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Abstract
Background and Aim: The accuracy for predicting virological outcomes of
peginterferon-α and ribavirin therapy in patients with chronic hepatitis C is limited to
approximately 80%, even with IL28B genotyping. Our in vitro study revealed that the
numbers of (TA) dinucleotide repeats [(TA)n] of rs72258881, which is located in the
promoter region of IL28B gene, might regulate IL28B transcription. We aimed to evaluate
the usefulness of these host factors for predicting virological outcomes of this therapy in
response-guided clinical settings.
Methods: A nationwide, multi-center prospective study in Japan determined IL28B
(rs8099917) genotype, (TA)n of rs72258881, and amino acid substitutions of hepatitis C
virus and used these for multivariate analysis together with other parameters at
pretreatment.
Results: After enrolling 215 patients with genotype 1 and high viral load from 23 hospi-
tals between October 2009 and February 2011, intent-to-treat analysis identified 202
patients in whom the final virological outcomes could be determined. Non-virological
response by non-TT genotype was predicted with 79.7% accuracy. When combined with
the (TA)n, the incidences of virological response tended to be higher in the longer (TA)n
group, regardless of rs8099917 genotype. Multivariate logistic regression analysis revealed
that rs8099917 non-TT genotype (P < 0.001), shorter (TA)n (P = 0.011), mutation of
amino acid 70 in the virus core region (P = 0.029), and lower levels of serum albumin
(P = 0.036) were independently associated with non-virological response.
Conclusions: IL28B genotype and (TA)n of rs72258881 may independently affect viro-
logical outcomes of peginterferon-α and ribavirin as host factors, even in response-guided
therapy.

Introduction
Globally as many as 150 millions of people are infected by hepa-
titis C virus (HCV) and every year approximately 350 000 patients
die of HCV-related liver diseases, such as liver cirrhosis or hepa-
tocellular carcinoma.1 The standard care for the treatment of
chronic hepatitis C has been PEGylated interferon-α (PEG-IFN-α)
and ribavirin (P/R) with sustained virological response (SVR)

rates as high as 50% achieved, even in difficult-to-treat combina-
tion of HCV genotype 1 and high viral load.2 Recently introduced
protease inhibitors, such as boceprevir3,4 or telaprevir,5,6 can
improve the SVR rate as much as 70–80% in IFN-naïve patients.
Furthermore, the era of interferon-free treatment with only-oral
directly-acting antivirals has just arrived.7–9 However, elderly
HCV-infected patients are often unable to either tolerate or afford
these new treatment regimens. In such circumstances, it is very
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important to identify easy-to-treat patients prior to treatment.
Factors that contribute to the success of drug-mediated eradication
of HCV include host factors (such as age, gender, the extent of
liver fibrosis, and insulin resistance10,11), viral factors (such as
HCV genotype, viral load, and amino acid substitutions in core12

and NS5A13 regions), as well as drug-related factors (such as
treatment regimens, adherence to these regimens, total drug doses,
and the duration of treatment).14 The most epoch-making discov-
eries in this field were that single nucleotide polymorphisms
(SNPs) in the IL28B gene (rs8099917, rs12979860) can predict
virological response (VR) to P/R.15–19 However, all these findings
were based primarily on retrospective studies with per protocol
analysis. Furthermore, even if those factors are all concentrated,
the accuracy with which therapeutic outcomes can be predicted
still remains approximately 80%. We recently reported that the
number of (TA) dinucleotide repeats [(TA)n] of rs72258881,
which is located in the promoter region of IL28B gene, might
regulate its transcription.20 Here we report our efforts to verify the
role of (TA)n of rs72258881, by conducting a prospective multi-
center cohort study with intent-to-treat analysis, in Japanese
patients infected with HCV genotype 1 who were treated by
response-guided therapy (RGT) with P/R.

