 g/d, the dose of RBV was reduced from 600 mg to 400 mg, from
800 mg to 600 mg, or from 1000 mg to 600 mg, depending on the
initial dose. All three drugs were discontinued when the leukocyte
count decreased to <1.0 × 109/L, neutrophil count to <0.5 × 109/L,
platelet count to <50 × 109/L, or Hb level to <8.5 g/dl. Resumption of
all 3 drugs was allowed if blood findings returned to within normal
limits.

Laboratory tests and liver histology
Laboratory tests were performed in all patients before therapy. HCV

RNA was measured using the COBAS TaqMan HCV test (Roche
Diagnostics, Tokyo, Japan). The dynamic range was 1.2-7.8 log IU/mL.
A high viral load was defined as >5.0 logIU/mL using quantitative RT-
PCR. HCV RNA levels were measured at the following points: the day
of therapy initiation, at days 1 and 3, and at weeks 1 and 2. During
therapy, quantitative HCV RNA and biochemical analyses (including
blood counts and levels of serum aspartate aminotransferase (AST)
and alanine transaminase (ALT)) were performed every 4 weeks up to
12-24 weeks after the end of therapy. Before treatment we evaluated
the presence of the rs8099917 single nucleotide polymorphism (SNP)
in the interleukin (IL)-28B host genotypes, as this was reported to be a
pretreatment predictor of the efficacy of PEG-IFN/RBV therapy (24).
Homozygosity for the major allele (T/T) was defined as the IL-28B
major type, and heterozygosity (T/G) or homozygosity for the minor
allele (G/G) was defined as the IL-28B minor type. Patients were
examined for NS3/4A protease inhibitor-resistant variants by direct
sequencing at baseline. NS3/4A protease inhibitor-resistant variants
included V36A/M, T54A, V55A, Q80R/K/L, R155K/T/Q, A156V/T,
D168A/V/T/H, and V170A [24-26]. TVR-resistant variants (at aa 36,
aa 54, aa 155, aa 156, and aa 170) and SMV-resistant variants (at aa 80,
aa 155, aa 156, and aa 168) were assessed [25,26]. In all patients except
for one, core needle biopsy of the liver was performed under
ultrasound guidance using a 14-G core biopsy needle within 3 months
before the start of therapy. Histological findings were classified using
the METAVIR scoring system [27].

Efficacy assessments
The definitions of virological response used in this study are as

follows. Seronegativity for HCV RNA at 4 weeks after the initiation of
therapy was considered a rapid virological response (RVR), while that
occurring more than 12 weeks after the completion of therapy was
defined as a sustained virological response (SVR). Relapse was
considered to have occurred if HCV RNA was undetectable by the end
of treatment but detectable during the follow-up period. Non-response
was diagnosed if HCV RNA seronegativity did not occur during
therapy. To assess the virological response within 2 weeks after therapy
initiation, the HCV RNA load and its reduction from baseline was
evaluated at day 1, day 3, week 1, and week 2.

Statistical Analysis
Therapeutic response was divided into two categories, SVR and

non-SVR. Effectiveness of TVR/SMV-based triple therapy was
evaluated using an intention-to-treat analysis. Statistical associations
were calculated by univariate analysis comparing the two groups on
each item, including pre- and on-treatment factors. Continuous
variables between the SVR and non-SVR groups were compared by the
Mann-Whitney test, and categorical variables were compared by the
Chi-square test and Fisher’s exact test. Variables significant at a p value
<0.05 in the univariate analysis were included in a multivariate analysis
based on a logistic regression model to identify which were
independently related to the result of therapy. Statistical analyses were
performed using the statistical software SPSS ver. 20.0 (SPSS Inc.,
Chicago, IL, USA), and p value <0.05 was considered significant.

