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Figure 4 In patients treated with lami-
vudine for = 3 years, the increased inci-
dence of tyrosine-methionine-aspartate-
aspartate (YMDD) motif mutant by
hepatitis B virus (HBV) DNA (log
copies/mL) level was 65% in patients
maintaining an HBV DNA level 0f < 2.6,
78% in patients maintaining an HBV
DNA level of 2.6-5.0, and 92% in
patients maintaining an HBV DNA level

Lo B
2.6-80

of > 5.1, and that of BTH in the corre-

8 <26 sponding groups was 10%, 18%, and

77% {P<0.001). (a) Incidence of

Time (years)

values, which might be due to decreased replication
efficiency of the HBV muitants.

HBeAg, severe liver disease, high HBV DNA, and low
ALT levels at the baseline were factors accelerating the
development of BTH. This was in confirmation of pre-
vious results.'”?® Development of BTH, however, was
not influenced by HBV genotypes. This is probably due
to the response in HBeAg-positive patients, which
was comparable among those with different genotypes
though it differed among HBeAg-negative patients.”

In a study of Japanese adult patients treated with lami-
vudine for > 12 months, the YMDD motif mutation was
detected in 26% patients, with 23, 16, and 21 patients

© 2009 The Japan Society of Hepatology

YMDD mutants over time (P = 0.0001).
{b) Incidence of breakthrough hepatitis
over time (P < 0.0001).

correspondingly posidve for YIDD, YVDD, and
YIDD + YVDD mutants. The occurrence of mutations
steadily increased and two, five, and 52 patients with
genotypes A, B, and C, respectively developed resis-
tance.! Lamivudine retreatment could induce rapid
re-emergence of YMDD motif mutants with associated
viral and hepatic flares” and should be avoided. Next,
we were interested to know if any difference in sensitiv-
ity existed in detecting YMDD mutants by the two dif-
ferent methods used in this study, PCR-RFLP and PCR-
ELMA, We studied the rate of detection of YMDD motif
mutant by both methods in 20 patients who received
lamivudine for more than two years. The detection rate
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Table 4 Incidences of tyrosine-methionine-aspartate-aspartate (YMDD) mutant and breakihrough hepatitis (BTH) by hepatitis B
virus (HBV) DNA and alanine transaminase (ALT) level in patients during lamivudine treatment for 2 3 years (234 patients)

HBV DNAT (Amplicor:

ALT level (TU/L}t

| ies/mL s i e et
08 copies/mL) <20 21-30 31-40
YMDD BTH YMDD BTH YMDD BTH
<2.6 23/60 4/60 29/61 5/61 4/11 1/11
(38%) (7%) (48%) {(8%) (36%) {9%)
2.6-5.0 30/50 2/50 19722 4722 T a2 512
(60%) {4%) (86%) (18%) {92%) (42%);
251 HETE s 0/1 0/1 13/14 12/14 |
1 (100%) (33%) {0%) (0%) {93%) (86%):

{The HBV DNA and ALT levels are shown based on the treatment duration of lamivudine.

between PCR-RFLP and PCR-ELMA was similar; eight
patients (40%) and nine patients {45%), respectively.”

CONCLUSION

ORRELATION OF ALT and HBV DNA levels with

YMDD motif mutant and viral breakthrough can be
used as an indirect method of estimating susceptibility
to develop lamivudine resistance. The low incidence of
YMDD motif mutant and BTH associated with an HBV
DHNA level of <2.6 log copies/mil and ALT level of
<30 1U/L and an HBV DNA level of 2.6-5.0 log
copies/mL and ALT level of < 20 TU/L during only less
than 3 year-treatments can be utilized as a dinically
relevant tool to monitor patients’ criteria in switching to
other nucleoside analogue drugs. Using these simple
methods, which can be easily pursued in clinical prac-
iice, it may be feasible in the future to switch from
lamivudine to other nucleoside analogue drugs with
low rates of inducing resistant mutants in CHBV
patients. This is important considering the risk of con-
tnuous lamivudine treatment causing YMDD motif
mutant and BTH.
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A Matched Case-Controlled Study of 48 and 72 Weeks
of Peginterferon Plus Ribavirin Combination
Therapy in Patients Infected With HCV Genotype 1b
in Japan: Amino Acid Substitutions in HCV Core
Region as Predictor of Sustained