Methods

Study Design. From October 2009 to February 2011, 233
patients with chronic hepatitis C were prospectively enrolled from
nationwide 23 hospitals in Japan (Trial Registration: UMIN-
CTR000002580); however, 18 patients were considered to be
ineligible and excluded from this study because of violation of the
following entry criteria: (1) infection with HCV serotype 121 or
genotype 1 (1a or 1b)22 without co-infection with hepatitis B virus
or human immunodeficiency virus; (2) pretreatment HCV RNA
levels ≥ 5.0 log10 IU/mL, as determined using a quantitative real-
time PCR method (COBAS AmpliPrep/COBAS TaqMan HCV
test; Roche Molecular Systems, Pleasanton, CA, USA); (3) stan-
dard P/R therapy according to the American Association of the
Study of the Liver Diseases (AASLD) guidelines.23 Consequently,
215 patients met the entry criteria and were treated with weekly
administration of PEG-IFN-α2a (Chugai Pharmaceutical, Tokyo,
Japan) and daily administration of ribavirin (Chugai Pharmaceu-
tical), or with weekly administration of PEG-IFN-α2b (MSD Co.,
Tokyo, Japan) and daily administration of ribavirin (MSD Co.).
Whereas the dose of PEG-IFN-α2a was 180 μg, regardless of the
patient’s body weight, doses of PEG-IFN-α2b were adjusted
based on the patient’s body weight: respective weekly doses of
PEG-IFN-α2b for patients < 45 kg, ≥ 45 kg, and < 60 kg; ≥ 60 kg
and < 75 kg; ≥ 75 kg and < 90 kg; and ≥ 90 kg were given 60 μg,
80 μg, 100 μg, 120 μg, and 150 μg of PEG-IFN-α2b. Respective
daily doses of ribavirin for patients < 60 kg, ≥ 60 kg and < 80 kg,
and ≥ 80 kg were given 600 mg, 800 mg, and 1000 mg. Dose
modifications of PEG-IFN-α or ribavirin, relating to adverse
events, were based on the manufacturers’ recommendations.

The treatment duration was determined based on RGT accord-
ing to guidelines of AASLD23 and the Japan Society of Hepatology
(JSH).24 Patients in whom serum HCV RNA had disappeared
within 12 weeks after starting therapy received a 48-week treat-
ment regimen. Patients in whom serum HCV RNA was still

detectable at 12 weeks, but not at 24 weeks after starting therapy
received a 72-week extended treatment regimen.

VR was defined as achieving SVR or transient virological
response (TVR); whereas SVR was defined as undetectable HCV
RNA in serum 24 weeks after the cessation of treatment, TVR was
defined as undetectable HCV RNA at the cessation of treatment
with reappearance of HCV RNA in serum thereafter. Non-
virological response (NVR), which was defined as detectable
viremia throughout the 24 weeks of P/R therapy, was classified as
one of two categories. The first of these, “null responder”, was
defined as < 2 log-unit decline in the serum levels of HCV RNA
from the pretreatment baseline value within the first 12 weeks and
detectable viremia at 24 weeks after the start of P/R. The second,
“partial responder”, was defined as ≥ 2 log-unit decline in the
serum levels of HCV RNA from the pretreatment baseline value
within the first 12 weeks and detectable viremia at 24 weeks after
the start of P/R. Patients whose treatment was withdrawn due
either to the presence of serum HCV RNA after 24 weeks of
therapy or to viral breakthrough (VBT) were also included in this
study for intent-to-treat analysis. VBT was included in NVR, and
was subclassified into “null responder” or “partial responder”,
according to the above criteria. Adherence to PEG-IFN-α and
ribavirin up to 12 weeks after the start of P/R were calculated.

The study protocol (Fig. 1) complied with the Helsinki Decla-
ration and was approved by the ethics committee of each partici-
pating institution. At the time of enrollment, written informed
consent was obtained for the collection and storage of serum and
peripheral blood.

