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Abstract
AIM
To investigate daclatasvir (DCV) and asunaprevir (ASV) 
efficacy in hepatitis C (HCV) patients, with respect to 
resistance-associated substitutions (RASs).

METHODS
A total of 392 HCV-infected patients from multiple 
centers were included in this study. We evaluated 
their clinical courses and sustained virologic responses 
(SVR) according to pretreatment factors (gender, age, 
history of interferon-based regimens, platelet counts, 
level of viremia, pretreatment NA5A:L31, and Y93 
substitutions). We also analyzed the pretreatment and 
post-treatment major RASs of NS3:D168, NS5A:L31 and 
Y93 substitutions using a direct-sequencing method in 
17 patients who were unable to achieve SVR at 12 wk 
after treatment completion (SVR12).

RESULTS
The overall SVR12 rate was 88.3%. Thirty-one patients 
discontinued treatment before 24 wk because of 
adverse events, 23 of whom achieved SVR12. There 
were no significant differences in SVR12 rates with 
respect to gender, age, history of interferon-based 
regimens, and platelet counts. The SVR12 rate in 
patients with viral loads of ≥ 6.0 log IU/mL was 
significantly lower than those with viral loads of < 6.0 
log IU/mL (P  < 0.001). The SVR12 rate in patients with 
Y93 substitution-positive was significantly lower than 
those with Y93 substitution-negative (P  < 0.001). The 
L31 substitution-positive group showed a lower SVR12 
rate than the L31 substitution-negative group, but the 
difference was not statistically significant. Seventeen 
patients who did not achieve SVR12 and had available 
pretreatment and post-treatment sera had additional 
RASs in NS3:D168, NS5:L31, and Y93 substitution at 
treatment failure.

CONCLUSION
Combination of DCV and ASV is associated with a high 
SVR rate. Baseline RASs should be thoroughly assessed 
to avoid additional RASs after treatment failure.

Key words: Hepatitis C; Asunaprevir; Combination 
therapy; Resistance-associated substitutions; Daclatasvir 
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Core tip: Hepatitis C - infected patients treated with 
daclatasvir and asunaprevir were evaluated for sustained 
virological response (SVR) according to pretreatment 
factors. The overall rate of SVR12 was 88.3%. The SVR12 
rate in the ≥ 6.0 log IU/mL group was significantly lower 
than in the < 6.0 log IU/mL group. The SVR12 rate in 
Y93 substitution-positive patients was significantly lower 
than that in non-Y93 substitution patients. The L31 
substitution-positive group had a lower SVR 12 rate than 
the L31 substitution-negative group. Seventeen patients 
who did not achieve SVR 12 had additional RASs in NS3:

D168, NS5:L31, and Y93 post-treatment. Baseline RASs 
should be thoroughly assessed to avoid additional RASs 
after treatment failure.
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INTRODUCTION
Hepatitis C virus (HCV) is one of the most important 
chronic infections worldwide. An estimated 170-200 
million people are infected with HCV worldwide[1], with 
approximately 1.0-1.5 million infected people in Japan[2]. 
HCV treatments have dramatically changed recently. 
Pegylated interferon (PEG-IFN) and ribavirin (RBV) 
dual therapy has long been the standard treatment 
for genotype 1 chronic hepatitis C (CHC). Recently, 
however, newer anti-HCV drugs, termed direct-acting 
antiviral agents (DAAs), have become available[3].

Telaprevir (TVR) was the first nonstructural protein 
3 (NS3) protease inhibitor (PI)[4] approved in Japan, 
followed by the second generation NS3 PIs, simeprevir 
(SMV) and vaniprevir[5-8]. These drugs were scheduled 
to be administered in combination with PEG-IFN and 
RBV, and could enhance treatment efficacy. However, 
both PEG-IFN and RBV can cause various side effects, 
and they are contraindicated in elderly patients and/or 
patients with certain comorbid conditions.