Virological Response

Norio Akuta,'* Fumitaka Suzuki,! Miharu Hirakawa,' Yusuke Kawamura,' Hiromi Yatsuji,!
Hitomi Sezaki,! Yoshiyuki Suzuki,! Tetsuya Hosaka,! Masahiro Kobayashi,” Mariko Kobayashi,?
Satoshi Saitoh,! Yasuji Arase,' Kenji Ikeda,! and Hiromitsu Kumada®

1Department of Hepatology, Toranomon Hospital, Tokyo, Japan
2Liver Research Laboratory, Toranomon Hospital, Tokyo, Japan

Substitution of amino acid (aa) 70 and 91 in the
core region of HCV genotype 1b is a useful
pretreatment predictor of efficacy of 48-week
peginterferon (PEG-IFN) plus ribavirin (RBV)
therapy. Here, we determined the efficacy of
72-week PEG-IFN/RBV and the predictive factors
to such therapy in a case-control study matched
for sex, age, and periods from the start of
treatment to initial point of HCV RNA-negative.
We compared the treatment efficacy of 72-week
regimen in 65 patients with that of 48-week in 130
patients, who were infected with HCV genotype
1b and treated with PEG-IFN/RBV. They consisted
mainly of late virological responders (LVR)
{HCV RNA-positive at 12 weeks and negative at
24 weeks after start of treatment). Sustained
virological response (SVR) was achieved by
61.5% and 32.3% of patients of the 72- and 48-
week groups, respectively, while non-virological
response was noted in 9.2% and 29.2% of the
respective groups. Multivariate analysis identi-
fied substitution of aa 70 and 91 (Arg70 and/or
Leu91) and duration of treatment (72-week)
as independent parameters that significantly
influenced” SVR. For Arg70 and/or Leu91 of
core region, SVR rate was significantly higher in
72-(68.0%) than 48-week group {37.8%). For wild-
type of ISDR, SVR rate was significantly higher in
72- (61.2%) than in 48-week group (29.3%).
We conclude that 72-week PEG-IFN/RBV im-
proves SVR rate for LVR, especially those with
Arg70 and/or Leu91 of core region or wild-type
of ISDR. Substitution of aa 70 and 91 is
also a useful pretreatment predictor of response

© 2009 WILEY-LISS, INC.

to 72-week PEG-IFN/RBV. J. Med. Virol.
81:452-458, 2009. © 2009 Wiley-Liss, Inc.

KEY WORDS: HCV; core region; NSBA-ISDR;
peginterferon; ribavirin; 72-
week; case-control study; LVR

INTRODUCTION

Hepatitis C virus (HCV) usually causes chronic
infection that can result in chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma (HCC)
[Dusheiko, 1998; Ikeda et al., 1998; Niederau et al.,
1998; Kenny-Walsh, 1999; Akuta et al., 2001]. In
patients with HCV-chronic hepatitis, treatment with
interferon (IFN) can induce viral clearance and marked
biochemical and histological improvement [Davis et al.,
1989; Di Bisceglie et al., 1989]. Especially, peginterferon
(PEG-IFN) plus ribavirin (RBV) combination therapy
for 48 weeks can achieve a high sustained virological
response (SVR) [Manns et al., 2001; Fried et al., 2002].

Although treatment of genotype l-infected patients
typically extends over 48 weeks, there has been
interest in prolongation of therapy, particularly in late
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virological responders (LVR) (HCV RNA-positive at
12 weeks and negative at 24 weeks after the start of
treatment), because high relapse rates in LVR may
indicate that treatment was not administered for a
sufficient duration [Ferenci et al., 2005]. Previous
studies from Europe and United States have demon-
strated that LVR improves SVR rates when treatment is
extended to 72 weeks, compared with standard duration
of therapy, largely as a result of reducing posttreatment
relapse rates [Buti et al, 2003; Berg et al., 2006;
Sénchez-Tapias et al., 2006; Pearlman et al., 2007].
Thus, prolongation of therapy in LVR may improve the
virological response rate. However, it is not clear at
present whether prolongation of treatment improves
the SVR rate of treatment-resistant Japanese patients
infected with HCV/genotype 1b[Akuta et al., 2007a,b,cl.