DNA Extraction. Genomic DNA was extracted from the
buffy coat fraction of patients’ whole blood using a GENOMIX kit
(Talent SRL; Trieste, Italy).

IL28B genotyping. We previously reported that the
rs8099917 polymorphism is a better predictor of the response of
P/R to chronic hepatitis C in Japanese patients than any other
SNPs reported near the IL28B gene.25 Therefore, the rs8099917
polymorphism was genotyped using the InvaderPlus assay (Third
Wave Japan, Tokyo, Japan), which combines the polymerase chain
reaction (PCR) and the invasive signal amplification reaction.26,27

In this prospective cohort study, in order to meet the requirements
of RGT, both the doctors and the patients were blinded to the
results of IL28B genotyping until final determination of virological
outcomes.

Detection of amino acid substitutions in core and
NS5A regions of HCV. Amino acids 70 and 91 of the HCV
core region and the amino acid sequence of interferon-sensitivity
determining region (ISDR: residues 2209–2248 of the NS5A
region) were determined by direct sequencing, as previously
reported.12,13

TA repeat genotyping. To determine the genotype of the TA
repeat polymorphism, we used GeneScan analysis to detect the
fragment size of the fluorescently labeled PCR amplicon. This
method requires the use of nested PCR to prevent amplification of
IL-29 region with high sequence similarity to regions within the
IL-28A and IL-28B genes. The details of the nested PCR and
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GeneScan analysis may be found in the online version at the
publisher’s web-site as Supporting Information Table S1. The
repeat number was validated by capillary sequencing as described
previously.20

Evaluation of liver fibrosis by a simple noninva-
sive index (FIB-4). The Fibrosis 4 (FIB-4) index that was
used to evaluate liver fibrosis in each patient correlates well with
hepatic fibrosis (as determined by liver biopsy) and requires only
readily available clinical parameters for its determination.28

Statistical Analysis. Quantitative variables were expressed
as the mean ± standard deviation, unless otherwise specified. Cat-
egorical variables were compared using Pearson’s χ2-test or Fish-
er’s exact test. Continuous variables were compared using the
Mann–Whitney U-test. Multivariate and simultaneous logistic
regression analysis was performed to determine predictive factors
for NVR, by using the variables which were found to be P < 0.150
by univariate analysis. In addition, a decision tree modeled these
pretreatment factors to predict NVR. All P values were two-tailed,

and P < 0.05 was considered statistically significant. Data analyses
were performed using IBM SPSS Statistics 20 (IBM, Armonk, NY,
USA).

Results

Treatment profiles and virological outcomes. In
this prospective study, 215 patients infected by HCV of serotype 1
or genotype 1 were eligible. The sub-genotypes of HCV were as
follows: 1a (n = 2), 1b (n = 208), 1b + 2b (n = 1), and indetermi-
nate (n = 4). By the end of November 2012, virological outcomes
had been determined in 202 patients, except for 13 patients (6%)
who were lost to follow-up. Whereas all of these patients were
treated with P/R, 160 patients (74%) completed standard of care
(SOC) treatment for at least 48 weeks, the remaining 55 patients
had to withdraw from treatment owing to either serious adverse
events (SAE) in 25 patients (12%), poor response in 24 patients
(11%), or other unrelated causes in 6 patients (3%). The SAE or
unrelated causes responsible for the termination of the treatment
were described in the small inset of Figure 2.

