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HCV substitutions and IL28B polymorphisms
on outcome of peg-interferon plus ribavirin

combination therapy

C Nelson Hayes,'? Mariko Kobayashi,®> Norio Akuta,® Fumitaka Suzuki,?
Hiromitsu Kumada, Hiromi Abe,"? Daiki Miki,"? Michio Imamura,? Hidenori Ochi,'?
Naoyuki Kamatani,* Yusuke Nakamura,® Kazuaki Chayama'~

ABSTRACT

Background and aims A number of recent studies have
shown that human polymorphisms near the /L2868 type lll
interferon (IFNA) gene influence the response to
peg-interferon plus ribavirin combination therapy for
infection with chronic hepatitis C virus (HCV). Viral
polymorphisms, including substitutions within the HCV
core and NS5A proteins, have also been shown to
influence treatment outcome, but it is not known
whether these factors act independently of the IL28B
polymorphism or if they reflect the same or a different
underlying mechanism. Multiple logistic regression was
used to determine whether host and viral polymorphisms
independently predict sustained virological response
(SVR).

Methods Two single nucleotide polymorphisms were
genotyped in the IL28B locus (rs12979860 and
rs8099917) from 817 patients with chronic HCV
infection, and substitutions at amino acids 70 and 91 of
the HCV core protein and within the NS5A interferon
sensitivity-determining region (ISDR) were analysed.
Results It was found that independent predictors of an
SVR included IL28B rs12979860 CC genotype (0R=4.98;
p=4.00E-08), core amino acid 70 substitutions
(OR=0.53; p=0.016), age and baseline viral load. For
non-virological response, the 1L288B rs12979860 CT/TT
genotype (OR=0.23; p=1.96E-8) and age were
independent predictors. IL28B rs12979860 genotype
(p=1.4E-8), core amino acid 70 substitutions
(p=0.0013), ISDR substitutions (p=0.0019), baseline
viral load, y-glutamyltranspeptidase, alanine
aminotransferase and platelet count were independent
predictors for change in viral load by week 4 of treatment.
Conclusions IL.28B polymorphisms and HCV core amino
acid 70 substitutions contribute independently to an SVR
to peg-interferon plus ribavirin combination therapy.

INTRODUCTION
Hepatitis C virus (HCV) isa primary cause of chronic
hepatitis and often progresses to liver cirrhosis and
hepatocellular carcinoma.! ? Peg-interferon plus
ribavirin combination therapy (PEG-RBV) is the
current standard of care, but it is only effective in
50% of patients and has severe side effects often
requiring discontinuation or dose modification.®
Consequently, reliable predictors are needed to
identify unsuitable candidates as early as possible.
Genome-wide association studies have reported
common single nucleotide polymorphisms (SNPs)
predictive of response to interferon treatment.

Gut 2011;60:261—267. doi:10.1136/gut.2010.223495

Significance of this study

What is already known about this subject?

» Clinical and viral factors influence the outcome
of peg-interferon plus ribavirin combination
therapy for chronic hepatitis C virus infection.

» Polymorphisms within the human IL28B locus
strongly influence treatment outcome.

» Substitutions at amino acids 70 and 91 of the
HCV core protein as well as within the interferon
sensitivity-determining region (ISDR) also affect
response to treatment.

What are the new findings?

» |L28B polymorphisms as well as substitutions at
amino acid 70 both independently predict
sustained virological response, suggesting that
they influence treatment outcome through
different mechanisms.

> [L28B polymorphisms, substitutions at core
protein amino acid 70 and ISDR substitutions
are each independent predictors for change in
viral load after 4 weeks of treatment.

How might it impact on clinical practice in the

forseeable future?

» The combination of IL28B genotyping and
detection of core protein substitutions may
yield more accurate pretreatment predictions
of treatment efficacy.