The combination of oral daclatasvir (DCV), a NS5A 
inhibitor, and asunaprevir (ASV), a second generation 
NS3 PI, has been the first drug combination approved 
in Japan for the treatment of HCV genotype 1-infected 
patients. This drug combination showed high rates of 
sustained virologic response (SVR) and better toler-
ability[9,10]. Thus, many patients for whom conventional 
IFN-based treatment was intolerable or incurable 
have been medicated. We performed a retrospective 
cohort study to evaluate the safety, tolerability, and 
effectiveness of DCV and ASV combination therapy in 
real-world clinical practice. Moreover, we evaluated the 
presence of pretreatment and post-treatment major 
resistance-associated substitutions (RASs) (NS5A:
L31 and Y93 substitution, and NS3:D168 substitution) 
using a direct-sequencing method in 17 patients who 
did not achieve SVR12.

MATERIALS AND METHODS
Patients
Patients were enrolled at Kyoto Prefectural University 
of Medicine and seven affiliated hospitals in the Kinki 
area of Japan (Kyoto, Osaka, Nara, Shiga Prefecture) 
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from 2014 to 2015. Study protocols were approved by 
the ethics committee of each institution and conformed 
to the provisions of the Declaration of Helsinki. Eli
gible patients were those aged at least 20 years 
with HCV genotype 1 infection diagnosed by board-
certified hepatologists. Patients with decompensated 
liver cirrhosis, chronic hepatitis B, HIV, autoimmune 
hepatitis, primary biliary cirrhosis, hemochromatosis, 
or Wilson’s disease, were excluded. Patients with 
uncontrollable hypertension, those with a history of 
alcohol abuse or clinically significant medical conditions 
(severe renal disease, severe heart disease, active 
drug users, pregnancy, and those receiving drugs 
which interact with DCV or ASV) were also excluded. 
Patients were followed up monthly or every 2 wk to 
assess liver function and virological markers during 
treatment and until 12 wk after the completion of DCV 
and ASV therapy. All patients gave informed consent 
to participate in this study. Five patients were lost to 
follow-up or underwent extreme protocol deviation 
(e.g., death by accident). Those lost to follow-up or 
had extreme protocol deviation were excluded from the 
analysis.

Study design
Patients received oral daclatasvir (Daklinza; Bristol
Myers Squibb Company) 60 mg once daily with oral 
asunaprevir (Sunvepra; BristolMyers Squibb Company) 
200 mg twice daily, in accordance with prescribing 
information, for 24 wk. Patients were followed up until 
at least 12 wk after final treatment administration to 
assess SVR12.

HCV RNA responses during therapy were classified 
into the following groups: The non-response group (NR), 
patients whose HCV RNA remained detectable during 
treatment, resulting in treatment discontinuation; the 
breakthrough group (BT), patients whose HCV RNA was 
once undetectable but reappeared during treatment; 
and the relapse group (REL), patients whose HCV RNA 
was undetectable at the end of the 24wk treatment 
but became detectable again during follow-up. SVR12 
was defined as undetectable serum HCV RNA levels at 
12 wk after the end of treatment (EOT). Therapeutic 
effects were evaluated using per-protocol analysis and 
included patients who received at least 2 wk of this 
therapy.

Continuation of treatment was decided by board-
certified hepatologists. In general, patients whose 
serum HCV RNA was positive at 8 or 12 wk were 
judged as NR, and the treatment was terminated at 
that time. Patients whose serum HCV RNA reappeared 
were diagnosed as belonging to the BT group, and the 
treatment was stopped at the time. Dose reduction 
or discontinuation of DCV or ASV was determined by 
board-certified hepatologists. Discontinuation of the 
treatment was generally considered when grade 3-4 
adverse events according to Common Terminology 

Criteria for Adverse Events v4.0 occurred.