Previous studies indicated that amino acid (aa)
substitutions at position 70 and/or 91 in the HCV core
region of genotype 1b were predictors of poor virological
response to 48-week PEG-IFN plus RBV therapy [Akuta
et al., 2005, 2006, 2007a,b,c; Donlin et al., 2007], and also
risk factors for hepatocarcinogenesis [Akuta et al,
2007d, 2008a]. However, it is not clear at this stage
whether aa substitutions in the core region can be used
before therapy to predict the outcome of 72-week
regimen.

The aims of the present study in HCV genotype 1b-
infected Japanese adult patients, who received PEG-
IFN plus RBV, were the following: (1) To conduct a case—
control study matched for sex, age, and periods from the
start of treatment to the initial point of HCV RNA-
negative, to compare the treatment efficacy of 72-week
regimen and 48-week regimen. (2) To identify the
pretreatment factors that could predict treatment
efficacy of the 72-week regimen, including pretreatment
aa substitutions in the core region.

PATIENTS AND METHODS
Study Population

A total of 559 HCV genotypelb-infected Japanese
adult patients were consecutively recruited into the
study protocol of combination therapy with PEG-IFNa-
2b plus RBV between 2001 and 2008 at Toranomon
Hospital, Tokyo, Japan. They received PEG-IFNu-2b at
a median dose of 1.4 pg/kg (range, 0.7-2.1 pg/kg)
subcutaneously each week plus oral RBV at a median
dose of 11.1 mg/kg (range, 3.4—16.0 mg/kg) daily. Among
these, 383 patients, who could complete a total of 48 or
72 weeks of combination therapy, were enrolled in
this retrospective study. The latter group consisted
of 65 patients who extended combination therapy to
72-week (72-week group), and 318 patients who stopped
combination therapy at the 48 weeks (48-week group).
The decision to extend the combination therapy to
72 weeks was made by the patient. To compare the
efficacy of the 72- and 48-week courses, all 65 patients
of the 72-week group entered this study along with
130 patients of 48-week. The latter group was selected
from among the 318 because they matched those

453

patients of the 72-week group with respect to sex, age,
and periods from the start of treatment to the initial
point of HCV RNA-negative (matched case—control
study). The treatment efficacy was evaluated by HCV-
RNA positive based on qualitative PCR analysis at the
end of treatment (non-virological response; NVR),
and by HCV-RNA negative based on qualitative PCR
analysis at 24 weeks after the completion of therapy
(SVR). Furthermore, LVR was defined as HCV RNA-
positive at 12 weeks and negative at 24 weeks after the
start of treatment, based on qualitative PCR analysis.
All patients fulfilled the following criteria: (1) Negativity
for hepatitis B surface antigen (radioimmunoassay,
Dainabot, Tokyo, Japan), positivity for anti-HCV
(third-generation enzyme immunoassay, Chiron Corp.,
Emerville, CA), and positivity for HCV RNA qualitative
analysis with PCR (Amplicor, Roche Diagnostics, Man-
heim, Germany). (2) Infection with HCV genotype 1b
only. (3) A high viral load (>100x 10® TU/ml) by
quantitative analysis of HCV RNA with PCR (AMPLI-
COR GT HCV Monitor v2.0 using the 10-fold dilution
method, Roche Molecular Systems Inc., Pleasanton, CA)
within the preceding 2 months of enrolment. (4) No
hepatocellular carcinoma. (5) Body weight > 40 kg. (6)
Lack of coinfection with human immunodeficiency
virus. (7) No previous treatment with antiviral
or immunosuppressive agents within the preceding
3 months of enrolment. (8) None was an alcoholic;
lifetime cumulative alcohol intake was <500 kg. (9)
None had other forms of liver diseases, such as
hemochromatosis, Wilson disease, primary biliary cir-
rhosis, alcoholic liver disease, or autoimmune liver
disease. (10) None of the females was pregnant or a
lactating mother. (11) All patients had completed a
24-week follow-up program after cessation of treatment,
and SVR could be evaluated. (12) Each signed a consent
form of the study protocol that had been approved by
the human ethics review committee. The profile and
laboratory data of 195 patients, who entered the
matched case—control study, are summarized in Table 1.