Figure 1 Study protocol for response-
guided therapy. Durations of treatments were
determined depending on the virological
responses to peginterferon-α and ribavirin. If
the serum hepatitis C virus (HCV) RNA
became undetectable within 12 weeks (w),
the treatment was stopped at 48 weeks. If
the serum HCV RNA disappeared between
13 to 24 weeks after treatment, the duration
was extended up to 72 weeks. Both cases
were considered to meet the standard of
care.
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As shown in Figure 2, if the patients completed at least 48
weeks of P/R (SOC) under conditions that observed the require-
ments of RGT, the SVR rate was as high as 63%, and the inci-
dences of VR (the sum of SVR and TVR) was 77%. In the patients
where the treatment was terminated for SAE or unrelated causes,
the respective incidences of VR were reduced to 32% or 17%,
respectively. In particular, treatment of 24 patients had to be ter-
minated owing to the poor response to P/R, as defined by the
requirements of RGT. This resulted in 11 “partial responders”
(46%) and 13 “null responders” (54%). In addition, 9 cases devel-
oped viral breakthrough, and were subclassified into “partial

responder”: 6 of them completed SOC, while 3 stopped treatment
because of the poor response to P/R (data not shown).

Patients’ characteristics and IL28B geno-
types. Whereas 154 individuals (71.6%) had the rs8099917 TT
genotype (major-homo), 60 had the TG (hetero) genotype and 1
had the GG (minor-homo) genotype. The patients were classified
into two groups, TT and non-TT (TG/GG), according to their
rs8099917 genotypes, and their characteristics were compared. As
shown in Table 1, lower levels of γ-GTP (P < 0.001), higher levels

Figure 2 Enrollment and outcomes. Among 233 patients enrolled in this study, 18 patients were ineligible for the following reasons: genotype non-1
(2b) (n = 1); low viral load (n = 15); and unknown viral load (n = 2). Consequently, 215 patients met the entry criteria, and were treated with
peginterferon and ribavirin. Among them, 160 patients completed standard of care (SOC). The remaining 55 patients were withdrawn from SOC, as
detailed earlier. The virological outcomes with intent-to-treat analysis, as detailed in the Methods section, were shown as a pie chart for each group.
*Serious adverse events were duplicated in some patients. RGT, response-guided therapy; SAE, serious adverse events; SVR, sustained virological
response; TVR, transient virological response; NVR, non-virological response; R, responder; f/u, follow-up. , SVR; , TVR; , Partial R (NVR); , Null
R (NVR); , undetemined (NVR); , Lost-to-f/u.
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of total cholesterol (T.Chol; P = 0.013), higher levels of low-
density lipoprotein cholesterol (LDL-C; P < 0.001), and lower
levels of α-fetoprotein (AFP; P = 0.009) were significantly asso-
ciated with TT genotype. The percentages of wild type of core 70
amino acid of patients with the TT genotype were significantly
higher than those of patients with either TG or GG genotypes
(71.7% vs 30.5%, P < 0.001).

Virological response, IL28B genotypes, and (TA)n
of rs72258881. Intent-to-treat analysis of the entire cohort
indicated SVR, TVR, and NVR rates of 49.3%, 12.6%, and 32.1%,
respectively. As shown in Figure 3a, serum HCV RNA disap-
peared significantly earlier in patients with TT genotype than in
those with either of the TG or GG genotype. Assessment of the
usefulness of the rs8099917 non-TT genotype to predict NVR
among 202 patients in whom the final virological outcome could
be determined indicate a sensitivity of 63.8% (44/[44 + 25]);
specificity of 88.0% (117/[117 + 16]); positive predictive value of
73.3% (44/[44 + 16]); negative predictive value of 82.4% (117/
[25 + 117]), and an accuracy of 79.7% ([44 + 117]/202).

As shown in Figure 3b, the (TA)n of rs72258881 varied from
11 to 18, with the most frequent numbers of repeats being 12
(n = 147; 68.4%). Given that more than 12 repeats were found in

67 patients (31.2%), the cohort was divided into 2 × 2 groups,
according to rs8099917 genotype (TT or non-TT) and
(TA)n (n = 11–12 or n = 13–18), and the incidences of VR were
calculated as [SVR + TVR]/[SVR + TVR + NVR]. As shown
in Figure 3c, the incidences of VR tended to be higher in the
group with longer (TA)n than in the group with shorter (TA)n,
regardless of the rs8099917 genotype. In particular, in patients
with the non-TT genotype, the longer (TA)n might increase VR
more than the twofold, relative to that for patients with a shorter
(TA)n [compare 18.4% in (TA)11–12 vs 40.9% in (TA)13–18,
P = 0.074].