Laboratory assessments
Blood samples were obtained for routine biochemical 
and hematological assessments at treatment initiation, 
on treatment weeks 4, 8, 12, 16, 20, 24, at EOT, and at 
12 wk after EOT. Antiviral effects were mostly assessed 
by measuring serum HCV RNA levels using the COBAS 
TaqMan HCV test (Roche Molecular Diagnostics, Tokyo, 
Japan) with a lower limit of quantitation (LLOQ) of 
15 IU/mL (with a quantitation range of 1.2-7.8 log10 
IU/mL). Missing data points were deemed a success if 
the immediately preceding and subsequent time points 
were successful; otherwise, data points were termed 
as failures. Patients who had missing data because of 
premature discontinuations were considered failures 
from the point of discontinuation.

Pretreatment major RASs of NS5A, L31 or Y93 sub-
stitutions were assessed using commercially available 
assays of direct-sequencing method, the cycleave 
probe method, or invader assays. Furthermore, the 
pretreatment and post-treatment major RASs of 
NS3:D168, NS5A:L31, and Y93 substitution were in-
vestigated in 21 patients with virological failure by 
using a direct-sequencing method. In brief, HCV RNA 
was extracted from blood serum using a commercially 
available kit (QIAamp viral RNA kit; QIAGEN, Valencia, 
CA, United States). This sample was used for reverse 
transcription with random hexamer primers (Super-
Script Ⅲ First-Strand Synthesis System for RT-PCR 
cDNA synthesis kit; Invitrogen, Carlsbad, CA, United 
States). The NS3 and NS5A regions were amplified 
by nested PCR using Takara Ex Taq HS (Takara 
Ex Taq, Otsu, Japan). The PCR primer sequences 
were NS3 forward primer: gccgcgatgccatcatcctcc, 
gtccaaatggccttcatgaagctgg, caatgtagaccaggacctcgtcgg 
and reverse primer: tggtgaaggtgggatccaagctgaa; or 
NS5A forward primer: atcctctccagccttaccatcact and 
reverse primer: ccatgaccaactcgggctggacctt. The PCR 
products were separated by electrophoresis on 1% 
agarose gels. These were purified using the QIAquick 
gel extraction kit (QIAGEN, Hilden, Germany) and 
sequenced with second-round PCR primers using a dye 
terminator sequencing kit (BigDye Terminator v 1.1 
cycle sequencing kit; Applied Biosystems, Foster City, 
CA, USA) and ABI PRISM 310 genetic analyzer (Applied 
Biosystems).

Statistical analysis
Baseline continuous data were expressed as median 
with interquartile ranges in parentheses, and categorical 
variables were expressed as numbers. Some baseline 
data were categorized, and univariate analyses were 
performed using the χ 2 or Mann-Whitney U-tests as 
appropriate. All P-values of < 0.05 of two-tailed tests 
were considered significant. All statistical analyses were 
performed using the SPSS 22.0 statistical package 
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(SPSS Incorporated, Chicago, IL, United States).

RESULTS
Baseline characteristics
The baseline patient characteristics are shown in Table 
1. In total, 392 patients were included in this study. 
Female patients were predominant. Enrolled patients 
were generally older (median, 71.0 years) and had 
lower platelet counts. As for prior treatments, 70 
patients had received IFN, 147 patients had received 
PEG-IFN or IFN plus RBV, 13 patients had a history 
of PEG-IFN plus RBV plus TVR, and 9 patients had a 
history of PEG-IFN plus RBV plus SMV. Concerning 
RASs, L31, and Y93 substitutions at pretreatment 
were seen in 3.5% (10/288) and 8.4% (27/321) of 
patients, respectively (Table 1). Two patients had both 
L31M and Y93H RASs.

