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et al., 2002; Berg et al., 2003], with the emphasis on
“response-guided therapy” [Lee and Ferenci, 2008;
Marcellin and Rizzetto, 2008]. Recent reports have
emphasized the importance of evaluating the
viral dynamics at 4 weeks after starting therapy
to predict a sustained virologic response. A rapid
virologic response, in which serum HCV RNA is
undetectable at 4 weeks after starting therapy,
has been the strongest predictive factor of a sustained
virologic response reportedly [Martinez-Bauer et al,,
2006; Poordad et al., 2008; de Segadas-Soares et al.,
2009; Martinot-Peignoux et al., 2009]. In addition,
the predictive value of reduced serum HCV RNA
levels at 4 weeks after starting therapy has been
clarified further, and a >3 logio reduction in HCV
RNA levels at 4 weeks after starting therapy has
high predictive value that a patient will achieve a
sustained virologic response as a final outcome, even in
the absence of a rapid virologic response [Toyoda
et al.,, 2011].

In contrast, the lack of an early virologic response,
defined as either undetectable serum HCV RNA or
HCV RNA levels decreased by >2.0 log;o from the pre-
treatment level at 12 weeks after starting therapy,
has been the most important predictor for the failure
of a sustained virologic response in patients infected
with HCV genotype 1 reportedly [Fried et al., 2002;
Davis et al., 2003]. Therefore, treatment may be dis-
continued in patients without an early virologic re-
sponse at 12 weeks of treatment, according to the
recommendation in the AASLD guidelines [Ghany
et al., 2009].

More recently, several studies reported that genetic
polymorphisms near the IL28B gene (rs8099917,
rs12979860) on chromosome 19 affect the virologic re-
sponse to PEG-IFN and ribavirin combination therapy
in patients infected with HCV genotype 1 [Ge et al,
2009; Suppiah et al., 2009; Tanaka et al, 2009;
McCarthy et al., 2010; Rauch et al,, 2010]. Further-
more, genetic polymorphisms near the IL28B gene are
the strongest baseline predictive factor of the final
outcome of combination therapy. An additional report
showed the effects of genetic polymorphisms near the
IL28B gene on HCV viral dynamics during PEG-IFN
and ribavirin combination therapy [Thompson et al,,
20101.

Although early HCV viral dynamics during therapy
was shown originally to have a high predictive value
for a sustained virologic response in HCV genotype 1-
infected patients before genetic polymorphisms near
the IL28B gene were linked to a therapeutic response,
it is not clear whether early viral dynamics retain
their predictive value in light of this additional
information. The purpose of the present study was to
investigate whether response-guided therapy based
on viral dynamics at 4 or 12 weeks after initiating
therapy retains its ability to predict the final outcome
of PEG-IFN and ribavirin combination therapy after
accounting for genetic polymorphisms near the IL28B
gene.
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MATERIALS AND METHODS

Patients and Treatment

Between January 2007 and June 2008, a total of
402 patients with chronic hepatitis C received anti-
viral combination therapy with PEG-IFN and ribavi-
rin for HCV infection at the Ogaki Municipal Hospital
or the Nagoya University Hospital. Among these
patients, 272 were infected with HCV genotype 1b and
had pretreatment HCV RNA levels >5.0 logg IU/ml
based on a quantitative real-time PCR-based method
for HCV (HCV COBAS AmpliPrep/COBAS TagMan
System; Roche Mbolecular Systems, Pleasanton, CA;
Lower limit of quantification, 1.7 logio IU/ml: Lower
limit of detection, 1.0 logye IU/ml) [Colucci et al, 2007;
Pittaluga et al,, 2008]. This study did not include any
patients infected with HCV genotype 1la because this
genotype is not found in the general Japanese population.

All patients were given PEG-IFN alpha-2b (Pegintron,
Schering-Plough, Tokyo, Japan) weekly and ribavirin
(Rebetol, Schering-Plough, Kenilworth, NJ) daily. The
PEG-IFN and ribavirin doses were adjusted based on
the patient’s body weight. Patients weighing <45 kg
were given 60 ug of PEG-IFN alpha-2b once a week,
those weighing >45 and <60 kg were given 80 pg, those
weighing >60 and <75 kg were given 100 pg, those
weighing >75 and <90 kg were given 120 ug, and
those weighing >90 kg were given 150 pg. Patients
weighing <60 kg were administered 600 mg of ribavirin
per day, those weighing >60 and <80 kg were given
800 mg per day, and those weighing >80 kg were
administered 1000 mg per day. The PEG-IFN and riba-
virin doses were modified based on the manufacturer’s
recommendations. All patients were scheduled to under-
go 48 weeks of treatment. The treatment duration was
extended up to 72 weeks in some patients. In addition,
treatment was discontinued before 48 weeks in some
patients who had a low likelihood of achieving an eradi-
cation of HCV due to the presence of serum HCV RNA
at 24 weeks after starting therapy.

A sustained virologic response was defined as un-
detectable serum HCV RNA at 24 weeks after ending
the therapy. A patient was considered to have re-
lapsed when serum HCV RNA was detectable between
the end of treatment and 24 weeks after completing
treatment, although serum HCV RNA was undetect-
able during and at the end of therapy. Patients were
considered to have non-response if serum HCV RNA
was detectable at 24 weeks after initiating therapy
(i.e., null response or partial response according to the
American guidelines [Ghany et al.,, 2009]). Patients
were considered to have a rapid virologic response if
they had undetectable serum HCV RNA at 4 weeks
after starting therapy. An early virologic response was
defined as the disappearance or decrease in serum
HCV RNA levels by at least 2 logio at 12 weeks after
starting therapy. Patients were considered to have a
complete early virologic response if serum HCV RNA
was undetectable at 12 weeks after starting therapy
and a partial early virologic response if the serum
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HCV RNA levels had decreased by at least 2 logyo at
12 weeks after initiating therapy. Patients were con-
sidered not to have an early virologic response if their
HCV RNA levels did not decrease by more than 2
logio at 12 weeks compared to the pretreatment
levels. Patients were considered to have a slow
virologic response if the serum HCV RNA became un-
detectable between 12 and 24 weeks.

The study protocol was in compliance with the Helsinki
Declaration and was approved by the ethics committee of
the Ogaki Municipal Hospital and the Nagoya University
School of Medicine. Prior to initiating the study, each
patient provided written informed consent fo use the
laboratory data, analyze genetic polymorphisms near the
11.28B gene, and test stored serum samples.

Assessments of Serum HCV RNA Levels and
Genetic Polymorphisms Near the IL28B Gene

After a patient provided informed consent, serum
samples were obtained at the patient’s regular hospi-
tal visits, just prior to initiating treatment, every
4 weeks during the treatment period, and during the
24-week follow-up period after treatment. Serum sam-
ples were stored at —80°C until further use. The HCV
RNA levels were measured using a quantitative real-
time PCR-based method for HCV (HCV COBAS
AmpliPrep/COBAS TagMan System).

Genotyping of rs 8099917 polymorphisms near the
JL28B gene was performed using the TagMan SNP
assay (Applied Biosystems, Foster City, California)
according to the manufacturer’s guidelines. A pre-
designed and functionally tested probe was used for
rs8099917 (C__11710096_10, Applied Biosystems).

Statistical analyses. Quantitative values are
reported as the mean + SD. In between-group differ-
ences were analyzed by the chi-square test. Univari-
ate and multivariate analyses using a logistic
regression model were performed to identify factors
that predict a sustained virologic response, including
age, sex, body weight, serum alanine aminotransferase
activity, serum aspartate aminotransferase activity,
serum gamma-glutamyl transpeptidase levels, serum
alkaline phosphatase values, serum albumin levels,
total serum bilirubin values, white blood cell counts,
hemoglobin, platelet counts, hepatitis activity grade
(A0 and Al vs. A2 and A3), liver fibrosis grade (F0 and
F1 vs. F2 and F3), pretreatment HCV RNA levels
(>6.5 logio vs. <6.5 logio), reduction in peginterferon
dose and ribavirin dose, reduction in HCV RNA levels
at 4 weeks after starting therapy (>3 logio vs. <3 logio),
and the type of an early virologic response. All P-values
are two-tailed, and P < 0.05 was considered significant
statistically.

RESULTS

The characteristics of the patients examined in this
study are shown in Table I. Liver histology was evaluat-
ed according to the METAVIR score [The French

TABLE 1. Characteristics of all Study Patients (n = 272)

Age (years) 56.0 + 10.9
Sex (female/male) 139 (51.1)/133 (48.9)
Body weight (kg) 57.8 + 10.5
Alanine aminotransferase (1U/L) 64.6 + 56.4
Aspartate aminotransferase (IU/L) 53.9 + 42.7
Gamma-glutamyl transpeptidase (IU) 48.5 + 43.9
Alkaline phosphatase (IU/L) 267.9 + 101.3
Albumin (g/dl) 4.04 4 0.837
Total bilirubin (mg/dl) 0.79 £+ 0.30
White blood cell count (/p.l) 4892 + 1333
Hemoglobin (g/dl) 14.0 £ 1.3
Platelet count (x10%/pul) 168 + 51
Liver histology-activity 3 (1.2)/136 (55.8)/
(AO/A1/A2/A3)* 92 (37.4)/15 (6.1)
Liver histology-fibrosis 27 (11.0)/114 (46.3)/
(FO/F1/F2/F3)* 70 (28.5)/35 (14.2)
Pretreatment HCV RNA 6.35 + 0.79
concentration (logio IU/ml)
Reduction in the peginterferon dose 81(29.8)
Reduction in the ribavirin dose 130 (47.8)
Final outcomes (sustained virelogic 118 (43.4)/
response /relapse/ no response) 84 (30.9)/70 (25.7)

HCV, hepatitis C virus.
Percentages are shown in parentheses.
*Liver biopsy was not performed in 26 patients.

