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

chronic hepatitis C

Yasuhito Tanaka!''8, Nao Nishida®!8, Masaya Sugiyamal, Masayuki Kurosaki®, Kentaro Matsuural,

Naoya Sakamoto*, Mina Nakagawa*, Masaaki Korenaga®, Keisuke Hino”, Shuhei Hige®, Yoshito Ito’, Eiji Mita?,
Eiji Tanaka®, Satoshi Mochida!?, Yoshikazu Murawakil!, Masao Honda'?, Akito Sakai'?, Yoichi Hiasa!?,

Shuhei Nishiguchi'4, Asako Koike!>, Isao Sakaidal®, Masatoshi Imamura!?, Kiyoaki [to!7, Koji Yano'7,
Naohiko Masakil”, Fuminaka Sugauchi!, Namiki Izumi?, Katsushi Tokunaga? & Masashi Mizokami®>!”

The recommended treatment for patients with chronic
hepatitis C, pegylated interferon-oc (PEG-IFN-c) 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 (rs12980275, P = 1.93 x 10-13, and rs8099917,

3.11 x 107"5). We repiicated these associations in an
independent cohort (combined P values, 2.84 x 10-%7
(OR=17.7; 95% Cl = 10.0-31.3) and 2.68 x 10732

(OR =27.1; 95% CI = 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 /1288 region showed the most
significant associations (P = 5.52 x 10726-2.68 x 10732; 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 Cl.

The most effective current standard of care in 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-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-a/RBV treatment
in 142 Japanese patients with HCV (78 NVR and 64 VR samples).

P values were calculated by using a x2 test for allele frequencies. The
dots with arrows for chromosome 19 denote 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 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-0/RBV therapy
outcome’>12, However, little is known about the host genetic factors
that might be associated with the response to therapy: thus far only

a few candidate genes, including those encoding type I interferon
receptor-1 (IFNAR1) and mitogen-activated protein kinase—activated
protein kinase 3 (MAPKAPK3), have been reported to be associated
with treatment response!®!4. We describe here a GWAS for response
to PEG-IEN-0//RBV treatment.

We conducted this GWAS to identify host genes associated with
response to PEG-IEN-0//RBV treatment in 154 Japanese patients with
HCV genotype 1 (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 295%, (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 x 10713, and 158099917, P = 3.11 X 10713, respectively), with
NVR to PEG-IFN-0/RBV treatment (Table 1). The rs8099917 lies
between IL28B and IL28A, ~8 kb downstream from IL28B and ~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
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

Null responder Responder Responder
(NVR?, n=128) (VR®, n = 186) (SVR?, n = 140) NVR vs. VR NVR vs. SVR
Nearest MAF®  Allele OR OR
dbSNP rsiD  gene (allele}  (1/2) Stage 11 12 22 11 12 22 11 12 22 (95% CIF Pvalued  (95% Ci) P valued
rs12980275 /L28B 0.15(G) A/G GWAS 20 54 4 56 8 0 46 5 o] 203 1.93 x 10-13 26.7 7.41 x 10713
(25.6) (69.2) (5.1) (87.5) (12.6) (0.0) (90.2) (9.8) (0.0) (8.3-48.9) (9.3-76.5)
Replication 10 37 3 101 21 o} 73 16 0 19.2 5.46 x 10715 18.3 8.37 x 10713
(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 o] 119 21 o] 17.7 2.84 x 10727 185 3.99 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)
rs8099917 /L28B 0.12(G) T/G GWAS 19 56 3 58 6 ] 47 4 o} 30.0 3.11 % 10-18 36.5 5.00 x 10714
(24.4) (71.8) (3.8) (90.6) (S.4) (0.0) (92.2) (7.8) (0.0) (11.2-80.5) (11.6-114.6)
Replication i1 37 2 108 14 0 78 11 0 27.4 9.47 x 10718 25.1 1.00 x 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 10732 27.2 1.11 x 1077
(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)

aNVR, null virologic response; VR, virologic response; SVR, sustained virologic response. The 186 VRs consisted of 46 transient virologic response (TVRs) and 140 SVRs. bMinor allele frequency
and minor allele in 184 healthy Japanese individuals!5. 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 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 DigiTag? 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 10715, OR = 19.2 for rs12980275; P = 9.47 x 10778,

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
158105790 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 1072 (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 (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 1027 (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 rs12980275; P=1.18 x 10718, OR = 12.1; 95% CI 6.5-22.4
for rs8099917, Supplementary Table 2), suggesting that these SNPs
would predict NVR as well as SVR before PEG-IFN-0t/RBV therapy.

Among the newly analyzed SNPs in the replication study, six
(rs12980275, rs8105790, rs11881222, rs8099917, rs7248668 and
rs10853728) showed significant associations both in the GWAS stage
(P < 8.05 x 107%) 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, rs8099917 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 107! (OR = 25.6; 95% CI = 13.8-47.3),
2.68 X 10732 (OR = 27.1; 95% CI = 14.6-50.3) and 1.84 x 107%
(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, 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 107%°, OR = 26.6 for rs8103142; P = 5.52 x 10728,
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 /L28B haplotype

SNP Frequencies
rs8105790 rs11881222 rs8103142 rs28416813 1s4803219 rs8099917 rs7248668 NVR group VR group P value OR (35% CI)
T A T c o] T G 0.543 0.942 1.81x 10732 0.1 (0.04-0.12)
[ G c G T G A 0.387 0.054 1.35 x 1025 11.1 (6.6-18.6)

Association analysis of haplotypes consisting of seven SNPs with response to PEG-IFN-a/RBV treatment in 314 Japanese patients with HCV. Boldface letters: rs11881222 (third intron);

rs8103142 (third exon}.
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Table 3 Factors associated with NVR by logistic regression model

