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Figure 1. Expression levels of cholesterol metabolism-associated genes in
HCV-infected liver. SREBP, sterol regulatory element-binding protein; LDLR,
LDL receptor; MTP, microsomal triglyceride protein; ApoB, apolipoprotein B;
ABCGS, ATP-binding cassette G5; NPC1L1, Niemann-Pick Cl like 1; LXRa,
liver X receptor a; CYP7AL1, cholesterol 7a-hydroxylase; FXR, farnesoid X
receptor; BSEP, bile salt export pump; FAS, fatty acid synthase. *Significant
difference (p<0.05) between patients with chronic hepatitis C and normal
controls,

was enhanced by 4-fold, which was accompanied by increased
expression of FXR, while BSEP expression was unchanged
(Fig. 1). FAS expression was increased by ~3-fold and was
accompanied by increased expression of LXRa and SREBP-1¢
(Fig. 1).

Discussion

Expression pattern of examined lipid metabolism-associated
genes in the liver of chronic hepatitis C is summarized in Fig. 3.
In our investigation, the regulation of lipid metabolism was
impaired in HCV-infected liver. It is probable that HCV
infection induces intra-hepatic accumulation of cholesterol,
which results in decreased LDL-cholesterol uptake and
increased lipoprotein and cholesterol output. Nevertheless,
de novo cholesterol synthesis and fatty acid synthesis continued
to increase without negative feedback (Fig. 2). We cannot
explain the phenomena clearly but the same discrepancy was
found in nonalcoholic fatty liver disease (15). The expression
patterns of the tested genes were also apparent in a preliminary
evaluation in an HCV replicon system (data not shown).
These changes seem to be needed or are beneficial for
HCYV replication. Considering the enhanced cholesterol
synthesis in HCV-infected liver, it is plausible that HMGR
inhibitors (statins) elicit inhibitory effects on viral replication.
Statins were recently reported to suppress HCV replication
and, in a clinical trial on peg-IFN plus ribavirin combination
therapy, fluvastatin showed synergistic antiviral effects
(16,17). In addition, geranylgeranyl-diphosphate and farnesyl-
diphosphate, which are produced through the de novo
cholesterol synthesis pathway, are reported to be essential for
viral replication (18). They are needed to activate small
GTPases such as Rho and Ras, therefore, HCV may need
lipids not only for components of virus particles but also for
the modulation of cell signaling pathways. It is also expected
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Figure 2. (A) Real-time RT-PCR analysis of HMG-CoA reductase (HMGR),
HMG-CoA synthase (HMGS), famesyl-diphosphate synthase (FDPS), and
squalene synthase (SS) gene expression in HCV-infected liver. “Statistically
significant differences (p<0.05) compared with normal liver (100%). (B)
Cholesterol synthesis pathway in hepatocytes and its related enzymes.
Arrows indicate significant upregulation of expression levels in HCV-
infected liver compared with normal control.
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Figure 3. Schema showing the interactions between cholesterol metabolism-
associated factors. Arrows (f and {) represent significant difference of
expression levels between patients with HCV infection and normal controls.
LDLR, LDL receptor; SREBP, sterol regulatory element-binding protein;
NPCILI1, Niemann-Pick C1 like 1; ApoB, apolipoprotein B; MTP, microsomal
triglyceride protein; ABCGS5/G8, ATP-binding cassette G5/G8; LXRa, liver
X receptor a; CYP7AL, cholesterol 7a-hydroxylase; FXR, farnesoid X
receptor; BSEP, bile salt export pump; FAS, fatty acid synthase.

that bisphosphonate has antiviral effects because bisphos-
phonate inhibits farnesyl-diphosphate synthase, the
expression of which was enhanced in HCV-infected liver.
Furthermore, eicosapentaenoic acid (EPA) was reported to
inhibit HCV replication in the replicon system and to
suppress SREBP-1c activity (19,20). Therefore, EPA might
elicit antiviral effects via the inhibition of SREBP-1c. We are
now performing a clinical trial using the lipid modulators,
statins, bisphosphonate and/or EPA, in combination with
peg-IEN plus ribavirin therapy.
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The recommended treatment for patients with chronic
hepatitis C, pegylated interferon-o: (PEG-1FN-«) plus ribavirin
(RBV), does not provide sustained virologic response (SVR)

in all patients. We report a genome-wide association study
(GWAS) to null virological 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
1L28B on chromosome 19 to be strongly associated with

NVR (1512980275, P = 1.93 x 10-'3, and rs8099917,

3.11 x 10715), We replicated these associations in an
independent cohort (combined P values, 2.84 x 10-27

(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 10-24, and rs8099917, P = 1.11 x 10-27). In
further fine mapping of the region, seven SNPs (rs8105790,
rs11881222, rs8103142, rs28416813, rs4803219, rs8099917
and rs7248668) located in the /L2388 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 /L28B 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 in patients with
chronic hepatitis C, a combination of PEG-IFN-¢ with ribavirin,
does not produce SVR in all patients treated. Large-scale studies
on 48-week-long PEG-IFN-0//RBV treatment in the United States
and Europe 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, hematologic 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-0,/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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Figure 1 Genome-wide association results with PEG-IFN-o/RBV treatment
in 142 Japanese patients with HCV (78 NVR and 64 VR samples).
Pvalues were calculated by using a %2 test for allele frequencies. The
dots with arrows for chromosome 19 denote SNPs that showed significant
genome-wide associations (P < 8.05 x 1078) with response to PEG-1FN-
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 treatment outcome in a number of independent
studies®-10, Studies have also provided strong evidence that ~20% of
patients with HCV genotype 1 and 5% of patients with genotype 2
or 3 have a null response to PEG-IFN-0/RBV. No definite predictor
of this resistance is currently available that make it possible to bypass
the initial 12-24 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, then an esti-
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 reported to be associated with PEG-IFN-o/RBV therapy
outcome!!"12, However, little is known about the host genetic factors
ST that might be associated with the response to therapy: thus far only

© 2009 Nature America, Inc. Al rights reserved.

a few candidate genes, including those encoding type I interferon
receptor-1 (IFNARI) 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
to PEG-IFN-o/RBV treatment.

We conducted this GWAS to identify host genes associated with
response to PEG-IFN-o/RBV treatment in 154 Japanese patients with
HCV genotype | (82 with NVR and 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 >95%, (ii) minor allele frequency (MAF) 21% and (iii)
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=1.93% 10713, and rs8099917, P= 3.11 x 10713, respectively), with
NVR to PEG-IFN-o/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 % 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
rs12980275; 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 minor 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,
A, 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-o/RBV treatment

Nuli responder Responder Responder
(NVR?, n=128) (VR?, n=186) (SVR?, n= 140} NVR vs. VR NVR vs. SVR
Nearest MAF® Atfele OR ., OR
dbSNP rsiD  gene (allele)  (1/2) Stage 11 12 22 11 12 22 11 12 22 {95% Ch* P value? (95% Ci)© P valued
1512980275 1288 0.15(G) AG GWAS 20 54 4 56 8 o 46 5 0 20.3 1.93x 1013 26.7 7.41 x 10713
(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)
Replication 10 37 3 101 21 0 73 16 o} 19.2 5.46 x 10715 18.3 8.37x 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 21 0 17.7 2.84 x 10777 185 3.99 x 1024
(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)
18099917 /1288 0.12(G) T/G GWAS 19 56 3 58 6 o 47 4 0 30.0 3.11 x 10715 36.5 5.00x 10-14
(24.4) (71.8) (3.8) (90.6) (9.4) (0.0) {82.2) (7.8} (0.0} (11.2-80.5) (11.6-114.6)
Replication 11 37 2 108 14 4 78 11 0 27.4 9.47 x 10718 25.1 1.00x 10-14
(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)
Combined 30 93 5 166 20 0 125 - 15 0 27.1 2.68 x 10-32 27.2 1.11x 10727
(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, null virologic response; VR, virologic SVR, d viralogi response. The 186 VRs d of 46 gl fesponse (TVRs} and 140 SVRs. PMinor allele frequency

