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Table 2 Univariate analysis of background factors influencing a sustained virological response (SVR)

Factors Group A (ALT <30 IU/L) Group B (ALT = 30 IU/L)
(n=114) (n=2875)
Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Sex 1 1

Men

Women 2.186 0.949-5.038 0.066 0.682 0.515-0.902 0.007
Age (years)

<65 1 1

=65 0.247 0.096-0.631 0.004 0.341 0.242-0.481 <0.001
Histological Staging

FoO-1 1 1

F2-3 0.349 0.128-1.207 0.103 0.382 0.264-0.553 <0.001
Serum HCV RNA level
(loglU/mL)

<6 1 1

=6 0.486 0.198-1.192 0.115 0.449 0.317-0.636 <0.001
YGTP (IU/)

<44 1 1

=44 0.523 0.196-1.394 0.195 0.407 0.306-0.541 <0.001
Albumin (mg/dL)

=35 1 1

<3.5 0.169 0.072-0.398 <0.001
Platelet count (x10°/L)

=150 1 1

<150 0.312 0.121-0.805 0.886 0.422 0.317-0.561 <0.001
Hemoglobin (g/dL)

=14 1 1

<14 1.304 0.564-3.016 0.534 0.703 0.533-0.928 0.013
Fasting plasma glucose
(mg/dL)

<95 1 1

=95 0.471 0.210-1.057 0.068 0.553 0.411-0.744 0.001
HbAlc (%)

<6.4 1 1

=64 0.235 0.103-0.535 0.001
HOMA-IR

<2 1 1

=2 0.156 0.052-0.466 <0.001 0.188 0.121-0.290 <0.001
Total cholesterol (mg/dL)

<220 1 1

=220 3.462 1.051-11.396 0.041 1.394 0.732-2.653 0.312
Tryglyceride {mg/dL)

<150 1 1

=150 1.00 0.267~-4.533 0.895 0.747 0.453-1.234 0.255
HDL-C (mg/dL)

<40 1 1

=40 3.182 0.605-16.725 0.172 1.065 0.623-1.822 0.817
LDL-C (mg/dL)

<140 1 1

=140 1.067 0.090-12.706 0.959 0.985 0.402-2.410 0.973

ALT, alanine aminotransferase; Cl, confidence interval; y-GTP, y-glutamyltranspeptidase; HDL-C, High density lipoprotein-cholesterol;
HOMA-IR, homeostasis model assessment-insulin resistance; LDL-C, Low density lipoprotein-cholesterol.

© 2011 The Japan Society of Hepatology
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Table 3 Multivariate analysis of background factors influenc-
ing an sustained virological response (SVR) in normal alanine
aminotransferase (NALT) patients

Factors QOdds ratio 95% CI P-value
Age (years)

<65 1

=65 0.236 0.072-0.771 0.017
HCV RNA
(logIU/mL)

<6 1

=6 0.391 0.131-1.167 0.092
Total cholesterol
(mg/dL)

<220 1

=220 4,098 1.077-15.591 0.039

CI, confidence interval.

decreased from 24.4 £ 3.4 IU/L to 16.3 £10.1 [U/L for
the men and from 23.6 £ 3.5 IU/L to 14.1 £ 5.9 IU/L for
the women. ALT-flare ups were observed for 34.0% (18
of 53) of the non-responsive group A patients. The mean
ALT level was 63.6 £35.1 IU/L, and only three of these
patients (16.7%) had serum ALT activity >100 [U/L
(max 163 IU/L).

DISCUSSION

HIS IS THE first report of a large multicenter trial of

the efficacy and safety of PEG-IEN o-2b plus RBV
treatment of Japanese chronically infected HCV patients
with NALT. A large randomized controlled trial of PEG-
IEN o-2a 180 pg/week plus RBV at a fixed dose of
800 mg/day for American HCV patients with NALT
reported an SVR rate of 40% for patients with genotype
1 treated for 48 weeks,** comparable to that achieved by
patients with elevated ALT activity.’**® Our results were
similar (37.8%), which indicates that Japanese NALT
patients are suitable candidates for PEG-IFN o and RBV
combination treatment.

Puoti et al.”” reported that, for patients treated with
PEG-IEN o-2a 180 pg/week plus an optimal RBV dosage
(1000-1200 mg/day), the SVR rate was improved to
62% for HCV-1 NALT patients. In Japan, RBV taken
orally at a daily dose of 600-1000 mg based on body
weight is the recommended treatment of the Japanese
Ministry of Health, Labor and Welfare. Thus, we are not
able to use the same dose of RBV as used in the United
States and European countries. On the other hand, Hira-
matsu et al. have reported that maintaining a high dose
(212 mg/kg/day) of RBV during the full treatment
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period could strongly suppress the relapse rate with
chronic hepatitis C genotype 1 responding to o-2b plus
RBV.”” However, in their study, 165 (16.8%) of 984
patients who were enrolled discontinued the treatment
because of adverse events or voluntary withdrawal, and
331 patients (33.6%) discontinued the treatment
because of non-response. SVR in the intention-to-treat
analysis was only 347 of 984 (35.3%), and the rate was
similar to ours. Maintaining a higher dose of RBV results
in higher rates of discontinuation due to adverse events,
which leads to a decrease in SVR. Thus we feel it is best
to reduce the dose of RBV. Therefore, we analyzed the
SVR rates of our patients who were given less than the
minimum acceptable dosage.

Our results indicate that taking at least the minimum
acceptable dosage during treatment increased the
SVR rate of NALT patients with genotype 1 by two to
three times more than patients who did not take
the minimum acceptable dosage. The current results
confirm our previous study,”? as well as indicate that
receiving at least the minimum acceptable dosage is also
very important for NALT patients to achieve SVR. The
SVR rate was almost the same for patients taking a
higher total dosage of RBV and those receiving the
minimum acceptable dosage, and prescribing the
minimum acceptable dosage would be safe and more
cost effective than prescribing a higher dosage of RBV for
NALT patients.

For HCV patients with NALT, Puoti et al."” stated that
young patients without contraindications should take a
combination therapy of PEG-IEN a plus RBV rather than
to take a watchful-waiting strategy, we feel that older
patients with NALT also may be acceptable candidates
for PEG-IFN o plus RBV treatment. Moreover, results
that the men over 65 years-of-age with elevated ALT had
a lower SVR rate (36.4%) than those under 65 years
(70.1%) indicate that it is necessary to treat the men
with interferon at a younger age and before the exacer-
bation of ALT.

In this study, patients with NALT had milder histo-
logical disease than those with elevated ALT, which may
be related to the higher rate of SVR in the NALT group.

Okanoue etal. reported that HCV carriers with
ALT<30 IU/L and PLT counts >150 x 10°/L were recom-
mended to have follow up without antiviral treatment,
because over 90% show normal or minimal liver
damage with good prognosis from the point of view of
the prevention of HCC.*® Our data showed a higher SVR
rate if NALT patients received at least the minimum
acceptable dosage when liver fibrosis was not advanced.
Therefore, from the point of view of eliminating HCV,

© 2011 The Japan Society of Hepatology
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we feel that NALT patients also should receive PEG-
IFN o plus RBV treatment if liver fibrosis is not
advanced.

Further, our data demonstrated that total cholesterol
could be useful for predicting which NALT patients
will achieve SVR. These results showed that the total
cholesterol level is inversely associated with liver
fiborosis.?>3! Therefore, serum total cholesterol might
be helpful for a determination to treat NALT patients
with PEG-IFN o-2b plus RBV, whether or not liver
fibrosis is advanced, even when we cannot do liver
biopsy. We feel that whether or not to initiate therapy
should be decided not only by age and serum ALT
level, but also by serum total cholesterol and the
guidelines of AASLD as above mentioned."”

Although IFN o treatment for patients with NALT has
been reported to cause ALT-flare ups after treatment,**3*
we previously reported that the number of patients with
elevated ALT levels in a 2-year follow up was not signifi-
cantly different between patients treated with IEN o and
untreated patients.* There has been only one report
that PEG-IEN a-2a plus RBV combination treatment did
not cause ALT flare-ups after treatment,*® but the precise
relationship remains to be elucidated. Our data indi-
cated that the ALT flare up rate after treatment was
15.8%, and watching non-SVR patients carefully after
treatment is important to check for ALT flare ups. Along
with a report that over 60% of patients with NALT have
an elevated ALT level at 3 years,*® we considered that the
PEG-IFN o plus RBV combination treatment is also safe
for patients with NALT, although we must note that we
did not follow up a full 2 years to observe the change of
ALT levels.

This study has a limitation that liver biopsy was done
only for about half of the enrolled patients and that we
could not measure biomarkers of liver fibrosis such as
hyaluronic acid, so we could not precisely estimate the
liver fibrosis. However, because the present study was a
large multicenter design, the findings are of great inter-
est for clarifying the efficacy and safety of PEG-IFN a-2b
plus RBV combination treatment for patients with
NALT.

