C [3]. Such a background calls for efficient treatments of
Japanese patients with chronic HCV infection.

Even with pegylated IFN (PEG-IFN) combined with
ribavirin, a sustained virological response lasting over 24
weeks after the withdrawal of treatment is achieved in at
most 50% of the patients infected with HCV-1b and high
viral loads [4, 5]. Recently, a new strategy was introduced
in the treatment of chronic HCV infection by means of
inhibiting protease in the NS3/NS4 of the HCV polypro-
tein, Of these, telaprevir (VX-950) was selecied as a can-
didate agent for treatment of chronic HCV infection [6].
Later, it was found that telaprevir, when combined with
PEG-IEN and ribavirin, gains a robust antiviral activity
[7, 8]. Two previous studies (PROVE!] and PROVE2)
showed that the 12- and 24-week regimen of telaprevir/
PEG-IFN/ribavirin could achieve sustained virological
response rates of 35-60 and 61-69% in patients infected
with HCV-1, respectively [9, 10]. Furthermore, a recent
study (PROVE3) also showed that the 24- and 48-week
regimen of triple therapy could achieve sustained viro-
logical response rates of 51 and 53% in HCV-1 infected
patients in whom initial PEG-IFN/ribavirin treatment
failed, respectively [11].

Amino acid (aa) substitutions at positions 70 and/or 91
in the HCV core region of patients infected with HCV-1b
and high viral loads are pretreatment predictors of poor
virological response to PEG-IFN plus ribavirin combina-
tion therapy [12-14], and also affect clinical outcome, in-
cluding hepatocarcinogenesis [15, 16]. Furthermore, genet-
ic variations near the IL28B gene (rs8099917, rs12979860)
on chromosome 19 as host-related factor, which encodes
IFN-)-3, are pretreatment predictors of virological re-
sponse to 48-week PEG-IEN plus ribavirin combination
therapy in individuals infected with HCV-1 [17-20], and
also affect clinical outcome, including spontaneous clear-
ance of HCV [21]. A recent report identified genetic varia-
tion near JL28B gene and aa substitution of the core region
as predictors of sustained virological response to triple
therapy of telaprevir/PEG-IFN/ribavirin in Japanese pa-
tients infected with HCV-1b [22]. However, it is not clear at
this stage whether genetic variation near the IL28B gene

and aa substitution of the core region can be used before
therapy to predict viral dynamics during triple therapy.

The present study included 80 patients with HCV-1b
and high viral loads, who received the triple therapy of
telaprevir with PEG-IEN plus ribavirin. The aims of the
study were fo identify the pretreatment factors that could
predict viral dynamics during treatment, including viral-
(aa substitutions in the HCV core and NS5A regions) and
host-related factors (genetic variation near IL28B gene).

B
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Patients and Methods

Study Population

Between May 2008 and September 2009, 81 patients infected
with HCV were recruited to this study at the Department of Hep-
atology in Torenomon Hospital in metropolitan Tokye. The study
protocol was in compliance with the Good Clinical Practice
Guidelines and the 1975 Declaration of Helsinki, and was ap-
proved by the institutional review board. Each patient gave an
informed consent before participating in this trial. Patients were
divided into two groups: 20 (25%) patients were allocated to a 12-
week regimen of triple therapy [telaprevir (MP-424), PEG-IFN
and ribavirin] (the TI12PR12 group), and 61 patients (75%) were
assigned to a 24-week regimen of the same triple therapy for 12
weeks followed by dual therapy of PEG-IFN and ribavirin for 12
weeks (the T12PR24 group).

Eighty of the 81 patients met the following inclusion and exclu-
sion criteria: (1) Diagnosis of chronic hepatitis C. (2) HCV-1b con-
firmed by sequence analysis. (3) HCV RNA levels of 5.0 logIU/
mi determined by the COBAS TagMan HCV test (Roche Diag-
nostics, Tokyo, Japan). (4) Japanese (Mongoloid) ethnicity. (5) Age
at study entry of 20-65 years. (6) Body weight =35 kgand <120
kg at the time of registration. (7) Lack of decompensated liver cir-
rhosis. (8) Negativity for hepatitis B surface antigen (HBsAg) in
serum. (9) Negative history of HCC. (10) No previous treatment
for malignancy. (11) Negative history of autoimmune hepatitis,
alcohol liver disease, hemochromatosis, and chronic liver disease
other than chronic hepatitis C. (12) Negative history of depres-
sion, schizophrenia or suicide attempts, hemoglobinopathies, an-
gina pectoris, cardiac insufficiency, myocardial infarction or se-
vere arrhythmia, uncontrollable hypertension, chronic renal dys-
function or creatinine clearance of <50 ml/min at baseline,
diabetes requiring treatment or fasting glucose level of 2110 mg/
dl, autoimmune disease, cerebrovascular disorders, thyroidal
dysfunction uncontrollable by medical treatment, chronic pul-
monary disease, allergy to medication or anaphylaxis at baseline.
(13) Hemoglobin level of =12 g/dl, neutrophil count =1,500/
mm?®, and platelet count of =100,000/mm? at baseline. Pregnant
or breast-feeding women or those willing to become pregnant
during the study and men with a pregnant partner were excluded
from the study. In this study, ali of the 80 patients were evaluated
for the pretreatment predictors for viral dynamics during triple
therapy, and 77 of the 80 patients were followed up for at least 24
weeks after the completion of ireatment. The treatment efficacy
was evaluated by 24 weeks after the completion of therapy (sus-
tained virclogical response), based on the COBAS TagMan HCV
test (Roche Diagnostics).

Telaprevir (MP-424; Mitsubishi Tanabe Pharma, Osaka, Je-
pan) was administered at 750 or 500 mg three times a day at an
8-hour (q8) intervel after the meal. PEG-IFNa-2b (PEG-Intron;
Schering Plough, Kenklworth, N.J., USA) wasinjected subcutane-
ously at @ median dose of 1.5 pg/kg (range 1.3-2.0 pg/kg) once a
week. Ribavirin (Rebetol; Schering Plough) was administered at
200-600 mg twice a-day after breakfast and dinner (daily dose
600-1,000 mg).

PEG-IFN and ribavirin were discontinued or their doses re-
duced, as required, upon reduction of hemoglobin level, leuko-
cyte count, neutrophil count or platelet count, or the development
of adverse events. Thus, the dose of PEG-IFN was reduced by 50%
when the leukocyte count decreased below 1,500/mm?, neutro-
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Table 1. Profile and laboratory data at commencement of telapre-
vir, peginterferon and ribavirin triple therapy in Japanese patients
infected with HCV-1b

Demographic data

Number of patienis 80

Sex, M/F 43/37
Age, years® 55 {23-65)
History of blood transfusion 24 (20.0%)
Farmnily history of liver disease 13 (16.3%)

Body mass index® 22.5(13.2-32.4)

Laboratory data®

Level of viremia, log IU/ml

Serum aspartate aminotransferase, IU/L
Serum alanine aminotransferase, U/l
Serum albumin, g/dl
Gamma-glutemyl transpeptidase, [U/1
Leukocyte count, per mm?®
Hemeglebin, g/dl

Platelet count, X 16%/mm?