Factors associated with NVR. After excluding 13
patients who were lost to follow-up, we attempted to identify the
variables that were associated with final virological outcome. As
shown in Table 2, univariate analysis indicated that nine variables
were significantly different or tended to be different between VR
and NVR. NVR was associated with higher levels of serum AST,
γ-GTP, and FIB-4, but with lower levels of T.Chol. Whereas the
core 70-mino acid mutation was a viral factor related to NVR, the
rs8099917 non-TT genotype and shorter (TA)n were host factors
related to NVR. For nine variables for which univariate analysis
indicated that the P value less than 0.15, multivariate logistic

Table 1 Comparisons of host and viral factors between IL28B TT and TG/GG genotypes

Factors TT genotype (154) TG/GG genotype (61) P value

Age (years) 58 ± 11 (154) 58 ± 12 (61) 0.679
Gender (male/female) 88/66 31/30 0.448
Body weight (kg) 60.2 ± 11.2 (149) 58.7 ± 12.5 (60) 0.318
IFN naïve/experienced 123/31 47/14 0.711
PEG-IFN-α2a/-α2b 23/131 11/50 0.679
Albumin (g/dL) 4.1 ± 0.5 (153) 4.1 ± 0.4 (60) 0.721
AST (U/L) 56 ± 37 (154) 66 ± 49 (61) 0.332
ALT (U/L) 70 ± 52 (154) 77 ± 59 (61) 0.422
T.Bil (mg/dL) 0.86 ± 0.33 (150) 0.84 ± 0.37 (61) 0.658
ALP (U/L) 268 ± 93 (154) 254 ± 87 (61) 0.509
γ-GTP (U/L) 46 ± 43 (154) 78 ± 99 (61) < 0.001

T.Chol (mg/dL) 172 ± 39 (151) 160 ± 29 (58) 0.013

LDL-C (mg/dL) 103 ± 28 (132) 84 ± 27 (57) < 0.001

FBS (mg/dL) 101 ± 21 (130) 108 ± 29 (53) 0.076
IRI (μU/mL) 10.9 ± 9.5 (66) 15.5 ± 20.9 (26) 0.541
AFP (ng/mL) 14.4 ± 67.1 (141) 17.8 ± 26.2 (57) 0.009

HCV RNA (Log IU/mL) 6.5 ± 0.5 (154) 6.4 ± 0.6 (61) 0.243
WBC (/μL) 4917 ± 1367 (154) 4940 ± 1105 (61) 0.525
Hemoglobin (g/dL) 13.8 ± 1.3 (154) 13.7 ± 1.7 (61) 0.633
Platelets (x104/μL) 16.5 ± 5.9 (154) 16.9 ± 4.7 (61) 0.347
FIB-4 index 2.82 ± 1.77 (154) 2.80 ± 1.76 (61) 0.994
Core 70 amino acid (wild/mutant) 109/43 18/41 < 0.001

Core 91 amino acid (wild/mutant) 102/50 38/21 0.747
ISDR mutation (n = 0–1/2-) 126/25 50/7 0.523

Data are shown as mean ± standard deviation. Figures in parentheses are the numbers of data available in each factor. Significant P values are shown
in bold.
AFP, α-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBS, fasting blood sugar; HCV,
hepatitis C virus; IRI, immune-reactive insulin; ISDR, interferon-sensitivity determining region; LDL-C, low-density lipoprotein cholesterol; T.Bil, total
bilirubin; T.Chol, total cholesterol; WBC, white blood cell; γ-GTP, γ-glutamyl transpeptidase.
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regression analysis identified four variables for the prediction of
NVR: HCV core 70 amino acid mutation, rs8099917 non-TT
genotype, shorter (TA)n, and the lower levels of serum albumin.
Finally, a decision tree temporarily modeled 22 pretreatment
factors (see the legend to Fig. 4) to predict NVR. For this purpose,
13 patients who were lost to follow-up were excluded from the
analysis, in order to avoid their influence on final decision. As
shown in Figure 4, if the rs8099917 genotype was primarily