Laboratory Tests

Blood samples were obtained at least once every
month before, during, and after treatment, and were
analyzed for alanine aminotransferase (ALT) and HCV-
RNA levels. The serum samples were frozen at —80°C
within 4 hr of collection and thawed at the time of
measurement. HCV genotype was determined by PCR
using a mixed primer set derived from the nucleotide
sequences of NS5 region [Chayama et al., 1993]. HCV-
RNA levels were measured by quantitative PCR
(AMPLICOR GT HCV Monitor v2.0 using the 10-fold
dilution method, Roche Molecular Systems Inc.) at least
once every month before, during, and after therapy.
The dynamic range of the assay was 5.0x 10® to
5.0 x 10% TU/ml. Samples collected during and after
therapy that showed undetectable levels of HCV-RNA
(<5.0 x 10° TU/ml) were also checked by qualitative PCR
(AMPLICOR HCV v2.0, Roche Molecular Systems Inc.),
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TABLE 1. Patient Profile and Laboratory Data at Commencement of 48- and 72-Week Combination Therapy of Peginterferon
Plus Ribavirin in Patients Infected With HCV Genotype 1b (Matched Case—Control Study)

72-week group

48-week group

Matching data
Number of patients
Sex (M/F)
Age (years)*
Periods to the initial point of HCV RNA-negative (weeks)*
Demographic data
History of blood transfusion
Family history of liver disease
Body mass index (kg/m?)*
Laboratory data*
Serum aspartate aminotransferase (I1U/L)
Serum alanine aminotransferase (1U/L)
Serum albumin (g/dl)
Gamma-glutamyl transpeptidase (IU/L)
Leukocytes (fmm?®)
Hemoglobin (g/dl)
Platelet count (x10%mm®
ICG R15 (%)
Level of viremia (KIU/ml)
Alfa-fetoprotein (,g/L)
Total cholesterol (mg/dl)
High density lipoprotein cholesterol (mg/dl)
Low density lipoprotein cholesterol (mg/dl)
Triglycerides (mg/dl)
Uric acid (mg/dl)
Fasting blood sugar (mg/dl)
Histological findings
Stage of fibrosis (F1/F2/F3/ND)
Hepatocyte steatosis (none to mild/moderate to severe/ND)
Treatment
PEG-IFN o-2b dose (ug/kg)*
Ribavirin dose (mg/kg)*
Amino acid substitutions in the HCV
Core aa 70 (arginine/glutamine (histidine)/ND)
Core aa 91 (leucine/methionine/ND)
ISDR of NS5A (wild-type/mutant-type/ND)

65 130

28/37 57/73 Matched

57 (22-170) 56 (25—68) Matched

17.4 (6.9-72.0) 19.7 (6.0-48.0) Matched
18 (27.7%) 42 (32.3%) NS
21 (32.3%) 31 (23.8%) NS
22.6 (16.6—38.0) 22.2 (17.0-32.4) NS
49 (23-213) 51 (21-217) NS
64 (25—430) 68 (20—391) NS
3.9 (3.2—-4.5) 3.8 (3.2—-4.6) NS
40 (14-171) 38 (15—~581) NS
4,400 (2,300-8,800) 4,600 (1,200-9,400) NS
14.0(11.3-17.8) 13.9 (10.6-18.1) NS
16.2 (8.2—-30.7) 15.8 (6.4-31.6) NS
13 (2-73) 15 (2—-45) NS

