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Genome-wide association of IL28B with response
to pegylated interferon-o and ribavirin therapy for

chronic hepatitis C
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The recommended treatment for patients with chronic
hepatitis C, pegylated interferon-o (PEG-IFN-) plus ribavirin
(RBV), does not provide sustained virologic response (SVR)

in all patients. We report a genome-wide association study
(GWAS) to null viroloagical response (NVR) in the treatment
of patients with hepatitis C virus (HCV) genotype 1 within a
Japanese population. We found two SNPs near the gene
IL28B on chromosome 19 to be strongly associated with

NVR (+s12980275, P = 1,93 x 10-13, and rs8099917,

3.11 x 10-%5), We replicated these associations in an
independent cohort (combined P values, 2.84 x 1077

(OR =17.7; 95% Cl = 10.0-31.3) and 2.68 x 1032

(OR = 27.1; 95% Cl = 14.6-50.3), respectively). Compared to
NVR, these SNPs were also associated with SVR (rs12980275,
P =3.99 x 1024, and rs8099917, P = 1.11 x 10~} In
further fine mapping of the region, seven SNPs (158105790,
rs11881222, rs8103142, rs28416813, rs4803219, rs8099917
and rs7248668) located in the IL28B region showed the most
significant associations (P = 5.52 x 10-28-2.68 x 10-3%; OR

= 22.3-27.1). Real-time quantitative PCR assays in peripheral
blood mononuclear cells showed lower IL28B expression levels in
individuals carrying the minor alleles (P = 0.015).

Hepatitis C is a global health problem that affects a significant pro-
portion of the world’s population. The World Health Organization

estimated that in 1999, there were 170 million HCV carriers world-
wide, with 3-4 million new cases appearing each year. HCV infection
affects more than 4 million people in the United States, where it rep-
resents the leading cause of cirrhosis and hepatocellular carcinoma
as well as the leading cause of liver transplantation!.The American
Gastroenterological Association estimated that drugs are the largest
direct costs of hepatitis C.

The most effective current standard of care m patients with
chronic hepatitis C, a combination of PEG-IFN-a with ribavirin,
does not produce SVR in all patients treated. Large-scale studies
on 48-week-long PEG-IFN-o/RBV treatment in the United States
and Furope showed that 42-52% of patients with HCV genotype 1
achieved SVR?%, and similar results were found in Japan. However,
older patients (greater than 50 years of age) had a significantly lower
rate of SVR due to poor adherence resulting from adverse events
and laboratory-detectable abnormalities such as neutropenia and
thrombocytopenia®S. Specifically, various well-described side
effects (such as a flu-like syndrome, liematologic abnormalities and
adverse neuropsychiatric events) often necessitate dose reduction,
and 10-14% of patients require premature withdrawal from inter-
feron-based therapy’. To avoid these side effects in patients who
will not be helped by the treatment, as well as to reduce the sub-
stantial cost of PEG-IFN-o/RBV treatment, it would be useful to be
able to predict an individual’s response before or early in treatment.
Several viral factors, such as genotype 1, high baseline viral load, viral
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a few candidate genes, including those encoding type I interferon
receptor-1 (IENAR1) and mitogen-activated protein kinase-activated
protein kinase 3 (MAPKAPK3), have been reported to be associated
with treatment response!>14, We describe here a GWAS for response

We conducted this GWAS to identify host genes associated with
response to PEG-IFN-0/RBV treatment in 154 Japanese patients with
HCV genotype 1 (82 with NVRand 72 with virologic response (VR),
based on the selection criteria as described in Online Methods). We
used the Affymetrix SNP 6.0 genome-wide SNP typing array for
900,000 SNPs. A total of 621,220 SNPs met the following criteria: (i)
SNP call rate 295%, (ii) minor allele frequency (MAF) 21% and (iii)
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Figure 1 Genome-wide association results with PEG-IFN-o/RBY treatment
in 142 Japanese patients with HCV (78 NVR and 64 VR samples).
Palues were calculated by using a %2 test for allele frequencies. The
dets with arrows for chromosome 19 deriote SNPs that showed significant
genome-wide associations (P < 8.05 x 10-8) with response to PEG-IFN-
o/RBV treatment.

kinetics during treatment, and amino acid pattern in the interferon
sensitivity-determining region, have been reported to be significantly
associated with the treatiment outcomie in‘a number of independent
studies®10, Studies have also provided strong evidence that ~20% of
patients with HCV genotype I and 5% of patients with genotype 2
or 3 have a null response to PEG-IFN-0//RBV. No definite predictor
of this resistanice is currently available that make it possible to bypass
the initial 12224 weeks’ treatment before deciding whether treatment
should be continued. If a reliable predictor of non-response were
identified for use in patients before treatment initiation, thenanesti-
mated 20%; including those who have little or no chance to achieve
SVR, could be spared the side effects and cost of treatment.

Host factors, including age, sex, race, liver fibrosis and obesity, have
also been repotted to be associated with PEG-IFN-a/RBV therapy
outcomelb12, However, little is known about the host genetic factors
that might be associated with the response to therapy: thus far only

deviation from Hardy-Weinberg equilibrium (HWE) P 20.001 in VR
samples. After excluding 4 NVR and 8 VR samples that showed qual-
ity control (QC) call rates of <95%, 78 NVR and 64 VR samples were
included in the association analysis. Figure 1 shows a genome-wide
view of the single-point association data based on allele frequencies.
Two SNPs located close to IL28B on chromosome 19 showed strong
associations, with a minor allele dominant model (rs12980275,
P=1.95% 10713, and 158099917, P = 3.11 X 10715, respectively), with
NVR to PEG-IFN-0/RBV treatment (Table 1). The rs8099917 lies
between IL28B and IL28A; ~8 kb downstream from IL28Band ~16 kb
upstream from IL28A. These associations reached genome-wide levels
of significance for both SNPs in this initial GWAS cohort (Bonferroni
criterion P < 8.05 x 1078 (0.05/621,220)). The frequencies of minor
allele=positive patients were much higher in the NVR group than
in the VR group for both SNPs (74.3% in NVR, 12.5% in VR for
s12980275; 75.6% in NVR, 9.4% in VR for rs8099917). Notably,
individuals homozygous for the minor allele were observed only
in the NVR group. The VR group, as compared to the NVR group,
showed genotype frequencies closer to those in the healthy Japanese
population!?, yet the minot allele frequencies were slightly higher in
the transient virologic response (TVR) group (23.1%, 15.4%) than
in the SVR group (9.8%, 7.8%) (Table 1). We applied the Cochrane-
Armitage test on all the SNPs and found a genetic inflation factor,
&, of 1:029 for the GWAS stage (Supplementary Fig: 1).We also car-
ried out principal component analysis in 142 samples for the GWAS
stage together with the HapMap samples (CEU, YRI, CHB and JPT)
(Supplementary Fig. 2); this suggested that the effect of population
stratification was negligible.

Table 1 Significant association of two SNPs (rs12980275 and rs8099917) with response to PEG-IFN-0/RBV treatment

Null responder Responder Responder
(NVR?, n=128) (VR?, n= 186) (SVR?, n='140) NVRvs. VR NVR vs. SVR
Nearest: MAF® Alfele OR OR
dbSNP 151D gene (allele) - {1/2) Stage 11 12 22 11 12 22 11 1222 :{95% Cif Palued " (95% CI)° Pvalue?
112080275 IL28B . 0.15(G). A/G ... GWAS 20 54 4 56 8 [¢) 46 5 o] 20.3 193 x10°13 26.7 741% 1018
(25.6)  (69.2) (5.1) (87.5)  (12.5) . (0.0) (90.2} " (9.8) " (0.0} (8.3-49.9) (9.3-76.5)
Reptication:: - 10 37 3 101 21 0 73 16 [ 19.2 5.46 x 1015 183 837x 1013
(20.0): (74.0)- (6.0) (82.8): (17.2) (0.0} (82.0) (18.0)- (0.0). (8.3-44.4) (7.6-44.0)
Combined 30 91 7 157 29 0. 119 2L [¢ 17.7 2.84x10-27 185 399 x 10724
(23.4) " (71.1) (5.5). (84.4). (15.6). (0.0).(85.0). {15.0) . (0.0): {10.0-31.3) (10.0-34.4)
158099917 /L288 0.12(G) TG GWAS 19 56 3 58 6 0. 47 4 [ 30.0 3,11 x 10-1% 365 5.00x 1014
(24.4) {71.8) (3.8) (90.6) 7 (9:4)7(0.0)-(92.2) (7.8} (0.0} (11.2-80.5) (11,6-114.6)
Replication .11 37 2 108 14 0 78 11 0 27.4 9.47 x 1018 25.1 1.00x 1014
(22.0) (74.0) (4.0).(88.5). (11.5) . (0.0) (87.6) (12.4) (0.0). (11.5-65.3) (10.0-63.1)
Combiried 30 93 5 166 20 0. 125 15 0 27.1 2.68% 10732 27.2 Lilx 1027
(23.4) (72.7) (3 9) (89.2)° (10.8) (0.0) (89.3) (10.7) {0.0) (14.6-50.3) (13.9-53.4)
3NVR, nuli virofogi VR, i SVR, sustained virol The 186 VRs isted of 46 transient virologi (TVRs) and 140 SVRs, ®Minor allele fréquency

and minor allele in 184 healthy Japanese individuals!s. The MAF of the SNPs'in SVR is similar to that of TVR group, whereas that of 'NVR is muich higher {76.6%). “Odds ratio for the minor

allele in a dominant model. 9P vatue by 2 test for the minor allele dominant model.
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We analyzed the region of <40°kb (chr..19, nucleotide positions
44421319-44461718; build'35) containing the significantly associ-
ated SNPs (rs12980275 and 1s8099917) using Haploview software for
linkage disequilibrium (LD) and haplotype structure based on the
HapMap data for individuals of Japanese ancestry. The LD blocks were
analyzed using the four-gamete rule; and four blocks were observed
(Supplementary Fig. 3). We selected 16 SNPs for both replication
study and high-density association mapping, including tagging SNPs
estimated on the basis of the haplotype blocks, one SNP located within
IL28B (rs11881222) and the significantly associated SNPs from the
GWAS stage (rs12980275 and 1s8099917) (Supplementary Table 1).

