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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 /L2688 type Ili
interferon (IFNA) gene influence the response to
peg-interferon plus ribavirin combination therapy for
infection with chronic hepatitis C virus (HCV). Viral
polymoarphisms, including substitutions within the HCV
core and NSHA proteins, have also been shown to
influence treatment outcome, but it is not known
whether these factors act independently of the 1L28B
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 1L28B 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 1L28B rs12979860 CC genotype (OR=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 IL28B 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 11288 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) is a 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.

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.

» 1L28B 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 7'

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,'6 ! 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’? %
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 months,
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 TU/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. Histopatholo?cal
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—5000kIU/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 1U/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 er al,*2 ?® and the
number of ISDR substitutions was established as in Enomoto
er al.¥® ?' 2 OFf 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 7~'! Samples were genotyped using the Illumina

20f7

HumanHap610-Quad Genotyginﬁg BeadChip or the Invader
assay, as described previously.” 2° 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 TU/L; p= 0.008) and

- higher platelet counts (17.1 vs 15.3%10%%/L; p=3.649E-05) than

those who did not.

IL28B 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 1s12979860 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-183). 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 1U/ml; p=0.093), but showed
significantly greater reduction in viral load by week 4 of treat-
ment (—3.2 vs —0.8 log IU/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

Hayes CN, Kobayashi M, Akuta N, et al. Gut (2010). doi:10.1136/gut.2010.223495



Table 1

Patient profiles by response to treatment

All (813) SVR (366) TR (176) NVR (271)
Sex (M/F) 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) 97/716 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 15/71 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 (/L) 4.71x10° (3.9x10°—5.7x10%  4.9x10° (4.0x10°—6.0x10°%) 4.6%10° (3.8X10°=5.4x10°) 4.6x10° (3.7x10°~5.5%10%)
Haemoglobin (g/dl) 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) 16.1%10° (12.5X10°—18.9% 10%) 17.1x10° (13.7x10°~20.7x10°%) 15.5x10° (11.3x10°-18.8x10°) 15.1x10° (12x10°~19.210°)
AST (1Uf1) 45 (34—65.5) 43 (32.25—64) 435 (33.25—66) 48 (37—66.5)
ALT (IU/) 55 (37—87) 57 (37-92) 50 (33—78) 53 (39—82.5)
YGTP (IUA) 40 (25—72) 36 (23—65.75) 36 (23—69) 52 (32—86)a
Albumin (g/dl) 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—182) 175 (158—181) 170 (148.5—192.5)
Viral load (log 1U/ml) 6.5 (6.1—6.9) 6.4 (5.9—6.825) 6.6 (6.3—7) 6.6 (6.2—7)
PEG-IFN-a2b (pg) 80 (80—100) 80 (80—100) 80 (75—100) 80 (60—100)
PEG-IFN-a:2b/kg (no/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)
Ribavirinkg (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)
1512979860 (CC/CT/TT) 582/203/27 311/51/4 128/43/4 143/109/19
1s8099917 (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
158099917 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 (-3.1vs =08
log 1U/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 1U/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 NS5A 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); SNFP 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

Hayes CN, Kobayashi M, Akuta N, et al. Gut (2010). doi:10.1136/gut.2010.223485

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,
112979860 and 18099917 genotypes, core70 and core9l
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 1512979860 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,
core70, 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 n OR p Value n OR 95% CI p Value
Age 813 058  1.226-08*** 362 0432 0311060 6.61E-07***
Sex (male vs female) 813 1.28 0.00086*** 362 1.2 0.95 to 1.54 0.133
BMI (kg/m?) 800 0.87 0.1286
rs12979860 (CC vs TC/TT) 812 3.65 2.B7E-14** 362 4.98 2.81108.82  4.00E-08***
rs8099917 (TT vs GT/GG) 812 353 1L77E13***
Hypertension 813 092 0.6452
Diabetes 813  0.53  0.005907**
Core amino acid 70 (wild type vs mutant) 395 042  6.82E-05*** 362 0527 0.311t00.89 0.01575*
Core amino acid 91 {(wild type vs mutant) 399 0.66  0.0419*
ISDR 376 1.12  0.1627
Viral load (log 1U/ml} 695 068  2.09E-06*** 362 0.77 0.62 t0 0.96  0.02248*
Fibrosis (FO—1 vs F2—4) 559 0.74 0.0817
Activity (AO—1 vs A2—4) 546 0.96 0.7975
Total cholesterol (mg/di) 663 0.86 0.2151
AST (IUA) 687 1.03 0.1069
ALT (IUA) 692 1.26 0.0920
Platelets (X 10%/L) 694 1.49  3.57E-05*** 362 1.39 0.97 to 1.99  0.073
WBC (/L) 693 1.31 0.0014**
Haemoglobin (g/dl) 693 1.28  0.0043**
YGTP {1UA) 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.

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

a significant predictor of viral decline in patients with the
rs12979860 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 1L28B 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

linked SNPs in the non-coding region of IL28A and IL.28B 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
15.7715 [1.284, IL28B and IL29 code for type 1II (A) interferons,
which are similar to type I interferons but use a different
receptor and show high tissue specificity.?” 28 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

(A) Odds Ratios for SVR (B) Odds Ratios for NVR
050 100 200 400 800 0.50 100 200
| Joood 1 £ 1 b igril N L | I} 1 L1l
Age Comepmes P=6.6 % 107 Age o pe 66 x 107
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; e - = P=1 96x% 10°
Core 8870 = romfemmre re12079860 e
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Figure 1  ORs for predictive factors response to treatment. ORs and 95% Cls are shown for predictive factors for (A} sustained virological response
(SVR) and (B) nen-virological response (NVR) based on multiple logistic regression with stepwise selection.
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Figure 2 Cumulative effects of rs12979860 genotype and core protein
amino acid 70 substitutions. The relative effects of rs12979860
genotype (favourable CC vs non-favourable CT/CC) and core amino acid
70 substitutions (favourable wild type vs unfavourable substitutions) on
response to treatment are shown. NVR, non-virological response; TR,
transient response/relapser; SVR, sustained virological response.