CONCLUSIONS

HE EFFICACY AND safety of PEG-IEN -2b plus

RBV combination therapy for patients with chronic
HCV infection who have NALT is similar to that of
patients with elevated ALT levels. These results indicate
that patients with NALT are suitable candidates for treat-
ment with PEG-IEN o-2b plus RBV.

© 2011 The Japan Society of Hepatology
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The 158099917 Polymorphism, When Determined by a Suitable

Genotyping Method, Is a Better Predictor for Response to
Pegylated Alpha Interferon/Ribavirin Therapy in Japanese
Patients than Other Single Nucleotide Polymorphisms
Associated with Interleukin-28B"f
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We focused on determining the most accurate and convenient genotyping methods and mest appropriate
single nucleotide polymorphism (SNP) among four such polymorphisms associated with interleukin-28B
(IL-28B) in order to design tailor-made therapy for patients with chronic hepatitis C virus (HCV) patients.
First, five different methods (direct sequencing, high-resolution melting analysis [HRM], hybridization probe
[HP], the InvaderPlus assay [Invader], and the TagMan SNP genotyping assay [TagMan]) were developed for
genotyping four SNPs (rs11881222, rs8103142, rs8099917, and rs12979860) associated with IL-28B, and their
accuracies were compared for 292 Japamese patients. Next, the four SNPs associated with IL-28B were
genotyped by Invader for 416 additional Japanese patients, and the response to pegylated interferon/ribavirin
(PEG-IFN/RBYV) treatment was evaluated when the four SNPs were not in linkage disequilibrium (LD). HRM
failed to genotype one of the four SNPs in five patients. In 2 of 287 patients, the results of genotyping rs8099917
by direct sequencing differed from the results of the other three methods. The HP, TagMan, and Invader
methods were accurate for determination of the SNPs associated with IL-28B. In 10 of the 708 (1.4%) patients,
the four SNPs were not in LD. Eight of nine (88.9%) patients whose rs8099917 was homozygous for the major
allele were virological responders, even though one or more of the other SNPs were heterozygous. The HP,
TagMan, and Invader methods were suitable to determine the SNPs associated with IL-28B. The rs8099917
polymorphism should be the best predictor for the response to the PEG-IFN/RBYV treatment among Japanese

chronic hepatitis C patients.

Hepatitis C virus (HCV) infection is a global health prob-
lem, with worldwide estimates of 120 to 130 million carriers
(7). Chronic HCV infection can lead to progressive liver dis-
ease, resulting in cirrhosis and complications, including decom-
pensated liver disease and hepatocellular carcinoma (25). The
current standard of care treatment for suitable patients with
chronic HCV infection consists of pegylated alpha 2a or 2b
interferon (PEG-IFN) given by injection in combination with
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oral ribavirin (RBV), for 24 or 48 weeks, dependent on HCV
genotype. Large-scale treatment programs in the United States
and Europe showed that 42 to 52% of patients with HCV
genotype 1 achieved a sustained virological response (SVR) (3,
8, 13), and similar results were found in Japan. This treatment
is associated with well-described side effects (such as a flu-like
syndrome, hematologic abnormalities, and neuropsychiatric
events) resulting in reduced compliance and fewer patients
completing treatment (2). It is valuable to predict an individ-
ual’s response before treatment with PEG-IFN/RBV to avoid
these side effects, as well as to reduce the treatment cost. The
HCYV genotype, in particular, is used to predict the response:
patients with HCV genotype 2 or 3 have a relatively high rate
of SVR (70 to 80%) with 24 weeks of treatment, whereas those
infected with genotype 1 have a much lower rate of SVR
despite 48 weeks of treatment (8).

Recently, we reported from genome-wide association stud-
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TABLE 1. Characteristics of the patients examined

Result for:
Parameter 1st stage 2nd stage
(n = 292) (n = 416)
Age (yr) 57.2 +10.2 56.6 = 10.9
No. of patients male/female 145/147 194/222
No. (%) of patients in institution”:
1 18 (6.2) 0(0)
2 178 (61.0) 0(0)
3 57 (19.5) 0(0)
4 39(13.3) 0(0)
5 0(0) 249 (59.9)
6 0(0) 94 (22.6)
7 0(0) 52(12.5)
8 0(0) 21(5.0)

¢ Institutions: 1, The Research Center for Hepatitis and Immunology, Na-

" tional Center for Global Health and Medicine; 2, The Center for Liver Diseases,
Shin-Kokura Hospital, Kitakyushu; 3, Tonami General Hospital, Tonami; 4,

Department of Internal Medicine, Virology and Liver Unit, Hokkaido University

Graduate School of Medicine, Sapporo; 5, Clinical Research Center, NHO

Nagasaki Medical Center, Nagasaki; 6, Nagoya City University Graduate School

of Medical Sciences, Nagoya; 7, Department of Gastroenterology and Hepatol-

ogy, Nagoya Daini Red Cross Hospital; and 8, Division of Gastroenterology,

Department of Medicine, Kawasaki Medical School, Okayama.

ies (GWAS) that several highly correlated common single nu-
cleotide polymorphisms (SNPs), located in the vicinity of the
lambda 3 interferon (IFN-)3), coded for by the interleukin-
28B (IL-28B) gene on chromosome 19, are implicated in non-
virological response (NVR) to PEG-IFN/RBYV among patients
with HCV genotype 1 (21). At almost exactly the same time as
our report, the association between response to PEG-IFN/

A

Five different methods (Direct sequencing, HRM, HP, Invader, and TagMan)} were
evaluated for genotyping four SNPs associated with IL28B: n=202

3 Exclude HRM analysis because of frequent
genotyping failures: 5 (}.7%} ~

/

J. CLIN. MICROBIOL.

RBYV and SNPs associated with IL-28B was reported from the
results of GWAS by two other groups (6, 19). Determination of
these SNPs associated with IL-28B before PEG-IFN/RBV
treatment will provide extremely valuable information, be-
cause the patients predicted as showing NVR to PEG-IFN/
RBV treatment could avoid the treatment. There are two
questions to be asked before using these SNPs in clinical prac-
tice: (i) which methods for genotyping these SNPs are efficient,
and (ii) which SNP is most informative in cases where the SNPs
are not in linkage disequilibrium (LD)? We have developed
five different methods for detecting the SNPs associated with
1L-28B and compared their accuracies to establish the most
efficient genotyping method. The response to PEG-IFN/RBV
treatment was evaluated, when the SNPs associated with IL-
28B were not in LD, to determine the best SNP to predict the
response to PEG-IFN/RBV treatment.

MATERIALS AND METHODS

Study population. Samples were obtained from 708 Japanese chronic hepatitis
C patients and divided into groups of 292 patients (145 males and 147 females;
mean age, 57.2 years) and 416 patients (194 males and 222 females; mean age,
56.6 years) for the first and second stages (Table 1). In the first stage, we focused
on analyzing the effective methods for determining the genotypes of four SNPs
(1311881222, 158103142, 1512979860, and rs8099917) associated with IL-28B (Fig.
1A). Figure 2 shows the locations of these four SNPs in chromosome 19;
1s11881222 and rs8103142 are located in the IL-28B gene, and 1512979860 and
rs8099917 are located downstream from the IL-28B gene. The results of geno-
typing the four SNPs by five different methods, described below, were compared
and evaluated for consistency. For this first stage, the 292 chronic hepatitis C
patients were recruited from the National Center for Global Health and Medi-
cine, Hokkaido University Hospital, Tonami General Hospital, and Shin-Kokura
Hospital in Japan (Table 1). From the results of the first stage, the InvaderPlus
assay was chosen as one of the best methods to determine the genotypes of the
four SNPs associated with IL-28B and was used for genotyping 416 patients (Fig.

B

Four SNPs assactated with I£28B were genotyped by lnvader Plus
assay: n=416

Four different SNPs associated with 11288 were not

i LD 6 (1.4%)

>t (Haplotype among the four SNPs {Table 3} and the
response to interferon therapy in six patients: are shown
in Table 4 [Case 4-8 and 10}

a=287 (Results of genotyping among four SNPs are shown in Table 1}

Four different methods could determine the genotypes of four SNPs associated with [L288:

A\

Inconsistent results of genotyping among four different
methods for each SNP: 2 (0.7%)

“| (Genotyping for the rs8089917 by direct sequencing was
inconsistent with other methods: Table 2 }

E Four different SNPs associated with IL28B were in LD: 410/416 (98.6%})

E Four different SNPs associated with IL288 were in LD: 281285 (98.6%)

A\
Consiste of genotyping among four different methads for each SNP: 285
(99.3%})
Four different SNPs associated wilh IL28B were not in LD: 4 (1.4%)
o 1 {Haplotype among four SNPs (Table 3A} and the response to interferon
therapy in four patients are shown in Table 4 [Cases 1-3 and 9}}
\']

FIG. 1. Schema for the flowchart of the examinations.
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FIG. 2. Location of interferon lambda genes and the four SNPs (rs11881222, rs8103142, rs12979860, and rs8099917) associated with IL-28B.
chr19, chromosome 19.

