sons, those patients who do not achieve SVR need to be
identified, so as to free them of unnecessary side effects
and reduce costs, preferably before the start of the com-
bination therapy.

Viral- and host-related factors are useful as predictors
of treatment efficacy to 48-week TFN/ribavirin combina-
tion therapy. With regard to viral factors, amino acid (aa)
substitutions at position 70 and/or 91 in the core region
of HCV-1b are pretreatment predictors of virological re-
sponse to combination therapy [1-4], and also affect clin-
ical outcome, including hepatocarcinogenesis {5, 6]. Fur-
thermore, the NS5A region of HCV-1b, including IFN-
sensitivity-determining region (ISDR) [7, 8] and IFN/
ribavirin resistance-determining region (IRRDR) [9,
10], are also useful as pretreatment predictors of virolog-
ical response to combination therapy [11, 12]. With re-
gard to host factors, genetic variations near IL28B gene
(rs8099917, rs12979860) on chromosome 19, which en-
codes [FN-A-3, are pretreatment predictors of virological
response to combination therapy in individuals infected
with HCV-1 [13~16}, and also affect clinical outcome, in-
cluding spontaneous clearance of HCV [17]. A recent re-
port identified genetic variation near IL28B gene and aa
substitution of the core region as predictors of SVR to
triple therapy of telaprevir/pegylated (PEG)-IFN/ribavi-
rin in Japanese patients infected with HCV-1b [18]. How-
ever, to our knowledge, there are no previous reports of
IFN/ribavirin combination therapy based on multivari-
ate analysis to investigate pretreatment predictors, in-
cluding all of aa substitutions in core aa 70/91 and NS5A-
ISDR/IRRDR, and genetic variation near IL28B gene.

The aim of the present study was to investigate predic-
tive factors of treatment efficacy, including viral- (aa sub-
stitutions in core aa 70/91 and NS5A-ISDR/IRRDR) and
host-related factors (genetic variation near IL28B gene),
to 48-week IFN/ribavirin in Japanese adults infected with
HCV-1b.

Patients and Methods

Study Population

A total of 1,249 HCV-1b-infected Japanese adult patients were
consecutively recruited into the study protocol of combination
therapy with IFN (PEG-IFNa-2b or IFN«-2b) plus ribavirin be-
tween December 2001 and January 2009 at Toranomon Hospital,
Tokyo, Japan. Among these, 490 patients, who could complete a
total of 48 weeks of combination therapy, were enrolled in this
retrospective study, and fulfilled the following criteria: (1) nega-
tivity for hepatitis B surface antigen (HBsAg) in serum; (2) HCV-
1b only confirmed by sequence analysis; (3) HCV-RNA levels of
25.0 log 1U/m! determined by the COBAS TaqMan HCV test

[}
w
3

Intervirology 2012;55:231-241

(Roche Diagnostics, Tokyo, Japan) within the preceding 2 months
of enrolment; (4) no hepatocellular carcinoma; (5) body weight
>40 kg; (6) lack of coinfection with human immunodeficiency
virus; (7) no previous treatment with antiviral or immunosup-
pressive agents within the preceding 3 months of enrolment; (8)
none was an alcoholic; lifetime cumulative alcohol intake was
<500 kg; (9) none had other forms of liver diseases, such ashemo-
chromatosis, Wilson disease, primary biliary cirrhosis, alcoholic
liver disease, or autoimmune liver disease, and (10) none of the
females was pregnant or breastfeeding.

The study protocol was in compliance with the Good Clinical
Practice Guidelines and the 1975 Declaration of Helsinki, and was
approved by the institutional review board. Each patient gave
their informed consent before participating in this trial.

The treatment efficacy was evaluated in terms of HCV-RNA
negativity at the end of treatment (end-of-treatment response
(ETR)) and 24 weeks after the completion of therapy (SVR), based
on the COBAS TagMan HCV test (Roche Diagnostics). SVR in
patients who achieved ETR was defined as SVR after ETR. ETR,
SVR, and SVR after ETR could be evaluated in 487 (99%), 448
(91%), and 321 (66%) of 490 patients, respectively.

422 (86%) patients received PEG-IFNa-2b at a median dose of
1.4 pg/kg (range 0.7-1.9} subcutaneously each week plus oral ri-
bavirin at a median dose of 11.1 mg/kg (range 3.7-15.1} daily for
48 weeks. The remaining 68 (14%) patients received 6 million
units of IFNa-2b intramuscularly each day for 48 weeks (daily for
the initial 2 weeks, followed by three times per week for 46 weeks),
and oral ribavirin at a median dose of 11.3 mg/kg (range 6.8-13.4)
daily for 48 weeks.

Table 1 summarizes the profiles and laboratory data of the 490
patients at the commencement of treatment. They included 310
males and 180 fernales aged 20-75 years (median 54).

Measurement of HCV RNA

The antiviral effects of treatment on HCV were assessed by
measuring plasma HCV-RNA levels. In this study, HCV-RNA
levels were evaluated at least once every month before, during,
and after therapy. HCV-RNA concentrations were determined
using the COBAS TagMan HCV test (Roche Diagnostics). The
linear dynamic range of the assay was 1.2-7.8 log IU/ml, and the
undetectable samples were defined as negative.

Detection of aa Substitutions in Core, and NS5A Regions of

HCV-1b

With the use of HCV-J (accession No. D90208) as a reference
[19], the sequence of 1-191 aa in the core protein of HCV-1b was
determined and then compared with the consensus sequence
constructed on the previous study to detect substitutions at aa 70
of arginine (Arg70) or glutamine/histidine (GIn70/His70) and aa
91 of leucine (Leu91) or methionine (Met91) [1]. The sequence of
2,209-2,248 aa in the NS5A of HCV-1b (ISDR) reported by Eno-
moto et al. [7, 8] was determined, and the number of aa substitu-
tions in ISDR was defined as wild-type (WT) (0, 1) or non-wild-
type (non-WT) (=2) in comparison with HCV-]. Furthermore,
the sequence of 2,334-2,379 aa in the NS5A of HCV-1b (IRRDR}
reported by El-Shamy et al. [9, 10} was determined and then com-
pared with the consensus sequence constructed on the previous
study. In the present study, aa substitutions of the core region and
NS5A-ISDR/IRRDR of HCV-1b were analyzed by direct sequenc-
ing (10, 18].
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Genetic Variation near IL28B Gene

Samples for genome-wide association survey were genotyped
using the lllumina HumanHap610-Quad Genotyping BeadChip.
Genotyping data were subjected to quality control before the data
analysis. Genotyping for replication and fine mapping was per-
formed by use of Invader assay, TagMan assay, or direct sequenc-
ing as described previously [20, 21].

In this study, genetic variations near IL28B gene (rs8099917),
reported as the pretreatment predictors of treatment efficacy in
Japanese patients [14, 18}, were investigated.

Statistical Analysis

Non-parametric tests (Mann-Whitney U test, x> test and Fish-
er’s exact probability test) were used to compare the characteristics
of the groups. Correlation analysis was evaluated by the Spearman
rank correlation test. Uni- and multivariate logistic regression
analyses were used to determine those factors that significantly
contributed to ETR, SVR, and SVR after ETR. The odds ratios (OR)
and 95% confidence intervals (95% CI) were also calculated. All p
values <0.05 by the two-tailed test were considered significant.
Variables that achieved statistical significance (p < 0.05) on uni-
variate analysis were entered into multiple logistic regression anal-
ysis to identify significant independent predictive factors. Each
variable was transformed into categorical data consisting of two
simple ordinal numbers for uni- and multivariate analyses. Poten-
tial predictive factors associated with ETR, SVR, and SVR after
ETR included the following variables: sex, age, history of blood
transfusion, familial history of liver disease, body mass index, as-
partate aminotransferase (AST), alanine aminotransferase (ALT),
albumin, vy-glutamyl transpeptidase (GGT), leukocyte count, he-
moglobin, platelet count, level of viremia, a-fetoprotein, total cho-
lesterol, high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, triglycerides, uric acid, ribavirin dose/body
weight, genetic variation near IL28B gene, and aa substitution in
the core region, and NS5A-ISDR/IRRDR. Statistical analyses were
performed using SPSS software (SPSS Inc., Chicago, Ill., USA).

Results

Response to Therapy

ETR was achieved by 372 of 487 (76%) patients, SVR
by 244 of 448 (54%), and SVR after ETR by 244 of 321
(76%).