Results

Patient characteristics
Fifty-two patients were analyzed in this study. Patient characteristics

are presented in Table 1. The median age was 61, and 24 (46%) were
male. All patients were diagnosed with CH or LC caused by HCV
genotype 1b. Among the 51 patients who underwent liver biopsy
before treatment, 40 (78%) had a histological grade of F1-2, and 11
(22%) had a grade of F3-4 (advanced fibrosis). Twenty-six patients
(50%) were treatment-naïve, 14 (27%) experienced a previous
treatment relapse, eight (15%) were previous non-responders, and the
prior treatment status of four (8%) was unknown. Before treatment,
the median HCV viral load was 6.5 log IU/mL (range 5.0-7.4).
Genotyping of IL-28B at rs8099917 was performed in all of the
patients; 38 patients (73%) had the IL28B T/T genotype, and 14 (27%)
patients had the IL28B T/G or G/G genotype. All of the patients were
NS3/4A protease-inhibitor naïve. Thirty-seven patients (71%) received
TVR and 15 received SMV, and there was no apparent difference
between the two groups (Table 1). NS3/4A protease inhibitor-resistant
variants were observed in 3% (1/37) of TVR group and 7% (1/15) of
SMV group.

Characteristics TVR (n=37) SMV (n=15) Total (n=52) P-value

Sex (male/female) 18/19 6/9 24/28 0.795

Age (years) 62 (33-74) 58 (35-72) 61 (33-74) 0.2811
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Body weight (kg) 58 (41-91) 61 (42-89) 59 (41-91) 0.5189

Prior treatment (naïve/relapse/non-response) 16/11/6 10/3/2 26/14/8 0.7434

Liver fibrosis (F1-2/F3-4) 28/8 12/3 40/11 0.8432

IL-28B genotype (TT/non-TT) 30/7 8/7 38/14 0.0809

HCV RNA (logIU/mL) 6.5 (5.0-7.4) 6.5 (5.2-7.0) 6.5 (5.0-7.4) 0.5453

Hemoglobin (g/dl) 13.8 (11.6-16.1) 13.5 (12.5-16.6) 13.8 (11.6-16.6) 0.5042

White blood cell count (× 109/L) 4.6 (3.0-7.1) 4.6 (3.5-7.4) 4.6 (3.0-7.4) 0.5247

Platelets (× 109/L) 155 (76-268) 155 (83-219) 155 (76-268) 0.2811

Total bilirubin (mg/dl) 0.8 (0.3-1.5) 0.9 (0.4-1.2) 0.8 (0.3-1.5) 0.5086

Aspartate transaminase (IU/L) 39 (21-123) 38 (27-165) 39 (21-165) 0.3676

Alanine transaminase (IU/L) 53 (15-186) 46 (30-170) 50 (15-186) 0.5277

γglutamyltransferase (IU/L) 37 (11-441) 41 (17-127) 39 (11-441) 0.45

Serum creatinine (mg/dl) 0.7 (0.4-1.3) 0.8 (0.6-1.1) 0.8 80.4-1.3) 0.5042

α-fetoprotein (ng/ml) 4.8 (1.6-76.9) 5.1 (1.9-22.7) 4.8 (1.6-76.9) 0.4207

Fatty liver (yes/no) 4/33 2/13 6/46 0.825

Diabetes mellitus (yes/no) 6/31 2/13 8/44 0.8704

NS3/4A resistant variants (yes/no) 1/36 1/14 2/50 0.4977

Data are expressed as number or median (range).

Table 1: Baseline characteristics.

Kinetics of HCV RNA and virological response
Viral kinetics of mean HCV RNA levels during the first 12 weeks of

treatment are shown in Figure 1. No significant difference was
observed between the TVR and SMV groups. Forty-five patients
eventually achieved SVR, and the overall SVR rate was 87%.

Figure1: Viral kinetics of mean HCV RNA levels within the first 12
weeks of therapy initiation between the TVR group (black line) and
SMV group (gray line). No significant differences between the two
groups are observed at any time point.

In patients receiving TVR-based triple therapy, the SVR rate (92%)
was slightly higher than in those who underwent SMV-based triple
therapy (73%), but the difference did not reach statistical significance
(P=0.1726). The overall RVR rate was 81%. Similarly, no significant
difference in RVR was observed between groups, with rates of 84%
(31/37) and 67% (10/15) in the TVR and SMV patients, respectively
(P=0.2062).

