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Background & Aims: Common IL28B locus polymorphisms (SNPs predictive factors for SVR in genotype 2a but not in genotype

rs8099917 and rs12979860) have been reported to affect peg-
interferon plus ribavirin combination therapy (PEG-RBV) for hep-
atitis C virus (HCV) genotype 1b, but few reports have examined
their effect on other two common genotypes, 2a and 2b.
Methods: We analyzed predictive factors for sustained virologi-
cal response (SVR) in a retrospective study of 719 patients with
either genotype 2a (530) or 2b (189). Of these patients, 160 were
treated with PEG-RBV and 559 were treated with interferon
monotherapy. We evaluated predictive factors including HCV
RNA, histological findings, IL28B SNP genotypes (rs8099917,
rs12979860, and rs12980275), and the effect of treatment regi-
men and prior treatment history.
Results: HCV RNA viral load, treatment regimen, and rs8099917
genotypes independently contributed to the effect of the therapy.
For patients treated with PEG-RBV, rs8099917 and viral load
were independent predictive factors for SVR in genotype 2b but
not in genotype 2a. Conversely, in patients treated with inter-
feron monotherapy, viral load and rs8099917 were independent
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2b. The favorable rs8099917 genotype is also associated with a
steep decline in viral load by the second week of treatment.
Conclusions: Initial viral load and rs8099917 genotype are sig-
nificant independent predictors of SVR in genotype 2 patients.
� 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Introduction

Hepatitis C virus (HCV) infection is a major worldwide cause of
chronic liver diseases, affecting an estimated 170 million people
[1]. Chronic HCV infection may progress to hepatocellular carci-
noma (HCC) or liver cirrhosis (LC) [2–6], and in Japan, 60–70%
of patients with HCC or LC are HCV carriers [7]. There are two
major genotypes (1 and 2) and three sub-genotypes (1b, 2a,
and 2b) in Japan as well as in many other countries [8]. Although
pathological features of these genotypes are similar [9,10], inter-
feron therapy is more effective against genotype 2 than genotype
1 [11,12]. Compared to the less than 50% of genotype 1 patients
who respond to therapy [13–19], more than 80% of genotype 2
patients who received 24-week peg-interferon and ribavirin
(PEG-RBV) combination therapy achieved sustained virological
response (SVR), defined as absence of HCV RNA six months after
the cessation of therapy. Because of this otherwise high success
rate, the small subset of genotype 2 patients who fail to respond
to therapy should be examined more closely. Although treat-
ment-resistant genotype 2 sub-populations have been reported
[20–22], the mechanism underlying variable response to treat-
ment is unclear. Multiple viral (e.g., HCV genotype, amino acid
substitutions in the NS5A and core region [22–26]) and host fac-
tors (e.g., age [14], body mass index [27], and insulin resistance
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Table 1. Baseline characteristics of patients with HCV genotypes 2a and 2b.

Sex (M/F)  
Age  
Body weight (kg)  
BMI (kg/m2) 
Fibrosis (F0-2/F3-4)  
Treatment (IFN/PEG-RBV)

)N/Y(evïantnemtaerT
HCV RNA (log IU/ml)  
rs8099917 (TT/GT/GG)
rs12979860 (CC/TC/TT)  
rs12980275 (AA/GA/GG)
SVR/non-SVR

All (n = 719)  

403/316  
57 (49-64)
59.8 (51-71.4)

)7.52-3.02(2.32
484/101 

 559/160  
689/30  
5.3 (4.7-5.9)
572/135/11  
565/137/11  
543/158/16  
455/264  

2a (n = 530)  

301/229  
56 (48-64)  
60.15 (53.75-71.65)
24.48 (21.43-26.4)
359/68
477/53  
523/7
5 (4.6-5.7)  
425/97/7  
422/98/7  
402/116/10  
340/190  

2b (n = 189)  

102/87  
59 (50-66)
57.4 (48.5-70)
21.78 (19.89-24.79)
125/33
82/107  
166/23
5.9 (5.5-6.5)
147/38/4  
143/39/4  
141/42/6
115/74  

IFN, interferon monotherapy; PEG-RBV, peg-interferon plus ribavirin combination therapy; SVR, sustained viral responder.

non-SVR
SVR

n.s.n.s.
p = 0.004 p = 0.32 p = 0.27 p = 0.033
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[28]) have been reported to affect the outcome of interferon ther-
apy in genotype 1-infected patients but such factors have not
been closely examined in genotype 2 patients.

