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Abstract

Background The present study explored the treatment
outcome of daclatasvir (DCV) and asunaprevir (ASV)
therapy combining oral direct-acting antiviral agents
(DAAs) for chronic hepatitis C (HCV) including liver
cirrhosis according to resistance-associated variants
(RAVs) in NS3/NS5A region.

Methods Overall, 641 patients enrolled in Japan with
HCV-1b received DCV and ASV for 24 weeks. Baseline
drug-resistant mutations L3 1F/I/M/V, Q54H, P58S, A92K,
and Y93H in the HCV NS5A region and V36A, T54A/S,
Q80K/L/R, R155K/T/Q, A156S/V/T, and D168A/E/H/T/V
in the HCV NS3/4A region were assessed by direct
sequencing.

Electronic supplementary material The online version of this
article (doi:10.1007/s00535-016-1225-x) contains supplementary
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Results Overall, 86.9 % (543/625) of patients had SVR12,
which was significantly higher in NS5A 93Y (wild)
(88.3 %) compared with NS5A 93H at baseline (48.0 %),
indicating the SVRI12 rate was significantly lower in
patients with 93H mutations. Additionally, 66.7 % (18/27)
of patients with prior triple therapy including simeprevir
(SMV) failure had virological failure. The virological
failure rate of DCV/ASV therapy after SMV failure was
significantly higher in those with preexisting NS3/4A 168
substitutions compared with without substitutions at base-
line [84.2 % (16/19) vs. 28.6 % (2/7), p = 0.014]. The
number of patients with multiple RAVs or deletions in
NS5A increased from O to 85 % in failed patients. Alanine
aminotransferase elevation was a frequent adverse event
causing discontinuation of DCV/ASV therapy, although
87.5 % (14/16) patients achieved SVR12, subsequently.

Conclusions History of SMV therapy and pre-existing
NS5A Y93H were associated with virological failure of
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DCV/ASYV therapy, resulting in the emergence of multiple
RAVs. Patients with RAVs at baseline should be assessed
to optimize future DAA therapies.

Keywords HCV - Direct acting antivirals - DCV/ASV -
Resistance-associated variants - Simeprevir failure

Abbreviations

ASV  Asunaprevir

DAA  Direct-acting antiviral agent
DCV  Daclatasvir

HCV  Hepatitis C virus

IFN Interferon
NS3 Non-structural protein 3

NS5A  Non-structural protein 5SA

PCR  Polymerase chain reaction

RAV  Resistance-associated variant
SMV  Simeprevir

SNP Single nucleotide polymorphism
SVR  Sustained virological responses
Introduction

An estimated 170 million individuals worldwide are
infected with hepatitis C virus (HCV) [1], of whom 1.5-2.0
million reside in Japan. Pegylated-interferon (PEG-IFN),
ribavirin (RBV), and protease inhibitors such as telaprevir
or simeprevir (SMV) are effective therapies for patients
with HCV genotype 1 infection [2, 3], but HCV patients in
Japan are not suitable for IFN regimens because there are
many older patients as well as LC patients who might
develop adverse events caused by PEG-IFN, RBV, or
protease inhibitors. IFN-free regimens combining oral
direct-acting antiviral agents (DAAs), are available for
chronic hepatitis C patients, including those with LC, and
IFN-free DAAs have achieved high rates of sustained
virological response (SVR), even in LC patients with HCV.
Daclatasvir (DCV) is a first-in-class NS5A replication
complex inhibitor and asunaprevir (ASV) is a potent
selective NS3 protease inhibitor. DCV and ASV became
available for clinical use at the end of September 2014 in
Japan. These regimens are particularly valuable for IFN
intolerant or ineligible patients such as those with depres-
sion, LC, or advanced age as well as PEG-IFN/RBV-based
regimen non-responders. Although IFN-free DCV/ASV
therapy for 24 weeks improved the efficacy and safety
outcomes for patients with HCV infection [4], virological
responses of the current regimen were influenced by NS5A
substitutions at baseline [5]. The aim of the present mul-
ticenter observation study in clinical practices was to assess
the treatment outcome of DCV/ASV therapy according to
resistance-associated variants (RAVs) in NS3/NS5A

regions among patients with HCV genotype 1 (HCV-1) and
determine the pattern of multiple NS5A RAVs that might
affect future DAA therapies.