6.8 (5.1-7.6)
34 (15-118)
42 (12-175)
3.9 (3.3-4.6)

36 (9-229)
4,800 (2,800-8,100)
14.3 (11.7-16.8)

17.3 (9.5-33.8)

a-Fetoprotein, p.g/l 4 (2-39)
Total cholesterol, mg/di 180 (112-276)
Fasting plasma glucose, mg/dl 92 (64-125)
Treatment
PEG-IFNe-2b dose, pg/kg® 1.5(1.3-2.0)
Ribavirin dose, mg/kg* 11.5(7.2-184)
Telaprevir dose, 1,500/2,250 mg/day 16/70
Treatment regimen

(T12PR12 group/T12PR24 group) 20/60
Amino acid substitutions in the HCV-1b
Core aa 70, arginine/glutamine (histidine) 47/33
Core aa 91, leucine/methjonine 43/37
ISDR of NS5 A, wild-type/non-wild-type ~ 76/4
Genetic variation near IL28B gene
rs8099917 genotype, TT/TG/GG/ND 46/30/2/2
1812979860 genotype, CC/CT/TT/ND 43/31/2/4

Past history of IFN therapy

Treatment naive 27
Relapsers to previous {reatment 33
Nonresponders o previous treatment 20

Data are numbers and percentages of patients, except those
denoted by *, which represent the median (range) values.
ND = Not determined.

phil count below 750/mm? or platelet count below 80,000/mm>;
PEG-IFN was discontinued when these counts decreased below
1,000/mm?, 500/mm?® or 50,000/mm?, respectively. When hemo-
globin decreased to <10 g/dl, the daily dose of ribavirin was re-
duced from 600 to 400, 800 t0 600 and 1,000 to 600 mg, depending
on the initial dose. Ribavirin was withdrawn when hemoglobin
decreased to <8.5 g/dl. However, the dose of telaprevir (MP-424)
remained the same, and its administration was stopped when the

Core and IL28B Affect Viral Dynamics

discontinuation was appropriate for the development of adverse
events. In those patients who discontinued telaprevir, treatment
with PEG-IFNa-2b and ribavirin was also terminated.

Table 1 summarizes the profiles and laboratory data of the 80
patients at the commencement of treatment. They included 43
males and 37 females, aged 23-65 years (median 55 years),

Measuremeni of HCV RNA

The antiviral effects of the triple therapy on HCV were as-
sessed by measuring plasma HCV RNA levels. In this study, HCV
RNA levels during treatment were evaluated at least once every
month before, during, and after therapy. Furthermore, to investi-
gate the pretreatrnent predictors for viral dynamics, HCV RNA
levels during treatment were evaluated at 7 time points; 24h, 1,2,
4,6, 8 and 12 weeks after the commencement of treatment, HCV
RNA levels during treatment were evaluated in 8¢ (100%), 80
(100%), 80 (100%), 79 (98.8%), 75 (93.8%), 74 (92.5%), and 69
(86.3%) of the 80 patients, at the above time intervals, respective-
ly. HCV RNA concentrations were determined using the COBAS
TagMan HCV test (Roche Diagnostics). The linear dynamic
range of the assay was 1.2-7.8 log IU/ml, and the undetectable
samples were defined as loss of HCV RNA. Especially, falls in
HCV RNA levels at 24 h relative to baseline were investigated as
very early dynamics.

Detection of Amino Acid Substitutions in Core and NS5A

Regions of HCV-1b

With the use of HCV-] (accession No. D90208) as a reference
[23], the sequence of 1-191 aa in the core protein of HCV-1b was
determined and then compared with the consensus sequence con-
structed on 80 clinical samples to detect substitutions at aa 70 of
arginine (Arg70) or glutamine/histidine (GIn70/His70) and aa 91
of leucine (Leu91) or methionine (Met91) [12]. The sequence of
2209-2248 aa in the NS5A of HCV-1b (IFN sensitivity-determin-
ing region; ISDR) reported by Enomoto etal. [24] was determined,
and the numbers of aa substitutions in ISDR were defined as wild-
type (0, 1) or non-wild-type (=2). In the present study, a2 substi-
tutions of the core region and NS5A-ISDR of HCV-1b were ana-
lyzed by direct sequencing [22].

Genetic Variation near IL2Z8B Gene

Samples for genomewide association survey were genotyped
using the lllumina HumenHap610-Quad Genotyping BeadChip.
Genotyping data were subjected to quality control before the data
analysis. Genotyping for replication and fine mapping was per-
formed by use of the Invader assay, TagMan assay, or direct se-
quencing as described previcusly [25, 26].

In this study, genetic veriations near JL28B gene (rs8099917,
rs12979860), reported as the pretreatment predictors of treatment
efficacy and clinical outcome [17-22], were investigated.

Statistical Analysis

Nonparametric tests () test and Fisher’s exact probability
test) were used to compare the characteristics of the groups. Uni-
variate and multivariate logistic regression analyses were used to
determine those factors that significantly contributed to viral dy-
namics and sustained virological response. The ORs and 95%Cl
were also calculated. All p values less than 0.05 by the two-tailed
test were considered significant. Variables that achieved statisti-
cal significance (p < 0.05) on univariate analysis were entered into
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Fig. 1. a Very early dynamics according to amino acid substitu-
tions in core region. After 24 h of commencement of the triple
therapy, patients with Arg70 and Leu91 (median 2.9 log IU/m};
range 1.8-4.0 log IU/ml) significantly showed the steeper decline
of HCV RNA level than those with Gln70 (His70) and/or Met91
(median 2.7 log IU/mk range 1.6-3.5 log IU/mi). b Very early dy-
namics according to genetic variation near the IL28B gene. After
24 h of commencement of the triple therapy, the decline of HCV
RNA level of patients with rs8099917 genotype TT (median 2.8
logIU/ml; range 1.6-4.0 log IU/ml) was not significantly different
from thet of patients with genotype TG and GG (median 2.7 log
[U/ml; range 2.2-3.5 log IU/ml),

multiple logistic regression analysis to identify significant inde-
pendent predictive factors. Each variable was transformed into
categorical data consisting of twoe simple ordinal numbers for uni-
© variate and multivariate analyses. The potential pretreatment fac-
tors associated with treatment efficacy included the following
variables: sex, age, history of blood transfusion, familial history
of liver disesse, body mass index, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin, gamma-glute-
myl transpeptidase (vGTP), leukocyte count, hemoglobin, plate-
let count, HCV RNA level, a-fetoprotein, total cholesterol, fasting
blood sugar, PEG-IFN dose/body weight, ribavirin dose/body

4 Intervirology

weight, telaprevir dose/day, treatment regimen of triple therapy,
past history of IFN therapy, genetic variation near the IL28B gene,
and emino acid substitution in the core region, and NS5A-ISDR.
Statistical analyses were performed using the SPSS software (SPSS
Inc., Chicago, Il USA).