2,650 (62->5,000) 1,850 (49->5,000) 0.013
6 (2—-47) 6(2-110) NS
174(111-276) 175 (104-274) NS
45 (27—-86) 51 (24—-78) NS
104 (49-204) 107 (50-182) NS
91 (85—-259) 94 (35—315) NS
5.3 (2.6-7.7) 5.0 (2.3-8.7) NS
95 (79-218) 98 (76-157) NS
20/12/11/1/21 44/27/22/0/37 NS
40/2/23 78/8/44 NS
1.4 (0.8-2.1) 1.4 (0.7-1.9) NS
10.9 (6.6—-16.0) 10.8 (3.7--14.2) NS
37/23/5 11 47/6 NS
42/18/5 66/57/7 0.038

49/5/11 99/17/14 NS

Data are number and percentages of patients, except those denoted by *, which represent the median (range) values. ND: not determined.

which has a higher sensitivity than quantitative
analysis, and the results were expressed as positive or
negative. The lower limit of the assay was 50 IU/ml.

Histopathological Examination
of Liver Biopsies

Liver biopsy specimens were obtained percutaneously
or at peritoneoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku
University style, Kakinuma Factory, Tokyo), fixed in
10% formalin, and stained with hematoxylin and eosin,
Masson’s trichrome, silver impregnation, and periodic
acid-Schiff after diastase digestion. All specimens for
examinations contained six or more portal areas.
Histopathological diagnosis was confirmed by an expe-
rienced liver pathologist (H.K.) who was blinded to the
clinical data. Chronic hepatitis was diagnosed based on
histopathological assessment according to the scoring
system of Desmet et al. [1994]. Hepatocyte steatosis was
graded as either none (absent), mild (less than 1/3 of
hepatocytes involved), moderate (greater than 1/3 but
less than 2/3 of hepatocytes involved), or severe (greater
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than 2/3 of hepatocytes involved) [D’Alessandro et al.,
1991].

Detection of Amino Acid Substitutions in
Core Region and NS5A Region

With the use of HCV-J (accession no. D90208) as a
reference [Kato et al., 1990], the sequence of 1-191 aain
the core protein of genotype 1b was determined and then
compared with the consensus sequence constructed on
50 clinical samples to detect substitutions at aa 70 of
arginine (Arg70) or glutamine/histidine (Gln70/His70)
and aa 91 of leucine (Leu91) or methionine (Met91)
[Akuta et al., 2005]. The sequence of 2209-2248 aa in
the NSBA of genotype 1b (IFN-sensitivity determining
region [ISDR]) reported by Enomoto et al. [1995, 1996]
was also determined, and the numbers of aa substitu-
tions in ISDR were defined as wild-type (<1) or mutant-
type (>2).

In the present study, aa substitutions of the core
region and NSS5A-ISDR were analyzed by direct
sequencing [Enomoto et al., 1995, 1996; Akuta et al,,
2005]. HCV RNA was extracted from serum samples at
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the start of treatment and reverse transcribed with
random primer and MMLV reverse transcriptase
(Takara Syuzo, Tokyo). Nucleic acids were amplified
by PCR using the following primers: (a) Nucleotide
sequences of the core region: The first-round PCR was
performed with CC11 (sense, 5-GCC ATA GTG GTC
TGC GGA AC-3) and el4 (antisense, 5'-GGA GCA GTC
CTT CGT GAC ATG-3) primers, and the second-round
PCR with CC9 (sense, 5'-GCT AGC CGA GTA GTG TT-
3') and el14 (antisense) primers. (b) Nucleotide sequen-
ces of NS5A-ISDR: The first-round PCR was performed
with ISDR1 (sense, 5-ATG CCC ATG CCA GGT TCC
AG-3) and ISDR2 (antisense, 5'-AGC TCC GCC AAG
GCA GAA GA-3') primers, and the second-round PCR
with ISDRS3 (sense, 5'-ACC GGA TGT GGC AGT GCT
CA-3") and ISDR4 (antisense, 5'-GTA ATC CGG GCG
TGC CCA TA-3') primers ([a] hemi-nested PCR; [b]
nested PCR). All samples were initially denatured at
95°C for 15 min. The 35 cycles of amplification were set
as follows: denaturation for 1 min at 94°C, annealing of
primers for 2 min at 55°C, and extension for 3 min at
72°C with an additional 7 min for extension. Then 1 pl of
the first PCR product was transferred to the second PCR
reaction. Other conditions for the second PCR were the
same as the first PCR, except that the second PCR
primers were used instead of the first PCR primers. The
amplified PCR products were purified by the QIA quick
PCR purification kit (Qiagen, Tokyo, Japan) after
agarose gel electrophoresis and then used for direct
sequencing. Dideoxynucleotide termination sequencing
was performed with the Big Dye Deoxy Terminator
Cycle Sequencing kit (Perkin-Elmer, Tokyo, Japan).