METAVIR Cooperative Study Group, 1994]. Although
some patients had a reduction in their PEG-IFN and
ribavirin doses during therapy, respectively, all patients
except for those who discontinued the therapy had more
than 80% adhesion to both the PEG-IFN and ribavirin
regimens. No patients discontinued the therapy because
of adverse effects. The treatment duration was extended
up to 72 weeks in 51 of 71 patients (71.8%) who exhib-
ited a slow virologic response. As a final outcome,
118 patients (43.4%) achieved a sustained virologic re-
sponse, 84 patients (30.9%) relapsed, and the remaining
70 patients (25.7%) had no response.

Reduction in Serum HCV RNA Levels at 4 Weeks
after Starting Therapy and Treatment Qutcome
According to Genetic Polymorphisms Near the
IL28B Gene

An analysis of genetic polymorphisms at rs8099917
near the IL28B gene indicated that 207 patients
(76.1%) had a TT genotype, 3 patients had a GG geno-
type (1.1%), and the remaining 62 patients were TG
heterozygote (22.8%). Table II shows the comparison
of the background characteristics between patients
with the favorable TT genotype and those with the
unfavorable TG/GG genotype. As reported previously
[Abe et al., 2010], gamma-glutamyl transpeptidase
level was higher significantly in patients with the TG/
GG genotype. As a final outcome, the rate of a sus-
tained virologic response was higher significantly in
patients with the TT genotype. Among 207 patients
with the TT genotype, serum HCV RNA became unde-
tectable in 19 patients (9.2%) at 4 weeks after starting
therapy (a rapid virologic response). In the remaining
188 patients, the decrease in serum HCV RNA levels
at 4 weeks after starting therapy ranged from 0.12

J. Med. Virol. DOI 10.1002/jmv
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TABLE II. Characteristics of Study Patients According to the Genetic Polymorphisms Near the IL28B Gene
Patients with Patients with
TT genotype TG/GG genotype
of rs8099917 of rs8099917
(n = 207) (n = 65) P-value
Age (years) 56.5 + 10.4 544+ 12.4 0.4112
Sex (female/male) 107 (51.7)/100 (48.3) 32 (49.2)/33 (50.8) 0.8384
Body weight (kg) 57.8 + 10.9 57.8 + 9.4 0.8361
Alanine aminotransferase (IU/L) 65.1 + 53.3 62.8 + 65.6 0.2548
Aspartate aminotransferase (IU/L) 53.6 + 34.8 54.7 + 62.0 0.3339
Gamma-glutamy! transpeptidase (IU) 44.2 + 37.1 62.3 + 59.0 0.0003
Alkaline phosphatase (IU/L) 263.1 + 90.3 282.8 + 129.9 0.3875
Albumin (g/dl) 4.04 + 0.36 4.05 + 0.43 0.8020
Total bilirubin (mg/dl) 0.79 + 0.30 0.76 + 0.32 0.3010
‘White blood cell count (/1) 4826 + 1333 5100 + 1320 0.1608
Hemoglobin (g/dl) 139+ 1.3 141+ 14 0.3339
Platelet count (x 103/|.L1) 161 + 49 169 + 57 0.3871
Liver histology-activity (A0/A1/A2/A8)* 2 (1.1)/98 (62.4)/ 1 (1.7)/38 (64.4)/ 0.3241
74 (39.6)/13 (6.9) 18 (30.5)/2 (3.4)
Liver histology-fibrosis (FO/F1/F2/F3)* 21 (11.2)/83 (44.4)/ 6 (10.2)/31 (52.5)/ 0.6401
57 (30.5)/26 (13.9) 13 (22.0)/9 (15.3)
Pretreatment HCV RNA concentration (logio IU/ml) 6.37 £ 0.85 6.29 + 0.55 0.0582
Reduction in the peginterferon dose 61 (29.5) 20 (30.8) 0.9644
Reduction in the ribavirin dose 101 (48.8) 29 (44.6) 0.5565
Final outcomes (sustained virologic 106 (51.2)/ 12 (18.4)/15 (23.1)/ <0.0001
response /relapse/ no response) 69 (33.3)/32 (15.5) 38 (58.5)

HCV, hepatitis C virus.
Percentages are shown in parentheses.
*Liver biopsy was not performed in 26 patients.

logio to 5.71 logyo (mean, 3.12 logio). The reduction in
serum HCV RNA levels was >3 logio in 98 patients
(47.3%), <3 logio and >2 logyo in 52 patients (25.1%),
<2 logio and >1 logyp in 23 patients (11.1%), and <1
logio in 15 patients (7.3%). Figure 1A shows the rate
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Fig. 1. The rate of sustained virologic responses (%) based on the reduction in serum HCV RNA
levels at 4 weeks after starting therapy. A: Patients with the TT genotype for rs8099917, (B) patients
with the TG/GG genotype for rs8099917.
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of a sustained virologic response according to the re-
duction in HCV RNA levels at 4 weeks after starting
therapy in patients with the TT genotype. The rates
were higher significantly in patients who achieved a
rapid virologic response or had a >3 logyo decrease in
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serum HCV RNA levels at 4 weeks compared to those
with a <3 logyq decrease in serum HCV RNA levels
(P < 0.0001). When a 3 logyg decrease in serum HCV
RNA levels was defined as the cut-off point, 56.5% of
patients were considered to have a >3 logio decrease
in serum HCV RNA levels. The sensitivity, specificity,
positive predictive value, and negative predictive
value for a sustained virologic response were 86.8,
75.2, 78.6, and 84.4%, respectively.

Among the 65 patients who had the TG/GG geno-
type, no patient achieved a rapid virologic response at
4 weeks after initiating therapy. The decrease in se-
rum HCV RNA levels at 4 weeks after starting thera-
py ranged from 0.11 logjo to 4.75 logyy (mean, 1.66
log1g). The reduction in serum HCV RNA levels at 4
weeks after starting the therapy were smaller in
patients with the TG/GG genotype than those with
the TT genotype (1.66 & 1.02 logyo in patients with
the TG/GG genotype vs. 3.12 £ 1.37 logy, in patients
with TT genotype excluding RVR, P < 0.0001). The
reduction in serum HCV RNA levels was >3 logyo in
five patients (7.7%), <3 logic and >2 logio in 10
patients (15.4%), <2 logio and >1 logy in 27 patients
(41.5%), and <1 logye in 23 patients (35.4%).
Figure 1B shows the rates of a sustained virologic re-
sponse according to the reduction in HCV RNA levels
at 4 weeks after starting therapy in patients with the
TG/GG genotype. There were no differences in the
rate of a sustained virologic response based on the re-
duction in HCV RNA levels at 4 weeks after starting
therapy; the rate of a sustained virologic response
remained at 20% approximately regardless of the
reduction in HCV RNA levels in 42 patients with a >1
logio reduction in serum HCV RNA levels.
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Association Between an Early Virologic Response
at 12 Weeks and Treatment QOutcome Based on
Genetic Polymorphisms Near the IL28B Gene

Figure 2 shows the rate of patients with the TT
genotype or TG/GG genotype for rs8099917 who
achieved a complete early virologic response, a partial
early virologic response, and those who did not
achieve early virologic response at 12 weeks after
starting therapy based on the reduction in serum
HCV RNA level at 4 weeks after initiating therapy.
Nearly 756% of patients with the TT genotype whose
HCV RNA levels were reduced by >3 logy at 4 weeks
after starting the therapy achieved a complete early
virologic response. In contrast, 80% of patients with
the TG/GG genotype whose HCV RNA levels were
reduced by >3 logy, at 4 weeks after starting the
therapy showed a partial early virologic response.
The majority of patients with the TT or TG/GG geno-
types achieved a partial early virologic response when
their reduction in HCV RNA levels was <3 log;s and
>2 logig or <2 logio and >1 logio.

Figure 3 shows the rates of a sustained virologic
response according to the type of early virologic re-
sponse in patients with the TT genotype (Fig. 3A) and
TG/GG genotype (Fig. 3B). Among patients with
the TT genotype, the rate of sustained virologic re-
sponse was significantly higher in patients with a com-
plete early virologic response than in those with a
partial early virologic response (P < 0.0001). In con-
trast, there was no difference in the rate of a sustained
virologic response between patients with a complete
early virologic response and those with a partial early
virologic response (P = 0.8917) among patients with
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Fig. 2. The association between the virologic responses at 12 weeks after starting therapy and the
reduction in serum HCV RNA levels at 4 weeks after starting therapy. A: Patients with the TT geno-
type for rs8099917, (B) patients with the TG/GG genotype for rs8099917.
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Fig. 3. The rate of sustained virologic responses based on the type of early virologic response. A:
Patients with the TT genotype for rs8099917, (B) patients with the TG/GG genotype for rs8099917.

the TG/GG genotype. None of the patients with the TT
genotype or TG/GG genotype who yielded a lack of an
early virologic response reached a sustained virologic
response.