1B), recruited from NHO Nagasaki Medical Center, Nagoya City University
Hospital, Nagoya Daini Red Cross Hospital, and Kawasaki Medical University
Hospital in Japan, in the second stage (Table 1). We then focused on 10 patients
whose four SNPs were found in the first and second stages not to be in LD and
investigated the response to PEG-IFN/RBV treatment in detail for these pa-
tients. Informed consent was obtained from each patient who participated in the
study. This study was conducted in accordance with provisions of the Declaration
of Helsinki.

Definition of treatment responses. Nonvirological response (NVR) was de-
fined as less than a 2-log-unit decline in the serum level of HCV RNA from the
pretreatment baseling value within the first 12 weeks or detectable viremia 24
weeks after treatment. Virological response (VR) was defined in this study as the
achievement of sustained VR (SVR) or transient VR (TVR); SVR was defined
as undetectable HCV RNA in serum 6 months after the end of treatment,
whereas TVR was defined as a reappearance of HCV RNA in serum after
treatment was discontinued in a patient who had undetectable HCV RNA during

the therapy or had achieved a more than 2-log-unit decline within the first 12
weeks after treatment.

DNA extraction. Whole blood was collected from all participants and centri-
fuged to separate the buffy coat. Genomic DNA was extracted from the buffy
coat with Genomix (Talent SRL, Italy).

Five different genotyping methods. Four SNPs (111881222, rs8103142,
rs12979860, and rs8099917) (Fig. 2) were determined in 292 patients by five
different genotyping methods. We developed the five methods (direct sequenc-
ing, high-resolution melting analysis [HRM], hybridization probe (HP), Invader-
Plus assay (Invader), and the TagMan SNP genotyping assay (TagMan) to
determine the genotypes of the rs11881222 and rs8103142 polymorphisms. We
also developed four different methods (direct sequencing, HRM, HP, and In-
vader) to determine the genotypes of the rs12979860 and rs8099917 polymor-
phisms. The genotype of rs12979860 was also determined by the TagMan geno-
typing method developed by Duke University, and the genotype of rs8099917 was
also determined with the TagMan predesigned SNP genotyping assay. Figures 3,

1s76964126
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FIG. 3. The nucleotide sequence around 158099917 is shown. Primers and probes for four different methods (Sequence, direct sequencing;
HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay) to determine 1s8099917 polymorphism are shown.

F, forward primer; R, reverse primer.
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FIG. 4. The nucleotide sequence around rs11881222 and rs8103142 is shown. Primers and probes for five different methods (Sequence, direct
sequencing; HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay; TagMan, TagMan assay) to determine
rs11881222 and rs8103142 polymorphisms are shown. F, forward primer; R, reverse primer.

4, and 5 show the primers and probes for each genotyping method. Because the
sequence of IL-28B is very similar to those of IL-28A, IL-29, and a homologous
sequence upstream of IL-28B, we had to design the primers and probe for each
method to distinguish IL-28B from the other sequences. First, primers were
designed with Visual OMP Nucleic Acid software, and then we confirmed that
the candidate primers should not amplify sequences other than the target region
by using UCSC Genome Browser. Next, we confirmed that the amplicon was
resotved as a single band, when the PCR products amplified by the prirners under
evaluation were electrophoresed. Finally, we had to optimize each set of primers
and probe for each method (Fig. 3 to 5; see the table in the supplemental
material).

Direct sequencing. PCR was carried out with 12.5 ul AmpliTaq Gold 360
master mix (Applied Biosystems), 10 pmol of each primer, and 10 ng of genomic
DNA under the following thermal cycler conditions: stage 1, 94°C for 5 min;
stage 2, 94°C for 30 s, 65°C for 30 s, 72°C for 45 s, for a total of 35 cycles; and
stage 3, 72°C for 7 min. For sequencing, 1.0 pl of the PCR products was
incubated with the use of a BigDye Terminator v3.1 cycle sequencing kit (Ap-
plied Biosystems). After ethanol purification, the reaction products were applied
to the Applied Biosystems 3130x1 DNA analyzer.

HRM analysis. HRM analysis was performed on a LightCycler 480 (L.C480;
Roche Diagnostics) as described previously (5, 15, 24). We designed pairs of
primers flanking each SNP (Fig. 3 to 5) to amplify DNA fragments shorter than
200 bp. PCR was performed in a 20-pl volume containing 10 ul LightCycler 480
high-resolution melting master mix (Roche Applied Science), 4 pmol of each
primer, and 10 ng genomic DNA. The cycling conditions were as follows: SYBR
green I detection format, 1 cycle of 95°C for 10 min and 50 cycles of 95°C for 5 s,
60°C for 10s, and 72°C for 20 s, followed by an HRM step of 95°C for 1 min, 40°C
for 1 min, and 74°C for 5 s and continuous acquisition to 90°C at 25 acquisitions
per 1°C. HRM data were analyzed with Gene Scanning software (Roche Diag-
nostics).

Hybridization probe. We designed oligonucleotide primers and hybridization
probes for the four SNPs (Fig. 3 to 5). All assays were performed with the LC480
as described previously (4, 18). The amplification mixture consisted of 4 pl of 5%
reaction mixture (LightCycler 480 genotyping master; Roche Diagnostics), 5
pmol of each oligonucleotide primer, 3.2 pmol of each oligonucleotide probe,
and 10 ng of template DNA in a final volume of 20 pl. Samples were amplified

as follows: 45 cycles of denaturation at 95°C for 10 s, annealing at 60°C for 10 s,
and extension at 72°C for 20 s. The generation of target amplicons for each
sample was monitored between the annealing and elongation steps at 610 and
640 nm. Samples positive for target genes were identified by the instrument at the
cycle number where the fluorescence attributable to the target sequences ex-
ceeded that measured as background. Those scored as positive by the instrument
were confirmed by visual inspection of the graphical plot (cycle number versus
fluorescence value) generated by the instrument.

InvaderPlus assay. The InvaderPlus assay, which combines PCR and the
Invader reaction (11, 12), was performed with the LC480. The enzymes used in
InvaderPlus are native Tag polymerase (Promega Corporation, Madison, WI)
and Cleavase enzyme (Third Wave Technologies, Madison, WI). The reaction is
configured to use PCR primers with a melting temperature (7,,,) of 72°C and
Invader detection probe with a target-specific T,,, of 63°C. The Invader oligonu-
cleotide overlaps the probe by one nucleotide, forming at 63°C an overlap flap
substrate for the Cleavase enzyme. The first step of InvaderPlus is PCR target
amplification, in which the reaction is subjected to 18 cycles of a denaturation
step (95°C for 15 s) and hybridization and extension steps (70°C for 1 min). At
the end of PCR cycling, the reaction mixture is incubated at 99°C for 10 min to
inactivate the Tag polymerase. Next, the reaction temperature is lowered to 63°C
for 15 to 30 min to permit the hybridization of the probe oligonucleotide and the
formation of the overlap flap structure. Data were analyzed by endpoint geno-
typing software (Roche Diagnostics).

TagMan assay. The rs8099917 polymorphism was determined by using
TaqMan predesigned SNP genotyping assays, as recommended by the manufacturer.
The TagMan assay for determination of the genotype of rs12979860 was kindly
provided by David B. Goldstein at Duke University. We designed primers and
probes for TagMan genotyping assays for the other two SNPs. Each genomic
DNA sample (20 ng) was amplified with TagMan universal PCR master mix
reagent (Applied Biosystems, Foster City, CA) combined with the specific
TagMan SNP genotyping assay mixture, corresponding to the SNP to be genotyped.
The assays were carried out using the LC480 (Roche Applied Science) and the
following conditions: 2 min at 50°C and 10 min at 95°C, followed by 40 cycles of
15 s at 95°C and 1 min at 60°C. Data were analyzed by endpoint genotyping
software (Roche Diagnostics).