To validate the results of the GWAS stage, 16 SNPs selected for the
replication stage; including the original SNPs, were genotyped using
the DigiTag2 assay in an independent set of 172 Japanese patients with
HCV treated with PEG-IFN-c/RBV treatment (50 NVR and 122 VR
samples), together with the first panel of 142 samples analyzed in the
GWAS stage (Supplementary Table 1). The associations of the origi-
nal SNPs were replicated in the replication cohort of 172 patients
(P = 546 X 10715, OR = 19.2 for rs12980275; P = 9.47 X 10718

LETTERS

Figure 2 Genomic structure, Pvalue and OR plots in association analysis
and LD map around /L28B and /L28A (chr.19, nucleotide positions
44421319-44461718; build 35). Pvalues by the %2 test for minor allele
dominant effect model are shown for the first panel of 142 samples in
the GWAS stage, the second panel of 172 samples in the replication
stage, and the combined analysis. Below are estimates of pairwise 2 for
16 SNPs selected in the replication study using a total of 314 Japanese
patients with HCV treated with PEG-IFN-o/RBV. Boxes indicate the
significantly associated SNPs with response to PEG-IFN-o/RBV treatment
both in the GWAS stage and in the replication stage. Dotted lines
indicate the region with the strongest associations from the positions of
rs8105790 to rs7248668.

OR = 27.4 for rs8099917; Table 1). The combined P values for
both stages reached 2.84 x 10727 (OR = 17.7; 95% CI = 10.0-31.3)
and 2.68 x 10772 (OR = 27.1; 95% CI = 14.6-50.3), respectively
(Table 1). Notably, when we compared the SVR (n =140) with
the NVR group (# = 128), the original two SNPs (rs12980275 and
rs8099917) again showed strong associations: both P values and ORs
were similar to those observed in the comparison between VR and
NVR, and the combined P values for both stages reached 3.99 x 10724
(OR = 18.5;95% CI = 10.0-34.4) and 1.11 X 10727 (OR = 27.2; 95%
CI = 13.9-53.4), respectively (Table 1). Comparing SVR (n = 140)
versus NVR plus TVR (n = 174), we again found that these SNPs
were significantly associated (P = 1.71 X 1076, OR = 8.8; 95% CI
5.1-15.4 for 1512980275; P=1.18 X 1078, OR = 12.1;95% CI 6.5-22.4
for 1rs8099917; Supplementary Table 2), suggesting that these SNPs
would predict NVR as well as SVR before PEG-IFN-0,/RBV therapy.

Among the newly analyzed SNPs in the replication study, six
(rs12980275; 1s8105790;, rs11881222; rs8099917; rs7248668 and
rs10853728) showed significant associations both in the GWAS stage
(P < 8.05% 10-8) and in the replication stage.(P < 0.0031 (0.05/16))
after Bonferroni correction. These SNPs are located withina 15.7-kb
region that includes IL28B (Fig. 2-and Supplementary Table 1).
In particular, the: strongest associations with NVR were observed
for four SNPs; rs8105790, rs11881222; rs8099917 and rs7248668,
that are located in-the downstream. flanking region; the third
intron and the upstream flanking region: of IL28B. The combined
Pralues for these polymorphisms were 1.98 x 1073 (OR =25.7; 95%
CI = 13.9247.6);2.84 x 10721 (OR = 25.6; 95% CI = 13.8-47.3),
2.68:% 10722 (OR =27.1; 95% CI'= 14.6-50.3) and 1.84 x 10730
(OR =24.7:95% CI= 13.3-45.8), respectively (Supplementary Table 1).
We then sequenced this region to identify further variants and
found three SNPs (rs8103142, 1528416813 and rs4803219) located
in the third exon; the first intron and the upstream flanking region
of IL.28B, and a few infrequent variations. These SNPs also showed
strong associations in the combined dataset of 128 NVR and 186 VR
samples (P = 1.40 x 1072%, OR = 26.6 for rs8103142; P = 5.52 X 10728,
OR =223 forrs28416813; P =2.45 X 1072%, OR = 23.3 for rs4803219;
Supplementary Table 3). We also performed LD and haplotype analy-
ses with seven SNPs. These SNPs wete in strong LD; and the risk
haplotype showed alevel of association similar to those of individual
SNPs (P =1.35% 10~2%, OR = 11.1; 95% CI = 6.6-18.6) (Table 2).
These results suggest that the association with NVR was primarily
driven by one of these SNPs. ’

Table 2 Association analysis of response to-treatment by /L28B haplotype

SNP Frequencies
1s8105790 1511881222 138103142 1528416813 154803219 158089917 - - 157248668 © NVR group VR group Pvalue OR (95% Ci)
T A T C c T G 0543 0.942 1.81x 1032 0.1 (0.04-0.12)
c e c G T G A 0.387 0.054 135 % 1625 11.1(6.6-18.6)
haplotypes consisting of seven SNPs with response to PEG-IFN-o/RBY tin 314:Jap patients with HCV. Boldface fetters: rs11881222 (third intron);

Associati lysis of hiaploty
rs8103142 (third exon).
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Table 3 Factors associated with NVR by logistic regression model

Factors Odds ratio 95% CI Pvalue
1s8099917 (G allete) 37.68 16.71-83.85 <0.0001
Age 1.02 0.98-1.07 0.292
Gender {Female) 332 1.49-7.39 0.003
Re-treatment? 1.12 0.55-2.33 0.750
Piatelet count 093 0.87-1.01 0.080
Aminotransferase level 1.00 0.99-1.00 0.735
Fibross stage® 1.10 0.73-1.66 0.658
HCV-RNA fevel 1.0t 0.99-1.02 0.139
3Re-treatment, non-resp to pl treatment with interferon-ox (plus RBV).

To examine the relative contribution of factors associated with
NVR, we used a logistic regression model. One tagging SNP located
within IL28B (minor allele of 1s8099917) was the most significant fac-
tor for predicting NVR, followed by gender (Table 3). Clinically, viral
factors such as HCV genotype and HCV RNA level are important for
the outcome of PEG-IFN-o/RBV therapy. Indeed, mean HCV-RNA
level was significantly lower in SVR (SVR versus TVR, P = 0.002; SVR
versus NVR, P =0.016; Supplementary Table 4). Mean platelet count
and the proportion of mild fibrosis (F1-F2) were significantly higher
in SVR than in NVR.

Real-time quantitative PCR assays in peripheral blood mononuclear
cells revealed a significantly lower level of IL28 mRNA expression in
individuals with the minor alleles (Fig. 3), suggesting that variant(s)
regulating IL28 expression is associated with a response to PEG-IFN-
o/RBYV treatment. IL28B encodes a cytokine distantly related to type
I (acand B) interferons and the interleukin (IL)-10 family. This gene
and IL28A and IL29 (encoding IL-28A and IL-29, respectively) are
three closely related cytokine genes that encede proteins known as
type II1 IFNs (IFN-Xs) and that form a cytokine gene cluster at chro-
mosomal region 19q13 (ref. 16). The three cytokines are induced
by viral infection and have antiviral activity!®'7, All three interact
with a heterodimeric class Il cytokine receptor that consists of IL-10
receptor beta (IL10RP) and IL-28 receptor alpha (IL28Ra, encoded
by IL28RA}1%17, and they may serve as an alternative to type I IFNs
in providing immunity to viral infection.

Notably, a recent report showed that the strong antiviral activity
evoked by treating mice with TLR3 or TLR9 agonists was significantly
reduced in both IL28RA™*~ and IFNAR ™~ mice, indicating that IFN-}
is important in mediating antiviral protection by ligands for TLR3
and TRLY (ref. 18). IFN-X induced a steady increase in the expression
of a subset of IFN-stimulated genes, whereas IFN- o induced the same
genes with more rapid and transient kinetics!®. Therefore, it is pos-
sible that IFN-X induces a slower but more sustained resporise that is
important for TLR-mediated antiviral protection. This might be one
of the ways that a genetic variant regulating IL28 expression influ-
ences the response to PEG-IFN-0/RBV treatment. Further research
will be requited to fully understand the specific mechanism by which
a genotype might affect the response to treatment.

In conclusion, the strongest associations with NVR were observed
for seven SNPs, rs8105790; rs11881222, rs8103142, rs28416813,
rs4803219, rs8099917 and rs7248668, that are located in the down-
stream flanking region, the third intron, the third exon, the first intron
and the upstream flanking region of IL28B. Further studies following
our report of this robust genetic association to NVR may make it pos-
sible to develop a pre-treatment predictor of which individuals are
likely to respond to PEG-IFN-ot/RBV treatmert. This would remove
the need for the initial 1224 weeks of treatment that is currently used
as a basis for a clinical decision about whether treatment should be
continued. That would allow better targeting of PEG-IFN-o/RBV
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Figure 3 Quantification of /.28 mRNA expression. The expression level of
1L28 genes was determined by real-time quantitative RT-PCR using RNA
purified from peripheral blood mononuciear cells, Distribution of relative
gene expression: levels was compared between the individuals homozygous
for mayor alleles (n="10)and the heterozygous or homozygous individuals
carrying minor alleles (n'= 10) of 1s8099917 by using the Mann-Whitney
U-test. The bars indicate the median. All samples were obtained from
HCV-infected patients before PEG-IFN-o/RBV therapy.

treatment, avoiding the unpleasant side effects that commonly accom-
pany the treatment where it is unlikely to be beneficial, and reduce
overall treatment costs. Because of the small number of samples in
this study, we plan to conduct a further prospective multicenter study
to establish these SNPs as a clinically useful marker.

METHODS
Methods and any associated references are available in the online
version of the paper at http://www.nature.com/naturegenetics/.

ilable on the Nature Genetics website.
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ONLINE METHODS

Study cohorts. From April 2007 to April 2009, samples were obtamed from
314 patients with chronic HCV (genotype 1) infection who were treated at 15
multicenter hospitals (liver units with hepatologists) throughout Japan. Each
patient was treated with PEG-IFN-02b (1.5 pg per kg body weight (ug/kg)
subcutaneously once a week) or PEG-IFN-02a (180 pg/kg once a week) plus
RBV (600-1,000 mg daily depending on body weight). As a reduction in the
dose of PEG-IEN-o and RBV can contribute to a less sustained virological
response?!, only patients with an adherence of >80% dose for both drugs
during the first 12 weeks were mcluded n this study. HBsAg-positive and/or
anti-HIV-positive individuals were excluded from this study.

NVR (seen i ~20% of total treated patients) was defined as less than a
2-log-unit decline m the serum level of HCV RNA from the pre-treatment
baseline value within the first 12 weeks and detectable virermia 24 weeks after
treatment. VR was defined as the achievement of SVR or transient TVR1n this
study; SVR was defined as undetectable HCV RNA m serum 6 months after the
end of treatment, whereas TVR was defined as a reappearance of HCV RNA
1 serum after treatment was discontinued 1n a patient who had undetectable
HCV RNA during the therapy or on completion of the therapy. Of 878 patients
with HCV genotype 1 treated by PEG-IFN-0/RBV at 14 hospitals, only 114
(13.09) met the critenia for NVR 1n ths study. For the GWAS stage of the
study, a case-control study was conducted comparmg individuals with NVR
(82 ndividuals) and VR (72 mdividuals). For the replication stage, an inde-
pendent cohort of samples from 172 Japanese patients with HCV genotype 1,
mcluding 50 with NVR and 122 with VR, was obtained from an independent
cohort study at Tokyo Medical and Dental University Hospital (Ochanomizu
Liver Conference Study Group) and Musashino Red Cross Hospital. Clinical
data from the combined cohorts, with a total of 140 SVR, 46 TVR and 128
NVR patients, are shown 1n Supplementary Table 4.