Number of aa Substitutions in NS5A-ISDR and NS5A-

IRRDR

Asawhole, 0, 1,and =2 aa substitutions in ISDR were
found in 56% (227 of 406), 23% (95 of 406), and 21% (84
of 406) of patients, respectively. Thus, the percentage of
patients with <1 aa substitution in ISDR (WT) was 79%
(322 of 406). Furthermore, <3, 4-5, and =6 aa substitu-
tions in IRRDR were found in 36% (73 of 200), 34% (67
of 200), and 30% (60 of 200) of patients, respectively
{fig. 1).

Core/NS5A and IL28B Affect Treatment
Efficacy

Table 1. Patient profile and laboratory data at commencement of
the 48-week combination therapy of IFN + ribavirin in 490 pa-
tients infected with HCV-1b

Demographic data

Number of patients 490
Male/female 310/180
Age, years 54 (20-75)
History of blood transfusion 169 (34%)
Family history of liver disease 96 (20%)

Body mass index, kg/m? 22.6 (15.7-34.7)

Laboratory data

Level of viremia, log IU/ml
Serum AST, 1U/1

Serum ALT, IU/]

6.4 (2.2-7.7)
50 (16-296)
67 (12-836)

Serum albumin, g/dl 3.9(3.1-4.7)
GGT, TU/ 44 (10-592)
Leukocyte count, n/mm? 4,700

(1,200-10,900)
14.4 (10.6-18.1)
16.7 (6.4-37.5)

Hemoglobin, g/dl
Platelet count, X 10%/mm?®

a-Fetoprotein, pg/l 5(1-459)
Total cholesterol, mg/dl 170 (96-284)
High-density lipoprotein cholesterol, mg/dl 46 (13-95)
Low-density lipoprotein cholesterol, mg/dl 100 (32-190)
Triglycerides, mg/dl 90 (33-416)
Uric acid, mg/dl 5.5(2.3-9.4)
Treatment

PEG-IFNa-2b/IFNw-2b 422/68

Ribavirin dose, mg/kg 11.2 (3.7-15.1)

aa substitutions in the HCV-1b

Core aa 70, arginine/glutamine (histidine) ~ 266/151
Core aa 91, leucine/methionine 246/169
ISDR of NS5A, 0/1/22 227/95/84
IRRDR of NS5A, £3/4-5/>6 73/67/60
Genetic variation near IL28B gene

rs8099917 genotype, TT/TG/GG 150/65/4

Data represent number of patients with percentages in paren-
theses, or median (range) values.

The correlation between ISDR and IRRDR was ana-
lyzed. There was a significant positive correlation be-
tween the number of aa substitutions in ISDR and those
in IRRDR (r = 0.308, p < 0.001) (fig. 2).

aa Substitutions in the Core Region and NS5A-ISDR/

IRRDR

Concerning the substitution of core aa 70, the number
of aa substitutions in ISDR of 256 patients with Arg70
(median 0) was not significantly different from that of
146 patients with GIn70 (His70) (median 0) (fig. 3a). Fur-
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Fig. 1. The number of aa substitutions in NS5A-ISDR and NS5A-
IRRDR. The percentage of patients with =<1 aa substitution in
ISDR (WT) was 79%.

thermore, the number of aa substitutions in IRRDR of
123 patients with Arg70 (median 5) was also not signifi-
cantly different from that of 77 patients with Gln70
{His70) (median 4) (fig. 3b).

Concerning the substitution of core aa 91, the number
of aa substitutions in ISDR of 240 patients with Leu91
(median 1) was significantly higher than that of 161 pa-
tients with Met91 (median 0) (p < 0.001) (fig. 3c). Further-
more, the namber of aa substitutions in IRRDR of 111
patients with Leu91 (median 5) was significantly higher
than that of 89 patients with Met91 (median 3) (p <0.001)
{fig. 3d).

Viremia Level and aa Substitutions in Core Region/

ISDR/IRRDR

Concerning the number of substitutions in ISDR, vi-
remia levels of 321 patients with WT (median 6.5) were
significantly higher than those of 84 patients with non-
WT (median 5.7) (p < 0.001) (fig 4a).

Concerning the number of substitutions in IRRDR,
viremia levels of 140 patients with <5 substitutions (me-
dian 6.4) were significantly higher than those of 60 pa-
tients with =6 (median 6.1) (p = 0.027) (fig. 4b).

Concerning the substitution of core aa 70, viremia lev-
els of 265 patients with Arg70 (median 6.4) were not sig-
nificantly different from those of 151 patients with GIn7
(His70) (median 6.3) (fig. 4¢).

Concerning the substitution of core aa 91, viremia lev-
els of 169 patients with Met91 (median 6.5) were signifi-
cantly higher than those of 245 patients with Leu91 (me-
dian 6.2} {p = 0.028) (fig. 4d).

Intervirology 2012;55:231~241

Fig. 2. Correlation between NS5A-1SDR and NS5A-IRRDR. There
was a significant positive correlation between the number of aa
substitutions in ISDR and that in IRRDR (r = 0.308, p < 0.001).

Thus, levels of viremia were influenced by aa substitu-
tions in core aa 91 and ISDR/IRRDR.

Treatment Response according to the Number of aa

Substitutions in IRRDR

Concerning the number of aa substitutions in IRRDR,
a significantly higher proportion of patients with =4 aa
substitutions (58%) showed SVR compared to patients
with <3 (42%) (p = 0.039). In contrast, the SVR rate was
not significantly different between patients with =<4
(49%) and those with =5 (57%) aa substitutions. Like-
wise, the SVR rate was not significantly different between
patients with <5 (51%) and those with =6 (55%) aa sub-
stitutions (fig. 5a).

The ETR rate was not significantly different between
patients with <3 (74%) and those with =4 (82%) aa sub-
stitutions, nor between patients with <4 (76%) and those
with =5 (83%). Likewise, the ETR rate was not signifi-
cantly different between those with <5 (79%) and those
with =6 (80%) aa substitutions (fig. 5b).

The SVR rate after ETR was not significantly different
between patients with <3 (61%) and those with =4 (74%)
aa substitutions, nor between patients with <4 (67%) and
those with =5 (72%). Likewise, they were not significant-
ly different between patients with <5 (67%) and those
with =6 (75%) aa substitutions (fig. 5¢).

Thus, it was useful as predictor of SVR to categorize
into two groups of <4 and =5 aa substitutions by uni-
variate analysis. However, the ETR and SVR after ETR
rates were not significantly different according to the
number of aa substitutions in IRRDR.
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0.001).

Predictors of SVR as Determined by Uni- and

Multivariate Analyses

Univariate analysis identified 15 parameters that cor-
relate with SVR: gender (male sex; p < 0.001), age (<55
years; p < 0.001), ribavirin dose (=2 11.0 mg/kg; p = 0.006),
AST (<58 TU/L; p = 0.039), leukocyte count (=4,500/mm?;
p = 0.043), hemoglobin (=14.0 g/dl; p = 0.001), platelet
count (=150 X 10*/mm? p < 0.001), GGT (<50 U/l
p = 0.028), uric acid (=5.5 mg/dl; p = 0.005), level of vi-
remia (<6.0 log IU/mlb p < 0.001), a-fetoprotein (<10
ng/l; p<0.001), genetic variation in rs8099917 (genotype
TT; p £0.001), substitution of aa 70 (Arg70; p < 0.001), the
number of aa substitutions in ISDR (non-WT; p < 0.001)
and IRRDR (=4; p = 0.039). Figure 6 shows the SVR rate
according to aa substitution in the core/NS5A region and
genetic variation near IL28B by univariate analysis.

Multivariate analysis that included the above variables
identified 3 parameters that independently influenced

Core/NS5A and IL28B Affect Treatment
Efficacy

SVR: genetic variation in rs8099917 (genotype TT; p <
0.001), gender (male sex; p <0.001), and the number of aa
substitutions in ISDR (non-W'T; p = 0.027) (table 2).