— 1066 —



VoL. 49, 2011

BEST PREDICTOR FOR TREATMENT OF CHRONIC HEPATITIS C 1857

rs12979860 (CIT}

HRM F

HeF

g CCTGCGGCAC%AGCGGCGCTTATCGCAEACGGCEEFQCCLC”WCG CAEGGGUECCTARCCTCTGCACAGTCTCEGATT! CTCG%

GTLEGATGEETACTGG)

HPR

IL28B.seq CCC-CGACCTGGAGCCGAGTCCTCCCGGLAGGECTLCCTT
IEZ28R.S€0 vaeGurrininnnvninnnnn [ TR T

Invader R

IL28B.seg GGGAATTGTGGGCi’.;CTGZ':CATAGGAGRGGCGCCTECTGGGCGCTZ%GGACGCAGGACCCC‘ETGGGACAGGAACGGGTGTATGGGBACCSGGTGGGGCCAGG

ILZ2BA.s€9 .v... Covennnn Tewuann L5 W

IL28B.seq GTCCCRGGGGGCACAGGEGCTEGECGGTGACTTACCTAGCGETCCCTCAGCGCCTTGECAGCCGLLAGSUGTCCEEEECTCCAGCGRGCGET,

BGTGCGAGR

IL28R.seq ..B..G...... GeeBeiveivnennnn LOTRPIN o Brvvarascencan 2 S

IL28B.seq GCAGGCAGCGCCGEGGEECCTTCTCCGATCACCETGCACAGGACCCACAGCCCCECGGOCACTGUGECCCAGACAT
TL2BR.SEG vurveennnnn T eCe BT GC. =2 v aCChannnnnnns Cuvunn

B.seqg
A.seq

CTCGECCGUATCTOTGCTTCTGCAG

PP Covenanns Covvinnnn Teeivinnennns Covum—

FIG. 5. The nucleotide sequence around 1512979860 is shown. Primers and probes for four different methods (Sequence, direct sequencing;
HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay) to determine rs12979860 are shown. F, forward

primer; R, reverse primer.

RESULTS

Genotyping for four SNPs associated with IL-28B was
unsuccessful by HRM in five cases. Figure 1A shows the
patients’ flowchart of the first stage. Genotyping of four
SNPs (rs11881222, rs8103142, rs12979860, and rs8099917) was
attempted by five different methods (direct sequencing, HRM,
HP, Invader, and TagMan) for 292 patients. In five cases, one
of the four SNPs could not be genotyped by HRM. Therefore,
we excluded the HRM method from further study. The geno-
typing failures by HRM involved two cases for rs11881222, two
cases for rs8103142, and one case for rs8099917.

Consistencies of four different methods to determine geno-
types for four SNPs associated with IL-28B. Consistencies
among the results of genotyping by the remaining four meth-
ods were 100%, except for the results for rs8099917 (Table 2).
For rs8099917, the results determined by direct sequencing
were inconsistent with the other three methods in two cases
(Tables 2 and 3). The HP, TagMan, and Invader methods were
accurate and reliable for genotyping the four SNPs associated
with IL-28B. Invader was chosen for genotyping in the second
stage, because the analysis time was the shortest and the sen-

TABLE 2. Determination of four SNPs associated with IL-28B by
four different methods”

No. (%) of cases with genotype by:

SNP Genotype Direct

X HP Invader TagMan
sequencing

rs11881222 AA 199 (69.3) 199 (69.3) 199 (69.3) 199 (69.3)
AG 84(29.3) 84(29.3) 84(29.3) 84(293)

GG 4014  4(L4)  4(14) 4(14)
158103142 T 199 (69.3) 199 (69.3) 199 (69.3) 199 (69.3)
TC 84 (29.3) 84(29.3) 84(29.3) 84(29.3)

CC 4 (1.4) 4(1.4) 4(1.4) 4(1.4)
1512979860 CcC 198 (69.0) 198 (69.0) 198 (69.0) 198 (69.0)
CT 85(29.6) 85(29.6) 85(29.6) 85(29.6)

TT 4(1.4) 4(1.4) 4(1.4) 4(1.4)
158099917 TT 204 (71.1) 202 (70.4) 202 (70.4) 202 (70.4)
TG 79(275) 81(28.2) 81(282) 81(282)

GG 4(14)° 414 414 414

“ There was 100% consistency for rs11881222, rs8103142, and rs12979860, and
there was 99.3% consistency for rs8099917.
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TABLE 3. Inconsistency in two cases between rs§099917
genotyping by direct sequencing and three other methods

J. CLIN. MICROBIOL.

TABLE 4. Distribution of haplotypes among four SNPs associated
with IL-28B in stages 1 and 2

158099917 genotype by™
Case no. T
Direct
sequencing HP Invader TagMan
! /T T/G T/G T/G
2 L T/G T/G G

“ Homozygous genotypes are highlighted in boldface.

sitivity was the greatest of the three methods (HP, TaqgMan,
and Invader), as reported previously (20).

Genotyping error for rs8099917 by direct sequencing due
to novel SNP. In two cases, the results of genotyping for
158099917 by direct sequencing were inconsistent with the re-
sults by the other methods (Table 3). Direct sequencing deter-
mined the genotype for rs8099917 as T/T in cases 1 and 2;
however, the other three genotyping methods (HP, Invader,
and TagMan) determined the genotypes for rs8099917 as T/G
in both cases. Further study using alternative primers for direct
sequencing revealed that the correct genotypes were T/G and
revealed a novel minor SNP present in the forward primer
binding site in these two cases (data on file) and which inter-
fered with the PCR amplification step (Fig. 3).

Distribution of haplotypes among four SNPs associated
with IL-28B. In the first stage, the four SNPs were in LD in 281
(98.6%) of 285 cases and not in LD in the remaining 4 (1.4%).
The first stage revealed five different haplotypes (no. 1 to 5 in
Table 4). In haplotypes 1 to 3, the four SNPs were in LD
(haplotype 1, homozygous of the major allele among 4 SNPs;
n = 198 [69.5%]; haplotype 2, heterozygous among 4 SNPs;
n = 79 [27.7%]; and haplotype 3, homozygous of the minor
allele among 4 SNPs; n = 4 [1.4%]). In haplotype 4 (3 cases)
1s11881222, rs8103142, 1512979860, and 158099917 were AG,
TC, CT, and TT, respectively. In haplotype 5 (one case),
rs11881222, rs8103142, rs12979860, and rs8099917 were AA,
TT, CT, and TT, respectively. Genotyping by the Invader
method of the four SNPs associated with IL-28B in 416 pa-
tients in the second stage revealed that the four SNPs were not
in LD in 6 cases (1.4%) (Table 4). A total of 410 (98.6%) of
416 cases were in LD for the four different SNPs. The second
stage showed six different haplotypes (haplotypes 1 to 4, 6, and
7). Haplotypes 1 to 4 were detected in the first stage, but
haplotypes 6 and 7 were not. The distribution of haplotypes
was such that haplotypes 1, 2, 3, and 4 were found in 294
(70.7%), 110 (26.5%), 6 (1.4%), and 4 (1.0%) cases, respec-
tively. In haplotype 6 (one case), rs11881222, rs8103142,
1512979860, and rs8099917 were AG, TT, CC, and TT, respec-
tively. In haplotype 7 (one case), rs11881222, rs8103142,
1r$12979860, and rs8099917 were AA, TT, CT, and TG, respec-
tively.

Response to PEG-IFN/RBV treatment in 10 cases in which
the four SNPs associated with IL-28B were not in LD. In 7
(cases 1 to 7 [70%]) of the 10 cases where the four SNPs were
not in LD, the haplotype was such that rs11881222, rs8103142,
1512979860, and rs8099917 were AG, TC, CT, and TT, respec-
tively (Table 5). In nine cases (cases 1 to 9), rs8099917 was
homozygous for the major allele, while one or more of the
other SNPs were heterozygous. Eight (cases 1 to 8) of these

G pe for SNP: No. (%) of
Stage Haplotype enotype for cases with
haplotype

rs11881222 188103142 rs12979860 rs8099917  chown
1 1 AA T cC TT 198 (69.5)
2 AG TC CT TG 79 (27.7)

3 - GG cC T GG 4(1.4)

4 AG TC CT T 3(1.0)

5 AA T CT TT 1(0.4)
2 1 AA T cC ™ 294 (70.7)
2 AG TC CT TG 110 (26.5)

3 GG CC TT GG 6(1.4)

4 AG TC CT TT 4(1.0)

6 AG T CC T 1(0.2)

7 AA ys CT TG 1(0.2)

nine cases were viral responders who met the following crite-
ria: HCV had disappeared during therapy, or HCV RNA had
decreased more than 2 log copies/ml before 12 weeks after
beginning of therapy, although some cases were under treat-
ment or before determination of the final response to PEG-
IFN/RBV. Case 9 was NVR due to poor adherence of PEG-
IEN (<50% dose), even though rs8099917 was homozygous
of the major allele. The haplotype of case 9 showed that
rs11881222, rs8103142, rs12979860, and rs8099917 were AA,
TT, CT, and TG, respectively. NVR in case 10 was reasonable
from the genotypes of 158099917 and rs12979860, because they
were heterozygous, although rs11881222 and rs8103142 were
homozygous for the major allele.