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

allele in a dominant model. 9P value 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 rs8099917) 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 rs8099917) (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-0//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 = 5.46 x 107'5, OR = 19.2 for rs12980275; P = 9.47 x 10713,

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 ¥ 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
1s8105790 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 10732 (OR = 27.1; 95% CI = 14.6-50.3), respectively
(Table 1). Notably, when we compared the SVR (n = 140) with
the NVR group (n = 128), the original two SNPs (1512980275 and
1s8099917) 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 10~
(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% Cl
5.1-15.4 forrs12980275; P=1.18 x 10718, OR = 12.1; 95% CI 6.5-22.4
for 158099917, 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
(1512980275, rs8105790, rs11881222, rs8099917, rs7248668 and
1510853728) showed significant associations both in the GWAS stage
(P < 8.05 x 10-8) and in the replication stage (P < 0.0031 (0.05/16))
after Bonferroni correction. These SNPs are located within a 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, 158099917 and rs7248668,
that are located in the downstream flanking region, the third
intron and the upstream flanking region of IL28B. The combined
Pvalues for these polymorphisms were 1.98 x 1073! (OR = 25.7; 95%
CI = 13.9-47.6), 2.84 x 103! (OR = 25.6; 95% CI = 13.8-47.3),
2.68 x 1072 (OR = 27.1; 95% CI = 14.6-50.3) and 1.84 x 10~30
(OR =24.7;95% CI = 13.3-45.8), respectively (SupplementaryTable1).
We then sequenced this region to identify further variants and
found three SNPs (rs8103142, rs28416813 and rs4803219) located
in the third exon, the first intron and the upstream flanking region
of IL28B, 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 10~28,
OR = 22.3 for rs28416813; 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 were in strong LD, and the risk
haplotype showed a level of association similar to those of individual
SNPs (P = 1.35 x 10725, 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 /L288B haplotype

SNP Frequencies
rs8105790  rs11881222 rs8103142 rs28416813 rs4803219 rsB099917 157248668  NVR group VR group Pvalue OR (95% CI)
T A T C [ T G 0.543 0.942 1.81 x 10732 0.1 (0.04-0.12)
C G Cc G T G A 0.387 0.054 1.35x 1028 11.1(6.6-18.6)
A iati lysis of haploty Isting of seven SNPs with respanse to PEG-IFN-o/RBV t in 314 Jap P with HCV. Boldface letters: rs11881222 (third intron);
8103142 (third exon).
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Table 3 Factors associated with NVR by logistic regression model

Factors 0dds ratio 95% Cl P value
rs8099917 (G allele) 37.68 16.71-83.85 <0.0001
Age 1.02 0.98-1.07 0.292

Gender (Female} 3.32 1.49-7.39 0.003

Re-treatment? 1.12 0.55-2.33 0.750

Platelet count 0.93 0.87-1.01 0.080

Aminotransferase level 1.00 0.95-1.00 0.735

Fibrosis stage20 1.10 0.73-1.66 0.658

HCV-RNA level 1.01 0.99-1.02 0.139

*Re-treatment treatment with interferon-a {plus RBV).

p tap

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 rs8099917) 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-0/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-
0./RBV treatment. IL28B encodes a cytokine distantly related to type
I (« and 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 encode proteins known as
type I IENs (IFN-As) 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'®!?. All three interact
with a heterodimeric class 11 cytokine receptor that consists of IL-10
receptor beta (IL10Rf}) and IL-28 receptor alpha (IL28Ra., encoded
by 1L28RA)'%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 IL.28RA™'~ and IFNAR™'~ mice, indicating that IFN-A
is important in mediating antiviral protection by ligands for TLR3
and TRLY (ref. 18). IFN-A induced a steady increase in the expression
of a subset of IFN-stimulated genes, whereas IFN-otinduced the same
genes with more rapid and transient kinetics'®, Therefore, it is pos-
sible that IFN-A induces a slower but more sustained response 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 required 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, 158103142, rs28416813,
154803219, rs8099917 and rs7248668, that are located in the down-
stream flanking region, the third intron, the third exon, the firstintron
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-o/RBV treatment. 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

P=0.015
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Figure 3 Quantification of /L28 mRNA expression. The expression level of
1L28 genes was determined by real-time quantitative RT-PCR using RNA
purified from peripheral blood mononuclear cells. Distribution of relative
gene expression levels was compared between the individuals homozygous
for major alleles (n = 10) and the heterozygous or homozygous individuals
carrying minor alleles (n= 10) of rsB099917 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/.

Note: Supplementary information is available on the Nature Genetics website.
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ONLINE METHODS

Study cohorts. From April 2007 to April 2009, samples were obtained 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-a2b (1.5 pg per kg body weight (1g/kg)
subcutaneously ance a week) or PEG-IFN-02a (180 g/kg once a week) plus
RBV (600—1,000 mg daily depending on body weight). Asa reduction in the
dose of PEG-IFN-a 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 included in this study, HBsAg-positive and/or
anti-HIV-positive individuals were excluded from this study.

NVR (seen in ~20% of total treated patients) was defined as less than a
2-log-unit decline in the serum level of HCV RNA from the pre-treatment
baseline value within the first 12 weeks and detectable viremia 24 weeks after
treatment. VR was defined as the achievement of SVR or transient TVR in this
study; 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 on completion of the therapy. Of 878 patients
with HCV genotype 1 treated by PEG-IFN-o/RBV at 14 hospitals, only 114
(13.0%) met the criteria for NVR in this study. For the GWAS stage of the
study, a case-control study was conducted comparing individuals with NVR
(82 individuals) and VR (72 individuals). For the replication stage, an inde-
pendent cohort of samples from 172 Japanese patients with HCV genotype I,
including 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 in Supplementary Table 4.

Informed consent was obtained from each patient who participated in
the study. The study protocol conforms to the relevant ethical guidelines as
reflected in a priori approval by the ethics committees of all the participating
upiversities and hospitals.

SNP genotyping end data deaning. In the GWAS stage, we genotyped 154
Japanese patients with HCV receiving PEG-IFN-0/RBV treatment using the
Affymetrix Genome-Wide Human SNP Array 6.0 according to the manufac-
turer’s instructions. After exclusion of 4 NVR samples and 8 SVR samples
with QC call rates <95%, the remaining 142 samples were recalled using the
Birdseed version 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 thresholds for QC in data cleaning: SNP call rate 295%
for all samples, MAF 219% for all samples and HWE P value 20.001 for VR
group?»23, A total of 621,220 SNPs on autosomal chromosomes passed the
QC filters and were used for association analysis. All cluster plots for the SNPs
showing P < 0,001 in association analyses by comparing allele frequencies in
NVR and VR groups were checked by visual inspection. SNPs with ambiguous
genotype calls were excluded. Supplementary Table 5 shows SNPs that might
be weakly associated with NVR (P < 107%).

