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(15%), malaise (13%), renal damage (12%), anorexia (8%),
skin rash (5%), insomnia (5%), transient ischaemic attack
(2%), pneumonia (2%), hypotension (2%) and retinopathy
(2%).

DISCUSSION

This study examined the effect of dose reduction on out-
come of telaprevir triple therapy in genotype 1 patients in
the postmarketing phase in Japan. We found a high overall
80.2% SVR rate in this diverse group of patients in spite of
frequent dose reduction. When we analysed the duration
of ribavirin administration, the majority of patients took
ribavirin for the full 24 weeks, resulting in an SVR rate of
89.7% in these patients, suggesting that continuous
administration of ribavirin is important to achieve SVR
even when accompanied by substantial dose reduction.

Patients with ITPA rs1127354 CC genolype were more
vulnerable to anaemia and experienced significantly faster
haemoglobin decline than CA/AA patients, especially dur-
ing the (irst 4 weeks of therapy. Ribavirin dose was
reduced in response to haemoglobin decline, and in some
cases, telaprevir and peg-interferon doses were reduced as
well. Cumulatively, CC genotype patients therefore received
less total ribavirin and telaprevir; nonetheless, there was
no significant difference in SVR rate. Despite receiving a
smaller effective dose of ribavirin, which is still required to
prevent emergence of telaprevir-resistant mutants [26],
genotype CC patients were not more likely to encounter
viral breakthrough (P = 0.88). Viral breakthrough was
instead associated with the presence of core70 substitution,
which is related to IFNA4 genotype, both of which
have been reported to be associated with triple therapy
[27]. Although both telaprevir and ribavirin doses were

© 2014 John Wiley & Sons Ltd
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Table 2 Predictive factors associated with sustained viral response in patients with chronic infection with hepatitis C
genotype 1 determined by multivariate logistic regression analysis with forward/backward stepwise selection

Simple Multiple
Variable N OR P N OR (95% CI) P
Sex 270 1.13 0.691
Age 268 0.67 0.019* 234 0.62 (0.33-1.15) 0.126
BMI 233 0.9 0.65
IPNA4 T71/TT 244 0,075 6.401-] 5%** 234 0.0032 (0.0004.6-0.022) 5.00B-09#**
ITPA C/C 244 1.03 0.93
Core70 mutant 149 0.16 2.40E-05%**
Fibrosis 137 0.22 0,000 7#**
Activity 131 0.52 0.123
Treatment-naive 260 2.48 0.033*
Telaprevir adherence 263 2.23 0.000] 2%**
Peg-IFN adherence 262 3.78 8.701-10%** 234 16.27 (5.57-47.56) 3.40B-07%%*
Ribavirin adherence 261 4.29 1.40E-Q7%%*
a-Fetoprotein 246 0.72 2.50B-0 7%
Fasting blood sugar 216 0.87 0.163
WBC 266 1.2 0.571
Neutrophil percentage 247 1.23 0.287
HB 267 1.66 0.0271* 234 2.01 (0.93-4.35) 0.076.
Plt 266 4.1 8.80E-08*** 234 5.03 (2.10-12.04) 0.00029%**
AST 269 0.73 0.018*
ALT 269 0.93 0.33
yGPT 257 0.78 8.30B-05%**
Creatinine 265 0.76 0.316
Uric acid 211 0.91 0.755
eGFR 182 1.12 0.532
Total cholesterol 237 1.38 0.044*
Triglycerides 211 0.83 0.228
HDL 189 2.12 0.015*
HCV RNA 255 0.86 0.581

P < 0.05: %P < 0.01; *™*P < 0.001.

significantly associated with SVR, only peg-interferon dose
adherence was an independent predictor of SVR in
multivariate analysis. These results suggest that dose
reductions in ribavirin and telaprevir can help alleviate or
prevent side effects without severely compromising efficacy,
while dose reductions of peg-interferon below 80% should
be avoided. Given further study, it may also be possible to
set a lower initial dose of the drugs when ITPA and IFN24
SNP genotypes are known beforehand, in a step towards
more personalized medicine.

Results of phase 11 and III trials garnered high expecta-
tions for a substantial improvement in the SVR rate for
treatment of HCV genotype 1 with triple therapy, even
among difficult-to-treat patients [28]. The risk is that
results of clinical trials might overestimate treatment suc-
cess in clinical practice due to the focus on well-defined
patient populations with stringent inclusion criteria and
strict adherence protocols that exclude a number of
patients who will require treatment; therefore, postmarket-

© 2014 John Wiley & Sons Ltd

ing evaluation is needed to compare treatment efficacy in
clinical practice to expectations [29]. While the anticipated
improvements in SVR rate have largely been met [30], in
a retrogpective study, adoption of telaprevir/boceprevir tri-
ple therapy was found to be lower than expected at only
18.7% of eligible patients during the year following FDA
approval, due in part to concerns over safety and anticipa-
tion of alternative therapies currently under development
[31]. Other studies have confirmed results of clinical trials
in other demographics and patient populations, such as
liver transplant recipients [32]. However, the greater vari-
ability among patients in a clinical setting has also
revealed new risks, including drug interaction risks in
transplant recipients and the greater risk of infection and
hepatic decompensation in cirrhotic patients, a group that
was not well represented during clinical trials [33]. An
adverse relationship between renal function and ribavirin
metabolism associated with telaprevir was not detected
until after approval of triple therapy in Japan [13]. As the
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drug enters wider use, future studies may uncover addi-
tional side effects and risk factors, including changes in
resistance patterns, but with careful management, the
therapy appears safe and effective for the majority of
patients [18].

Interferon and ribavirin-free DAA combination therapies
are also near at hand. Dual therapy with asunaprevir, a
second-wave first-generation protease inhibitor, and dacla-
tasvir, an NS5A inhibitor, achieves high SVR rates even in
difficult-to-treat patients with fewer side effects and a rela-
tively high barrier to resistance, especially in Japan, where
genotype 1b is common [34,35]. Oral therapy with sof-
osbuvir, an NS5B polymerase inhibitor, with or without
ribavirin or in combination with other antivirals, is
another promising interferon-free therapy [36]. Many new
DAAs have pan-genotypic efficacy and may be approved
for use against HCV genotypes other than genotype 1.
Nonetheless, removal of peg-interferon has revealed unex-
pected differences in treatment outcome between genotypes
2 and 3, perhaps related to the viral steatosis phenotype
associated with genotype 3 [37]. The role of telaprevir in
the new era of multiple DAA therapies is unclear, but
while telaprevir may be a short-lived drug to do strong side
effects, it will likely remain on the market due to different
resistance profiles in second-generation protease inhibitors
[38].