DISCUSSION

The relationship between SNPs associated with IL-28B and
the response to PEG-IFIN/RBYV therapy for chronic hepatitis C
was found by SNP array, using GWAS technology, by three
different groups throughout the world, including our own, in
2009 (6, 19, 21). Following these reports, many studies have
confirmed the association between the response to PEG-IFN/
RBYV and SNPs associated with IL-28B (14, 16). Therefore, it
is obvious that these SNPs may be valuable for predicting the
response to PEG-IFN/RBYV therapy. Recently, it was reported
that various SNPs were associated with development of disease
and response to therapy and correlated with adverse effects.
Several SNPs, such as the UGT1Al polymorphism for the
treatment with irinotecan (1, 17), have already been exploited
in clinical practice to avoid severe adverse effects. These
tailor-made therapies are expected to become more com-
mon in clinical practice in the near future (9). The next step
toward tailor-made therapy for PEG-IFN/RBV therapy
against chronic hepatitis C involved the development of sim-
ple, accurate, and inexpensive methods to determine the ge-
notype of SNPs and determination of the best SNP where the
four SNPs associated with I1.-28B were not in LD, so that they
may be applied in clinical practice.

Genotyping of 1L-28B SNPs is quite different from other
SNPs, because the sequence of 11.-28B is very similar to those
of IL-28A, IL-29, and an additional homologous sequence
upstream of IL-28B (Fig. 2). We had to design primers -and
probes for each method to distinguish IL-28B specifically. We
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TABLE 5. Clinical characteristics of 10 cases in which the SNPs associated with IL-28B were not in LD
Case SNP of IL-28B° Age Viral Final response to . Period of
o Gender  Genotype . VR or NVR disappearance of
0% 1511881222  1s8103142  rs12979860  rs8099917 0 PC tier  PEG-IFN/RBV o
1 AIG T/C C/T T/T 64 Female 1b 65 TR VR 4wk
2 AIG T/C C/T T/T 72  Male 1b 29 SVR VR 4 wk
3 A/G T/C C/T T 64 Male 1b 7 ND* VR 8 wk
4 AlG T/C cT T/T 51 Female 1b 7.2 Under treatment VR 3.6 log units down
after 12 wk
5 A/G T/C C/T T/T 60 Female 2 5.8  Under treatment VR 12 wk
6 AlG T/C cT /T 56 Female 1b 5.9  Under treatment VR 2.0 log units down
after 2 wk
7 A/G T/C C/T T 62 Male 1b 54 SVR VR 4wk
8 A/G T/T C/C /T 58 Male 1b 62 TR VR 12 wk
9 A/A /T CT T/T 68 Male 1b 7 NVR NVR —d
10 A/A T/T C/T T/G 48  Female 1b 6 NVR NVR —

“ All cases shown were treated with PEG-IFN/RBV.
> Homozygous genotypes are highlighted in boldface.

¢ ND, not determined. The final response to PEG-IFN/RBV was not determined in this patient becanse 6 months had not passed after the end of treatment.

4 —, HCV did not disappear.

think that the results in this paper are especially applicable to
1L-28B genotyping. In this study, only HRM failed to deter-
mine the genotype of SNPs associated with IL-28B. The reason
HRM failed more frequently than the other genotyping meth-
ods is attributable to the characteristics of this specific method.
Because HRM determines the genotype of each SNP by dis-
tinguishing the melting curve of an amplicon of around 200 bp,
it may tend to be influenced by another SNP. As a matter of
fact, minor SNPs around rs8099917 were found in cases of
genotyping failure by HRM (data not shown). Although this
specific characteristic of the HRM method is useful for detect-
ing novel mutations or SNPs, it is not suitable for determina-
tion of the genotype of SNPs associated with IL-28B.

Direct sequencing erroneously reported the T/G genotype as
T/T for the rs8099917 polymorphism. We found that the cause
of this genotyping error was a novel rare SNP in the forward
primer binding site used for amplification and direct sequenc-
ing (data on file). Because this novel SNP was not registered as
an SNP in the NCBI database, the primer was designed at this
site. Since the novel SNP correlated with the rs8099917 poly-
morphism in LD, adenine for the novel SNP is present on the
same allele as guanine in the 158099917 polymorphism. There-
fore, the forward PCR primer (AAGTAACACTTGTTCCIT
GTAAAAGATTCC) could not anneal to the binding site,
which was changed from guanine (G) to adenine (A) at the
underlined nucleotide position: only the allele which has T at
the rs8099917 was amplified, the genotype was determined as
T/T. Rare sequence variations not registered in the database,
might be present in the primer binding sites for amplifica-
tion and might be the cause of erroneous direct sequencing.
Tkegawa et al. reported that annealing efficiency in direct se-
quencing led to the mistyping of an SNP (10). Although our
results in this paper are especially applicable to IL-28B geno-
typing, it should be recognized that allele-dependent PCR am-
plification and erroneous typing can occur when SNPs are
genotyped by a PCR-based approach. Should SNPs associated
with IL-28B be found not to be in LD, it would be preferable
to confirm the genotype by another method.

In 10 cases, four SNPs associated with I1.-28B were not in
1D. In seven (70%) of the 10 cases, the haplotype showed that

rs11881222, rs8103142, rs12979860, and rs8099917 were AG,
TC, CT, and TT, respectively. Only the rs8099917 polymor-
phism differed frequently from the other three SNPs. The
reason for the high frequency of this haplotype is thought to be
attributable to the location of these SNPs. The location of
rs8099917 is downstream and quite far from the two SNPs
(1511881222 and rs8103142) in the IL-28B gene (Fig. 2). The
SNPs rs11881222 and rs8103142 were almost perfectly in LD,
because they are located close to each other.

It is well described that homozygosity for the major allele of
SNPs associated with IL-28B is correlated with a better re-
sponse to PEG-IFN/RBV treatment, and minor allele-positive
patients are poor responders. However, the response to PEG-
IFN/RBV remains unknown when several SNPs associated
with IL-28B are not in LD. Because cases in which the SNPs
are not in LD are quite rare, it was thought to be difficult to
study such cases. In this study, 10 (1.4%) of 708 patients
showed haplotypes in which the four SNPs were not in LD. We
focused on the response to PEG-IFN/RBV therapy in these 10
cases (Table 5). We evaluated the response to PEG-IFN/RBV
treatment from the viewpoint of virological response, because
some patients had not completed their PEG-IFN/RBV treat-
ment. (Case 3 was before determination for the final response
after finishing the treatment, and cases 4 to 6 were under
treatment.)

Thomas et al. reported that allele frequencies for
rs12979860 varied among racial and ethnic groups (23). In-
deed, the observation that the major allele is less frequent
among individuals of African descent than those of European
descent might explain the observed discrepancy in the frequen-
cies of viral clearance in these two ethnic groups, where clear-
ance occurs in 36.4% of HCV infections in individuals of non-
African ancestry, but in only 9.3% of infections in individuals
of African ancestry (22). We have recruited only Japanese
chronic hepatitis C patients for this study. Since the distribu-
tion of haplotype and response to PEG-IFN/RBV treatment
should vary among populations, further study will be necessary
for any other populations except Japanese.

We have shown that the rs8099917 polymorphism deter-
mined by Invader assay should be the best predictor of the
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response to PEG-IFN/RBV in Japanese chronic hepatitis C
patients.

ACKNOWLEDGMENT

This study was supported by grants (22-302 and 21-113) from the

National Center for Global Health and Medicine in Japan.

10.

1L

REFERENCES

. Ando, Y., et al. 2000. Polymorphisms of UDP-glucuronosyltransferase gene

and irinotecan toxicity: a pharmacogenetic analysis. Cancer Res. 60:6921~
6926.

. Bruno, S., et al. 2004. Peginterferon alfa-2b plus ribavirin for naive patients

with genotype 1 chronic hepatitis C: a randomized controlled trial. J. Hepa-
tol. 41:474-481.

. Fried, M. W.,, et al. 2002. Peginterferon alfa-2a plus ribavirin for chronic

hepatitis C virus infection. N. Engl. J. Med. 347:975-982.

. Froehlich, T., and O. Geulen. 2008. Hybridization probe pairs and single-

labeled probes: an alternative approach for genotyping and quantification.
Methods Mol. Biol. 429:117-133.

. Garritano, S., et al. 2009. Determining the effectiveness of high resolution

melting analysis for SNP genotyping and mutation scanning at the TP53
locus. BMC Genet. 10:5.

. Ge, D., et al. 2009. Genetic variation in IL28B predicts hepatitis C treatment-

induced viral clearance. Nature 461:399-401.

. Global Burden of Hepatitis C Working Group. 2004. Global burden of

disease (GBD) for hepatitis C. J. Clin. Pharmacol. 44:20-29.

. Hadziyannis, S. J., et al. 2004. Peginterferon-alpha2a and ribavirin combi-

nation therapy in chronic hepatitis C: a randomized study of treatment
duration and ribavirin dose. Ann. Intern. Med. 140:346-355.