selected as the predictive factor (P < 0.001, χ2 = 57.647), then the
shorter (TA)n attributed to the NVR in patients with the TT geno-
type (P = 0.023, χ2 = 5.166). In cases with the shorter (TA)n
(n = 11 or 12), the presence of the core 70 amino acid mutation in
HCV might significantly increase the incidences of NVR
(P = 0.008, χ2 = 9.115). On the other hand, in the patients with
non-TT genotype, higher viral load was the second most powerful
determinant of NVR (P = 0.001, χ2 = 15.645).

(a) (c)

(b)

Figure 3 Genotype of rs8099917, (TA) dinucleotide repeat [(TA)n] of rs72258881 and virological response. (a) Hepatitis C virus (HCV) RNA
disappearance rate. Serum HCV RNA disappeared significantly earlier in patients with TT genotype than in those with TG/GG genotypes. *P < 0.05,
**P < 0.001. The abbreviation used was: EOT, end of treatment; HCV, hepatitis C virus; w, weeks. , TT genotype; , TG/GG genotype. (b)
Distributions of (TA)n in this cohort. The most frequent (TA)n was 12 (n = 147: 68.4%). In 67 patients (31.2%), the numbers were more than 12. (c)
The incidences of virological response (VR) in four groups stratified by rs8099917 genotype and (TA)n. The longer (TA)n might favor virological
responses to PEGylated interferon-α and ribavirin, regardless of the IL28B genotype.
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Discussion

This is the first prospective evaluation of the usefulness of the
rs8099917 SNP of the IL28B gene to predict virological outcome
of RGT with P/R in the patients with chronic hepatitis C. Given
that RGT has been accepted by AASLD,2,23 European Association
for the Study of the Liver (EASL),29 and JSH24 as the standard
interferon-based treatment, it is often challenging to perform con-
ventional per-protocol analysis in real clinical settings. With
intent-to-treat analysis, the rates of SVR, TVR, and NVR were
49.3%, 12.6%, and 32.1%, respectively. The SVR rate in our
cohort was as much as 10% higher than that in a report based on
non-RGT with intent-to-treat analysis.30 This might substantiate
the value of RGT for the treatment of chronic hepatitis C. Differ-
ences between the TT genotype and non-TT genotype of
rs8099917 in several background features are of interest. For
instance, serum levels of γ-GTP and AFP were higher, while those
of T.Chol and LDL-C were lower in patients with the non-TT
genotype, compared with those with the TT genotype. Especially

for the association of γ-GTP and LDL-C levels with IL28B geno-
types, quite similar results were recently reported for HALT-C
study31 and our retrospective study,32 respectively. However, the
precise mechanisms by which IL28B genotypes affect levels of
γ-GTP and LDL-C have yet to be elucidated. The current study
confirmed that the core 70 amino acid mutation is more frequently
associated with the non-TT genotype than with TT genotype.33 The
rs8099917 genotype could clearly differentiate between the effects
of P/R on the disappearance of serum HCV RNA, which ulti-
mately leads to SVR rate at 65.5% and 21.7%, in the TT and
non-TT genotypes, respectively. However, given the less than 80%
accuracy in predicting NVR in non-TT genotypes, there is likely a
fair level of discrepancy between predicted and actual virological
outcome. We have recently reported that the (TA) dinucleotide
repeat of rs72258881, which lies in the promoter region of IL28B
gene, can affect the transcriptional activity in a (TA)n length-
dependent manner in vitro.20 The current study has indicated that
in clinical settings, increases in (TA)n tended to increase the inci-
dences of VR in patients regardless of rs8099917 genotypes.