Univariate and Multivariate Analyses for Factors
Associated With a Sustained Virologic Response
to Peginterferon and Ribavirin Combination
Therapy in Patients With the TT and the
TG/GG Genotype for the rs8099917

Univariate and multivariate analyses were con-
ducted for factors associated with a sustained virolog-
ic response based on different genetic polymorphisms
near the IL28B gene. In patients with the TT geno-
type, the factors that were associated with a sustained
virologic response included serum alkaline phospha-
tase levels, serum albumin, platelet counts, hepatitis
activity grade, liver fibrosis grade, reduction in HCV
RNA levels at 4 weeks after starting therapy, and a
complete early virologic response based on a univari-
ate analysis (Table ITIA). In a multivariate analysis,
the serum albumin levels, reduction in HCV RNA lev-
els 4 weeks after starting therapy, and a complete
early virologic response were independent factors that
were significantly associated with a sustained virolog-
ic response (Table IIIB). A reduction in HCV RNA lev-
els 4 weeks after starting therapy was the strongest
factor that affected a sustained virologic response. In
patients with the TG/GG genotype, the factors that
were associated with a sustained virologic response
included patient age, platelet counts, and pretreat-
ment HCV RNA levels based on a univariate analysis
(Table IIIA). A reduction in the HCV RNA levels at
4 weeks after starting therapy was not associated
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with a sustained virologic response. In a multivariate
analysis, patient age and pretreatment HCV RNA levels
were independent factors that were significantly associ-
ated with a sustained virologic response (Table ITIC).

Characteristics of Patients who Achieved a
Sustained Virologic Response to the Combination
Therapy Despite the Unfavorable TG/GG
Genotype Near the IL28B Gene

Table IV shows the characteristics of 12 patients
who achieved a sustained virologic response despite
having the unfavorable TG/GG genotype for
rs8099917 near the IL28B gene. All but one patient
was under 60 years old and had liver fibrosis not
more than grade 2 (one patient did not undergo a liver
biopsy). Except for one patient, the reduction in the
serum HCV RNA levels at 4 weeks after starting ther-
apy was less than 3 logio and all but one patient
showed a partial early virologic response at 12 weeks
after starting the therapy. In all 11 patients with a
partial early virologic response, the serum HCV RNA
was undetectable up to 24 weeks after starting the
therapy. All but one patient extended the treatment
duration from 48 to 72 weeks (two patients discontin-
ued therapy at 60 weeks during the extended treat-
ment period). When the characteristics of patients
who achieved a sustained virologic response were
compared between those with the unfavorable TG/GG
genotype and those with the favorable TT genotype,
patients with the TG/GG genotype were younger
(41.8 + 14.4 years vs. 55.1 & 10.4 years, P = 0.0023)
and had lower pretreatment HCV RNA levels
(5.91 & 0.44 logyp IU/ml vs. 6.21 & 1.05 logyo IU/ml,
P = 0.0199).
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TABLE III. Univariate and Multivariate Analyses for Factors Associated With a Sustained Virologic Response to
Peginterferon and Ribavirin Combination Therapy in Patients With the TT and the TG/GG Genotype for the rs8099917

(A) Univariate analyses P-value
Patients with Patients with
TT genotype TG/GG genotype
of rs8099917 of rs8099917
(n = 207) (n = 65)
Age (years) 0.0505 0.0007
Sex (female/male) 0.1830 0.2296
Body weight (kg) 0.6891 0.2456
Alanine aminotransferase (IU/L) 0.7988 0.4032
Aspartate aminotransferase (IU/L) 0.5021 0.1705
Gamma-glutamyl transpeptidase (IU) 0.6340 0.6648
Alkaline phosphatase (IU/L) 0.0315 0.0599
Albumin (g/dl) 0.0002 0.6594
Total bilirubin (mg/dl) 0.2929 0.7130
White blood cell count (/ul) 0.2508 0.5549
Hemoglobin (g/dl) 0.0847 0.2289
Platelet count (x10%/ul) 0.0454 0.0411
Liver histology-activity (A0-1/A2-3) 0.0445 0.1117
Liver histology-fibrosis (F0-1/F2-3) 0.0002 0.2283
Pretreatment HCV RNA concentration (>6.5 logy, vs. <6.5 logyo) 0.5279 0.0379
Reduction in the peginterferon dose 0.4316 0.5563
Reduction in the ribavirin dose 0.1823 0.4272
Reduction in HCV RNA levels at 4 weeks after starting the <0.0001 0.9265
therapy (>3 logio vs. < 3logyo)
Early virologic response (complete vs. partial) <0.0001 0.9777
Early virologic response (partial vs. non) 0.8632 0.0686
Odds ratio
(B) Multivariate analyses: Patients with TT genotype of rs8099917 P-value (95% confidence interval)
Alkaline phosphatase (IU/L) 0.2617
Albumin (g/dl) 0.0365 28.287 (1.4107-755.41)
Platelet count (x10%/ul) 0.2599
Liver histology-activity (A0-1/A2-3) 0.6678
Liver histology-fibrosis (F0-1/F2-3) 0.2307
Reduction in HCV RNA levels at 4 weeks after starting the <0.0001 16.029 (6.8593-40.406)
therapy (>3 logyo vs. <3 logie)
Early virologic response (complete vs. partial) 0.0224 0.3685 (0.1557-0.8749)
0Odds ratio
(C) Multivariate analyses: Patients with TG/GG genotype of rs8099917 P-value (95% confidence interval)
Age (years) 0.0022 0.0034 (0.0000-0.0840)
Platelet count (x10%ul) 0.3344
Pretreatment HCV RNA concentration (6.5 logyo vs. <6.5 logio) 0.0304 0.0548 (0.0020-0.4950)

HCV, hepatitis C virus.

DISCUSSION

Several previous studies reported that patients who
achieved a rapid virologic response, in which serum
HCV RNA become undetectable at 4 weeks after start-
ing therapy, had a high likelihood of achieving a sus-
tained virologic response [Martinez-Bauer et al., 2006;
Poordad et al., 2008; de Segadas-Soares et al., 2009;
Martinot-Peignoux et al., 2009]. In addition, several
recent studies reported the predictive value of the de-
gree of reduction in serum HCV RNA levels at 4 weeks
after starting therapy [Yu et al., 2007; Huang et al.,
2010; Toyoda et al., 2011]. Therefore, the viral

dynamics of HCV at 4 as well as 12 weeks after start-
ing therapy is important for response-guided therapy.

Genetic polymorphisms near the IL28B gene have
emerged as the strongest predictive factor of a sus-
tained virologic response in patients infected with
HCV genotype 1 [Hayes et al., 2011; Kurosaki et al.,
2011]. In addition, Thompson et al. [2010 reported
that genetic polymorphisms near the IL28B gene
were associated strongly with early viral dynamics
during PEG-IFN and ribavirin combination therapy.
These findings raised an important issue of whether
response-guided therapy, based on the reduction in
serum HCV RNA levels at 4 or 12 weeks after starting
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TABLE IV. Patients who Achieved a Sustained Virologic Response Despite the TG/GG Genotype for the rs8099917
Pretreatment HCV RNA HCV RNA became  Treatment

Age Liver HCV RNAlevel reductionat  Response at undetectable duration

(years) Sex histology (logio IU/ml) 4 weeks 12 weeks (weeks) (weeks)
1. 31 Female Al/F1 6.13 2.19 partial EVR 20 48
2. 55 Male Al/F1 5.80 1.77 partial EVR 16 72
3. 57 Female Al/F1 5.58 3.01 partial EVR 16 72
4, 57 Female Al/F1 6.21 1.81 partial EVR 20 72
5. 62 Male N.D. 6.23 1.18 partial EVR 24 72
6. 21 Male Al/F2 6.04 1.83 partial EVR 24 72
7. 42 Male Al/F1 6.27 0.57 partial EVR 24 72
8. 29 Female Al/F2 5.83 1.83 partial EVR 20 60
9. 52 Male A1/FO 591 2.12 complete EVR 12 48
10. 40 Male A2/F1 5.84 1.34 partial EVR 20 72
11 27 Male N.D. 5.63 0.42 partial EVR 24 72
12. 28 Male Al/FO 6.59 0.76 partial EVR 20 60

N.D.,, not done; HCV, hepatitis C virus; EVR, early virologic response.

therapy, retains a predictive value when considering
genetic polymorphisms near the IL28B gene.