Informed consent was obtamed from each patient who participated
the study. The study protocol conforms to the relevant ethical guidelines as
reflected 1n a priors approval by the ethics committees of all the participating
universities and hospitals.

SNP genotyping and data cleaning. In the GWAS stage, we genotyped 154
Japanese patients with HCV recerving PEG-IFN-0/RBV treatment using the
Affymetrix Genome-Wide Human SNP Array 6.0 according to the manufac-
turer’s mstructions. After exclusion of 4 NVR samples and 8 SVR samples
with QC call rates <95%, the remainng 142 samples were recalled using the
Birdseed verston 3 software (Affymetrix). The average overall call rate of
78 NVR and 64 VR samples reached 99.46% and 99.46%, respectively. We then
applied the following threshiolds for QC 1n data cleaning: SNP call rate 295%
for all samples, MAF 219% for all samples and HWE P value 20.001 for VR
group?3, A total of 621,220 SNPs on autosomal chromosomes passed the
QC filters and were used for association analysss. All cluster plots for the SNPs
showing P < 0.001 1n association analyses by comnparing allele frequencies 1n
NVRand VR groups were chiecked by visual mspection. SNPs with ambiguous
geriotype calls were excluded. Supplementary Table 5 shows SNPs that might
be weakly assocrated with NVR (P < 1074,

Although the 12 samiples noted above were excluded from the GWAS stage
by data cleaning, therr quality was good enough for the SNP typmng m the
replication study, and thus they were included n the replication stage. In
the subsequent replication stage with high-density association mapping, SNP
genotypmg in the mndependent set of 172 patients was completed using the
DigiTag?2 assay?! and direct sequencing using the Applied Biosystems 3730
DNA Analyzer (Applied Biosystems). In addition, strongly associated SNPs
identified m the GWAS stage were also genotyped for the GWAS samples using
the DigiTag2 assay; and the results were 1009 concordant to those from the
GWAS platform.

Screening for new polymorphisms. To determine possible genomic variants
m the region of IL28B and its promoter, we sequenced the 3.3-kb region ma
total of 48 Japanese patients with HCV (28 NVR and 20 VR). We selected 7
samples from NVR patients who were munor allele homozygotes for 2 SNPs
(rs12980275 and 158099917), 11 samples from NVR and 10 samples from
VR heterozygotes, and 10 samples from NVR and 10 samples from VR major

allele homozygotes. The sequencing primers were designed usmg the Visual
OMP Nucleic Acid software (Supplementary Table 6). PCR was carried using
TaKaRa LA Taq polymerase (Takara Biochemucals) under the following ther-
mal cycler conditions: stage 1,94 °C for 1 mun; stage 2, 98 °C for 105,68 °C
for 15 mun, for a total of 30 cycles: stage 3, 72 °C for 10 mn. A 50-ul PCR
analysts was performed using 2.5 U TaKaRa LA Taq with 1x LA PCR buffer II,
0.4 mM dNTB, 10 pmol of each primer and 10 ng of genomic DNA. For
sequencing, 7.0 1l of the PCR products were mcubated with 3 pl of Exonuclease
I/Shrimp Alkali Phosphatase (Takara Biochemicals) first for 90 min at 37 °C
and then for another 10 rmn at 80 °C. Sequencing reactions were performed
with the use of a BigDye Termuator Cycle Sequencing FS Ready Reaction Kit
(Applied Biosystems). After purification with MultiScreen-HV (Millipore)
and Sephadex G-50 Fine (GE Healthcare UK Ltd.), the reaction products were
applied to the Applied Biosystems 3730 DNA Analyzer.

In the variation screemng, three SNPs (rs8103142, 1528416813 and
rs4803219) and a few infrequent variations were detected. We then typed these
SNPs m all of the 314 patients.

Statistical analysis. The observed assoctation between a SNP and response to
PEG-IFN-0/RBV treatment was assessed by %2 test with a two-by-two contin-
gency table in three genetic models: allele frequency model, dominant-effect
model and recessive-effect model. SNPs on the X chromosome were removed
because gender was not matched between the NVR group and the VR group.
A total of 621,220 SNPs passed the QC filters in the GWAS stage: therefore,
significance levels after the Bonferrom correction for multiple testing were
P =8.05 x 1078 (0.05/621,220) 1n the GWAS stage and P = 0.0031(0.05/16)
i the replication stage. None of the 16 markers genotyped 1n the replica-
tion stage showed deviations from Hardy-Wemberg equilibrium 1n the VR
group (P > 0.05).

The nflation factor A was estimated based on the median x? and revealed
to be 1.029 (median) and 1.011 (mean), suggesting that the population sub-
structure should not have any substantial effect on the statistical analysis
(Supplementary Fig. 1). In addition, the principal component analysis on the
142 patients (78 NVR samples and 64 VR samples) analyzed in the GWAS stage
together with the HapMap samples also revealed that the effect of population
stratification was negligible (Supplementary Fig. 2).

For the replication study and the high-density association mapping,
16 SNPs were selected from the region of ~40 kb (chr. 9, nucleotide positions
44421319-44461718: build 35) contarming the significantly associated
SNPs (rs12980275 and rs8099917) in the GWAS stage by analyzing, using
Haploview software, LD and haplotype structure based on the HapMap
data for individuals of Japanese descent. These SNPs included taggmg SNPs
estimated on the basts of haplotype blocks, SNPs located withm the IL28B and
IL28A genes (rs11881222 and rs576832, respectively) and the significantly
associated SNPs 1dentified m the GWAS stage (Supplementary Table 1).
On the basis of the genotype data from the total of 314 patients in the
GWAS stage and replication stages, haplotype blocks were estimated using
the four-gamete rule, and three blocks were observed (Fig. 2). Association of
haplotype with response to PEG-IFN-0/RBV treatment was analyzed using
Haploview software.

The logistic regresston model was used to assess the factors associated
with NVR: STATA 10 (Statacorp LP) was used for all analysts, Age, platelet
count, and aminotransferase (ALT) and HCV-RNA levels were applied as
continuous variables.

Real-time quantitative RT-PCR for IL28 gene. A layer of mononuclear cells
was collected via Ficoll from peripheral blood. Total RNA was 1solated using
the RNeasy Mini Kit and the RNase-Free DNase Set (Quagen) according to the
manufacturer’s protocol, First-strand ¢cDNA was synthesized using SuperScript It
reverse transcriptase with Oligo (dT);y g primer (Invitrogen). The relative
quantification of the target gene was determined using Custom TaqMan Gene
Expression Assays, and the expression of glyceraldehyde-3-phosphate dehydro-
genase was used to normalize the gene expression level (Applied Biosystems)
according to the manufacturer’s protocol. The data were analyzed by the
2[-AAC,) method using Sequence Detector verston 1.7 software (Applied
Biosystems). A standard curve was prepared by serial tenfold dilutions of
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human cDNA. The curve was linear over 7 logs with a correlation coefficient 21. McHutchison, J.G. ef al. Adherence to combination therapy enhances sustained

of 0.998. The specific detection of [L28B 1n real-time PCR 15 hard to establish, rlezsgoqsoeg;x glegggy;z;blo-nzn)fected patients with chronic hepatitis C. Gastroenterology
because the nucleotide differences between IL284 and IL28B consist of only 9 55 Miyagawa, T, et al. Variant between CPT18and CHKB assocrated with susceptibility
nucleotides scattered throughout the gene. Primers and probes are designed to narcolepsy. Nat. Genet. 40, 1324-1328 (2008),
for the IL28 gene (Supplementary Table 6). 23. Miyagawa, T. et al. Appropriate data cleaning methods for genome-wide association
study. J. Hum. Genet, 53, 886-893 (2008).
24. Nishida, N., Tanabe, T., Takasu, M., Suyama, A. & Tokunaga, K. Interferons alpha

URLS. The results of the present GWAS have been registered ata public data- and lambda inhibit heépatitis C virus replication with distinct signal transduction
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Abstract  In a country such as Japan with the average age
of patients with chronic hepatitis C treated with antivirals
sometimes well above 60 years, the standard combination
therapy is not well tolerated. In this randomized, prospec-
tive, controlled trial, we investigated the efficacy of 24-
week  peginterferon - o - monotherapy - for' - easy-to-treat
patients. A total of 132 patients chronically infected with
hepatitis C virus (HCV) genotype 2 (n = 115)-or low viral
load HCV genotype 1 (<100 kIU/ml, n ='17) were treated
with peginterferon o-2a (180 pg/week). Patients with a

This study is conducted on behalf of the Japanese Consortium for the
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UMIN000001067.
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rapid virological response (RVR, HCV RNA negative or
<500 IU/ml - at week 4) were randomized. for a total
treatment duration of 24 (group A) or 48 (group B) weeks.
Patients who did not show RVR (group. C) were treated for
48 weeks.: Sustained. virological  response: (SVR) was
assessed’ by qualitative. reverse-transcription: polymerase
chain reaction. One hundred eight of 132 (82%) patients
with RVR were randomized. SVR rates were 60% (group
A), . 719% (group B), and 27% (group: C), tespectively.
Similar SVR rates were achieved in patients infected with
HCV genotype 2 with” low  pretreatment viral load
(<1000 KIU/ml)- in: group A (81%) and group B (79%)
(P = 0.801), whereas in those with higher viral load
(=1000 kIU/ml), a lower SVR rate was identified in group
A’ (26%). -than ‘in . group B (67%) (P =0.041).  In
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conclusion, in patients infected with HCV genotype 2 and
pretreatment viral load below 1000 kIU/ml who achieve
RVR, 24-week treatment with peginterferon o-2a alone is
clinically sufficient. Those who show no RVR or have
higher baseline viral load, require alternative therapies.

Keywords Randomized trial - Chronic hepatitis C -
Peginterferon-o monotherapy - Rapid virological response -
Genotype 2 - Pretreatment viral load

Introduction

Hepatitis C virus (HCV) infection may progress to chronic
hepatitis, cirrhosis, and hepatocellular carcinoma [1-3].
Interferon (IFN)-based treatment of HCV-infected patients
can achieve viral clearance and thereby improve histology
and prognosis [4, 5]. Thus, the primary aim of antiviral
therapy in patients with chronic hepatitis C is a sustained
virological response (SVR), defined as undetectable serum
HCV RNA by a sensitive molecular assay 24 weeks-after
the end of treatment.