Although the 12 samples noted above were excluded from the GWAS stage
by data cleaning, their quality was good enough for the SNP typing in the
replication study, and thus they were included in the replication stage. In
the subsequent replication stage with high-density association mapping, SNP
genotyping in the independent set of 172 patients was completed using the
DigiTag2 assay?! and direct sequencing using the Applied Biosystems 3730
DNA Analyzer (Applied Biosystems). In addition, strongly associated SNPs
identified in the GWAS stage were also genotyped for the GWAS samples using
the DigiTag2 assay, and the results were 100% concordant to those from the
GWAS platform.

Screening for new polymorphisms. To determine possible genomic variants
in the region of IL28B and its promoter, we sequenced the 3.3-kb region in a
total of 48 Japanese patients with HCV (28 NVR and 20 VR). We sclected 7
samples from NVR patients who were minor allele homozygotes for 2 SNPs
(rs12980275 and 1s8099917), 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 using the Visual
OMP Nucleic Acid software (Supplementary Table 6). PCR was carried using
TaKaRa LA Taq polymerase (Takara Biochemicals) under the following ther-
mal cycler conditions: stage 1,94 °C for 1 min; stage 2, 98 °C for 10s, 68 °C
for 15 min, for a total of 30 cycles; stage 3, 72 °C for 10 min. A 50-p1 PCR
analysis was performed using 2.5 U TaKaRa LA Taq with 1x LA PCR buffer I1,
0.4 mM dNTP, 10 pmol of each primer and 10 ng of genomic DNA. For
sequencing, 7.0 {11 of the PCR products were incubated with 3 ptl of Exonuclease
1/Shrimp Alkali Phosphatase (Takara Biochemicals) first for 90 min at 37 °C
and then for another 10 min at 80 °C. Sequencing reactions were performed
with the use of a BigDye Terminator 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 screening, three SNPs (rs8103142, rs28416813 and
rs4803219) and a few infrequent variations were detected. We then typed these
SNPs in all of the 314 patients.

Statistical analysis. The observed association between a SNP and response to
PEG-IFN-a/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 madel, 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 Bonferroni correction for multiple testing were
P =8.05 x 1078 (0.05/621,220) in the GWAS stage and P = 0.0031(0.05/16)
in the replication stage. None of the 16 markers genotyped in the replica-
tion stage showed deviations from Hardy-Weinberg equilibrium in the VR
group (P > 0.05).

The inflation factor A was estimated based on the median ? 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 paticnts (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) containing 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 tagging SNPs
estimated on the basis of haplotype blocks, SNPs located within the IL28B and
IL28A genes (rs11881222 and rs576832, respectively) and theé significantly
associated SNPs identified in 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 regression model was used to assess the factors associated
with NVR. STATA 10 (Statacorp LP) was used for all analysis. 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 isolated using
the RNeasy Mini Kit and the RNase-Free DNase Set (Qiagen) according to the
manufacturer’s protocol. First-strand cDNA was synthesized using SuperScriptI1
reverse transcriptase with Oligo (dT),,.;5 primer {Invitrogen). The relative
quantification of the target gene was determined using Custom TagMan Gene
Expression Assays, and the expression of glyceraldehyde-3-phosphate dehydro-
genase was vsed 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 version 1.7 software (Applied
Biosystems). A standard curve was prepared by serial tenfold dilutions of
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human c¢DNA. The curve was linear over 7 logs with a correlation coefficient
of 0.998. The specific detection of IL28B in real-time PCR is hard to establish,
because the nucleotide differences between IL28A and IL28B consist of only 9
nucleotides scattered throughout the gene. Primers and probes are designed
for the IL28 gene (Supplementary Table 6).

URLs. The results of the present GWAS have been registered at a public data-
base: https://gwas lifesciencedb.jp/cgi-bin/gwasdb/gwas_top.cgi.
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SUMMARY. Reducing the dose of drug affects treatment
efficacy in pegylated interferon (Peg-IFN) and ribavirin com-
bination therapy for patients with hepatitis C virus (HCV)
genotype 1. The aim of this study was to investigate the im-
pact of drug exposure, as well as the baseline factors and the
virological response on the treatment efficacy for genotype 2
patients. Two-hundred and fifty patients with genotype 2 HCV
who were to undergo combination therapy for 24 weeks were
included in the study, and 213 completed the treatment.
Significantly more patients who achieved a rapid virological
response (RVR), defined as HCV RNA negativity at week 4,
achieved a sustained virological response (SVR) (92%, 122/
133) compared with patients who failed to achieve RVR (48%,
38/80) (P < 0.0001). Multivariate logistic-regression analy-
sis showed that only platelet counts [odds ratio (OR), 1.68;

confidence interval (CI), 1.002-1.139] and RVR (OR, 11.251;
Cl, 5.184-24.419) were independently associated with
SVR, with no correlation being found for the mean dose of
Peg-IFN and ribavirin for RVR and SVR. Furthermore, in the
stratification analysis of the timing of viral clearance, neither
mean dose of Peg-TIFN (P = 0.795) nor ribavirin (P = 0.649)
affected SVR in each group. Among the patients with RVR,
the lowest dose group of Peg-IFN (0.77 + 0.10 pg/kg/week)
and ribavirin (6.9 £ 0.90 mg/kg/day) showed 100% and
94% of SVR. Hence, RVR served as an important treatment
predictor, and drug exposure had no impact on both SVR
and RVR in combination therapy for genotype 2 patients.

Keywords: chronic hepatitis C, drug exposure, genotype 2,
peginterferon and ribavirin combination therapy.

INTRODUCTION

The current standard of care for chronic hepatitis C (CHC)
patients consists of combination therapy using pegylated

Abbreviations: ALT, alanine aminotransferase; BMI, body mass
index; CHC, chronic hepatitis C; c-EVR, complete early virological
response; ETR, end of treatment response; y-GTP, y-glutamyl
transpeptidase; HCV, hepatitis C virus; IFN, interferon; NPV, nega-
tive predictive value; Peg-IFN, pegylated interferon; RVR, rapid
virological response; SVR, sustained virological response.
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interferon (Peg-IFN) and ribavirin [1-3]. Large, random-
ized clinical trials have demonstrated that 42-52% of
hepatitis C virus (HCV) genotype 1 ‘difficult-to-treat’
patients achieved sustained virological response (SVR),
whereas 76-84% of HCV genotype 2 or 3 infected patients
treated with Peg-IFN and ribavirin achieved SVR [4-6]. It
also has been shown that in HCV genotype 2 and 3
infected patients, 24-week treatment regimens are just as
effective as 48-week regimens [6,7]. Therefore, current
guidelines recommend a 24-week treatment for these
patients in contrast to 48 weeks for genotype 1 patients
[1-3]. However, as side effects are common and treatment
is expensive for this therapy, it would be ideal to be able
to further reduce the total amount of drug medication
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without loss of treatment efficacy for genotype 2 and 3
patients.

In HCV genotype 1 patients, reducing drug doses affects
treatment efficacy. In our investigation of HCV genotype 1
patients, the rate of complete early virological response
(c-EVR), defined as HCV RNA negativity at week 12, was
affected by the mean dose of Peg-IFN during the first
12 weeks dose-dependently (P < 0.0001) [8]. Further-
more, we showed that only 4% relapse was found in
patients given >12 mg/kg/day of ribavirin among those
with c-EVR, and the relapse rate showed a decline in
relation to the increase in the dose of ribavirin
(P =0.0002) [9]. On the contrary, it remains to be
determined whether treatment efficacy can be preserved by
further reducing both drug doses in genotype 2 and 3
patients. Because lower doses are expected to cause fewer
adverse effects, it is important to find whether reduced
drug doses can be used while retaining efficacy.