. Iadonato, S. P., and M. G. Katze. 2009. Genomics: hepatitis C virus gets

personal. Nature 461:357-358.

Ikegawa, S., A. Mabuchi, M. Ogawa, and T. Ikeda. 2002. Allele-specific PCR
amplification due to sequence identity between a PCR primer aod an am-
plicon: is direct sequencing so reliable? Hum. Genet. 110:606-608.
Lyamichev, V., et al. 1999. Polymorphism identification and quantitative

12.

13.

14.

15,

16.

17.

18.

19.

20.

2L

22.
23.

24.

25.

J. CLIN. MICROBIOL.

detection of genomic DNA by invasive cleavage of oligonucleotide probes.
Nat. Biotechnol. 17:292-296.

Lyamicheyv, V. L, et al. 2000. Experimental and theoretical analysis of the
invasive signal amplification reaction. Biochemistry 39:9523-9532.

Manns, M. P., et al. 2001. Peginterferon alfa-2b plus ribavirin compared with
interferon alfa-2b plus ribavirin for initial treatment of chronic hepatitis C:
a randomised trial. Lancet 358:958-965.

Montes-Cano, M. A,, et al. 2010. Interleukin-28B genetic variants and hep-
atitis virus infection by different viral genotypes. Hepatology 52:33-37.
Nguyen-Dumont, T., et al. 2009. Description and validation of high-through-
put simultaneous genotyping and mutation scanning by high-resolution melt-
ing curve analysis. Hum. Mutat. 30:884-890.

Rauch, A., et al. 2010. Genetic variation in IL28B is associated with chronic
hepatitis C and treatment failure: a genome-wide association study. Gastro-
enterology 138:1338-1345.e7.

Rouits, E., et al. 2004. Relevance of different UGT1A1 polymorphisms in
irinotecan-induced toxicity: a molecular and clinical study of 75 patients.
Clin. Cancer Res. 10:5151-5159.

Stamer, U. M., B. Bayerer, S. Wolf, A. Hoeft, and F. Stuber. 2002. Rapid and
reliable method for cytochrome P450 2D6 genotyping. Clin. Chem. 48:1412—
1417.

Suppiah, V., et al. 2009. IL28B is associated with response to chronic hep-
atitis C interferon-alpha and ribavirin therapy. Nat. Genet. 41:1100-1104.
Tadokoro, K., et al. 2010. Rapid quantification of periodontitis-related bac-
teria using a novel modification of Invader PLUS technologies. Microbiol.
Res. 165:43-49.

Tanaka, Y., et al. 2009. Genome-wide association of IL28B with response to
pegylated interferon-alpha and ribavirin therapy for chronic hepatitis C. Nat.
Genet. 41:1105-1109.

Thomas, D. L., et al. 2000. The natural history of hepatitis C virus infection:
host, viral, and environmental factors. JAMA 284:450-456.

Thomas, D. L., et al. 2009. Genetic variation in IL28B and spontaneous
clearance of hepatitis C virus. Nature 461:798-801.

Whitehall, V., et al. 2009. A multicenter blinded study to evaluate KRAS
mutation testing methodologies in the clinical setting. J. Mol. Diagn. 11:543~
552.

Younossi, Z., J. Kallman, and J. Kineaid. 2007. The effects of HCV infection
and management on health-related quality of life. Hepatology 45:806-816.

— 1070 —



¥ Gastroenterol (201 1) 46:545-535
DOT 10, 1607/400535-010-0358-6

Factors predictive of sustained virological response following
72 weeks of combination therapy for genotype 1b hepatitis C

Kazuaki Chayama -~ C. Nelson Hayes - Kentaro Yeshioka - Hisataka Mﬂfiwaki « Takashi Okanoue -

ve r

Shotare Sakisaka - Tetsuo Takehara - Maketo Oketani - Joji Toyota - Namiki Izomi - Yoichi Hiasa -
Akihire Matsumoto - Hideyuki Nomura - Masataks Seike - Yoshiyuki Ueno - Hiroshi Yoisuvanagi ¢

Hiromitse Kumada

Received: | November 2010/ Accepted: 25 November 2010/ Published anline: 19 Japwary 2011

© Springer 2011

Abstract

Background Treatment of genotype b chronic hepatitis
C virus (HCV) infection has been improved by extend-
ing peg-interferon plus ribavirin combination therapy to
72 weeks, but predictive factors are needed to identify those
patients who are likely to respond to long-term therapy.
Methods We analyzed amino acid (aa) substitutions in
the core protein and the interferon sensitivity determining
region (ISDR} of nonstructural protein (NS} 5A in 840
genotype b chronic hepatitis C patients with high viral
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load. We used logistic regression and classification and
regression tree (CART) analysis to identify predictive
factors for sustaimed virological response (SVR) for
patients undergoing 72 weeks of treatment.

Results When patients were separately analyzed by
treatment duration using multivariate logistic regression,
several factors, including sex, age, viral load, and core aa7(

. and ISDR substitutions (P = 0.0003, P = 0.02, P = 0.01,

P = 0.0001, and P = 0.0004, respectivelyy were signifi-
cant predictive factors for SVR with 48 weeks of treatment,
whereas age, previous interferon treatment history, and
ISDR substitutions (P = (.03, P = .01, and P = 002,
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respectively) were the only significant predictive factors
with 72 weeks of treatment. Using CART unalysis, a
decision tree was generated that identified age. cholesterol,
sex, treatment length, and aa70 and ISDR substitutions as
the most important predictive factors. The CART model
had a sensitivity of 69.2% and specificity of 60%, with a
positive predictive value of 68.4%.

Conclusions Complementary statistical and data mining
approaches were used to identify a subgroup of patients
likely to benefit from 72 weeks of therapy.

Kevwords CART analysis - Core protein - Decision tree -
ISDR - LDL cholesterol

Abbreviations
HCV  Hepatitis C virus

ISDR  Interferon semsitivity determining region
CART Classification and regression tree analysis
SVR  Sustained virologieal response

NR Non-viral response

Introduction

Chronie hepatitis C virus (HCV} infection is a major global
cause of chronic hepatitis, liver cirrhosis, and hepatocel-
fular carcinoma [1-3). The reatment of chronic hepatitis C
has improved with the advent of peg-interferon (IFN) plus
ribavirin combination therapy [4-7], but fewer than half of
the patients with high viral loads of genotype Ib show a
sustained virological response (SVR}, defined as testing
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negative for HCV RNA 24 weeks after cessation of the
therapy. To overcome this Hmitation, recent therapeutic
regimens have extended the treatment period to 72 weeks
[8-11] This extension is especially effective in patients
whose HCV RNA declines relatively slowly [9-1iL
Accordingly, recent treatment protocols have recom-
mended extending the treatment period to 72 weeks in
patients who become negative for HCV RNA after 12
weeks of treatment but before 24 weeks [if: 11}, This
response-guided decision-making approach to therapy has
resulted in improvements of the SVR rate [18, 1] Fol-
lowing this approach, patients with a non-viral response
{MNR), Le.. patients wheo show very poor response to the
therapy (defined as less than 2-lag decline of HCV RNA
during 12 weeks of weatment), should be advised to dis-
continue therapy because SVR is rare in such patients.
While response-guided therapy is useful in determining the
appropriate duration of treatment for patients who are
likely to respond eventually, predictors that can be assessed
before the start of therapy will aid in differentiating which
difficult-to-treat patients are likely to achieve an SVR with
extended therapy and which may be better served by
considering alternative therapy options.

To predict NR, recent studies recommend analysis of
amino acid (aa) substitutions in the HCV core protein at
positions 70 and 91 [12, 13]. The substitution of arginine
with glutamine or other amino acids at eore protein aa 70
has Deen reported to be associated with NR, and this
finding was confirmed by several other groups [14-16}
Analysis of core aa 70 has also been shown to be useful to
predict the outcome of 72 weeks of combination therapy
{17]. While many factors have been reported to be useful
predictors of the effect of combination therapy [18-256],
many of these factors are mutually interdependent. Fur-
thermore, because abmost all of these factors have been
reported under conditions in which a majority of patients
were receiving 48 weeks of treatment, it is necessary to
consider the effect of the treatment period.

In this study, we compiled a database of clinical data
from 840 patients from 16 national centers in Japan. We
used logistic regression and classification and regression
tree analysis (CART) to identify factors predictive of SVR
for 483- and 72-week therapy and to assess which patients
are most likely to benefit by long-term 72-week therapy.

