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Interleukin 28B polymorphism predicts interferon plus
ribavirin treatment outcome in patients with hepatitis C
virus-related liver cirrhosis: A multicenter retrospective
study in Japan
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Aim: This study evaluated the efficacy of interferon plus
ribavirin and examined whether interleukin 28B (1L28B) poly-
morphism influenced treatment outcome in Japanese patients
with hepatitis C virus (HCV)-related liver cirrhosis {LC).

Methods: Fourteen collaborating centers provided details
of 261 patients with HCV-related LC undergoing treatment
with interferon plus ribavirin. Univariate and multivariate
analyses were used to establish which factors predicted treat-
ment outcome.

Results: Eighty-four patients (32.2%) achieved a sustained
virological response (SVR). SVR rates were 21.6% (41/190) in
patients with HCV genotype 1 with high viral load (G1H) and
60.6% (43/71) in patients with non-G1H. In patients with non-
G1H, treatment outcome was effective irrespective of [L28B
polymorphism. In those with G1H, SVR was achieved in 27.1%
of patients with the IL28B rs8099917 TT allele compared with
8.8% of those with the TG/GG alleles (P = 0.004). In patients

with G1H having TT allele, treatments longer than 48 weeks
achieved significantly higher SVR rates than treatments less
than 48 weeks (34.6% vs 16.4%, P = 0.042). In patients with
G1H having TG/GG alleles, treatments longer than 72 weeks
achieved significantly higher SVR rates than treatments less
than 72 weeks (37.5% vs 4.1%, P = 0.010).

Conclusion: Interferon plus ribavirin treatment in lapanese
patients with non-G1H HCV-related LC was more effective
than those with G1H and not influenced by 1L28B polymor-
phism. In those with G1H, IL28B polymorphism may predict
SVR and guide treatment duration: SVR rates were higher in
those with the TT allele treated for more than 48 weeks and
those with the TG/GG alleles treated for more than 72 weeks.
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interleukin 28B, ribavirin
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INTRODUCTION

HRONIC HEPATITIS C virus (HCV) infection is a
leading cause of liver cirrhosis worldwide.' Patients
with HCV-related liver cirthosis (LC) are at increased
risk of hepatic decompensation and hepatocellular
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carcinoma (HCC).** The therapeutic goal in these
patients should be the prevention of liver-related mor-
tality. A randomized trial conducted in Japan was the
first to suggest that interferon (IFN) may reduce the risk
of HCC in patients with HCV-related LC.® Recent studies
have shown that patients with HCV-related LC who
achieved a sustained virological response (SVR) with
antiviral therapy had a significant reduction in liver-
related mortality.>” However, patients with HCV-related
LC show a lower SVR rate than non-cirrhotic patients, as
well as a reduced tolerance to the therapy.®® A previous
meta-analysis revealed that the overall SVR rate in
patients with cirrhosis was 33.3%, and was significantly
higher in patients with HCV genotypes 2 and 3 (55.4%)
than in those with HCV genotypes 1 and 4 (21.7%)."
- Genome-wide association studies have recently

shown that single nucleotide polymorphisms (SNP)
near the interleukin 28B (IL28B) region {1s8099917,
rs12979860) are the most powerful predictors of SVR
to pegylated (PEG) IFN plus ribavirin in patients with
HCV genotype 1 infection.’*"** However, it is not clear
whether IL28B polymorphism can be used to predict the
virological response to treatment of HCV-related LC.
This study evaluated the efficacy of IFN plus ribavirin,
and the association between IL28B polymorphism and
the treatment efficacy in Japanese patients with HCV-
related LC.

METHODS

HIS WAS A multicenter retrospective study of

patients with HCV-related LC who had received
treatment with IFN plus ribavirin in 14 hospitals in
Japan.

Patient selection

Data were collected from 290 patients with HCV-related
LC receiving treatment with IFN plus ribavirin in 14
academic and community hospitals. All patients had
compensated HCV-related LC with clinical or histologi-
cal data available. The diagnosis of cirthosis met at least
one of the following criteria: liver biopsy specimens
with cirthosis, diffuse formation of the nodules on the
liver surface in peritoneoscopy, over 12.5 kPa in liver
stiffness values on transient elastography, signs of portal
hypertension on ultrasound scan (splenomegaly, portal
vein enlargement, re-permeabilization of the umbilical
vein, or presence of portal-systemic shunts), presence
of esophageal varices on endoscopy or positive
values using the following discriminant by Ikeda
and colleagues: z = 0.124 X (y-globulin {%]) + 0.001 x

© 2013 The Japan Society of Hepatology
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(hyaluronate) (ng L) = 0.075 x (platelet count
[x10* counts/mm?®]) — 0.413 X sex (male, 1; female,
2) —2.005.7*'¢ Principal investigators in 14 hospitals
identified eligible patients and entered data in a pre-
defined database.

Combination therapy

Of the 290 patients identified, 29 were not genotyped
for IL28B SNP, thus the data of 261 patients were ana-
lyzed. A total of 190 patients were infected with HCV
genotype 1 with high viral load (>100 KIU/mL) (G1H)
(72.8%) and the remaining 71 (27.2%) were classified
as non-G1H. Twenty-two patients were HCV genotype 1
with low viral load, 46 were genotype 2a or 2b, and
three were of unknown genotype. Two hundred and
twenty-four (85.8%) patients were treated with PEG
IFN-g-2b  (1.5-1.0 ug/kg bodyweight per week), 20
(7.7%) patients were treated with PEG IFN-0-2a (45~
180 pg/week) and the remaining 17 (6.5%) patients
were treated with IFN-0-2b or IEN-B. IEN-0-2b and
IFN-B were administrated at a median dose of 6 million
units each day (seven times per week for the initial 2 or
4 weeks, followed by three times per week thereafter).
All patients also received oral ribavirin (600-1000 mg/
day). Median treatment duration was 48 and 28 weeks
in G1H and non-G1H, respectively. The individual
attending physician determined the treatment regimes
and their duration.

Virological response during therapy
and definitions

The efficacy end-point was SVR, defined as undetectable
serum HCV RNA 24 weeks after treatment. Relapse was
defined as undetectable serum HCV RNA at the last
treatment visit but detectable serum HCV RNA again at
the last follow-up visit. Breakthrough was defined as
reappearance of serum HCV RNA during treatment. A
non-responder was defined as serum HCV RNA never
undetectable during treatment. A rapid virological
response (RVR) was defined as undetectable serum HCV
RNA at treatment week 4, and a complete early virologi-
cal response {cEVR) was defined as undetectable serum
HCV RNA at treatment week 12. A late virological
response (LVR) was defined as detectable serum HCV
RNA at 12 weeks that became undetectable within 36
weeks of the start of treatment.