Predictors of ETR as Determined by Uni- and

Multivariate Analyses

Univariate analysis identified 14 parameters that cor-
related with ETR: gender (male sex; p = 0.001), age (<55
years; p = 0.004), AST (<39 IU/}; p = 0.027), hemoglobin
(=14.0 g/dl; p = 0.035), platelet count (=15.0 X 10*/mm?;
p<0.001), albumin (=3.9 g/dL; p = 0.014), GGT (<50 IU/];
p < 0.001), uric acid (=5.5 mg/dl; p = 0.003), level of vire-
mia (<6.0 log IU/ml; p = 0.001), low-density lipoprotein
cholesterol (=85 mg/dl; p = 0.004), a-fetoprotein (<10
pg/l; p <0.001), genetic variation in rs8099917 (genotype
TT; p < 0.001), substitution of aa 70 (Arg70; p < 0.001),
and the number of aa substitutions in ISDR (non-WT;
p = 0.021). Figure 7 shows the ETR rate according to aa

Intervirology 2012;55:231-241
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Fig. 4. Viremia level and aa substitutions in core region/ISDR/
IRRDR. a Concerning the number of substitutions in ISDR, vire-
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number of substitutions in IRRDR, viremia levels of patients with
<5 aa substitutions were significantly higher levels than those of
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core aa 70, viremia levels of patients with Arg70 were not signifi-
cantly different from those of patients with GIn70 (His70). d Con-
cerning the substitution of core aa 91, viremia levels of patients
with Met91 were significantly higher than those of patients with
Leu91 (p = 0.028). Thus, levels of viremia might be influenced by
aa substitutions in core aa 91 and ISDR/IRRDR.
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of SVR to categorize into two groups of =<4 and =5 aa substitu-
tions by univariate analysis. b, ¢ ETR and SVR after ETR rates
were not significantly different according to the number of aa sub-
stitutions in IRRDR.
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Table 2. Factors associated with SVR to 48-week IFN + ribavirin
combination therapy in patients infected with HCV-1b, identified
by multivariate analysis

Table 3. Factors associated with ETR response to 48-week IFN +
ribavirin combination therapy in patients infected with HCV-1b,
identified by multivariate analysis

Factor Category OR {95% CI) p
rs8099917 1: TG+GG 1
genotype 2:TT 16.7 (4.54-61.3) <0.001
Gender 1: Female 1

2: Male 10.5 (3.47-32.3) <0.001
ISDR of 1LWT 1
NS5A 2: Non-WT 5.68 (1.22-26.3) 0.027

Only variables that achieved statistical significance (p < 0.05)
on multivariate logistic regression are shown.

Core/NS5A and IL28B Affect Treatment
Efficacy

Factor Category OR
(95% CI)

rs8099917 1: TG+GG 1
genotype 2:TT 18.2 (6.29-52.6)  <0.001
Level of viremia 1:26.0 1
log 1U/ml 2:<6.0 9.20 (2.59-32.6) 0.001
Core aa 70 1: Gln70 (His70) 1

2: Arg7 4.68 (1.65-13.3) 0.004
Serum albumin 1:<3.9 1
g/dl 2:23.9 3.08 {1.11-8.47) 0.030

Only variables that achieved statistical significance (p < 0.05)
on multivariate logistic regression are shown.

Intervirology 2012;55:231-241 237
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substitution in the core/NS5A region and genetic varia-
tion near IL28B by univariate analysis.

Multivariate analysis that included the above variables
identified 4 parameters that independently influenced
ETR: genetic variation in rs8099917 (genotype TT; p <
0.001), level of viremia (<6.0 log IU/ml; p = 0.001), substi-
tution of aa 70 (Arg70; p = 0.004), and albumin (=3.9
g/dl; p = 0.030) (table 3).

Predictors of SVR after ETR as Determined by

Uni- and Multivariate Analyses

Univariate analysis identified 11 parameters that in-
fluenced SVR after ETR: gender (male sex; p < 0.001), age
(<55 years; p < 0.001), ribavirin dose {=11.0 mg/kg; p =
0.025), leukocyte count (=4,500/mm?; p = 0.033), hemo-
globin (=14.0 g/dl; p = 0.025), platelet count (=15.0 X
10*/mm?; p = 0.001), level of viremia (<6.0 log IU/ml; p =
0.020), total cholesterol (<170 mg/dl; p = 0.017), a-feto-
protein (<10 pg/l; p = 0.004), substitution of aa 70 and 91
(Arg70 and/or Leu%l; p = 0.044), and the number of aa
substitutionsin ISDR (non-W'T; p =0.001). Figure 8 shows
the SVR after ETR rate according to aa substitution in the
core/NS5A region and genetic variation near IL28B by
univariate analysis.

Multivariate analysis that included the above variables
identified 6 parameters that independently influenced
the SVR after ETR: gender (male sex; p < 0.001), ribavirin
dose (=11.0 mg/kg; p = 0.002), the number of aa substitu-
tions in ISDR (non-W'T; p = 0.012), substitution of aa 70
and 91 (Arg70 and/or Leu9l; p = 6.023), platelet count
(=150 x 10%mm? p = 0.033), and «-fetoprotein (<10
wg/l; p = 0.042) (table 4).
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Comparison of Factors Associated with Treatment

Efficacy Identified by Multivariate Analysis

Table 5 shows the variables that achieved statistical
significance on multivariate logistic regression for each
evaluation of treatment efficacy. Rs8099917 genotype
was an important predictor of ETR and SVR. With regard
to viral factors, core region was an important predictor of
ETR, and SVR after ETR. ISDR was an important predic-
tor of SVR, and SVR after ETR. Level of viremia was an
important predictor of ETR. Thus, genetic variation near
IL28B and viral factors (core region, ISDR, and level of
viremia) were important predictors of treatment efficacy.
Furthermore, gender, a-fetoprotein, albumin, and plate-
let count were also identified as other important predic-
tors of treatment efficacy, in addition to genetic variation
near IL28B and viral factors.

Discussion

Using multivariate analysis, the present study identi-
fied viral- (aa substitutions in core aa 70/91 and NS5A-
ISDR/IRRDR) and host-related factors (genetic variation
near IL28B gene) that influenced treatment efficacy to
48-week IFN/ribavirin combination therapy, which is in
agreement with recent findings [22, 23]. Identification of
these viral and host factors before the start of IFN/riba-
virin combination therapy should help to select better
therapeutic regimens, including triple therapy of telapre-
vir/PEG-IFN/ribavirin [24-26], for those patients who
are less likely to achieve SVR.

According to the number of substitutions in ISDR, a
previous report showed that levels of viremia were sig-
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Table 4. Factors associated with SVR in patients who achieved ETR response to 48-week IFN + ribavirin com-
bination therapy in patients infected with HCV-1b, identified by multivariate analysis

Pactor Category OR (95% CI} P
Gender 1: Female 1
2: Male 427 (2.15-8.55) <0.001

Ribavirin 1:<11.0 1

dose, mg/kg 2:211.0 2.95 (1.48-5.86) 0.002
ISDR of LWT 1

NS5A 2: Non-WT 4,00 (1.35-11.8) 0.012
Core aa 70 1: Gln70 (His70) and Met91 1

and 91 2: Arg70 and/or Leudl 2.96 (1.16-7.52) 0.023
Platelet count 1:<15.0 1

X 10%/mm3 2:215.0 2.19 (1.07-4.50) 0.033
a-Fetoprotein 1: 210 1

g/l 2: <10 2.66 {1.04-6.80) 0.042

Only variables that achieved statistical significance (p < 0.05) on multivariate logistic regression are shown.

Table 5. Comparison of factors associated with efficacy of 48-week IFN + ribavirin combination therapy in pa-
tients infected with HCV-1b, identified by multivariate analysis

Factor ETR response (at 48 weeks) SVR after ETR response SVR
IL28B rs8099917 rs8099917
p < 0.001, 18.2 (6.29-52.6)* p < 0.001, 16.7 (4.54-61.3)*
Virus Core aa 70 Core aa 70 and 91
p =0.004, 4.68 (1.65-13.3)* p = 0.023, 2.96 (1.16-7.52) __
Level of viremia ISDR ISDR
p = 0.001, 9.20 (2.59-32.6)* p =0.012,4.00 (1.35-11.8) p = 0.027, 5.68 (1.22-26.3)*
Others Albumin a-Fetoprotein

p = 0.030, 3.08 (1.11-8.47)*

p = 0.042, 2.66 (1.04-6.80)*

Platelet count

p =10.033, 2.19 (1.07-4.50)?
Gender

p < 0.001, 4.27 (2.15-8.55)
Ribavirin dose

p = 0.002, 2.95 (1.48-5.86)*

Gender
p<0.001, 10.5 (3.47-32.3)*

Only variables that achieved statistical significance (p < 0.05) on multivariate logistic regression are shown.