Materials and methods
Patients

Overall, 641 patients with HCV-1b were enrolled at multiple
centers in Japan between September 2014 and October 2015.
Treatment algorithms were based on Japanese guideline
from JSH (http://www.jsh.or.jp/medical/guidelines/jsh_gui
dlines/hepatitis_c). According to this guideline, most
patients with NS5A RAVs (except for LC patients, etc.)
avoided the treatments of DCV/ASV due to a lower SVR
rate and waited second-generation DAAs therapy. Exclusion
criteria were patients with (1) clinical or biochemical evi-
dence of decompensated cirrhosis (Child—Pugh classification
B or C) and (2) the presence of HCC. The diagnosis of
fibrosis was based on liver histopathology, and/or pathog-
nomonic results utilizing ultrasound or computed tomogra-
phy (CT). Patients received DCV and ASV for 24 weeks
and were followed for an additional 12 weeks after treat-
ment. DCV was administered orally at a dose of 60 mg once
daily, and ASV was administered orally at a dose of 100 mg
twice daily. The study protocol was approved by the Ethics
Committees of the participating institutions in accordance
with the 1975 Declaration in Helsinki and informed consent
was obtained from each subject.

Laboratory investigations

Blood samples were obtained at baseline, at 1- or 2-week
intervals from weeks 1 to 12, at 4-week intervals thereafter
until the end of treatment, and then at 4-week intervals
until 12 weeks after the end of treatment.

During DCV/ASYV treatment, virological responses were
defined as follows: sustained virological response (SVR)
12, HCV RNA undetectable at week 12 after the end of
therapy; rapid virological response (RVR), HCV RNA
undetectable at week 4 after the start of therapy, end of
treatment response (ETR), and HCV RNA undetectable at
end of therapy, using the Roche COBAS TagMan HCV test
(Roche Diagnostics, Tokyo, Japan). The dynamic range of
this assay is 1.2-7.8 log IU/ml. A breakthrough was
defined as a confirmed value greater than 1 log;( increase
in HCV RNA over the nadir, or confirmed HCV RNA
values less than the lower limit of quantitation (LLOQ).
The IL28B genotype (rs8099917) was determined by
TagMan PCR using the ABI TagMan allelic discrimination
kit (7500 Real-Time PCR System; Applied Biosystems,
Carlsbad, CA, USA).
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Drug resistance testing

The drug-resistant mutations V36A, T54A/S, Q80K/L/R,
RI155K/T/Q, A156S/V/T, and D168A/E/H/T/V variant in
the HCV NS3/4A region and L31F/I/M/V, Q54H, P58S,
A92K, and Y93H in the HCV NS5A region were assessed
by direct sequencing as shown in supplementary text.

Statistical analysis

Categorical variables were compared between groups by
the y*-test or Fisher’s exact test and non-categorical vari-
ables by the Mann—Whitney U test. Variables with
p < 0.05 in univariate analysis were evaluated using mul-
tivariate logistic regression to identify variables signifi-
cantly associated with SVR12. The results are expressed as
odds ratios (OR) and their 95 % confidence interval (CI). A
value of p < 0.05 was considered statistically significant.
Statistical analysis was performed with SPSSver.20 and
Windows Excel 2010 software.