Statistical Analysis

Non-parametric tests (Mann—Whitney U-test, ehi-
squared test and Fisher’s exact probability test) were
used to compare the characteristics of the groups.
Univariate and multivariate logistic regression analy-
ses were used to determine those factors that signifi-
cantly contributed to SVR. The odds ratios and 95%
confidence intervals (95% CI) were also calculated. All P
values less than 0.05 by the two-tailed test were
considered significant. Variables that achieved statis-
tical significance (P < 0.05) on univariate analysis were
entered into multiple logistic regression analysis to
identify significant independent factors. The potential
pretreatment predictive factors associated with SVR
included the following variables: sex, age, history of
blood transfusion, familial history of liver disease, body
mass index; aspartate aminotransferase (AST), ALT,
albumin, gamma-glutamyl transpeptidase (yGTP), leu-
kocyte count, hemoglobin, platelets, indocyanine green
retention rate at 15 min ICG R15), level of viremia, alfa-
fetoprotein, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, trigly-
cerides, uric acid, fasting blood sugar, hepatocyte
steatosis, stage of fibrosis, PEG-IFN dose/body weight,
RBV dose/body weight, duration of treatment, and
amino acid substitution in the core and ISDR of NS5A.
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Statistical analyses were performed using the SPSS
software (SPSS Inc., Chicago, IL).

RESULTS

Comparison of Treatment Efficacy Between
48-Week Group and 72-Week Group

Figure 1 shows comparison of the treatment efficacy
between 48- and 72-week groups. SVR was achieved by
42 of 130 patients (32.3%) and 40 of 65 (61.5%) in the 48-
and 72-week groups, respectively. The proportion of
SVR was significantly higher in 72-week group than in
the 48-week group (P<0.001). Furthermore, NVR
was identified in 38 of 130 patients (29.2%) and 6 of
65 (9.2%) in the 48- and 72-week groups, respectively.
The proportion of NVR was significantly lower in the
72-week group than in 48-week group (P = 0.002).

Predictive Factors Associated With SVR in
Multivariate Analysis

Univariate analysis identified 13 parameters that
influenced SVR either significantly or marginally:
gender (female sex; P=0.002), stage of fibrosis (F; g;
P=0.008), PEG-IFN dose/body weight (>1.4 pg/ksg;
P=0.001), RBV dose/body weight (>11.0 mg/kg;
P=0.029), platelet count (>15.0 x 10*mm?; P = 0.002),
level of viremia (<1,000 KIU/ml; P =0.049), yGTP (<50
1U/L; P=0.026), ICG R15 (<15%; P =0.003), triglycer-
ides (<100 mg/dl; P=0.038), high-density lipoprotein
cholesterol (>50 mg/dl; P=0.018), o-fetoprotein
(<20 pg/l; P=0.005), substitution of aa 70 and
91 (Arg70 andfor Leu9l; P=0.002), and duration of
treatment (72-week group; P < 0.001).

Multivariate analysis identified three independent
parameters that either significantly influenced or
tended to significantly influence SVR; substitution of
aa 70 and 91 (Arg70 and/or Leu91; P =0.015), duration
of treatment (72-week group; P=0.014), and high-
density lipoprotein cholesterol (>50 mg/dl; P=0.084)
(Table II).

100

48-week group

. 72-week group
80 I

Percentage of Patients (%)

Non-virological response

Fig. 1. Comparison of treatment efficacy between the 48-week group
and 72-week group. The proportion of patients with sustained
virological response in 72-week group was significantly higher than
in 48-week group (P < 0.001). Furthermore, the proportion of patients
with non-virological response in 72-week group was significantly lower
than in 48-week group (P=0.002).
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