In the present study, the predictive value of the de-
crease in serum HCV RNA levels was evaluated at 4
and 12 weeks after starting therapy in Japanese
patients infected with HCV genotype 1b based on ge-
netic polymorphisms near the IL28B gene. Consistent
with previous reports, patients with the TG/GG geno-
type for rs8099917 had a smaller reduction in serum
HCV RNA levels at 4 weeks after starting treatment
(P < 0.0001), which indicates an unfavorable response
to the combination therapy. Patients with the TT
genotype for rs8099917, which is associated with a
favorable response to the combination therapy,
exhibited a significant difference in the rate of a sus-
tained virologic response based on the reduction in
serum HCV RNA levels at 4 weeks after initiating the
therapy. Patients with a rapid virologic response or
with a >3 log;¢ reduction in HCV RNA levels had a
higher likelihood of achieving a sustained virologic
response.

In contrast, these factors did not have any predic-
tive value in patients with the TG/GG genotype. Only
18.5% of patients achieved a sustained virologic re-
sponse (12 of 65 patients), and it was difficult to iden-
tify these patients based on the reduction in HCV
RNA levels at 4 weeks or the type of an early virologic
response at 12 weeks after starting therapy. Patients
who achieved a sustained virologic response, despite
the TG/GG genotype for rs8099917, were identified
among those with a <2 logjo and >1 log;, or even <1
logio reduction in HCV RNA levels at 4 weeks after
starting therapy. Interestingly and paradoxically, the
possibility of a sustained virologic response can be
expected in patients with a <1 logyo reduction in HCV
RNA levels at 4 weeks after starting therapy only
when they have the unfavorable TG/GG genotype.

In the evaluation at 12 weeks after starting thera-
py, patients with the TT genotype who achieved a
complete early virologic response had a higher rate of
a sustained virologic response significantly than
patients who achieved a partial early virologic

J. Med. Virol. DOI 10.1002/jmv

response, whereas this difference was not found in
patients with the TG/GG genotype. No patients who
failed to achieve an early virologic response achieved
a sustained virologic response regardless of the
genetic polymorphisms near the IL28B gene. Thus,
the lack of an early virologic response retained a
strong predictive value for the failure of achieving a
sustained virologic response. This result supports the
recommendation in the AASLD guidelines, in which
treatment may be discontinued in patients without an
early virologic response at 12 weeks of treatment.

The characteristics of patients who achieved a sus-
tained virologic response despite the unfavorable TG/
GG genotype were younger in age and lower pretreat-
ment HCV RNA levels. Most patients with the TG/GG
genotype who achieved a sustained virologic
response showed a partial early virologic response
and extended the treatment duration. It was difficult
to identify these patients according to viral dynamics
at 4 or 12 weeks after starting therapy.

There are several limitations in this study. Some
patients with a slow virologic response did not have
their treatment period extended from 48 to 72 weeks.
This is because the effectiveness of a 72-week combi-
nation therapy regimen in patients with HCV geno-
type 1 with a slow virologic response [Berg et al.,,
2006; Pearlman et al., 2007] had not been established
in Japan in the earlier part of this study. This fact
might have influenced the treatment outcome espe-
cially in patients with the unfavorable TG/GG geno-
type. Another limitation is a smaller sample size of
patients with the TG/GG genotype in comparison to
that of patients with the TT genotype. This sample
size could have caused the lack of statistical signifi-
cance in the rate of a sustained virologic response
according to the reduction in HCV RNA levels at
4 weeks after starting therapy or according to the
type of an early virologic response in patients with
the TG/GG genotype. In addition, the data were based
on Japanese patients infected with HCV genotype 1b.
Therefore, these results should be confirmed in other
ethnicities and patients infected with HCV genotype 1la.
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In conclusion, among patients infected with HCV
genotype 1b with the TT genotype for rs8099917, a
rapid virologic response or a >3 logje reduction in
HCV RNA levels at 4 weeks after starting therapy, or
a complete early virologic response indicate strongly
that these patients will achieve a sustained virologic
response as a final outcome for PEG-IFN and ribavi-
rin combination therapy. Early viral dynamics retain
the predictive value in this patient subpopulation. A
reduction in HCV RNA levels at 4 weeks after start-
ing therapy or the type of an early virologic response
does not predict the likelihood that patients with
the TG/GG genotype will achieve a sustained virologic
response. In contrast, the lack of an early virologic re-
sponse retains a strong predictive value for the failure
to achieve a sustained virologic response regardless
of IL28B polymorphisms, which remains useful as a
factor to stop therapy.
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CLINICAL STUDY

Transarterial Chemoembolization for Hepatitis B
Virus—associated Hepatocellular Carcinoma:
Improved Survival after Concomitant Treatment
with Nucleoside Analogues

Hidenori Toyoda, MD, Takashi Kumada, MD, Toshifumi Tada, MD,
Yasuhiro Sone, MD, and Masashi Fujimori, MD

ABSTRACT

Purpose To determ]m whethex nucleosme amlog,ue the rapy is f\ssocnled with improved sur wv'xl in patients with hepatms B v uus :
( HBV)—-'\ssocnted hep'\toce]luhl carcinoma (HCC) who are treated solely with u:msmen al chemoembohzatwn o

Nlaterlals and Methods A lel rospectwe chart review of ‘patients dné,nosed with HBV-associated HCC was performed to nknhfy

pahente treated solely with chemoembohzanon Relev’mt demographic and clinical data were e*macled and 1ecouled The inf
ide 'malogues (I'mm udme adefovn dnpwoml or entec'wn)was detennmed

ot thel ﬁpy wnh nucleo

exgmﬁc
n’ugleycs‘

g st’umtmg the sur vwal funcnbn -

an mdependent f'zctm th'\t was assocmted wuh mcne'xsed sux vival (P = 0063)

Concluswns Admmlstmtlon of nucleoside amloguus ‘Was assocnte(l w:th lon"er sux vna] in patxents with HBV»'xseocnted HC,C

who were treated with transarterial chemoembolization.

ABBREVIATIONS

AFP -

Transarterial embolization was initially used to treat hepa-
tocellular carcinoma (HCC) by Doyon et al (1) in 1974, and
chemoembolization with gelatin sponge particles and anti-
cancer agents was subsequently developed in Japan to treat
inoperable HCC (2). Despite the increase in the number of
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alpha-fetoprotein, HBV = hepatitis B virus, HCC = hepatocellular carcinoma

patients who undergo complete curative treatments such as
hepatectomy or radiofrequency ablation (3), transarterial
chemoembolization continues to have an important role,
both as an initial treatment and as a therapeutic alternative
for recurrent disease (4) because of the advanced nature of
HCC at diagnosis and the high rate of recurrent disease (5).
The benefits resulting from chemoembolization have long
been a subject of debate (6—10), but two randomized trials
found that chemoembolization was associated with higher
survival compared with symptomatic treatment (4,11,12).
Because of poor liver function, patients with HCC do
not always receive chemoembolization. Repeated chemo-
embolization treatments for HCC may cause liver function
to deteriorate despite the fact that the deterioration of liver
function by each chemoembolization treatment would be
mild (13). If repeated chemoembolization treatments are to
be used in cases of HCC recurrence, it is important to
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prevent the worsening of liver function in the intervals
between the treatments for longer survival (14),

Nucleoside analogues against hepatitis B virus (HBV)
have been used since the late 1990s to suppress the repli-
cation of HBV and to normalize transaminase levels. Ther-
apy with nucleoside analogues against HBV is known to
arrest the progression of hepatic dysfunction in patients
with chronic hepatitis B. More recent studies have shown
that these drugs prevent the development of liver failure,
even in the patients with advanced liver fibrosis (15-19).
However, it is unknown whether this beneficial effect of
antiviral therapy translates into longer survival for patients
with concomitant HCC who undergo chemoembolization.
We conducted a retrospective review of our experiences
using chemoembolization to treat HCC in patients with
chronic HBV infection.

MATERIALS AND METHODS

Patients

The complete study protocol was approved by the institu-
tional review board of our hospital and was performed in
compliance with the Helsinki Declaration, Between July
1997 and December 2010, 1,359 patients were diagnosed
with primary HCC at our institution. Chronic HBV infec-
tion was confirmed in 260 of these patients, and 95 of these
260 patients were treated with chemoembolization. Of these
95 patients, 14 underwent treatments other than chemoem-
bolization for recurrent HCC (4 underwent hepatectomy
and 10 underwent radiofrequency ablation), and the remain-
ing 81 patients had been treated with chemoembolization
alone for recurrent HCC tumors. Our study retrospectively
examined these 81 patients.

HCC was diagnosed based on clinical criteria (20) in
all 81 patients. Specifically, the patients had a pertinent
clinical background (chronic HBV infection) and typical
imaging results. The tumor usually was detected by B-mode
ultrasonography with typical HCC imaging features, in-
cluding a hypoechoic tumor or a tumor with a mosaic
pattern with a halo. HCC was diagnosed when a high-
density mass was detected on arterial phase dynamic com-
puted tomography (CT) images combined with a low-den-
sity mass on portal phase dynamic CT images obtained with
a single or multidetector helical CT scanner. All of the
patients with possible HCC tumors underwent angiography
using a unified CT-angiography system (Interventional-CT;
Toshiba, Tokyo, Japan) (21,22). CT during arterial portog-
raphy and CT during hepatic arteriography were also per-
formed to evaluate the progression of HCC (23).