In the present study, we retrospectively evaluated the
efficacy of Peg-IFN alpha-2b and ribavirin combination
therapy for 24 weeks in patients infected with HCV genotype
2 and analysed the factors that affected the treatment effi-
cacy, with particular interests in the drug impact of Peg-IFN
and ribavirin.

PATIENTS AND METHODS

Patient selection and study design

Patients considered to be eligible for this study were those
infected with HCV genotype 2 who underwent Peg-IFN
alpha-2b (Schering-Plough K.X., Tokyo, Japan) and ribavirin
(Schering-Plough K X.) combination therapy from December
2005 to July 2007 at 29 medical institutions taking part in
the Osaka Liver Forum and had completed the 24-week
observation after a clinical course of 24 weeks. Patients with
the following criteria were excluded: hepatitis B virus or
human immunodeficiency virus coinfection, decompensated
liver disease, severe cardiac, renal, haematological or
chronic pulmonary disease, poorly controlled psychiatric
disease, poorly controlled diabetes and immunologically
mediated disease. Liver biopsy had been performed within
24 months prior to the treatment, and histological results
were classified according to the METAVIR scoring system
[10].

Wrritten informed consent was obtained from each patient,
and the study protocol was reviewed and approved accord-
ing to the ethical guidelines of the 1975 Declaration of
Helsinki by institutional review boards at the respective sites.

Patients were treated with Peg-IFN alpha-2b plus ribavirin
for the duration of the study of 24 weeks. Peg-IFN alpha-2b
and ribavirin dosages were based on body weight according
to the manufacturer’s instructions: Peg-IFN alpha-2b was
given subcutaneously weekly (45 kg or less, 60 pg/dose;
46-60 kg, 80 pg/dose; 61-75 kg, 100 pg/dose; 76-90 kg,

120 pg/dose; 91 kg or more, 150 pg/dose), and ribavirin
was given orally daily (60kg or less, 600 mg/day;
61-80 kg, 800 mg/day; 81 kg or more, 1000 mg/day). The
drug doses were also modified based on the manufacturer’s
instructions according to the intensity of the haematologic
adverse effects.

Virological tests

Serum HCV RNA level was quantified by PCR assay (COBAS
Amplicor HCV Test v2.0, Chugai-Roche Diagnostics, Tokyo,
Japan), with a sensitivity limit of 5000 [U/mL and a
dynamic range from 5000 to 5 000 000 [U/mL [11].
Serum HCV RNA was assessed by qualitative PCR assay
(COBAS Amplicor HCV Monitor Test v2.0, Chugai-Roche
Diagnostics), with a detection limit of 50 IU/mL [12].

Assessment of efficacy

Serum HCV RNA (qualitatively or quantitatively) was mea-
sured at weeks 4, 8, 12 and 24 during treatment and after
24 weeks of follow-up without treatment. Patients were
classified as having a rapid virological response (RVR) if
serum HCV RNA was undetectable (<50 IU/mL) at week 4
and at the end of treatment response (ETR) at week 24 of
treatment. SVR was defined as undetectable HCV RNA at
week 24 after treatment. Patients with an ETR who sero-
reverted to HCV RNA during follow-up were classified as
relapsers.

Drug exposure

The amounts of Peg-IFN alpha-2b and ribavirin actually
taken by each patient during the treatment period were
evaluated by reviewing the medical records. The mean doses
of both drugs were calculated individually as averages on the
basis of body weight at baseline; Peg-IFN alpha-2b expressed
as pg/kg/week and ribavirin as mg/kg/day.

Data collection

The medical records were retrospectively reviewed and the
factors necessary for this examination were extracted: age,
sex, body weight, body mass index (BMI), basic laboratory
assessments, liver histology, quantitative and qualitative
HCV RNA, dose of Peg-IFN alpha-2b and ribavirin received
at each administration, and the response to treatment.

Statistical analysis

This study was a retrospective study and, for treatment
results and the analysis of related factors, analysis was car-
ried out only for cases in which the treatment had been
completed (per-protocol analysis). Continuous variables are
reported as the mean with standard deviation (SD) or
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median level, while categorical variables are shown as the
count and proportion. In univariate analysis, the Mann—
Whitney U-test was used to analyse continuous variables,
while chi-squared and Fisher’s exact tests were used for
analysis of categorical data. Variables with P < 0.05 at
univariate analysis were retained for the multivariate logis-
tic-regression analysis. Stepwise and multivariate logistic-
regression models were used to explore the independent
factors that could be used to predict a virological response.
The significance of trends in values was determined with the
Mantel-Haenszel chi-square test. For all tests, two-sided
P-values were calculated and the results were considered
statistically significant if P < 0.05. Statistical analysis was
performed using the SPSS program for Windows, version
15.0] (SPSS, Chicago, IL, USA).

RESULTS

The baseline characteristics for the total cohort are shown in
Table 1. Most of the patients were female (56%) with a mean
age of 54 years, Seventy per cent of the patients were
treatment naive. Of the 250 patients, liver biopsies were
performed for 174 patients, and 18 of them had advanced
fibrosis (F 3-4).

Of the total of 250 patients, 37 (15%) were withdrawn
from treatment because of adverse events: decreased
haemoglobin (n = 10), psychiatric problems including
depression (n=9), fatigue (n = 3), thrombocytopenia,
neutropenia, pyrexia, rash, cerebral haemorrhage, bleeding
of ocular fundus, dyspnea, diziness, jaundice, transaminase
rise, gastrointestinal symptoms (n = 1) and other adverse

Drug exposure has no impact on RVR and SVR 3

events (n = 4). Eight of these patients who discontinued
treatment prematurely had SVR (8/37; 22%).

Drug adherence

Seventy-nine of the 213 patients (37%) required dose
reduction of Peg-IFN alpha-2b, 99 (46%) of ribavirin
because of adverse events (not including patients who later
discontinued treatment because of adverse event). Neutro-
penia (24/79; 30%) and thrombocytopenia (24/79; 30%)
were the most common adverse events for dose reduction of
Peg-IFN alpha-2b, and decreased haemoglobin (82/99;
83%) for that of ribavirin.

Virological response

Of the 213 patients who completed 24 weeks of treatment
and 24 weeks of follow-up, 160 (75%) patients were clear of
HCV RNA at week 4, 191 (90%) at week 8, 196 (92%) at
week 12. ETR was observed for 195 (92%), and SVR for 160
(75%). The relapse rate was 18% (35/195).

Virological response according to the timing of viral
clearance

Positive and negative prediction of sustained virological response
according to the timing of viral clearance

We examined SVR rates according to the timing of viral
clearance for the case in which HCV RNA was cleared
during the treatment (Fig. 1a). The SVR rate was 92% (122/
133) for patients clear of HCV RNA until week 4, 64% (37/
58) from week 5 until week 8, 20% (1/5) from week 9 until

Table 1 Baseline demographic and viral

characteristics of patients Number of cases

Age (years)*
Sex (male/female)

Body weight (kg)*

Body mass index (kg/m?)*
Past IFN therapy (naive/experienced)
HCV RNA (KIU/mL)}
Fibrosis (0/1/2/3/4)8
Activity (0/1/2/3)

White blood cells (/mm?)*
Neutrophils (/mm?3)*

Red blood cells (x10*/mm?)*
Haemoglobin (g/dL)*
Platelets (x10%/mm3)*

ALT (10/L)*
y-GTP (U/L)*

Creatinine(mg/dL)*

250

540+ 12.4 (22-76)
110/140

60.3 £ 11.7 (39-99)
23.1+3.2 (16-35)
175/70

1700 (4-5000 <)
18/98/40/14/4

15/81/70/8

5210 + 1,750 (2100-13 870)
2700 £ 1,250 (590-9020)
436 + 48 (307-554)
13.9+ 1.4 (10-18)
183 6.4 (4-41)