* OR (95% CI).

nificantly lower in patients with non-W'T of ISDR than
in those with WT [8]. The present study indicated that
substitution of IRRDR and core aa 91, in addition to sub-
stitution of ISDR, also significantly influenced levels of
viremia. Furthermore, there was a significant positive
correlation between the number of aa substitutions in

Core/NS5A and IL28B Affect Treatment
Efficacy

ISDR and those in IRRDR, and the number of aa substi-
tutions in ISDR/IRRDR of patients with Leu91 was sig-
nificantly higher than that of patients with Met91. To our
knowledge, this is the first report of the relationship be-
tween viremia levels and aa substitutions in core region/
ISDR/IRRDR. This result might be interpreted to mean
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that core aa 91/ISDR/IRRDR might be associated with
viremia levels involved in resistance to combination ther-
apy. Further studies that examine the functional impact
of aa substitutions to combination therapy should be con-
ducted to confirm the above finding.

The present results showed that a-fetoprotein, albu-
min, platelet count, and gender were predictors of viro-
logical response to IFN/ribavirin combination therapy.
Previous data indicated that absence of advanced liver
fibrosis was a positive predictor of SVR to IFN mono-
therapy and IFN/ribavirin combination therapy [2, 3, 13,
27-29], and that advanced liver fibrosis was usually asso-
ciated with higher levels of a-fetoprotein, and lower levels
of albumin and platelet count [1, 3, 30-32]. Furthermore,
gender is also a predictor of treatment response to IFN/
ribavirin combination therapy [2, 3, 14]. In the present
study based on a large number of patients, histopatho-
logical changes in the liver and gender were identified as
independent predictors of virological response, in addi-
tion to genetic variation near JL28B and viral factors (core
region, ISDR, and level of viremia).

In a previous study, multivariate analysis identified
core region, gender, and stage of liver fibrosis as param-
eters that independently influenced the SVR of patients
who achieved early virological response, but ISDR was
not entered into uni- and multivariate analysis [3]. To our
knowledge, the present study based on multivariate anal-
ysis is the first report to identify ISDR as pretreatment
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predictor of SVR after ETR to combination therapy. In-
terestingly, ISDR was not a predictor of ETR, but was a
significant predictor of SVR to combination therapy.
Thus, the underlying mechanisms of failure to develop
SVR in those patients who achieve HCV-RNA negativity
remain unclear. Further studies that examine the impact
of aa substitutions of ISDR to combination therapy should
be conducted to confirm the above finding.

One limitation of the present study was that aa substi-
tutions in areas other than the core region and NS5A-
ISDR/IRRDR of the HCV genome were not examined.
Other limitations were differences in host factors inclad-
ing race [24, 33, 34] and differences in viral factors, such
as the distribution of HCV-1a or -1b, and geographic di-
versities of HCV-1b [35]. Further large-scale prospective
studies are necessary to investigate whether the present
results relate to the efficacy of 48-week IFN/ribavirin
combination therapy, and further understanding of the
complex interaction between virus- and host- related fac-
tors should facilitate the development of more effective
therapeutic regimens.
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Complicated Relationships of Amino Acid Substitution
in Hepatitis C Virus Core Region and IL28B Genotype
Influencing Hepatocarcinogenesis

Norio Akuta,! Fumitaka Suzuki,' Yuya Seko,' Yusuke Kawamura,' Hitomi Sezaki,’ Yoshiyuki Suzuki,
Tetsuya Hosaka,' Masahiro Kobztyashi,I Tasuku Hara,' Mariko Kobayzu%hj,2 Satoshi Saitoh,* Yasuji Arase,’

Kenji Tkeda,' and Hiromitsu Kumada’

The impact of amino acid (aa) 70 substitution in the core region on hepatocarcinogenesis
and survival for liver-related death in patients of hepatitis C virus (HCV) genotype 1b
(HCV-1b), who had not received antiviral therapy, is unknown. The relationships among
aa 70 substitution, IL28B genotype, and hepatocarcinogenesis are also not clear. A total of
1,181 consecutive HCV-infected patients, who had not received antiviral therapy, were
included in a follow-up study to determine predictive factors of hepatocarcinogenesis and
survival for liver-related death. The cuamulative hepatocarcinogenesis rates in HCV-1b of
GIn70(His70) (glutamine (histidine) at aa 70) were significantly higher than those in
HCV-1b of Arg70 (arginine at aa 70) and HCV-2a/2b. The cumulative survival rates for
liver-related death in HCV-1b of GIn70(His70) were significantly lower than those in
HCV-1b of Arg70 and HCV-2a/2b. Multivariate analysis identified gender (male), age
(>60 years), albumin (<3.9 g/dL), platelet count (<15.0 X 10%/mm?), aspartate amino-
transferase (>67 IU/L), and HCV subgroup (HCV-1b of GIn70(His70)) as determinants
of both hepatocarcinogenesis and survival rates for liver-related death. In HCV-1b
patients, the cumulative change rates from Arg70 to GIn70(His70) by direct sequencing
were significantly higher than those from GIn70(His70) to Arg70. In patients of Arg70 at
the initial visit, the cumulative change rates from Arg70 to GIn70(His70) in /L28B
rs8099917 non-TT genotype were significantly higher than those in the TT genotype.
Conclusion: Substitution of aa 70 in the core region of HCV-1b is an important predictor
of hepatocarcinogenesis and survival for liver-related death in HCV patients who had not
received antiviral therapy. The IL28B genotype might partly affect changes over time of

dominant amino acid in core aa 70 of HCV-1b. (Herarorocy 2012;56:2134-2141)

epatitis C virus (HCV) usually causes chronic
infection that can result in chronic hepatitis,
liver cirrhosis, and hepatocellular carcinoma
(HCC)." At present, treatments based on interferon
(IFN), in combination with ribavirin, are the mainstay
for combating HCV infection. In Japan, HCV geno-
type 1b (HCV-1b) and high viral loads account for
more than 70% of HCV infections, making it difficult
to treat patients with chronic hepatitis C.”
Despite numerous lines of epidemiologic evidence
connecting HCV infection and the development of

HCC, it remains controversial whether HCV itself
plays a direct role or an indirect role in the pathogene-
sis of HCC.* It has become evident that HCV core
region has oncogenic potential through the use of
transgenic mice, but the clinical impact of the core
region on hepatocarcinogenesis is still unclear.” Previ-
ous reports indicated that amino acid (aa) substitutions
at position 70 in the HCV core region of patients
infected with HCV-1b are pretreatment predictors of
poor virological response to pegylated IFN (PEG-
IFN)/ribavirin combination therapy and triple therapy

Abbreviations: aa, amine acid; ALT, alanine aminomangferase; AST, aspartate aminotransferase; HCC, bepatocellular carcinoma; HCY, hepaiitis C virus; PEG/

[EN, pegyiated interferon.
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of telaprevir/PEG-IFN/ribavirin,”® and also affects
hepatocarcinogenesis.'®'> These reports support the
findings of oncogenic potential by core region from
the clinical aspect. However, its impact on hepatocarci-
nogenesis and survival for liver-related death in
patients of HCV-1b who had not received antiviral
therapy is still unknown.

_The IL28B genotype is a poor predictor of virologi-
cal response to PEG-JFN/ribavirin combination ther-
apy and triple therapy of telaprevit/PEG-IFN/riba-

P17 and s reported to be associated with HCC,
although its impact on HCC is controversial."®*" Fur-
thermore, treatment-resistant substitution of core aa
70 (glutamine/histidine at aa 70 (GIn70/His70)),
which might affect hepatocarcinogenesis, was signifi-
cantly more frequent in patients with treatment-resist-
ant genotype (non-TT) than -sensitive genotype (TT)
at JL28B rs8099917.%""*3 Thus, the significant linkage
between substitution of aa 70 and 7L28B genotype
had been shown, but it is not clarified whether the ex-
isterice of a complex interaction between the virus and
host might affect hepatocarcinogenesis.

The present study included 1,181 consecutive
HCV-infected patients who had not received antiviral
therapy. The aims of the study were: (1) To evaluate
the impact of aa substitutions in the core region of
HCV-1b on hepatocarcinogenesis and survival for
liver-related death; and (2) To investigate the associa-
ton of [L28B genotype and time-dependent aa
changes in the core region of HCV-1b.