A combination therapy of peginterferon and ribavirin is
cuirently recognized as the stanidard treatment of chronic
hepatitis C; resulting in 40-50% of SVR rate in patients
infected with HCV: genotype 1 ‘and ‘around 80% in those
infected with HCV genotype 2 or 3 [6-8]. The combination
therapy, - however, ‘tends ‘to be associated ' with: adverse
events more frequently than those that occur with IFN
monotherapy [9-14], resulting in dose reduction  or dis-
continuation ‘of therapy and thus impaired response rate
particularly in elderly patients [15}. Furthermore, patients
with - renal * failure, - ischemic * vascular: - disease, ' and
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congenital hemoglobin abnormalities never tolerate. riba-
virin treatment of their chronic hepatitis C.

In Japan, the Bureau of National Health Insurance pro-
vides reimbursement for 24-week interferon «-2b plus
ribavirin combination therapy for patients with chronic
hepatitis C with high viral load or re-treatment, irrespective
of viral load, since December 2001 and for 48 weeks of
peginterferon - a-2a monotherapy. for all patients with
chronic hepatitis C since December 2003. The burean
started to provide reimbursement for 24-week peginter-
feron «-2b and ribavirin therapy for those infected with
HCV genotype 2 and high viral load or re-treatment, itre-
spective of viral load, since Deceniber 2005. Thus, Japa-
nese patients infected with HCV genotype 2 and high viral
load or re-treatment irrespective of viral load have been
able: to receive either peginterferon o monotherapy or
combination therapy with ribavirin since December 2003.

There are three major phase II/III or phase III clinical
trials: of  peginterferon .o monotherapy in patients with
chronic hepatitis C-[16-18]. All three studies indicate that
the long-acting pegylated forms of IFN-« are more potent
than standard IFN-o; monotherapies. Factors independently
associated - with SVR: to peginterferon- o include viral
genotype, low: pretreatment: viral load; age, no cirrhosis,
and body surface area [18]. The reported SVR rate in
patients with HCV genotype 2 infection and a baseline
viral load of less than 2 million copies/ml is around 60% or
more [16, 17)." A phase II study of 48-week peginterferon
o-2a therapy conducted in Japan demonstrated an SVR rate
as high as 71% in patients with HCV genotype 2 infection
[19]. Furthermore, 85% of the patients; who had unde-
tectable levels of HCV RNA after 4 weeks of therapy, had
an SVR [19]. Thus, data on:viral kinetics have led to the
hypothesis that in these patients; 24 weeks of treatment
may be as effective as the recommended . course of
48 weeks. Therefore, 48-week -therapy may lead to over-
treatment in: some patients who have a rapid virological
response (RVR). Shorter treatment duration should also be
associated with better tolerability and lower rate of pre-
mature discontinnation of therapy. This is- particularly
relevant to elderly patients with HCV genotype 2 infection
who can less tolerate the combination therapy with riba-
virin and/or a longer treatment period. However, whether
the duration of treatment with peginterferon a alone can be
reduced” from: 48 to 24 weeks in patients  chromically
infected with  HCV ‘genotype 2 or low: viral load HCV
genotype 1 without compromising antiviral efficacy is not
clear at present.

Therefore, the ‘aim of ' this study was- to. compare: the
efficacy and safety of peginterferon o-2a administered
alone for 24 or 48 weeks in patients with chronic HCV
genotype 2 infection or low viral load HCV genotype 1 and
had a virological response at week 4.
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Materials and methods
Patients

Adult patients with chronic HCV infection who had the
following characteristics were eligible for the study: (1) a
positive test for anti-HCV antibody, (2) HCV genotype 1
and an HCV RNA level less than 100,000 1U/ml or HCV
genotype 2 irrespective of viral load, (3) entry neutrophil
and platelet counts and hemoglobin level of at least 1500/
pl; 90,000/pl; and 10 g/dL, respectively. Patients with the
following criteria were ‘excluded:  other viral infections
such as infection with hepatitis B’ virus or human immu-
nodeficiency virus; any other cause of liver disease such as
autoimmune - hepatitis, primary biliary cirrhosis,” drug-
induced liver disease; and excessive daily intake of alco-
hol; relevant disorders including decompensated liver dis-
ease, * hepatocellular - catcinoma, " and- ‘other malignant
neoplastic disease; concomitant use of immunosuppressive
or herbal medications such as Sho-saiko-to; current illicit
drug use; neurological or psychiatric diseases; and-allergic
to peginterferon o-2a or other interferons and biological
preparations including vaccines.

Study design

The curtent study was an’ investigator-initiated study. This
multicenter; open-label, randomized, controlled trial was
originally discussed-and designed on 12 July 2003, by a
committee composed of 36 staff members from: 33: partic-
ipating hospitals and universities (the Japanese Consortium

Fig. 1 Trial profile. Patients
were randomized at week 8 for a
total treatment duration of 24
(group:A) or 48 (group B)
weeks on the basis of the

for the Study of Liver Diseases). The diagnostic criteria for
chronic hepatitis C, treatment regimens, and follow-up
protocols were finalized by the committee on 9 November
2003. This study compared the efficacy and safety of 24 vs.
48 weeks of treatment with peginterferon «-2a in patients
with chronic HCV genotype 2 infection or low viral load
HCV genotype 1 and showed an RVR (serum HCV RNA
negative [<50 IU/ml] or <500 IU/ml by HCV RNA test at
week 4 of therapy).

Eligible patients were treated with peginterferon o-2a
(PEGASYS; Chugai Pharmaceuticals Inc., Tokyo, Japan)
at a dose of 180 pg once per week subcutaneously. Patients
who showed RVR at 4 weeks of treatment were random-
ized into either total treatment duration of 24 (group A) or
48 (group B) weeks.. Randomization was. performed at
Okayama University Graduate School;. centrally accessed
through fax.: Patients: were assigned upon a report of RVR
to group A or B with a computer-based random allocation
system by a researcher who was independent of the study,
and the allocation system was not accessible by any of the
investigators  who: enrolled: patients for the study. Ran-
domization was stratified according to genotype (genotype
1 or 2) and previous IFN treatment (naive or re-treated) and
was not blocked: Patients who were still positive for HCV
RNA (by qualitative: or quantitative HCV. RNA tests) at
week 4 were treated for 48 weeks (group C, Fig. 1): After
the end of treatment; all patients were followed for an
additional 24-week period.

The study was approved by ethics committee of each
center and carried out according to the Declaration of
Helsinki and the guidelines of the International Conference

132 patients enrolled and treated with
180 pg of peginterféron a-2a per week

virological response at week 4.
Patients:who withdrew

108 patients with rapid
virological response at week 4

24 patients without rapid
virological responise at week 4

prematurely from treatment
were encouraged to return for

follow-up. For this reason, the l

|

number of patients who
completed follow-up 1s higher
than the number of patients who

§5 patients randomized to
24 weeks of freatment
{Group A}

24 patients assigned to 48
weeks of treatment
(Group C)

53 patients randomized to
48 weeks of treatment
{Group B)

completed treatment

5 patients
discontinued treatment

1 patient lost
dunng treatment

A

50 patients completed
treatment

14 patients
discontinued treatment

y.

discontinrued treatment

1 patient lost
dunng treatment

3 patients lost
during treatment

15 patients completed
freatment

39 patients completed
treatment

| 54 patients completed follow-up penod I l 50 patients completed follow-up period l l 23 patients completed follow-up penod
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on Harmonization for Good Clinical Practice. All patients
provided written informed consent before enrollment.
Enrollment started in March 2004 and ended in December
2005.

Virological and histological evaluation

Serum HCV RNA was detected by qualitative reverse-
transcription polymerase chain reaction (RT-PCR, Am-
plicor HCV, Roche Diagnostics Japan, Tokyo, Japan; low
limit of detection 50 IU/ml). The serum HCV load was
determined - by - quantitative RT-PCR. (Amplicor HCV
Monitor Test, Version 2.0, Roche Diagnostics Japan; low
limit of detection 500 IU/ml). HCV RNA genotype was
determined by - RT-PCR  with: genotype-specific primers
[20] or by serological - grouping of serum antibodies
determined by enzyme-linked immunosorbent assay (SRL
Inc.; - Hachi-Oji, Tokyo) according to  the method. of
Tanaka et al. '[21] assuming that genotypes la and-1b
corresponded to serological- group- 1. (genotype 1) and
genotypes 2a and 2b corresponded to serological group 2
(genotype 2) [22].

Most patients underwent liver biopsy before therapy. In
40 patients, a liver biopsy was not available because the
patients declined to have a biopsy specimen taken. Histo-
pathological results were classified by local pathologists

- according to the METAVIR: criteria reported previously

[23, 24]. Treatment commenced within:12 months of liver
biopsy:

Follow-up of patients

Patients were evaluated as outpatients for treatment safety,
tolerance, and efficacy by each attending physician every
week during treatment and every 4 weeks after the end of
treatment for the rest of the study period.

Assessment of efficacy

During treatment, HCV RNA was quantified by PCR assay
and was tested by qualitative test if HCV RNA became
undetectable by the quantitative test. The end-of-treatment
response (ETR) and SVR were assessed by qualitative PCR
assay. ETR was defined as an undetectable serum HCV
RNA level at the end of treatment. SVR was defined as an
undetectable serum HCV RNA level by the end of treat-
ment and throughout the follow-up period.

Safety analysis
Patients were assessed for safety and tolerance by the

attending physician by monitoring. adverse_events and
laboratory - abnormalities. The - study.. protocol - permitted

dose modification for patients who had clinically signifi-
cant adverse events or important abnormalities in labora-
tory values. Adverse events were handled according to the
instructions provided by the manufacturer for peginterferon
0-2a, and therapy adjustments were applied. In general,
dose reductions and discontinuation of therapy, if any,
were made following the recommendations of the manu-
facturer. The dose was also reduced or the drug was dis-
continued at the discretion of the investigator at each of the
participating clinical centers on the basis of the results of
hematological, neuropsychiatric, and cutaneous. or other
adverse effects that were: considered related to the medi-
cation. The dose of peginterferon could be restored to their
original levels upon resolution of the event or abnormality.
Adherence to therapy was assessed as- described previ-
ously [15]; namely, by calculating the actual doses of IFN
received as.a percentage of the expected dose. Thus,
patients who received 80% or miore of their total IFN doses
for 80% or more of the expected duration of therapy were
considered to be 80% adherent. The dose of peginterferon
received during the first 4 weeks was also assessed.