Results

Virological Response to Therapy and Less of HCV

RNA during Treatment

Sustained virological response was achieved by 63.6%
{49 of 77 patients). The disappearance rate of HCV RNA.
during treatment was 0% (0 of 80), 1.3% (1 of 80), 33.8%
(27 of 80), 81.0% (64 of 79), 90.7% (68 of 75), 94.6% (70 of
74), and 82.9% (62 of 69) at 24 hours, 1,2, 4,6, 8,and 12
weeks, respectively.

Very Early Dynamics according to Amino Acid
Substitutions in Core Region and Genetic Variation
near the IL28B Gene

After 24 h of commencement of the triple therapy, the
proportion of patients with Arg70 and Leu91 substitu-
tions who showed =3.0 log drop in HCV RNA level
(45.2%; 14 of 31 patients) was significantly higher than
that of patients with GIn70 (His70) and/or Met91 (14.3%;
7 of 49) (p = 0.004). Thus, patients with Arg70 and Leu91
(median 2.9 log IU/ml; range 1.8-4.0 log IU/ml) signifi-
cantly showed the steeper decline of HCV RNA level than
those with GIn70 (His70) and/or Met91 (median 2.7 log
1U/ml; range 1.6-3.5 log IU/ml) (fig. 1a).

After 24 h of commencement of treatment, the pro-
portion of patients with rs8099917 genotype TT who
showed =3.0log drop in HCV RNA level (30.4%; 14 of 46
patients) was not significantly different from that of pa-
tients with genotype TG and GG (21.9%; 7 of 32). Thus,
the decline of HCV RNA level of patients with genotype
TT (median 2.8 log IU/ml; range 1.6-4.0 log IU/ml) was
not significantly different from that of patients with gen-
otype TG and GG (median 2.7 log IU/ml; range 2.2-3.5
log TU/mi) (fig. 1b).

Hence, the fall in HCV RNA level at 24 h was influ-
enced by aa substitution patterns in the core region, but
was independent of genetic variation near IL28B gene.

Rates of Loss of HCV RNA according to Amino Acid

Substitutions in Core Region and Genetic Variation

near the IL28B Gene

According to the substitution of core aa 70 and 91, the
rate of HCV RNA loss of patients with Arg70 and LeuS1
was not significantly different from that of patients with
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GIn70 (His70) and/or Met91 at each time point (1,2, 4, 6,
8 and 12 weeks).

Aecording to genetic variation near the ILZ8B gene,
the rate of HCV RNA loss at 1, 2, 4 and 6 weeks was not
significantly different between rs8099%17 genotype TT
and non-TT (TG and GG). However, at 8 and 12 weeks,
the rate of HCV RNA loss of patients with genotype TT
was significantly higher than that of patients with geno-
type non-TT (fig. 2).

Predictive Factors Associated with = 3.0 log Fall in

HCV RNA Level at 24 Hours

Univariate analysis identified two parameters that
correlated with =3.0 log fall in HCV RNA level at 24 h
significantly: substitution of aa 70 and 91 (Arg70 and
Leu91; OR 4.94, p = 0.003) and body mass index (=25.0;
OR 3.92, p = 0.022). Two factors were identified by mul-
tivariate analysis as independent parameters that either
significantly (p < 0.05) or marginally (p < 0.10) influ-
enced =3.0log fall in HCV RNA level at 24 h [Arg70 and
Leu91 (OR 3.99, p = 0.015) and body mass index =25.0
(OR 3.24, p = 0.061)] (table 2).

Predictive Factors Associated with Loss of HCV RNA

at 2, 4 and 12 Weeks

Univariate analysis identified two parameters that
correlated with loss of HCV RNA at 2 weeks significant-
ly: platelet count (=15.0 X 10%/mm? OR 6.99, p = 0:014)
and level of viremia (<7.0 log IU/ml; OR 3.13, p = 0.045).
One factor was identified by multivariate analysis as in-
dependent parameter that either significantly or margin-
ally influenced loss of HCV RNA at 2 weeks (platelet
count =15.0 X 10*/mm?’; OR 6.99, p = 0.014) (table 2).

Univariate analysis identified two parameters that
correlated with loss of HCV RNA at 4 weeks significant-
ly: history of blood transfusion (absence; OR 5.71, p =
0.006) and body mass index (=20.0; OR 4.29, p = 0.019).
Two factors were identified by multivariate analysis as
independent parameters that either significantly or mar-
ginally influenced loss of HCV RNA at 4 weeks (history
of blood transfusion: absence; OR 4.29, p = 0.026, and
body mass index =20.0; OR 347, p = 0.069) (table 2).

Univariate analysis identified two parameters that cor-
related with loss of HCV RNA at 12 weeks significantly:
sex (male; OR 9.52, p = 0.043) and genetic varjation in
rs8099917 (genotype TT; OR 9.00, p = 0.048). Two factors
were identified by multivariate analysis as independent pa-
rameters that either significantly or marginally influenced
loss of HCV RNA at 12 weeks (male sex; OR 11.0, p = 0.036,
and rs8099917 genotype TT; OR 10.3, p = 0.042) (table 2).

Core and IL28B Affect Viral Dynamics
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Fig. 2. Rates of loss of HCV RNA according to genetic variation
near the IL28B gene. According to genetic variation near the
[L28B gene, the rate of HCV RNA loss at 1, 2, 4 and 6 weeks was
not significantly different between rs8099917 genotype TT and
non-TT (TG and GG). However, at 8 and 12 weeks, the rate of
HCV RNA loss of patients with genotype TT was significantly
higher than that of patients with genotype non-TT.

Predictive Factors Associated with Sustained

Virological Response

Univariate analysis identified three parameters that
correlated with sustained virological response signifi-
cantly: substitution of aa 70 (Arg70; OR 3.51, p = 0.011),
and genetic variation in rs8099917 (genotype TT; OR
1L1, p < 0.001) and rs12979860 (genotype CC; OR 10.2,
p < 0.001). Two factors were identified by multivariate
analysis as independent parameters that either signifi-
cantly or marginally influenced sustained virological re-
sponse (rs8099917 genotype TT; OR 9.94, p<0.001, and
Arg70; OR 3.15, p = 0.055) (table 2).

Comparison of Factors Associated with Each

Treatment Efficacy Identified by Multivariate

Analysis

Table 3 shows independent parameters that either sig-
nificantly or marginally influenced multivariate logistic
regression for each evaluation of treatment efficacy. Mul-
tivariate analysis identified substitution of aa 70 and 91
as a predictor of =3.0 log fall in HCV RNA level at 24 h
(Arg70 and Leu9l) and sustained virological response
(Arg70), and rs8099917 (TT) as a predictor of HCV RNA
loss at 12 weeks and sustained virological response. Thus,
genetic variation near IL28B gene and aa substitution of
the core region affect viral dynamics of different phases
during triple therapy.