The patients included 67 men (82.7%) and 14 women
(17.3%), with a mean age of 60.6 years = 9.2. The liver
function at diagnosis was Child-Pugh class A in 49 patients
(60.5%). At the time of diagnosis, 52 patients (64.2%) had
multiple initial HCC tumors. HCC was accompanied by
branch portal vein invasion in 18 patients (22.2%), but no

patients had HCC invasion of the main portal vein trunks or
the left or right main portal vein (Table EI).

Chemoembolization for

Hepatocellular Carcinoma

and Follow-up after Treatment

The treatment decisions were based principally on the Jap-
anese HCC treatment guidelines (24). The patients were
mnitially assessed for their eligibility for hepatic resection
and subsequent local ablative therapies, including percuta-
neous ethanol injection, percutaneous nicrowave thermo-
coagulation, and radiofrequency ablation. The patients who
were not eligible for curative treatment with surgery, local
ablative therapies, or a combination of both were offered
chemoembolization. The patients with Child-Pugh class C
(25) liver function and the patients with HCC invasion of
the main portal vein trunks and left or right main portal vein
were not offered chemoembolization. Chemoembolization
was performed by injecting an emulsion of 50 mg of
farmorubicin hydrochloride (Epirubicin; Adria Laborato-
ries, Columbus, Chio) or 100 mg of cisplatin (IA-Call;
Nihon-Kayaku, Tokyo, Japan) dissolved in 5 mL of iop-
amidol (lopamiron, 370 mg I/ml; Schering, Tokyo, Japan)
and mixed with 5 mL of iodized oil (Lipiodol Ultra Fluid;
Guerbet, Paris, France). This procedure was followed by an
injection of gelatin sponge particles (Gelfoam; Upjohn,
Kalamazoo, Michigan). The total dose of the injected emul-
sion was determined by the volume of the liver that would
be embolized. An unenhanced CT scan was obtained to
confirm complete deposition of the iodized oil in the lesion
and to complete the treatment.

After the first chemoembolization treatment, the pa-
tients were followed for 2.39-118.6 months (median fol-
low-up period 19.3 months) at our institution with ultra-
sonography and CT or magnetic resonance imaging performed
every 3—6 months. Serum tumor markers (alpha-fetoprotein
[AFP], Lens culinaris agglutinin-reactive AFP, and des-
gamma-carboxy prothrombin) were monitored every 3
months. When elevated tumor markers were detected, an
additional imaging examination (usually CT or magnetic
resonance imaging) was performed to check for recurrence
or progression of HCC. If recurrence or progression was
confirmed, retreatment was considered. Retreatment deci-
sions were also based on the Japanese HCC treatment
guidelines. Repeat chemoembolization was considered as a
retreatment option in patients who had HCC recurrence or
progression,

Statistical Analyses

The intergroup differences were analyzed using x* and
Mann-Whitney U tests for categorical and quantitative data.
The date of the initial HCC treatment (chemoembolization)
was defined as time zero when calculating the patient
survival rates. Surviving patients and patients who died
from causes other than liver disease were censored in the
survival-analysis. Patients whose death was caused by HCC
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Age (mean = SD, y) (range)
Sex ratio (female/male)
Child-Pugh class (A/B)
Albumin {mean = SD, g/dlL)

Total bilirubin (mean = SD, mg/dL)
15-minute retention rate of ICG (%)*

Prothrombin (%)
Platelet count {X 1,000/mL)}

Tumor size (mean = SD, cm) (range)
Tumor size {= 2 cmi/> 2 cm and = 5 em/> 5 ¢cm)

Tumor number (single/multiple)

Portal vein invasion (absent/present)

AFP (median, ng/ml) (range)}
AFP {= 20 ng/mL/< 20 ng/mL)
AFP-L3 (median, %) {range)
AFP-L3 (= 10%/< 10%)

Nucleoside Analogues (+)

Nucleoside Analogues (—)}

DCP (median, mAU/mL) {range)
DCP (= 40 mAU/mL/< 40 mAU/mL)}

{n = 21} {n = 60) P Value
60.3 = 8.9 (46-81) 60.6 = 9.3 (37-78) 7957
3(14.3%}/18 (85.7%) 11 (23.3%)/49 (76.7%) 9274
14 (66.7%)/7 (33.3%) 35 (58.3%)/25 (41.7%} 6773
3.65 = 0.45 3.33 £ 0.79 0372
1.22+ 0.72 0.98 = 0.85 0844
24.8 = 123 19.6 = 13.8 0691
81.1 = 195 78.7 = 20.4 8209
112 = 52 143 + 82 1867
4.30 = 2.94 (1.2-11.5) 4.40 = 3.24 {1.0-16.0) .8083
4(19.0%)/11 (52.4%)/6 (28.6%) 17 (28.3%)/25 (41.7%)/18 (30.0%) .6282
9 {42.9%)/12 (57.1%) 20 {33.3%)/40 (66.7%) 4333
18 {85.7%)/3 (14.3%) 45 (75.0%)/15 (25.0%) 4744
56.7 (0.9-3,132) 61.4 (0.8-1,304,200) 7836
13 (61.9%)/8 (38.1%) 35 (58.3%)/25 (41.7%) 9746
0.5 (0-64.0) 6.2 (0~-60.7) 3658
7 (33.3%)/14 (66.7%} 24 (40.0%)/36 {60.0%) 7763
94.0 (16-8,000) 62.0 (10-75,000) 7997
13 (61.9%)/8 (38.0%) 41 (68.3%)/19 {31.7%) .7854

AFP = alpha-fetoprotein; AFP-L3 = Lens culinaris agglutinin-reactive AFP; DCP = des-gamma-carboxy prothrombin; ICG =

indocyanine green test.
* ICG test was not performed in 14 patients.

or liver failure were not censored. The survival function
was estimated using the Kaplan-Meier product-limit
method (26), and the log-rank test (27) was used to analyze
the differences in survival.

The Cox proportional hazards mode! (28) was used to
perform a multivariate analysis of the factors related to
survival. The following variables were analyzed: patient
age and sex, Child-Pugh class (A/B), tumor size (= 2 cm/>
2 ¢m and = 5 cm/> 5 cm), number of tumors (single/
multiple), portal vein invasion (absent/present), and treat-
ment with nucleoside analogues against HBV. The data
analyses were performed using JMP statistical software,
version 6.0 (Macintosh version; SAS Institute, Cary, North
Carolina). All P values were derived from two-tailed tests;
P < .05 was considered statistically significant.

RESULTS

Comparison of Patient Characteristics
According to Nucleoside Analogue Intake
The anti-HBV nucleoside analogues had been administered
to 21 of the 81 patients (25.9%). Among the 21 patients
who had received nucleoside analogues, 7 patients had
already been taking nucleoside analogues at the initial HCC
diagnosis, and the remaining 14 patients started nucleoside
analogues after diagnosis of HCC. Seven patients were
taking 100 mg of lamivudine (Zefix; GlaxoSmithKline,
Tokyo, Japan), eight patients were taking 0.5 mg of ente-
cavir (Baraclude; Bristol-Myers Squibb, Tokyo, Japan), and

six patients were taking lamivudine and 10 mg of adefovir
dipivoxil (Hepsera, GlaxoSmithKline) because of the emer-
gence of lamivudine-resistant HBV. Table 1 compares the
background characteristics of the patients who had and had
not been treated with nucleoside analogues. There were no
significant differences between these two groups in patient
age and sex, liver function, and tumor progression, although
the serum albumin levels were higher in the patients who
received nucleoside analogues.

Influence of Nucleoside Analogue
Treatment on Survival and
Progression-free Survival

Table 2 shows the number of chemoembolization treat-
ments that were performed for initial and recurrent HCC
with respect to the nucleoside analogue intake. Chemoem-
bolization could not be performed more than four times in
the patients who had not received nucleoside analogues;
however, it was performed more than four times in one-
third of patients who did receive them. The number of
chemoembolization treatments was significantly higher in
the patients who had received nucleoside analogues than in
the patients who were not treated with nucleoside analogues
(P = .0022). In the patients who underwent chemoembo-
lization treatments repeatedly, the interval between two
chemoembolization treatment sessions did not differ signif-
icantly between the patients who were and were not treated
with nucleoside analogues (6.27 months * 2.66 in patients
without nucleoside analogues vs 6.71 months = 2.71 in



320  Nucleoside Analogues for HBV-associated HCC Patients

Toyoda et al 8 JVIR

No. Transarterial

Chemoembolization Procedures 1 2 3 4 5 6 7 8
Nucleoside analogues (—) (n = 60) 28(46.7%) 20(33.3%) 7(11.7%) 5(8.3%) 0 0 0 o
Nucleoside analogues (+) (n = 21) 5 (23.8%) 4(19.0%) 5(23.8%) 0 3{14.3%) 1(4.8%) 1(4.8%) 2(9.5%)

wmee Nucleoside analogues (<) (n=60) s Npeleoside analogues {-) (n—6)

------- Nucleoside analogucs (+) (n=21)

100 4

80 -

Survival rate (%)

Years after treatment (p-0.0051)

Figure 1. Plot of the Kaplan-Meier product-limit functions for
survival after transarterial chemoembolization for initial HCC in
the patients who did and did not receive nucleoside analogues.

patients with nucleoside analogues; P = .3893). The rea-
sons for not offering further chemoembolization treatments
to patients who did not receive nucleoside analogue therapy
were emerging signs of liver failure (including ascites,
jaundice, and hepatic coma) in 29 (48.3%) patients, pro-
gression to Child-Pugh C liver function in 18 (30.0%)
patients, and progression of HCC (including extrahepatic
metastases and invasion of the main portal vein trunks and
left or right main portal vein) in 13 (21.7%) patients. The
reasons for not offering further chemoembolization to the
patients who did receive nucleoside analogue therapy were
emerging signs of liver failure in 6 (28.6%) patients, pro-
gression to Child-Pugh C liver function in 4 (19.0%) pa-
tients, and HCC progression in 11 (52.4%) patients. Further
chemoembolization was denied because of HCC progres-
sion more frequently in patients who were treated with
nucleoside analogues (P = .0174).