Factors 0Odds ratio 95% Cl P value
1s8099917 (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? 112 0.55-2.33 0.750
Platelet count 0.93 0.87-1.01 0.080
Aminotransferase level 1.00 0.99-1.00 0.735
Fibrosis stage2® 1.10 0.73-1.66 0.658
HCV-RNA level 1.01 0.99-1.02 0.139

2Re-treatment, non-response to previous treatment with interferon-o (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 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 IL.28 expression is associated with a response to PEG-IEN-
0/RBV treatment. IL28B encodes a cytokine distantly related to type
I (o 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 III IFNs (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!®17. All three interact
with a heterodimeric class II cytokine receptor that consists of IL-10
receptor beta (IL10RpB) and IL-28 receptor alpha (IL28Rai, encoded
by IL28RA)®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 TLRY agonists was significantly
reduced in both IL28RA™~ and IFNAR™'~ mice, indicating that IFN-A
is important in medjating 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-¢ induced 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, 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-0//RBV treatment. This would remove
the need for the initial 12-24 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

{L28 mRNA relative expression

Major homozygotes  Minor heterozygotes
and homozygotes
SNPs

Figure 3 Quantification of /L28 mRNA expression. The expression level of
1L.28 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 rs8099917 by using the Mann-Whitney
U-test. The bars indicate the median. All samples were obtained from
HCV-infected patients before PEG-IFN-o/RBYV 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-02b (1.5 pg per kg body weight (ug/kg)
subcutaneously once a week) or PEG-IEN-0.2a (180 [ig/kg once a week) plus
RBV (600-1,000 mg daily depending on body weight). As a reduction in the
dose of PEG-IFN-¢ and RBV can contribute to a less sustained virological
response?l, 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-0/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 1,
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
universities and hospitals.

SNP genotyping and data cleaning. 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 21% for all samples and HWE P value 20.001 for VR
group?®23, A total of 621,220 SNPs on autosomal chromosomes passed the

i 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 < 1074).

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 selected 7
samples from NVR patients who were minor allele homozygotes for 2 SNPs
(rs12980275 and rs8099917), 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 10 s, 68 °C
for 15 min, for a total of 30 cycles; stage 3, 72 °C for 10 min. A 50-pl PCR
analysis was performed using 2.5 U TaKaRa LA Tag with 1x LA PCR buffer II,
0.4 mM dNTP, 10 pmol of each primer and 10 ng of genomic DNA. For
sequencing, 7.0 pl of the PCR products were incubated with 3 pil of Exonuclease
I/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
r$4803219) 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-TFN-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 Bonferroni correction for multiple testing were
P =8.05x 107 (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 y? 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) 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 the 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-t/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 SuperScript I
reverse transcriptase with Oligo (dT);,_,3 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 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 version 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

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 55
nucleotides scattered throughout the gene. Primers and probes are designed

for the IL28 gene (Supplementary Table 6). 23.
24,

URLSs. 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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<I® H>
B RIS FFE BICH AAER T 1 7 SRIEC & B HBs BB &

Z O BEEEF DR

R BEY sk X MR ERY G #hY 49 BlEY
I OEREY IR RRAY EBU LAY FH O OERY SR |2
WE OWRY R ORRY OMmHE BR AMERFY REHE EDE

#E  BAERBITT 2BMT - 1 S REOR N FRERICH LT, 537V VBEMES %A1 7 769

BIECHMLNTE Y, BBBREHHIE 251200,

Blastg e Liz. TN O TORERT6 # RLL LD HBV

B IR RIEFE DR HETH 5 HBs HilR (HBsAg) 78 FmREa MR L. BR7 F o 7 RZSRNEONFRIZ
REBONLEMDBMA SN TS, FFRTESN D 737V B SkE 306 B, 73 7Y RSN

SV OROHED H LIV »WI EEEICELLE
TrarERATOHRE L. SEFK A IZEHMO

BT ANVABBIC LTSI TV V+ 7T 74 €
MEBEZToER 2076, SITV vz r70Y

BRT 0 FBEIC & B HBsAg HE & £ DORERFIC WADY Y ZIER 166 FITH o7z, T b DEFID

DWW THRR L7z

55, TS OEL TSk L7zl 46 FIFTEL,

Z NN DIEBNS T N TR S5 £ 17 o /2. HBsAg
R EFE 1995 F~2006 F % TIZH IR T B EBH 1L CLIA ¥ (ARCHITECT® HBsAg QT) & Fiv 7z

Table TFactors associated with HBsAg clearance by univariate and multivariate analysis.

Univariate Multivariate

factors Hazard Ratio (85%CI) P Hazard Ratio (95%CI) P
Age (>50yr) 0.94 (0.48-1.89) 0.865
Gender (F) 059 (0.21-1.68) 0.323
Family history of HBV infection 0.43 (0.22-0.84) 0.014
Presence of cirrhosis 0.79 (0.56-1.12) 0.192
Previous IFN therapy 2.70 (1.31-5.59) 0.007 2.96 (1.34-6.54) 0.008
HBYV genotype (A) 3.39 (2.27-5.08) <0.0001 3.64 (2.40-5.52) <0.0001
HBeAg (positive) 1.23 (0.61-2.48) 0.563
HBV DNA (>6.0 logcopies/mL) 1.20 (0.52-2.78) 0.674
HBsAg (<2000 IU/mL) 140 (0.70-2.80) 0.346
ALT (>300IU/L) 1.47 (1.02-2.11) 0.040
Platelets count (< 1.2 X 105/mm?) 0.91 (0.34-2.43) 0.123
Treatment response at 6 months
HBeAg positive — clearance 3.15 (1.49-6.66) 0.003 2.22 (1.01-4.88) 0.046
HBV DNA (<26 logcopies/mL) 3.56 (1.22-10.4) 0.021 4.07 (1.36-12.2) 0.012