Intervirology : 5

— 278 —



Tahie 2. Pactors associated with {reatment efficacy of telaprevir, peginterferon and ribavirin triple therapy in Japanese patients in-
fected with HCV-1b, identified by univariate and multivariate analysis

Factor Cetegory Univariate logistic regression Iviultivariate logistic regression
OR (95% CL) p OR (95% CI) P
A 230logfallin HCV RNA 2t 24 h
Substitution of 2z 70 and 81 i: Gin76¢ (His70) andfor Met91 1 1
2: Arg70 and LeuSl 494 (1.70-144)  0.003 3.99(1.31-122) 0015
Body mass index 1: <25.0 i i
2:225.0 2.92(1.22-12.6) 0.022 3.24{0.95-11.1) 6.061
B HCV RNA loss at 2 weeks
Platelet count, X 16%/mm?® 1: <15.0 1 1
2:215.0 5.99 (1.49-32.8) 0.014 6.99 (1.49-32.8) 0.014
Level of viremia, log IU/ml 1:27.0 1 - -
2:<7.0 3.13 (1.02-9.52)  0.045 - -
C  HCV RNA loss at 4 weeks
History of blood transfusion 1: presence t i
2: absence 5.71 (1.66-19.6) 0.006 4.29 (1.86-15.6) 0.026
Body mass index 1: <20.0 1 1
2:220.6 429 (1.26-14.5)  0.019 3.47(091-13.3)  0.06%
D  HCV RNA loss at 12 weeks
Sex 1: female 1 1
2: male 9.52(1.08-83.3) 0.043 11.0(1.16-100) 0.036
rs8099917 genotype 1: TG+GG 1 1
2:TT 9.00 (1.02-79.5) 0.048 10.3 (1.08-98.0) 0.042
E  Sustained virclogical response
rs8099917 genotype 1: TG+GG 1 1
2:TT 11.1 (3.68-33.5) <0.001 9.94 (3.05-32.4) <0.001
Substitution of za 70 1: GIn70 (His70) 1 1
2: Arg70 3.51 (1.33-9.26) 0.011 3.15(0.97-10.2) 0.055
rs12979860 genotype 1: CT+TT 1 . - =
2:CC 10.2 (3.33~3.13)  <0.001 - -

Variables that achieved statistical significance (p < 0.05) on univariate analysis were entered into multiple logistic regression anal-

ysis to identify significant independent predictive factors.

The other significant predictors of HCV RNA loss
were platelet count (215.0 X 10*/mm?) at 2 weeks, his-
tory of blood transfusion (absence) at 4 weeks, and sex
(male) at 12 weeks.

Giscussion

Thompson et al. [27] reported that genetic variation
near IL28B gene was also associated with increased on-
treatment and sustained virological response and effec-
tively predicted treatment outcome in treatment-naive
HCV-1 patients treated with PEG-IFN plus ribavirin.
However, HCV RNA loss at 4 weeks (rapid virological

5 Intervirology

response) was a strong predictor of sustained virological
response regardless of genetic variation near the IL28B
gene. This phenomenon probably explains why it might
be important to identify the pretreatment factors that
could predict viral dynamics during treatment. The
present study is the first to identify the pretreatment fac-
tors that could predict viral dynamics during triple
therapy in patients infected with HCV-1. These results
should be interpreted with caution since races other
than Japanese and the patients infected with HCV-la
were not included. Any generalization of the results
should await confirmation by studies including patients
of other races and with HCV-1a to explore whether
genetic variation near IL28B gene and aa substitution
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Tabie 3. Comparison of factors associated with treatment efficacy of telaprevir, peginterferon and ribavirin triple therapy in Japanese

patients infected with HCV-1b identified by multivariate analysis

Factor >3.0logfall in HCV HCV RNA loss HCV RNA loss HCV RNAloss  Sustained viro-
RNA (at 24 h) (at 2 weeks) {at 4 weeks) (at 12 weeks) logical response
Core aa 70 and 91 £rg70 and Leudl Arg70
p = 0.015 p=0.055

3.99 (1.31-12.2)*

3.15(0.97-102)*

IL28B rs8099917

genotvpe TT
p=0.042
10.3 (1.08-98.0)*

genotype TT
p < 0.001
9.94 (3.05-32.4)*

Others

body mass index
p=0061
324 (0.95-11.1)*

platelet count
p=0014
6.99 (1.49-32.8)*

body mass index
p = 0.069
3.47 (0.91-13.3)%

SEX

p=0.036
11.0 (1.16-100)*

history of blood transfusion
p =0.026
429 (1.86-15.6)*

Only variables that achieved statistical significance (p < 0.05) or marginal significance (p < 0.10) on multivariate logistic regression

are shown. * OR (95% CI).

of core region also affect viral dynamics during triple
therapy.

Two studies showed that aa substitution of the core re-
gion and genetic variation near IL28B gene affected viral
dynamics during treatment, and sustained virological re-
sponse to 48-week PEG-IFN plus ribavirin therapy in pa-
tients infected with HCV-1 {27, 28]. Furthermore, a recent
report also showed that aa substitutions of core region
might be used to predict very early dynamics (within
48 h) after the start of triple therapy of telaprevir with
PEG-IFN and ribavirin [29]. In the present study, multi-
variate analysis identified substitution of aa 70 and 91 as
a predictor of =3.0 log fall in HCV RNA level at 24 hours
(i.e. viral dynamics of very early phase) and sustained vi-
rological response, and rs8099917 as a predictor of HCV
RINA loss at 12 weeks (i.e. viral dynamics of later phase)
and sustained virological response. This study is the first
to report that genetic variation near IL28B gene and aa
substitution of the core region affect viral dynamics of
different phases during triple therapy, and probably ex-
plains why the combination of these independent factors
is very useful as pretreatment predictors of sustained vi-
rological response by triple therapy [22]. The underlying
mechanisms of the different viral dynamics to treatment
are still unclear, and further studies based on a larger
number of patients are necessary to investigate the present
results.

Core and IL28B Affect Viral Dynamics

Previous data indicated that absence of advanced liver
fibrosis and male gender were positive predictors of viro-
logical response to 48-week PEG-IFN plus ribavirin ther-
apy [13, 28]. The present study also showed that higher
levels of platelet count at 2 weeks, as a surrogate marker,
of milder liver fibrosis, and male gender at 12 weeks were
significant positive predictors of HCV RNA loss during
triple therapy. The other positive predictors were absence
of history of blood transfusion at 4 weeks and higher lev-
els of body mass index at 24 h and 4 weeks, but the un-
derlying mechanisms are still unclear. Thus, this report
identified the pretreatment factors that could predict vi-
ral dynamics during triple therapy, but this study, based
on a small number of patients, might provide misleading
results (e.g. possible type error). Further studies of a larg-
er number of patients are required to explore predictors,
including viral- and host-related factors.