Despite the prospect of upcoming interferon and ribavi-
rin-free therapies, triple therapy offers the best current
chance of eradication and far exceeds the success rate of
the previous standard of care [18]. However, prevention of
side effects, which may be severe in some patients, requires
close monitoring and appropriate dose reduction as neces-
sary, especially in anaemia-prone rs1127354 CC patients.
Results of this study suggest that, even with rapid reduc-
tion of ribavirin, continuous treatment with all three drugs
is necessary to achieve high SVR rates, and reduction of
peg-interferon should be avoided.
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SUMMARY. Daclatasvir (DCV) and asunaprevir (ASV) are
NS5A and NS3 protease-targeted antivirals respectively,
currently under development for the treatment of chronic
hepatitis C virus (HCV) infection. We analysed the relation-
ship between pre-existing drug-resistant variants and clini-
cal outcome of the combination treatment with DCV and
ASV. Ten patients with HCV genotype 1b were orally trea-
ted with a combination of ASV and DCV for 24 weeks.
The frequencies of amino acid (aa) variants at NS3 aa posi-
tions 155, 156 and 168 and at NSS5A aa31 and 93 before
and after treatment were analysed by ultra-deep sequenc-
ing. We established a minimum variant frequency thresh-
old of 0.3% based on plasmid sequencing. Sustained
virological response (SVR) was achieved in 8 out of 10
patients (80%), and relapse of HCV RNA after cessation of
the treatment and viral breakthrough occurred in the

other two patients. Pre-existing DCV-resistant variants
(L31V/M and/or Y93H; 0.9-99.4%) were detected in three
out of eight patients who achieved SVR. Pre-existing DCV-
resistant variants were detected in a relapsed patient
(L31M, Y93H) and in a patient with viral breakthrough
(Y93H):; however, no ASV-resistant variants were detected.
In these patients, HCV RNA rebounded with ASV- and
DCV- double resistant variants (NS3 D168A/V plus NS5A
L31IM and Y93H). While pre-existing DCV-resistant vari-
ants might contribute to viral breakthrough in DCV and
ASV combination therapy, the effectiveness of prediction of
the outcome of therapy based on ultra-deep sequence
analysis of pre-existing resistant variants appears limited.

Keywords: antiviral resistance, asunaprevir, combination
treatment, daclatasvir, deep sequencing.

INTRODUCTION

Hepatitis C virus (HCV) infection is a major cause of
chronic liver disease, such as cirrhosis and hepatocellular
carcinoma [1,2]. A number of direct acting antivirals
(DAAs) are currently under development. Telaprevir (TVR)
has been approved for clinical use in several countries and
has shown promising results when combined with peg-
interferon (PEG-IFN) and ribavirin (RBV) |3]. However, this
combination therapy has poor therapeutic effect in null

Abbreviations: aa, amino acid; ASV, asunaprevir; DAA, direct-
acling antiviral agent; DCV, daclatasvir; HCV, hepatitis C virus;
PEG-IFN, peg-interferon; RBV, ribavirin; SVR, sustained virological
response; TVR, telaprevir: WT, wild type.

Correspondence: Kazuaki Chayama. 1-2-3 Kasumi, Minami-ku,
Hiroshima 734-8551, Japan. E-mail: chayama@hiroshima-u.ac.jp

responders, in which the sustained virological response
(SVR) rate remains low at 37% in patients with HCV geno-
type 1b [4]. Moreover, PEG-IFN and RBV are associated
with frequent side effects [5,6], and the addition of TVR
results in elevated rates of anaemia and additional adverse
events such as rash, pruritus and renal dysfunction
[7-10].

Daclatasvir (DCV) and asunaprevir (ASV) are currently
undergoing clinical development for treatment of HCV
infection. DCV (BMS-790052) is a first-in-class, highly
selective NS5A replication complex inhibitor with picomo-
lar potency and broad genotypic coverage [11]. NSSA is
an RNA binding multi-functional viral protein and is
essential for viral proliferation by interacting with other
HCV NS proteins and cellular proteins |12]). ASV (BMS-
650032) is a selective inhibitor of NS3 protease with
antiviral activily in vitro against genotypes 1 and 4 [13].

© 2014 John Wiley & Sons Ltd



Combinations of (wo DAAs may overcome interferon
nonresponsiveness in null  responders by increasing
antiviral activity and reducing the risk of developing
resistance-associated variants [14]. One recent PEG-IFN and
RBV-sparing study of DCV plus ASV (Al447017) has exam-
ined the efficacy and safety of this combination for
24 weeks in a small cohort of ten genotype 1b null
responders, in whom an SVR rate of 90% was observed
[15]. The study was then expanded to include an additional
cohort of null responders and a group of patients ineligible
to receive, or intolerant of, PEG-IFN and RBV [16]. As with
other antiviral agents, the ellicacy of DCV and ASV can be
compromised by the development of drug resistance. In this
study, there were three viral breakthroughs and four
relapsers out of 43 patients. Karino et al. [17] reported on
the relationship between pre-existing drug-resistant variants
by direct sequencing analysis and clinical antiviral
responses to DCV and ASV combination treatment.

Recently, deep sequencing has been employed as a use-
ful tool in the detection of viral variants and determining
the mutational rate without cloning [18~21]. In this study,
ultra-deep sequencing was performed using sera from 10
Japanese HCV genotype 1b patients who participated in a
clinical phase 2a trial using ASV and DCV to analyse the
relationship between the pre-existence of minor popula-
tions of ASV- and DCV-resistant variants and clinical
antiviral responses.

MATERIALS AND METHODS

Study design

This study is a phase 2a clinical trial (clinicaltrials.gov iden-
tifier NCT01051414) to evaluate the antiviral activity and
safety of DCV plus ASV against HCV genotype 1 in treat-
ment-naive patients and nonresponders to prior PEG-IFN
and RBV combination therapy. Written informed consent
was obtained from all patients. The study was approved by
institutional review boards at each site and conducted in
compliance with the Declaration of Helsinki, Good Clinical
Practice Guidelines, and local regulatory requirements.