Determination of 1L.28B genotype

Interleukin 28B (1s8099917) was genotyped in each of
the 14 hospitals by Invader assay, TagMan assay or by
direct sequencing, as previously described. !"*®
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Statistical analysis

Results were analyzed on the intention-to-treat prin-
ciple. Mean differences were tested using Student’s t-test.
The difference in the frequency distribution was ana-
lyzed with Fisher's exact test. Univariate and multivari-
ate logistic regression analyses were used to identify
factors independently associated with SVR. The odds
ratios (OR) and 95% confidence intervals (95% CI)
were also calculated. The parameters that achieved sta-
tistical significance on univariate analysis were entered
into multivariate logistic regression analysis to identify
significant independent factors. Data were analyzed
with JMP version 9.0 for Macintosh (SAS Institute, Cary,
NC, USA). All statistical analyses were two sided, and
P < 0.05 was considered significant.

RESULTS

F THE 261 patients included in our analysis, 84

patients (32.2%) achieved SVR (Fig. 1). The rate
of relapse and breakthrough was 24.9% and the
non-responder rate was 33.3%. There were 25 patients
(9.6%) who required early discontinuation of treatment
because of adverse events. Baseline demographic and
clinical features are summarized in Table 1. The age of
the patients was 60.7 + 8.9 years and 50.6% were male.
Of the patients studied, 125 patients (47.9%) had been
treated with IFN previously, and 75 (28.7%) had not
responded to previous treatment. One hundred and six
patients (40.6%) had been treated for HCC before.
There were 85 patients with esophageal varices {32.6%).

1L28B genotype and treatment outcome in cirrhosis 985

There were 190 patients with G1H and 133 (70%) of
these had the TT allele at 1L28B rs8099917. There were
71 patients in the non-G1H group, 51 (71.8%) of whom
were found to have the TT allele at IL28B 1s8099917.

Virological response rates in patients with
G1H and non-G1H HCV-related LC

The SVR rates were 21.6% (41/190) in patients with
GIH and 60.6% (43/71) in patients with non-G1H
(Table 2). There were no statistically significant differ-
ences between the GI1H and non-G1H groups with
regard to dose reduction rates of IFN or ribavirin. Dose
reduction of IFN was required in 51.3% of patients
and dose reduction of ribavirin in 53.6% of patients.
Treatment duration in patients in the G1H group was
significantly longer than those in the non-G1H group
(P=0.010).

Association between IL28B rs8099917
genotype and treatment response

Sustained virological response was achieved in 37.0% of
patients with the 158099917 TT allele and 20.8% in
those with the TG or GG allele. Virological responses,
including SVR, relapse and breakthrough, in patients
with the s8099917 TT allele were significantly
higher than in those with 158099917 TG or GG allele
(P=0.013 and 0.012, respectively; Table 3). The pro-
portion of non-responders among patients with the
1s8099917 TG or GG allele was significantly higher than
in those with the TT allele (P=0.002). There was no

No. of patients

N=290

No. of patients who were not measured
for 1L.28B polymorphism
N=29

No. of patients

N=261

Figure 1 Flowchart showing the char-
acteristics of the study cohort. IL28B, SVR
interleukin 28B; SVR, sustained viro- N=84

Relapse and breakthrough|| Non-responder
N=65
24.9%

Treatment discontinuation
N=87 N=25
33.3% 9.6%

0,
logical response. 32.2%
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Table 1 Summary of demographic and baseline characteristics (n = 261)

Hepatology Research 2014; 44: 983-992

G1H, n=190 Other than G1H, n=71 All patients, n= 261
Sex (M :F) 95:95 37:34 132:129
Age (years) 60.5£9.3 61.2%7.8 60.7£8.9
BMI (kg/m?) 23.8£35 23432 23.7+3.4

IFN treatment history
HCC treatment history
Presence of EV

Total bilirubin (mg/dl)
AST (TU/L)

ALT (IU/L)

GGT (IU/L)

Albumin (g/dL)
Prothrombin (%)
WBC (/uL)
Hemoglobin (g/dL)
Platelets (10*/mm?)
AFP (ng/mL)

DCP (mAU/mL)
IL28B (IT : TG + GG)

91 (47.9%)
75 (39.5%)
60 (31.6%)
1.1£09
79.1+442
82.4%56.4
83.8+107.8
3.74£05
862+ 14.4
4407 1592
13.2+1.8
11.8+6.7
48.9+224.7
66.8+372.3
133:57

34 (47.9%)
31 (43.7%)
25 (35.2%)
11+14
75.8 £57.7
81.9£75.4
87.0%140.1
38404
83.7%16.7
4190+ 1930
13.1+1.8
11.8+6.3
24.0+293

155.3+£620.4

51:20

125 (47.9%)
106 (40.6%)
85 (32.6%)
1.1+1.2
79.9+52.7
83.3%66.2
84.6+115.8
37405
85.5+15.1
4348 + 1667
13.1£1.8
11.8%6.6
45.4+1939
92.4+450.8
184:77

All values are expressed as mean * standard deviation.
AFP, o-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; DCP, des-y-carboxy

prothrombin; EV, esophageal varices; G1H, genotype 1 with high viral load; GGT, y-glutamyltransferase; HCC, hepatocellular
carcinoma; IFN, interferon; IL28B, interleukin 28B rs8099917 genotype; WBC, white blood cell.

significant association between the IL28B genotype and
the incidence of adverse events.

Among patients in the G1H group, SVR was achieved
in 27.1% (36/133) of those with the TT allele and 8.8%

Table 2 Summary of treatment and sustained virological response rates (n=261)

(5/57) of those with the TG or GG allele (Table 4).

There was no statistically significant difference between

non-G1H.

11.28B genotype and viral response in patients with

GI1H, n=190

Other than G1H, n=71

All patients, n=261

Dose reduction of IFN
Dose reduction of RBV

Treatment duration (weeks)

Mean + SD
Median
SVR

n=98 (51.6%)
n=107 (56.3%)

45.3+21.6

48

n=41 (21.6%)

n=236 (50.7%)
n=33 (46.5%)

37.7£19.6

28

n=43 (60.6%)

n=134 (51.3%)
n=140 (53.6%)

4324214
48

n=284 (32.2%)

G1H, genotype 1 with high viral load; IEN, interferon; RBV, ribavirin; SD, standard deviation; SVR, sustained virological response.

Table 3 Association between IL28B rs8099917 polymorphism and treatment response in 261 hepatitis C virus-related liver

cirrhotic patients

1L28B TT (n=184) TG+ GG (n=77) P-value
SVR 68 (37.0%) 16 (20.8%) 0.013
Relapse and breakthrough 54 (29.3%) 11 (14.3%) 0.012
Non-responder 44 (23.9%) 43 (55.8%) 0.002
Discontinuation 18 {9.8%) 7 (9.1%) 1.000

[L28B, interleukin 28B 1s8099917 genotype; SVR, sustained virological response.

© 2013 The Japan Sodiety of Hepatology
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Table 4 Sustained virological response associated between IL28B rs8099917 polymorphism and G1H in hepatitis C virus-related

liver cirrhosis patients

1L28B TT (n = 184) TG+ GG (n=77) P-value
G1H 36/133 (27.1%) 5/57 (8.8%) 0.004
Other than G1H 32/51 (62.7%) 11/20 (55.0%) 0.596

G1H, genotype 1 with high viral load; IL28B, interleukin 28B rs8099917 polymorphism.