Virological response to therapy and loss of HCV RNA 
during treatment
Undetectable HCV RNA levels were achieved in 79.7% 
(299 of 375), 94.1% (367 of 390), 94.1% (369 of 
392), 92.8% (363 of 391), 92.2% (355 of 385), 91.3% 
(358 of 392), and 88.3% (346 of 392) of patients at 
treatment weeks 4, 8, 12, 16, 20, 24, and at 12 weeks’ 
post-treatment, respectively (Figure 1). Because two 
of the SVR12 patients experienced late relapse of 
chronic hepatitis C and two additional patients were 
lost to follow-up, the final SVR24 resulted in 87.2%. 
Treatment was discontinued in 8 NR patients (2.0%) 
because the therapeutic effect was hardly expected, 

and in 18 BT patients (4.6%). Twelve patients (3.0%) 
received 24 wk of treatment but ended in REL. Thirty
one patients discontinued treatment before 24 wk 
because of adverse events. Reasons for discontinuation 
included liver dysfunction (15 patients), fever increase 
(6), detection of HCC (2), edema or ascites (2), and 
other reasons (6). Of these, 23 patients (15 liver 
dysfunction, 2 fever increase, 2 HCC, 1 edema and 
ascites, and 3 with other reasons) eventually achieved 
SVR12. Eight patients who received treatment less 
than 8 wk due to adverse events achieved SVR12. 
There were no treatment-related deaths.

SVR12 rates according to age, platelet counts, level of 
viremia, and substitutions in NS5A:L31 and Y93
We assessed the SVR12 rate according to gender, 
age (< 65 vs ≥ 65), history of IFN-based treatment, 
platelet counts (< 10 × 104/mm3 vs ≥ 10 × 104/mm3), 
level of viremia (< 6.0 log IU/mL vs ≥ 6.0 log IU/mL), 
and pretreatment L31 and Y93 substitution (negative or 
positive). The SVR12 rate in the ≥ 6.0 log IU/mL group 
was significantly lower than in the < 6.0 logIU/mL 
group (P < 0.001). As for Y93 substitutions, the SVR12 
in the Y93 substitutionpositive group was significantly 
lower than that in the Y93 substitution-negative group 
(P < 0.001). As for L31 substitutions, the L31 sub-
stitution-positive group showed a lower SVR 12 rate 
than their negative counterparts, but without statistical 
significance (P = 0.28). Other parameters were similar 
between the two groups (Figure 2).

Pretreatment and post-treatment RASs and fibrosis-4 
index
We investigated the pretreatment and post-treatment 
major RASs (NS5A:L31 and Y93 substitutions and 
NS3:D168 substitution) using a direct-sequencing 
method in 21 patients who did not achieve SVR12. The 
results of direct-sequencing were of poor quality in four 
patients, leaving 17 patients who could be investigated 
completely. Five patients had NS3:D168 substitution, 
three had NS5A:L31 substitution, and six had NS5A:
Y93 substitution before treatment. Five patients had 
neither NS3:D168 nor NS5A:L31 or Y93 substitutions 
before treatment. Analysis at the time of virological 
failure revealed that 14, 14 and 13 patients had 
NS3:D168, NS5A:L31, and NS5A:Y93 substitutions, 
respectively. All 17 patients whose pretreatment and 
post-treatment sera were available had one of the 
major RASs at the time of virological failure. Moreover, 
many patients had additional amino acid substitutions 
like NS5A Q54H (Table 2).

We compared the Fibrosis-4 (FIB-4) index[11] at 
baseline and at 12 wk after the end of treatment. 
Baseline FIB4 index was 4.14 and it remarkably 
decreased to 3.78 at 12 wk after the end of treatment 
in the SVR12 group (P < 0.001). Meanwhile, bseline 
FIB-4 index was 3.84 and it slightly decreased to 3.57 
in the non-SVR12 group (P = 0.03) FIB-4 index was 

No. of patients n  = 392

Gender (male/female) 159/233
Age, yr 71.0 (64.0-77.0)

< 65 yr vs ≥ 65 yr 99/293
Laboratory data

Level of viremia (log IU/mL) 6.2 (5.8-6.5)
< 6.0 vs ≥ 6.0 137 vs 255 (35.1% vs 64.9%)