Virin

Patients and Methods

Patients. Among 2,799 consecutive HCV-infected
patients in whom antiviral therapy (IFN monotherapy
or IFN plus ribavirin combination therapy) was not
induced between December 1962 and November 2010
at Toranomon Hospital, 1,181 were selected in the
present study based on the following criteria. (1) Posi-
tive for anti-HCV {third-generation enzyme immunoas-
say, Chiron, Emerville, CA) and positive for HCV
RNA (nested polymerase chain reaction [PCR]), at the
initial visit. (2) Patients without HCC at the initial
vicit. {3} Patients infecred with single genotype of

AKUTA ET AL. 2135

Table 1. Profiles and laboratory data at the initial visit of
1,181 patients infected with HCV, who had not received
antiviral therapy

Demographic data

Number of patients 1,181
Sex (male/female) 608/573
Age {years)* 60 (20-93)

526 (49.2%)
201 (20.3%)

History of blood transfusion
Family history of liver disease

Lifetime cumulative alcohol intake {>500 kg) 110 (10.8%
Laboratory data*
Total bilirubin (mg/dl) 0.7(0.1-20.0)

71 (13-1,052)
88 (4-1,210)
4.1 (1.0-5.5)
14.0 (7.8-18.0)
15.3 (2.6-52.9)
7507431
757 (74.4%)

Aspartate aminotransferase (/1)
Alanine aminotransferase (1U/1)
Albumin (g/dl)
Hemoglobin (g/dl)
Platelet count (> 10%/mm®)
HCV genotype (b / 2a or 2b)
Levels of viremia (high viral oad)
Amino acid substitutions in the HCV genotype Ib
Core aa 70 {argjnine / glutamine {histidine))
Core aa 91 (leucine / methionine)

431/319
482/268

Data are number and percentages of patients, except those denoted by *,
which represent the median (range) values.

HCV-1b, 2a, or 2b. (4) In HCV-1b, patients analyzed
aa substitutions of the core region by direct sequencing,
one or more times from the initial visit. (5) Patients
negative for hepatitis B surface antigen (radioimmunoas-
say, Dainabot, Tokyo, Japan). (6) Patients free of coin-
fection with human immunodeficiency virus. (7)
Patients free of other types of chronic liver disease,
including hemochromatosis, Wilson’s disease, primary
biliary cirrhosis, alcoholic liver disease, autoimmune
liver disease, inherited liver disease including alpha-1
antitrypsin  deficiency, and hepatic venous outflow
block. (8) Patients who consented to the study.

Table 1 summarizes the profiles and laboratory data
ar the initial visit of 1,181 patients infected with HCV
who had not received antiviral therapy. They did not
receive antiviral therapy based on concerns about adverse
effects, lack of time for treatment, physician recommen-
dation based on the appearance of depression and car-
diopulmonary disease, lower levels of aspartate amino-
transferase (AST) / alanine aminotransferase (ALT), or
eldetly patients. They incduded 608 males and 573
females, aged 20 to 93 years (median, 60 years). The
median follow-up time from the inidal visit until death
or until the last visit was 9.0 years (range., 0.0-37.7
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years). The study protocol was approved by the Human
Ethics Review Committee of the institution.

Laboratory Investigations. Blood samples were fro-
zen at —80°C within 4 hours of collection and were
not thawed until used for testing. Anti-HCV, HCV
RNA, HCV genotype, and aa substitutions of the
HCV-1b core region were assayed using stored frozen
sera. HCV genotype was determined by PCR using a
mixed primer set derived from nucleotide sequences of
the NS5 region.” HCV RNA quantitative analysis
was measured by branched DNA assay v. 2.0 (Chiron),
AMPLICOR GT HCV Monitor v. 2.0 using the 10-
fold dilution method (Roche Molecular Systems, Pleas-
anton, CA), or COBAS TagMan HCV test (Roche
Diagnostics, Tokyo, Japan). High viral load of viremia
levels was defined as branched DNA assay >1.0 Meq/
mL, AMPLICOR GT HCV Monitor >100 x 10’
TU/mL, or COBAS TagMan HCV test >5.0 log IU/mL.
Low viral load was defined as branched DNA assay
<1.0 Meg/mL, AMPLICOR GT HCV Monitor
<100 x 10° IU/mL, or COBAS TagMan HCV test
<5.0 log IU/mL.

Detection of Amino Acid Substitutions in Core
Regions of HCV-1b. In the present study, aa substitu-
tions of the core region of HCV-1b were analyzed by
direct sequencing. HCV RNA was extracted from se-
rum samples and reverse transcribed with random
primer and MMLYV reverse transcriptase (Takara Syuzo,
Tokyo, Japan). Nucleic acids of the core region were
amplified by nested PCR using the following primers.
The first-round PCR was performed with CE1 (sense,
5'-GTC TGC GGA ACC GGT GAG TA-3', nucleo-
udes: 134-153) and CE2 (antisense, 5-GAC GTG
GCG TCG TAT TGT CG-3', nucleotides: 1096-
1115) primers, and the second-round PCR with CC9
(sense, 5'-ACT GCT AGC CGA GTA GTG TT-3,
nucleotides: 234-253) and CE6 (antisense, 5'-GGA
GCA GTC GTT CGT GAC AT-3, nudeotides: 934-
953) primers. All samples were initially denatured at
95°C for 2 minutes. The 35 cycles of amplification
were set as follows: denaturation for 30 seconds at
95°C, annealing of primers for 30 seconds at 55°C,
and extension for 1 minute at 72°C with an additional
7 minutes for extension. Then 1 uL of the first PCR
product was transferred w the second PCR reaction.
Other conditions for the second PCR were the same
as the first PCR, except that the second PCR primers
were used instead of the first PCR primers. The ampli-
fied PCR products were purified by the QIA quick
PCR purification kit (Qiagen, Tokyo, Japan) after aga-
rose gel electrophoresis and then used for direct
sequencing. Dideoxynucleotide termination sequencing
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was performed with the Big Dye Deoxy Terminator
Cycle Sequencing kit (Perkin-Elmer, Tokyo, Japan).

With the use of HCV-] (accession no. D90208) as
a reference,” the dominant sequence of 1-191 aa in
the core protein of HCV-1b was determined by direct
sequencing and then compared with the consensus
sequence constructed on 50 clinical samples to detect
substitutions at aa 70 of arginine (Arg70) or gluta-
mine/histidine (GIn70/His70) and aa 91 of leucine
(Leu91) or methionine (Met91).6 Especially, patients
were classified into three HCV subgroups according to
HCV genotype in combination with aa substitutions
in HCV-1b core region (HCV-1b of Arg70, HCV-1b
of Gln70(His70), and HCV-2a/2b).

Determination of IL28B Genotype. 11.28B rs8099917
was genotyped by the Invader assay, TagMan assay,
or direct sequencing, as described.”®*’

Follow-Up and Diagnosis of HCC. Follow-up of
patients was made on a monthly to trimonthly basis
after the initial visit. Imaging diagnosis was made one
or morse times per year with ultrasonography, com-
puted tomography, or magnetic resonance imaging.
During this time, liver-related death, which included
HCC, cholangiocellular carcinoma, liver failure, or
esophageal variceal bleeding, was also evaluated.

Statistical Analysis. The cumulative rates of hepa-
tocarcinogenesis, survival for liver-related death, and
amino acid changes in the core region were calculated
using the Kaplan-Meier technique; differences between
the curves were tested using the log-rank test. Statisti-
cal analyses of hepatocarcinogenesis, survival, and
amino acid changes, according to groups, were calcu-
lated using the period from the initial visit. Stepwise
Cox regression analysis was used to determine inde-
pendent predictive factors that were associated with
hepatocarcinogenesis and survival for liver-related
death, The hazard ratio (HR) and 95% confidence
interval (95% CI) was also calculated. Potendal predic-
tive factors associated with hepatocarcinogenesis and
survival for liver-related death included the variables:
sex, age, history of blood tansfusion, family history of
liver disease, lifetime cumulative alcohol intake, total
bilirubin, AST, ALT, albumin, hemoglobin, platelet
count, levels of viremia, and HCV subgroup according
to HCV genotype in combination with aa substitution
in core region. Variables that achieved statistical signifi-
cance (P < 0.05) on univariate analysis were tested by
multivariate Cox proportional hazard model to identify
significant independent factors. Statistical comparisons
were performed using the SPSS software {Chicago, -
IL). P < 0.05 by the two-tailed test were considered
significant.
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Fig. 1. Cumulative hepatocarcinogenesis rates according to HCV ge-
notype in combination with amino acid substitutions in core region of
HCV-1b. The rates were significantly different among the three HCV
subgroups (P < 0.001; log-rank test). Especially, the rates in HCV-1b
of GIn70(His70) were significantly higher than those in HCV-1b of
Arg70 (P = 0.028; log-rank test) and HCV-2a/2b (P < 0.001; log-
rank test), and the rates in HCV-1b of Arg70 were also significantly
higher than those in HCV-2a/2b (P < 0.001; log-rank test).