While polymorphisms in MxA,* ° interferon

a-receptor 1,% osteopontin’ and MAPKAPK3® have
been reported to be associated with interferon
response, several linked SNPs within the IL28B
locus on chromosome 19 have recently been shown
to be the strongest predictors of early viral kinetics,
response to treatment and spontaneous viral
clearance.”™"*

Viral polymorphisms have also been shown to be
associated with treatment response. HCV geno-
types 1 and 4 in particular are considered more
difficult to treat than genotypes 2 and 3,'° ' and
genotype 3 is associated with steatosis.’® Within
genotype 1b, amino acid substitutions at positions
70 and 91 of the HCV core protein and accumula-
tion of substitutions in the interferon sensitivity-
determining region (ISDR) of the NS5A protein'? 2°
have also been shown to be associated with treat-
ment outcome, especially among Japanese patients.
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Consequently, a number of human and viral factors are now
known to affect response to treatment, but in order to identify
the most important independent predictors and to identify
which, if any, may be useful in guiding clinical practice, it is
necessary to analyse them simultaneously in a multivariate
model. In this study we therefore attempted to identify host and
viral factors that independently predict treatment outcome.

MATERIALS AND METHODS

Patients

Data from 817 patients who were treated with PEG-RBV
combination therapy for chronic hepatitis C genotype 1b infec-
tion between 2002 and 2008 were collected from Toranomon
Hospital (Tokyo) and hospitals that belong to the Hiroshima
Liver Study Group (http://home.hiroshima-u.ac.jp/naikal/
hepatology/english/study.html) in Hiroshima, Japan. Study
subjects tested positive for HCV RNA over a span of >6 montbhs,
were negative for hepatitis B and HIV, and showed no evidence of
other liver diseases. Patients received weekly injections of peg-
interferon-a2b at 1.5 g/kg body weight for 48 weeks and ribavirin
was administered orally. The amount of ribavirin was adjusted
based on body weight (600 mg for <60 kg, 800 mg for 60—80 kg,
1000 mg for >80kg). Patients with low baseline viral load
(<5 log 1U/ml) were excluded, as were patients who received
<0.89 g/kg of peg-interferon or <8.3 mg/kg of ribavirin. Treat-
ment success was evaluated based on a sustained virological
response (SVR), defined as undetectable HCV RNA levels
24 weeks after cessation of treatment. Some patients showed
a transient response (TR or relapser), in which HCV RNA
dropped to undetectable levels during treatment but then later
rebounded. In those with a non-viral response (NVR), HCV RNA
levels failed to decline by 2 log10 IU/ml by week 12 of treatment
and never dropped below detectable levels. Histopathological
diagnosis was made according to the criteria of Desmet et al?! All
subjects gave written informed consent to participate in the
study according to the process approved by the ethical committee
of each hospital and conforming to the ethical guidelines of the
1975 Declaration of Helsinki.

HCV RNA levels

HCV RNA levels were monitored throughout the course of
treatment at 1 or 2 month intervals for a total of at least six time
points via reverse transcription—PCR (RT—PCR) using the
original Amplicor method, the high range method or the
TagMan 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. Samples exceeding the measurement range were
diluted with phosphate-buffered saline (PBS) and reanalysed. All
values were reported as log IU/ml.

ISDR and core amino acid substitutions

Amino acid substitutions in the HCV core and ISDRs were
determined by direct sequencing of PCR products following
extraction and reverse transcription of serum HCV RNA. Core
amino acid substitutions at positions 70 and 91 (core70 and
core91) were determined according to Akuta et al,*? ** and the
number of ISDR substitutions was established as in Enomoto
et al.'® 2! 24 Of the 817 patients in the study, substitutions for
both ISDR and core70 could be determined for 379 patients.

SNP genotyping

We genotyped each patient for two IL28B SNPs previously
reported to be associated with treatment outcome, rs12979860
and rs8099917.°~"* Samples were genotyped using the Illumina
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HumanHap610-Quad Genotygin{g BeadChip or the Invader
assay, as described previously.” % The two SNPs are in strong
linkage disequilibrium, with a correlation coefficient of 0.99. SNP
genotypes for both rs12979860 and rs8099917 were determined
for 815 patients (99.7%).

Statistical analysis

All analyses were performed using the R statistical package
(http://www.r-project.org). Non-parametric tests (x*> and
Mann—Whitney U tests) were used to detect significant asso-
ciations. All statistical analyses were two sided, and p<0.05 was
considered significant. Simple and multiple logistic regression
analyses were used to examine the association between viral
substitutions and clinical factors using p<0.05 as the criterion
for inclusion in the initial multivariate model. Multivariate
logistic regression analysis was performed using forward/back-
ward stepwise selection based on Akaike Information Criterion
(AIC) score and validated using the rms package in R. ORs and
95% Cls were calculated for each factor.