Sample size

The noninferiority margin was set at 10% between groups
A and B: To obtain 80%: statistical power with one-sided
5% significance level; a sample size of 81 patients: per
treatment group was necessary. With a dropout rate of 10%
allowed, 90 patients per group were to be recruited. It was
assumed that 70% of the patients would have undetectable
HCV RNA at week 4. On the basis of this, the original plan
specified enrollment of 270 patients to ensure randomiza-
tion of an adequate number of patients at week 8. However,
the Japanese Bureau of National Health Insurance started
to provide reimbursement for peginterferon o-2b and
ribavirin therapy for patients with. HCV genotype 2 infec-
tion and high viral load or re-treatment irrespective of viral
load since December 2005 and thus difficulty in new
enrollment was anticipated; the enrollment was terminated
by the end of the year.

Statistical analysis

Intention-to-treat analysis was used for all measures of
efficacy. Patients who missed the examination at the end of
the follow-up period were considered not to have had a
response at that point. Patients who received at least one
dose of study medication were included in the analysis of
safety. The primary objective of the study was to establish
the difference in SVR rates between treatment groups A
and B.

@ Springer

- 202 -



|
|
s
|
|
|
|
|
~
|

472

Hepatol Int (2009) 3:468-479

Differences in baseline clinical characteristics, efficacy,
and safety between the treatment groups were compared
statistically by analysis of variance, y” test, Fisher’s exact
test, Mann—Whitney U test, and Kruskal-Wallis test, where
appropriate, using SAS, Version 9.1.3, software (SAS
Institute, Inc., Cary, NC). Univariate and multivariate
logistic regression analyses were used to establish those
factors that contributed to the efficacy of peginterferon o-
2a monotherapy. Variables with more than marginal sta-
tistical significance (P < 0.10) in univariate analysis were
entered into multivariate analysis. A risk ratio with a 95%
confidence interval was denoted for each analysis. Unless
otherwise stated, P values below 0.05 were considered
significant.

Results

Characteristics of patients

This study was performed between March 2004 and June '

2007 at 33 centers in Japan. On the basis of the inclusion
and exclusion criteria, 132 patients were enrolled (Fig. 1):
17 (13%) and 115 (87%) patients were infected with HCV

genotypes 1 and 2, respectively. The baseline characteris-
tics of the patients are summarized in Table 1.

Virological response

After 4 weeks of treatment with peginterferon o-2a, HCV
RNA was below 500 IU/ml in 108 of 132 (82%) patients
(Fig. 1). Among these 108 patients with RVR, HCV RNA
was undetectable by qualitative test in 97 of 108 (90%)
patients, whereas it was not tested by qualitative test in the
rest of the patients. The RVR was achieved by 15 of 17
(88%) patients infected with HCV genotype 1 and low viral
load and by 93 of 115 (81%) patients infected with HCV
genotype 2 (P = 0.737). These patients. were randomly
assigned to group A (n = 55) and group B (n = 53).
Patients with HCV RNA of 500 IU/ml or higher at week 4
were assigned to group C (n = 24) (Fig. 1). There were no
significant differences in  baseline parameters between
groups A and B (Table 2).

An overall intention-to-treat virological response at the
ETR was achieved in 122 of 132 (92%) patients and SVR
in 81 of 132 (61%) patients. In groups A and B, 53 of 55
(96%) patients and 51 of 53 (96%) patients achieved ETR
and 33 of 55 (60%) patients and 42 of 53 (79%) patients
achieved SVR, respectively (Fig. 2). The SVR rate was

Table 1 Demographic, brochemical, molecular, and histological profiles of patients at baseline

All patients HCV RNA (kIU/ml) at week 4 P-value’
<500 >500

Patients, n 132 108 24
Gender, male/female (% male) 81/51 (61) 68/40 (63) 13/11 (54) 0.423}
Age (years)* 564 +12.2 560 +£122 57.8 £12.2 0.536*
Weight (kg)® 615+126 62.0 £ 13.1 586 £ 9.5 0.257¢
Natve/re-treatment 119/13 98/10 2173 0.704*
Fibrosts stagmg, n (F1/F2/E3/F4) 57/26/8/1 48/22/6/1 9/4/2/0 0.881%
Grading, n (A0-1/A2/A3) 52/38/2 4413172 8/7/0 0.868*
Genotype, 1/2 (% genotype 1) 17/115 (13) 15/93 (14) 2/22.(8) 0.737*
HCV RNA (kIU/ml)® 285 (46-1620) 130 (37-1006) 1350 (360-3060) <0.001%
ALT (IUNY® [7-42)° 66 (35-117) 64 (36:119) 69 (31-109) 0.571%
y-GTP (IU/)® (5-501° 45 (24-92) 54'(26-97) 33'(21-49) 0.0147
Neutrophil count (/uly* [1000~-75001° 2844+ 1036 28984 1042 2615 + 996 0.230°
Hemoglobin (g/dl)* [13.5217.5)° 140+12 141412 140+ 1.4 0.751%
Platelet count (103/ul)* [150-400)° 175 £.63 179 +66 155440 0.089%

ALT alanine aminotransferase, y-GTP gamma glutamyl transpeptidase
T Comparison between groups according to HCV RNA at week 4

¥ Chi-square test

# Fisher’s exact test

¥ Unpaired-f test

1 Mann-Whitney U-test

Data are ® mean + SD or ® median (interquartile range), © normal range
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Table 2 Comparison of baseline profiles between groups A (24 weeks) and B (48 weeks)
Group A Group B P-value!
Patients, n 55 53
Gender, male/female (% male) 35/20 (64) 33/20 (62) 0.883*
Age (years)" 56.9 + 11.3 552 £ 13.1 0.473%
Weight (kg)* 59.9 + 11.6 643 £ 143 0.087°
Natve/re-treatment 48/7 49/4 0.374*
Fibrosis stagmng, n (F1/F2/F3/F4) 26/1212/0 22/10/4/1 0.558*
Grading, n (A0-1/A2/A3) 28/1111 16/20/1 0.097*
Genotype, 1/2 (% genotype 1) 9/46 (16) 6/47 (11) 0.580%
HCV RNA (kIU/ml)® 190 (35-1660) 120 (38-580) 0.2821
ALT (TU/D® [7-42)° 70 (37-117) 59 (36-120) 0.813%
y-GTP (IUNYP [5-501° 43 (26-78) 63 (28-116) 0.242%
Neutrophil count (/p1)* [1000-7500)° 2936 i+ 1047 2859 4= 1088 0.711%
Hemoglobin (g/dly* [13.5-17.51° 141+ 1.0 141+ 13 0.943%
Platelet count (103/;1L)a {150-4001° 177 447 181 X 81 0.793%
ALT alanine arunotransferase, y-GTP gamma glutamyl transpeptidase
T Comparison between groups A and B
} Chi-square test
* Fisher's exact test
§  Unpaired t-test
9 Mann-Whatney U test
Data are * mean £ SD or ® median (interquartile range), © normal range
gsgé(isgji?:iecio‘;gg;%?al 132 patients enrolied and treated
genotype 1n each treatment
group
3
108 patients with rapid 24 patients without rapid
vifological response at week 4 virological response at week 4
Groug A (24 weeks): 33/55 (60%) I Group C (48 weeks): 6/24 (25%)
Group B (48 weeks): 421563 (79%)
y
Genotype 1 Genotype 2 Genotype 1 Genotype 2
n=15 n=93 6=2 n=22

Group A (24 weeks): 6/3 (67%)
Group B (48 weeks); 6/6 (100%)

Group A {24 weeks): 27/46 (59%)
Group B (48 weeks): 36/47 (77%)

I 172 (50%) l 5122/ (23%})

significantly higher in patients randomized to 48 weeks of
therapy (group B) than in those randomized to 24 weeks of
therapy (group A) (P = 0.030), namely, the relapse rate in
group A was 40% (22/55), which was significantly higher
than in group B (21%, 11/53, P = 0.030). Among patients
with RVR confirmed by qualitative test (HCV
RNA < 50 TU/ml), 29 of 48 (60%) patients achieved SVR
in group A vs. 39 of 46 (85%) in group B (P = 0.008). The
ETR and SVR rates in patients who did not show RVR and
who were treated for 48 weeks (group C) were lower than

in those who showed RVR (groups ‘A ‘and B) (75% vs.
96%, P = 0.003 for ETR and 25% vs. 69%, P.< 0.001 for
SVR, respectively) (Fig. 2).

Virological response according to HCV genotype
and pretreatment viral load

The SVR rate in HCV genotype 1 and low viral load were

not significantly different between treatment groups A and
B (67% vs. 100%, respectively; P = 0.229) (Fig. 2),
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although the number of patients of this subgroup was small
for meaningful comparison.

The SVR rate in patients infected with HCV genotype 2
was higher in group B (77%) than in group A (59%,
P = 0.065). There was an inverse correlation between SVR
rate and baseline viral load (Fig. 3). This observation was
significant in group A (P < 0.001) but not in group B
(P = 0.096). On the basis of receiver operating character-
istics analysis, 1,000,000 IU/ml was optimal for use as the
cutoff point of baseline viral load to best discriminate
patients who might achieve SVR in group A. The SVR rate
of patients with HCV genotype 2 infection and a baseline
viral load below 1,000,000 IU/ml was not compromised by
24-week treatment (group A) compared with 48-week
treatment (group B) (81% and 79%, respectively), without
significant difference between the two groups (P = 0.801).
On the other hand, the SVR rate in those with a baseline
viral load of 1,000,000 IU/ml or higher was significantly
lower in group A than in group B (26% and 67%,
respectively, P = 0.041) (Fig. 3).

Factors associated with RVR

Next, we analyzed the factors associated with RVR using
data of all patients. The vanables included were demo-
graphic features, baseline viral load, liver enzymes, and
administered dose of peginterferon during the first 4 weeks
(Table 3). Pretreatment HCV RNA level was lower and

. Group A
91% D Group B
& E 88%
é 1;3 (12”3)(17/18) P =0.041
Py .
n
S 801 orty. 5%
b (13/19
2 70
T
§ 601
B 501
2 40
g 40
> 301
T
'g 20 1
£ 101
-
7]

<100 100 - 1,000 21,000
HCV RNA at baseline (KIU/mL)

Fig. 3 Sustamned virological response (SVR) rates stratified accord-
mg to pretreatmient HCV RNA level for patients of groups A
(24 weeks) and B. (48 weeks) mfected with HCV genotype 2..The
SVR rate was significantly lower in patients with higher baseline viral
load 1 group A (P < 0.001) but not in group B/ (P = 0.096). The
SVR rate m patients with ‘a baseline viral- load of " less: than
1,000,000 T0/ml was similar between” group: A (81%,.22/27) and
group B (79%. 30/38). (P = 0.801). However, the SVR rate m those
with a baseline viral load of 1,000,000 IU/ml or higher was lower m
group A (26%, 5/19) than m group B (67%, 6/9) (P = 0.041)
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y-glutamyl transpeptidase (y-GTP) level and platelet count
were higher in patients with RVR (groups A and B) than in
those without RVR (group C) (Table 1). On the basis of
receiver operating characteristic analyses, 41 IU/l and
191 x 10*/pl were optimal for use as the cutoff points of
baseline y-GTP level and platelet count, respectively.
Multivariate analysis identified low baseline viral load
(<1,000,000 TU/ml), high 7-GTP level (=41 1IU/), and
high platelet count (=191 x 10%/ul) were significant
determinants of RVR (Table 3).