Figure 1 shows the survival curves for the two patient
groups. The 1-year, 3-year, and 5-year survival rates were
89.5%, 66.8%, and 40.5% in the patients treated with nu-
cleoside analogues and 72.6%, 27.5%, and 14.3% in the
patients who did not receive nucleoside analogues. The
survival rate was significantly higher in the patients who
were treated with nucleoside analogues (P = .0051). By
contrast, there was no difference in the progression-free
survival rates between the two groups (P = .2556) (Fig 2).

A multivariate analysis was performed to examine the
factors that influenced survival after chemoembolization for
the initial HCC (Table 3). Multiple tumors and portal vein

------ Nucleoside analogues (1) (n=21)
100 4
80 1
83
PR
k&
22
S8 40+
o
[
&3
20
0
T T T T T T
1 2 4 [3 § 10

lears afier reatment .
Years afie ¢ (p-0.2556)

Figure 2. Plot of the Kaplan-Meier product-limit functions for
progression-free survival after transarterial chemoembolization
for initial HCC in the patients who did and did not receive
nucleoside analogues.

invasion at the initial HCC diagnosis independently re-
duced the survival rate, and nucleoside analogue intake was
an independent factor that increased the survival rate. When
multivariate analysis included the number of chemoembo-
lization treatments as an independent variable, the number
of chemoembolization treatments was an independent fac-
tor associated with improved survival, and the statistical
significance of nucleoside analogue intake disappeared
(Table E2).

DISCUSSION

The results of the present study showed an association of
nucleoside analogue therapy with longer survival in pa-
tients with HBV-associated HCC who were treated with
chemoembolization for initial and recurrent disease. A mul-
tivariate analysis showed that nucleoside analogue intake
was an independent factor that affected patient survival
However, the statistical significance of nucleoside analogue
intake for improved survival disappeared when the multi-
variate analysis included the number of chemoembolization
treatments as an independent variable, and the number of
chemoembolization treatments was the factor that most
affected survival. The patients who had received nucleoside
analogues underwent a significantly greater number of che-
moembolization treatments for HCC than the patients who
were not treated with nucleoside analogues. Taken together,
these results suggest that the association between nucleo-
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Parameter
Factor Estimate
Age --0.0188
Sex Male
Female 0.0378
Child-Pugh class A
B 0.1316
Tumor size = 2cm
> 2 cm and =5 cm 0.2868
>5cm 0.0282
Tumor number Single .
Multiple 0.3492
Portal vein invasion Absent
Present 0.3970
Nucleotide analogue No
Yes -0.4420

Standard Risk Ratio
Error Chi (95% Confidence Interval) P Value

0.0158 1.41 0.9814 (0.8512-1.0122) 2342
1

0.1804 0.04 1.0385 (0.7096-1.4504) .8353
1

0.1428 0.84 1.1406 (0.8580-1.5057) .3602
1

0.1688 2.98 1.3322 (0.9625-1.8733) .0842

0.1939 0.02 1.0286 {0.7029-1.5113) 8843
1

0.1516 5.71 1.4179 (1.0631-1.9331) .0169
1

0.1852 4.31 1.4874 (1.0232-2.1235) .0379
1

0.1727 7.46 0.6428 (0.4483-0.8871) .0063

Note-Data on Child-Pugh class, tumor size, tumor number,
hepatocellular carcinoma.

side analogue intake and improved patient survival was
likely mediated by the increased number of chemoemboli-
zation treatments. The use of nucleoside analogues may
have slowed the progressive decline in liver function that
occurs even with repeated chemoembolization treatments,
potentially allowing more sessions of chemoembolization
treatment in patients who would otherwise have been ex-
cluded from chemoembolization treatment because of pro-
gressive liver dysfunction. Additional chemoembolization
sessions may have explained the improved patient survival,
although not the improved progression-free survival. Sev-
eral groups have reported on the beneficial survival effects
nucleoside analogues exert by preserving liver function in
patients with HCC and HBV who undergo curative treat-
ment (29,30). Our experience may suggest that this finding
also applies to patients receiving chemoembolization as
palliative therapy.

Although previous studies reported that nucleoside an-
alogues can suppress the development of HCC (17,31), it
has not been confirmed that nucleoside analogues can sup-
press HCC recurrence after treatment (30,32-34). Because
the patients in the present study had been treated for both
initial and recurrent HCC solely by chemoembolization,
which is not a curative treatment, it is difficult to determine
the extent to which nucleoside analogues prevent HCC
progression or recurrence. Although there was no differ-
ence in the progression-free survival rate after the initial
HCC treatment based on nucleoside analogue intake, fur-
ther studies are needed to investigate whether the suppres-
sive effects of nucleoside analogues on HCC recurrence or
progression play a role in improving the survival of HBV-
infected patients with HCC.

There are several limitations to this study. This was a
retrospective study, and the patients were not randomly
assigned to treatment arms. There may have been selection

and portal vein invasion refer to the status at initial diagnosis of

bias toward the patients who were administered nucleoside
analogues. In addition, the data on liver function deteriora-
tion during the course of HCC recurrence and retreatment
were insufficient, and the mechanisms behind the effect of
nucleoside analogues on patients with HCC treated with
chemoembolization were not elucidated. Additional studies
are necessary to elucidate these mechanisms.

In conclusion, administering nucleoside analogues for
chronic hepatitis B was associated with longer survival and
more chemoembolization treatments in patients with HCC
who were treated solely with chemoembolization. Addi-
tional studies are needed to examine these findings further
and to clarify the mechanisms underlying this association.
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Age (mean = SD, y) (range)

Sex ratio {female/male}

Child-Pugh class (A/B)}

Albumin (mean = SD, g/dL)

Total bilirubin (mean + 8D, mg/dL)
15-minute retention rate of ICG (%)*
Prothrombin (%)

Platelet count (x 1,000/mL)

Tumor size (mean + SD, cm) (range)
Tumor size {< 2 cm/> 2 cm and = 5 cm/> 5 cm)
Tumor number {single/multiple)
Portal vein invasion {absent/present}
AFP (median, ng/mL} (range)

AFP (= 20 ng/ml/< 20 ng/mL)
AFP-L3 {median, %) {range)

AFP-L3 (= 10%/< 10%)

DCP {median, mAU/mL) {range})

DCP {= 40 mAU/mL/< 40 mAU/ml.)

60.6 = 9.2 (37-81)
14 {17.3%)/67 (82.7%)
49 (60.5%)/32 (39.5%)
3.42 073
1.04 + 0.82
20.0 = 136
80.1 = 20.0
136 = 77
4.38 = 3.15 (1.0-15.9)
21 (25.9%)/36 (44.5%)/24 (29.6%)
29 {35.8%)/52 (64.2%)
63 (77.8%)/18 (22.2%)
61.4 {0.8-1,304,200}
48 (59.3%)/33 (40.7%)
6.1 (0-64.0)
31 (38.3%)/50 (61.7%)
62.0 (10-75,000)
54 {66.7%)/27 (33.3%)

AFP = alpha-fetoprotein; AFP-L3 = Lens culinaris agglutinin-reactive AFP; DCP = des-gamma-carboxy prothrombin; ICG =

indocyanine green test.
* ICG test was not performed in 14 patients.