Methods
Study subjects
In this retrospective study, data from 840 patients with

chronic hepatitis C treated at 16 different hospitals in Japan
were analyzed for predictive factors for SVR based on
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‘Table 1 Patient characteristics for 48- and 72-week treatments

All patients (n = 840)

48-Week therapy (n = 619) T2-Week therapy (n = 221)

73.69% 25.12%

Age (years) 544 + 1073 538 £ 1121 56.2 + 9.03
Gender (male/female) 449/391 3571262 92/129

Body weight (kg) 60.9 £ 10.8 6L.3 + 10.6 598 + 114
Height (cm) 162.2 £ 9.1 162.7 % 9.1 160.7 £ 9.0
BMI 23.0 + 3.05 23.0 & 292 230 & 34
HCV core protein aa 70 (wild/mutant) 539/301 396/223 143778

HCV core protein aa 91 (wild/mutant) 5047336 3697250 135/86

ISDR (0-1/>2) 7147126 513/106 201220
Hypertension (present/absent/ND}) 538/113/189 3957181146 143135143
Diabetes (present/absent/ND) 634/47/159 4571381124 177/9135
Transfusion (present/absent/ND}) 50512271108 379/162/18 126/65/30
Fibrosis stage (0-2/3-4/ND) 60411287108 448/90/81 156138127
Activity stage (0-1/2-3/ND) 38213431115 287/245/87" 95/08/28
Steatosis (present/absent/ND) 158/344/338 119/250/250 39/94/88
AST @U)y 65 + 49 66 + 47 63 & 53
ALT (uay 68 £ 56 68 + 56 66 £ 55
White blood cell connt ¢/mm”>) 4832 + 1455 4882 + 1488 4693 + 1352
Hemoglobin (g/dl) 142 + 1.36 143 £ 1.39 1.1 + 1.29
Platelets (x 10%mm®) 169 £ 5.18 17.0 & 5.1 16.8 + 5.35
yGTP (UM 56 + 59 59 + 64 49 + 42
Albumin (g/dl) 402 + 0.348 401 £ 0350 403 + 0343
Uric acid (mg/dly 541 + 129 546 £ 1.27 525+ 1.35
Tron (pug/dly 147.0 £ 69.65 151.0 £ 75.71 136.1 & 47.45
Ferritin (ug/T) 173.9 + 167.9 181.7 + 175.7 153.0 + 143.7
Fasting blood sugar (mg/dl} 99.8 + 19.8 99.3 & 191 1012 £ 215 °
Alpha-fetoprotein (jg/l) 163 £ 504 142 + 448 220 + 62.7
Total cholesterol (mg/dl) 175 £ 323 173 + 318 179 £ 334
LDL cholesterol (mg/dl) 160.8 & 29.8 100.2 & 303 102.5 + 284
HDL cholesterol (mg/dl) 52.1 £ 155 514 £ 150 539 £ 166
Triglycerides (mg/dl) 103.2 & 48.8 103.8 £ 46.1 101.7 & 55.1
HCV-RNA (KIU/ml) 3239 + 4669 3170 + 4828 3427 & 4205
Response to treatment (SVR/TR/NR) 465/246/129 341/164/114 12482115

BMI body mass index, HCV hepatitis C virus, a¢ amino acid, ISDR interferon sensitivity determining region, AST aspartate aminotransferase,
ALT alanine aminotransferase, yGTP y-glutamyl transpeptidase, LDL low-density lipoprotein, #DL high-density lipoprotein, SVR sustaired
virological response, TR transient response/relapsers, NR non-viral response, ¥D not determined

treatment duration. Inclusion criteria included testing
positive for HCV RNA for longer than 6 months and
festing negative for both hepatitis B virus surface antigen
and anti-HIV antibody. Patients with confounding condi-
tions such as hemochromatosis, Wilson’s disease, primary
biliary cirrhosis, alcoholic liver disease, and autoimmune
liver disease were excluded. We excluded patients who
were lost for follow up and those who did not show a high
Ievel of viremia for genotype 1Ib, as well as patients for
whom we failed to determine both core and IFN sensitivity
determining region (ISDR) of nonstructural protein
{NS) 5A sequences; 385 patients were treatment-naive. All

subjects gave their written informed consent to participate
in the study according to the process approved by the ethics
committee of each hospital and conforming to the ethical
guidelines of the 1975 Declaration of Helsinki. Patient
profiles are listed in Table 1.

All patients initially received weekly injections of peg-
IFN-alpha-2b for 48 weeks (60 pg for body weight (BW)
35-45 kg, 80 pg for BW 46-60 kg, 100 pg for BW
61-75 kg, 120 pg for BW 76-90 kg, and 150 pg for
BW 91-120 kg). Ribavirin was administered orally, and
the dosage was determined based on the patient’s BW
(600 mg for <60 kg, 800 mg for 60-80 kg, and 1,000 mg
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for >80 kg). Ribavirin dosage was reduced when
hemoglobin levels were reduced to 10.0 gfdi and stop-
ped if hemoglobin levels reached 8.5 ghdl. Successful
treatment was ascertained based on SVR, defined as
HCV RNA-negative 6 months after cessation of therapy.
Using response-guided therapy, slow viral responders,
i.e., patients for whom HCV RNA levels became neg-
ative after 12 weeks of therapy but before 24 weeks, and
some non-responders were recommended for extension
of therapy to 72 weeks.

Biochemical tests were performed at the individual
hospitals, and pathological diagnosis was made by
pathologists in each hospital according to the criteria of
Desmet et al. [27]. Fibrosis and activity data were com-
pared among hospitals to ensure that there were no sys-
temnatic differences.

Analysis of viral titer and amino acid sequences
in the core and ISDR region

The HCV RNA level was analyzed using reverse tram-
seription  polymerase chain reaction (RT-PCR)-based
methods (Amplicor™ high-range test; Roche Diagnostics,
Basel, Switzerland. or TagMuan RT-PCR test: Applied
Biosystems, CA}. The measurement ranges of these assays
were 5-3000 KIU/ml and 1.2-7.8 log IU/ml, respectively.
For values exceeding the measurable range, the limit
value was used as an approximation. The values obtained
by the Amplicor test were converted to logarithmic values
[28].

Nucleotide and amino acid sequences of the core and the
ISDR region were determined by direct sequencing of
cDNA fragments amplified by PCR. Arginine and leucine
were considered wild-type for core protein aa 70 and aa 91,
respectively [12, 13]. The number of aa substitutions in the
ISDR was determined by comparison with the reference
sequence reported by Kato et al. [29] using the method of
Enomoto et al. [30, 31

Statistical analysis

Statistical analysis was performed using the R software
package (hnp:iwww.r-projectorg). The z° or Fisher's
exact and Mann—-Whitney {/-tests were used to detect sig-
nificant associations. All statistical analyses were two-
sided, and P < .05 was considered significant. Simple and
muitiple logistic regression analyses were used to examine
the association between viral substitutions and clinical
factors, using P < (1L0S as the criterion for inclusion in the
initial multivariate model. Multivariate logistic regression
analysis was performed using forward/backward stepwise
selection based on the akaike information criterion (AIC)
score and validated by bootstrapping, using the rms

f{} Springer

package in R. Odds ratios (ORs) and 95% confidence
intervals (Clsy were catculated for each Factor.

CART analysis

CART analysis was used to generate a decision tree by
classifving patients by SVR, based on a recursive parti-
tioning algorithm with minimal cost-complexity pruning to
identify optimal classification factors. The SimpleCant
classifier in the WEKA data mining package [32] was used
with a mimimal terminal node size of 4 and wained with the
variables histed in Table 1. Performance was assessed using
tenfold cross-validation, and the sensitivity, specificity, and
precision of the model were calculated. Receiver operating
characteristic (ROC) curves were generated and results
were compared with the logistic regression model. ‘

Results
Pattent characteristics

Patients were partitioned into two groups based on whether
they received 48 or 72 weeks of therapy (Table 1}. In this
study 465 patients achieved an SVR, whereas 375 patients
were either non-responders or relapsers, vielding an overall
SVR rate of 535.4%. The rate of SVR did not differ sig-
nificantly between the 48- and 72-week treatment groups
(55.3 vs. 56.4%, respectively; P = 0.81), but the NR rate
was significantly lower in patients who were treated for
72 weeks (18.3 vs. 6.4%: P = 93 x 107%.