RESULTS

Patient characteristics

Patient profiles are shown in table 1. Forty-five per cent of
patients achieved an SVR, 22% were transient responders and
33% failed to respond to treatment (NVR). Males were signifi-
cantly more likely to achieve an SVR than females (50% and
38%, respectively; p=0.0011), and younger patients were more
likely to achieve an SVR than older patients (59.2% and 40.9%
above and below median age 58, respectively; p=1.57E-6).
Patients who achieved an SVR also had lower y-glutamyl-
transpeptidase (YGTP) levels (36 IU/I vs 45 IU/I; p= 0.008) and
higher platelet counts (17.1 vs 15.3x10"%/L; p=3.649E-05) than
those who did not.

1L28B SNP genotypes

The genotypes of two IL28B SNPs were measured for each
patient. Because of linkage disequilibrium, SNP results are nearly
interchangeable. However, six patients showed an intermediate
haplotype consisting of the favourable genotype for rs8099917
(TT) but an unfavourable genotype for rs12979860 (CT),
whereas only one of the six patients achieved an SVR,
suggesting that rs12979860 is a better predictor of SVR in this
data set.

The frequency of the risk allele (T) for rs12979860 was 0.15
among all patients and 0.08 in SVR patients, 0.14 in TR patients
and 027 in NVR patients. Patients homozygous for the
1512979860 favourable allele (CC) were significantly more likely
to achieve an SVR compared with those with TC or TT geno-
types (53% vs 24%, OR=3.55, p=3.95E-13). Conversely, patients
with the risk allele (TC or TT) were significantly more likely to
show an NVR (55% vs 25%; OR=0.265; p=4.4E-16). Patients
with the rs12979860 CC genotype had a marginally lower
baseline viral load (6.6 vs 6.4 log IU/ml; p=0.093), but showed
significantly greater reduction in viral load by week 4 of treat-
ment (—3.2 vs —0.8 log [U/ml; p<2.2E-16). The rs12979860 CC
genotype was also associated with wild type core70 (78% vs
54%; p=1.6E-6) and non-wild type ISDR (67% vs 83%;
p=0.007).

The frequency of the rs8099917 risk allele (G) was 0.15 among
all patients, 0.08 in SVR patients, 0.13 in TR patients and 0.26 in
NVR patients. Patients with the rs8099917 TT genotype were
significantly more likely to achieve an SVR than patients with
GT or GG genotypes (53% vs 24%, OR=3.43, p=2.18E-12), and
GT/GG patients were significantly more likely to show an NVR
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Table 1 Patient profiles by response to treatment

All (813) SVR (366) TR (176) NVR (271)
Sex (MF) 459/354 231/135 84/92 144/127
Age 58 (51—65) 56 (47—63) 60.5 (56—65.25) 59 (52.5—66)
Body weight (kg) 59 (52—67) 60 (52—68.25) 58 (51—66) 60 (52—66.4)
BMI (kg/m?) 22.61 (20.81—24.65) 22.44 (20.46—24.58) 22.85 (20.85—24.89) 22.76 (21.12—24.63)
Hypertension (yes/no) 141/672 61/305 29/147 51/220
Diabetes (yes/no) 97/7116 31/335 25/151 41/230
Fibrosis (0—2/3—4) 138/421 52/221 34/81 52/113
Activity (0—1/2—3) 274/272 136/138 53/56 85/78
ISDR (0, 1/=2) 78/298 43/128 1571 20/99
Amino acid 70 (wild-type/mutant) 256/139 137/45 54/35 65/59
Amino acid 91 (wild-type/mutant) 221/178 112/72 51/40 58/66
WBC () 4.71x10° (3.9x10°—5.7x10%)  4.9%10° (4.0x10°—6.0x10°) 4.6x10° (3.8%10°—5.4x10°) 4.6x10° (3.7%10°=5.5%10°%)
Haemoglobin (g/dI) 14.1 (13.2—15) 14.2 (13.3—15.22) 13.9 (13.1—14.8) 14.1 (13.05—14.9)
Platelets (x10°L) 16.110° (12.5x10°—19.9%10%) 17.1x10° (13.7x10°-20.7x10°%) 15.5x10° (11.3x10°—18.8x10° 15.1x10% (1210°—19.2x10°)
AST (lun) 45 (34—65.5) 43 (32.25—64) 43.5 (33.25—66) 48 (37—66.5)
ALT (lun) 55 (37—87) 57 (37-92) 50 (33—78) 53 (39—82.5)
YGTP (IL/1) 40 (25—72) 36 (23—65.75) 36 (23—69) 52 (32—86)a
Albumin (g/dI) 3.9 (3.7-4.1) 3.9 (3.7-4.1) 3.8 (3.7-4) 3.8 (3.7—-4.1)
Total cholesterol (mg/di) 171 (150—192) 169 (149.2—192) 175 (158—191) 170 (148.5—192.5)
Viral load (log IU/ml) 6.5 (6.1-6.9) 6.4 (5.9—6.825) 6.6 (6.3—7) 6.6 (6.2—7)
PEG-FN-a:2b (ug) 80 (80—100) 80 (80—100) 80 (75—100) 80 (60—100)
PEG-IFN-a:2b/kg (ng/kg) 1.19 (1.19—1.48) 1.36 (1.19—1.48) 1.19 (1.19—1.48) 1.19 (1.02—1.48)
Ribavirin (mg) 600 (600—800) 600 (600—800) 600 (600—800) 600 (400—800)
Ribavirin/kg (mg/kg) 8.9 (8.9—-11.87) 10.29 (8.9—11.87) 8.9 (8.9-11.87) 8.9 (7.8—11.86)
rs12979860 (CC/CT/TT) 582/203/27 311/51/4 128/43/4 143/109/19
rs8099917 (TT/TG/GG) 588/199/25 311/51/3 132/40/4 145/108/18