Results
Baseline characteristics of patients

Demographic baseline characteristics of patients are shown
in Table 1. The median age of the patients (279 men and
362 women) was 71 years (range, 33-87 years). Of the 641
patients, 425 (66.3 %) were CH, 216 (33.7 %) were LC,
52.4 % (336/641) patients were treatment-naive and 38 had
a history of PEG-IFN + RBV + PI treatment (including
27 with SMV therapy). Baseline polymorphisms at amino
acid positions associated with resistance are shown in
Table 1. In brief, 595 patients had no NS5A substitutions at
baseline, but eight patients (1.2 %) with L31 M/V substi-
tution and 25 patients (4.0 %) with Y93H substitution at
baseline were initiated for treatment. Compared with the
CH and LC group, there was no significant difference of
baseline NS5A RAVs, but higher tendency was found in
LC compared with CH [8.1 % (17/209) vs. 3.8 % (16/419),
p = 0.069] (Table 1). Baseline characteristics of IFN-
naive and IFN treatment-experienced patients were also
shown in supplementary Table S1. IL28B favorable geno-
type, AFP and past HCC were higher in IFN treatment-
experienced patients than IFN-naive patients.

Efficacy of antiviral therapy
The flowchart shows the process of the analysis (supple-
mentary Figure S1). Overall, 641 patients started DCV/

ASV therapy. Forty-three (6.7 %) patients stopped DCV/
ASV treatment because of adverse events and 40 patients
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had virological failure. Overall, 75.7 % (485/641) patients
had RVR. ETR, SVR4, SVRS, and SVR12 were achieved
by 92.4 % (592/641), 89.5 % (574/641), 88.6 % (568/641),
and 86.9 % (543/625) patients, respectively in the entire
cohort (Fig. 1). The virological response rates were similar
between CH and LC patients: 93.2 % (396/425) vs. 91.2 %
(197/216) in ETR, 90.4 % (384/425) vs. 88.0 % (190/216)
in SVR4, 89.9 % (382/425) vs. 86.0 % (186/216) in SVRS,
and 88.1 % (364/413) vs. 84.4 % (179/212) in SVRI2,
respectively. Although RVR were higher in CH patients
than in LC patients [78.1 % (332/425) vs. 70.8 % (153/
216), p = 0.042]. No differences were observed for the
undetectable HCV RNA rate between CH and LC (sup-
plementary Figure S2).

Next, univariate and multivariate analyses were per-
formed to predict SVR12 by DCV/ASV therapy. Multi-
variate analysis showed that significant independent factors
associated with SVR12 were previous triple therapy with
simeprevir (OR 27.1; 95 % CI 8.64-84.9; p < 0.0001),
NS5A 93H mutation at baseline (OR 6.21; 95 % CI
2.06-8.69; p = 0.0011), and non-RVR (OR 4.39; 95 % CI
2.22-8.69; p = 0.0002), respectively (Table 2).

Virological response rates with and without NSSA
93H mutation at baseline

Among patients with a NS5A 93Y at baseline, the per-
centage of undetectable HCV-RNA rates at week 4, ETR,
SVR4, SVRS, and SVR12 were 77.1 % (465/603), 93.4 %
(563/603), 90.7 % (547/603), 89.9 % (542/603), and
88.3 % (521/590), respectively. In contrast, among patients
with NS5A 93H at baseline, the percentage of unde-
tectable HCV-RNA rates at week 4, ETR, SVR4, SVRS,
and SVR12 were 56.0 % (14/25), 68.0 % (17/25), 56.0 %
(14/25), 52.0 % (13/25), and 48.0 % (12/25), respectively
(Fig. 1). These results suggested that the SVR12 rate was
significantly lower in patients with a 93H mutation.

Resistance-associated variants associated
with virological failure of DCV/ASYV therapy