Factors associated with SVR

Next, the factors associated with SVR were analyzed using
data of all patients. Univariate analysis indicated that
grading score, pretreatment viral load, alanine amino-
transferase (ALT) and y-GTP levels, neutrophil count,
RVR, and adherence to treatment were associated with
SVR. On the basis of receiver operating characteristic
analyses, 41 TU/L, 28 TU/L, and 3,155/l were optimal for
use as the cutoff points of baseline ALT level, y-GTP level,
and neutrophil count, respectively. Multivariate analysis
was performed with the following variableés: pretreatment
viral load, ALT and y-GTP levels, neutrophil count, RVR,
and adherence to treatment but excluding grading score due
to a significant association with ALT level and a substantial
number of cases (40 cases) missing histological data. The
analysis identified low viral load (<100,000 IU/ml), RVR,
high ALT level (=41 IU/I), and high y-GTP level (=28 IU/
1) as independent determinants of SYR (Table 4).

Multivariate analysis for factors associated with SVR in
patients with RVR identified low viral load (<100,000 IU/
ml) and high ALT level (=41 TU/l) as independent deter-
minants of SVR. The SVR rates in patients with RVR and
with high ALT levels (=41 IU/) were generally high
except for group A patients  with high viral ‘load
(>1,000,000 TU/ml). On the other hand, the SVR rates for
both groups A (black bars) and B (open bars) were entirely
Tow. in patients: with low ALT levels (<41 TU/) except
those with low: viral load (<100,000-1U/ml) (Fig: 4). In
patients with high viral load (=100,000 IU/ml) and low
ALT levels (<41 IU/), SVR was achieved only in group B
patients, though at low rate.

Safety

Twenty-eight (21%) patients discontinued therapy and 14
of them discontinued because of adverse events, 4 because
of laboratory abnormalities, 3 because of refusal of treat-
mient, 2 because of insufficient response, and 5 because of
failure to return (Table 5). Fatigue was the most common
adverse event leading to discontinuation of therapy. The
frequencies of discontinuation and discontinuation due to
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Table 3 Logistic regression analysis of the factors associated with rapid virological response
Variable RR (95% CD) P value
Univanate analysis
Pretreatment variables
Gender (male vs. female) 1.438 (0.589-3.513) 0.425
Age (<55 vs. >55 years) 1.536 (0.583-4.049) 0.512
Weight (>60 vs. <60 kg) 2.5117¢0.938-6.723) 0.067
Treatment (naive vs. re-treatment) 1.400 (0.354-5.530) 0.631
Genotype (1 vs. 2) 1.773 (0.377-8.333 0.468
Fibrosis staging (F2-4 vs. FO-1)f 1.104 (0.356-3.425) 0.865
Grading (A2-3 vs. AO-1) 1.167 (0.384-3.546) 0.786
HCV RNA (kIU/mL)
<100 1
100--1000 0.562 (0.140-2.251) 0415
>1000 0.159 (0.048-0.526) 0.003
ALT (=60 vs. <60 IU/) 1.437 (0.579-3.571) 0.435
y-GTP (IU/D) (=41 vs. <41 IU/l) 3.946 (1.504-10.352) 0.005
Neutrophil count (>2500 vs. <2500/uL) 1.135 (0.465-2.771) 0.782
Hemoglobmn (<14 vs. =14 g/dl) 1.427 (0.582-3.497) 0.437
Platelet ‘count (>191 vs. <191'% 10%/uL) 6.567 (1.466-29.424) 0.014
Treatment-associated variables
Adherence during 4 weeks of treatment (>80% vs. <80%) 1.714 (0.419-7.011) 0.453
Stepwise multivariate analysis
HCV RNA (kIU/mb)
<100 1
100-1000 0.399 (0.091-1.759) 0.225
>1000 0.126 (0.034-0.464) 0.002
Platelet count (>191 vs. <191 X 103/pl) 10.230 (2.056-50.902) 0.005
y-GTP (IU/D) (>41 vs. <41 TUM)y 3.989 (1.355-11.744) 0.012

ALT alanme armnotransferase; y-GTP. gamma glutamyl transpeptidase
T A biopsy was not available from 40 patients

adverse events were significantly lower in the 24-week
treatment group. (group A) than in the 48-week treatment
group (groups B and C) (9% vs. 30%, P = 0.005 and 4%
vs..16%, P = 0.042, 1espectively).

Adherence to scheduled therapy: (median and inter-
quartile range) was 100% (63-100%), 77% (54-100%),
and 85% (55-100%). respectively, for groups A, B, and C
(P:= 0.012 by Kruskal-Wallis test). The rate of adherence
in group A was higher than in groups B and C (P = 0.003
and P = 0.082, respectively, by Mann—-Whitney U test).
There was no difference in adherence to therapy between
groups B and C (P = 0.597). Thus, adherence to therapy in
the longer treatment course (48 weeks) was lower than in
the shorter treatment course (24 weeks).

Costs

Based on the current prices in the United States, spending
on.-medication. - for - 48.weeks . of peginterferon  o-2a

monotherapy is $26,305 and that for 24 weeks treatment is
$13,152. If we consider re-treatment for 48 weeks of the
40% of patients with RVR who relapse after 24 weeks of
treatment, the mean cost of treating HCV genotype 2
infection or low viral load HCV' genotype 1 patients with
RVR would be $23,674 (Fig. 5). Thus, if all relapsers after
24 weeks of treatment receive re-treatment for 48 weeks,
the mean saving per patient with this concept vs. 48 weeks
to all would be $2,630 (10%).

Discussion

The key finding of this study is that in patients infected
with HCV. genotype 2 and low viral load (<1,000,000 TU/
ml) who achieve RVR; 24-week treatment with peginter-
feron a-2a alone may be sufficient in terms of efficacy.
Patients treated for 24 weeks also discontinued treatment
less frequently and showed higher adherence than those
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Table 4 Logistic regression Variable RR (95% CI) P-value
analysts of the factors
associated with sustamed Univariate analysis
virological response Pretreatment variables
Gender (male vs. female) 1.190 (0.581-2.438) 0.635
Age (>55 vs. <55 years) 1.273 (0.618-2.625) 0.512
Weight (<60 vs. >60 kg) 1.064 (0.520-2.175) 0.865
Treatment (re-treatment vs. naive) 1.468 (0.428-5.051) 0.541
Genotype (1 vs. 2) 2.247 (0.690-7.299) 0.179
Fibrosis stagmg (F2-4 vs. Fo-1Y 1.964 (0.812-4.749) 0.134
Grading (A2-3 vs. AO-1Y 4.343 (1.727-10.922) 0.002
HCV RNA (kIU/mL) <100 1
100-1000 0.367 (0.138-0.975) 0.044
>1000 0.115 (0.044-0.298) <0.001
ALT (>41 vs. <41 IU/D) 4.570 (2.104-9.927) <0.001
y-GTP (TU/1) (>28 vs. <28 TU/N) 6.182°(2.657-14.384) <0.001
Neutrophil count (<3155 vs. >3155/ul) 3.135 (1.479-6.623) 0.003
Hemoglobm (>14 vs. <14 g/dl) 1.125 (0.555-2.283) 0.744
Platelet count (<150 vs. >150 x 10%/pl) 1.091 (0.507-2.347) 0.824
Treatment-associated variables
RVR (yes vs: 10} 6.818 (2.482-18.733) <0.001
Adherence (>80% vs. <80%) 1.940 (0.949-3.966) 0.070
Stepwise Mulfivariate Analysis?
HCV RNA (kIU/ml)
ALT alanme anmuinotransferase, <100 1
y-GTP gamma glutamyl 100-1000 0.165 (0.046-0.589 0.006
transpeptidase, RVR rapid >1000 0.102 (0.029-0.352) <0.001
virological response RVR (yes vs. no) 6.223 (1.821-21.305) 0.003
! A biopsy was not available ALT (241 vs. <41 U/ 4.775 (1.373-16.601) 0.014
from 40'patients 1-GTP (TU7]) (=28 vs. <28 TU/) 3.466 (1.092-11.000) 0.035

! Grading was not included

treated for 48 weeks. Furthermore, the drug cost can be
reduced by fruncating treatment duration. Thus, by reduc-
ing the treatment period, these patients can avoid unnec-
essary treatment without compromising the chance for an
SVR. In particular, the SVR rate in patients with HCV
genotype 2 infection and low viral load (<1,000,000 10U/
ml) who achieved RVR was as high as 81% by 24-week
monotherapy. The SVR rate was comparable with that
(84%. 81/96) reported previously in patients with HCV
genotype 2 and 3 infection who received 24-week combi-
nation therapy of peginterferon o-2a plus ribavirin [7],
although the latter included patients with HCV genotype 3
infection. On the other hand; the results of this study were
not conclusive regarding patients with HCV: genotype '1
infection ‘and low viral load (<100,000 IU/ml). Further
prospective controlled trial is. warranted to confirm ‘our
findings in patients with HCV genotype 1 infection and low
viral load or HCV genotype 2 infection and baseline viral
loads of less than 1,000,000 IU/ml who achieve RVR.

In patients’ with HCV genotype 2 infection and high
viral load (=1,000,000 IU/ml), the SVR rate was lower for
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the 24-week treatment group than for the 48-week treat-
ment group, even if the patients achieved RVR. Thus, a
longer: treatment (>24 weeks) with peginterferon is rec-
ommended for this group: of patients. Furthermore, since
the SVR rate was not more than 67% in this subgroup of
patients; even.if they were treated for 48 weeks, a combi-
nation with ribavirin or further extended treatment duration
may be necessary as long as patients can tolerate the
treatment.