The bolded numbers: statically significant.
Abbreviation: HBsAg, Hepatitis B surface antigen; IFN, interferon; HBe Ag: Hepatitis B envelope antigen

1) ROFMREFELE 5 —

2) ORI E
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737V YREEO HBsAg HRICEEST HAETFICOW
T Cox WBINYF— FETFNVE AT, BEBRUSE
BT ETORE L

R 737V UVE5RHE» S OBIEIR O P RE
12 63F (07-1354) Tho7z. FIT TV EEENIC
IFN EERE % B 3 AIEFIH297 B (39%) 748 L 7
(B5EAM o P gL 278 (2-57558)). HBV B
REEZ BT HEBIA 538 B (70%) FAELZ. T3
7Y ¥ 5-BA% O HBsAg 5 33 BICEID L7
(NG Rk 31 #l, J5RTHEE24). &1
TORME HBsAg THZEIZ54F 1 1.8%, 104F 1 7.3% T
B o7 HBsAg HEIZE ST HRFICOWTHEER
WMEAToE A, B ENEATI, FREED Y (48%
vs.74%), IFN BEEDH Y (64% vs. 37%). genotype
A (25% vs. 26%), BAlGaEs ALT &1E (300 IU/L LI L)
(33% vs. 20%), BRI 6 A ALRIP® HBe HLEE S
(30% vs.12% : HBeAg Rk idfi BrmbetEplz it L
T), IBHEREIAT 6 7 AR T HBVDNA BMHL(<26
log copies/ml) (85% vs.67%) @ 6 AF b sz
(Table). F 7GR TR TAL, 737V VHMH
T T AN BRIEFTIE, 370+
777 % ENVBEREEERIC I L C HBsAg {HEEDE
RThHo7z (P=0014).

LERORT BV, HBsAg HRICES T 5 HTFIC
DWTEHEBIN 2T o728 25, M HF & LT geno-
type A, IFN {GHEE, {6HFIIE 6 77 A T HBeAg
Motk — AL, 1EEEBRMGTE 6 A ETo HBVDNA
Ao 4 JF25E & /e (Table).

ER . SEOBRF TR T -1 /%5580 HBsAg
521213 HBV genotype 2% < Bdb - TV AN Do
7. INFETFNVET V% PeglFN TOHED L 9
1299 genotype A Tid HBsAg BENET 2%, Mo geno-
type L DA T/, HBsAg HEI R ) 7
WeEZ NS, T2 IFNEERPHBRT -1 7 iEE
BHORISHE: ©5Y HBsAg HERICES L, IBERBE
ALT O LB EBWERITD HBsAg 2EE LT WE
MiZdh oz &b, BET a7 IEEIZ L ) HBsAg
PRI HDIE, BBRT S BEOHT AV
AVERIZVT TR, BEORERSTLELERSN
5. 5% OBsAg LT B L7-, M7 o JiaHnk
DITERMPLEENS. ZOBRILT I TV VEREERT
DIRFTTH B, SRIIAFEOBEEERETH ),
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52 4% (2011)

it MBS TIEREDO L v 7 4 VR SEF T DM
HOLEEEDLNS.

$5|FH5E  HBsAg, #B7J5 w2, IFN

Nk 1) Kobayashi M, Suzuki F, Akuta N, et al.
J Med Virol 2007; 79: 1472—1477 2) Manesis
EK, Hadziyannis ES, Angelopoulou OP, et al. An-
tiviral Ther 2007: 12: 73—82 3) Gish RG, Chang
TT,Lai CL, et al. ] Viral Hepat 2010; 17: 16—22
4) Wursthorn K, Jung M, Riva A, et al. Hepatology
2010 ; 52: 1612 — 1620 5) Moucari R,
Martinot-Peignoux M, Mackiewicz V, et al. Antivir
Ther 2009; 14: 1183—1188
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EVEE
Clearance of hepatitis B surface antigen during
long-term nucleot(s)ide analogues treatment
in chronic hepatitis B

Tetsuya Hosaka'*, Fumitaka Suzuki”,

Masahiro Kobayashi®, Yuya Seko”, Norihiro ImaiV,
Miharu Hirakawa’, Yusuke Kawamura”,
Hitomi Sezaki®, Norio Akuta®, Yoshiyuki Suzuki”,
Satoshi Saitoh”, Yasuji Arase”, Kenji Ikeda”,
Mariko Kobayashi?, Hiromitsu Kumada®

Clearance of HBsAg is considered the ultimate goal
in the treatment for chronic hepatitis B. We analyzed
clinical factors associated with HBsAg clearance dur-
ing long-term nucleot(s)fide analogue treatment. By uni-
variate analysis, HBV genotype, family history of HBV
infection, previous IFN therapy, HBeAg clearance at
6 months, and undetectable HBV DNA at 6 months
were significant predictive factors. By multivariate
analysis, HBV genotype, previous IFN therapy, HBeAg
clearance at 6 months, and undetectable HBV DNA at
6 months were independent and significant predictive
factors of HBsAg clearance. We conclude that patients
with genotype A have high probability of HBsAg clear-
ance, and it seems that not only the antiviral potential
of nucleot(s)ide analogue but host immune response is
needed to achieve HBsAg clearance.