Changes of RAVs in 52 failed patients were examined at
baseline and at the time of failure of DCV/ASV therapy
(including prior SMV therapy). Both NS5A and NS3/4A
RAVs were detected in 40 patients with virological failure.
The number of NS5A RAVs (0, 1, 2, 3) were 87, 13, 0, and
0 % at baseline, respectively, and were 9, 6, 52, and 27 %,
respectively, and 6 % of deletion (del) at the time of
virological failure. The number of patients with multiple
RAVs or deletion increased from O to 85 %. Forty-one
patients (79 %), one 29del patient (case 1), and two 32del
patients (case 9, case 30) had more than 2 RAVs resistant
to daclatasvir or Ledipasvir (LDV). Furthermore, 2 RAVs
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Table 1 Baseline characteristics of the 641 patients
Total (n = 641) CH (n = 425) LC (n = 216) p value
Age (years) 71 (33-87) 71 (35-87) 72 (33-87) NS
Gender, male/female 279/362 179/246 100/116 NS
CH/IC 425/216 (34 %) NA NA
Past HCC (+/-/NT) 91/459/91 39/306/80 52/153/11 <0.01
Creatinine (mg/dl) 0.7 (0.4-10.2) 0.7 (0.4-10.2) 0.7 (0.4-9.2) NS
Hb (g/dl) 13.4 (7.3-17.9) 13.6 (7.3-17.9) 12.7 (7.6-17.5) NS
Platelet count (x 10* /ul) 12.8 (2.1-34.5) 15.4 (3.9-34.5) 8.9 (2.1-26.2) <0.01
Alb (g/dl) 4.0 (1.8-5.3) 4.1 (2.2-5.3) 3.6 (1.8-4.9) <0.01
AST (1U/1) 46 (11-298) 40 (11-289) 54 (17-298) 0.02
ALT (U/) 39 (6-352) 37 (6-352) 43 (6-298) NS
y-GTP (IU/1) 36 (7-817) 35 (9-751) 37 (7-817) NS
T.bil (mg/dl) 0.7 (0.2-3.8) 0.7 (0.2-1.9) 0.8 (0.4-3.8) NS
D.bil (mg/dl) 0.2 (0.1-3.1) 0.2 (0.1-1.2) 0.2 (0.1-3.1) NS
PT (%) 90.1 (48.4-138.2) 97.0 (56.0-138.2) 80.9 (48.4-114.0) <0.01
AFP (ng/ml) 6.0 (1.0-553.0) 4.5 (1.0-141.0) 13.3 (2.0-553.0) <0.01
HCV-RNA (log IU/ml) 6.1 (2.7-7.8) 6.2 (2.7-7.8) 6.0 3.5-7.4) <0.01
Past treatment
naive/I[FN/IFN + RBV/PEG-IFN + RBV/PEG-IFN + RBV + PI 336 (52 %) 214 (50.3 %) 108 (50.0 %) NS
/52/14/201/38* /33/12/143/23** 122/1/70/15%%%*
NS5A (RAVs)
No RAVs 595/8/25/0/13 403/3/13/0/6 192/5/12/0/7 NS (0.069)
/31M/93H/31M93H/NT
Host genetic factors
rs8099917, TT/TG/GG/NT 292/163/7/179 179/101/6/139 113/62/1/40 NS

*TVR/SMV/TVR + SMV = 11/18/9
**TVR/SMV/TVR + SMV = 7/12/4
***TVR/SMV/TVR + SMV = 4/6/5

and a 32del emerged in one patient (case 31). Five patients
had neither NS5A 31 nor 93 substitution after DCV/ASV
failure. DCV/ASV treatment was stopped in two of five
patients within 2 weeks because of severe eruptions (case
26, case 51), and other patient values were estimated using
serum samples from 6 months after DCV/ASV failure
(case 8, case 16, and case 39) (Fig. 2; supplementary
Table S2).

Other factors related to virological failure of DCV/
ASYV therapy

As shown in Fig. 3, among patients with prior triple ther-
apy including SMV failure 66.7 % (18/27) had virological
failure. The median period of starting DCV/ASV therapy
after previous Peg-IFN/RBV/SMV treatment was 113 days
(range, 21-561 days). NS3/4A 168 substitution was ana-
lyzed in 26 patients before starting DCV/ASV therapy.

Sixteen (84.2 %) of 19 patients with NS3/4A 168V/E/T
substitutions before starting DCV/ASV therapy had viro-
logical failure, although 71.4 % (5/7) patients with NS3/4A
168D (wild type) achieved SVR12. The treatment outcome
of DCV/ASV therapy was significantly different between
those with and without preexisting NS3/4A 168 substitu-
tions after SMV failure (p = 0.014) (Fig. 4), although the
treatment outcome was not related to the duration of SMV
failure to the start of DCV/ASV therapy.