Predictive factors associated with SVR

Differences in the characteristics of patients with SVR
and those in whom SVR was not achieved are summa-
rized in Table 5. Neither age, sex, alanine transaminase,
aspartate  aminotransferase, prothrombin activity,
hemoglobin nor platelet counts appeared to signifi-
cantly influence the chance of achieving SVR. The
patients who achieved SVR had a lower body mass
index, higher white blood cell count and higher serum
albumin than those who did not, and were more likely
to have non-G1H and the TT allele of I1.28B 15s8099917.
Multivariate analysis identified that possession of the
IL28B 1s8099917 1T allele (OR=2.85; 95% CI, 1.01~
9.15; P=10.047) and non-G1H (OR=6.49; 95% CI,
1.77-26.43; P=0.005) as significant determinants of
SVR.

Treatment duration and efficacy in patients
with G1H

Of the patients with G1H, 79 (41.6%) received less than
48 weeks of treatment. The number receiving 48-52
weeks, 53-72 weeks, over 72 weeks and unknown dura-
tion of treatment were 54 (28.4%), 41 (21.6%), 14
(7.4%) and two (1.1%), respectively. The median dura-
tion of treatment in patients who achieved RVR and
cEVR was 48 weeks, but was significantly longer (66
weeks) in those with an LVR (P < 0.001). Table 6 shows
the SVR rates of those with different IL28B genotypes

and on-treatment viral response. The SVR rate in
patients who achieved LVR was significantly lower than
those who achieved RVR and cEVR (P = 0.002). Of the
patients with G1H found to have the IL28B TG or GG
genotype, none achieved RVR and only two achieved
cEVR.

Predictors of SVR in patients with G1H and
the TT allele

Patients with G1H and the TT allele who achieved SVR
had higher platelet counts, higher serum albumin and
had undergone over 48 weeks of treatment. Multivariate
analysis identified platelet count (OR=1.08; 95% CI,
1.01-1.18; P=0.047), serum albumin (OR=2.78;
95% CI, 1.14-7.42; P=0.031) and over 48 weeks of
treatment duration (OR=2.53; 95% CI, 1.07-6.49;
P =0.042) as significant determinants of SVR (Table 7).

Predictors of SVR in patients with G1H and
the TG or GG allele

Patients who had GI1H and the TG or GG allele who
achieved SVR had a higher total dose of ribavirin
(P=0.011) and more than 72 weeks of treatment dura-
tion (P=0.010).

Treatment tolerability and adverse events

Table 8 illustrates details of the patients who experi-
enced adverse events higher than grade 2. There were

Table 5 Factors associated with sustained virological response in hepatitis C virus-related liver cirthosis patients

Factors SVR (4), (n=84) SVR (=), (n=177) P-value Multivariate analyses

Odds ratio 95% CI P-value
BMI (kg/m?) 22.9+3.5 24.0+33 0.019
WBC (/uL) 4727 +£2096 4168 £1376 0.013
Albumin (g/dL) 3.83+£0.48 3.68+£0.46 0.018
Other than G1H n=43 (51.2%) n=28 (15.8%) <0.001 6.49 1.77-26.43 0.005
IL28B TT n=68 (81.0%) n=116 (65.5%) 0.012 2.85 1.01-9.15 0.047

P-values were obtained by logistic regression model.
BMI, body mass index; CI, confidence interval; G1H, genotype 1 with high viral load; IL28B, interleukin 28B rs8099917 polymorphism;
SVR, sustained virological response; WBC, white blood cell.

© 2013 The Japan Sodiety of Hepatology
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Table 6 Sustained viral response rates between IL28B geno-
type and on-treatment viral response in the patients with G1H

Hepatology Research 2014; 44: 983-992

Table 8 Adverse events higher than grade 2

No. of

1L28BTT IL28B TG/GG All patients patients (%)
RVR 7/7 0/0 7/7 Anemia 63 (24.1%)
100% 0% 100% Thrombocytopenia 31 (11.9%)
cEVR 15/26 1/2 16/28 Leukopenia 19 (7.3%)
57.7% 50% 57.1% Rash and itching 17 (6.5%)
LVR 14/44 4/11 18/55 Fatigue and general malaise 15 (5.7%)
31.8% 36.4% 32.7% Gastrointestinal disorders 5 (1.9%)

i 0,
cEVR, complete eatly virological response (defined as serum g:\%ﬁz;lrinen t of hepatocellular carcinoma g 8? 02 %
HCV RNA negative at treatment week 12); G1H, genotype 1 with . . '
high viral load; HCV, hepatitis C virus; IL28B, interleukin 28B R.esplratory dlSOl‘de'I'S 3 (1.1%)
1s8099917; LVR, late virological response (defined as serumn HCV Liver decompensation 2 (0.8%)
RNA detectable at 12 weeks and undetectable at 36 weeks after Malignant neoplasm 2 (0.8%)
the start of treatment); RVR, rapid virological response (defined Interstitial pneumonia 2 (0.8%)
as serum HCV RNA negative at treatment week 4). Cerebral hemorrhage 1 (0.4%)

Cerebral infarction 1 (0.4%)
Cholangitis 1 (0.4%)
two cases of liver decompensation, two cases of intersti- Re,tmal hemorrhage . 1 (0.4%)
. . ) Diabetes decompensation 1(0.4%)
tial pneumonia, one case of cerebral hemorrhage and Palpitation 1 (0.4%)

one case of cerebral infarction. The cause of death in two
patients was decompensation of LC. In one patient,
treatment was stopped after 4 weeks, and in another,
treatment was stopped after 32 weeks because of hepatic
failure. The IFN dose was reduced in 134 patients
(51.3%), and the ribavirin dose was reduced in 140
patients (53.6%) and discontinued in 60 patients
(23.0%). Among patients who had treatment discontin-
ued, 27 patients (10.3%) had treatment withdrawn
because of no virological response and 33 patients
(12.6%) because of severe adverse events. In patients in
whom treatment was discontinued, three patients had
SVR and five had a relapse.

1L28B alleles predicting SVR in G1H group

The influence of IL28B rs8099917 genotype on SVR
in G1H is shown in Figure 2. Overall, there were 84
patients {32.2%) who achieved SVR with IFN plus
ribavirin in HCV-related LC. The SVR was 60.6% in those
with non-G1H, and was not significantly influenced by

IL28B 158099917 genotype (the SVR in TT patients was
62.7% compared with 55.0% in TG or GG patients). In
contrast, in patients with G1H, the SVR of patients with
IL28B 1s8099917 genotype TT was significantly higher
than those with 1s8099917 TG or GG (27.1% vs 8.8%,
P=0.004). In patients with G1H and IL28B TT, the SVR
of those treated for over 48 weeks was significantly
higher than those treated for less than 48 weeks (34.6%
vs 16.4%, P =0.042). In patients with G1H and IL28B
TG/GG, the SVR of those treated for over 72 weeks was
significandy higher than those treated for less than 72
weeks {37.5% vs 4.1%, P =0.010).