Key words: hepatitis B surface antigen,
nucleot(s)ide analogues, interferon
Kanzo 2011; 52: 255—257
1) Department of Hepatology, Toranomon Hospital,
Tokyo
2) Department of Research Institute for Hepatology,
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28 Z TagMan HBV [ 4 — b+ ] v20 128 AF—KOD
MiEMAR & AR O HBV DNA B O R

IRARIFT R XFEP A #ZP O JFH O BERY EHO LAY
N 0P W Bm? R B Ak ERY HE R

B s A R 1= B 27 G 12

#E : HBV DNA OBIZEIE, 1996 F124 HBV DNA
TO—TEPERISE SN TS, MEFTOMESRIC
vy TMA (transcription-mediated amplification) %
PCR #7% EOBREZMNEEDORESEATE 2. B
T, BEOEBETHER SN T3 real-time PCR #1Z,
HBV DNA 7% 15~2.0Log copies/mL F2EE F THH AT
Btz o/, 4EFK 4L, TagMan HBV v2.0 B (23
A TagMan HBV[ [ — M [v20" . a2 - ¥4 75
AT 4w 7 A, BR) & v, MiE & mEEo R ERI
B, EREOBFRMEICOWTHRE 21T 20T
ET5.

IR EFE A HIE, B BB L UFEEOR
A T Entecavir # 5- 1 4£ BL L #% 8 L ALT (alanine
aminotransferase) B4 30 IU/I L F & Fft L T\ 5 52
SEBI (104 BefR) & L7z, WERIE, 51 29 61 (558%),
AEHE 52 4% il (27~81 #E) Tdh o 7z. HBV geno-
type & genotype A © 2, genotype B : 541, genotype
C:44 %, typing ANRE : 1 BITH o7z, 52 FEFNIH L
BEMROBH—LEET B OR—RET 2 BOFRMLE
EfL HBVDNA #@lZ L7z, 2HEBEOKRA ¥ 0
mix, 1 HEoFm%E, 82 HOMICEML. @
ERRIILE TLM 5 mL & MERARMNE (EDTA-2K) T
4l 8 mL % FRAL, R 2R 05 BERE, TagMan HBV
v2.0 ¥ (B/ MR 1, MIERAE @ 2.0 Log copies/mL,
MAEMR © 1.7 Log copies/mL) W TMEZITo 72, %
SHEHNTIL, WEMEATY 7 b7 27 STAT Flex ver. 5.0
v, P<O05S TEEE L7z ARBRIE, SkEomE

E?

BEFELSORBZZT, ERIIOVWTOL ¥ 7 +—
AR -avEry M RTo7.

FER  MYE - MEERTIRE 1046109 B, MiE &1
#DWE T HBV DNA 28 L7-0id, 25 #1(24.0%),
MWE & D ICHRIBAREE, 41 #1(394%) THo7205, M
BT L2 IE CHBRBERETH - 2013, 64
(58%)TdH by, MBFTHH L7ZAMFE TIEIREARET
Hol-mit, 3241(308%) T, MEETOMBERIL, M
EX ) AEE (P<000l [McNemar MENICEETH -
72 (Table 1).

ERBBTSus#R s RACESTAIEICE
D FOMMERRO HIEE L FROBIFED NG Z
Enn, BRICEFEZIIBWTEMMT S o 78 % &
9252 &3%E %2, HBVDNA itk 12 U, HBs FLIE,
HB 2 7 B 7 & Dfli4 O HBV < —#H —Z2WnT
W2 ThNnTw 52, Drugfree 259 BE e iERRE D
PELEMO—D2 HBV DNA OiFREEMALTH VY, &%
Hrhib# ALT EOB EFIC X AEREL - BUEL2YEE
ENAHZELY, BEEICHBVDNA 2752 &
PHEETH LAREMELD 5.

FZCAE, BadBEERMSAE v TagMan HBY

Table 1 Detail correlation between plasma speci-
men (EDTA-2K) and serum specimen

1) BoOMREFEIEE

2) EOMHEEIEY >~ —

*Corresponding author: vj7m-kbys@asahi-net.or.jp
<ZATA2011E8H 198 ><IRI]H 201149820 >
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Serum
detected  not detected
25 32%
plasma detected (24.0%) (30.8%)
(EDTA-2K) 6% 41

not detected (5.8%) (39.4%)

* P<0.001 [McNemar HRE]



23 TagMan HBV (4 — +J v20 I BT 2 ME - MEEHRE

v2.0 D IMiERE & MFEREOEFREOKE 217572,
WED 104 W4ED D bIMEE 7212 MMEO VT THBY
DNA Z4&H L7201, MiE135.8% (24 LI T1330.8%
& M#%To HBV DNA o#HiEIzkiar# A BZ (P<
0001) 2 b o TEETHo 7. —7F, MIET HBV DNA
AR L 72 AN EE TIEIAR R RE CTh o 7otk d 5.7% 77
LAY, s, MBI, genotype & EIC—EDRY X
E, ZORRE, RMVEEBRERBOBD TERRE
ORTRETHNSY FIERT ABRHRNZHS
LEZ LN

b2 s, mEEREZEVALC LI L) MERE L
) BEEIC HBV DNA #HIZET A Z & A%EEE oo 7z,
S5 X 1) B R B E AL 2 B T OERRIG F AER
Fans.