In addition, nine patients had genotype 2 or 3 despite
being diagnosed with serotype 1 before DCV/ASV treat-
ment. Another patient was diagnosed as genotype la.
HCV-RNA levels decreased by 2—4 log IU/ml after 2 or
4 weeks of treatment, but immediately showed virological
breakthrough. HCV-RNA have been detectable during the
treatment in most genotype 2 patients (data not shown).
After breakthrough, NS5A Q30E and NS3 Q80K, D168E
were detected at the point of failure in genotype la patient.

@ Springer
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Fig. 1 HCV-RNA undetectable rates with and without NS5A 93H
mutation at baseline. Overall, RVR, ETR, SVR4, SVRS8, and SVR12
were achieved by 75.7, 92.4, 89.5, 88.6, and 86.9 % patients,
respectively. For patients with NS5A 93Y at baseline, the percentage
of undetectable HCV-RNA rates at week 4, ETR, SVR4, SVR8, and
SVRI12 were 77.1, 93.4, 90.7, 89.9, and 88.3 %, respectively. In

At baseline

NoRAVs
87%
(45/52)

Fig. 2 Resistance-associated variants (RAVs) at baseline and at time
of failure of DCV/ASV therapy. Changes of RAVs in 52 failed
patients were examined at baseline and at the time of failure of DCV/
ASV therapy (including prior SMV therapy). The number of RAVs

Changes of liver function during DCV/ASV
treatment

Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels showed rapid improvement in
most patients during the first 2-4 weeks of treatment. The
AST and ALT levels were 46 (range, 11-298) and 39
(range, 6-352) at baseline, but were 24 (range, 4-186) and
17 (range, 4-195) at week 4, respectively. A significant
reduction of both AST and ALT levels was observed at
week 4 (p < 0.01), although some patients had an ALT
flare-up during DCV/ASV therapy (Fig. 5). Additionally,
AFP levels were significantly reduced during baseline and
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post wk4

post wk8 post wk12

contrast, patients with NS5A 93H at baseline, the percentage of
undetectable HCV-RNA rates were 56.0, 68.0, 56.0, 52.0, and
48.0 %, respectively. SVR12 was significantly higher in NS5A 93Y
(wild) compared with NS5A 93H at baseline. *Baseline NS5A 93
substitution could not be assessed in 13 patients

At the time of failure

52%
(27/52)

(0, 1, 2, 3) were 87, 13, 0, and 0 % at baseline, respectively, but were
9, 6, 52, and 27 %, respectively, and 6 % of deletion (29 or 32del) at
the time of virological failure. Patients with multiple RAVs or
deletion increased from O to 85 %

at 4 weeks of treatment [6.0 (range, 1-214.6) vs. 5.1
(range, 0.9-70.1) ng/ml] (» < 0.01).

Adverse events leading to discontinuation

Overall, 6.7 % (43/641) patients discontinued the treatment
because of adverse events. Sixteen patients (2.5 %) dis-
continued after 6-20 weeks of treatment because of ALT
and AST elevations. All 16 cases stopped treatment
because of grade 3 ALT elevations that were normalized
immediately after cessation, and 14 of these (87.5 %)
subsequently achieved SVR12. Fourteen cases continued
treatment by a dose reduction of ASV to 100 mg/day, but
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two patients (No 7 and No 8) did not resolve despite the
dose reduction of ASV and subsequently stopped the DCV/
ASYV therapy (Fig. 5 and supplementary Table S3). Twelve
of 14 (85.7 %) patients with a dose reduction of ASV
achieved SVR.

Three patients discontinued because of rash and high
fever and four patients because of hepatic encephalopathy.
Five patients developed HCC, six developed cardiovascu-
lar diseases and one developed ageusia. All patients who
stopped treatment because of high fever, but not rash,
achieved SVR12.