The limitations of the present study were that aa sub-
stitutions in areas other than the core region and NS5A-
ISDR of the HCV genome, such as the interferon/riba-
virin resistance determining region (IRRDR) [30], were
not examined. Furthermore, HCV mutants with aa con-
versions for resistance to telaprevir during triple thera-
pys such as the 1565 mutation [31], were also not inves-
tigated. In this regard, telaprevir-resistant HCV mu-
tants were reported to be susceptible to IFN in both in
vivo and in vitro studies [32, 33]. Thus, viral factors be-
fore and during triple therapy should be investigated in
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future studies, and identification of these factors should
facilitate the development of more effective therapeutic
regimens.

In conclusion, this study identified genetic variation
near IL28B gene and aa substitution of the core region as
predictors of viral dynamics during triple therapy of tela-
previr/PEG-IFN/ribavirin in Japanese patients infected
with HCV-1b. Further large-scale prospective studies are
necessary to investigate whether the present results relate

to the efficacy of the triple therapy, and further under-

standing of the complex interaction between virus- and
host-related factors should facilitate the development of
more effective therapeutic regimens.
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ABSTRACT

Article history: Early detection of resistant mutations of hepatitis B virus (HBV) is important for patients on nucleos(t)ide
Received 4 August 2010 analog therapy. An assay based on the PCR-Invader technology was developed to detect resistant muta-
Received in revised form 4 October 2010 tions with high sensitivity. The assay specifically detects mutations at codons 180, 181, 184, 202, 204, and
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250 of the HBV polymerase reverse transcriptase domain. These mutations result in resistance to lamivu-
dine and entecavir. In mixtures of plasmids containing wild-type and resistant mutants, fold-over-zero
values for resistant mutations were detected in 2% of the total. Seventy-five serum samples from patients,
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ﬁ%‘;’gﬁ: :B virus whose treatment had been switched from lamivudine to entecavir, were examined by the PCR-Invader
PCR-Invader assay and direct sequencing. The PCR-Invader assay detected all resistant mutations that were detected
Drug-resistant mutation by direct sequencing and even detected the presence of mutants that direct sequencing could not. Cloning
Lamivudine sequencing confirmed those mutations found by the PCR-Invader assay and not by direct sequencing. The
Entecavir PCR-Invader assay is a useful tool for the early detection of drug-resistant mutations.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Infection by hepatitis B virus (HBV) is a significant world-
wide health problem. Chronic HBV infection can result in cirrhosis
and hepatocellular carcinoma (Manigold and Rehermann, 2003).
Nucleos(t)ide analogs (NA) therapies have reduced the morbid-
ity and mortality of HBV infection. In Japan, three NA therapies,
lamivudine (LVD), adefovir (ADV) and entecavir (ETV), have been
approved for clinical use. The NA therapy controls virus amplifica-
tion and halts the clinical progression of liver disease.

Unfortunately, with long-term NA therapy, drug-resistant
mutations often emerge. After 60 months of therapy, LVD resis-
tance is reported in 50-80% of patients (Hashimoto et al., 2010;
Suzuki et al., 2003; Zoulim and Locarnini, 2009). Two mutations
(rtM2041/V) in the YMDD catalytic motif within the C domain of
HBV reverse transcriptase (RT) are mainly associated with LVD
resistance. Compensatory mutations (rtV173L and rtl180M) are
located in the B domain. The rtA181S/T/V mutation is associated
with resistance to LVD and ADV therapy (Lee et al., 2006; Yatsuji
etal., 2008). Another mutation (rtA181G) was detected in a patient
on ETV therapy (Villet et al., 2007). Various mutations at rtT184,

* Corresponding author. Tel.: +81 49 232 0440; fax: +81 49 232 5480.
E-mail address: tado-k@bml.co.jp (K. Tadokoro).

0166-0934/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.,jviromet.2010.10.001

rtS202 and rtM250 (e.g., rtT184A/C/F/G/I/L/M/S, rtS202C/G/T and
rtM250I/L/V)are associated with resistance to ETV therapy. In addi-
tion to LVD resistance (L180M +M204V), ETV resistance is caused
by one or more mutations at rtT184, rtS202 and rtM250 (Locarnini,
2008; Zoulim and Locarnini, 2009).

Detecting resistant variants is critical for appropriate patient
treatment. For example, by monitoring resistance, physicians can
adjust drugs when needed. ETV resistance develops at a very low
rate (1.2%) in treatment-naive patients after 5 years (Zoulim and
Locarnini, 2009). Switching LVD-pretreated patients to ETV ther-
apy is done in Japan (Suzuki et al., 2010). However, in patients
with LVD resistance, the rate for ETV resistance jumps to 51%
(Zoulim and Locarnini, 2009). Furthermore, resistant mutations do
not always result in virologic rebound (Tenney et al., 2007). Know-
ing the approximate ratio of resistant mutations to wild-type virus
is as important as monitoring the HBV viral load, but measuring the
ratios of all resistant mutations is difficult and expensive.

This report describes a novel approach that uses the PCR-
Invader assay in a comparative semi-quantitative assay for LVD-
and ETV-resistant mutations in HBV DNA. The Invader technol-
ogy is very useful for detecting single nucleotide polymorphisms
from genomic DNA or PCR products (Lyamichev et al., 2000) and
for genotyping viruses (Germer et al., 2006). It is easily adapted
as a high-throughput assay for various sequences with a common
fluorescent-dye labeled probe. In addition, the Invader method
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HBV RT region

r184a/c/F/G | M204I/V M2501/L/V
I/L/M/S

5202C/G/1

L180M
A181G/S/T/V

Fig.1. Drug-resistant mutations were detected by the PCR-Invader assay. Resistance
to LVD is caused mainly by mutations in the YMDD motif (rtM2041 and rtM204V).
ThertL180M mutation is regarded as a compensatory mutation that restores replica-
tion capacity. The rtL180M+ rtM204V mutations combine with a mutation at rtT184
and/or rt$202 and/or rtM250 to form ETV resistance.

has been applied to quantify the heteroplasmy of mutant mito-
chondrial DNAs (Mashima et al., 2004). In this study, the Invader
technology was applied to identify drug-resistant mutations in HBV
infections. Although the probe design was challenging because of
the variety of HBV DNAs, the PCR-Invader assay could detect multi-
ple drug-resistant mutations with high sensitivity at same time. To
demonstrate its sensitivity and effectiveness, the method was used
to detect resistant mutations in clinical samples, and the results
were compared to those from sequencing.

2. Materials and methods
2.1. Source of patient samples

Seventy-five serum samples were obtained from patients on NA
therapy. The treatment for each patient had been changed from
LVD to ETV. The study was conducted in accord with the ethical
principles of the Declaration of Helsinki and was approved by the
Toranomon Hospital Ethical Committee. Written informed consent
was obtained from each patient.