79 + 77 (13-581)
56 + 65 (7-479)

0.7 £ 0.1 (0.4-1.1)

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase; y-GTP,
v-glutamyl transpeptidase. *Values expressed as mean * SD (range), finterferon
treatment history was not known for five patients, tyalues expressed as median
(range), Sdata for 76 patients are missing.
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Fig. 1 (a) SVR rates according to timing of viral clearance. The number above each bar shows the percentage, and the
numbers inside parentheses show the number of patients showing responses over the total number in the subgroup. The
timing of viral clearance was time-dependently correlated with SVR (P < 0.0001). (b) Negative predictive values according to
time of HCV RNA positivity. The number above each bar shows the percentage, and the numbers inside parentheses show
the number of patients showing responses over the total number in the subgroup. The time of HCV RNA positivity was

time-dependently correlated with NPV (P < 0.0001).

week 12 and 0% (0/2) from week 13 until week 24. The
Mantel-Haenszel chi-square test showed that SVR rates were
diminished with a delay in the timing of viral clearance
becoming late (P < 0.0001). Significantly, more patients

who attained RVR achieved final SVR (92%, 122/133)

than patients who failed to attain RVR (48%, 38/80;
P < 0.0001).

Next, we examined the negative predictive value (NPV) for
the proportion of patients with treatment failure among
those with HCV RNA persistence at week 4, 8 and 12
(Fig. 1b). NPV was 53% at week 4, 96% at week 8 and
100% at week 12. Only one of the 22 patients with positive
HCV RNA at week 8 reached SVR.

Predictors of sustained virological response

Both pretreatment and treatment factors that could be
associated with the response to Peg-IFN and ribavirin com-
bination therapy were compared between patients with and
without SVR in Table 2. This univariate analysis showed
that age (P = 0.029), baseline HCV RNA level (P = 0.033),
past IFN treatment history (P = 0.028), platelets counts
(P = 0.020) and having RVR (P < 0.0001) contributed to
achievement of SVR. Pactors that were significantly associ-
ated with SVR by univariate analysis were then analysed by
multivariate logistic regression analysis. SVR was attained
independent of high platelet counts [odds ratio (OR) 1.070,
95% confidence interval (CI) 1.003-1.140, P = 0.040)] and
having RVR (OR 11.526, 95% CI 5.317-24.984,
P < 0.0001; Table 3). As for drug doses, the mean dose of
Peg-IFN alpha-2b was 1.32 £ 0.27 pg/kg/week in patients
with SVR and 1.27 % 0.29 pg/kg/week in those without

SVR (P = 0.130), while that of ribavirin was 10.2 £+ 1.9
and 10.2 £ 2.0 mg/kg/day (P = 0.949), respectively. Thus,
neither Peg-IFN nor ribavirin drug exposure during the full
treatment period affected attainment of SVR.

Prédictors of rapid virological response

To delineate features that might help identify patients most
likely to reach RVR, we also analysed these factors because
having RVR turned out to be one of the most powerful
predictors of SVR attainment. By univariate and multivari-
ate logistic-regression analyses, RVR was attained indepen-
dent of younger age (OR 0.648, 95% CI 0.494-0.850,
P = 0.002) and lower baseline HCV RNA level (OR 0.964,
95% CI 0.944-0.984, P < 0.0001; Tables4 & 5). The
mean dose of Peg-IFN alpha-2b during the first 4 weeks
was 1.31 + 0.27 pg/kg/week in patients with RVR and
1.31 * 0.29 pg/kg/week in those without RVR (P = 0.259),
that of ribavirin was 10.1 + 1.8 mg/kg/day and 10.3 £
2.1 mg/kg/day (P = 0.637), respectively. Thus, neither
Peg-IFN nor ribavirin drug exposure during the first 4 weeks
had an impact on attainment of RVR.

Virological response according to drug exposure and the
timing of viral clearance

Impact of drug exposure on sustained virological response

To more closely evaluate the impact of drug exposure on
virological response, we classified the average doses of both
drugs into four categories (Peg-IFN alpha-2b: up to 0.9 pg/
kg/week, from 0.9 to >1.2 pug/kg/week, from 1.2 to
>1.5 pg/kg/week, from 1.5 pg/kg/week; ribavirin: up to
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Table 2 Factors associated with SVR

among patients who completed the
treatment — univariate analysis

Table 3 Factors associated with SVR

Drug exposure has no impact on RVR and SVR 5

SVR Non-SVR
Factor {(n = 160) (n=53) P-value
Age (years)* 52.4+12.6 56.9 %102 0.029
Sex (male/female) 66/ 94 26 /27 0.202
Body weight (kg)* 595+ 11.5 59.9 £12.5 0.896
Body mass index (kg/m?)* 228+ 3.1 22.8 + 3.5 0.817
HCV RNA (KIU/mL)" 1170 1600 0.033
Past IFN therapy 116/41 31/22 0.028
(naive/experienced)?
Fibrosis (F 0-2/3-4)% 106/10 30/5 0.247
Activity (A 0—-1/2—3)§ 62/54 20/15 0.847
White blood cells (/mms)* 5260 £ 1680 4720 + 1500 0.078
Neutrophils (/mm?)* 2740 + 1270 2420 £ 1020  0.186
Red blood cells (x10*/mm?*)* 435 + 44 437 + 55 0.820
Haemoglobin (g/dL)* 139+ 1.3 140+ 1.5 0.441
Platelets (x10%*/mm?)* 19.0 £ 6.0 16.5 £ 6.2 0.020
ALT (TU/L)* 86 + 89 64 + 45 0.514
v-GTP (U/L)* 54 £ 67 58 £ 59 0.512
Creatinine (mg/dL)* 0.7 £ 0.1 0.7+ 0.1 0.457
Mean Peg-TFN dose (ug/kg/week)* 1.32 + 0.27 1.27 £ 0.29 0.130
Mean ribavirin dose (mg/kg/day)* 10.2 + 1.9 10.2 £ 2.0 0.949
RVR (yes/no) 122/11 38/42 <0.0001

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase; y-GIP,

v-glutamyl transpeptidase; CI, confidence interval. *Values expressed as

mean % sd, Tvalues expressed as median, ‘interferon treatment history was not
known for three patients, Sdata for 62 patients are missing.

among patients who completed the Factor Category 0Odds ratio 95% CI P-value
treatinent — multivariate analysis Age (years) By 10 _ _ NS
HCV RNA (KIU/mL) By 100 KIU/mL - - NS
Platelets (x10*/mm?®) By 1 x 10*¥/mm®  1.068  1.002-1.139  0.045
Past IFN therapy Naive/experienced - - NS
RVR Yes/no 11.251 5.184-24.419 <0.0001

IFN, interferon; HCV, hepatitis C virus; CI, confidence interval.