Patients

Ten patients who met the following inclusion and exclusion
criteria participated in the clinical trial. Inclusion criteria for
this clinical trial were as follows. (i) Patient age was
between 20 to 75 years. (ii) Patients were infected with
HCV genotype 1 for at least 6 months, and serum HCV-
RNA level was more than 5 log [U/mL. (iii) Eligible patients
had no evidence of cirrhosis as diagnosed by laparoscopy,
imaging or liver biopsy within 2 years. (iv) Eligible patients
consisted of two groups: a) treatment-naive patients with
no history of anti-HCV therapy, including interferon ther-
apy; and b) nonresponders who failed to achieve a 2 log

© 2014 John Wiley & Sons Ltd
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copy/mL of HCV-RNA decrease in prior IFN therapy lasting
12 weeks or longer. (v) Patients have no history of hepato-
cellular carcinoma, co-infection with hepatitis B virus or
human immunodeficiency virus, other chronic liver disease,
or evidence ol hepatic decompensation. (vi) Patients were
also excluded if they had other severe or unstable conditions
or evidence of organ dysfunction in excess of that consistent
with the age of the patient, were unable to tolerate inter-
feron and oral medication or had conditions that could
impact absorption of the study drug, or were exposed to any
investigational drug within 4 wecks ol stady participation
or had any previous exposure to inhibitors of NSSA. (vii)
Laboratory findings that excluded participation were ala-
nine aminotransferase >5 times the upper limit of normal
(xULN); total bilirabin =2 mg/dL; direct bilirubin >1.5
» ULN; international normalized ratio of prothrombin time
>1.7; albumin <3.5 g/dl; haemoglobin <9.0 g/dL; white
blood cells <1500/mm?; absolute neutrophil count <750/
mm’; platelets <50 000/mm?®; or creatinine >1.8 xULN.

Treatment protocol

All patients received combination therapy with DCV plus
ASV for 24 weeks. Patients received 24 weeks of treatment
with DCV 60 mg once daily (two 30 mg tablets), combined
with ASV 200 mg twice daily, with 24 weeks of post-treat-
ment follow-up. In the sentinel cohort of null responders,
ASV was initially administered as three 200 mg tablets
twice daily (600 mg BID), subsequently reduced to
200 mg BID during treatment following reports from
another study of greater and more frequent aminotransfer-
ase elevations with the higher dose [22].

Determination of amino acid sequences in the HCV core
region

Substitution at aa70 in the HCV core region was analysed
by direct sequencing, as described previously [23]. Briefly,
HCV RNA was extracted from 100 ul of stored serum sam-
ples by SepaGene RV-R (Sanko Junyaku Co., Ltd, Tokyo,
Japan), and reverse transcription (RT) was performed with
random primer (Takara Bio, Shiga, Japan) and M-MLV
reverse transcriptase (Takara Shuzo, Tokyo, Japan). Then,
the HCV core region was amplified using converted cDNA
by nested PCR, and direct sequencing analysis was per-
formed using an ABI Prism 3100 Avant Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA). Arginine was
considered wild type for aa70 in the core region, and other
amino acids were considered mutant type.

Determination of HCV and IL28B genotypes

IL28B SNP genotype (rs8099917) was determined using
TagMan Pre-Designed SNP Genotyping Assays as described
previously [24].
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Assessment of virological responses

Serum was collected at baseline and at fixed time points:
Weeks 1, 2, 4, 6, 8, 12 and then every 4 weeks on-treat-
ment. HCV RNA was determined at a central laboratory
using the Roche COBAS TaqMan HCV Auto assay (Roche
Diagnostics KK, Tokyo, Japan; LLOQ, 15 IU/mL). SVR
occurred if HCV RNA became continuously undetectable
by qualitative PCR assay for 24 weeks after the end of
treatment. Viral breakthrough was defined as a confirmed
>1 log 1U/ml increase from nadir of HCV RNA, or HCV
RNA >15 IU/ml after having been confirmed as undetect-
able during treatment. Post-treatment relapse was defined
as confirmed HCV RNA =15 IU/ml during follow-up in
patients with undetectable HCV RNA at the end of treat-
ment.

Detection of drug-resistant substitutions by ultra-deep
sequencing

Hepatitis C virus RNA was extracted from serum samples
by Sepa Gene RV-R (Sankojunyaku, Tokyo), and cDNA
synthesis was performed using a random primer and
M-MLV reverse transcriptase. Briefly, the NS3 and NSSA
region in the HCV genome was amplified by nested PCR
and the fragment distributions were assessed using the Ag-
ilent BioAnalyzer 2100 platform. The amplified fragments
were modified by the Multiplexing Sample Preparation Kit
(Mlumina, San Diego, CA, USA) and sequence analysis was
performed by llumina Genome Analyzer. Imaging analysis
and base calling were performed using Illumina Pipeline
software with default seftings as in our previous report
[25]. The N-terminal domain of NS3, which includes
R155, A156 and D168, and NS5A, which includes L31
and Y93, were analysed. This technique revealed an

average coverage depth of over 1000 sequence reads per
base pair in the unique regions of the genome. Read map-
ping to the HCV-KT9 reference sequence was performed
using BWA [26]. Because of the short 36 nucleotide read
length, hypervariable regions with multiple closely spaced
variants could prevent reads from mapping to the reference
sequence. Therefore, unmapped reads were examined and
alternative reference sequences were included based on
direct sequencing to improve coverage in variable regions.
Codon frequencies were calculated using a haplotype-
aware custom walker.

RESULTS

Characteristics of patients and treatment efficacy

Baseline characteristics of the 10 patients are shown in
Table 1. Five of the patients were prior nonresponders
(Cases 1-5), and the other 5 patients were treatment-naive
(Cases 6-10). To compare dosing effects of ASV, {wo
patients {(Cases 1 and 2) were administered 1200 mg/day
and the remaining eight patients were administered
400 mg/day of ASV. As shown in Table 1, subjects
included two males and eight females with a median age of
62. All subjects were infected with HCV genotype 1b. The
IL28B rs8099917 genotype was TT in four patients and
TG in six patients, including two patients who were nonre-
sponders to previous PEG-IFN plus RBV combination ther-
apy. Substitutions at aa70 in the HCV core region were
found in six patients. SVR was achieved in 8 of 10 patients
(80%), whereas HCV RNA relapsed in a patient after cessa-
tion of the treatment (Case 9), and viral breakthrough
occurred in one patient (Case 10). The SVR ratio was not
associated with either IL28B genotype (TT: 75%, TG: 83%)
nor Core70 type (Wild type: 75%, Mutant type: 83%).