DISCUSSION

E FOUND THAT in Japanese patients with G1H
HCV-related LG, the likelihood of achieving SVR
with IFN plus ribavirin combination therapy was influ-

Table 7 Factors associated with sustained virological response in the patients with G1H and TT allele of IL28B 1s8099917 (n = 133)

Factors SVR (+) (n=36) SVR (=) (n=97)  P-value Multivariate analyses

Odds ratio  95% CI P-value
Platelets (10*/mm?) 145+ 115 10.6+4.2 0.024 1.08 1.01-1.18 0.047
Albumin (g/dL) 3.92£0.50 3.69+0.46 0.018 2.78 1.14-7.42 0.031
Treatment duration, over 48 weeks  n=27 (75%) n=>51 (52.6%) 0.023 2.53 1.07-6.49  0.042

P-values were obtained by logistic regression model.

Cl, confidence interval; G1H, genotype 1 with high viral load; IL28B, interleukin 28B; SVR, sustained virological response.
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HCV-related liver cirrhosis
SVR = 32.2%
(84/261)

T

/

HCV genotype 1 with high viral load Yes No
SVR = 21.6% SVR = 60.6%
(41/190) (43/71)
/\\
pd ~

IL28B 158099917 genotype T TG and GG

SVR =27.1% SVR = 8.8%

(36/133) (5/57)

Treatment duration

/ //\\\

///\\\

Over 48 weeks
SVR = 34.6%
(27/78)

Under 48 weeks Over 72 weeks Under 72 weeks
SVR = 16.4% SVR = 37.5% SVR =4.1%
(9/55) (3/8) (2/49)

Figure 2 SVR in HCV-related liver cirthosis patients treated with interferon plus ribavirin. In patients with G1H and the IL28B TT
allele, the SVR rate of those who were treated for over 48 weeks was significantly higher than those treated for less than 48 weeks
(P =0.042). In patients with G1H and IL28B TG/GG, the SVR rate of patients treated for over 72 weeks was significantly higher than
those treated for less than 72 weeks (P = 0.010). G1H, genotype 1 with high viral load; HCV, hepatitis C virus ; IL28B, interleukin

28B 1$8099917; SVR, sustained virological response.

enced by a polymorphism at IL28B 158099917. In con-
trast, SVR rates in non-G1H were higher than those in
G1H, irrespective of 1128B genotype. This is the first
report to demonstrate that an IL28B polymorphism can
influence SVR rate in patients treated with IEN plus
ribavirin combination therapy for G1H HCV-related LC.
These results suggest that HCV genotypes, viral load and
1L28B polymorphism should be taken into when deter-
mining antiviral therapy for HCV-related LC. In patients
with HCV-related LC, 1L28B genotyping may be a useful
tool to determine the best antiviral therapy.

Recently, host genetic variation near the IL28B on
chromosome 19, which encodes IFN-A-3, have been
shown to be associated with SVR to PEG IFN plus
ribavirin in patients infected with HCV genotype 1.1'"1
Although some investigators have shown that IL28B

polymorphisms are associated with a favorable response
to treatment in patients with non-1 genotype infec-
tion, the association between the variants in IL28B
and SVR in non-1 genotype-infected patients rerains
controversial.”** [1L28B polymorphisms are also a
strong predictive factor for spontaneous HCV clear-
ance.***” However, the precise mechanism associated
with the action of IL28B polymorphisms has not been
fully elucidated.

Pegylated IFN plus ribavirin combination therapy has
become the standard of care treatment for chronic HCV
infection. The SVR rates range 42-46% in patients with
HCV genotype 1 or 4 infection and 76-82% in patients
with HCV genotype 2 or 3 infection, respectively.®**%
However, in patients with HCV-related LC the SVR rate
is even lower than in non-LC patients, reflecting reduced

© 2013 The Japan Society of Hepatology
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tolerance to the therapy.*'® Although patients with
HCV-related LC are difficult to treat, patients who
achieved SVR showed a lower rate of liver-related
adverse outcomes and improved survival. **° Moreover,
arandomized controlled trial showed that patients with
HCV-related LC who received long-term PEG IFN treat-
ment had a lower risk of HCC than controls.® Thus, IFN
treatment for HCV-related LC is an effective means
of preventing HCC, irrespective of whether SVR is
achieved. In this study, the SVR was very low in patients
with G1H and the TG or GG allele. Therefore, for these
patients, long-term administration of maintenance IFN
should be considered to reduce the risk of developing of
HCC even if SVR is unlikely to be achieved.

Patients with advanced liver disease have a higher rate
of adverse events when taking IFN and ribavirin combi-
nation therapy than patients with mild disease. Adverse
events, such as neutropenia, thrombocytopenia and
anemia, often require dose reduction of IEN or ribavirin.
Previous studies have demonstrated that in patients
with HCV-related LC, the rate of dose reductions in
IFN and ribavirin range 6.9-20.6% and 16.7-27.1%,
respectively.’3 In our study, IEN and ribavirin dose
reductions were needed in 51.3% and 53.6% of
patients, respectively. These are higher than those
reported in other studies, but the discontinuation rate
was slightly lower (12.6%).** Many patients required
reductions in the doses of IFN and/or ribavirin early in
the treatment period because of adverse events, but ulti-
mately were able to tolerate long-term administration. It
might be safer to start low-dose antiviral therapy with
IFN plus ribavirin in HCV-related LC and titrating the
dose upward as tolerated with the aim of long-term
treatment, rather than beginning with the full dose
and risking adverse events that would curtail antiviral
therapy.

In patients infected with HCV genotype 1, previous
studies have demonstrated that SVR rates of late viro-
logical responders (HCV RNA detectable at 12 weeks
and undetectable at 24 weeks after the start of weat-
ment) could be improved when treatment was extended
to 72 weeks, compared with the standard treatment
duration of 48 weeks, largely as a result of reducing
post-treatment relapse rates.*7 In this study, the SVR
rate in patients who had an LVR was significantly lower
than those who achieved RVR or ¢EVR. However, the
duration of treatment in the patients with a LVR was
significantly longer than those who achieved cEVR or
RVR. Individual physicians determined the duration of
treatment based on the time at which serum HCV RNA
became undetectable, accounting for the improved SVR

© 2013 The Japan Society of Hepatology
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rates in those receiving extended courses. Nevertheless,
the safety and effectiveness of more than 48 weeks of
antiviral therapy in patients with HCV-related LC has
not been examined. We found that patients with the
IL28B rs8099917 genotype TT, treatment of more than
48 weeks achieved a higher SVR rate than treatment of
less than 48 weeks, and in those with the TG or GG
alleles SVR rates were greater in those who received
more than 72 weeks of treatment. The response to treat-
ment is a very important guide of treatment duration in
HCV-related LC. Further prospective studies using larger
numbers of patients matched for race, HCV genotype,
viral load and treatment durations would be required to
explore the relationships between IL28B polymorphism
and the treatment response to combination therapy in
patients with HCV-related LC.

Recently, new trials of IFN-free combination therapy
with direct-acting antivirals (DAA) such as protease-
inhibitor, non-structural (NS)5A inhibitor or NS5B
polymerase inhibitor nudeotide analog have shown a
strong antiviral activity against HCV.3* A previous
study reported that the IL28B genotype can affect the
response to an IFN-free regimen, but this result has been
unclear in other regimens.®*® In a study of Japanese
patients with HCV genotype 1b infection, dual oral DAA
therapy (NS5A inhibitor and NS3 protease inhibitor)
without IEN achieved an SVR rate of 90.5% of 21
patients with no response to previous therapy and'in
63.6% of 22 patients who had been ineligible for treat-
ment with PEG IFN.*' However, lack of a virological
response to DAA was also seen in patients with no
response or partial response to previcus therapy. In
these patients with viral resistance to DAA, the combi-
nation therapy with IFN and DAA may be a means of
eliminating HCV, and IL28B genotyping may be a useful
tool in determining the best antiviral therapy and dura-
tion of treatment.