8 mg/kg/day, from 8 to >10 mg/kg/day, from 10
to >12 mg/kg/day, from 12 mg/kg/day). SVR rates relative
to the mean drug doses during the full treatment period and
the timing of HCV RNA clearance are shown in Table 6. As
also shown in Fig. 1a, the respective rates for SVR according
to the timing of viral clearance were 92% in patients clear of
HCV RNA until week 4, 64% from week 5 until week 8 and
14% from week 9 until week 24. On the contrary, according
to mean drug doses, the respective rates for SVR were 89%
(24/27), 73% (11/15), 79% (85/107) and 82% (40/49) in
patients who received Peg-IFN up to 0.9 pg/kg/week, from
0.9 to >1.2 pg/kg/week, from 1.2 to >1.5 pg/kg/week and
from 1.5 pg/kg/week, respectively, and 80% (24/30), 80%
(40/50), 82% (68/83) and 79% (27/34) in patients who
received ribavirin up to 8 mg/kg/day, from 8 to >10 mg/kg/
day, from 10 to >12 mg/kg/day and from 12 mg/kg/day,
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respectively. If the category of the timing of viral clearance
was the same, the respective rates for SVR attainment
according to the mean doses.of both Peg-IFN and ribavirin
were similar. Furthermore, multivariate analysis by the
Mantel-Haenszel chi-square test showed that neither the
mean dose of Peg-IFN (P = 0.795) nor ribavirin (P = 0.649)
affected SVR rates after stratification of the timing of viral
clearance. Among the patients with RVR, SVR rates were as
high as 88-100% regardless of Peg-IFN alpha-2b medica-
tion, and the least medicated group (<0.9 ug/kg/week, the
mean dose with SD was 0.77 + 0.10 pg/kg/week, 0.50-
0.89) showed 100% of SVR rate (19/19). Similarly, SVR
rates were as high as 91-94% regardless of ribavirin medi-
cation among the patients with RVR, and 17 of 18 patients
(94%) in the least medicated group (<8 mg/kg/day, the
mean dose with SD was 6.9 £ 0.90 mg/kg/day, 5.0-7.9)
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Table 4 Factors associated with RVR

RVR Non-RVR among patients who completed the
Factor (n=133) (n = 80) P-value treatment ~ univariate analysis
Age (years)* 519 +£12.3 56.3 £ 11.3 0.010
Sex (male/female) 60/73 32/48 0.279
Body weight (kg)* 60.2 £ 11.6 58.6 £ 11.9 0.276
Body mass index (kg/m?)* 229+ 3.2 226+ 3.1 0.369
HCV RNA (KIU/mL)" 1050 1800 0.001
Past IFN therapy 97/34 50/29 0.068
(naive/experienced)*
Fibrosis (F 0-2/3-4)% 86/8 50/7 0.315
Activity (A 0-1/2-3)% 51/43 31/26 1.000
White blood cells (per mm3)* 5300+ 1760 4850+ 1400 0.205
Neutrophils (per mm?>)* 2740 £1290 2530+ 1090 0.340
Red blood cells (x10%*/mm?)* 440 * 45 432 + 49 0.628
Haemoglobin (g/dL)* 139+t14 139+1.4 0.975
Platelets (x10*/mm3)* 18.9 + 6.1 175+ 6.1 0.170
ALT (TU/L)* 87 + 93 69 £ 52 0.630
y-GTP (U/L)* 5771 53 £ 53 0.658
Creatinine (mg/dL)* 0.7+0.1 0.710.1 0.203
Mean Peg-IFN dose (pg/kg/week)* 1.31 £ 0.27 1.31 £0.29 0.259
Mean ribavirin dose (mg/kg/day)* 10.1 + 1.8 1063+ 2.1 0.637

IFN, interferon; HCV, hepatitis C virus; ALT, alanine aminotransferase: v-GTP,
y-glutamyl transpeptidase; CI, confidence interval, *Values expressed as

mean * SD, 'values expressed as median, finterferon treatment history was not
known for three patients, Sdata for 62 patients are missing,.

Table 5 Factors associated with RVR among patients who
completed the treatment —~ multivariate analysis

Odds
Factor Category ratio 95% CI P-value
Age (years) By 10 0.648 0.494-0.850 0.002
HCVRNA By 100 0.964 0.944-0.984 <0.0001
(KIU/mI)  KIU/mL

HCV, hepatitis C virus; CI, confidence interval.

achieved SVR. In addition, we examined the drug impact on
SVR in the patients with the least medication of both drugs
(<0.9 pg/kg/week of Peg-IFN and <8 mg/kg/day of ribavi-
rin). Nine patients were categorized into this group and six of
these patients achieved SVR (67%); patients with RVR had a
significantly higher SVR rate (100%, 5/5) than patients
without RVR (25%, 1/4; P = 0.048). Thus, SVR attainment
was dependent on time, not on drug dose.

DISCUSSION

In the present study, we found that having RVR and high
platelet counts were statistically associated with reaching
SVR according to multivariate analysis. The timing of viral
clearance was closely related to the treatment effect in

patients with genotype 2, similar to the case for those with
genotype 1. Ninety-two per cent of SVR was observed for
patients with RVR and, conversely, 96% of the patients with
HCV RNA positivity at week 8 showed non-SVR. The pre-
dictability of SVR based on EVR, defined as a decline of at
least 2-log from the baseline of the HCV RNA level at week
12, has been assessed, and genotype 1 patients who have
failed to reach EVR are recommended to discontinue the
treatment after 12 weeks, because the likelihood of SVR is
0-3% in the absence of EVR [5,13]. On the basis of our
examination of patients with genotype 2, not EVR, but
8-week monitoring of the HCV RNA level can be used.

As a significant factor for SVR, not liver fibrosis, but the
platelet count was selected. Everson et al. [14] reported that
patients with low platelet counts (<12.5 x 10*/mm?3)
achieved lower SVR rates than patients with normal platelet
counts (>12.5 x 10*/mm?) even in the case of patients with
the same category of liver fibrosis treated by Peg-IFN plus
ribavirin combination therapy. Thus, independent of liver
fibrosis, thrombocytopenia itself seems to participate in
treatment failure, although the mechanism remains
unknown.

Our study also demonstrated that younger age (OR 0.648,
95% CL 0.494-0.850, P = 0.002) and lower HCV RNA level
(OR 0.964, 95% CI 0.944-0.984, P < 0.0001) were statis-
tically associated with reaching an RVR. Zeuzem et al. [7]1
previously reported that pretreatment viral load was not
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92% (122/133)
64% (37/58)
14% (1/7)

Total

91% (20/22)
60% (6/10)
50% (1/2)

12<

91% (51/56)

74% (17/23)
0% (0/4)

82% (68/83)

10-12

8-10

92% (33/36)

54% (7/13)
0% (0/1)

Ribavirin dose (mg/kg/day)

94% (17/18)
58% (7/12)

<8

88% (28/32)
71% (12/17)

1.5<

92% (65/71)
64% (19/30)
17% (1/6)

1.2-1.5

91% (10/11)

33% (1/3)
0% (0/1)

73% (11/15)

0.9-1.2

63% (5/8)

Peg-IFN dose (ng/kg/week)

<0.9
100% (19/19)

Table 6 SVR rates according to Peg-IFN alpha-2b and ribavirin exposure and the timing of viral clearance among patients with virological response during the treatment

Timing of viral
clearance (week)

9-24
Total

1

5-8
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81% (160/198)

79% (27/34)

82% (40/49) 80% (24/30) 80% (40/50)

79% (85/107)

89% (24/27)

0.649 for comparison of the four ribavirin groups after

0.795 for comparison of the four Peg-IFN groups after stratification of the timing of viral clearance. **P

stratification of the timing of viral clearance.

*P:
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associated with reaching RVR in genotype 2 patients. In
contrast, Dalgard et al. [15] reported that independent pre-
dictors of RVR in genotype 2 or 3 patients were male gender,
younger age (<40 years) and low viral load (<400/KIU/mL).
The influence of viral load on reaching RVR remains con-
troversial in the Peg-IFN and ribavirin combination therapy
in genotype 2 patients, but patients with lower viral load
seem favoured to reach HCV RNA levels below the detection
limit, that is, to attain RVR, if the virological response is the
same.