525 |FHEE  BAFLEY A VX,
TagMan PCR %, SRE

X#Ek 0 1) Goedel S, Rullkoetter M, Weisshaar S, et
al. Journal of Clinical Virology 2009; 45: 232—236
2) Matsumoto A, Tanaka E, Minami N, et al. Hepa-
tology Research 2007; 37: 661—666 3) HFRZE%].
JEAREHFREWE (TS mRES R
) BRI ZMRET, 2010, H21-FF28——H%-001
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BEYEE
The evaluation of the sensitivity between serum and
plasma specimen for COBAS TagMan HBV v2.0

Mariko Kobayashi®*, Fumitaka Suzuki®,
Yoshiyuki Suzuki?, Norio Akuta®, Hitomi Sezaki®,
Yusuke Kawamura®, Yuya Seko?, Tetsuya Hosaka?,
Masahiro Kobayashi?, Satoshi Saitoh?, Yasuji Arase?,

2)

Kenji Ikeda?, Hiromitsu Kumada

The sensitivity in serum and plasma for HBV DNA
was evaluated by using 104 clinical specimens from 52
patients who were treated with entecavir for =1 year
and continued ALT levels <301U/L The measurement
employed the COBAS TagMan HBV v2.0. Twenty-five
specimens (24.0%) were detected from both serum and
plasma, and 41 specimens (394%) were not detected
from both. On the other hand, there were 32 specimens
(30.8%) with detectable from plasma but undetectable
from serum, and only 6 specimens (5.8 %) with detect-
able from serum but undetectable from plasma. This
result suggested the sensitivity of HBV DNA using
plasma specimen is more sensitive than that of serum
specimen with statistical significance (p<<0.001).

Key words: hepatitis B virus, TagMan,
high sensitivity
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Correlation of YMDD mutation and breakthrough hepatitis
with hepatitis B virus DNA and serum ALT during

lamivudine treatment

Mariko Kobayashi,' Fumitaka Suzuki,”? Norio Akuta,? Hiromi Yatsuji,? Tetsuya Hosaka,?
Hitomi Sezaki,? Masahiro Kobayashi,? Yusuke Kawamura,? Yoshiyuki Suzuki,? Yasuji Arase,?
Kenji Ikeda,? Rie Mineta," Satomi Iwasaki,” Sachiyo Watahiki' and Hiromitsu Kumada?

‘Research Institute for Hepatology, and *Department of Hepatology, Toranomon Hospital, Tokyo, Japan

Aim: Continuous lamivudine treatment is associated with
high frequency of drug resistance. We analyzed the incidence
of tyrosine-methionine-aspartate-aspartate (YMDD) motif
mutant and breakthrough hepatitis (BTH) in hepatitis B virus
(HBV) DNA positive patients receiving lamivudine for > 1 year
and correlated it with HBV DNA and alanine aminotransferase
(ALT) levels to evaluate if these measurements can provide a
practical option for monitoring patients in clinical practice
and define early switch from lamivudine therapy.

Methods: Of the 929 patients receiving lamivudine for
> 1year, 359 patients who maintained an ALT level of
<40 IU/L during the course of lamivudine treatment were
stratified into two groups based on the duration of lamivudine
treatment — one receiving lamivudine for < 3 years and the
other for > 3 years.

Results: The incidence of YMDD motif in patients receiving
lamivudine for <3years was 27% in patients with ALT

< 20 1U/L, 58% with ALT <30 IU/L, and 63% with ALT < 40 {U/L,
(P = 0.002). The corresponding incidence of BTH was 2%, 7%,
and 48% (P < 0.001). The incidence of YMDD motif and BTH in
these patients was 7% and 2% with HBV DNA < 2.6 {log copies/
mL) and ALT <20 lU/L, while with ALT at 21-30, the YMDD
motif mutant was 16% and BTH was 0%.

Conclusion: Correlation of ALT and HBV DNA levels with
YMDD motif mutant and BTH indicates that these measure-
ments can be used in clinical practice for deciding early
switch from lamivudine to other suitable antiviral therapies.

Key words: alanine transaminase, breakthrough hepatitis,
hepatitis B virus, lamivudine, mutation, viral DNA

INTRODUCTION

AMIVUDINE HAS GAINED increasing popularity

since its approval in 1998 for the treatment of
chronic hepatitis B virus (CHBV).'** Lamivudine blocks
HBV replication, reduces HBV DNA levels, normalizes
alanine aminotransferase (ALT) levels, thereby resulting
in histological improvement of the liver.” It is a reverse
transcriptase inhibitor that acts by competing with the
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natural polymerase substrate deoxycytidine triphos-
phate (dCTP) and thus inhibits the elongation of HBV
DNA minus strand. It incorporates into the nascent
DNA strand and thereby acts as a chain terminator.
Although lamivudine is very effective in inhibiting viral
replication, the incidence of resistance is high, with an
estimated 14-32% of patients developing resistance
after 1 year of treatment, 38% after 2 years of treatment,
and 53-76% after 3 years of treatment.

Resistance to lamivudine, which increases over years
is due to development of mutations in the tyrosine-
methionine-aspartate-aspartate (YMDD) motif in the
DNA polymerase/reverse transcriptase, which is the
main target of lamivudine.*$~* This amino acid sequence
in YMDD motif is predominantly involved in deoxy-
nucleoside triphosphate (dNTP) binding in the catalytic
site of the HBV DNA polymerase.
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-170-



126 M. Kobayashi et al.

Hepatology Research 2010; 40: 125-134

Table 1 2007 Ministry of Health, Labour and Welfare of Japan guidelines for hepatits B virus (HBV)-positive patients for
nucleoside analogue treatment for patients with chronic HBV receiving lamivudine therapy

Lamivudine therapy
HBV DNA

< 3 years

2 3 years

Keep < 2.6 log copies/mL
2 2.6 log copies/mL No BTHt

With BTH

Switch to entecavir 0.5 mg/day

Switch to entecavir 0.5 mg/day

Adefovir 10mg/day (duo therapy
with lamivudine)

Continue lamivudine
100 mg/day

Adefovir 10 mg/day (duo therapy
with lamivudine)

tAfter checking for absence of tyrosine-methionine-aspartate-aspartate (YMDD) motif mutation. BTH, breakthrough hepatitis.