The combination therapy of peginterferon and ribavirin
is currently the therapeutic standard for chronic hepatitis C.
However, the combination therapy tends to be associated
with adverse events more frequently than those that occur
with IFN monotherapy, resulting in dose reduction or dis-
continuation of therapy and thus impaired response rate [9—
14]. This is true particularly inelderly patients. In a country
such as Japan where the average age of ‘patients with
chronic hepatitis C to be treated by antivirals sometimes is
well above 60, standard combination therapy is not well
tolerated [15]. For example, in a phase HI study of 48-week
peginterferon ‘o-2a plus ribavirin ‘combination " therapy
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Table 5 Incidence and reason of discontinuation according to treat-

ment group
Variable All patients ~ Age (years)
A B C

n 132 55 53 24

Discontinuation 28 (21) 5(9) 14(26) 9(38)

Adverse events 14 (11 2(¢4) 815 407N
Fatigue 4 0 1 3
Depression 2 1 1 0
Arthralgia 2 0 2 0
Arrhythmia 2 0 1 1
Pyrexia 1 1 0 0
Headache 1 0 1 0
Hyperthyroidism 1 0 1 0
Colon cancer 1 0 1 0

Laboratory abnormality 4(3) 12y 1) 2 (8)
High aminotransferase = 2 1 0 1
Anemia 1 0 1 0
Neutropenia 1 0 0 1

Refusal of treatment 32 12 12 1 (4

Insufficient response 212 0 1(2) 14

Failure to return 5@ 12) 3 14

Data are number of patients (percentage i each patient group)

0%
1)

0%
oI

<100

100 = 1,000

21,000

HCV RNA at baseline (KIU/mL)

Fig. 4 Sustamed virological tesponse (SVR) rates stratified accord-
ing to pretreatment HCV RNA and ALT levels'm group A and B
patients. The SVR rates m patients with high (=41 IU/l) and low
(<41:TUN) ALT levels are shown i pavels a and b, respectively. a
The SVR rates in patients with high ALT levels (=41 IU/l) were
generally high “except for group A patients with high viral load
(>1,000,000 TU/ml). b The SVR rates n both groups A and' B were
low it patients: with low ALT levels (<41 TU/I) except those with low
viral load (<100,000 TU/ml)

conducted in Japan [25]; the SVR rate in the combination
arm (78%, 18/23) was rather inferior to. that of peginter-
feron - ¢-2a monotherapy (placebo) arm  (100%,. 14/14)
among patients with RVR (P = 0.061), although the dif-
ference did not reach’ statistical significance. In the same
study, all of the patients who failed to achieve SVR in the
combination arm discontinued treatment. [251.: Thus, the
combination therapy with ribavirin does not always lead to
a better response than with monotherapy, at least in a
subgroup of patients. It is noteworthy that most of the
patients in the present trial were those who preferred pe-
ginterferon o monotherapy to combination therapy in spite

000+
85,000 . per patient
30,0004 [:] per patient with SVR
26,655
25,000 23674

21,821
20,0001

15,0004
10,0004

5,000

Estimated cost of treatment (USD)

0 B
48-week treatment

24-week treatment
and retreatment of
40% for 48 weeks

24-week treatment

Fig. 5 The cost of treating patients mfected with HCV genotype 2 or

low viral load genotype 1.and RVR for 48, 28, or 24 weeks followed
by 48 weeks of re-treatment of 40% of patients' who relapse after the
mitial treatment

of the coverage for the latter therapy by the Bureau of
National Health Insurance; as described previously.

In addition to elderly patients, those with renal failure,
ischemic  vascular: diseases, and. congenital  hemoglobin
abnormalities never tolerate ribavirin for chronic hepatitis
C treatment [26]: Therefore, data on peginterferon o
monotherapy are particulaily relevant to these patients. The
possibility. of  shorter combination therapy with peginter-
feron o and ribavirin in easy-to-treat patients such as those
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chronically infected with HCV genotype 2 or 3 has been
investigated in several trials [27-31]. However, to the best
of our knowledge, there has been no randomized, con-
trolled trial to identify optimal treatment duration of pe-
ginterferon o monotherapy. A further prospective
randomized, controlled trial aiming at patients who cannot
receive combination therapy with ribavirin is warranted.

A high ALT level has been identified as a significant
factor for SVR [18]. The reason why patients with low or
normal ALT levels do not respond well to peginterferon «
monotherapy is. currently unknown. The SVR rates were
low in our patients with low ‘ALT levels and HCV.RNA
levels of 100,000 IU/ml or higher in the two randomized
groups (Fig. 4). Thus, these patients may not benefit by
simply extending therapy from 24 to 48 weeks. Since a
similar efficacy has been demonstrated in patients with
persistently normal ALT levels compared with those with
elevated ALT levels by combination therapy of peginter-
feron a-2a plus ribavirin [32], combination therapy should
be considered for these patients.

A high y-GTP level was unexpectedly identified as a
factor for both RVR and SVR, independent of ALT levels.
Again, the reason for this finding is unknown: at present. It
is well known that a low y-GTP level is associated with
SVR to combination therapy comprising peginterferon and
ribavirin; the reason also being unexplained so far [33].
Thus, the present finding at least suggests that entirely
different mechanisms may underlie these observations.

In this trial, RVR was defined as serum HCV'RNA level
below 500 IU/ml at week 4, although most of the patients
who achieved RVR had HCV RNA Ievels below 50 IU/ml.
The criterion of RVR used in this study was less strict than
those reported recently, in which serum HCV RNA level
below S0 IU/ml at week 4 has been utilized [30, 31]. This
may tesult in a higher rate of achieving RVR and lower
SVR rates, resulting in. more relapsers, patticulatly in
patients treated for a shorter duration of 24 weeks than a
standard duration of 48 weeks. By using more strict criteria
of serum HCV RNA: level below the detection limit of
qualitative PCR (<50 IU/ml)- at’ week 4 or negativity of
HCV RNA at earlier time points during therapy, such as at
week 2 [34], a subgroup of patients, who can be sufficiently
treated  with - a shorter duration of therapy (such: as
24 weeks) without compromising the chance for SVR,
could be more specifically identified.

In conclusion, patients infected with HCV genotype 2
and have low. baseline viral load (<1,000,000 kIU/ml),
who can achieve RVR, can satisfactorily: be treated for
24 weeks with peginterferon o-2a alone without compro-
mising the SVR. We propose that these patients should first
be treated with peginterferon o monotherapy for 24 weeks,
as long as RVR is achieved, otherwise they should be
switched to combination therapy with ribavirin at the time

@ Springer

for another 24-48 weeks, depending on the response
thereafter. However, the data of this study are less con-
clusive for patients with low viral load genotype 1 or 2 and
viral load of more than 1,000,000 IU/ml. Additional trials
are required to optimize treatment schedule in these
patients.

Acknowledgments Investigators who participated m thus study are
as follows (listed mn alphabetical order): K. Abe (Iwate Medical
University), M. Ando (Mitoyo General Hospital), Y. Araki (Hiro-
shima City Hospital), A. Asag: (Kagawa Prefectural Central Hosp1-
tal), N. Enomoto (Juntendo University), K. Hamamura (Shizuoka
General Hospital), Y. Hiasa (Ehime Umversity), S. Hige (Hokkaido
University), T. Ide (Kurume University), J. Inoue (Hiroshima Teishin
Hospital), Y. Ishii (Tottor: City Hospital), Y. Iwasakt (Okayama
Untversity), N. Izum (Musashino Red. Cross Hospital), K. Joko
(Matsuyama Red Cross Hospital), H. Jomura (Wakakoukai Hospital),
S. Kakizaky (Gunma Umversity), Y. Kamishima (Tomakomai-Niss-
hou Hospital), F. Kanai (University of Tokyo), S. Kaneko (Kanazawa
University), J-H. Kang (Temne-Keijinkat Hospital), N. Kawada (Osaka
City University), S. Kawano (Tottor1. City. Hospital), S. Kawazoe
(Saga Prefectural Hospital Kouseikan), K. Kita (Kagawa Prefectural
Central: Hospital), T. Kitamura (Musashino Red Cross Hospital), H.
Kobasht (Tsuyama Central Hospital), Y. Kohgo (Asahikawa Medical
College), H. . Kokuryu: (Shizuoka General . Hospital), S.- Konisht
(Tomakomar-Nisshou . Hospital), N Masaki (International Medical
Center.  of . Japan), S. Matsumura. (Mitoyo. General = Hospital),
S.. Minamitani: (Aiot Hospital),. T. Mizuta (Saga Medical School),
M. Mortyama (Nihon University). J. Nishiguchi (Tokyo Dental Col-
lege.. Ichikawa General Hospital), S. Nishigucht (Hyogo College of
Medicine); S. Nishumura (Musashino'Red Cross Hospital), K. Nouso
(Hiroshuma City Hospital), T. Ohtake (Asahikawa Medical College),
R. Okamioto. (Hiroshima  City Hospital), H. Okushm. (Himeji Red
Cross Hospital), M. Omata (Untversity of Tokyo), M. Onji (Ehime
University), H: Saito (Keto University), M. Sata (Kurume University),
N.'Sato (Juntendo University), S. Sato (Teikyo University Hospital.
Mizonokuchi), T. Senoh (Takamatsu Red Cross Hospital), A. Shibuya
(Kitasato Untversity Hospital), Y. Shiratort: (Okayama University),
N. Sohara (Guama: University), K. Suzuki (Iwate Medical Univer-
sity),. Y.: Suzuki (Sano. Hospital), H. Takagi (Gunma University),
K. Takagucht (Kagawa: Prefectural Central. Hospital), Y. Tanaka
(Matsuyama Red Cross Hospital), R. Terada (Okayama: Saiseikal
General Hospital),: K. Ueda (Musashino:-Red Cross Hospital), K.
Yamamoto (Saga Medical School), and H. Yoshida (University of
Tokyo).

Conflict of interest statement - None declared.

References

1: Bl Serag HB, Davila JA; Petersen NJ, McGlynn KA. The contin-
uing mcrease m the mcidence of hepatocellular carcimoma in the
United States: an update. Ann'Intern Med 2003;139:817-823.

2. Lauer GM, Walker BD. Hepatitis C virus ifection. N-Engl J Med
2001;345:41:-52: do1:10:1056/NEIM200107053450107.

3. Seeff LB: Natural history of ‘chronic: hepatitis: C.. Hepatology
2002;36:535-46. do1:10.1002/hep.1840360706.

4. Marcellin P, Boyer N, Gervais A, Martinot M, Pouteau' M, Cas-
telnau €, et al: Long-term histologic ‘improvement and: loss of
detectable mtrahepatic HCV RNA m patients with chronic hep-

- atitis C ‘and sustained response to. interferon-alpha therapy.” Ann
Intern Med1997:127:875-881.

- 209 -



Hepatol Int (2009) 3:468-479

479

5.

10

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Niederau C. Lange S, Hemtges T, Erhardt A, Buschkamp M,
Hurter D, et al. Prognosss of chronic hepatitis C: results of a large.
prospective cohort study. Hepatology 1998:28:1687-1695. dot:
10.1002/hep.510280632.

. Fried MW, Shiffman ML, Reddy KR. Smith C. Marmos G,

Goncales FL JIr, et al. Pegnterferon alfa-2a plus ribavirm for
chronic hepatitis C virus mfection. N Engl J Med 2002;347:975-
982. do1:10.1056/NEIM0a020047.