Results

Hepatocarcinogenesis Rates and Survival Rates for
Liver-Related Death in Patients Infected With HCV
Who Had Not Received Anmtiviral Therapy. During
the follow-up, 413 patients (35.0%) developed HCC.
The cumulative hepatocarcinogenesis rates were 16.3,
34.3, 48.3, 58.7, and 69.1% at the end of 5, 10, 15,
20, and 25 years, respectively. The median interval
between the initial visit and detection of HCC was 6.2
years (range, 0.1-31.7 years).

During the follow-up period, 243 patients (20.6%)
died due to liver-related causes, and 97 of 243
(90.5%) developed HCC. The cumulative survival
rates for liver-related death were 96.2, 84.8, 68.9,
55.0, and 46.1% at the end of 5, 10, 15, 20, and 25
years, respectively. The median interval between the
initial visit and liver-related death was 10.1
{range, 0.4-35.8 years).

Hepatocarcinogenesis Rates and Survival Rates
for Liver-Related Death According to HCV Genotype
in Combination with Amino Acid Substitutions in
Core Region of HCV-1b. During the follow-up, 163
patients (51.3%), 175 (41.2%), and 75 (17.6%) devel-
oped HCC in HCV-1b of Gln70(His70), HCV-1b of
Arg70, and HCV-2a/2b, respectively. In HCV-1b of
Gln70(His70), HCV-1b of Arg70, and HCV-2a/2b,
the cumulative hepatocarcinogenesis rates were 21.7,
19.3, 8.0% at the end of 5 years; 44.4, 39.4, 18.2% at
the end of 10 years; 60.4, 52.7, 29.1% at the end of

years
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15 years; 71.6, 60.3, 43.1% at the end of 20 years;
and 87.1, 69.8, 46.9% at the end of 25 years, respec-
tively. The rates were significantly different among the
three HCV subgroups (P < 0.001) (Fig. 1). Especially,
the rates in HCV-1b of GIn70(His70) were signifi-
cantly higher than those in HCV-1b of Arg70 (P =
0.028) and HCV-2a/2b (P < 0.001), and the rates in
HCV-1b of Arg70 were also significantly higher than
those in HCV-2a/2b (P < 0.001).

During the follow-up, 104 patients (34.4%), 97
(23.4%), and 42 {10.0%) died due to liver-related
causes in HCV-1b of GIn70(His70), HCV-1b of
Arg70, and HCV-2a/2b, respectively. In HCV-1b of
GIn70(His70), HCV-1b of Arg70, and HCV-2a/2b,
the cumulative survival rates for liver-related death
were 95.2, 95.4, 97.9% at the end of 5 years; 77.7,
83.3, 93.9% at the end of 10 years; 58.4, 68.4, 81.2%
at the end of 15 years; 39.3, 58.4, 69.0% at the end
of 20 years; and 33.8, 47.5, 59.5% at the end of 25
years, respectively. The rates were significantly different
among the three HCV subgroups (P < 0.001) (Fig.
2). Especially, the rates in HCV-1b of Gln70(His70)
were significantly lower than those in HCV-1b of
Arg70 (P = 0.016) and HCV-2a/2b (P < 0.001), and
the rates in HCV-1b of Arg70 were also significantly
lower than those in HCV-2a/2b (2 < 0.001).

Predictive Factors Associated with Hepatocarcino-
genesis and Survival for Liver-Related Death in
Patients Infected with HCV Who Had Not Received
Antiviral Therapy. The data for the whole population
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Fig. 2. Cumulative survival rates for liver-relaied death according 1o
HCV genotype in combination with amino acid substitutions in the
core region of HCV-1b. The rates were significantly different among the
three HCV subgroups (P < 0.001; log-rank test). Especially, the rates
in HCV-1b of GIn70(His70} were significantly lower than those in HCV-
1b of Arg70 (P = 0.016; log-rank test) and HCV-2a/2b (P < 0.001;
log-rank test), and the rates in HCV-1b of Arg70 were aiso significantly
lower than those in HCV-2a/2b (P < 0.001; log-rank test).
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Table 2. Factors associated with hepatocarcinogenesis in
patients infected with HCV, who had not received antiviral
therapy, identified bymultivariate analysis

Hazard ratio
£95% confidence
[Factors] [Category] interval) P
Gender 1: female 1
2: male 1.78 {1.44-2.21) <0.001
Age (years) 1:<<60 1
2:>60 1.68 (1.35-2.09) <0.001
Albumin {g/d}) 1: >3.9 ) 1
2: <3.9 1.94 (1.55-2.42) <«<0.001
Platelet count 1: >15.0 1
(x 10%/mm®)
2:<15.0 2.89 (2.25-3.72) «0.001
Aspartate 1:<87 1
aminotransferase
{u/n
2:>67 1.92 (1.47-2.52) <0.001
HCV subgroup 1: HCV-2a/2b 1
2: HCV-1b with Arg70 1.91 (1.42-2.55) <0.001
3: HCV-1b with GIn70(His70) 1.94 (1.45-2.61) <0.001

Cox proportional hazard model

sample were analyzed to determine those factors that
could predict hepatocarcinogenesis and survival for
liver-related death.

Univariate analysis identified eight parameters that
significantly  correlated with  hepatocarcinogenesis.
These included gender (male; P < 0.001), age (>60
years; £ < 0.001), rotal bilirubin (>1.2 mg/dL; P <
0.001), AST (>67 TU/L; P < 0.001), ALT (>85 IU/
L; P < 0.001), platelet count (<15.0 x 10%mm3; P
< 0.001), albumin (<3.9 g/dL; P < 0.001), and life-
time cumulative alcohol intake (>500 kg; P = 0.025).
Furthermore, the rates in HCV-1b of GIn70(His70)
were significantly higher than those in HCV-1b of
Arg70 (P = 0.028) and HCV-2a/2b (P < 0.001).
These factors were entered into multivariate analysis,
which then identified six parameters that significantly
influenced hepatocarcinogenesis independently: gender
(male; HR 1.78, P < 0.001), age (>60 years; HR
1.68, P < 0.001), albumin (<3.9 g/dL; HR 1.94, P
< 0.001), platelet count (<15.0 x 10*/mm? HR
2.89, P < 0.001), AST (>67 TU/L; HR 1.92, P <
0.001), and HCV  subgroup (HCV-1b of
GIn70(His70); HR 1.94, P = 0.001) (Table 2).

Univariate analysis identified seven parameters that
significantly correlated with survival for liver-related
death. These included gender (male; P < 0.001), age
(>60 years; P < 0.001), total bilitubin (>1.2 mg/dL;
P < 0.001), AST (>67 1U/L; P < 0.001), ALT (>85
IU/L; P < 0.001), platelet count (<15.0 x 10%/mm?;
P < 0.001), and albumin (<3.9 g/dL; P < 0.001).
Furthermore, the rates in HCV-1b of Gln70(His70)
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were significantly lower than those in HCV-1b of
Arg70 (P = 0.016) and HCV-2a/2b (P < 0.001).
These factors were entered into multivariate analysis,
which then identified six parameters that significantly
influenced survival for liver-related death independ-
ently: gender (male; HR 1.91, P < 0.001), age (=60
years; HR 1.61, P = 0.001), albumin (<3.9 g/dL;
HR 2.49, P < 0.001), platelet count (<15.0 x 10%/
mm” HR 3.69, P < 0.001), AST (>67 IU/L; HR
4.16, P < 0.001), and HCV subgroup (HCV-1b of
Gln70(His70); HR 2.16, P < 0.001) (Table 3).

IL28B Genotype and Time-Dependent Amino
Acid Changes in Core Region of HCV-1b. Among
1,181 patients, 359 could be evaluated for changes
over time of dominant amino acid by direct sequenc-
ing in core aa 70 of HCV-1b. Furthermore, among
359 patients, 142 could also be analyzed for the rela-
tionship between /L28B 158099917 genotype and
time-dependent changes of core aa 70.