Table 1 Clinical characteristics of 10 patients with chronic hepatitis C virus (IICV) genotype 1b infection treated with
asunaprevir (ASV) and daclatasvir (DCV) combination therapy for 24 weeks

Age Prior [FN [ICV RNA ASV DCv

Case (years) Sex treatment IL28B (log copy/ml) Core aa70 (mg/day) (mg/day) Efficacy

1 63 F Naive TG 7.1 Mutant 1200 60 SVR

2 59 F Naive TG 6.4 Mutant 1200 60 SVR

3 58 F Naive TG 6.6 Mutant 400 60 SVR

4 67 F Naive TG 7.0 Wwild 400 60 SVR

5 48 M Naive T 5.7 Mutant 400 60 SVR

6 75 F NR TG 6.7 Mutant 400 60 SVR

7 70 F NR T 6.1 Wild 400 60 SVR

8 61 M NR NS 6.5 wild 400 60 SVR

9 75 F NR T 6.8 wild 400 60 Relapse
10 48 F NR TG 7.0 Mutant 400 60 Breakthrough

IFN, interferon; IL28B, rs8099917 genotype; NR, nonresponder to prior peg-interferon plus ribavirin therapy; SVR, sustained
virological response; Core aa70, presence of wild type or mutant amino acid at position 70 of the HCV core protein.

© 2014 John Wiley & Sons Ltd
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Detection of drug-resistant hepatitis C virus variants not correlated with depth of coverage (Fig. S1). To deter-
prior to therapy mine a threshold for detecting rare variants, we compared

. o the frequency of synonymous and non synonymous substi-
We conducted ultra-deep sequencing analysis for these 10

patients prior to therapy to determine whether or not HCV
strains with naturally occurring DCV- and ASV- resistant
variants were present prior to exposure. We obtained
between 11 575 and 2 711 250 total reads for each
patient. To estimate the error rate due to PCR errors and
limitations of the sequencing platform, we sequenced an
HCV-expressing plasmid as a control. Nucleotide substitu-
tions by position varied from 0.09 to 0.14 with a median
of 0.08 (Table S1). The nucleotide substitution rate was

tutions at each codon position using a haplotype-aware
custom walker and selected a minimum {requency thresh-
old of 0.3% (Tables 2, S1 and S2). Although a candidate
A156V variant was found within the error threshold in
Case 2, no ASV-resistant variants with a frequency above
0.3% were detected (Tables 3, S3 and $4). In the NS5A
region, DCV-resistant  variants  were detected in  five
patients: L31V/M in Cases 3 and 9, and Y93H in Cases 1,
3. 7,9 and 10 (Tables 4, S3 and $4).

Table 2 Determination of the minimum variant frequency based on ultra-deep sequencing of NS3 amino acid 155/156/
168 and NSSA amino acid 31/93 determined by sequencing a wild type hepatitis C virus-expressing plasmid as a control.
The per-nucleotide substitution rate for these positions ranged from 0.09 to 0.14 with a median of 0.08. To account for
PCR and sequencing errors, the minimum threshold for detecting an amino acid substitution was set at 0.3% of the
aligned reads for that position based on analysis of nonsynonymous substitutions. This value is above the 0.23% NS3
aalS56 and the 0.18% NS3 aal55 nonsynonymous substitution rate and well above the substitution rates for NS3 aal68
and NS5A aa31 and aa93, which were each <0.1

Aligned Nonsynonymous
Position reads Frequency (%) substitution rate, %
NS3 aal55 1 405 486 R (98.82), L (0.09), W/Q/P/G/H (0.11) 0.18
NS3 aal56 1301 281 A (99.77), V(0.11), T/D/S/P/G (0.12) 0.23
NS3 aal68 4 053 122 D (99.91), G (0.03), V/Y/N/E/A (0.06) 0.09
NS5A aa3l 1571 297 L (99.97), S (0.02), F/I/V (0.01) 0.03
NS5A aa93 723 377 Y (99.94), H (0.02), C/F/S/N/D (0.05) 0.06

Substituted amino acids are shown by standard single-letter codes; Aligned reads: the number of reads that overlap the
given codon position in the reference alignment; WT, wild type.

Table 3 Ultra-deep sequence analysis of NS3 amino acid 155, 156 and 168 in 10 patients prior to the start of asunaprevir
plus daclatasvir combination therapy

aal55 aal56 aal68
Aligned WT (R) Variant Aligned WT (A) Variant Aligned WT (D) Variant
Case reads (%) (%) reads (%) (%) reads (%) (%)
1 264 515 99.9 - 272 154 99.9 - 711 021 100 -
2 420 927 99.9 - 411 290 99.8 - 1077 727 99.9 -
3 50 236 100 - 58 614 100 - 580 892 99.9 -
4 147 312 99.7 146 496 99.9 - 554 264 99.9 -
5 403 055 99.8 - 402 456 99.9 - 576 881 99.9 -
6 357 934 100 - 363 838 100 - 861 707 99.9 -
7 37 512 100 - 29 481 100 - 575 327 99.9 -
8 24 352 100 - 12 868 100 - 599 928 99.9 —
9 29 925 100 - 11 575 100 - 807 927 100 -
10 48 605 99.9 - 36 712 99.9 - 446 494 100 -

Substituted amino acids are shown by standard single-letter codes. Dashes indicate amino acid substitutions with a
frequency less than 0.3% ol the aligned reads at that position; Aligned reads: the number of reads that overlap the given
codon position in the reference alignment; WT, wild type.

© 2014 John Wiley & Sons Ltd
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Virological response

Between weeks 1 and 8 of treatment, serum HCV-RNA
titres decreased below the limit of detection in all 10
patients. HCV-RNA titres in 9 of the 10 patients remained
undetectable until the end of the treatment, and eight out
of nine patients achieved SVR (Fig. 1). In one patient (Case
9), serum HCV-RNA titre rebounded at week 36 (12 weeks
after cessation of the treatment) and returned to pretreat-
ment levels. In this case, ultra-deep sequencing showed
that 100% of the total reads were the wild type sequence
at NS3 aal68, indicating that this amino acid was com-
pletely replaced with the ASV-resistant variant D168A by
week 40 (16 weeks after cessation of the treatment)
(Fig. 2a). 99.1% and 67.5% of the aligned reads showed
wild type sequences in NS5A aa31 and 93 before treat-
ment, respectively. These aa were predominantly replaced
by DCV-resistant variants; 99.1% of L31M and 96.6% of
Y93H.