For categorical data, the number of patients in each category is shown. For continuous data, the median and range are displayed.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; F, female; YGTP, y-glutamyltranspeptidase; ISDR, interferon sensitivity-determining region; M, male;
NVR, non-virological response; PEG-IFN, pegylated interferon; SVR, sustained virological response; TR, transient response; WBC, white blood cells.

(56% vs 25%; OR=0.26; p=3.33E-16). Patients with the
18099917 TT genotype had marginally higher baseline viral load
(6.6 vs 6.4 log 1U/ml; p=0.077) but showed a significantly
greater drop in viral load by week 4 of treatment (—3.1 vs —0.8
log TU/ml; p<2.2E-16). The rs8099917 TT genotype was also
associated with wild-type core70 (79% vs 56%; p= 3.1E-6) and
non-wild-type ISDR (68% vs 83%; p=0.015).

Viral substitutions

Patients who achieved an SVR had significantly lower initial
HCV RNA levels than those who did not (6.4 vs 6.6 log IU/ml;
p=2.1E-6). The 140 patients (17%) with a substitution at posi-
tion 70 of the HCV core protein (core70) were significantly less
likely to achieve an SVR than patients with wild type core70
(33% vs 53%; p=0.00019) and were significantly more likely to
show an NVR (42% vs 25%; p=0.0013). The 179 (22%) of
patients with a substitution at position 91 (core91) were
marginally less likely to achieve an SVR (41% vs 50%; p=0.08)
but were significantly more likely to show an NVR (37% vs 27%;
p=0.039). The 78 (10%) of patients who had two or more
substitutions in the ISDR of NSSA were only marginally less
likely to achieve an SVR than those with wild-type ISDR (43%
vs 55%; p=0.066) and were not more likely to show an NVR
(33% vs 26%; p=0.24).

Predictive factors for an SVR

Significant univariate predictors for an SVR included patient
clinical factors (age, sex, diabetes, platelet count, white blood
cell count, haemoglobin level, YGTP level); SNP genotype
(rs12979860 and rs8099917); and viral factors (baseline viral load
and core70, core91 and ISDR substitutions) (table 2). Following
multivariate analysis, only age, rs12979860 genotype, core70
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substitution and baseline viral load were significant independent
predictors (figure 1A). The joint effects of rs12979860 and core70
on response to treatments are illustrated in figure 2.

Predictive factors for an NVR

Significant univariate predictors for an NVR included age,
1512979860 and 158099917 genotypes, core70 and core91
substitutions, diabetes, aspartate aminotransferase (AST), base-
line viral load, platelet count, white blood cell count and
YGTP levels (table 3). Following multivariate analysis only age
and 512979860 genotype remained as independent predictors
(figure 1B).