Fig. 3 Therapeutic outcomes
prior to SMV therapy. Overall,
66.7 % (18/27) of patients had
virologic failure among those
with prior triple therapy
including SMV failure

(n = 27). Dotted line indicates
HCV RNA below the lower
limit of detection

HCV-RNA (log10 IU/mL )

wk0  wk2

PEG-IFN and RBYV therapy immediately after DCV/
ASYV failure

Three patients received additional PEG-IFN/RBV therapy
immediately after DCV/ASYV failure. All the patients were
female, IFN treatment-naive and IL28B TT genotype
(rs8099917). Because these three patients were old and had
advanced fibrosis (70 years LC, 71 years CH, 65 years
LC), we decided to start PEG-IFN/RBYV therapy during low
viral loads (1.9, 2.3, and 2.6 log IU/ml) after DCV/ASV
failure. PEG-IFN-02a (180 pg once a week) plus RBV

wkd Wk6 wk8 wk10 wk12 wk16 wk20 wk24 post post post

wkd  wk8 wk12

Table 2 Univariate and

Factor Univariate analysis Multivariable analysis
multivariable logistic regression
analysis of predictors of SVR12 OR 95 % CI p OR 95 %ClI p
with daclatasvir and asunaprevir
therapy Age (years)
<70 vs. =70 1.19  0.59-2.90 0.62
Gender
Female vs. male 1.49  0.74-2.99 0.25
Fibrosis
CH vs. LC 1.05 0.52-2.09 0.88
IL28B (rs8099917)
TT vs. TG/GG 0.51 0.25-1.06 0.074
Virological response
RVR vs. non-RVR 462 229-932  <0.0001 439 2.22-8.69 0.0002
L31M mutation
Absent vs. present 2.10 0.23-0.1 0.49
Y93H mutation
Absent vs. present 6.60 2.13-20.58 <0.0001 6.21 2.06-8.69 0.0011
Previous triple therapy with simeprevir
Absent vs. present 282 879126  <0.0001 27.1 8.64-84.9 <0.0001

CI confidence interval, OR odds ratio

@ Springer



100

J Gastroenterol (2017) 52:94-103

(600-1000 mg daily according to body weight) were
applied for 24 weeks. The doses of drugs were reduced
according to the recommendations on the package inserts
or the clinical conditions of the individual patients. HCV-
RNA of all patients was undetectable within 4 weeks of

treatment with PEG-IFN/RBV therapy, resulting in
SVRI2.

P=0.014
100%

80%

60%
DCVIASV failure

40% mDCV/ASV SVR12

20%

168V/IE/T

0%

168D

Fig. 4 NS3/4A 168 substitution pre-existing DCV/ASV therapy in
the SMV failure group. NS3A 168 substitutions were assessed in 26
SMV failure patients before starting with DCV/ASV. Overall, 84.2 %
(16/19) of patients with NS3/4A 168V/E/T mutations before starting
DCV/ASV therapy had virologic failure, although 71.4 % (5/7) of
patients with NS3/4A 168D achieved SVR12. The treatment outcome
of DCV/ASV therapy was significantly different between those with
and without preexisting NS3/4A 168 substitution after SMV failure
(p = 0.014). *One of 27 patients could not be assessed

AST
900
800
700
600
500
400
300
NG/
100 IS, SR e
0 =L — = =l =
FErzesiiiil
= A

wk O (base)

Time after treatment (weeks)

Fig. 5 Changes of AST and ALT levels during DCV/ASYV treatment.
Median AST: 46 (range, 11-298) at baseline, 24 (range, 4-186) at
week 4. Median ALT: 39 (range, 6-352) at baseline, 17 (range,
4-195) at week 4. A significant reduction was observed at week 4
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Discussion