Table 2 Univariate and multivariate analyses of patients with chronic hepatitis C treated with pegylated interferon-α and ribavirin with respect to VR
and NVR

Variable Univariate analysis Multivariate analysis

VR (133) NVR (69) P value B P value Odds ratio 95% CI

Gender (Male/Female) 74/59 38/31 1.000
Age (years) 58 ± 11 (133) 59 ± 11 (69) 0.973
Body weight (kg) 59.9 ± 11.5 (130) 59.7 ± 11.6 (68) 0.992
Hx. of IFN treatment (naïve/experienced) 108/25 52/17 0.363
PEG-IFN-α2a/-α2b 18/115 12/57 0.533
Albumin (g/dL) 4.2 ± 0.5 (133) 4.0 ± 0.4 (67) 0.148 0.118 0.036 1.125 1.008–1.256
AST (U/L) 52 ± 34 (133) 70 ± 50 (69) 0.022 −0.001 0.919 0.999 0.983–1.016
ALT (U/L) 66 ± 47 (133) 81 ± 64 (69) 0.244
T.Bil (mg/dL) 0.88 ± 0.32 (129) 0.81 ± 0.35 (69) 0.085 0.102 0.083 1.108 0.987–1.243
ALP (U/L) 258 ± 80 (133) 273 ± 109 (69) 0.378
γ-GTP (U/L) 45 ± 43 (133) 75 ± 95 (69) < 0.001 −0.002 0.508 0.998 0.991–1.005
T.Chol (mg/dL) 172 ± 39 (130) 161 ± 32 (66) 0.016 0.004 0.556 1.004 0.991–1.017
HCV RNA (Log IU/mL) 6.5 ± 0.6 (133) 6.6 ± 0.5 (69) 0.384
WBC (/μL) 4982 ± 1248 (133) 4784 ± 1271(69) 0.275
Hemoglobin (g/dL) 13.9 ± 1.2 (133) 13.7 ± 1.8 (69) 0.308
Platelets (× 104/μL) 17.0 ± 5.9 (133) 16.0 ± 5.0 (69) 0.377
FIB-4 index 2.7 ± 1.7 (133) 3.1 ± 1.8 (69) 0.035 0.055 0.755 1.056 0.749–1.490
Core 70 amino acid (wild/mutant) 93/37 23/45 < 0.001 −0.914 0.029 0.401 0.177–0.910
Core 91 amino acid (wild/mutant) 92/38 42/26 0.205
ISDR mutation (n = 0–1/2-) 108/20 59/8 0.528
rs8099917 (TT/non-TT) 117/16 25/44 < 0.001 −2.735 < 0.001 0.065 0.025–0.171
(TA)n (n = 11–12/13–18) 85/48 53/16 0.079 −1.226 0.011 0.294 0.114–0.757
PEG-IFN adherence (%) 95.5 ± 10.3 (132) 89.7 ± 17.3 (64) 0.093
Ribavirin adherence (%) 94.8 ± 10.9 (133) 90.3 ± 17.7 (64) 0.232

Data are shown as mean ± standard deviation. Figures in parentheses are the numbers of data available in each variable. Multivariate and
simultaneous logistic regression analysis was performed to determine predictive factors for NVR, by using nine variables which were found to be
P < 0.150 by univariate analysis (albumin, AST, T.Bil, γ-GTP, T.Chol, fib-4 index, Core 70 amino acid, rs8099917, (TA)n). In addition, PEG-IFN adherence
and ribavirin adherence were excluded from this analysis, since these two variables could not be available at pretreatment. The corresponding
references in categorical variables were as follows: wild (Core 70 amino acid); TT (rs8099917); n = 13–18 [(TA)n]. Significant P values are shown in
bold. The calculated values for serum albumin and T.Bil by multivariate logistic regression analysis correspond to those per 0.1 of increase.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; HCV, hepatitis C virus; Hx.,
history; ISDR, interferon-sensitivity determining region; NVR, non-virological response; PEG-IFN, pegylated interferon; T.Bil, total bilirubin; T.Chol, total
cholesterol; VR, virological response; WBC, white blood cell; γGTP, γ-glutamyl transpeptidase.
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Although the current study did not directly assess the expression of
IL28B gene at the mRNA or protein levels, further investigation of
mechanistic basis of the length-dependent effects of (TA)n on VR
might help to elucidate how the responsiveness of patients to P/R
is regulated by their levels of IL28B expression.