Predictive factors for change in viral load by week 4 of
treatment

Factors influencing virological response were assessed by exam-
ining change in viral load between the start of treatment and
week 4. Using linear regression, sex, rs12979860, rs8099917,
core/0, core91, ISDR, baseline viral load, alanine aminotrans-
ferase (ALT), platelet count, white blood cell count, haemo-
globin level and YGTP were found to be significant univariate
predictors of change in viral load by week 4 (table 4). Indepen-
dent factors included rs12979860, core70, ISDR, ALT, platelet
count and YGTP. We also found a significant positive linear
relationship between the total number of ISDR substitutions
and change in viral load between week 0 and week 4 (slope=0.2;
p=0.0047).

In patients with the favourable rs12979860 CC genotype,
core70 wild type was a significant predictor of viral decline
(p=0.007; figures 3A,B), but in patients with the CT or TT
genotypes, viral decline did not vary with respect to core70
substitutions (p=0.18; figures 3C,D). Conversely, ISDR was not
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Table 2 Predictors for a sustained virological response

Simple Multiple
Variable ] OR p Value n OR 95% CI p Value
Age 813 058  1.22E-08*** 362 0432 0.31to060 6.61E-07***
Sex (male vs female) 813 1.28 0.0006*** 362 1.2 0.95t0 1.54 0.133
BMI (kg/m?) 800 0.87 0.1286
r$12979860 (CC vs TC/TT) 812 365 2.67E-14*** 362 498 2.81 t0 8.82  4.00E-08***
rs8099917 (TT vs GT/GG) 812 353  1.77E-13***
Hypertension 813 092 0.6452
Diabetes 813 053  0.005907**
Core amino acid 70 (wild type vs mutant) 395 0.42  5.82E-05*** 362 0527 0.31t00.89 0.01575*
Core amino acid 91 (wild type vs mutant) 399 0.66  0.0419%
ISDR 376 112 0.1627
Viral load (log IU/ml) 695 0.68  2.09E-06*** 362 0.77 0.62 to 0.96  0.02249*
Fibrosis (FO—1 vs F2—4) 559 0.74 0.0817
Activity (AO—1 vs A2—4) 546 096 0.7975
Total cholesterol (mg/dl) 663 086 0.2151
AST (1U/1) 687 1.03 0.1069
ALT (luA) 692 1.26  0.0920
Platelets (x10*L) 694 1.49  3.57E-05*** 362 1.39 0.97to 1.99 0.073
WBC (/L) 693 131 0.0014**
Haemoglobin (g/dl) 693 1.28  0.0043**
YGTP (IUN) 646 0.96  0.0052**

Results of simple and multiple regression are shown. Factors with a p value <0.05 were included in the multivariate model. Variables

were selected using stepwise selection. Asterisks indicate level of statistical significance: *<0.05; **<0.01; ***<0.001.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; yGTP, y-glutamyltranspeptidase;
ISDR, interferon sensitivity-determining region; WBC, white blood cells.

a significant predictor of viral decline in patients with the
1512979860 CC genotype (p=0.078; figures 4A,B), but patients
with the CT or TT genotypes and two or more substitutions in
the ISDR showed significantly greater viral decline by week 4
than patients with zero or one ISDR substitution (p=0.007;
figures 4C,D).

DISCUSSION

In this study we showed that host factors (younger age, male
sex, favourable IL28B SNP genotypes) as well as viral factors
(baseline viral load, wild-type core70 and two or more substi-
tutions in the ISDR) contribute to the successful outcome of
PEG-RBV combination therapy. Although some of these factors
independently predict an SVR or NVR in multivariate analysis,
collectively they reflect a complex genotype-by-environment
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interaction involving common polymorphisms in both the virus
and the human host.

Genetic variation within the human IL28 locus has been
reported as the strongest pretreatment predictor of an SVR,'?
and the results of this study support this finding. Several tightly
linked SNPs in the non-coding region of IL28A and IL28B have
been shown to be associated with spontaneous viral clearance,
rapid and early virological response and/or SVR following
treatment with interferon and ribavirin for HCV genotype
16.7719 [128A, IL28B and IL29 code for type III () interferons,
which are similar to type I interferons but use a different
receptor and show high tissue specificity.”” *® It has not been
determined which, if any, of the reported SNPs directly affects
function, but the functional SNP probably affects gene expres-
sion. IRF3- and IRF7-binding sites near the transcription start
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ORs for predictive factors response to treatment. ORs and 95% Cls are shown for predictive factors for (A) sustained virological response

(SVR) and (B) non-virological response (NVR) based on multiple logistic regression with stepwise selection.
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