In Case 10, serum HCV-RNA litre decreased below the
detectable limit at week 2 of treatment. However, serum
HCV-RNA titre rebounded at week 10, and the treatment
was stopped at week 16 (Fig. 1). In this case, ASV-resis-
tant variants were not detected prior to treatment; how-
ever, NS3 D168V was enriched at week 10 and increased
to 45.7% at week 16 (Fig. 2b). In this case, 99.4% of
NS5A Y93H was detected before treatment, and the vari-

ants persisted at high frequency during the course of ther-

apy. The L31M variant was not detected before treatment
but was detected in up to 99.6% of the sequences at week
10. By week 32 (16 weeks after cessation of the treat-
ment), NS3 aal68 had been completely replaced by wild

type, whereas NS5A aa31 was completely replaced by the
DCV-resistant variant.

DISCUSSION

Drug resistance has been shown to emerge with different
classes of DAA regimens. However, the reason why treai-
ment fails in some patients remains unclear. Amino acid
substitutions in HCV related proteins that confer resistance

—8— Cases 1-8 {SVR)
—y— Case 9 (relapse}
--0-. Case 10 {treakthrough)

HCV RNA (log (Uml)
E

"§ 12 16 20 24 28 32 36 40 44 48
Time after treatment {(weeks)

Fig. 1 Hepatitis C virus (HCV) RNA levels over time for
patients treated with daclatasvir and asunaprevir. Serum
HCV RNA titres decreased below the detectable limit

4 weeks after the beginning of treatment in all patients.
Serum HCV RNA rebounded at 12 weeks after cessation of
the treatment in Case 9 (relapse) and at week 12 of the
treatment in Case 10 (breakthrough).

Table 4 Ultra-deep sequence analysis of NSSA amino acid 31 and 93 in 10 patients prior to the start of the combination

therapy with asunaprevir and daclatasvir

aa3l aa93
WT (L) Variant Aligned WT (Y) Variant

Case Aligned reads (%) (%) reads (%) (%)

1 821 229 99.9 - 75 800 28.7 H (71.2)

2 851 400 100 - 217 011 99.7 -

3 1137 359 99.0 vV (1.0) 175 520 0.5 H (99.4)

4 80 535 100 - 451 140 99.8 -

5 2711 250 99.9 - 469 945 99.8 -

6 757 927 99.9 - 198 881 99.8 -

7 790 076 99.9 - 456 161 99.1 H (0.9)

8 670 404 99.9 - 527 879 99.9 -

9 588 331 99.1 M (0.7) 300 666 67.5 H (32.4)
10 1436 741 99.7 - 451 138 0.6 H (99.4)

Substituted amino acids are shown by standard single-letter codes. Dashes indicate amino acid substitutions with a fre-
quency less than 0.3% of the aligned reads at that position; Aligned reads: the number of reads that overlap the given

codon position in the reference alignment: WT, wild type.

© 2014 John Wiley & Sons Ltd



to DAAs can exist at low frequency prior to antiviral treat-
ment with DAAs. Enrichment of variants during therapy
has been reported, although monitoring changes in variant
frequency using ultra-deep sequencing is not commonly
performed. HCV is an error-prone RNA virus in which sub-
stitutions frequently occur throughout the HCV genome
[27.28], and drug-resistant variants are sometimes present
as minor populations in patients who have never been
exposed to DAAs [29].

In this study, ultra-deep sequence analysis detected DCV-

resistant variants in 5 (50%) patients before treatment. In

Deep sequencing of DCV- and ASV-resistant HCV 163
recent Japanese studies, the prevalence of NS3/4A protease
inhibitor- and NS5A inhibitor-resistant variants in HCV
genotype 1b-infected patients was reported to be approxi-
mately 4.9% and 11-23%, respectively, by direct sequence
analysis, [16,17,29].

Patients with no ASV-resistant variants but with NS5A
L31IM/S and a high frequency of Y93H variants (32.4%
and 99.4%) resulted in the development of double resis-
tance variants, indicating that pre-existence ol a high fre-
quency of Y93H variants might be associated with relapse
or viral breakthrough with ASV and DCV combination

(a) 0 week 40 weeks
20 92516505
N83
= W 9L1%
aaibb WT 100% & R15504.7%
= R1S5L41%
1157510305
aal156 = WT 100% oW 88.9%
= A156311%
807 92T reags 29 26410308
aa168 © WT 190% # D168A 100%
NS5A 580 331 reads 27700 reads
WT 89.1% % W 0.8%
aa3l
L3107 B L31M99.9%
300 666 reasts 283 450 reads
= WT 67.5% % WT34%
aad3
® Y93H3RA% = Y93H 96.6%
(b) 0 week 10 weeks 16 weeks 32 weeks
48 605 1eads 368 943reads 438 78310ads 73887 roads
NS3
aa155 W 99.8% WY 100%
102 290 1¢ads
28156 =WT 98.5% WT 100%
81139 reads
23168 = WT 100%
NSBA 1436 741 1eads 1200 0751eads 151083 reads
2a31 S WT89T% 5 L31M 99.6%
451138reads 556 041reads 479 863reads 131978 reads
aa93 = YU3H 99.6% = YO3H 93.8%

Fig. 2 Time courses of the amino acid frequencies at R155, A156 and D168 in the NS3 region and at 131 and Y93 in the
NS5A region by ultra-deep sequencing in Case 9 (a) and Case 10 (b).

© 2014 John Wiley & Sons Ltd
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treatment. However, Case 3 achieved SVR despite a pre-
existing NS5A L31V variant and a high frequency (99.4%)
Y93H variant. These results suggest that pre-existing
DCV-resistant variants might be associated with viral
breakthrough for DCV and ASV combination treatment;
however, identifying pre-existing resistant variants by
ulira-deep sequence seems to have limited utility in predict-
ing the outcome of therapy.

[17] reported a relationship between
pre-existing drug-resistant variants by direct sequencing
analysis and clinical antiviral responses to DCV and ASV
combination treatment. McPhee et al. [30] also reported
that six of seven genotype la HCV-infected patients treated
with ASV and DCV developed viral breakthrough even
though no resistance variants were detected at baseline by
population sequencing analysis. Ultra-deep sequence
analysis may permit more detailed analysis of resistance
variants.