> 2cmand = 5cm

Factor
Age
Sex Male
Female
Child-Pugh class A
B
Tumor size = 2cm
> 5cm
Tumor number Single
Multiple
Portal vein invasion Absent
Present
Nucleotide analogue No
Yes

No. chemoembolization procedures

Parameter

Estimate
~0.0250

~0.0013

-0.0173

0.2361
0.0940

0.4285

0.3841

—-0.1040
-0.3658

Standard

Error
0.0150

0.1794

0.1476

0.1668
0.1920

0.1662

0.1843

0.1803
0.1194

Chi
2.79

0.00

0.01

2.06
0.24

8.23

4.05

0.31
10.00

Risk ratio

{95% Confidence Interval) P Value

0.9753 (0.9469-1.0047) .0949
1

0.9987 (0.6836-1.3912) 9943
1

0.9828 (0.7329-1.3106) 9064
1

1.2662 (0.9183-1.7740) 1512

1.0986 (0.7529-1.6069) 6242
1

1.5350 (1.1415-2,1140) .0041
1

1.4683 (1.0107-2.0898) .0440
1

0.9013 (0.6067-1.2859) 5793

0.6936 (0.5450-0.8720) 0016

Note-Data on Child-Pugh class, tumor size, tumor number, and portal vein invasion refer to the status at initial diagnosis of

hepatocellular carcinoma.
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Hepatitis C virus (HCV) genotype 1a is rare in
Japanese patients and the clinical characteris-
tics of this genotype remain unclear. The
interferon (IFN) sensitivity-determining region
(ISDR) and single-nucleotide polymorphisms
(SNPs) of interleukin-28B (IL28B) among
patients with HCV genotype 1b are associated
with [IFN response, but associations among
patients with genotype 1a are largely unknown.
This study investigated the clinical characteris-
tics of genotype 1a and examined whether ge-
nomic heterogeneity of the ISDR and SNPs of
IL28B among patients with HCV genotype 1a
affects response to combination therapy with
pegylated-IFN-a2b and ribavirin. Subjects com-
prised 977 patients infected with HCV genotype
1, including 574 men and 412 women (mean
age, 55.2 &+ 10.6 years). HCV was genotyped by
direct sequencing of the 5-untranslated region
and/or core regions and confirmed by direct se-
quencing of the NSBA region. HCV genotypes
1a {(n =32) and 1b (n = 945) were detected.
Twenty-three (71.9%) of the 32 patients with ge-
notype 1a were patients with hemophilia who
had received imported clotting factors. Preva-
lence of genotype 1a after excluding patients
with hemophilia was thus 0.9%. Of the 23
patients with genotype 1a who completed IFN
therapy, 11 (47.8%) were defined as achieving
sustained virological response. Factors related
to sustained virological response by univariate
analysis were IL28B and ISDR. In conclusion,

© 2012 WILEY PERIODICALS, INC.

HCV genotype 1a is rare in Japan. The presence
of 1L28B genotype TT, and more than two
mutations, in the ISDR are associated with a
good response to IFN therapy in patients with
HCV genotype 1a. J. Med. Virol. 84:438-
444, 2012. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Hepatitis C virus (HCV) is a member of the Flavi-
viridae family and causes chronic hepatitis that can
develop into cirrhosis and hepatocellular carcinoma
[Seeff, 2002]. HCV infection is a significant global
health problem, affecting 170 million individuals
worldwide. HCV can be divided into six genotypes and
several subtypes according to genomic heterogeneity
[Simmonds et al.,, 2005]. Each genotype shows a
unique distribution and clinical characteristics such
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as interferon (IFN) responsiveness [Ghany et al.,
2009]. HCV genotypes 1b, 2a, and 2b are the major
types encountered in Japan [Enomoto et al., 1990;
Hayashi et al., 2003]. Genotype 1la is common world-
wide, but is rare in Japan except among individuals
with hemophilia who have received imported clotting
factors [Fujimura et al, 1996; Otagiri et al., 2002;
Hayashi et al., 2003]. The prevalence and clinical
characteristics, including IFN responsiveness, of Jap-
anese patients with HCV genotype la are unclear.
HCV NS5A protein reportedly includes a domain asso-
ciated with IFN response. This domain, located in the
NS5A region of HCV genotype 1b, is closely associated
with response to IFN therapy and is known as the
IFN sensitivity-determining region (ISDR) [Enomoto
et al., 1996]. IFN acts to inhibit viral replication by
inducing double-stranded RNA-dependent protein ki-
nase (PKR). The ISDR is located at the 5 end of the
PKR-binding domain and is inhibited by PKR in vitro
[Gale et al., 1998]. ISDR heterogeneity of genotype 1b
is thus an important factor that may affect response
to IFN [Enomoto et al., 1996; Nakano et al., 1999;
Pascu et al.,, 2004; Hayashi et al, 201la]. Several
studies have reported a relationship between ISDR
and IFN responsiveness among patients with HCV ge-
notype la [Hofgértner et al.,, 1997; Zeuzem et al.,
1997; Kumthip et al., 2011; Yahoo et al., 2011]. How-
ever, this remains controversial for genotype la, and
the utility of ISDR sequences for predicting IFN re-
sponsiveness has not been investigated for HCV geno-
type la in Japan due to the rarity of this genotype.
Both genetic heterogeneity of the HCV genome and
host genetics contribute to IFN responsiveness. Sever-
al genome-wide association studies have thus been
performed to clarify host factors associated with IFN
responsiveness, revealing that interleukin-28B
(I1.28B) polymorphisms are strongly associated with
response to IFN therapy [Ge et al., 2009; Suppiah
et al., 2009; Tanaka et al., 2009; Thomas et al., 2009].
Combined use of the single-nucleotide polymorphisms
(SNPs) of IL.28B and amino acid substitutions in the
core region and ISDR could thus improve the predic-
tion of response to IFN in patients with HCV geno-
type 1b [Akuta et al., 2011; Hayashi et al., 2011b;
Kurosaki et al., 2011]. However, the effects of a com-
bined evaluation of the SNPs of IL.28B and amino acid
substitutions in the ISDR in patients with HCV geno-
type la on IFN response are unclear. The aim of the
present study was to determine whether genomic het-
erogeneity of the ISDR and SNPs of IL28B among
patients with HCV genotype la affect response to
combination therapy with pegylated-IFN-a2b and
ribavirin.

PATIENTS AND METHODS

A total of 977 patients (569 men, 408 women) with
chronic hepatitis C genotype 1 and high viral load
(<100 KIU/ml) who were treated at Nagoya Universi-
ty Hospital and affiliated hospitals were enrolled in
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this study. Mean age of patients was 55.1 &+ 12.2
years (range: 18-75 years). None of the patients had a
history of chronic alcohol abuse, autoimmune disease,
or metabolic disease. Patients with active intravenous
drug use and immigrants were excluded from this
study. The core region (aa 30-110) and ISDR (aa
2,209-2,248) of HCV were examined by direct se-
quencing. SNPs of IL.28B (rs8099917) were identified
using a real-time polymerase chain reaction (PCR)
system. Patients received subcutaneous injections of
pegylated-IFN-a2b (1.5 pg/kg) once each week along
with oral ribavirin (600 mg/day for patients <60 kg,
800 mg/day for 60-80 kg, 1,000 mg/day for >80 kg)
for 48 weeks. Patients who became negative for HCV-
RNA between 16 and 36 weeks after initiating IFN
treatment had the IFN treatment extended to
72 weeks, in accordance with Japanese guidelines
[Kumada et al., 2010]. HCV-RNA levels in serum
samples were examined at 12 weeks, at the end of
IFN therapy, and at 6 months after the end of treat-
ment. Serum was stored at —80°C for virological ex-
amination at pretreatment. Early virological response
was defined as HCV-negative status at 12 weeks.
Patients who were persistently negative for serum
HCV-RNA at 24 weeks after withdrawal of IFN treat-
ment were considered to show sustained virological
response. Written informed consent was obtained
from each patient, and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki.

Virological Analysis

HCV-RNA quantitative viremia load was deter-
mined by PCR. HCV was genotyped by direct sequenc-
ing of the 5 -untranslated region and/or core regions
as described previously and confirmed by direct se-
quencing of the NS5A region [Otagiri et al., 2002; Dal
Pero et al., 2007; Hayashi et al,, 2011a]. Genotypes
were classified according to the nomenclature pro-
posed by Simmonds et al. [2005]. Direct sequencing of
the core and NS5A-ISDR regions was performed as
reported previously [Dal Pero et al.,, 2007, Hayashi
et al, 201la]. In brief, RNA was extracted from
140 pl of serum using a commercial kit (QIAamp Vi-
ral RNA Kit; Qiagen, Valencia, CA) and dissolved in
50 pl of diethylpyrocarbonate-treated water. RNA
(10 ng) was used for reverse transcription with oligos
and random hexamer primers with a commercial kit
(iScript ¢cDNA Synthesis Kit; Bio-Rad, Hercules, CA).
The HCV core region and NS5A-ISDR were amplified
by nested PCR. In brief, each 50-pl PCR reaction mix-
ture contained 100 nM of each primer, 1 ng of tem-
plate cDNA, 5 pl of GeneAmp 10x PCR buffer, 2 ul of
dNTPs, and 1.25 U of AmpliTaq Gold (Applied Biosys-
tems, Foster City, CA). Primers for the core region
were: sense, 5-GGGAGGTCTCGTAGACCGTGCAC-
CATG-3' and antisense, 5-GAGMGGKATRTACCC-
CATGAGRTCGGC-3'. Primers for the NS5A-ISDR
were: sense, 5-GCCTGGAGCCCTTGTAGTC-3' and
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TABLE 1. Clinical Characteristic of Patients With HCV

Genotype la
N =32

Age (y.0.) 364+ 2.2
Sex: male/female 28/4
AST (AU/L) 48.8 + 33.6
ALT (IU/L) 64.6 + 57.8
Platelet (10%/ul) 18.8 + 6.0
HCV RNA level (K1U/ml) 2607.4 + 3072.2
Souree (clotting factor/BTF/unknown) 23/2/7

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
HCV, hepatitis C virus.

antisense, 5'-CTGCGTGAAGTGGTGGAATAC-3. Am-
plification conditions consisted of 10 min at 94°C, fol-
lowed by 40 cycles of 94°C for 10 sec, 55°C for 30 sec,
and 72°C for 30 sec in a thermal cycler (GeneAmp
PCR System 9700; Applied Biosystems). The second
PCR was performed using the same reaction buffer
with the first-round PCR product as template, and the
following sets of primers: for the core region, sense
primer 5-AGACCGTGCACCATGAGCAC-3' and anti-
sense  5-TACGCCGGGGGTCAKTRGGGCCCCA-3;
and for the NS5A-ISDR, sense 5-TGTTTCCCCCACG-
CACTAC-3 and antisense 5-TGATGGGCAGTTTT-
TGTTCTTC-3. PCR products were separated by
electrophoresis on 2% agarose gels, stained with ethi-
dium bromide, and visualized under ultraviolet light.
PCR products were then purified and sequenced with
the second-round PCR primers using a dye terminator
sequencing kit (BigDye Terminator v1.1 Cycle Se-
quencing Kit; Applied Biosystems) and an ABI 310
DNA Sequencer (Applied Biosystems).