Platelet count (× 104/mm3) 12.6 (9.2-16.7)
10 < vs ≥ 10 114/278 (29.0% vs 70.4%)

ALT (IU/L) 41 (29-65)
γ-GTP(IU/L) 34 (22-57)
Other data
Prior treatment 

IFN vs PEG plus RBV vs TVR vs SMV 70/147/13/9
NS5A polymorphisms, n (%)

L31 substitution, n = 288  10 (3.5)
Y93 substitution, n = 321 27 (8.4)
L31 and/or Y93, n = 321   35 (10.9)

Table 1  Baseline patient characteristics

Data are presented as numbers. Percentages or medians with interquartile 
ranges are presented in parentheses. ALT: Alanine aminotransferase; 
γ-GTP: Gamma-glutamyltransferase; IFN: Interferon; PEG plus RBV: 
Pegylated interferon plus ribavirin; TVR: Pegylated interferon plus 
ribavirin plus telaprevir triple therapy; SMV: Pegylated interferon plus 
ribavirin plus simeprevir triple therapy; L31: NS5A: L31 substitution 
patients. A total of 288 patients were assessed at pretreatment; Y93: NS5A:
Y93 substitutions. A total of 321 patients were assessed at pretreatment.

Fujii H et al . DSV and ASV and RASs
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more markedly reduced in the SVR12 group.

DISCUSSION
In the present study, we presented the efficacy of DCV 
and ASV in real-world clinical practice. Most patients 
were rapidly cleared of HCV and achieved SVR12 with 
this combination of DAAs. Interestingly, some patients 
who discontinued treatment after a short duration 
because of side effects also achieved SVR. Resistance 
analyses revealed that patients who did not carry both 

Y93H and L31 mutations before treatment achieved 
93.0% SVR12. All 17 patients who could not achieve 
SVR 12 and who were investigated for major RASs had 
either NS3-D168 substitution, or NS5A L31 and/or Y93 
substitutions, including five patients who did not carry 
any RASs before treatment.

The high SVR rate of 88.3% in our present study 
is consistent with previous reports. Serum HCV RNA 
levels decreased rapidly, and was undetectable by 
12 wk in the majority of patients[9,10]. In general, the 
therapeutic efficacy of a novel IFNbased HCV therapy 

Discontinued and not achieved SVR
NR
BT
HCV positive
REL
Discontinued but achieved SVR
HCV negative

8
8

18

12

23

323

100

95

90

85

80

75

0

%

4        8        12       16      20       24             post 12

t/wk

Figure 1  Virological response and treatment outcomes. Black closed squares indicate the proportion of patients who discontinued treatment because of adverse 
events and unachieved SVR12. Non-response (NR), where HCV RNA remained detectable during treatment, prompting treatment discontinuation. Breakthrough 
(BT), where HCV RNA was undetectable but reappeared during treatment. Relapse (REL), where HCV RNA was undetectable at the end of the treatment but became 
quantifiable again during follow-up. Gray closed squares indicate the proportion of patients with HCV RNA detected at the time of measurement. Light gray square 
indicate the proportion of patients who discontinued treatment because of adverse events but nevertheless achieved SVR12. White closed squares indicate the 
proportion of patients whose HCV RNA viral loads were undetected at the time of measurement. The Post 12 wk bar indicates the number of patients in each square.