In Case 9, although ASV-resistant variants had not been
detected before treatment, the frequency of D168A had
reached 100% by 16 weeks after cessation of treatment,
indicating that the wild type amino acid had been com-
pletely replaced. Similarly, in Case 10, the frequency of the
D168V variant had already reached 31.8% by week 10,
and the frequency increased to 45.7% by week 16. In both
patients, NSS5A aa31 and 93 were predominantly replaced
by DCV-resistant variants. In Case 10, NS3 aal68 had
completely returned to wild type 16 weeks after cessation of
the treatment, while NS5A aa31 was completely replaced
by the DCV-resistant variant. We previously reported that
TVR-resistant variants have reduced replication capacity
and are easily replaced by wild type when TVR is not

Karino et al.
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Abstract

Natural killer (NK) cells have a potential role in immune surveillance of hepatocellular carcinoma (HCC). Self-
recognition of human leukocyte antigens (HLA) through killer immunoglobulin-like receptors (KIR) confers
competence to NK cells—a process termed "licensing.” We investigated the effect of NK-cell licensing on the
susceptibility of patients to HCC recurrence. A total of 170 Japanese patients with HCC who underwent primary
curative hepatectomy between 1996 and 2010 were enrolled in this study. The median follow-up period was 5.4
years. We analyzed their KIR-HLA genotypes with sequence-specific polymorphism-based typing and estimated
their susceptibility to HCC recurrence by performing propensity score-matching analyses. The presence of
KIR2DL1-C2, KIR2DL2-C1, KIR3DL1-BW4, or KIR3DL2-A3/11, functional compound genotypes that intrinsically
license NK cells, did not markedly affect HCC recurrence. However, the multiplicity of those compound KIR-HLA
genotypes was significantly associated with the HCC recurrence rate, i.e., the cumulative risk of recurrence in
patients with at least three compound genotypes was significantly lower than that in patients with one or two
compound genotypes, suggesting that the effect of NK-cell licensing on HCC recurrence is quantitative. Patients at
high risk of HCC recurrence after curative hepatectomy could be identified by KIR-HLA genotyping. Cancer
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Introduction

Hepatocellular carcinoma (HCC) frequently recurs despite
curative resection (1). Because augmented cytolytic activities
of natural killer (NK) cells in the liver are thought to be critical
for HCC immune surveillance (2, 3), functional NK-cell com-
petence potentially affects HCC recurrence and prognosis.

NK-cell activation is dependent upon inhibitory-activating
receptor equilibrium, among which killer immunoglobulin-like
receptors (KIR) are the most polymorphic. KIRs contribute to
receptor-ligand interactions that determine NK-cell responses
by recognizing specific human leukocyte antigen (HLA) class I
allotype ligands (4). Self-specific inhibitory KIR and cognate
HLA ligand interactions are fundamental to "licensing” (5), a
process in which NK cells expressing inhibitory KIRs for self-
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HLA have a higher resting response capacity (6). Ligand
specificities for five inhibitory KIRs have been defined:
KIR2DL1 for the HLA-C Lys80 (C2) group of alleles, KIR2DL2
and KIR2DL3 for the IILA-C Asn80 (C1) group, KIR3DLI for the
Bw4 group of HLA-B (and some A) alleles, and KIR3DL2 for the
HLA-A3/11 alleles (7). The genes for KIR and their cognate HLA
ligands display extensive polymorphism and generate diverse
immune responses to neoplastic cells. Here, we show that the
multiplicity of functional compound KIR-HLA genotypes influ-
ences posthepatectomy recurrence.

Patients and Methods

Patients and outcomes

A total of 170 Japanese patients with HCC who underwent
primary hepatectomy at Hiroshima University between 1996
and 2010 were enrolled in this study based on the following
inclusion criteria: Presence of histologically confirmed HCC by
an experl pathologisl; preserved preoperalive liver funclion,
ie., Child-Pugh grade A; no residual tumor after surgery; no
evidence of comorbid malignant tumor; and written informed
consent. None of the patients received adjuvant HCC therapy.
This study was approved by the Hiroshima University Research
Ethics Committee, and informed consent was obtained from
all patients in accordance with the Declaration of Helsinki.

Clinicopathologic and follow-up data were collected for 5
years after primary hepatectomy. After hepatectomy, patients
were followed up by using ultrasound sonography, contrast-
enhanced computed tomography, or magnetic resonance,
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combined with evaluation of serum o-fetoprotein and Des-y
carboxyprothrombin levels at 3-month intervals for up to 3
years. Therealler, follow-up was performed al 6-month inter-
vals for up to 5 years. HCC recurrence was defined as the
appearance of a new focal liver lesion with typical character-
istics: lymph node enlargement in the liver hilum or suspected
extrahepatic lesions. The diagnosis was histologically con-
firmed if necessary. Cumulative risk of recurrence was defined
as the time from the surgery date to the first tiumor recurrence
date, Overall survival (0S) was defined as the time from the
surgery date to the date of death from any cause.

KIR and IILA genotyping

Genomic DNA was extracted from peripheral blood mono-
nuclear cells derived from patients by using a QIAamp DNA
Blood Mini Kit (Qiagen). KIR allele genotyping for KIR2DL1/
2DL2/2DL3/3DL1/3DL2 was performed by sequencing KIR
transcripts and detected by the reverse sequence-specific poly-
morphism-polymerase chain reaction (SSP-PCR)~Liuminex typ-
ing method using a KIR genotyping SSO kit (One Lambda). HLA-
A, HLA-B, and HLA-C alleles were identified by SSP-PCR using a
WAKFLow HLA typing kit (Wakunaga). The presence of the HLA
ligand for KIR was determined according to HLA genotypes, as
previously described (8, 9).

Statistical analysis
A comparison of categorical and continuous variables was
. 2 . .
performed using the x” test and the Wilcoxon test, respectively.

To adjust for differences in baseline characteristics, one-to-
lwo or two-lo-one propensity score models were con-
structed on the basis of each patient’s estimaled propensily
score, Variables used included age, sex, etiology [hepatitis B
virus/hepatitis C virus (HCV)/others}, number of tumors (1,
2, 3, or 24), maximum twmor diameter (<20 mm, >20 mm
and <50 mm, or >50 mm), histologic type (G1 or G2/G3),
vascular invasion (negative/positive), satellite lesions (neg-
alive/positive), and surgical margin (<5 mm/2=5 mm). Pro-
pensily score matching was performed using IBM SPSS
Statistics 18 (SPSS Inc.) and R statistical software version
R2.10.0 (R Foundation for Statistical Computing; ref. 10).
One-to-two or two-lo-one nearest-neighbor matching were
performed using a noncaliper.

‘We considered the 5-year cumutlative risk of recurrence as a
primary outcome. Cumulative risk of recurrence and OS were
estimated and compared using Kaplan-Meier and log-rank
statistics. The Cox proportional hazards model was used to
calculate the hazard ratio (HR) and 95% confidence intexvals
(CI). Statistical analyses, except propensity score matching,
were performed using JMP10 for Windows (SAS Institute).
P values of <0.05 were considered slalistically significanl.