2.2. Design of Invader probes

The primary probe and Invader oligo to detect resis-
tant mutations (rtL180M, rtA181G/S/T/V, rtT184A/C[F|/G/I/L[M/S,
rtS202C/G/I, rtM2041/V, rtM250I/L/V) were designed with the
Invader technology creator (TWT, Madison, WI, USA) (Fig. 1).
Variations in neighbor regions were confirmed by analyzing 491
individual sequences of the HBV complete genome from National
Center for Biotechnology Information (NCBI) database (Table 1).

2.3. HBV DNA extraction and PCR amplification

By using the PureLink Viral RNA/DNA Mini Kit (Life Tech-
nologies, Carlsbad, CA, USA), HBV DNA was extracted from
200l of serum and eluted in RNAse/DNAse-free water. The
HBV polymerase RT domain, which is encoded by amino
acids 156-288, was amplified by PCR with primer pairs
(sense: 5-CACYTGTATTCCCATCCCATCRTC-3', anti-sense: 5'-
TTGACAWACYTTCCRATCRATDGG-3’). The PCR procedure was
performed as described previously (Tadokoro et al, 2006).
Extracted DNA was added to a 25-p.l reaction mixture containing
1 M of each primer, 4 mM d-UTP and 1 U UNG in a 2x Multiplex
PCR kit (QIAGEN, Hilden, Germany). The reaction mixture was
preheated at 50°C for 2min and then at 95 °C for 15 min. Amplifi-
cation was carried out for 50 cycles (95°C for 305, 60°C for 30s,
72°C for 30s [10 min in the last cycle]) in a GeneAMP PCR system
9700 thermocycler (Roche, Basel, Switzerland), utilizing a 96-well
plate (Applied Biosystems, Foster City, CA, USA) without a mineral
oil overlay. PCR amplicons were purified with AMPure reagent
(Beckman Coulter, Brea, CA, USA).

2.4. Invader reaction

Reactions were performed in 384-well plates with a Cleavase XI
Invader core reagent kit (Amplified DNA) (TWT) and 2 .l of purified
PCR amplicon. Plates were preheated at 95 °C for 5 min before incu-
bation at 65°C for 90 min in the block incubator (BI-535; ASTEC,
Hukuoka, Japan). Fluorescent intensities of FAM (carboxyfluores-
cein) (wavelength/bandwidth: excitation, 485/20 nm; emission,
535/25nm) for wild-type and RED (REDmond RED) (excitation,
560/20nm; emission, 612/10nm) for resistant mutations were
measured with a F200-FL/T-ABS fluorescence plate reader (TECAN,
Durham, NC, USA) (Fig. 2). Fold-over-zero (FOZ) values were used to
normalize difference between the measurements (Mashima et al.,
2004). The FAM signals were normalized to those of negative con-
trol. RED signals were normalized to those of the wild-type plasmid
(103 copies) to prevent false positives.

2.5. Sequencing

Purified PCR amplicons were sequenced by the dideoxy method
with the BigDye Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems) in a model 3130 fluorescent DNA sequencer (Applied
Biosystems).

2.6. Manufacture of control plasmid DNA by cloning HBV-DNA

After PCR amplification of HBV-DNA in clinical samples with
LVD-resistant mutations (L180M, M2041/V and wild-type), the PCR
amplicons were cloned into the pCRII-TOPO vector (Life Tech-
nologies) and sequenced. Control plasmids with other resistant
mutations were synthesized by site-directed mutagenesis with
megaprimer (Ke and Madison, 1997).

2.7. Detection sensitivity and assay variation for the PCR-Invader
assay

Detection sensitivity and assay variation of the PCR-Invader
assay were examined with single or mixed plasmids for template
DNA. The detection limit of the PCR-Invader assay was determined
with a 10~7 dilution of plasmid. A fivefold measurement was per-
formed three times each to examine assay variation.

3. Results
3.1. Detection sensitivity of the PCR-Invader assay

The minimum amplification threshold for wild-type and resis-
tant mutants was 10 copies of the plasmid in all reactions, and the
measurements were effective throughout a range of 10-10° plas-
mid copies (Fig. 3). When the wild-type and resistance mutation
plasmids were mixed in various ratios (Fig. 4), 10 copies of resis-
tance mutation plasmid could be detected down toa 1:50 (2%) ratio
of resistant:wild-type plasmids.