P  < 0.001 P  < 0.001 P  < 0.001

100

90
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0
(n  =) 159    233         99   293       186    206       137   255       114   278        278    10         294   27          286    35

M      F          65 < ≥ 65      (+)    (-)        6.0 < ≥ 6.0    10 < ≥ 10       (-)   (+)         (-)    (+)            (-)    (+)

Gender            Age               IFN-               HCV              Platelet            L31                Y93          Y93 and/or L31 
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86.7%

89.7%
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97.0%
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Figure 2  Bars in this graph indicate SVR12 rates according to gender (male, female), age (< 65 year vs ≥ 65 year), history of interferon-based regimen 
treatment (+ vs -), level of viremia (< 6.0 logIU/mL vs ≥ 6.0 logIU/mL), platelet counts (< 10 × 104/mm3 vs ≥ 10 × 104/mm3), pretreatment existing L31 
substitution [(-): substitution negative, (+): substitution positive], pretreatment existing Y93 substitution [(-): substitution negative, (+): substitution 
positive], and Y93 and/or L31 [(-): both L31 and Y93 substitution negative, (+): either L31 or Y93 substitution positive, or both L31 and Y93 substitution 
positive]. M: Male; F: Female; IFN: Interferon.
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in real-world clinical practice demonstrates lower SVR 
rates and higher rates of adverse events than observed 
in clinical trials. The stable therapeutic effect in a real-
world setting is one of the notable benefits of the DCV 
and ASV combination therapy.

Baseline characteristics of gender, advanced age, 
history of IFN-based regimens, and low platelet counts 
(suggestive of advanced fibrosis or cirrhosis) did not 
influence SVR12 rates. An important finding was that 
patients with pretreatment viral loads of ≥ 6.0 log 
IU/mL showed a significantly lower rate of SVR12 than 
patients with pretreatment viral loads of < 6.0 log 
IU/mL. As for DCV and ASV treatment, Wang et al[12] 
showed that patients with lower viral loads (< 8 × 105 
IU/mL: 8.0 × 105 IU/mL = 5.9 log IU/mL) seemed 
to have higher SVR rates than those with higher viral 
loads (≥ 8 × 105IU/mL) in their meta-analysis[12]. 
Comparing the background characteristics of patients 
with viral loads of ≥ 6.0 logIU/mL and < 6.0 logIU/mL 
in this study showed that they were not significantly 
different with respect to gender, age, platelet counts, 
number of treatment discontinuations, and preexisting 
major RASs (L31 substitution or Y93 substitution). 
The number of patients with a history of IFN-based 
treatment was significantly greater in patients with 
viral loads of ≥ 6.0 log IU/mL than those with < 
6.0 log IU/mL (P = 0.04). PEG-IFN and RBV-based 
treatment was covered by public health insurance only 
for high viral loads (≥ 5.0 log IU/mL) in Japan. This 
might have caused the background difference in our 
study. The HCV RNA loads alone may have influenced 
treatment efficacy.

Twenty-three patients who experienced adverse 

events discontinued the treatment but nevertheless 
achieved SVR12. It is notable that eight patients who 
were treated for < 8 wk still achieved SVR12. The 
shortest treatment duration was only 2 wk. The factors 
that contributed to HCV clearance in such a short 
treatment duration are unknown. Because alanine 
aminotransferase (ALT) elevation was the main cause 
(15 in 23 patients) of stopping treatment early, 
elevated blood levels of ASV may be both a cause of 
ALT elevation and an enhanced treatment efficacy[13]. 
Interestingly, in our study, patients who discontinued 
treatment because of ALT elevation tended to have 
lower viral loads. This background factor of low viral 
load might influence treatment effectiveness. Patients 
with adverse events such as ALT elevation can still 
achieve SVR even with short treatment periods.

Resistance analyses before treatment revealed 
that patients who did not carry both Y93 and L31 sub-
stitutions using commercially available tests achieved 
93.0% SVR12 (Figure 2). The SVR ratio of the Y93 
substitution-positive group was significantly lower 
than in the Y93 non-substitution group. However, the 
SVR ratio of the L31 substitution-positive group was 
not significantly different from that of the L31 non-
substitution group. The baseline prevalence of L31 
substitution in our study was lower than that in other 
studies and this might have affected our statistical 
analyses.