In 199 patients of Arg70 at the initial visit, 34
patients  (17.1%)  changed from Arg70 o0
GlIn70(His70) during the follow-up. Inversely, in 160
patients of GIn70(His70) at the initial visit, eight
patients (5.0%) changed from Gln70(His70) to Arg70
during the follow-up. In change from Arg70 to
GIn70(His70), and change from Gln70(His70) to
Arg70, the cumulative change rates were 3.0, 0% at
the end of 5 years; 16.8, 5.8% at the end of 10 years;
27.4, 11.5% at the end of 15 years; and 38.9, 16.7%
at the end of 20 years, respectively. The cumulative
change rates from Arg70 o Gln70(His70) were signifi-
cantly higher than those from Gln70(His70) to Arg70
(P = 0.002).

In 78 patients of Arg70 and TT genotype at the ini-
dal visit, nine {(11.5%) changed from Arg70 to
Gln70(His70) during the follow-up. In 11 patients of
Arg70 and non-TT genotype at the initial visit, seven
(63.6%) changed from Arg70 to Gln70(His70) during
the follow-up. In TT and non-TT genotype, the cu-
mulative change rates were 0, 9.1% at the end of 5
years; 3.2, 65.4% at the end of 10 years; 14.8, 65.4%
at the end of 15 years; and 29.0, 65.4% at the end of
20 years, respectively. The cumulative change rates in
non-TT genotype were significantly higher than those
in TT genotype (P < 0.001) (Fig. 3A).

In 30 patients of GIn70(His70) and TT genotype at
the initial visit, three patients (10.0%) changed from
Gln70(His70) o Arg70 during the follow-up. In 23
patients of GIn70(His70) and non-TT genotype at the
initial visit, no patients changed from. Gln70(His70)
to Arg70 during the follow-up. In TT and non-TT
genotype, the cumulative change rates were 0, 0% at
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Table 3. Factors associated with survival for liver-related
death in patients infected with HCV, who had not received
antiviral therapy, identified by multivariate analysis

Hazard ratio
{95% confidence
[Factors}] [Category} interval) P
Gender 1: female 1
2: male 1.91 (1.45-2.52) <«0.001
Age (years) L<B0 i
2:>60 1.61(1.21-2.12y  0.061
Albumin (g/dl) 1:>3,9 1
2:<3.9 2.49 (1.87-3.31) <0.001
Platelet count 1:>15.0 1
(> 10%/mm®)
2:<15.0 3.69 (2.65-5.13) <0.001
Aspartate 1:<87 1
aminotransferase
(/1
2:>867 4.16 (2.43-7.11) <0.001
HCV subgroup 1: HCV-2a/2b 1
2: HCV-1b with Arg70 1.83 (1.25-2.68) 0.002
3: HCV-1b with GIn70(His70) 2.16 (1.48-3.16) <0.001

Cox proportional hazard modei

the end of 5 years; 9.1, 0% at the end of 10 years;
20.5, 0% at the end of 15 years; and 20.5, 0% at the
end of 20 years, respectively. The cumulatve change
rates in TT genotype were not significantly higher than
those in non-TT genotype (P = 0.114) (Fig. 3B).

Discussion

This is the first report to indicate that aa substitu-
tion in the core region might affect hepatocarcinogene-
sis and survival for liver-related death in HCV patients
who had not received antiviral therapy. The treatment-
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resistant mechanism and oncogenic potential of HCV
core region are still unclear. Moriishi et al.*®*? showed
that a knockout of the PA28y gene induces the accu-
mulation of HCV core proteir in the nucleus of hepa-
tocytes of HCV core gene transgenic mice and disrupts
development of both hepatic steatosis and HCC. Hu
et al.”” indicated that the point-mutations of the core
gene, including core aa 70 and aa 91, might change
the secondary structure of not only RNA bur also pro-
tein. As a result, the functions of both RNA and pro-
tein of the core region, such as an interaction with
other DNA/RNA or proteins, might change and lead
to hepatocarcinogenesis. Funaoka et al.”® recently
reported that treatment-resistant substitutions of core
aa 70 and aa 91 (GIn70/His70 and Met91) were re-
sistant to interferon in vitro, and the resistance might
be induced by interleukin 6-induced upregulation of
SOCS3. Further studies should be performed to inves-
tigate the treatment-resistant mechanism and onco-
genic potential of aa substitution in the core region.
The association between HCV genotype and the
risk of HCC is not clear. A previous report indicated
that hepatocarcinogenesis rates in patients infected
with HCV-1b were significantly higher than those in
patients infected with HCV-2a/2c, based on an ltalian
cohort,’” and this finding might be partly explained
by distribution of HCV-1b of Arg70 or Gln70(His70).
In fact, the hepatocarcinogenesis rates in HCV-1b of
GlIn70(His70) were significantly higher than those in
HCV-1b of Arg70 and HCV-22/2b in the present
study based on a Japanese cohort. The present study is
the first report to indicate that substitution of aa 70 in
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Fig. 3. Changes over time of dominant amino acid by direct sequencing in core aa 70 of HCV-1b, according to IL28B 158099917 genotype.
{A) In HCV-1b patients of Arg70 at the initial visit, cumulative change rates from Arg70 to GIn70(His70) during follow-up. The rates in non-TT ge-
notype were significantly higher than those in TT genotype (P < 0.001; log-rank test). (B) in HCV-1b patients of GInTO(His70) at the initial visit,
cumulative change rates from Gin70(His70) to Arg70 during follow-up. The rates in TT genotype were not significantly higher than those in non-TT

genotype (P = 0.114; log-rank test).
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the core region of HCV-1b is not only an important
predictor of hepatocarcinogenesis, but also of survival
for liver-related death in HCV patients who had not
received antiviral therapy. The reason for the higher
rates  of liver-related death in  HCV-1b of
GIn70(His70) might be due to the higher rates of
HCC. In conclusion, reducing the risk of hepatocarci-
nogenesis by HCV RNA eradication and/or ALT nor-
malization by antiviral therapy should be recom-
mended, especially in HCV-1b of Gln70(His70) as a
high-risk group for hepatocarcinogenesis.32

The significant linkage between substitution of aa
70 and I128B genotype had been shown,” ™ but the
mechanism of complex interaction between the virus
and host is not clear. In the present study, the cumula-
tive change rates from Arg/70 to GlIn70{His70) were
significantly higher than those from Gin70(His70) to
Arg70. Especially, the rates from Arg70 to
Gln70(His70) in [228B rs8099917 non-TT genotype
were significantly higher than those in TT genotype.
Although the molecular mechanisms of their relation-
ship remain unknown, it could be speculated that
JL28B genotype has an influence on the time-depend-
ent changes of core aa 70, and refractory factors for
treatment might accumulate in HCV-1b patients with
non-TT. Hence, elucidating the relationship between
substitution of aa 70 and /L28B genotype is an impor-
tant step in understanding the mechanism of HCV
treatment-resistance and disease progression.

The impact of J/L28B genotype on hepatocarcino-
genesis is controversial.'®?" In this study, the effect of
IL28B 158099917 genotype on HCC was assessed in
515 of 2,799 consecutive HCV-infected patients who
had not received antiviral therapy. Interestingly, the
cumulative hepatocarcinogenesis rates in TT of the
treatment-sensitive  genotype was not  significantly
Jower than those in non-TT of the treatment-resistant
genotype (P = 0.930; log-rank test) in a preliminary
study based on a small numbers of patients (Fig. 4).
This result suggests that core aa 70 as a predictor of
hepatocarcinogenesis might not only be influenced by
IL28B genotype, but also by other factors strongly
related to hepatocarcinogenesis independent of /L28B
genotype. As a whole, it is regrettable that its impact
on hepatocarcinogenesis in HCV patients who had not
received antiviral therapy could not be investigated in
this study. Further comprehensive studies should be
performed to disclose the molecular mechanisms for
the complicated relationships among core aa 70,
IL28B genotype, and hepatocarcinogenesis.