Resulis

In this study, 170 patients with HCC who underwent curative
hepatectomy were enrolled. Because preoperative liver dys-
function is a risk factor for postoperative HCC recurrence
(11, 12), patients with Child-Pugh grade A were included
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(Supplementary Table S1). The median follow-up period and
median OS were 5.4 and 9.1 years, respectively.

The functional compound KIR-HLA genotypes KIR2DLI-
C2, KIR2DL2-C1, KIR2DL3-C1, KIR3DL1-Bw4, and KIR3DL2-
HLA A3/11, which intrinsically license NK cells, were found
in 14.1%, 10.0%, 98.2%, 80.0%, and 15.9% of the cohort,
respectively (Supplementary Table S2). The relatively low
KIR and HLA genotype heterogeneity agreed with that
previously reported (13).

We analyzed the effect of each compound genotype
(KIR2DL1-C2, KIR2DL2-C1, KIR3DL1-BW4, and KIR3DL2-
A3/11) on HCC recurrence. The KIR2DL3-C1 was present in
nearly all patients. Propensity score-matched studies using
nine variables (age, sex, etiology, tumor number, maximum
diameter, histologic differentiation, vascular invasion, satellite
lesion, and surgical margin), in which one-to-two or two-to-
one patient pairs with or without each compound KIR-HLA
genotype were created, minimized baseline characteristics
bias (Supplementary Table S3). Those propensity score-
matched analyses revealed that none of the compound KIR-
HLA genotypes had a statistically significant effect on post-
operative HCC recurrence and OS, although the recurrence
rate in the group with each functional compound KIR-HLA
genotype was lower than that in the group without that
particular genotype (Fig. 1 and Supplementary Fig. S1).

Because NK cells expressing greater numbers of self-
reactive inhibitory receptors have increased responsive
potential (14), we questioned whether functional compound
KIR-HLA genotype multiplicity influenced HCC recurrence.
All patients had between one and four of the five functional

compound KIR-HLA genotypes. Accordingly, the patients
were divided into four groups for risk recurrence compar-
ison. Compound KIR-HLA genotype mulliplicily lended Lo
be associated with the HCC recurrence rate and OS (Fig. 2A
and B). In the propensity score-matched study using the
same nine variables, in which one to two pairs of patients
with at least three compound genotypes (the highly licensed
NK group; r = 46) and patients with one or two compound
genotypes (the poorly licensed NK group; n = 92) were
created (Supplementary Table S4), it revealed that the
cumulative recurrence risk in the highly licensed NK group
was significantly lower than that in the poorly licensed NK
group (P = 0.018; adjusted HR, 0.57; Fig. 2C). Likely because
treatments against recurring HCC were persistently main-
tained, no statistical difference was found in OS between the
two groups (Fig. 2D).

Subgroup analysis based on tumor-node-metastasis (TNM)
classification (7th edition of Union for International Cancer
Control) demonstrated that the difference in the cumulative
risk of recurrence between the highly and poorly licensed NK
groups was consistently recognized in stages I and II (Supple-
menlary Fig. S2A-S2C). No difference was observed belween
the two groups in stage IIIA (Supplementary Fig. $2D), indi-
cating that the surveillance function of NK cells is most critical
in the early stages of HCC. Considering the possible effect of
HCYV infection on NK-cell activity, additional subgroup anal-
yses were performed among patients with or without HCV.
The lower cumulative risk of recurrence in the highly licensed
NK group was statistically significant in the non-HCV-related
cohort, but not in the HCV-related cohort (P = 0.044 and 0.17,
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Figure 3. The lower cumulative risk of recurrence in the highly licensed NK
group was significant among the non-HCV-related cohort. A, according
to the presence or absence of HCV infection, Kaplan-Meier analyses

of the 5-year cumulative risk of recurrence were performed for 138
matched patients belonging to the highly and poorly licensed NK groups.
Further subgroup analyses were performed in non-HCV-related patients
(B) and HCV-related patients (C).

respectively; Fig. 3). Consistently, on the log-rank and the Cox
proportional hazards model analyses, the number of KIR-HLA
genotype (<2) was defined as a significant risk factor for HCC
recurrence in an unadjusted overall cohort, but was not so in
the HCV-related cohort (Table 1).

Discussion

Postoperative recurrent HCC can be monocentric, leading to
intrahepatic metastasis, or multicentric as a de novo carcino-

genesis. To study the role of NK cells in intrahepatic metastasis,
we previously investigated the effect of decreasing NK-cell
functions on the engraftment susceplibilily of intraportally
injected HCC cells in a mouse model (15, 16). The anti-HCC
activity of hepatic NK cells significantly decreased after partial
hepatectomy, allowing intrahepatic metastasis growth in mice
receiving FCC cells (16). Intravenous adoptive immunotherapy
performed using activated NK cells extracted from normal
livers markedly inhibited intrahepatic metastasis. NK-cell
competence and ability to survey and eliminate de novo
neoplastic cells may provide defense against both monocentric
and multicentric recurrence.

The human liver contains an unusually high number of
infiltrating immune cells; 30%-50% of lymphocytes are NK
cells (2). Liver NK cells have unique properties, including TNF-
related apoptosis-inducing ligand (TRAIL)-dependent cyto-
toxicity, high NKp46 and CD122 expression, and specific
cytokine profiles (2, 3). TRAIL on NK cells binds to four
receptors, including death-inducing receptors (DR4 and DR5)
that signal apoptosis and decoy receptors (DcR1 and DcR2;
refs. 17). Moderately/poorly differentiated HCC remarkably
expresses DR4/DR5 bul not DcRI/DeR2, increasing TRAIL-
expressing NK cell-mediated cell killing susceptibility (2, 18).
On the basis of those findings, we proposed a novel immuno-
therapy of intravenously injecting activated liver allograft-
derived NK cells into liver transplant recipients to control
HCC recurrence (19).