This study had certain limitations. Selection bias
cannot be excluded, considering the retrospective nature
of the work. However, all patients had well-established
cirthosis and had received IFN plus ribavirin in hepatitis
centers throughout Japan. Our patients received a
variety of IFN treatments (IFN-o, IFN-B and PEG IEFN),
several different doses of IFN and ribavirin, and several
treatment durations. In the intention-to-treat analysis,
the overall SVR rate was 32.2%; in patients with G1H it
was 21.6% but was 60.6% in those with non-G1H.
Interestingly, the overall SVR rate in this study was
similar to that found in previous studies of patients with
advanced fibrosis or cirrhosis treated with IFN or PEG
IFN plus ribavirin.®*® Thus, although there were some
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limitations, our findings contribute to providing valu-
able information to guide clinical decisions.

In conclusion, the combination therapy with IFN plus
ribavirin in Japanese patients with non-G1H HCV-
related LC was more effective than those with G1H and
not influenced by 1L28B polymorphism. However, in
patients with G1H, IL28B polymorphism may be a
strong predictive factor for SVR. Extending treatment
may provide a better outcome in those with the 1L28B
TT allele treated for more than 48 weeks and in those
with the TG/GG alleles treated for more than 72 weeks.
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Application of deep sequence technology in hepatology
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Deep sequencing technologies are currently cutting edge,
and are opening fascinating opportunities in biomedicine,
producing over 100-times more data compared to the conven-
tional capillary sequencers based on the Sanger method.
Next-generation sequencing (NGS) is now generally defined
as the sequencing technology that, by employing parallel
sequencing processes, producing thousands or millions of
sequence reads simultaneously. Since the GS20 was released
as the first NGS sequencer on the market by 454 Life Sciences,

the competition in the development of the new sequencers
has become intense. In this review, we describe the current
deep sequencing systems and discuss the application of
advanced technologies in the field of hepatology.

Key words: deep sequencing technology, next-generation
sequencing, pyrosequencing, sequencing-by-synthesis

INTRODUCTION

EEP SEQUENCING TECHNOLOGIES are cur-

rently hot topics and are opening fascinating
opportunities in the study of biomedicine. They can
produce over 100-times more data compared to the
traditional capillary sequencers based on the standard
Sanger method. This technology was introduced in
Nature Methods as the method of the year in 2007.}

In 1975, Sanger first reported the sequencing method
by primed synthesis with DNA polymerase? In 1977,
epoch-making articles were published in succession.
DNA sequencing for the genome of a bacteriophage
was conducted with the Sanger enzymatic dideoxy tech-
nique based on chain-terminating dideoxynucleotide
analogs.> A method of DNA sequencing reported in
the same year by Maxam and Gilbert and known as
Maxam-Gilbert sequencing involves chemical cleavage
at specific bases of terminally labeled DNA fragments
and separation by gel electrophoresis.® The automation
of DNA sequence analysis was developed by Caltech
(California Institute of Technology, Pasadena, CA, USA)
and commercialized by Applied Biosystems (ABI,
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Applied Biosystems, Foster City, CA, USA), Wilhelm
Ansorge at the European Molecular Biology Labora-
tory and Pharmacia-Amersham, later General Electric
Healthcare (GE Healthcare, Little Chalfont, Bucking-
hamshire, UK).%*

The Sanger method was used in the first automated
fluorescent DNA sequencing, in which a complete
sequence of 57 kb of the human hypoxanthine-guanine
phosphoribosyltransferase (HGPRT) gene was deter-
mined.” ABI introduced the ABI Prism 310 automated
DNA sequencer in 1996 and the automated capillary
sequencer ABI Prism 3700 in 1998. Together with
advances in automation and development of new bio-
chemicals, the Sanger method has made possible the
determination of various sequences in many research
projects. An initial rough draft of the human genome
was finished and announced jointly by US President
Bill Clinton and British Prime Minister Tony Blair in
2000, and another study reported the sequencing of the
human genome of up to 3 billion bases.’®'* The first
human genome sequence of the Human Genome
Project (HGP) was completed in 2003. The HGP has
taken 13 years and cost $US 2.7 billion. Using the basic
dideoxy method of Sanger sequencing enabled a great
achievement.

Before the human genome sequence was completed,
Venter proposed a project entitled “The Future of
Sequencing: Advancing Towards the $1000 Genome” at
the opening session of The Genome Sequencing and

141
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Analysis Conference in 2002 and announced that his
foundation would earmark a prize for a breakthrough
leading to the goal. Formally, the National Institutes
of Health convened the National Human Genome
Research Institute and introduced the first in a series of
$1000 Genome grants designed to advance the develop-
ment of breakthrough technologies in 2004. The reac-
tion at the completion of the human genome sequence
was different between Japanese and US scientists. While
Japanese was considered to have “finished” sequence
technology, the USA was thought to have begun. There-
fore, some venture companies competed to develop
new sequence technology. In 2000, Rothberg estab-
lished 454 Life Sciences (Branford, CT, USA) and devel-
oped the first next-generation sequencing (NGS) system,
the GS instrument, in 2005.'*% In this review, we
describe NGS systems and discuss the application of
these advanced technologies in hepatology.

FIRST NGS SYSTEMS: 454 GS SERIES

HE NGS IS now generally defined as the sequencing

technology that employs parallel sequencing pro-.
cesses producing thousands or millions of sequence
reads simultaneously. Rothberg and colleagues first suc-
ceeded in sequencing the Mycoplasma genitalium genome
with 96% coverage and 99.96% accuracy in a single
GS20 run.®® The GS20 was the first NGS sequencer put
on the market by 454 Life Sciences. In the following
years, Roche (Basel, Switzerland) absorbed 454 Life Sci-
ences and extended GS20 to a new version of the GS FLX
titanium series. The GS FLX titanium series used a par-
allel pyrosequencing system capable of data output from
100 Mb to 500 Mb per run with a 400-500 bp read
length. The pyrosequencing of this sequencer is based on
measuring the pyrophosphate generated by the DNA
polymerization reaction.’*’* DNA is fractionated into
the fragments of 300-800 bp and these DNA fragments
are ligated with short adapters that contain the binding
of one fragment to a streptavidin-coated bead. Emulsion
polymerase chain reaction (PCR) is carried out for frag-
ment amplification, with water droplets containing one
bead and PCR reagents immersed in oil. When the PCR
amplification cycles are completed, denaturation beads
carrying single-stranded DNA clones are placed into the
wells of a fiber-optic slide. On the slide, amplified DNA
bound to each of the beads containing sulfurylase and
luciferase are sequenced. When one nucleotide is added
to the complementary template by the polymerase reac-
tion, a charge-coupled device (CCD) sensor can record
the light signal from luciferin. Of note, the signal

© 2013 The Japan Society of Hepatology
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strength is proportional to the number of nucleotides.*®
This technology is defined as “sequencing-by-synthesis”
and is called pyrosequencing in this system.