Single nucleotide polymorphisms (SNPs) and other genetic
factors have been reported to be useful in predicting the out-
come of interferon therapy. Polymorphisms in MxA [29,30],
interferon alpha-receptor 1 [31], and osteopontin [32] have also
been reported to be associated with interferon response. We
also identified a MAPKAPK3 SNP [33] that is a predictive factor
for interferon mono-therapy. Recently, several groups have
reported an association between several SNPs in the IL28 locus
and the effect of PEG-RBV combination therapy for genotype 1b
[34–38] but only a few studies have examined the role of these
SNPs in the treatment of other genotypes. In this study, we
analyzed predictive factors for SVR in genotype 2a and 2b
patients treated with PEG-RBV. Because PEG-RBV was only
approved for use in Japan in 2005, we also examined predictive
factors in patients who were treated with interferon mono-
therapy, which is still used in the event of an adverse reaction
to ribavirin.
2a 2b
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Fig. 1. Effect of interferon therapy on patients with genotype 2a and 2b
infection. Sustained viral responders (SVR) and non-responders (non-SVR) were
analyzed by IL28B SNP rs8099917 genotype, viral genotype, and treatment type.
All patients were interferon-naïve.
Patients and methods

Patients and study design

We studied 719 Japanese patients with chronic hepatitis C (positive for HCV
RNA for more than 6 months) who received interferon therapy with or with-
out ribavirin between 2002 and 2008. Patients were treated at Toranomon
Hospital in Tokyo, Hiroshima University Hospital, and hospitals belonging
to the Hiroshima Liver Study Group (http://home.hiroshima-u.ac.jp/naika1/
hepatology/english/study.html). All patients were negative for hepatitis B sur-
face antigen, had no evidence of other liver diseases, such as auto-immune
hepatitis or alcoholic liver disease, and had not received immunosuppressive
therapy before enrollment in the study. All patients gave written informed
consent to participate in the study in accordance with the ethical guidelines
of the 1975 Declaration of Helsinki and according to the process approved
by the ethical committees of Hiroshima University and the SNP Research
Center at the Institute of Physical and Chemical Research (RIKEN) in
Yokohama.

PEG-RBV patients received weekly injections of peg-interferon-alpha-2b at
1.5 g/kg body weight for 24 weeks. Ribavirin was administered orally, and the
dosage was determined based on the patient’s body weight (600 mg for <60 kg,
800 mg for 60–80 kg, 1000 mg for >80 kg). Patients receiving interferon mono-
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therapy were treated daily with 6 million units of IFN intramuscularly for
8 weeks, followed by the same dose three times a week for 16 weeks, for a total
of 528 million units. Successful treatment was ascertained based on sustained
virological response (SVR), defined as HCV RNA-negative six months after cessa-
tion of therapy. Fibrosis stage and activity were diagnosed by pathologists at each
hospital according to the criteria of Desmet et al. [39]. Patients were classified as
interferon treatment naïve or experienced based on prior interferon treatment
but only parameters related to the most recent therapy were used in the analysis.

SNP Genotyping and quality control

We genotyped each patient for three IL28B SNPs previously reported to be asso-
ciated with therapy outcome: rs8099917, rs12979860, and rs12980275. Samples
were genotyped using the Illumina HumanHap610-Quad Genotyping BeadChip or
the Invader assay, as described previously [40,41]. We were unable to determine
genotypes for one of the 796 patients for rs8099917, six of the patients for
rs12979860, and two for rs12980275.
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Table 2. Predictors for SVR in treatment-naïve patients treated with peg-interferon plus ribavirin combination therapy.

Simple Multiple

Genotype

2a + 2b

2a

2b

n

127

83

83

OR

0.19

0.13

0.23

(95% CI)

(0.06-0.55)

(0.03-0.62)

(0.06-0.80)

p

0.002

0.01

0.02

**

*

*

Variable

Age
Sex
Genotype
Viral load
Fibrosis
rs8099917
rs12980275
Age
Sex
Viral load
Fibrosis
rs8099917
rs12980275
Age
Sex
Viral load

Fibrosis
rs8099917

rs12980275

n

130
130
130
127
110
130
129
46
46
44
39
46
45
84
84
83

71
84

84

p

0.42
0.62
0.21
0.002
0.25
0.23
0.79
0.77
0.62
0.16
0.75
0.8
0.77
0.14
0.58
0.01

0.08
0.03

0.21

**

*

*

*p <0.05; **p <0.01; ***p <0.001.
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HCV RNA levels

HCV RNA levels, corresponding to initial viral load, were measured using one of
several RT-PCR-based methods (the original Amplicor method, the high range
method, or the TaqMan RT-PCR test). The measurement ranges of these assays
were 0.5–850 KIU/ml, 5–5000 KIU/ml, and 1.2–7.8 log IU, respectively. Saturated
samples were diluted with PBS and reanalyzed. All values were reported as
log IU/ml.