Recently, because of substantial adverse effects and costs
associated with this therapy, studies have been carried out to
determine the possibility of further reducing the total
amount of drug medication without compromising antiviral
efficacy in HCV genotype 2 and 3 patients. There seem to be
two ways to achieve. One is by shortening the treatment
duration, and the other is by decreasing the doses of the
treatment drugs. With respect to the former, several studies
on genotype 2 patients have been reported. At first, some
studies of small numbers of subjects demonstrated that
cumulatively analysed genotype 2 and 3 patients had high
SVR rates up to 12 to 16 weeks of therapy (82-94%),
similar to patients subjected to 24-week therapy (76-95%)
[16-19]. However, further prospective investigation of large
numbers of subjects revealed that shortening the treatment
duration was associated with an increase in the rate of
relapse and that significantly higher relapse rates led to
lower SVR rates (71-81.1%), even among those with RVR
[15,20,21]. The latest study by Mangia et al. [22] showed
that shortened therapy after RVR was acceptable only for
patients who had no signs of advanced liver fibrosis and low
BMI. Considering the results of these trials, shortened ther-
apy is regarded as optional treatment for selected patients
displaying favourable baseline characteristics. Therefore,
shortening treatment duration from 24 weeks should not be
generally recommended for patients who are infected geno-
type 2 or 3 and can tolerate 24-week Peg-IFN and ribavirin
combination therapy.

Another attempt to improve the treatment tolerability for
genotype 2 or 3 patients has focused on dose reduction of
treatment drugs. Weiland et al. {23] examined low-dose Peg-
IFN alpha-2a (135 pg weekly) with a weight-based stan-
dard-dose of ribavirin (11 mg/kg daily) for genotype 2 and 3
patients. They demonstrated that SVR rates of 86% were
achieved, which is equal to those in previous representative
randomized controlled studies of standard dose Peg-IFN
therapy (76-84%) [4-6]. In contrast, Ferenci et al. [24]
examined the efficacy of standard-dose Peg-IFN alpha-2a
(180 pug weekly) with low-dose ribavirin (400 mg daily) in
comparison with standard-dose Peg-IFN alpha-2a (180 pg
weekly) and ribavirin (800 mg daily) for genotype 2 and 3
patients, and demonstrated that there was no difference
between the two treatment groups with respect to SVR rates
{64% with 400 mg/day compared with 69% with 800 mg/
day) and relapse rates (20% with 400 mg/day compared
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with 17% with 800 mg/day). These studies showed that
either drug dose can be reduced for genotype 2 and 3
patients without compromising antiviral efficacy. In the
present study, neither Peg-IFN nor ribavirin drug exposure
participated in reaching RVR and SVR. In particular, more
than 90% of patients having RVR achieved SVR regardless of
the drug exposure level, as long as the mean Peg-IFN dose
was over 0.5 pg/kg/week and ribavirin was over 5.0 mg/kg/
day. The results of our study suggested that genotype 2
patients may receive reduced levels of both drug doses on the
condition that they can complete the full 24-week course of
combination therapy. Randomized, prospective trials that
reduced both Peg-IFN and ribavirin should be conducted for
CHC patients to clarify this.

In the present study, while the treatment outcome was
independent of the individual ribavirin exposure in patients
who had completed the 24-week treatment, the most com-
mon reason to withdraw the treatment was decreased hae-
moglobin because of ribavirin medication. Based on the
results of randomized controlled trials [6], using a ribavirin
dose of 800 mg/day is recommended for genotype 2/3
patients [1-3]. However, several studies have shown that
some patients cannot tolerate even this suboptimal ribavirin
dose. This is a serious problem for patients with the risk of
anaemia, especially elderly patients. The ageing of patients is
progressing around the world, requiring improvement in
treatment tolerability. Recently, Andriulli et al. [25] exam-
ined the effect of ribavirin in a 12-week course of therapy on
CHC genotype 2 patients with RVR in two groups, one
continuing with ribavirin and the other receiving Peg-IFN
alpha-2a alone after week 6. The relapse rates were higher
(46% vs 17%; P < 0.001) and overall SVR rates were lower
(54 vs 82%; P < 0.001) in patients who stopped receiving
ribavirin at week 6. Thus, ribavirin medication throughout
the treatment period is necessary to raise the SVR rate even
in genotype 2 or 3 patients with RVR. In the present study,
the ribavirin dose could be reduced without loss of efficacy
for genotype 2 patients, as long as the patients were treated
for 24 weeks. Therefore, in the patients with the risk of
anaemia, it would be better to reduce the dose of ribavirin
before anaemia arises rather than being forced to discon-
tinue the combination therapy because of anaemia caused
by ribavirin medication. We previously reported that in CHC
patients treated by IFN or Peg-IFN in ribavirin combination
therapy, a decline of haemoglobin concentration by 2 g/dL
at the end of 2 weeks from the start of the treatment can be
used to identify patients likely to develop severe anaemia
[26,27]. This kind of predictive factor for the progression to
severe anaemia can be of much help in reducing ribavirin
with appropriate timing,

Our study has some limitations. First, it is a retrospective
study, and we could not obtain complete information for all
patients. However, this is the first study of Peg-IFN and
ribavirin combination therapy in which the drug dose of
Peg-IFN and ribavirin taken by each patient was assessed

independently for HCV genotype 2 patients. Our results can
be taken as an evidence offering suggestions for the treat-
ment of CHC genotype 2 patients. Second, this cohort
included patients with different histories of past IFN treat-
ment. Patients who had failed to recover with previous IFN-
based treatment were likely to experience treatment failure
again [28]. Therefore, we examined the predictors of treat-
ment response separately according to treatment history,
and confirmed that in both naive and treatment-experienced
patients, the mean dose of Peg-IFN and ribavirin showed no
correlation with SVR or RVR in both groups.

In conclusion, our study demonstrates that RVR is an
important treatment predictor and more than 90% of
patients having RVR achieve SVR with combination therapy
of Peg-IFN and ribavirin for genotype 2 infected CHC
patients regardless of the drug exposure. Further prospective,
randomized studies are necessary to assess whether the
standard or a reduced dose of each drug can produce
equivalent outcomes.
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SUMMARY. The impact of ribavirin exposure on virologic
relapse remains controversial in combination therapy with
pegylated interferon (Peg-IFN) and ribavirin for patients with
chronic hepatitis C (CH-C) genotype 1. The present study
was conducted to investigate this. Nine hundred and eighty-
four patients with CH-C genotype 1 were enrolled. The drug
exposure of each medication was calculated by averaging
the dose actually taken. For the 472 patients who were HCV
RNA negative at week 24 and week 48, multivariate logistic
regression analysis showed that the degree of fibrosis
(P = 0.002), the timing of HCV RNA negativiation
(P < 0.001) and the mean doses of ribavirin (P < 0.001)
were significantly associated with relapse, but those of Peg-
IFN were not. Stepwise reduction of the ribavirin dose was
associated with a stepwise increase in relapse rate from 11%

to 60%. For patients with complete early virologic response
(c-EVR) defined as HCV RNA negativity at week 12, only 4%
relapse was found in patients given 212 mg/kg/day of
ribavirin and ribavirin exposure affected the relapse even
after treatment week 12, while Peg-IFN could be reduced to
0.6 ug/kg/week after week 12 without the increase of
relapse rate. Ribavirin showed dose-dependent correlation
with the relapse. Maintaining as high a ribavirin dose as
possible (212 mg/kg/day) during the full treatment period
can lead to suppression of the relapse in HCV genotype 1
patients responding to Peg-IFN alpha-2b plus ribavirin,
especially in ¢-EVR patients.