Long-term lamivudine therapy is associated with
amino acid substitutions mainly in the YMDD motif
and also in the proximal FLLAQ (phenylalanine,
leucine, alanine, glutamine) motif.*® Common muta-
tion may occur in the YMDD motif where the methion-
ine residue is replaced either by valine (rtM204V) or
isoleucine (rtM204I)."! These amino acid substitutions
form the basis of emergence of lamivudine-resistant
strains of HBV and when these occur, the clinical con-
dition may worsen, which is usually accompanied by
increase in viral load and serum aminotransferase levels.
YMDD mutants cause breakthrough hepatitis (BTH)
and, therefore, require withdrawal or switch-over from
lamivudine treatment. The American Association for the
Study of Liver Diseases (AASLD) and the United States
Algorithm for Management of Patients with Drug Resis-
tance recommend either switching over to entecavir or
adding adefovir in the event of lamivudine resistance.’?
The 2007 Japanese guidelines of the study group (Min-
istry of Health, Labour and Welfare of Japan)'® on stan-
dardization of treatment for HBV positive patients for
nucleoside analogue treatment for patients with CHBV
receiving lamivudine therapy are explained below and
also summarized in Table 1.

According to the 2007 guidelines for patients on lami-
vudine therapy, switching over criteria from lamivudine
therapy has been changed from BTH to HBeAg status in
patients maintaining HBV DNA copies 2 2.6 log copies/
mL. Patients on lamivudine for < 3 years and maintain-
ing HBV DNA copies 22.6 log copies/mL can be
switched over to entecavir 0.5 mg/day if they are also
HBeAg negative, whereas HBeAg-positive patients can
be co-administered adefovir 10 mg/day in both the
treatment duration groups (> 3 years or < 3 years).

Unfortunately, the cost of measuring HBV resistance
to lamivudine by molecular methods is high and is not
presently covered by Japanese reimbursement system
in clinical practice. Development of HBV resistance to
lamivudine is typically indicated by an increase in HBV

© 2009 The Japan Society of Hepatology

DNA followed by an increase in serum ALT levels.
Increase in HBV DNA represents active viral replication
whereas serum ALT levels provide an indirect assess-
ment of the degree of liver injury."*

Hence, in this study, we analyzed the correlation of
the incidence of YMDD motif mutant and BTH with
HBV DNA and serum ALT levels, either separately or
together, in HBV DNA-positive patients who are treated
with lamivudine for > 1 year and who had maintained
an ALT level of £ 40 IU/L until the development of BTH
during the course of lamivudine treatment.

METHODS

Patients

HIS WAS A retrospective, nonrandomized study that

enrolled 929 HBV DNA-positive-patients receiving
100 mg of lamivudine daily and followed up for a
period of 1year or longer between 1995 and 2006.
Since long-term treatment with lamivudine was associ-
ated with a high frequency of YMDD motif mutant and
BTH (BTH can be defined as abnormal variations in
serum transaminase level due to YMDD motif mutant),
we analyzed patients who had a possibility to switch to
other nucleoside analogues. Patients (n = 395) with ALT
<40 IU/L during follow-up (for 48 patients who devel-
oped BTH, data was used until 1 month before the
patient developed BTH). Patients were not treated with
either adefovir or entecavir during follow-up (for
patients who used adefovir or entecavir because of BTH
development, data was used until the point before the
patient started adefovir or entecavir treatment). Patients
were negative for anti-hepatitis C virus (HCV) (third-
generation enzyme immunoassay; Chiron, Emerville,
CA) and negative for HCV RNA with PCR (Amplicor;
Roche Diagnostic Systems, Pleasanton, CA), did not
have hepatocellular carcinoma, nore other forms of
liver injury such as hemochromatosis, Wilson’s disease,
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primary biliary cirrhosis, alcoholic liver disease, and
autoimmune liver disease.

Informed consent was obtained from each patient
included in the study. The study protocol conformed to
the ethical guidelines of the 1975 Declaration of Hels-
inki as reflected in a priori approval by the institution’s
human research committee.

Patients were stratified into 2 groups based on the
duration of lamivudine treatment - one receiving
lamivudine for < 3 years (n=125) and the other for
>3 years (n=234). In addition, we also analyzed
patients based on their ALT level (IU/L) grouped into
<20, 21-30, and 31-40, and HBV DNA (log copies/mL)
divided into < 2.6, 2.6-5.0, and 2 5.1.

During treatment, patients were followed up each
month for liver function and serum markers of HBV
infection. The serum sample of the patients were col-
lected and preserved at —80°C. All the collected samples
up to this time period were analyzed for HBV DNA in
June 2001. From July 2001, the serum samples were
collected and analyzed once a month at the clinical
treatment facility.

YMDD motif mutants were determined at the base-
line and monitored at 6 months and during the study as
well as at the development of breakthrough hepatitis.
YMDD motif mutants were analyzed in the serum pre-
served at —80°C altogether.

Markers of HBV infection

The HBeAg was estimated by enzyme-linked immun-
osorbent assay (ELISA} (F-HBe; Sysmex, Kobe). HBV
DNA was determined by PCR followed by hybridization
(Amplicor HBV Monitor: Roche Molecular Systems,
Branchburg, NJ), and the results were expressed in log
copy per milliliter over a range of 2.6-7.6. The 6 major
genotypes of HBV (A-F) were determined serologically
by ELISA (HBV GENOTYPE EIA; Institute of Immunol-
ogy) and the PCR-invader method with genotype-
specific probes.”” YMDD motif mutants were
determined by PCR followed by restriction fragment
length polymorphism (RFLP)? or enzyme-linked mini-
sequence assay with commercial assay kits (PCR-ELMA;
Genome Science).