We investigated RASs before treatment and after 
failure in 17 patients who failed to achieve SVR12. 
All 17 patients had major wellknown substitutions 
(either NS5A L31 substitution and/or Y93 substitution, 
or NS3 D168 substitution) at the time of failure. The 

No. Pretreatment Post-treatment

C.C. D168 L31 Y93 Other NS3 Other NS5A D168 L31 Y93 Other NS3 Other NS5A
1 BT E - - - - E - - - R30H
2 REL - L/I - - A92T - M - - A92K
3 NR - - H V170I Q54Y - I H V170I Q54Y
4 BT Y - - - Q54H Y F H - Q54H
5 NR E - - Q80R, V170I Q54H E V H Q80R, V170I Q54H
6 BT E - - - Q54H E V/M H V170I Q54H
7 BT - M/L - - Q54V V M/V H - Q54V
8 BT - - H - Q54H V M H - Q54H
9 REL - - H - Q62E V I H - Q62E
10 BT - - H/Y - - T M H - -
11 BT - - H/Y - - V V/F H V170I -
12 BT Y F H - - D F H - Q54H
13 BT - - - - Q54H, A92T V - - - Q54H, A92K
14 REL - - - - Q54H E - - - P32L, Q54H, A92K
15 BT - - - - Q62N V V H - Q62N
16 BT - - - - - - V H - -
17 REL - - - - - E M H - -

Table 2  Pretreatment and post-treatment major RAVs of 17 patients who did not achieve SVR12 (NS3:D168, NS5A:L31, and 
Y93 substitution)

C.C.: Virological clinical course; NR: Non-response, HCV RNA was still detectable during treatment so treatment was discontinued; BT: Breakthrough, 
HCV RNA became undetectable but reappeared during treatment; REL: Relapse, HCV was undetectable at the end of the 24-wk treatment but became 
quantifiable again during follow-up; D168: NS3:D168 substitution; L31: NS5A:L31 substitution; Y93: NS5A:Y93 substitutions. Other NS3, other NS3 
substitution except D168 substitution; Other NS5A, other NS5A substitution except L31 and Y93 substitution. Analyses were performed by using a direct-
sequencing method.
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appearance pattern of these RASs was different in 
each patient, but can be classified into one of two 
patterns. The first pattern (Cases 1317) had no major 
substitutions before treatment, but carried more than 
one major variant after treatment. The other (Cases 
4-11) had one major substitution before treatment 
but carried three major substitutions after treatment. 
The mechanism of occurrence for the first pattern is 
obscure, but it might have been influenced by the 
detection sensitivity of direct sequence methods. The 
mechanism of the second pattern is also obscure, 
but it revealed an important problem of this therapy 
for the next generation of DAA treatments from the 
viewpoint of drug resistance. At any rate, there are still 
many problems to be solved concerning RASs.

The first problem of pretreatment RAS analysis 
is that there are no available commercial assays for 
NS3 mutations in the real world. We did not check 
the RASs in NS3 for two reasons. One reason is that 
naturally occurring NS3 RASs are reported to be 
rare[14,15]. Another reason is that the guideline for the 
treatment of hepatitis C edited by the Japan Society of 
Hepatology do not recommend to check NS3 RASs, but 
recommend to check NS5A RASs before starting DCV/
ASV treatment. The second problem is the difference in 
sensitivities of available assays[16,17]. We could measure 
NS5A variants using three different methods: Direct-
sequencing, the cycleave probe method, and invader 
assay. Although ultra-deep sequencing is the most 
sensitive method and can detect minor variants with 
frequencies of < 1% (Miura et al[18]), this method is too 
expensive and complicated. The appropriate proportion 
of RASs to predict this treatment’s efficacy has been 
reported in several studies. Ide et al[19] reported that 
SVR rates were clearly altered by the proportion of 
Y93 substitutions. In our unpublished data, patients 
who had > 10% pretreatment Y93 substitutions by the 
cycleave probe method tended to experience virological 
failure. Thus, this may be the appropriate cutoff value 
in our study (data not shown). Except for L31 and Y93 
substitutions which can be checked commercially, other 
rare NS5A RASs were reported to have a rather small 
influence on therapeutic effect[20]. After all, although 
RASs have a great influence on the therapeutic efficacy 
of DCV and ASV combination treatment, we cannot 
determine the best method at present. Further larger-
scale studies are needed to clarify this point.