Predictive factors for SVR

The association between SVR and individual clinical fac-
tors was assessed using logistic regression. A number of
factors were significant at the P < 0.05 level, including
age, sex, viral load, 2a7O/ISDR substitutions, hypertension,
fibrosis, steatosis, prior IFN treatment, fow-density lipo-
protein {LDL) cholesterol, total cholesterol, white blood
cell count, platelet count, hemoglobin, y-glutamyl trans-
peptidase (yGTP), and albumin (Table 2}. On multivariate
logistic regression, only age, sex. core aa7{), ISDR,
LDL, and yGTP were identified as significant independent
predictors of SVR. Although length of treatment was
not identified as a significant predictor in this analysis,
exploratory analysis suggests the presence of potential
interactions between treatment length and age and/or sex
that are not captured by the first-order terms in the model.
When second-order terms were selected a posteriori,
however, a significant interaction was found between sex
and treatment length (£ = (.0034}). When analyzed sepa-
rately, independent predictive factors for SVR for 48 weeks

— 1074 —



¥ Gastroenterol (2011 46:545-553

549

Table 2 Fuactors associated with sustained virofogical response to combination therapy

Variable Simple Multiple
Ji3 OrR I I3 OR {95% CIy £
Age 846 0393 3.16 x b e 517 0.386 (0.27-0.56) 508 x 1g e
Sex (male vs. female) 846 0.521 3.61 x 1o s 517 0.52 (0.35-0.78) GL.001459%=
BMI (kefim?) 834 0.8 0.1094
Viral load (Log IUfml} 840 .761 001828
Core aa70 substimtion 840 0.537 1.98 x joSwen 517 4.507 (0.35-0.74} 000032 1=
Core aa9| substitation 840 0.818 (L1568
ISDR (0-1 vs. >2) 840 2.36 509 x (@S 517 212 (LIS3.7H 0.01037*
Hypertension 651 0.625 0.02389%
Diabetes 631 0.794 0.4464
Blood transfesion 132 t 0.9788
Fibrosis (FO-1 vs. F2-4) 732 0.674 0.008287%*
Activity (AD~1 vs. A2} 725 0.779 Q09567
Steatosis 562 0.645 .03413%
Prior IFN treatment 330 1.37 (1.02648*
HDL cheolesterol (mg/dly 493 0.761 €.1333
LDL cholesterol (mg/dl) 529 146 .03223% 517 1.61 (1.10-2.3%) G.01521*
Triglyceride (mg/dl} 726 0913 (15412
Tatal cholesterof (mg/dl) 814 1.25 0.1t
AST (IUAy 783 0.933 G.6316
ALT (fUAY 840 972 0.837
WBC ¢mm’) 836 £35 CLOOE83 =
Hemoglobin {g/dl} 838 134 0.00276%*
Platelets (x F0mm®) 838 174 7.92 x (o e
Gamma-GTP (U 823 0.735 §.0288* 547 £.656 (0:43-0.99) 0.04588*
Albumin (gfdl) 809 L4} 0.01699*
Ferritin (ugA) 532 0.898 0.5404
Treatment period (weeks) 340 102 0.6095

Simple and multiple logistic regression was used to examine the association between SVR and pationt and viral factors. Factors with P < 0.03
were constdered for inclusion in the multiple regression model and the best model scfected by backwards stepwise sefection using AIC

B P <0001, P <001, * P <005

FFN waterferon, OR odds ratio, Cf confidence interval, AFC akaike information critesion

of treatment included age, sex, viral load, core 2a70, LDL,
platelets, and white blood cell counts, whereas for 72
weeks of treatment only age, ISDR, and prior IFN treat-
ment were significant, although LDL cholesterol was
marginally significant (Table 3}.

Among patients who underwent 48 weeks of therapy,
61% of patients with core aa 70 wild-type achieved an
SVR compared to only 44% of patients with mutant core
aa 70 (P = 1.8 x 107>, Fig. la), whereas for 72-week
patients, the ratio was 1:I (Fig. 3a). Conversely, in the
48-week group, 71% of patients with two or more
mutations in the ISDR were able to achieve an SVR
compared to 52% with the wild-type ISDR, and in the
72-week group (Fig. Ib), 80% of patients with two or

more ISDR mutations achieved an SVR compared to
54% with zero or one ISDR mutations (Fig, 3b). Median
baseline viral load was significantly lower in 48-week
SVR patients compared to that in non-SVR patients
(P = 0.001, Fig. ic), whereas there was no significant
difference between viral load and SVR in 72-week
therapy patients (P = 0.623, Fig. 4c}. There was a sig-
nificant effect of age and treatment outcome among
48-week patients (P = 9.3 x 1979, Fig. 2}, but the dif-
ference was not significant among 72-weck therapy
patients. However, the proportion of patients achieving
an SVR tended to decrease with age im both groups.
particularly in females over age 70 years in the 72-week
group (Figs. 2, 4}.
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Table 3 Independent factors associated with sustained virological response to 48- and 72-week peg-tnterferon plus ribavidn combination

therapy
Varfable 48 Weeks T2 Weeks

n OR P n OR (95% CIy P
Age 535 0.642 0.0165% 133 0.4 (. 176-0.91) 0.02877*
Sex (male vs. female} 535 Q481 000284
Viral foad (Log IUAmi) 535 0.738% Q.01033%
Core aa70 substitusion 535 0.4354 995 x jer
ISDR (0—1 vs. >2) 533 275 6.000358% £33 7 €1.35-36.2) 0.020475
Fibrosis (FO-1 vs. F2-4) 335 0.66 £.03954%
Prior IEN treamment 133 2.67 (1.22-5.85) 0.01431%
LDL cholesterol (mgfdi} 133 2.04 (0.952—1.35} 06673
WEBC (fmm’} 335 153 0.03342%
Platelets (x 10mm®) 535 1.54 003707

Simple and multiple logistic regression analysis was used to examine the association between SVR and patfent/viral factors separately for

patients receiving 48 and 72 weeks of treatment
P < Q001 * P <005

Fig. T Viral factors for 48 week merapy n=619
48-weck wreatment. a P=1.8x10° b P=0.0004
Relationships between sustained
virelogical response (SVR) and 600 600
a core amine acid 70 500
substitutions, b amino acid 500 SYR
substitutions in the interferon 400 400
sensitivity determining region, 300 300
and ¢ baseline viral titers
Y 200
grouped by SVR und non-SVR 200 t53 "o -SY
for patients treated for 48 100 3 100
weeks, PCR Polymerase chain 3] Q
reactian ; mutant
care amine acid 70
c — s'j) . Y
E P<0.0001
| A ——

=

&

<

©

(8]

a

=

&

=

=3

& a0

CART analysis

Figure 5 shows the decision tree gemerated by CART
analysis. All variables were included during model con-
struction, and the SimpleCart algorithm generated a tree
based on the following fields: age, cholesterol, sex, yGTP,
48 versus 72 weeks of treatment, and aa substitutions in
the ISDR and at core aa70. Age was used as the first
cutoff, and paticnts younger than 46.5 vears were clas-
sified as having a high probability for SVR (78%). Total
cholesteral was identified as the next decision point, and
patients with cholesterol higher than 2115 mg/dl were

@ Springer

non~SVR

classified as SVR if they were younger than 62.5 years
(84%) and NR (65%) otherwise. Patients with cholesterol
lower than 211.5 mgfdl were subdivided next by sex.
Females who received 48 weeks of treatment were clas-
sified as NR (71%}, whereas females receiving 72 weeks
of treatment were classified as SVR if they were younger
than 38.5 vears (71%}) or NR otherwise (64%}). Males who
were infected with aa70 wild-type were classified as SVR
(62%), whereas males with aa7¢ substitutions were clas-
sified as NR if total cholesterol was less than 130 mg/di
(97%). Males with ISDR substitutions were classified as
SVR (75%), and those with wild-type ISDR were classified
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Fig. 2 Relationship between

48-weel therapy n=619
age and response to trestaent & N

for 48-week therapy. Treatment 89
outconies by age in Hhyear BO
intervals are shown for a afl 70
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as SVR if yGTP was less than 48.5 TUA (57%) and NR
otherwise (77%).

All factors selected during tree construction were found
to be significant in univariate analysis, except for treatment
length and cholesterol, and each remained significant in
muultivariate logistic regression. Althongh LDL was inclu-
ded in the multivariate logistic model, it was not selected

non-SVR

during tree coustruction. Tenfold cross-validation resulted
in 63.2% correctly classified instances with a kappa sta-
tistic of €.29. The true positive rate was 69.2%, the false
positive rate was 39.7%, and precision was 68.4%.

To compare the performance of SVR prediction between
the logistic and CART models, the WEKA Logistic clas-
sifier was used to perform tenfold validation based on the
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Fig. 5 Decision tree for SVR
prediction. Bexes represent
branch points based on cutefl
vatues for factors determined by
the tree gencration algorithm,
Each branch contains two
choices, and each path ends in a
prediction for either SVR or KR
with an associated probability.
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multivariate logistic regression model above. The true
positive rate for the logistic classifier was somewhat
higher, at 73.1%, but with a slightly worse false-positive
rate of 48%, and 63.7% cosrectly classified instances with a
kappa statistic of .25 and precision (L65. Receiver oper-
ating characteristic (ROC) curves were very similar, and
the area under the curve was 0677 for the CART model
and 0.696 for the logistic model.
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Discussion

Using two complementary approaches we identified several
pretreatment factors predictive for SVR in patients treated
for 48 and 72 weeks. Logistic regression and CART
analysis both suggest that sex, age, cholesterol, and sub-
stitutions at core aa70 and ISDR are associated with SVR
in patients with a high viral load of genotype 1b. Based on
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