SECOND-GENERATION NGS SYSTEM: THE
ILLUMINA GENOME SEQUENCER

ENERALLY, THE ROCHE/GS FIX titanium series,

the Solexa Genome Analyzer (Illumina, San Diego,
CA, USA) and the ABI SOLID system are now classified
as second-generation NGS systems. However, the GS
FLX series could obtain smaller amounts of data per run
than the Hlumina or SOLID systems. Therefore, some
technologists believe that Illumina and SOLIiD sequenc-
ers are second-generation NGS systems.

The Solexa sequencing system, acquired by Illumina,
was commercialized in early 2007. The Illumina
Genome Analyzer is also based on the “sequencing-by-
synthesis” to produce short sequence reads of millions
of surface amplified DNA fragments simultaneously.
Starting with fragmentation of the genome DNA,
adaptor-ligated DNA fragments are attached to the
surface of a glass flow cell. The flow cell is separated into
eight channels and the surfaces of the channels have
covalently attached oligos complementary to the adap-
tors and ligated to the library DNA fragments. Then, on
the flow cell, adaptor-ligated DNA fragments are ampli-
fied by polymerase reaction for bridge amplification and
form the cluster fragments. The cluster fragments are
denatured, annealed with a sequencing primer and
subjected to DNA synthesis with four differentially
reversible labeled fluorescent nucleotides that have their
3’-end chemical termination to ensure that only a single
base is extended. After a single base is incorporated into
the DNA strand, the terminator nucleotide is detected
via its labeled fluorescent dye by the CCD camera. Then,
the labeled fluorescent dye and 3’-end chemical termi-
nations are removed and the next DNA synthesis cycle
is repeated.

The Genome Analyzer IIx can obtain 30-100 nucleo-
tide read lengths and data output per paired-end run
from 1-3 Gb.'**® Moreover, Illumina released a HiSeq
sequencer series which enabled higher throughput and a
desktop MiSeq sequencer type which could sequence
more rapidly in 2013.

SECOND-GENERATION NGS SYSTEM: THE ABI
SOLID SEQUENCER

HE ABI SOLID sequencer was introduced in October
2007. SOLID is an abbreviation for “sequencing
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by oligo ligation and detection”. It uses a unicque
sequencing method catalyzed by DNA ligase. The uni-
versal P1 adaptor-linked DNA fragments are attached
to magnetic beads. Emulsion PCR is conducted in
microreactors containing the reagents of the PCR reac-
tion. The magnetic beads are covalently attached to the
surface of a specially treated glass slide that is placed
into a fluidic cassette within the sequencer. The univer-
sal sequence primers hybridize to the 1 adapter within
the library template. The set of four fluorescent-labeled
di-base 8-mer probes are annealed to the sequencing
primer and library template. Identification of the
nucleotide sequence by the 8-mer probe is achieved by
interrogating every first and second base in each ligation
reaction. When there is a matching of the 8-mer probe
to the library template adjacent to the universal primer
of the 3’-end, DNA ligase seals the phosphate backbone.
After the ligation, the probe is enzymatically removed
together with the last three bases attaching the linkage
between base 5 and 6. Then, the same probe hybridizing
process is conducted and the sequence data of each
library template can be obtained at five nucleotide inter-
vals. Following a series of ligation cycles, the library
template is reset with five rounds of universal primers
complementary to the n to n-4 position for a multistep
round of ligation cycles. Through the primer reset
process, each base is interrogated in two independent
ligation reactions by two different primers and the
nucleotide sequence is defined by this repetition.

The ABI SOLiD 2.0 platform, produced in 2008, can
obtain data output from 3~10 Gb per run.'*-**

Table 1 The classification of NGS systems

Application of deep sequencing in hepatology 143

THIRD- AND FOURTH-GENERATION
NGS SYSTEM

OWEVER, MUCH IMPROVED the NGS systems
have already become, the competition in technol-
ogy development is intensifying. The demand for low
cost, high speed and highly accurate systems has spurred
development beyond third-generation NGS systems
(Table 1).
fon semiconductor sequencing was introduced by
Ton Torrent Systems (South San Francisco, CA, USA)

‘and was released in 2010. The principle of the technol-

ogy is based on detecting hydrogen ions released in the
reaction-induced changes of the pH of the solution by
an ion sensor when the nucleotide base is incorporated
by DNA polymerase. Its read length of approximately
100 bp is comparable to that of other NGS systems, but
the throughput is still lower, although increasing the
size of the semiconductor chips could improve the
throughput.*?°

Pacific Biosciences (PacBio, Menlo Park, CA, USA)
developed a single molecule real-time sequencer based
on single molecule real-time sequencing by the synthe-
sis method with monitoring of the deoxyribonucleo-
tide wiphosphate (ANTP) uptake of DNA sequencing
by DNA polymerase. The fluorescently labeled dNTP is
incorporated and the fluorescent dye is separated from
the DNA. The sequencing reaction is conducted on
zero-mode wave guides (ZMW) that are small well-
containers with detectors located at the bottom of the
well. The detectors can capture the fluorescent dye. The

Classification Second-generation Third-generation Fourth-generation
Principal Using “sequencing-by-synthesis” By carrying out the DNA The nucleotide sequence is
method by DNA polymerase synthesis by DNA polymerase determined by nanopore
or DNA ligase, the nucleotide referring as one template sequencing or by a method
sequence is determined in DNA molecule, the without the detection of
parallel by optical detection nucleotide sequence is fluorescent or luminescence
such as fluorescence emission determined in real time by emission
detecting fluorescence
emission with one base
sequencing reaction
Throughput 1-50 Gy/day 45-60 Mb/run >100 Mb/run (Ion Torrent)
Accuracy Excellent Error rate is relatively large Excellent
Read length 25~700 bases 1-2 kilobases 100-200 bases (Ion Torrent)
Sequencer Roche454 PacBio Ion Torrent systems
Ilumina sequencers Genia Oxford Nanopore
ABI SOLID
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Table 2 Classification of next-generation sequencing (NGS) system by application

Application

NGS system

Features

Research use Advanced research application

General genome research

PacBio RS
Oxford Nanopore GridlON

Mlumina HiSeq/Genome

Single-molecule real-time sequencing,
detection of DNA methylation and
long-read sequencing

Whole-genome sequencing with high

application Analyzer IIx throughput. Advanced knowledge of
ABI SOLID molecular biology is necessary for
Roche 454 GS sequencing analysis

lon Torrent Proton

Clinical use Clinical diagnosis application

MNlumina MiSeq
Ion Torrent PGM
Oxford Nanopore MinION

Desktop type or USB memory stick type.
Automatic extraction of DNA from
samples or sequencing analysis

DNA polymerase is immobilized by only one molecule
at the bottom. After the single template DNA is bound
to the polymerase with incorporation of the fluo-
rescently labeled dNTP, the DNA synthesis is per-
formed. The DNA sequencing is conducted by detecting
the separated fluorescent dye” In January 2011, a
paper from PacBio was published in the New England
Journal of Medicine demonstrating the origin of the
2010 cholera outbreak in Haiti.” The PacBio RS was
commercially released in early 2011 and had the
advantage of a short time from equipping the library to
sequencing, obtaining long reads and fewer errors or
bias with PCR amplification. However, there is the
disadvantage of low yield at high accuracy and low
throughput.