In this study, baseline viral mutations conferring resistance
to the NS5A replication complex inhibitor DCV were
investigated by direct sequencing and the treatment out-
come of DCV/ASV therapy was assessed according to
RAVs in NS3/NS5A regions among patients with HCV-1.
The SVR12 rate was significantly higher in the NS5A 93Y
(wild) group (88.3 %) compared with the NS5A 93H group
at baseline (48.0 %). After virological failure of DCV/
ASV, patients with multiple NS5SA RAVs and/or deletion
(29del or 32del) that emerged at failure point, or were
reported to be highly resistant to DCV or LDV [5, 6],
increased from 0 to 85 %. Especially, because L31M-
Q54H-Y93H in NS5A acquired both high replication levels
and high an ECsq [7], such a clone might remain in patients
resulting in poor treatment outcomes of future regimens
including NS5A inhibitors. The frequency of 31V + 93H
was the highest (30.8 %), followed by 31V + 54H/
Y + 93H (19.2 %) and 31M + 93H (11.5 %). As these
HCYV strains with double or triple RAVs had much higher
EC5q than that of single RAV in the HCV replicon system,
our data support multiple RAVs are important for the
efficacy of DCV/ASV therapy. For the other RAVs by
DCV/ASYV failure, NS5A 31F-93H/Y and 32del emerged
in one patient, and those with NS5A 32 del had a high
resistance for DCV (>390,000-fold) by in vitro replicon
analysis. However, because 32del-93H did not replicate
[8], both the P32del-Y93H and L31F-P32del strains
appeared to be mixed in this patient. One patient showed
the emergence of a NS5A 31I/M-A92K substitution, a rare
mutation in DCV failure [9]. The prevalence of NSS5A

ALT
900
800
700
600
500
400
300
200 , S
100 N\ 4 sl
I o .
E¥ 35553538858
E<) £ £ 2 2 2 2 32
o
X
B

Time after treatment (weeks)

both ASL and ALT (p < 0.01). Sixteen cases stopped treatment
because of grade 3 ALT elevation, and ALT normalized immediately
after cessation
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A92 K, R30Q, and Q54H variants at baseline were 7.4,
12.8, and 43.9 %, respectively, in Japanese patients [10].
These mutations by themselves do not affect DCV [9, 11],
although R30Q and Q54H enhance the resistance pheno-
type of L31F mutants and Y93H, respectively [6].

Recently, an HCV NS5B nucleotide polymerase inhi-
bitor, sofosbuvir (SOF), was approved in Japan. Clinical
trials of SOF and LDV have been reported in patients with
and without NS5A 93H substitution and have shown a high
SVR rate, about 90 %, with only 12 weeks of therapy [12,
13]. However, the effect of SOF/LDV and future DAA
treatments are unclear for drug resistance strains with
multiple NS5A RAVs caused by DCV/ASV treatment
failure. A recent in vivo study using chimeric mice with
human hepatocytes showed that NS5A L31V plus Y93H
variant upon treatment failure with DCV/ASV treatment
was resistant to LDV [14], suggesting that the treatment
response of SOF/LDV might be limited for patients with
DCV/ASV failure.

For three patients with possible multiple NSSA RAVs
caused by DCV/ASV treatment failure in this cohort, an
additional PEG-IFN/RBV therapy was started immediately
after DCV/ASYV failure during low viral levels. Although
NSS5A Y93H substitution strains are more susceptible than
wild-type strains, the mechanism involved is unclear.
Previous studies revealed that YO3H RAV was less fre-
quently detected in patients with the unfavorable IL28B
genotype non-TT (rs8099917) [15], and Y93H in the NS5A
region was linked to the IL28B TT genotype [16]. By
starting PEG-IFN/RBV therapy under a low HCV-RNA
load, patients with the IL28B TT genotype may achieve
SVR, suggesting that PEG-IFN/RBV therapy is still a
beneficial option for patients with DCV/ASV failure.

Because baseline ASV RAVs and NS3-D168 substi-
tutions were rare [17], the baseline NS3 substitution was
not examined at baseline in this cohort. However, in cases
of treatment failure, baseline NS3-D168E and/or Q80K
were prevalent with prior SMV treatment [18, 19].
Recently, Kan et al. reported that NS3-D168 showed low
susceptibility to ASV treatment and failed to respond to
DCV/ASV therapy in human hepatocyte chimeric mice
[20]. NS3-168D substitutions generally decayed during
off-drug follow-up periods, implying a lack of replicative
fitness relative to the wild type in the absence of selective
drug pressure [17, 21]. Although minor spices were
detectable by deep sequence analysis after being unde-
tectable by population sequences, it is not clear whether
these minority species of substitutions effect the re-
treatment by NS3 protease inhibitors [21, 22]. In this
study, the treatment outcome of DCV/ASV therapy was
significantly lower in those with preexisting NS3/4A 168
substitutions after SMV failure regardless of no NS5A
substitutions at baseline, suggesting that DCV/ASV

treatment should be avoided after SMV failure until NS3-
168 substitutions are not undetectable by population
sequences.