3.2. Comparative semi-quantitation analysis with mixed
plasmids

Various ratios of the resistant mutation and wild-type plasmids
were tested in the PCR-Invader assay. When the total number of
template DNA was 1000 copies, the FOZ values for the resistant
mutation plasmids increased in proportion for ratios between 2%
and 100% (Fig. 5). When clinical samples were examined, the detec-
tion limits of the PCR-Invader assay were defined as 2%.
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Primary probe/Invader oligo for ETV resistance substitutions.
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Target Sequence (5'-3")
p1 probe CGCGCCGAGGRDAGAAACGGRCTGAG
L180M p2 probe ACGGACGCGGAGTDAGAAACGGRCTGAGG
io probe GAACCACTGAACAAATGGCACTAGTAAACTGAVHCAC
p1 probe CGCGCCGAGGGCCARGAGAAACGGA
A181G p2 probe ACGGACGCGGAGCCCARGAGAAACG
io probe CTGCGAACCACTGAACAAATGGCACTAGTAAACTGNT
p1 probe CGCGCCGAGGGCCARGAGAAACGGA
A181512P p2 probe ACGGACGCGGAGGACARGAGAAACG
io probe CTGCGAACCACTGAACAAATGGCACTAGTAAACTGNT
p1 probe CGCGCCGAGGGCCARGAGAAACGGA
A181S22 p2 probe ACGGACGCGGAGCTCARGAGAAACG
io probe CTGCGAACCACTGAACAAATGGCACTAGTAAACTGNT
p1 probe CGCGCCGAGGCCARGAGAAACGGAC
A181T p2 probe ACGGACGCGGAGTCARGAGAAACGGAC
io probe CTGCGAACCACTGAACAAATGGCACTAGTAAACTGNGC
p1 probe CGCGCCGAGGGCCARGAGAAACGGA
A181V p2 probe ACGGACGCGGAGACCARGAGAAACGGA
io probe CTGCGAACCACTGAACAAATGGCACTAGTAAACTGNT
p1 probe CGCGCCGAGGACTWGYKCCMTTTGTTCA
T184A p2 probe ACGGACGCGGAGGCTWGYKCCMTTTGTTC
io probe GCCTCAGTCCGTTTCTCYTGGCTCAKTTTT
p1 probe CGCGCCGAGGGTAAACTGAGCCARGAGA
T184C p2 probe ACGGACGCGGAGCAAAACTGAGCCARGAGA
io probe CCCTGCGAACCACTGAACAAATGGMACTRA
p1 probe CGCGCCGAGGGTAAACTGAGCCARGAGA
T184F p2 probe ACGGACGCGGAGAAAAACTGAGCCARGAGA
io probe CCCTGCGAACCACTGAACAAATGGMACTRA
p1 probe CGCGCCGAGGACTWGYKCCMTTTGTTCA
T184G p2 probe ACGGACGCGGAGGGTWGYKCCMTTTGTTCA
io probe GCCTCAGTCCGTTTCTCYTGGCTCAKTTTT
p1 probe CGCGCCGAGGGTAAACTGAGCCAKGAGA
T1841 p2 probe ACGGACGCGGAGATAAACTGAGCCAKGAGA
io probe CCCTGCGAACCACTGAACAAATGGMACTBC
p1 probe CGCGCCGAGGTRAAMTGAGCCADRAGAA
T184L1¢ p2 probe ACGGACGCGGAGGRAAMTGAGCCADRAGA
io probe CCCTGCGAACCACTGAACAAAKGGCRCWARA
p1 probe CGCGCCGAGGGTRAAMTGAGCCADRAG
T184L2¢ p2 probe ACGGACGCGGAGAGRAAMTGAGCCADRAG
io probe CCCTGCGAACCACTGAACAAAKGGCRCWAT
p1 probe CGCGCCGAGGAGTAAACTGAGCCARGAG
T184M p2 probe ACGGACGCGGAGCATAAACTGAGCCARGAG
io probe CCCTGCGAACCACTGAACAAATGGMACTA
p1 probe CGCGCCGAGGGTAAACTGAGCCARGAGA
T184sd p2 probe a ACGGACGCGGAGCTAAACTGAGCCARGAGA
p2 probe b ACGGACGCGGAGGAAAACTGAGCCARGAGA
io probe CCCTGCGAACCACTGAACAAATGGMACTRA
p1 probe CGCGCCGAGGTRMADGCSAVRCARTGG
$202C p2 probe ACGGACGCGGAGARMADGCSAVRCARTG
io probe MGAYTTGGCCCCCAAWACCRVATCATCNAYRTARCA
p1 probe CGCGCCGAGGTRMADGCSAVRCARTGG
$202G p2 probe ACGGACGCGGAGCRMADGCSAVRCARTG
io probe MGAYTTGGCCCCCAAWACCRVATCATCNAYRTARCA
p1 probe CGCGCCGAGGCTRMADRCSAAACAGTG
S2021 p2 probe ACGGACGCGGAGATRMADRCSAAACAGTG
io probe CGACTTGGCCCCCAATACCACATCATCMAYRTADT
p1 probe CGCGCCGAGGCATATARCTGARAGCCAAACAGT
M2041 p2 probe ACGGACGCGGAGDATATARCTGARAGCCAAACAGT
io probe TACGACTTGGCCCCCAATACCACATCATCA
p1 probe CGCGCCGAGGATGGATGATGTGGTATTGG
M204V p2 probe ACGGACGCGGAGGTNGATGATGTGGTATTGG
io probe GGGCTTTCCCCCACTGTTTGGCTTTCDKYTATT
p1 probe CGCGCCGAGGGGGWTAYRTAATTGGAAGTTGGGG
M2501 p2 probe ACCGACGCGGAGHGGWTAYRTAATTGGAAGTTGGGG
io probe TAATAAAACCAAACGTTGGGGCTACTCCCTHMAYTTYATT
p1 probe CGCGCCGAGGTGAAGTTWAGGGARTADCCCCA
M250L p2 probe ACGGACGCGGAGRGAAGTTWAGGGARTADCCCCA
io probe TGTGGTAAAGTNCCCCAACTKCCAATTAYRTANCCNAA
p1 probe CGCGCCGAGGTGAAGTTWAGGGARTADCCCCA
M250V p2 probe ACGGACGCGGAGCGAAGTTWAGGGARTADCCCCA
io probe TGTGGTAAAGTNCCCCAACTKCCAATTAYRTANCCNAA

p1: primary probe (FAM); p2: primary probe (RED); io: Invader oligo; underlined sequence represents the 5’ flap of probe; amino-blocked 3’ end of all primary probes;

boldfaced sequences denote the cleavage site of primary probes.

2 A181S1 and A181S2 were designed for detection of substitution by each different codon.
b Cleavage site of A181S1 was slide from target nucleotide to prevent non-specific reaction.

¢ T184L was detected from combined results in T184L1 and T184L2.

4 The p2 probes for T184S were mixed.
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Fig. 2. Schematic illustration of the PCR-Invader assay at rtL180M, showing the detection of resistant mutations. A region of HBV DNA was amplified by PCR. Purified PCR
products formed the invasive complex with a primary probe and the Invader oligo. The released 5'-flap, a product of the primary reaction, promotes cleavage of the generic
FRET probe in secondary reaction, creating a detectable, amplified signal for wild-type or resistant mutations.

3.3. Detection of resistant variants in clinical samples by direct
sequencing and by the PCR-Invader assay

Sequences of the HBV reverse transcriptase were obtained from
75 patient samples by direct sequencing. The same samples were
examined by the PCR-Invader assay. By examining the relative
ratios of resistant mutations to wild-type sequences, the PCR-
Invader assay distinguished two categories: weak positives (2-20%)
and positives (>20%). In direct sequencing, the rtL180M mutation
was detected in 73.3% (55 of 75) of cases. Mutations at rtM204
(rtM204I and rtM204V) were detected in 50.6% (38 of 75) and
58.7% (44 of 75) of cases, respectively. These mutations were all

detected as positive by the PCR-Invader assay. The 19 mutations
related to ETV resistance (located at rtT184, rtS202 and rtM250)
were detected by direct sequencing (9 at rtT184, 3 at rtS202 and
7 at rtM250) in 75 samples. With the PCR-Invader assay, 24 ETV-
resistant mutations were detected as positive (10 at rtT184, 7 at
rtS202, 7 at rtM250), and 35 mutations were detected as weak pos-
itive (4 at rtT184, 19 at rtS202, 12 at rtM250) (Table 2). In addition,
multiple ETV-resistant mutations were detected in several samples
by the PCR-Invader. The samples with combinations of ETV resis-
tance (rtL180M +rtM204V and mutations at rtT184 and/or rtS202
and/or rtM250) were detected in 15 of 75 (20%) cases by direct
sequencing and in 38 of 75 (50.6%) cases by the assay (Fig. 6).
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Fig. 3. The FOZ values of the PCR-Invader assay for detection of rtM250V. FOZ values of wild-type (A) and the resistant mutation (B) generated by the 10-7 dilutions of
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Fig. 6. Fluorescence detection patterns in clinical samples (A-C) and wild-type plasmid (D). The ETV resistant mutations (rtL180M and rtM204V + either mutation at rtT184
or rtS202 or rtM250) were detected in all clinical samples (A, rtS202G; B, rtM250V; C, rtT184L+rtS202G). No resistant mutation was detected in the wild-type plasmid

samples.
3.4. Confirmation of resistant variants by cloning sequence

To confirm the resistant variants detected by the PCR-Invader
assay, but not by direct sequencing, sequences were cloned for
three samples and found to have different resistant mutations.
In Sample 20, ETV resistance was detected as a mutation at
rtL180M +rtM204V +rtT184A. A total of 34 clones were obtained,
including a resistant variant clone. The percentage of resistant vari-
ants in Sample 20 was 2.9% (1 of 34). The resistant variants included
in Sample 02 (rtL180M +rtM204V +1tS202G) were 8.7% (4 of 46),
and those of Sample 04 (rtL180M +rtM204V +rtM250V) were 5.6%
(3 of 54) of cases (Table 3).