Univariate analysis indicated that NVR was associated with
significantly higher levels of serum AST, γ-GTP, and FIB-4,
together with lower levels of T.Chol, than for VR. These findings
are consistent with those of our previous retrospective study that
involved per-protocol analysis.32 Regarding the viral factor, the
core 70 amino acid mutation was significantly correlated with
NVR, as reported previously.12 Multivariate logistic regression
analysis revealed that rs8099917 non-TT genotype, shorter (TA)n,
core 70 amino acid mutation, and the lower levels of serum
albumin were independently associated with NVR, in this prospec-
tive cohort with RGT. A decision tree analysis might demonstrate

more clearly the clinical implications to measure simultaneously
these host and viral factors at pretreatment.

There are several limitations to this study. First, the prospective
study design prompted us to evaluate the virological response by
performing intent-to-treat analysis, rather than strict per-protocol
analysis. Especially, in patients for whom treatment needed to be
terminated prematurely owing to SAE or other unrelated causes,
virological outcomes were worse than expected. Nonetheless, the
results of this study appear to reflect the real clinical settings used
for the treatment of chronic hepatitis C. Another limitation was
that the cohort contained fewer patients with non-TT genotype of
rs8099917 than those with TT genotype. This might explain the
unexpected observation that decision tree analysis did not select
(TA)n as a predictive factor in the group with non-TT genotype.
External validation is needed to establish whether the results
of our prospective study could apply more generally. However, a

Figure 4 Decision tree analysis for the virological outcomes. Boxes indicate the factors used for splitting and the cut-off value for the split. Pie charts
indicate the rate of non-virological response for each group of patients after splitting. A total of 202 patients were included in this analysis, after
excluding 13 patients who were lost to follow-up, in order to avoid the influence on final decision. Among 22 pretreatment factors (gender, prior history
of interferon, pegylated interferon regimen, age, body weight; serum albumin, aspartate aminotransferase, alanine aminotransferase, total bilirubin,
alkaline phosphatase, γ-glutamyl transpeptidase, total cholesterol; white blood cell, hemoglobin, platelets; FIB-4; serum levels of hepatitis C virus
(HCV) RNA (reverse transcription–polymerase chain reaction), core 70/91 amino acid mutation, interferon-sensitivity determining region mutation;
rs8099917 genotype, TA repeat length) tested for their abilities to predict non-virological responses, determinations of (TA)n of rs72258881 and/or the
HCV core 70 amino acid substitution were useful, especially for patients with the TT genotype. In the patients with a non-TT genotype, HCV viral load
was the second most important determinant of virological response. MA, major-homo; HE, hetero; mi, minor-homo; aa, amino acid. The units used
to measure levels of albumin and HCV RNA were g/dL and Log IU/mL, respectively.
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requirement for such studies is that the indications of current and
future direct-acting antiviral agents for chronic hepatitis C should
be further clarified in clinical settings.

In conclusion, the IL28B genotype and (TA)n of rs72258881
may independently affect the virological outcomes of RGT with
P/R for chronic hepatitis C. At a minimum, when considering
P/R-based regimens for chronic hepatitis C, pretreatment determi-
nations of both genotypes as well as the core 70 amino acid
mutation of HCV are promising cost-effective tools to predict
VR.
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