Statistical analysis

Genotype-based associations were tested using the Cochran–Armitage trend test.
Combined analysis was performed using the Mantel–Haenszel method. Simple
and multiple regression analyses were used to examine the association between
viral and clinical factors using p <0.05 as the criterion for inclusion in the multi-
variate model. HCV RNA was converted into a binary variable based on the med-
ian. Multivariate logistic regression analysis was performed using the Design
package in R (http://www.r-project.org) with fast backward elimination and val-
idation based on AIC score for model construction.
Results

Clinical characteristics are summarized by genotype in Table 1.
The SVR rate was slightly but not significantly higher among
patients with genotype 2a (340 out of 530; 64%) compared to
genotype 2b patients (115 out of 189; 61%) (p = 0.43). Patients
who were treated with PEG-RBV had a slightly but not signifi-
cantly higher rate of SVR (111 out of 160; 69%) than patients trea-
ted with interferon monotherapy (344 out of 559, 61%) (p = 0.08).
Because the number of patients treated with interferon mono-
therapy (559) greatly exceeds the number of patients treated with
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PEG-RBV (160), patients were analyzed separately by treat-
ment type. Because 30 out of the 719 patients (4%) had received
prior interferon treatment, only treatment-naïve patients were
included in the analyses mentioned below, followed by a separate
analysis of the effect of prior interferon treatment on SVR rate.

IL28B polymorphisms

Minor allele frequencies for rs8099917, rs12979860, and
rs12980275 were 0.109, 0.112, and 0.132, respectively. The
frequency of the rs8099917 risk allele was lower in SVR patients
than non-SVR patients (0.089 vs. 0.14; p = 1.03e-05). The risk allele
frequency among all patients was slightly higher than in the
HapMap-JPT population (0.109 vs. 0.093; p = 0.01) but lower than
in the HapMap-CEU population (0.109 vs. 0.183; p = 1.6e-05). We
compared rs8099917 allele and genotype frequencies with 900
healthy Japanese subjects but found no significant differences.
67% of patients (372 out of 552) with the favorable rs8099917 TT
genotype achieved SVR, compared to 51% (70 out of 136) of patients
with GT or GG genotypes. Fig. 1 shows the joint effects of treatment
type, viral genotype, and rs8099917 genotype. In every case results
for rs8099917 and rs12979860 are the same, but both factors
cannot be included in a multivariate model simultaneously due
to multicollinearity, so results for rs8099917 are presented due to
the higher genotyping success rate.

Predictive factors for SVR in patients treated with PEG-RBV

Among treatment-naïve patients treated with PEG-RBV, 78% (83
out of 106) of patients with rs8099917 TT achieved SVR compared
1 vol. 54 j 408–414
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Fig. 2. Effect of rs8099917 genotype and HCV genotype on change in HCV RNA
levels. HCV RNA levels at 0, 2, and 4 weeks after the start of peg-interferon plus
ribavirin combination therapy in treatment-naïve patients. (A and B) Change in
viral load for patients with the protective TT genotype for rs8099917 (A)
compared to patients with the GT or GG genotypes (B). (C and D) Change in viral
load for patients with HCV genotype 2a (A) versus genotype 2b (B).
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to 67% (16 out of 24) of patients with non-TT genotypes
(p = 0.29). In univariate and multivariate analyses, only viral load
was an independent predictive factor for SVR (p = 0.002; Table 2),
but when we examined genotypes 2a and 2b separately,
rs8099917 genotype (p = 0.02) and viral load (p = 0.01) were both
significant independent predictors of SVR for patients with geno-
type 2b, whereas no significant univariate or multivariate predic-
tors were found for patients with genotype 2a. Notably, however,
all 8 patients with genotype 2a with rs8099917 GT/GG achieved
SVR (Fig. 1). The same pattern held for patients with rs12979860
TC/TT (9 SVR, 0 non-SVR) and rs12980275 GA/GG (11 SVR, 0 non-
SVR) genotypes. Moreover, none of these patients was homozy-
gous for the risk allele at each SNP.
Change in HCV RNA levels for patients treated with PEG-RBV