Factors associated with sustained virological response
SVR-associated factors were identified by univariate analysis. In

terms of pre-treatment factors, significant differences between the SVR
and non-SVR groups were noted in liver fibrosis, baseline platelet
count, AST, and α-fetoprotein (AFP), while there were no differences
in age, IL-28B genotype, previous treatment effect, or NS3/4A protease
inhibitor-resistant variants (Table 2). As for on-treatment factors,
significant differences between the two groups were noted in HCV
RNA at week 2, reduction of HCV RNA at day 1 and week 2, RVR, and
PEG-IFN adherence (Table 3). Subsequently, multivariate analysis of
SVR was conducted for both the pre- and on-treatment factors. Platelet
count before treatment and HCV RNA at week 2 were independently
associated with higher SVR rates (Table 4). On the basis of receiver
operating characteristic analyses, 1.2 logIU/mL was the optimal cut-off
point for HCV RNA levels at week 2. Using this value, 32 of 45 patients
with <1.2 logIU/mL HCV RNA at week 2 achieved SVR, and five of
seven patients with ≥ 1.2 logIU/ml HCV RNA at week 2 did not
achieve SVR. The sensitivity was 71.1%, specificity was 71.4%, positive
predictive value was 94.1%, and negative predictive value was 27.8%.
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Pre-treatment factors SVR (n=45) non-SVR (n=7) P-value

Sex (male/female) 22/23 2/5 0.43

Age (years) 61 (33-74) 61 (53-64) 0.5416

Body weight (kg) 61 (41-91) 58 (42-73) 0.259

Prior treatment (naïve/relapse/non-response) 22/12/7 4/2/1 0.8788

Liver fibrosis (F1-2/F3-4) 38/6 2/5 0.0032

IL-28B genotype (TT/non-TT) 34/11 4/3 0.3696

HCV RNA (logIU/mL) 6.6 (5.0-7.4) 6.4 (6.3-6.7) 0.5689

Hemoglobin (g/dl) 13.9 (11.6-16.6) 13.4 (12.4-15.6) 0.3438

White blood cell count (× 109/L) 4.6 (3.0-7.4) 4.3 (3.9-6.7) 0.259

Platelets (× 109/L) 159 (82-268) 106 (76-158) 0.0036

Total bilirubin (mg/dl) 0.8 (0.3-1.5) 0.8 (0.5-1.1) 0.5385

Aspartate transaminase (IU/L) 37 (21-165) 72 (38-152) 0.0358

Alanine transaminase (IU/L) 43 (15-186) 109 (46-159) 0.0978

γglutamyltransferase (IU/L) 37 (11-441) 49 (31-139) 0.0928

αfetoprotein (ng/ml) 4.6 (1.6-76.9) 15.7 (5.3-55.1) 0.0221

Fatty liver (yes/no) 5/40 1/6 0.6955

Diabetes mellitus (yes/no) 6/39 2/5 0.2914

NS3/4A resistant variants (yes/no) 1/44 1/6 0.2533

Data are expressed as number or median (range).

Table 2: Comparison of pre-treatment factors between patients with and without SVR.

On-treatment factors SVR (n=45) non-SVR (n=7) P-value

HCV RNA at day1 (logIU/mL) 3.3 (1.9-4.5) 3.7 (2.5-4.4) 0.175

HCV RNA at day3 2.7 (1.2-3.8) 2.5 (1.7-3.5) 0.3987

HCV RNA at week 1 1.7 (0-2.9) 2.2 (1.2-2.8) 0.2483

HCV RNA at week 2 1.2 (0-2.1) 1.8 (1.2-2.9) 0.0147

Reduction of HCV RNA at day 1 3.2 (2.3-3.8) 2.7 (2.3-3.8) 0.0452

Reduction of HCV RNA at day 3 3.8 (2.5-4.6) 3.8 (3.1-4.6) 0.2698

Reduction of HCV RNA at week 1 4.6 (3.5-6.8) 4.3 (3.8-5.2) 0.2806

Reduction of HCV RNA at week 2 5.4 (4.3-7.1) 4.7 (3.4-5.2) 0.0251

Undetectable of HCV RNA at week 1 (yes/no) 4/41 0/7 0.9532

Undetectable of HCV RNA at week 2 (yes/no) 16/29 0/7 0.0852

Undetectable of HCV RNA at week 4 (yes/no) 39/6 3/4 0.0197

TVR/SMV adherence (%) 72 (17-100) 100 (45-100) 0.3264

RBV adherence (%) 81 (29-115) 63 (29-100) 0.4021
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PEG-IFN adherence (%) 93 (30-117) 48 (39-95) 0.0113

Data are expressed as median (range).