Nanopore sequencing technology has been develop-
ing since 1995 for determining the sequence without
nucleotide labeling and detection.®® In brief, DNA
sequencing with nanopore technology relies on the con-
version of the electrical signals of nucleotides by passing
through a nanopore, which is a specific protein pore
covalently attached to the molecules. This approach is
the most advanced and was demonstrated by Oxford
Nanopore Technologies (Oxford Science Park, Oxford,
UK).** Two nanopore sequencer models, the GridION
sequencer which can perform large-scale sequencing,
and the MinION sequencer, which is a portable and
disposable sequencer, are planned for release. The
MinION sequencer is a breakthrough device that over-
turns the concept of previous sequencers. The size of this
sequencer is almost the same as a Universal Serial Bus
(USB) memory stick and, after plugging this sequencer
into the USB port of a personal computer, sequencing
can be performed just by loading the sample. So far, this
nanopore sequencer has tremendously surpassed other
NGS systems. But there is a problem in that the error

© 2013 The Japan Society of Hepatology

rate is still high compared with the Ilumina or SOLID
sequencers.

Genia Technologies is a venture company founded in
Mountain View city (CA, USA) in March 2009. They are
now planning to launch the Genia sequencer in 2013.
Genia technology combines the complementary metal—
oxide-semiconductor (CMOS) chip technology of Ion
Torrent and the nanopore sequencing by Stefan Roever.

The race to develop NGS systems is being carried out
with the goal of “lower cost and higher performance”.
Therefore, we cannot select a sequencer in any appropri-
ate analysis. We classified the three types of NGS systems
for different applications. Type 1 (advanced research
application) includes sequencers such as the PacBio RS
or Oxford nanopore GridION, which can detect DNA
methylation and perform long-read sequencing. Type
2 (general genome research application) includes
sequencers such as the Illumina sequencer series or ABI
SOLiD or Ion Torrent sequencers, which can be used
for whole-genome sequencing with high throughput.
Advanced knowledge of molecular biology is necessary
for sequencing analysis. Type 3 (clinical diagnosis appli-
cation) includes the Nanopore MinION, which can
automatically conduct the extraction DNA from samples
and the sequencing analysis (Table 2).

NGS APPLICATIONS TO VIRAL HEPATITIS

INCE THE INTRODUCTION of the NGS sequencer

in 2005, the production of large numbers of
sequence reads made useful for many applications
concermed with human genomes research, particularly
whole-genome resequencing, de novo genome sequenc-
ing or transcriptomes (RNA-seq), genomic variation
and mutation detection, genome-wide profiling of epi-
genetic marks and chromatin structure using ChIP-seq.
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Currently, the identification of viral genome sequen-
ces is mainly cloning by PCR amplification with Sanger
direct sequencing. Usually, viruses infecting a host
have genomic diversity, referred to as “quasispecies”.
However, with this method it is difficult to measure
the frequencies of each mutation, and it is impossible
to detect several mutations combined in the same
sequence. As an alternative to Sanger direct sequencing,
molecular cloning can analyze single viral DNA mol-
ecules. However, this methodology is complicated and
time-consuming. These complications can now be over-
come by NGS technology. Therefore, this technology
is suitable for whole viral genome sequencing,
metagenomics, the identification of viral variants and
viral dynamics. Some of the topics related to the clinical
application for hepatitis virus will be described.

Hepatitis C virus (HCV)

The appearance of HCV variants is generated because of
the high replication rate and the error-prone nature of
RNA-dependent RNA polymerase. The selection of the
mutants has developed to escape iminunological and
therapeutic control.”® Moreover, the presence of con-
taminating nucleic acids of the host cell and other viral
agents make it difficult to sequence the full-length HCV
genome. In fact, the preparation of a library of cDNA
synthesized from RNA with random priming results in a
huge amount of host-specific genomes instead of the
viral sequences, even in the presence of a very high viral
load. High throughput sequencing techniques could be
used to obtain sufficient sequence coverage, but the
lengths of reads might be too short to allow de novo
assembly, and the method of mapping to the reference
HCV genome could be detecting the full-length HCV
sequence. NGS technology is a powerful tool for obtain-
ing more profound insight into the dynamics of genetic
variants in the HCV quasispecies in human serum.?
Currently, potential treatments in development
include drugs that target the HCV NS3/4A serine prote-
ase and the NS5B RNA-dependent RNA polymerase
referred to as direct-acting antiviral agent (DAA).* These
drugs have been evaluated in clinical trials alone and in
combination with pegylated interferon and ribavirin.?
Therefore, detecting the frequency of drug-resistant HCV
variants prior to treatment is important. In treatment-
naive patients, the frequency of all resistant variants of
NS3 was generally found to be below 1% using the 454
GS series®?*® or by the Illumina Genome sequencer.*!
Viral dynamics have emerged whereby drug-resistant
variants frequently appear, but are rapidly lost in the
absence of selective pressure because of reduced fitness.
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Results using NGS technology have also suggested that
not only the number but also the nature of the nucleo-
tide changes can contribute to the genetic barriers to the
development of resistance to DAAs.* Using a genetically
engineered MCV infection system in a chimeric mouse
model, the rapid emergence of DAA-resistant HCV vari-
ants was induced by mutation from a wild-type strain of
HCV in vivo.

Other 454 GS series sequencer studies showed that
analysis of the PKR-elf2c. phosphorylation homology
domain sequence before or during treatient cannot be
used to reliably predict the outcome of treatment in
patients co-infected with HCV genotype 1 and HIV,*
and highlighted the genetic diversity of HCV, which
enables it to evade the host immune systerm.* Concern-
ing the within-host evolution of HCV during infection,
the genetic diversity of viral variants showed strong
selective forces that limit viral evolution in the acute
phase of infection,”*”

Hepatitis B virus (HBV)

Taking nucleoside/nucleotide analogs (NA) is a major
antiviral therapy for the treatment of chronic HBV infec-
tion.”® They inhibit the viral polymerase activity by
interfering with the priming of reverse transcription and
elongation of the viral minus or plus strand DNA.** The
problem is that these treatments are hampered by the
selection of drug-resistant mutants, leading to a loss of
efficacy, viral relapse and exacerbations of hepatitis after
discontinuation.*

Using NGS, drug-resistant mutations of HBV minor
variants can be identified. The dynamics of emerging
NA-resistant HBV variants are not well understood
because standard Sanger sequencing methods detect
drug-resistance mutations only after they have become
dominant. NGS methods may offer significant advan-
tages in explaining and predicting the responses of
patients with HBV to antiviral therapy. In the sequential
analysis of the region encoded reverse transcriptase,
NA-resistant HBV variants were present in combinations
of amino acid substitutions that increased in complexity
afterviral breakthrough or unsuccessful therapy with NA,
at which time the combined NA-resistant variants pre-
dominated and the pretreatment HBV variants did not
show NA-resistant motifs.*-* In another study, primar-
ily NA resistance-related mutant variants were found to
exist with minor variants in treatment-naive patients.*