4. Discussion

Accurate detection of drug-resistant variants in HBV-DNA s crit-
ical for clinical therapies with nucleotide/nucleoside analogs. In
this study, a novel method to detect LVD and ETV drug-resistant
mutations is described. The PCR-Invader assay was examined
for detection sensitivity and accuracy and compared with direct
sequencing. Resistant mutations were detected down to 2% in 1000

Table 3
Number of resistant variants in cloning sequencing.

Clone Resistant variants (%)
Sample 20 (T184A) 34 1(2.9)
Sample 02 (S202G) 46 4(8.7)
Sample 04 (M250V) 54 3(5.6)

copies of HBV DNA. The PCR-Invader assay is a useful method for
detecting drug-resistant variants in HBV-DNA.

Several existing methods can detect resistant mutations. For
example, sequencing, the most popular method, detects mutant
sequences when they make up more than 20% of the total (Zhang
et al., 2003), and the line probe assay is a suitable method for qual-
itatively detecting various mutations simultaneously (Degertekin
et al., 2008; Libbrecht et al., 2007). However, these have signifi-
cant shortcomings. Sequencing is labor intensive, and the line probe
assay is complicated and time consuming.

The PCR-Invader assay has many excellent characteristics. Its
FOZ values were constant over a range of 10-10° copies, and 10
copies of template DNA were enough for detection (Fig. 1). In
examinations of mixtures of plasmids with wild-type and resis-

Table 2
Comparison of the number of resistant mutations by the PCR-Invader assay with those of sequencing.
L180M A181T T184A T184F T184L S202G M2041 M204V M2501 M250L M250V
Sequencing 55 1 5 1 3 g 38 44 0 6 1
PCR-Invader
More than 20% 59 0 6 1 3 7 41 46 0 4 3
2-20% 7 14 3 0 1 19 18 13 3 4 5
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tant mutations in various ratios, the RED-FOZ value from 10 copies
of resistant mutation DNA could be detected to 1:50 relative ratios
(Fig. 2). In other words, the RED-FOZ value could detect 2% of resis-
tant mutations in more than 500 copies of wild-type sequences.
When the total numbers of DNA templates were increased, the FOZ
values in various ratios were the same (not shown).

To validate the PCR-Invader assay, 75 clinical samples from
patients were analyzed for resistant mutations by direct sequenc-
ing and the PCR-Invader assay. All of the resistant mutations found
by direct sequencing were also detected by the PCR-Invader assay.
Moreover, the PCR-Invader assay detected low levels of resistant
mutations that were not found by direct sequencing. In particular,
a high detection rate was found for rtS202G (direct-sequencing,
4.0%; PCR-Invader assay, 34.7%). The PCR-Invader assay showed
that 50.6% of the samples were positive for ETV resistant mutations
(rtL180M +rtM204V and mutations at rtT184 and/or rtS202 and/or
rtM250), while by direct sequencing, mutant variants were only
20% of these. To confirm the existence of resistant variants in the
samples scored positive by the PCR-Invader assay, but negative by
direct sequencing, cloning sequencing was performed (Table 3). It
would be difficult to accurately predict the kinetics of the minor
resistant variants that were detected by the PCR-Invader assay.
However, the appearance of minor resistant variants presents the
risk of virologic rebound. If measurements had been performed reg-
ularly after the minor resistant variants were detected, virologic
rebound might have been detected earlier. Monitoring the kinetics
of the resistant variants will be beneficial for following treatments
for patients with HBV infections.

In summary, early detection and monitoring of resistance vari-
ants are very important for treating HBV infection. The PCR-Invader
assay is a rapid, accurate, and inexpensive method for detecting
resistant mutations of HBV. Furthermore, this comparative semi-
quantitative assay based on the PCR-Invader assay will be useful
for testing simultaneously patients with multiple HBV resistant
mutations in a clinical setting.
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We investigated the efficacy of the triple treatment
with telaprevir. pegylated interferon (PEG-IFN) and
ribavirifi for 12 weeks in treatment-naive patients in-
fected with hepatitis C virus (HCV) genotype 1b and
high baseline viral loads. All of 10 cases became HCV-
RNA negative during treatment. SVR rate attained to
a high rate, 70% (7.10). Especially. SVR rate of females
over 50 vears old attained 100% (3/3). HCV RNA was
lost from serum rapidly in patients infected with HCV-
1b in high viral loads. and SVR rate of the triple treat-
ment for 12weeks was high. Our results suggested that
triple treatment with telaprevir. PEG-IFN and ribavi-
rin could improve the efficacy in treatment-naive pa-
tients.

Key words: chronic hepatitis C.

interferon plus ribavirin

combination therapy,

NS3-4A protease inhibitor
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EALT DUNINUTETEETTETTTETTETEE TS ] e HBv-DNA
IUmy | Entecavir 0.5mg/day 18 (Log copies/ml)
120 \D 7
16
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“ L\‘_\’_‘\q/'—‘f/’_. I
| 12
0 . .
0 6 12 18
months after entecavir treatment
rtigl rt202 204 230 No. of clones
Amino acid(AB033550) MGVGLSPFLLAQFTSAI AFSYMDDL WFMG (Relative rate (%)
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2) 15 months after ETV
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Fig. 1 Clinical course and clonal analysis of samples from patient with viral

rebound during entecavir therapy
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Increase of rtA181T mutant strains during entecavir
therapy for a patient with chronic hepatitis B virus
infection
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A 5l-year-old Japanese woman with chronic hepati-
tis B who had never treated with nucleotide analogues
was admitted to our hospital and treated with ente-
cavir. In this patient, entecavir successfully reduced
the HBV level. but viral and biochemical breakthrough
was observed at 10 months after the beginning of ther-
apy. The HBV viral load reached up to 8.2log copies/ml
but direct sequence analysis showed noLAM and ETV
resistant-related mutation (rtT184, 5202, M204, M250).
Comparison by clonal analysis of samples obtained be-
fore and after the viral breakthrough showed the in-
crease of the rtA181 T mutant strains (85% versus
395%). It was considered that the rtA181 T mutant
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