The rate of discontinuation of treatment with DCV/ASV
because of adverse events was low; however elevated ALT
and AST levels were the most frequent adverse events
similar to previous reports [23, 24]. The causes of dis-
continuation for seven available patients were serum ASV
concentrations and percentage of eosinophils 4 weeks
before ALT elevation and ALT peak. Increased ASV
concentrations or eosinophilia were reported in seven
patients with ALT elevation during DCV/ASV therapy.
Despite early cessation until 12 weeks, 14 of 16 patients
who discontinued because of elevated levels of ALT and
AST achieved SVR. A high concentration of ASV might be
associated with ALT elevation [23]. Some patients con-
tinued DCV/ASV therapy and showed ALT improvement
by a dose reduction of ASV, but the patients with ALT
elevation caused by allergic factors (eosinophil elevation)
[25] might be unable to continue the treatment.

ALT and AFP were rapidly improved by DCV/ASV
treatment. Although HCV eradication with IFN-based
therapy has been shown to prevent HCC [26, 27], it
remains unknown whether the incidence of HCC can be
reduced in patients who achieved SVR by IFN-free DAA
combination therapy because of the relatively short dura-
tion of treatment and no evidence of anti-tumor effects by
IFN therapy. Additionally, we have to treat patients with a
high risk of HCC development such as the elderly and
those with advanced fibrosis [28].

There were several limitations to this study. First, the
observation period did not reach 12 weeks post-treatment
follow-up in some patients. Second, baseline NS3/4A
substitution has not been examined in this cohort except
for those patients with previous SMV therapy. Baseline
ASV RAVs, and NS3-D168 substitutions were rare [17].
According to a previous report, there was no apparent
association between preexisting NS3 resistance-associ-
ated polymorphisms [4]. Third, the SVR12 rate among
patients without Y93H mutation was relatively lower than
that of a previous study [4]. One reason for this might be
preexisting NS3-D168 substitutions after SMV failure.
Our treatment algorithms were based on Japanese guide-
lines from JSH (http://www.jsh.or.jp/medical/guidelines/
jsh_guidlines/hepatitis_c), but prior treatment-failed
patients of SMV administered DCV/ASV therapy because
there had not been evidence in 2014. Another reason
might be the mismatch of HCV genotypes. Because HCV
genotyping assay is not commercialized under medical
service health insurance in Japan, many patients were
started with DCV/ASV treatment by checking only HCV
serotype. Fourth, there is substantial inclusion bias in this
study. Most patients with NS5A RAVs avoided the
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treatments of DCV/ASV based on Japanese guidelines
from JSH, though some patients with NS5A 93H were
started with DCV/ASV therapy due to some risk factors
for HCC development or decompensated cirrhosis. Fifth,
in some cases we could not examine NS5A RAVs after
DCV/ASV treatment failure. The reasons for this are a
lack of serum samples after DCV/ASYV failure, and some
patients were started with PEG-IFN/RBYV therapy under a
low viral load. Finally, the investigation of the cause of
elevated ALT (the main side effect of DCV/ASYV therapy)
was based on a small number of samples. Therefore,
further examination with a large number of samples is
required.

In conclusion, a history of SMV therapy and pre-exist-
ing NS5A Y93H were associated with virological failure
during DCV/ASV therapy, resulting in the emergence of
multiple RAVs. The treatment response of SOF/LDV
might be limited for patients with DCV/ASV failure.
Therefore, patients with RAVs at baseline should be
required to undergo assessment to optimize future DAA
therapies.
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