Genotyping Analysis

Detection of SNPs for IL28B (rs80999217) was con-
ducted using a real-time PCR system. In brief, geno-
mic DNA was extracted from 150 pl of whole blood
with a commercial kit (QIAamp DNA Blood mini Kit;
Qiagen) and dissolved in 50 pl of diethylpyrocarbon-
ate-treated water. DNA (10 ng) was used for PCR and
genotyping of IL28B SNP (rs8099917) was performed
by TagMan allelic discrimination (ABI-Prism 7300
SDS software; Applied Biosystems) with TagMan SNP
Genotyping Assays provided by Applied Biosystems
(C__11710096_10).

Hayashi et al.

Statistical Analysis

Data are expressed as mean = standard deviation
(SD). The paired t-test was used to analyze differences
in variables. A value of P < 0.05 was considered sta-
tistically significant. Statview 5.0 software (SAS Insti-
tute, Cary, NC) was used for all analyses.

RESULTS

Thirty-two of the 977 patients (3.3%) were infected
by genotype la. Clinical characteristics of patients
with genotype la are summarized in Table I. Twenty-
three cases involved patients with hemophilia who
had received imported clotting factors. The prevalence
of genotype la after excluding patients with hemo-
philia was 0.9%. A comparison of clinical characteris-
tics according to hemophilia status is shown in
Table II. No significant differences were apparent
among the two groups. Differences in clinical charac-
teristics between genotypes la and 1b are shown in
Table III. Males were more frequent among patients
with genotype la (87.5%) than among those with
genotype 1b (67.2%), as the majority of patients with
genotype la were young male patients with hemophil-
ia. Sequence alignments of the core region at codons
71 and 90 showed arginine and cysteine, respectively,
in all patients. The HCV core region of genotype la
was thus well-conserved, with no significant muta-
tions at codons 71 or 90. This is not similar to previ-
ous findings for genotype 1b [Akuta et al., 2005, 2011;
Hayashi et al., 2011a,b; Kurosaki et al., 2011]. Align-
ment of the amino acid sequence for NS5A-ISDR is
shown in Figure 1. The sequence of the HCV-1 strain
was defined as the consensus sequence of genotype
la, and the number of mutations to the chosen con-
sensus sequence in ISDR was used to analyze the
ISDR system. Sequences of the HCV-1 strain and
HCV-1 strain with only one amino acid substitution
were defined as wild-type, while ISDR sequences with
more than two amino acid substitutions were defined
as mutant-type. Twenty-seven strains were defined as
wild-type and 5 strains were defined as mutant-type.
IL.28B genotypes could be obtained for 25 patients,
and IL.28B alleles were TT (n = 14) and TG (n = 11).
Twenty-three patients received pegylated-IFN-a2b
plus ribavirin therapy. Twenty patients were treated
for 48 weeks, and 1 patient was treated for 72 weeks.
Two patients were withdrawn at 24 weeks due to a

TABLE II. Clinical Characteristic According to Hemophilia

Patients with hemophilia (N = 23) Patients without hemophilia (N = 9) P-value
Age (y.0.) 37.1+9.2 37.1+16.3 0.9966
Sex: male/female 22/1 6/3 0.0572
AST (IU/L) 51.2 &+ 34.8 41.9 4+ 30.9 0.5072
ALT (IU/L) 68.2 + 55.8 54.0 £ 66.1 0.5566
Platelet (10%/u1) 18.4 + 6.8 19.8 + 3.0 0.5602
HCV levels (KIU/ml) 2599.6 + 3108.0 2630.0 &+ 3176.5 0.9812

AST, aspartate aminotransferase; ALT, alanine aminotransferase; HCV, hepatitis C virus.
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TABLE III. Clinical Characteristic According to Genotypes
Genotype 1a (N = 32) Genotype 1b (N = 945) P-value

Age (3.0.) 36.4 £ 22 55.9 + 11.6 0.0001
Sex: male/ffemale 28/4 546/408 0.0004
Patients with hemophilia 23 4 0.0001
AST (IU/L) 48.8 + 33.6 59.9 + 45.0 0.1745
ALT (IU/L) 64.6 + 57.8 64.6 + 57.8 0.9894
Platelet (104D 18.8 + 6.0 17.2 £ 6.0 0.0918
HCV levels (KIU/ml) 2607.4 £+ 3072.2 2011.5 & 1453.8 0.0642

AST, aspartate aminotransferase; ALT, alanine aminotransferase; PLT, platelet count; HCV, hepatitis C virus.

lack of response to IFN therapy. Frequency of early
virological response, characterized by undetectable
HCV at 12 weeks, was 30.4% (7/23). Virological
response rate at the end of treatment was 47.8% (11/
23). Finally, 11 of 23 patients (47.8%) achieved sus-
tained virological response. Clinical characteristics
were compared between patients who achieved sus-
tained virological response and patients who did not
(Table IV), revealing significant differences in two
factors on univariate analysis: IL28B and ISDR.

DISCUSSION

The present study investigated 977 patients with
genotype 1 using direct sequencing of core and NS5A
regions, revealing that genotype la is rare (3.3%) in

b pPSLKEATCPTHHDSROADLIE RNLLARQEMGGN ITRYESEN
13 PSELKATCTANEDSEDAE LIE RNLUWRORHMGOH ITRYESEN
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Fig. 1. Alignment of the amino acid sequence for the NS5A-ISDR.
In the sequence alignment, dashes indicate amino acids identical to
consensus sequence HCV1. Sequences of the HCV1 strain and HCV1
strains with one-nucleotide substitutions were defined as wild-type
ISDR, and all other strains were defined as mutant-type ISDR.
ISDR, interferon sensitivity-determining region.

Japan. Of the 33 patients with genotype 1la, 23
(71.9%) were patients with hemophilia, confirming
that the majority of cases with genotype la involve
patients with hemophilia who have received imported
clotting factors, as previously reported [Fujimura
et al., 1996; Otagiri et al., 2002; Hayashi et al., 2003].
Analysis after excluding patients with hemophilia
revealed the prevalence of genotype la in Japan was
0.9% (9/954). Recently, the distributions of HBV geno-
types have been changing in Japan due to interna-
tional exchange [Hayashi et al., 2007, Matsuura et al.,
2009]. However, prevalences of HCV genotypes have
remained stable because of the different modes of
infection involved. The present study revealed that 11
(47.8%) of 23 patients achieved sustained virological
response. The IFN responsiveness of HCV genotype
la in Japanese patients was reported in 1999 from
Okinawa, a far southern island in Japan [Sakugawa
et al., 1997]. That study reported that the rate of sus-
tained virological response tended to be higher in
patients with genotype la than in those with genotype
1b, but no significant differences were identified be-
cause of the small number of patients with genotype
la. Low virological response rates in both genotypes
la and 1b were confirmed in the present Japanese
patients, as in Caucasian patients [Manns et al,
2001; McHutchison et al., 2009]. No significant differ-
ences in sustained virological response rate were seen
between genotypes 1la and 1b. Discriminating between
genotypes la and 1b thus seems to have little clinical
relevance in terms of IFN responsiveness. Viral fac-
tors associated with sustained virological response, in-
cluding HCV genotype, have been studied most
frequently studied and mutations in the core and
NS5A regions of HCV genotype 1b have been associat-
ed with response to IFN therapy [Akuta et al., 2005,
2010, 2011; Okanoue et al., 2009; Nakagawa et al.,
2010; Toyoda et al, 2010; Hayashi et al., 2011a;
Hayes et al., 2011; Kumthip et al., 2011; Kurosaki
et al., 2011]. These viral factors could improve predic-
tion of sustained virological response for genotype la,
as in 1b. Amino acid substitutions at positions 70 and
91 of the HCV core region in genotype 1b have been
related to IFN responsiveness, liver steatosis, hepatic
oxidative stress, insulin resistance, and carcinogene-
sis [Akuta et al., 2005, 2007, 2009; Tachi et al., 2010).
These substitutions may have substantial impacts on
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