Table 3: Comparison of on-treatment factors between patients with and without SVR.

Factors Univariate analysis OR Multivariate analysis  

 P-value  95%CI P-value

Platelets (× 109/L) 0.0036 1.548 1.044-2.297 0.03

HCV RNA at week 2 (logIU/mL) 0.0147 0.15 0.030-0.746 0.02

OR-Odds Ratio; CI-Confidence Interval. 

Table 4: Multivariate analysis of factors associated with sustained virological response.

Discussion
This retrospective study was conducted to identify which virological

factors earlier than RVR were associated with SVR. In multivariate
analysis, baseline platelet count and HCV RNA at week 2 were
independently associated with higher SVR rates after TVR/SMV-based
triple therapy. Higher platelet count was reported to be associated with
higher SVR rate after PEG-IFN plus RBV therapy [28] and after TVR-
based triple therapy [29]. Reduction of HCV RNA at week 2 and HCV
RNA level at week 2 were found to be correlated with a higher SVR
rate after TVR-based triple therapy [21-23]. On the other hand, there
have been no reports on whether HCV RNA dynamics occurring
earlier than 4 weeks after the initiation of SMV-based triple therapy are
associated with SVR. We showed here that as a substitute for RVR, the
HCV RNA level (cut-off value, <1.2 logIU/mL) at week 2 is useful for
SVR prediction after TVR/SMV-based triple therapy. Although platelet
count has varied according to the degree of liver fibrosis, HCV RNA
level has not varied. Therefore, HCV RNA level at week 2 might be
more useful marker of prediction of SVR.

RVR has been found to be associated with SVR not only in the
context of PEG-IFN/RBV therapy [16,17] but also with TVR/SMV-
based triple therapy [10,13,18-20]. The present study extracted both
RVR and HCV RNA load at week 2 as predictive factors for SVR in
univariate analysis, but only the latter was extracted in multivariate
analysis. It was reported that HCV RNA decay during antiviral
treatment followed a biphasic profile, and protease inhibitor-based
triple therapy was associated with a faster first and second phase
compared to regimens not including a direct-acting antiviral [30]. The
SVR rate after TVR/SMV-based triple therapy was shown to be higher
than that after PEF-IFN/RBV therapy [5-15], and this augmented
antiviral effect was due to the addition of protease inhibitors. Taken
together, the direct effect of protein inhibitors, which promoted faster
HCV clearance, might be represented by the HCV RNA load at week 2,
and as such this factor may be a powerful predictor for SVR.

Compared with PEG-IFN/RBV therapy, protease inhibitor-based
triple therapy can cause several severe adverse effects, including
serious skin disorders and anemia in TVR-based triple therapy [5-9]
and hyperbilirubinemia and photosensitivity reaction in SMV-based
triple therapy [12,14]. Furthermore, serious adverse effects occurred
with greater frequency in elderly and advanced fibrosis patients
receiving TVR-based triple therapy [20,31]; the safety of SMV-based
triple therapy in these patients has not been established. However,

since these patients are at high risk of developing HCC, antiviral
therapy should be initiated as soon as possible [32]. If treatment
efficacy can be predicted in the early stages of therapy, unnecessary
treatments and side effects might be avoided. Therefore, the early
prediction of SVR will be especially useful for elderly and advanced
fibrosis patients.

One limitation of the present study is the small number of patients.
In order to establish the present results, further large scale prospective
studies are necessary.

In conclusion, our analysis of viral dynamics within 2 weeks of
therapy initiation demonstrated that the HCV RNA level at week 2 is
the most useful predictor of SVR after TVR/SMV-based triple therapy
in patients with genotype 1 HCV. The virological response within 2
weeks is a possible substitute for RVR in predicting SVR.
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