Statistical analyses

Frequencies were compared between groups by the
x*-test, Fisher's exact test, and HBV DNA values by
Mann~Whitney U-test. Emergence of YMDD motif
mutants and BTH were compared in the Kaplan—Meier
life table by using the production limit method. A
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P-value < 0.05 was considered significant. Analyses of
all data were performed with SAS 9.1.3.

RESULTS

URING THE PERIOD of 12 years from 1995 to

2006, 929 HBV DNA-positive patients received
100 mg of lamivudine daily. From the total of 929
patients who received lamivudine for 1 year or more,
359 patients who maintained an ALT level of < 40 IU/L
were stratified based on the duration of lamivudine
treatment and divided into 2 groups - one receiving
lamivudine for <3 years (n=125) and the other for
>3 years {n=234). Demographic features and clinical
background of the two study groups were uniformly
matched with no significant differences in age, sex,
serum transaminase levels, HBV DNA, hepatitis B
e-antigen (HBeAg), and HBV genotype (Table 2). The
median ALT values were 112 IU/L and 145 IU/L in both
the groups, respectively, and the median HBV DNA level
was identical at 6.1 log copies/mL in both the groups.

Incidence of YMDD motif mutant and BTH
after lamivudine treatment for < 3 years

The incidence of YMDD motif mutant within 3 years of
treatment with lamivudine by ALT (IU/L) level was 27%
in 53 patients maintaining an ALT level of < 20 (group
A), 58% in 46 patients maintaining an ALT level of < 30
(group B); and 63% in 26 patients maintaining an ALT
level of <40 (group C), with statistical differences
among the 3 groups (P = 0.002). The incidence of BTH
was 2% in group A, 7% in group B, and 48% in group C
(P<0.001). The lowest incidence of YMDD motif
mutant and BTH was noted in patients with ALT level of
<20 (IU/L) (Fig. 1a,b). Follow-up for patients who
developed BTH was discontinued upon the detection of
YMDD motif mutant.

The incidence of YMDD motif mutant within 3 years
of treatment with lamivudine based on the HBV DNA
(log copies/mlL) level was 28% in patients maintaining
an HBV DNA level of < 2.6; 83% in patients maintaining
an HBV DNA level of 2.6-5.0; and 100% in patients
maintaining an HBV DNA level of > 5.1, with significant
differences among the 3 groups (P < 0.001). The indi-
dence of BTH was 4%, 30%, and 40%, respectively, in
patients with HBV DNA level of <2.6, 2.6-5.0, and
2 5.1 log copies/mL (P =0.004) (Fig. 2a,b). The lowest
incidence of YMDD motif mutant and BTH was seen in
patients maintaining an HBV DNA level of < 2.6 log
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Table 2 Background of 359 patients using lamivudine treatment for > 1 year at the start of lamivudine therapy

Factors Duration of lamivudine therapy

< 3 years 2 3 years Differences

n=125 n=234 (P-value)
Age (years) 23-75 (43)t 18-76 (43)F NS#
Male 93 (73%) 182 (77.1%) NS#
HBV infection in mother 47 (37%) 82 (35%) NS#
Chronic hepatitis 109 (85%) 212 (90%) NS#
AST (IU/L) 15-866 (80)t 19-2593 (83)+ NS#
ALT (IU/L) 11-2092 (112)+ 14-2142 (145)+ NS#
Total bilirubin (mg/dL) 0.2-3.8 (0.7)t 0.2-10.6 (0.7}+ NS#
¥-GTP (IU/L) 16-440 (54)t 13-468 (65)t NS#
HBV DNA (log copy/mL) <2.6->7.6 (6.1)t <2.6->7.6 (6.1)t NS#
HBeAg 66(52%) 107 (45%) NS#
HBV genotype (A, B, C, ND) 4:15:98:8 5:21:207:1 NS#

tMedian value where indicated. $Not significant. ALT, alanine transaminase; AST, aspartate aminotransferase; HBeAg, hepatitis B

e-antigen; HBY, hepatitis B virus; y-GTP, gamma glutamyl transferase.

copies/mL. The BTH incidence was particularly high in
patients with an HBV DNA level of 25.1, which was
40% within 1 year.

The incidence of YMDD motif mutant within 3 years
of treatment with lamivudine in patients based on both
the ALT (IU/L) and HBV DNA (log copies/mL) level
during the course of lamivudine treatment was evalu-
ated (Table 3).

In patients maintaining HBV DNA < 2.6 and ALT
<20, the incidence of YMDD motif mutant and BTH
was 7% and 2%, respectively. Whereas in patients with
HBV DNA level of < 2.6 and ALT 21-30, the incidence
of YMDD motif mutant was higher at 16% and BTH was
0%, and in patients with ALT 31-40, YMDD motif
mutant and BTH was further higher at 42% and 17%,
respectively.

In patients with HBV DNA level at 2.6-5.0 and ALT
< 20, the incidence of YMDD motif mutant was 33% in
patients with 0% incidence of BTH. Nevertheless, in
patients maintaining HBV DNA at 2.6-5.0 but with ALT
21-30, the incidence of YMDD motif mutant was 73%
and BTH was 18%; whereas in patients with ALT 31~40,
the incidence of YMDD motif mutant was 50% and BTH
was 42%.