In addition to TRAIL, hepatic NK-cell roles in immune tumor
surveillance are likely mediated by perforin, granzyme, and
interferon-y (20). Gene polymorphisms for KIR and its HLA
ligands possibly contribute to the heterogeneous tumor-sur-
veillance functions of NK cells and likely affect clinical ICC
outcomes. Recently, a small cohort study of patients with HCV-
related HCC who underwent curative treatment by either
surgical resection or radiofrequency thermal ablation (RTA)
showed that the compound KIR2DL2-C1 and KIR3DSI-
BwAT80 genolypes are associaled with longer lime Lo recur-
rence and worse OS, respectively (21). We also analyzed the
impact of these genotypes in the present study, but did not
observe consistent results (Table 1 and Supplementary Table
S5). This discrepancy might be relaled to the fact that the Llime
to recurrence was markedly longer in our study than that in the
previous study (median time to recurrence = 29.7 vs. 17
months, respectively), which is likely due to the heterogeneity
of the therapeutic modality used in the previous study (i.c.,
time to recurrence in patients treated with RTA was signifi-
cantly shorter than that in patients treated by resection; ref. 21).
Our propensity score-matched studies demonstrated that the
presence of a single functional compound KIR-HLA genotype
did not markedly affect HCC recurrence, but that compound
KIR-HLA genotype multiplicity was associated with the HCC
recurrence rate. Taken together, with this finding and the fact
that the number and type of host MHC class I alleles quan-
titatively tune the responsiveness of individual NK-cell subsets
expressing the corresponding KIR (14, 22), the effect of NK-cell
licensing on HCC recurrence should be quantitative. This effect
of NK-cell licensing on HCC recurrence reached statistical
significance in the non-HCV-related cohort but not in the
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Table 1. Cumulative risk of recurrence and overall survival of patients with HCC according to
clinicopathologic characteristics and compound KIR-HLA genotypes

Total patients (N = 170)

HCV-related patients (n = 97)

Cumulative risk of
recurrence

0os

Cumulative risk of

recurrence os

P HR (95% Cl) P

HR (95% CI) P

HR (95% ClI) P HR (95% Cl)

genotypes (>3 vs. <2)

Age (<65 vs. >65 years) 0.745 NA 0.362 NA 0.626 NA 0.592 NA

Sex {male vs. female) 0.078 1.54 (0.99-2.53) 0.966 NA 0.554 NA 0.216 NA

Etiology (HBV vs. 0.448 NA 0.117 NA NA NA NA NA
HCV vs. others)

Tumor number (>2 vs. 1) 0.010 1.57 (1.06-2.31) 0.039 1.64 (1.11-2.39) 0.088 1.56 (0.92-2.51) 0.604 NA

Maximum diameter 0.222 NA 0.511 NA 0.749 NA 0.313 NA
(<50 mm vs. >50 mm)

Histologic differentiation  0.253 NA 0.498 NA 0.866 NA 0.909 NA
(G1+G2 vs. G3)

Vascular invasion 0.733 NA 0.851 NA 0.612 NA 0.454 NA

Satellite lesion 0.657 NA 0.743 NA 0.451 NA 0.486 NA

Surgical margin 0.126 NA 0.162 NA 0.039 1.88 (0.98-3.36) 0.003 1.88(0.97 - 3.37)
(<5 mmvs. >5 mm)

KIR2DL1-C2 0.113 NA 0.754 NA 0.189 NA 0.964 NA

KIR2DL2-C1 0.253 NA 0.945 NA 0.456 NA 0.745 NA

KIR2DL3-C1 0.793 NA 0.283 NA 0.694 NA 0.105 NA

KIR3DL1-Bw4 0.269 NA 0.359 NA 0.572 NA 0.935 NA

KIR3DL2-A3/11 0.585 NA 0.570 NA 0.845 NA 0.986 NA

Number of KIR-HLA 0.016 0.61(0.38-0.94) 0.224 NA 0.130 NA 0.735 NA

Abbreviation: NA, not assessed.

NOTE: Cumulative risk of recurrence and OS were compared by log-rank statistics for univariate analysis. Cox proportional hazards
model was conducted for multivariate survival analysis. Only variables presenting P < 0.1 in the univariate analysis were included in the
multivariate model. P < 0.05 was considered statistically significant.

HCV-related cohort, which might be explained by the fact that
hepatic NK cells exhibited reduced cytotoxicity and TRAIL
expression in patients with chronic HCV infection (23).

We demonstrated that patients at high risk of HCC
recurrence after curative hepatectomy could be identified
by KIR-HLA genotyping. Licensed NK cells generally have
higher resting capacity for responses including interferon-y
production and cytotoxicity than unlicensed NK cells, but
both NK-cell types are highly activated by in vitro stimuli
(24). Therefore, therapeutic strategies manipulating NK-cell
activity either in vivo or in vitro could compensate for genetic
susceptibility to HCC recurrence. This concept might also be
supported by a previous randomized trial demonstrating
that adoptive immunotherapy with autologous lymphocytes
activated in vitro with recombinant IL2 and anti-CD3 Abs
decreased the frequency of recurrence after HCC curative
resection (25).
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Abstract

Background Older patients with chronic hepatitis C have
a lower virological response to interferon (IFN) treatment
compared to younger patients. The efficacy of telaprevir
(TVR) and PEG-IFN plus ribavirin combination therapy
and the predictive value of recently identified IFN lambda
(IFNL) 4 polymorphisms on the outcome of therapy for
older patients have not been addressed.

Methods We assessed predictive factors for sustained
virological response (SVR) to triple therapy in 226 younger
(<65 years) and 87 older (>65 years) Japanese patients
with chronic genotype 1 hepatitis C. IFNL4 polymorphism
$5469415590 was analyzed by Invader assay.

Results The SVR rate for older patients was slightly
lower than for younger patients (69 vs. 82 %, P = 0.043).
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In the older group, the SVR rate for patients with the
IFNL4 TT/TT genotype was significantly higher than
patients with TT/AG or AG/AG genotypes (81.8 and
42.9 %, P = 0.003). In multivariate regression analysis,
rapid virological response (OR 36.601, P = 0.002) and
IFNL4 TT/TT genotype (OR 19.502, P = 0.009) were
identified as significant independent predictors for SVR in
older patients. Treatment-related decreases in hemoglobin
and increases in serum creatinine were higher in older
patients than younger patients. Reduction of initial TVR
dose to 1,500 mg per day alleviated these adverse events
without compromising SVR rate in older patients.
Conclusions Analysis of IFNL4 polymorphisms is a
valuable predictor in older patients receiving TVR triple
therapy. 1,500 mg per day is a suitable initial TVR dose for
older Japanese patients.
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Introduction

Hepatitis C virus (HCV) infection affects more than 3 % of
the world’s population [1] and often causes cirrhosis and
hepatocellular carcinoma (HCC) [2, 3]. To prevent the
development of HCC and advanced liver disease, inter-
feron (IFN)-based therapies are administered to patients
with chronic HCV infection. The success of treatiang
chronic HCV infection with pegylated IFN-alpha (PEG-
IFN) and ribavirin (RBV) varies by HCV genotype, and
HCYV genotype 1 tends to be less responsive to PEG-IFN/
RBV.