Keywords: chronic hepatitis C, drug exposure, pegylated
interferon plus ribavirin, virologic relapse.

INTRODUCTION

Combination therapy of pegylated interferon (Peg-IFN) plus
ribavirin is very effective for patients with chronic hepatitis C

Abbreviations: CH-C, chronic hepatitis C; ¢-EVR, complete early
virologic response; ETR, end-of-treatment virologic response; Hb,
haemoglobin; HCV, hepatitis C virus; IFN, interferon; LVR, late
virologic response; Peg-IFN, pegylated interferon; PP, per protocol;
Plt, platelet; RVR, rapid virologic response; SVR, sustained virologic
response; VR, virologic response; WBC, white blood cell.
Correspondence: Naoki Hiramatsu, MD, PhD, Department of
Gastroenterology and Hégatology, Osaka University Graduate

School of Medicine, 2-2, Yamadaoka, Suita City, Osaka 565-0871,
Japan. E-mail: hiramatsu@gh.med.osaka-u.ac.jp

*Both authors contributed equally to this work.

(CH-C). However, sustained virologic response (SVR) in
current therapy occurs in only 40-50% of patients with
hepatitis C virus (HCV) ‘genotype 1 [1-4]. Also, SVR is
reduced in patients with genotype 1 who require reduction
of either Peg-IFN or ribavirin, although dose reduction has
little influence on SVR in those with genotype 2 or 3 [1-
3,5,6). Therefore, it is important to clarify the degree to
which these medications can be reduced without adversely
affecting SVR in patients with CH-C genotype 1.

In an early report on the relationship between drug expo-
sure and antiviral effect in patients with CH-C genotype 1,
patients who received >80% of their total planned cumulative
doses of Peg-IFN and ribavirin for 280% of the scheduled
duration of therapy had an SVR of 51% compared with only
34% for patients who received lesser amounts of one or both

© 2009 The Authors
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medications [7]. On the other hand, Shiffman et al. [8]
recently reported that reducing ribavirin did not affect SVR as
long as the dose of Peg-IFN was maintained, while reducing
the Peg-IFN dose significantly reduced SVR. The results of
these observations are consistent with respect to the effect of
Peg-IFN on SVR. However, what is controversial is whether or
not reducing the ribavirin dose affects the antiviral effect.

Adding ribavirin to either interferon (IFN) or Peg-IFN
monotherapy for patients with CH-C genotype 1 has been
shown to reduce the relapse rate in large randomized trials
[1,2,9-11]. In detail, adding ribavirin to the usual IFN
monotherapy (3MIU, three-times-weekly) in 48-week treat-
ment raised the end-of-treatment virologic response (ETR)
rate from approximately 30% to 50% and also lowered the
relapse rate from mid-40% to approximately 20% [9-11].
Lindsay et al. [12] reported that Peg-IFN alpha-2b (Peg-IFN
o-2b) monotherapy (1.5 ug/kg, once-weekly), as compared
with IFN alpha-2b (IFNa-2b) monotherapy (3MIU, three-
times-weekly), improved ETR (49% vs. 24%), but not the
relapse rate (53% vs. 50%). In the trial of Peg-IFN alpha-2a
(Peg-IFN «-2a) plus ribavirin vs IFN ¢-2b plus ribavirin or
Peg-IFN «-2a alone, the ETR rates were 69%, 52% and 59%,
and the relapse rates were 19%, 15% and 52%, respectively
[2]. These findings from large-scale trials indicate that the
main role of ribavirin is to reduce relapse in the combination
therapy with Peg-IFN, although ribavirin affects both ETR
and relapse in combination therapy with the usual IFN.

In the present study, we tried to determine whether or not
dose reduction of ribavirin (or Peg-IFN) has an effect on
virologic relapse in Peg-IFN plus ribavirin treatment for
patients with CH-C genotype 1.

PATIENTS AND METHODS

Patients

This study was a multicentre trial conducted by Osaka Uni-
versity Hospital and other institutions participating in the
Osaka Liver Forum. A total of 984 patients with CH-C were
enrolled in this study between December 2004 and September
2006, and treated with a combination of Peg-IFN «-2b plus
ribavirin. The baseline characteristics of the patients areshown
in Table 1. All patients were Japanese infected with HCV
genotype 1 and a viral load of more than 10° TU/mL. Patients
were excluded from this study if they had decompensated
cirrhosis or other forms of liver disease (alcohol liver disease,
autoimmune hepatitis), coinfection with hepatitis B or anti-
human immunodeficiency virus. This study was conducted
according to the ethical guidelines of the 1975 Declaration of
Helsinki and informed consent was obtained from each patient.

Treatment

All patients received Peg-IFN a-2b (PEGINTRON; Schering-
Plough, Kenilworth, NJ, USA) plus ribavirin (REBETOL;

© 2009 The Authors
Journal compilation © 2009 Blackwell Publishing Ltd

Dose-dependent effect of ribavirin on relapse 587

Table 1 Baseline characteristics of patients and drug doses

at start of treatment

Factor Mean + SD or n
n 984

Age (years) 56.3 £ 10.1
Sex (male/female) 555/429

Body weight (kg) 61.8 £11.5

History of IFN treatment
Naive/experienced
(relapser/nonresponder)*

575/409 (160/182)

White blood cells (/mm?) 5052 + 1550
Neutrophils (/mm?) 2577 + 1092
Red blood cells (x10*/mm?) 442 + 47
Haemoglobin (g/dL) 141+ 14
Platelets (x10*/mm?) 159 £ 5.5
AST (IU/1) 66 * 45
ALT (IU/L) 79 £ 61
Serum HCV RNA (kIU/mL)t 1600
Histology (METAVIR)?
Fibrosis; 0/1/2/3/4 49/314/197/105/18
Activity; 0/1/2/3 23/329/304/27
Peg-IFN dose (ug/kg/week) 1.45 £ 0.17
Ribavirin dose (mg/kg/day) 114t 16

AST, aspartate aminotransferase; ALT, alanine amino-
transferase; HCV, hepatitis C virus. *Viral response to
previous treatment was unknown in 57 patients, and 10
patients had discontinued treatment. TData shown are
median values. 301 missing.

Schering-Plough) for the duration of the study of 48 weeks.
As a starting dose, Peg-IFN a-2b was given subcutaneously
once weekly at a dosage of 60-150 ug/kg based on body
weight (body weight 35-45 kg, 60 pg; 46-60 kg, 80 ug;
61-75 kg, 100 pg: 76-90 kg, 120 ug; 91-120 kg, 150 ug)
and ribavirin was given orally twice a day at a total dose of
600-1000 mg/day based on body weight (body weight
<60 kg, 600 mg; 60-80 kg, 800 mg; >80 kg, 1000 mg)
according to the manufacturer’s drug information available
in Japan.

Dose reduction and discontinuance

Dose modification also followed, as a rule, the manufac-
turer’s drug information according to the intensity of the
haematologic adverse effects. The dose of Peg-IFN «-2b was
reduced to 50% of the assigned dose when the white blood
cell (WBC) count was below 1500/mm?, the neutrophil
count below 750/mm> or the platelet (Plt) count below
8 x 10*/mm?, and was discontinued when the WBC count
was below 1000/mm?, the neutrophil count below 500/
mm? or the Plt count below 5 x 10*/mm?>. Ribavirin was
also reduced from 1000 mg to 600 mg, 800 mg to 600 mg,
or 600 mg to 400 mg when the haemoglobin (Hb)