The limitations of the present study are that
patients who had received treatment besides IFN-
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Fig. 4. Cumulative hepatocarcinogenesis rates according to iL28B
158099917 genotype. The rates in TT genotype were not significantly
jower than those in non-TT genotype (P = 0.930; log-rank test) in a
preliminary study based on a small number of 515 patients.

related therapy (such as ursodeoxycholic acid, branched
chain amino acid, and phlebotomy) could not be
excluded. Furthermore, the clinical impact of mera-
bolic factors (such as diabetes, insulin resistance, hepa-
tocyte steatosis, and obesity) on hepatocarcinogenesis
could also not be investigated. Further studies should
be performed to investigate the clinical impact of treat-
ment besides IFN-related therapy and metabolic fac-
tors on hepatocarcinogenesis.53 =7

In conclusion, substitution of aa 70 in the core
region of HCV-1b is the important predictor of hepa-
tocarcinogenesis and survival for liver-related death in
HCV patients who had not received antiviral therapy.
This study emphasizes the importance of antiviral ther-
apy to reduce the risk of hepatocarcinogenesis, espe-
cially in HCV-1b of GIn70(His70) as a high-risk group
for hepatocarcinogenesis. Furthermore, /L28B genotype
might partly affect changes over time of dominant
amino acid in core aa 70. This result should be inter-
preted with caution because races other than Japanese
populations and patients infected with HCV-1a were
not included. Any generalization of the results should
await confirmarion by studies of patients of other races
and HCV-la. Further prospective studies of a larger
number of patients matched for race and HCV geno-
type are required to explore the relationship between
core aa 70, JL28B genotype, and hepatocarcinogenesis.
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Abstract

Background Few studies have investigated the long-term
effects of interferon (IFN) therapy for chronic hepatitis B
(CHB). In this retrospective study, we investigated the
efficacy of and predictors of response to IFN therapy in
CHB patients.

Methods We analyzed data for 615 Japanese CHB
patients (hepatitis B e antigen [HBeAg]-positive 414,
HBeAg-negative 201) treated with IFN, and conducted
follow up for a median duration of 8.1 years (range
0.5-23.2). Responders were defined as patients who
showed continuously normalized alanine transaminase
(ALT) levels, HBeAg clearance, and low hepatitis B virus
(HBV) DNA levels at 6 months post-treatment or for a
span of more than 6 months until each test point at 1, 3, 5,
and 10 years.

Results  The IFN response rates of all patients were 21,
18, 21, 23, and 25% at 6 months and 1, 3, 5, and 10 years,
respectively. On multivariate analysis, significant deter-
minants of the outcome of IFN therapy were as follows: at
6 months and ] year, young age, low HBV DNA levels,
and long duration of treatment; at 3 years, long duration of
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treatment, young age, and high level of albumin; at 5 years,
high level of albumin, female, and pretreated with IFN; and
at 10 years, HBeAg-negative. Sixty-nine of the 615
patients (11%) achieved seroclearance of hepatitis B sur-
face antigen (HBsAg). On multivariate analysis, age
>30 years, HBV genotype A, and male were all indepen-
dent factors predicting the achievement of HBsAg
seroclearance.

Conclusion HBeAg, HBV DNA level, age, sex, albumin,
duration of treatment, pretreatment with IFN, and HBV
genotype were important factors in determining long-term
response to IFN therapy.

Keywords Interferon - Hepatitis B virus - Chronic
hepatitis B - Genotype - Hepatitis B surface antigen

Abbreviations

CHB Chronic hepatitis B
HBV Hepatitis B virus
IFN Interferon

HBeAg Hepatitis B e antigen
ALT Alanine transaminase
MU Million units

HBsAg Hepatitis B surface antigen

CLEIA Chemiluminescent enzyme immunoassay

bDNA Branched-chain DNA probe assay

TMA-HPA  Transcription-mediated amplification ans
hybridization protection assay

PCR Polymerase chain reaction

ELISA Enzyme-linked immunosorbent assay

AST Aspartate {ransaminase

AFP o Fetoprotein

OR Odds ratio

Ct Confidence interval

HCC Hepatocellular carcinoma
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Introduction

Hepatitis B virus (HBV) infection is a common disease that
can induce a chronic carrier state and is associated with the
risk of developing progressive disease and hepatocellular
carcinoma [1]. Interferon (IFN) and several nucleoside/
nucleotide analogues such as lamivudine, adefovir dipiv-
oxil. entecavir, and tenofovir disoproxil fumarate are cur-
rently approved as weatments for chronic hepatitis B
(CHB) in most countries [2-5]. Successful treatment of
CHB with clearance of hepatitis B e antigen (HBeAg).
reduction in serum HBV DNA levels, and normalization of
alanine transaminase (ALT) levels is associated with a
favorable long-terim outcome. independent of the antiviral
drug used [6. 7].

A meta-analysis of TFN therapy published in 1993
reviewed 15 randomized controlled studies involving 837
adult patients who received IFN-g at doses of 5—10 million
units (MU) administered at intervals ranging tfrom daily to
three times weekly for 4-6 months [8]. Clearance of
HBeAg was noted in 33% of the treated patients compared
with 12% of controls. Elimination of detectable HBV DNA
and normalization of ALT levels were also more common
in the treated patients than in the controls. The major
pretreatment factors that correlated with a response were
high ALT levels [9-11], low HBV DNA levels [9, 10],
female sex, and elevated liver activity and fibrosis on liver
biopsy [8]. Another recent meta-analysis of 24 randomized
controlled trials concluded that the rates of persistent ALT
normalization, clearance of HBeAg, and sustained elimi-
nation of HBV DNA (determined by hybridization)
induced by TFN therapy were approximately 25% greater
than the rates for controls. A more recent meta-analysis
report showed that IFN increased the incidence of HBeAg
and hepatitis B surface antigen (HBsAg) seroclearance
after long-term follow up of 3-7 years [12].

However. specific data on the long-term effects of IFN
therapy (median follow-up duration of 8.1 years), particu-
larly among the Japanese, are limited. Moreover, few
reports have investigated tactors predicting the achieve-
ment of HBsAg seroclearance. To further evaluate factors
influencing clinical outcome, we performed a retrospective
cohort study on CHB patients treated with IFN in our
hospital.

Patients and methods
Patients
We retrospectively examined 615 Japanese patients (151

fernales and 464 males) who commenced IFN treatment
between June 1984 and April 2008 in the Department of

Table 1 Characteristics of patients al commencement of interfercr
therapy

Demographic data

Total number 615

Sex, female/male 151/464
Age. years {range) 35 (15-68)
Previously treated with interferon 123 (20%)
Duration of treatment, weeks (range) 26 (49811

Follow-up period, years (range) 8.1 10.5-23.2)
Laboratory data

72 ¢18-990)
138 (12--157%)
0.7 10.2-8.3)
3.9 (2.6-5.3)

174 (48--500)

Aspartate transaminase, [U/L. (range)
Alanine transaminase, [U/L (range)
Bilirubin. mg/dL (range)

Albumin, g/dL (range)

Platelets. < 10°/uL ( range)

Staging of liver histology (FO/1/2/3/4/ND)  8/77/185/162/72/111
Serum HBV DNA. log copies/ml. (range) >7.6 (<2.6 to >7.6)
HBeAg (positive/negative) 414/201

HBV genotype 24/37/504/1/1/1/47

(A/B/C/D/H/B + C/unknown)

Values are expressed as medians and ranges (in parentheses) or as
numbers and percentages (in parentheses)

HBYV hepatitis B virus, HBeAg hepatitis B e antigen, ND not done

Hepatology at Toranomon Hospital (Table 1). Several of
the patients have been included in previous reports (13—
15].

All enrolled patients were followed up for a range of
0.5-23.2 years from completion of IFN treatment, with a
median follow-up duration of 8.1 years. Before the com-
mencement of [FN treatment, all patients had been positive
for HBsAg in the serum for more than 6 months, and all
were confirmed to have hepatitis caused by HBV and not
by another vector, such as infection with hepatitis C virus
or autoimmune hepatitis. None had a history of drug abuse
or alcoholic hepatitis, and none had received nucleoside/
nucleotide analogue therapy. The study was conducted in
accordance with the ethical principles of the Declaration of
Helsinki and was approved by the Toranomon Hospital
Ethics Committee. Informed consent was obtained from
each patient.

Interferon therapy and assessment of response
to therapy

Patients received 3—-12 MU of IFN-¢ or IFN-f (Sumiferon:
Dainippon Sumitomo Pharma. Osaka. Japan: Canferon A:
Takeda Chemical Industries, Osaka, Japan; Intron A:
Schering-Plough MSD KK, Osaka, Japan. and Feron:
Toray. Tokyo. Japan). The durations and regimens of
treatment were as follows: 4 weeks (89 patients: daily for
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