Hepatocellular carcinoma (HCC)

Despite its global importance, HCC is understudied
compared to other major lethal cancers and we have a
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little knowledge of the genomic alterations related to the
initiation and progression of HCC. This may be due to
the high complexity of the HCC cancer genome, which
simple genomic approaches cannot easily simplify. Pre-
vious studies have revealed several genetic aberrations
in HCC, including point mutations in p53% and
What-activating B-catenin,* hepatocyte-specific Pten defi-
ciency,” the interaction of c-Myc and transforming
growth factor (TGF)-o,*® overexpression of the proto-
oncogene MET* or cyclin D1/TGE-B1,°° and HBV inte-
grations into the TERT and MLL4 gene loci that encode
telomerase reverse transcriptase and histone lysine
methyl transferase, respectively. The gene expression
profiles of HCC have been gradually revealed and
suggest the therapeutic potential for genetic taigets.”
However, knowledge of the genetic background in HCC
is far from complete and the molecular changes of HCC
tumorigenesis remain poorly understood. We have sum-
marized the HCC information concerning related genes
discovered by NGS technology from Europe and Asia. In
2012, Fyjimoto et al. detected that multiple chromatin
regulators, including ARIDIA, ARIDI1B, ARID2, MLL
and MLL3, were mutated in approximately 50% of the
HCC and the HBV genome was frequently integrated
in the TERT locus, as determined by whole-genome
sequencing analysis by Illumina NGS sequencers.” A
European group also found new recurrent alternations
of ARIDI1A, RPSGKA3, NFE2L2 and IRF2. In addition,
Wnt/B-catenin signaling, related to the mutations
of RPS6KA3-AXIN1 and NFE2L2-CTNNBI, may be
involved in liver carcinogenesis together with both
oxidative stress metabolism and Ras/mitogen-activated
protein kinase (MAPK).*

CONCLUSION

IVEN THE RAPID development of NGS systems,

the goal of determining a whole-genome sequence
for $US 1000 could become feasible in the near future.
The cost of sequencing has become greatly reduced, and
“one cell” or “one molecule” sequencing has become
possible. By performing whole-genome sequencing,
RNA sequencing and epigenetic analysis at one cellular
level, dynamic genomic changes can be followed with
time-course analysis in the same cells or for differences
between various cells. When analyzing the genome
sequence by removing the cancer tissue, the data of a
mixture of cancer cells and normal cells can be usually
obtained. Cancer cells are usually changed at the
genomic level; therefore, mixture sequence data of mul-
tiple species can be obtained in some cases. If the

© 2013 The Japan Society of Hepatology
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genome sequence of the cancer tissue can be determined
at a one-cell level, we will obtain a more accurate under-
standing of the progress and development of the cancer.
Moreover, with the development of the NGS systems,
analysis of DNA and RNA sequencing at the intracellular
level proceed. Single molecule sequencing of ¢cDNA
converted to mRNA by the Nanopore sequencer can
accurately represent the structure of the mixed mRNA
containing splicing variants and clarify their intracellu-
lar distribution. Using short-read NGS, a large number
of sequence reads are obtained making it possible to
analyze variants or mutants in the virus population. The
application of this novel technique includes the profil-
ing of disease-specific gene expressions. Recently, we
have successfully demonstrated that serum samples
from patients with primary biliary cirthosis had a dis-
tinct miRNA expression profile using NGS.** As such
technologies develop further, new applications can also
be expected to appear.
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SUMMARY. Genotype 2 hepatitis C virus (HCV) accounts for

up to 30% of chronic HCV infections in Japan. The standard
of care for patients with genotype 2 HCV — peginterferon and
ribavirin for 24 weeks — is poorly tolerated, espectally among
older patients and those with advanced liver disease. We con-
ducted a phase 3, open-label study to assess the efficacy and
safety of an all-oral combination of the NS5B polymerase
inhibitor sofosbuvir and ribavirin in patients with chronic
genotype 2 HCV infection in Japan. We enrolled 90 treat-
ment-naive and 63 previously treated patients at 20 sites in
Japan. All patients received sofosbuvir 400 mg plus ribavirin
{weight-based dosing) for 12 weeks. The primary endpoint
was sustained virologic response at 12 weeks after therapy
(SVR12). Of the 153 patients enrolled and treated, 60% had
HCV genotype 2a, 11% had cirrhosis, and 22% were over the

aged 65 or older. Qverall, 148 patients (97%) achieved
SVR12, Of the 90 treatment-naive patients, 88 (98%)
achieved SVR12, and of the 63 previously treated patients,
60 (95%) achieved SVR12. The rate of SVR12 was 94% in
patients with cirrhosis and in those aged 65 and older. No
patients discontinued study treatment due to adverse events.
The most common adverse events were nasopharyngitis,
anaemia and headache. Twelve weeks of sofosbuvir and riba-
virin resulted in high rates of SVR12 in treatment-naive and
previously treated patients with chronic genotype 2 HCV
infection. The treatment was sale and well tolerated by
patients, including the elderly and those with cirrhosis.

Keznwords: Hepatitis C virus, HCV genotype 2, direct-acting
antiviral agents, nucleotide polymerase inhibitor.

INTRODUCTION

Approximately two million people in Japan — nearly 2% of
the population — are chronically infected with the hepatitis C

Abbreviations: CI, confidence interval; GCP, Good Clinical Practice;

HCV, hepatitis C virus: ICH. International Conference on Harmoni-

zation: PegJFNa, pegylated interferon alpha: PX, pharmacokinetics;
RBY, ribavirin; SVR12, 12 weeks after therapy.

Comespondence: Masao Omata, Yamanashi Prefectural Hospital
Organization, 1-1-1 Fujimi. Kofu City, Yamanashi 400-0027,
Japan. B-mail: momata-tky@umin.ac.jp

Trial registration details: ClinicalTrials.gov number
NCT01910636.

virus (HCV} [1]. The population of patients with chronic HCV
infection in Japan differs from that of other countries; patients
are generally older, have more advanced liver disease and are
more likely to have received previous treatment for HCV
infection [2,3]. It is estimated that 15-30% of Japanese
patients with HCV will develop serious complications, includ-
ing liver cirrhosis, end-stage liver disease and hepatocellular
carcinoma [4]. Although genotype 1 HCV is cuurently the
most prevalent strain of the virus in Japan, genotype 2 HCV,
which now accounts for up to 30% of infections, is rising in
prevalence [5). The current standard of care regimen for the
treatment of chronic genotype 2 HCV infection in Japan is
24 weeks of pegylated interferon alpha (Peg-IFNe) and
ribavirin (RBV) [6]. Although relatively high rates of SVR

© 2014 The Authors. Jowrnal of Viral Hepatitis Published by John Wiley & Sons Ltd.
This is an open access arficle under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License,
which permits use and distribution in any medium, provided the criginal work is properly cited, the use is non-commercial and

no modifications or adaptations are made.

— 814 —