HCV RNA levels at the start of PEG-RBV therapy and after 2 and 4
weeks of treatment are plotted by rs8099917 genotype and viral
genotype in Fig. 2. Under multivariate analysis, rs8099917 geno-
type was an independent predictive factor for change in HCV RNA
level by week 2 (p = 0.036) but viral genotype was not significant
(p = 0.15). For changes in HCV RNA levels by week 4, neither the
rs8099917 genotype nor the viral genotype was significant
(p = 0.17 and p = 0.22, respectively).
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Predictive factors for SVR in patients treated with interferon
monotherapy

Among patients treated with interferon monotherapy, 65% of
patients with rs8099917 TT achieved SVR, compared to only
48% of patients with GT or GG genotypes (p = 0.002). Viral load
and the rs8099917 and rs12980275 genotypes were significant
univariate predictors of SVR, and under multivariate analysis
viral load and rs8099917 remained as independent predictors
(Table 3). When genotypes 2a and 2b were analyzed separately,
viral load (p = 0.001) and rs8099917 genotype (p = 0.014) were
independent predictive factors for SVR in patients with genotype
2a but no significant univariate of multivariate terms were found
for genotype 2b.

Effect of prior interferon treatment

Thirty out of the 719 patients (4%) had previously received treat-
ment with interferon. Among these patients, only 40% achieved
SVR, compared to the 64% SVR rate among treatment-naïve
patients. Initial viral load was the only independent predictor of
SVR in these patients, whereas in treatment-naïve patients, viral
load, rs8099917 genotype, and treatment type (PEG-RBV vs inter-
feron monotherapy) were independent predictors of SVR
(Table 4).

Development of resistance to interferon therapy

Over the course of therapy five patients developed resistance to
PEG-RBV treatment. In each case the patient showed an initial
drop in viremia followed by viral breakthrough. Three out of
the five patients were heterozygous (T/G) for the rs8099917
genotype and two out of the five were homozygous for the favor-
able allele (T/T).
Discussion

As the effect of IL28B polymorphism has not been reported sepa-
rately for genotype 2 and its subtypes so far, we investigated
whether the polymorphism influences treatment outcome in
patients with HCV genotype 2a and 2b infections. In addition to
previously reported effects for genotypes 1 and 4, our results
demonstrate that polymorphisms in the IL28B locus are also pre-
dictive for SVR in genotype 2 (Table 2). We also showed that the
favorable IL28B SNP genotype is associated with a rapid decrease
in HCV RNA levels, which is itself a predictive factor for SVR [42].
Several studies have reported that polymorphisms at the IL28B
locus affect the outcome of peg-interferon and ribavirin combina-
tion therapy in patients with HCV genotype 1b [34–36,38]. In
particular, associations with therapy outcome have been reported
for two SNPs in strong linkage disequilibrium, rs8099917 (T/G),
and rs12979860 (C/T). Only a few studies have examined the
effect of the SNP on the treatment outcome for other genotypes.
Rallón et al. reported that the rs12979860 genotype is associated
with treatment outcome for genotypes 1 and 4 but not genotype
3 in patients with HIV/HCV co-infection [43]. Similarly Rauch
et al. reported an association between rs8099917 polymorphism
and NVR for genotypes 1 and 4 (difficult-to-treat) but not for
genotypes 2 and 3 (easier-to-treat) but the effect due to genotype
2 alone is unclear [38]. In a recent study, Mangia et al. also exam-
1 vol. 54 j 408–414 411



Table 3. Predictors for SVR in treatment-naïve patients treated with IFN monotherapy.

Simple Multiple

Genotype

2a + 2b

2a

2b

n OR (95% CI) pVariable

Age
Sex
Genotype
Viral load
Fibrosis
rs8099917
rs12980275
Age
Sex
Viral load
Fibrosis
rs8099917
rs12980275
Age
Sex
Viral load
Fibrosis

rs8099917
rs12980275

n p

559 0.35
559 0.17
559 0.068
507 0.0002 *** 506 0.59 (0.45-0.77) 0.0001 ***
450 0.61
558 0.001 ** 506 0.52 (0.33-0.82) 0.005 **
558 0.009 **
477 0.19
477 0.2
425 0.001 ** 424 0.6 (0.44-0.81) 0.001 ***
382 0.37
476 0.003 ** 424 0.53 (0.32-0.88) 0.014 *
476 0.01 **
82 0.67
82 0.56
82 0.47
68 0.53