The eradication of HCV can ameliorate liver inflam
mation as well as liver fibrosis[21]. We calculated 
the values of FIB4 index both at baseline and after 
SVR12. We found that FIB4 index was more markedly 
reduced in the SVR12 group. This data indicate that 
liver fibrosis is improved in SVR12 group in the future

A major limitation of the present study was the 
inability to evaluate several factors known to influence 
HCV treatment efficacy. We did not examine IL28B[22], 
amino acid substitutions of the HCV core region 70 
and 91[23], NS5A interferon sensitivity determining 
region[24], interferon/ribavirin resistance determining 

region[25]. These factors were mainly related to the 
efficacy of IFN based therapy and were not easily 
available in real-world. 

DCV and ASV combination therapy is associated 
with a high SVR rate in real-world clinical practice. The 
SVR12 rate in patients with viral loads of HCV RNA 
≥ 6.0 log IU/mL was significantly lower than that in 
patients with HCV RNA < 6.0 log IU/mL. The ratio 
of SVR12 in the Y93 substitution-positive group was 
significantly lower than that in the Y93 substitution-
negative group. The pretreatment and post-treatment 
NS3:D168 substitution, and NS5A:L31 and Y93 sub-
stitutions were evaluated in 17 patients who did not 
achieve SVR 12 using direct-sequencing method. All 
17 patients had increased RASs after treatment failure. 
Baseline RASs should be thoroughly assessed to avoid 
additional RASs after treatment failure.

COMMENTS
Background
The modality for treating hepatitis C has rapidly progressed in a recent years. 
The usage of directly acting antiviral (DAA) has changed the treatment 
dramatically. The combination of oral daclatasvir (DCV), a NS5A inhibitor, and 
asunaprevir (ASV), a second generation NS3 PI, is the first drug combination 
approved in Japan for the treatment of hepatitis C (HCV) genotype 1-infected 
patients. This drug combination showed high rates of sustained virologic 
response (SVR) and better tolerability. They performed a retrospective cohort 
study to evaluate the effectiveness of DCV and ASV combination therapy 
in real-world clinical practice. Moreover, they evaluated the presence of 
pretreatment and post-treatment major resistance-associated substitutions 
(RASs) (NS5A:L31 and Y93 substitution, and NS3:D168 substitution) using a 
direct-sequencing method in 17 patients who did not achieve SVR12.

Research frontiers
In the era of DAA treatment for hepatitis C, drugs are designed targeting NA3, 
NA5A, and NS5B of HCV. Evaluation of the efficacy/tolerability of the DAAs 
regimens as well as the acquisition of RASs in DAAs treatment are major 
interest in the field of hepatology. Above all, attention is paid for RASs (NS5A: 
L31 and Y93 substitution, and NS3:D168 substitution) in DAC/ASV treatment.

Innovations and breakthroughs
All 17 patients who failed to achieve SVR12 in DAC/ASV treatment had major 
well-known RASs (either NS5A L31 RAS and/or Y93 RAS, or NS3 D168 RAS) 
after treatment failure. The appearance pattern of these RASs was different, 
but can be classified into two patterns. The first pattern: No major RASs before 
treatment, but more than one major RASs after treatment failure. The second 
pattern: One major RAS before treatment but three major RASs after treatment 
failure.

Applications
DCV/ASV combination therapy is associated with a high SVR rate in real-world 
clinical practice, but appearance of RASs were seen in patients with treatment 
failure. Baseline critical RASs should be checked to avoid additional RASs after 
treatment failure.
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