In patients maintaining HBV DNA >5.1 and ALT
31-40, both YMDD motif mutant and BTH was 100%.

Incidence of YMDD motif mutant and BTH
after lamivudine treatment for > 3 years

In patients treated with lamivudine for 3 years or more,
the incidence of YMDD motif mutant by ALT (IU/L)
level was 58% in 113 patients in group A, 60% in 84

Table 3 Incidences of tyrosine-methionine-aspartate-aspartate (YMDD) mutant and breakthrough hepatitis (BTH) by hepatits B
virus (HBV) DNA and alanine transaminase (ALT) level in patients during lamivudine treatment for < 3 years (125 patients)

HBV DNA*t ALT level (IU/L)t
(Amplicor: log copies/mL)
<20 21-30 31-40

YMDD BTH YMDD BTH YMDD BTH

<26 Vsjar T 141532 T 0/32°; 5/12 2/12
L (7%) (2%) (16%) (0%) (42%) (17%)

2.6-5.0 RV 0/i2 T g/il T 211" 6/12 5/12

(33%) (0%) (73%) (18%) (50%) (42%)
251 0 0 3/3 0/3 2/2 2/2

(100%) (0%) (100%) (100%)

1+The HBV DNA and ALT levels are shown based on the treatment duration of lamivudine.
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motif mutant and breakthrough hepa-
tits was noted in patients with alanine 207
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(a) Incidence of YMDD mutants over 0
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time (P=0.0017). (b) Incidence of 0
break throughhepatitis over time
(P <0.0001).

patients in group B, and 80% in 37 patients in group C
(P=0.002), and that of BTH in the corresponding
groups was 7%, 14%, and 57% (P < 0.001) (Fig. 3a,b).

In patients treated with lamivudine for 2 3 years, the
increased incidence of YMDD motif mutant by HBV
DNA (log copies/mL) level was 65% in patients main-
taining an HBV DNA level of <2.6, 78% in patients
maintaining an HBV DNA leve] of 2.6-5.0, and 92% in
patients maintaining an HBV DNA level of 2 5.1, and
that of BTH in the corresponding groups was 10%, 18%,
and 77% (P <0.001) (Fig. 4a,b).

The incidence of YMDD motif mutant in = 3 years
treatment with lamivudine in patients by both ALT

Time (years)

(IU/L) and HBV DNA (log copies/mL) levels during the
course of lamivudine treatment was also analyzed
(Table 4).

In patients maintaining HBV DNA <2.6 and ALT
<20, the incidence of YMDD motif mutant and BTH
was 38% and 7%, respectively. At the same HBV DNA
level of < 2.6 and ALT 21-30, the incidence of YMDD
motif mutant was 48% and BTH was 8%; whereas at
ALT 31-40, YMDD motif mutant was 36% and BTH was
9%.

In patients maintaining HBV DNA 2.6-5.0 and ALT
<20, the incidence of YMDD motif mutant and BTH
was 60% and 4%, respectively. At the same HBV DNA

© 2009 The Japan Society of Hepatology
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level, 2.6-5.0 and ALT 21-30, the incidence of YMDD
motif mutant was 86% and BTH was 18%; whereas at
ALT 31-40, YMDD motif mutant was 92% and BTH was
42%.

In patients maintaining HBV DNA 25.1 and ALT
31-40, YMDD motif mutant was 93% and BTH was
86%.

DISCUSSION

ONG-TERM THERAPY for CHBV can lead to the
development of HBV drug-resistant mutants. Early
detection of the YMDD motif mutants in lamivudine-
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(P<0.0037).

hepatitis over time

treated patients and timely switch to other nucleoside
analogues with low viral resistance is crucial to prevent
viral and biochemical flares and ineffective therapeutic
response. Although development of YMDD mutants
results in decreased viral susceptibility to lamivudine,
viral replication rate is lower in mutant strains than in
wild type.®

Among the 359 patients who received lamivudine for
> 1 year and maintained an ALT level of < 40 IU/L, the
rate of YMDD motif mutant was 11% (1 year), 29%
(2 year), 42% (3 year), 49% (4 year) and 61% (5 year).
BTH occurrences were 3% (1 year), 8% (2year), 13%
(3 year), 15% (4 year) and 19% (5 year). The rate of
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YMDD motif mutant and BTH were low after 3 or more
years of treatment with lamivudine. Therefore, the year
of switching treatment from lamivudine to other nucleic
acid analogue will be at 3 years. Accordingly, in this
study, we examined patients treated with lamivudine for
<3 and = 3 years.

Among the patients treated with lamivudine for
< 3 years, the lowest incidence of YMDD motif mutant
and BTH was seen in patients with ALT < 20 IU/L main-
taining HBV DNA level of 2.6-5.0. The other category
for lowest incidence was in patients with ALT
21-30 IU/L and HBV DNA level of < 2.6 log copies/mL.
In this study, within 3 years of treatment with lamivu-

8 10 12
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i i 1.l J SZO
3 T 1 T 1 13
4 6 8 10 12
Time (year)

dine, the group of patients with the recommended HBV
DNA (< 2.6 log copies/mL ) and ALT maintained at
21-30 IU/L may be considered eligible to be switched
to entecavir therapy as per Japanese guidelines. We,
however, believe it is important to consider the progno-
sis for patients who are switched from lamivudine to
entecavir. Similarly, in patients maintaining HBV DNA
level in the range of 2.6-5.0 log copies/mL and ALT
<20 IU/L, switching to dual therapy with adefovir in
combination with lamivudine depends on the related
viral breakthrough. In a study by Li Zhou et al.,'® some
patients with YMDD motif mutants had significantly
lower HBV DNA and ALT levels compared with baseline
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