82 0.19
82 0.44

*p <0.05; **p <0.01; ***p <0.001.
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ined genotypes 2 and 3 and found a significant association
between rs12979860 genotype and rapid virological response
(RVR) at week 4 for genotype 2 [44]. While rs12979860 was
not directly associated with SVR in their study, rs12979860 geno-
type was significantly associated with SVR among those patients
who failed to achieve RVR. In this study, we found a significant
association between rs8099917 genotype and RVR in multivari-
ate analysis for genotype 2b (p = 0.028, data not shown) but not
for genotype 2a. When RVR was included as a factor in multivar-
iate logistic regression analysis for genotype 2b, RVR and
rs8099917 genotype were both retained in the final model but
only RVR was significant (RVR: p = 4.9e-05; rs8099917:
p = 0.0850; data not shown). When only non-RVR patients were
included, no factors were significant; however, there were only
six patients who achieved SVR without RVR and only one patient
who achieved RVR but then failed to achieve SVR.

Although SVR rate was generally higher for genotype 2a, as
reported previously [20,21], we found few differences between
genotypes 2a and 2b. However, when analyzed separately, the
results suggest an interesting interaction between the IL28B geno-
type, the viral genotype, and treatment type. In particular, we
found that rs8099917 was a predictive factor for genotype 2a trea-
ted with IFN but not PEG-RBV, and conversely for genotype 2b trea-
ted with PEG-RBV but not IFN. This result is likely due to the
relatively small sample sizes, but nonetheless all 8 (100%) of the
genotype 2a PEG-RBV patients lacking the favorable rs8099917
genotype achieved SVR, compared to less than 50% for IFN therapy
or either type of treatment with genotype 2b. In fact, each patient
was heterozygous for each of the three IL28B SNPs examined. A fur-
ther complication is that each of the five patients who developed
resistance to interferon therapy was infected with genotype 2a,
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and two of these patients had the favorable rs8099917 TT genotype
while the others were heterozygous (GT). More detailed analysis
will be required to interpret these results.

Because PEG-RBV therapy was not covered by insurance in
Japan until 2005, we also present data comparing the effects of
IL28B polymorphisms on treatment with the older IFN mono-
therapy versus the more recent PEG-RBV combination therapy.
Although the small sample sizes within each patient group likely
underestimate the effect of SNP genotype, we found that
rs8099917 influences response to IFN monotherapy in patients
with genotype 2a and also influences the response to PEG-RBV
therapy in patients with genotype 2b. Although PEG-RBV is cur-
rently the standard treatment for chronic hepatitis C infection,
interferon monotherapy may still be used in the case of intoler-
ance to ribavirin; therefore, it is important to understand the
direct effects of interferon with and without ribavirin. Moreover,
even with the advent of protease inhibitors and other antiviral
drugs undergoing clinical trials, they are likely to be co-adminis-
tered with interferon to prevent the otherwise rapid emergence
of resistant quasispecies [45].

In summary, we showed that the IL28B SNP genotype is an
important predictive factor for SVR and early viral dynamics in
patients with HCV genotypes 2a and 2b.
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Table 4. Comparison of predictive factors for SVR based on prior treatment with interferon.

Simple Multiple

All

Naïve

Experienced

Age
Sex
Genotype

Genotype

Genotype

Viral load
Fibrosis
rs8099917
rs12980275

Age
Sex

Viral load
Fibrosis
rs8099917
rs12980275

Age
Sex

Viral load
Fibrosis
rs8099917
rs12980275

Treatment

Treatment

Treatment

pnVariable n OR (95% CI) p

719 0.70
719 0.28
719 0.42
663 6.00E-02 *** 662 0.63 (0.51-0.79) 4.30E-05 ***
585 0.83
718 0.002 ** 662 0.57 (0.38-0.85) 0.0055 **
717 0.03 *
719 0.054
689 0.58
689 0.18
689 0.62
634 0.0011 ** 633 0.53 (0.41-0.69) 2.00E-06 ***
560 0.95
688 0.00059 *** 633 0.5 (0.33-0.77) 0.0015 **
687 0.013 *

689 0.0013 ** 633 3.01 (1.82-4.99) 1.80E-05 ***
30 0.91
30 0.75
30 0.14
29 0.032 * 29 0.21 (0.05-0.87) 0.032 *
25 0.53
30 0.12
30 0.1
30 N/A

*p <0.05; **p <0.01; ***p <0.001.
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