. Hadziyanmis SJ, Sette H Jr. Morgan TR. Balan V, Diago M, Mar-

cellin P, et al. Pegmterferon-alpha2a and ribavirin combmation
therapy in chronic hepatitis C: a randomized study of treatment
duration and ribavirin dose. Ann Intern Med 2004;140:346--355.

. Manns MP, McHutchison JG. Gordon SC, Rustgt VK, Shiffman

M, Remdollar R, et al. Peginterferon’ alfa-2b plus ribavirin
compared with mterferon alfa-2b plus ribavirin for mifial treat-
ment of chronic hepatitis 'C: “a ‘randomised trial. Lancet
2001:358:958-965. do1:10.1016/S0140-6736(01)06102-5.

. Cummings KJ, Lee SM, West ES. Cid-Ruzafa J, Femn SG, Aokt

Y, et al. Interferon and ribavirnin vs interferon alone m the re-
treatment of chronic hepatitis  C previously nonresponsive to
mterferon: a meta-analysis of randomuzed trials. JAMA 2001:
285:193-199. dot:10.1001/jama.285.2.193.

Davis GL; Esteban-Mur R; Rustgi V, Hoefs J, Gordon SC, Trepo
C, et al. Interferon alfa-2b alone or m combmation with ribavirin
for the treatment of relapse of chronic hepatitis C. International
Hepatitis Interventional Therapy Group.. N Engl I Med
1998;339:1493-1499. do1:10.1056/NEIM199811193392102.
Kjaergard LL, Krogsgaard K, Gluud C. Interferon alfa with or
without ribavirin for chronic hepatitis C: systematic review of
randomised trials: Br Med J 2001;323:1151-1155. do1:10.1136/
bmj.323.7322.115L.

Maddrey WC. Safety of combimation mnterferon alfa-2b/ribavirm
therapy  m 'chronic’ hepatitis C-relapsed and treatment-naive
patients. Semm Liver Dis 1999;19(Suppt 1):67-75.
McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee
WM, Rustgi VK, et al: Interferon alfa-2b alone or 1 combmation
with ribavirin as initial treatment for chronic hepatitis: C. Hepa-
titis Interventional Therapy. Group. N Engl J Med 1998;339:
1485-1492. dor:10.1056/NEJM199811193392101.

Poynard T, Marcellin P: Lee SS, Niederau C, Minuk GS, Ideo G,
et ‘al: Randomised trial of interferon alpha2b plus ribavirm for
48 weeks or for 24 weeks versus mterferon alpha2b plusplacebo for
48 weeks for treatment of chronic nfection with hepatitis C virus.
International Hepatitis Interventional Therapy Group (IHIT). Lan-
cet 1998:352:1426-1432. do1:10.1016/50140-6736(98)07124-4.
Twasaki Y; Tkeda H, Araki Y, Osawa T, Kita K, Ando M, et al.
Limitation of combination therapy of mterferon and ribavirin for
older patients with chronic hepatitis C. Hepatology 2006;43:54-
63. do1:10.1002/hep.20984.

Heathcote BJ, Shiffman ML, Cooksley WG, Dusheiko GM, Lee
SS; Balart L, et al. Pegmterferon alfa-2a m patients with chronic
hepatitis C and cirrhosis. N Engl T Med 2000;343:1673-1680.
dot:10.1056/NEIM200012073432302.

Lindsay KL, Trepo C. Hemiges T, Shiffman ML, Gordon SC,
Hoefs JC; et al: A randomized, double-blind trial comparing
pegylated mterferon alfa-2b to mterferon alfa-2b.as initial treat-
ment for chronic hepatitis C. Hepatology: 2001;34:395-403. dov:
10.1053/jhep.2001.26371. :

Zeuzem 'S, Femnman SV, Rasenack J, Heatbcote EJ, Lai MY,
Gane E; ‘et al. Peginterferon ‘alfa-2a i’ patients with' chronic
hepatitis C: N Engl J Med 2000;343:1666-1672. do1:10:1056/
NEIM20001207343230L.

Data on file. PEGASYS: Tokyo (Japan): Chugai Pharmaceuticals
Inc; 2002: .

Okamoto H, Sugiyama Y, Okada:S; Kurat K, Akahane Y, Sugai
Y. et al. Typing hepatitis C virus by polymerase chain reaction

21.

22.

23.

24.

25.

26.

27.

29.

30.

31

32.

33.

34.

- 210 -

with type-specific primers: application to clinical surveys and
tracing mfectious sources. J Gen Virol 1992;73:673-679. dot:
10.1099/0022-1317-73-3-673.

Tanaka T. Tsuktyama-Kohara K, Yamagucht K, Yag1 S, Tanaka
S, Hasegawa A, et al. Significance of specific antibody assay for
genotyping of hepatitis C virus. Hepatology 1994;19:1347-1353.
do1:10.1002/hep.1840190605.

Shirator1 Y, Kato N, Yokosuka O, Imazeki ¥, Hashimoto E,
Hayashi N, et al. Predictors of the efficacy of iterferon therapy
m chrome hepatitis C virus nfection. Tokyo-Chiba Hepatitis
Research Group. Gastroenterology 1997;113:558-566. dou:
10.1053/gast.1997.v113.pm9247476.

Bedossa P, Poynard T. An algorithm for the grading of activity m
chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 1996;24:289-293. do1:10.1002/hep.510240201.
Desmet VI, Gerber M. Hoofnagle JH, Manns M, Scheuer PI.
Classification of chronic hepatitis: diagnosis, grading and stagmg.
Hepatology 1994:19:1513-1520. do1:10.1002/hep.1840190629.
Sakar T, Iino S; Okuno T, Omata M, Kiyosawa K. Kumada H,
et al. High response rates with pegmterferon alfa-2a (40 KD)
(PEGASYS) plus ribavirm (COPEGUS) m treatment-naive Jap-
anese chronic hepatitis C patients: a randomized, double-blind.
multicenter: phase I trial.” Gastroenterology 2006:130(Sup-
ph:A839. abstract.

Dienstag JL, McHutchison JG: American. Gastroenterological
Association technical review on the management of hepatitis C.
Gastroenterology 2006:130:231-264. do1:10.1053/j.gastro.2005.
11.010.

Lagging M, Langeland N. Pedersen C, Farkkila-M. Buhl MR,
Morch K; et al; Randomized comparison of 12 or 24 weeks of
peginterferon alpha-2a and ribavirin 1 chronic hepatitis C virus
genotype 2/3 mfection. Hepatology 2008;47:1837-1845. don:
10.1002/hep.22253.

. Shiffman ML, Suter F, Bacon B, Nelson D, Harley H, Sola R,

et al: Peginterferon alfa-2a and ribavirm for 16 or 24 weeks 1n
HCV genotype 2 or 3. N:Engl J Med 2007;357:124-134. dou:
10.1056/NEYMo02a066403.

von Wagner M, Huber M, Berg T, Hinrichsen H. Rasenack J,
Hemtges T, et al. Peginterferon-alpha-2a (40 kD) and ribavirin
for 16 or 24 weeks in patients with: genotype: 2 or:3 chronic
hepatitis C: Gastroenterology 2005;129:522-527.

Yu ML Dat CY, Huang JF, Hou NJ; Lee LP; Hsieh MY, et al. A
randomised study of peginterferon. and ribavirm for 16 versus
24 weeks m patients with genotype 2 chronic. hepatitis C. Gut
2007;56:553-559. do1:10.1136/gut.2006.102358.

Dalgard O, Bjgro K, Ring-Larsen H; Bjornsson E, Holberg-Pet-
ersenn M, Skovlund E, et al. Pegylated interferon alfa and ribavirin
for 14 versus 24 weeks 1n patients with hepatitis C virus genotype
2 or 3 and rapid virological response: Hepatology 2008;47:35-42.
do1:10.1002/hep.21975.

Zeuzem S, Diago M, Gane E, Reddy KR, Pockros P, Prati D, et al.
Peginterferon alfa-2a (40 kilodaltons). and ribavirm m patients
with chrontc hepatitis’ C_and normal amimotransferase levels.
Gastroenterology = 2004;127:1724-1732.  do1:10.1053/.gastro.
2004.09.050.

Berg T, Sarrazin. C. Herrmann E, Hinrichsen H, Gerlach T,
Zachoval R; et al. Prediction of freatment oufcome in: patients
with chronic hepatitis C: significance of baseline parameters and
viral dynamics - during’ therapy. Hepatology 2003:37:600-609.
do1:10.1053/jhep.2003.50106.

Jeong S; Kawakami Y, Kitamoto M, Ishihara H, Tsuji K, Aimitsu S,
et al. Prospective study of short-term peginterferon-alpha-2a
monotherapy m patients who had a virological response at 2 weeks
after mitiation of interferon therapy. I Gastroenterol ‘Hepatol
2008:23:541-545. do1:10.1111/5.1440-1746.2008.05356.x.

@_ Springer



T Gastroenterol (2009) 44:952-963
DOI 10.1007/s00535-009-0087-x

Predictive values of amino acid sequences of the core
and NS5A regions in antiviral therapy for hepatitis C:

a Japanese multi-center study

Takeshi Okanoue ¢ Yoshito Itoh « Hiroaki Hashimoto « Kohichiroh Yasui * Masahito Minami *
Tetsuo Takehara * Eiji Tanaka - Morikazu Onji - Joji Toyota - Kazuaki Chayama -
Kentaro Yoshioka + Namiki Izumi + Norio Akuta - Hiromitsu Kumada

Recetved: 31 March 2009/ Accepted: 20 April 2009/ Published online: 11 June 2009

© Sprmger 2009

Abstract

Background Chronic hepatitis C (CHC) genotype 1b
patients with high viral load are resistant to peginterferon
(PEG-IFN) and ribavirin (RBV) combination -therapy,
especially older and female patients.

Methods To elucidate the factors affecting early: and
sustained viral responses (EVR and SVR), 409 genotype 1b
patients: CHC ' with *high  viral loads who had received
48 weeks of PEG-IFN/RBV - therapy- were enrolled. The
amino acid (aa) sequences of the HCV core at positions: 70
and 91 and of the interferon sensitivity determining region
(ISDR) were analyzed. Host factors, viral factors, and
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treatment-related factors were subjected to multivariate
analysis.

Results Male gender, low HCV RNA load, high platelet
count, two or more aa mutations of ISDR, and wild type of
core aa 70 were independent predictive factors for SVR. In
patients: with over 80% adherences to both. PEG-IFN and
RBV, male gender, mild fibrosis stage, and wild type of
core aa 70 were independent predictors for SVR.
Conclusions - Independent : predictive: factors: for- SVR
were: no: aa substitution at core aa 70, two or more aa
mutations. in the ISDR; low viral load, high values of
platelet count; mild-liver fibrosis.and male gender.
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