site of JL28B are essential for gene expression, but distal clusters
of nuclear factor-kB (NE-kB)-binding sites are necessary for
maximal expression:zg suggesting that upstream poly-
morphisms may potentially disrupt transcription factor-binding
sites within a distal promoter or enhancer. Unintuitively, inter-
feron-stimulated genes are downregulated in patients with the
favourable rs8099917 TT genotype,” implying that responders
have a lower baseline expression of immune response genes.”
This might serve to prevent desensitisation and promote
maximal induction of interferon-stimulated genes, but detailed

Table 3 Predictors for a non-virological response

gene regulation studies are needed to resolve the role of 1L28B
polymorphisms in antiviral defence.

In addition to effects of human genetic polymorphisms,
a number of studies have reported significant association
between HCV core70/core91 substitutions and treatment
outcome.?” ** 3% We found significant independent associations
between core70 substitutions and an SVR, as well as change in
viral load by week 4, but the association was not significant for
an NVR under multivariate analysis despite being highly
significant in univariate analysis. Although the role of core70
substitutions is unclear, the core protein interacts with
a number of viral and host proteins and disrupts the interferon
signalling pathway.35_37 The proportion of core70 substitutions
in the host viral population has been reported to increase during
treatment with PEG-RBV therapy, which may indicate positive
selection at this position in response to treatment.®® Substitu-
tions at these positions appear to affect the antiviral response
during the early stages of treatment, as wild-type core70 and
core91 are associated with a rapid decrease in HCV RNA levels
during the first 4 weeks of treatment. > “° Because a rapid
virological response is also a strong predictor of SVR and NVR,
core70 and core91 substitutions may affect treatment outcome
either directly or indirectly.*® *!

Unlike HCV core70 substitutions, we found only a marginal
association between ISDR substitutions and SVR, and no asso-
ciation with NVR. However, ISDR substitution was a signifi-
cant independent predictor of change in viral load by week 4.
The presence of two or more mutations in this 40 amino acid
stretch of the NS5A protein is associated with an SWR, 42
Other studies have found no significant association between
ISDR and SVR but have found a higher overall mutation rate in
the NS5A protein among SVR patients,*® * and one study
suggests that the association with ISDR varies by strain and is
more pronounced in Japan than in Europe.®® It is not clear
whether mutations in ISDR directly affect function or whether
they reflect the genetic distance from an interferon-resistant

Simple Multiple
Variable n OR p Value n OR 95% Cl p Value
Age 813 1.30 0.01306" 370 1.55 1.12 t0 215 0.008367**
Sex (male vs female) 813 080 0.178
BMI (kg/m?) 800 1.07 0.3899
rs12979860 (CC vs TC/TT) 812 026  2.73E-177** 370 0.231 01410039  1.96E-08""*
1s8099917 {TT vs GT/GG) 812 026 1.51E-17""*
Hypertension 813 116 04323
Diabetes 813 1.55  0.04685”
Core amino acid 70 {wild type vs mutant) 395 2.17  0.000486""*
Core amino acid 81 {wild type vs mutant) 399 1.66  0.02029* 370 1.58 0.96 to 2.60  0.06943
ISDR 376 0.92 0.06197
Viral load (log 1U/ml} 695 1.32 0.01716*
Fibrosis (FO—1 vs F2—4) 559  1.24  0.2608
Activity (A0—1 vs A2—4) 546 1,12 0.5498
Total cholesterol {mg/di) 663 0.98 0.5824
AST (IUA) 687 1.02  0.03148*
ALT (IUA) 692 0.81 08772
Platelets {# 10%L) 694 0.76  0.008222** 370 0739 051 t0 1.07 01077
WBC (/L) 623 0.83 0.046177
Haemoglobin {g/dl) 693 0.84 0.1201
YGTP {IU/) 646 1.15  1.23E-05"**

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.
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Table 4 Predictors for change in viral load by week 4 of treatment

Simple Muitiple
Variable n Coefficient  p Value 0 Coefficient  p Value
Age 500 —0.01 0.138
Sex (male vs female) 500 —0.23 0.005%*
BMI (kg/m?) 494  0.00 0.958
rs12979860 (CC vs TC/TT) 500 2.1 5.18E-38*** 221 1.37 1.35E-08***
rs8099917 (TT vs GT/GG) 499 2.10 1.40E-36***
Hypertension 500 —0.25 0.249
Diabetes 500 —0.31 0.18
Core amino acid 70 {wild type vs mutant) 259  —1.01 1.38E-05%%* 221 —-0.665 0.001328**
Core amino acid 91 (wild type vs mutant) 262 -0.77 0.000***
ISDR 247 0.20 0.006** 221 0.186 0.001878**
Viral load (log tU/ml) 500 037 0.000*** 221 0.414 0.00012***
Fibrosis (FO—1 vs F2—4) 397 -0.22 0.217
Activity (A0—1 vs A2—4) 389 —0.10 0.578
Total cholesterol (mg/dl) 472 0.00 0.064
AST (IlUA) 480  0.00 0.442
ALT (ILA) 483 0.00 0.005** 221 0.00606 0.008895**
Platelets (< 10%L) 495 0.03 0.048* 221 0.0701 7.24E-05***
WBC (/L) 495 0.00 0.027*
Haemoglobin {g/dl) 495 0.13 0.013*
YGTP (IU/1) 460 0.00 0.001*** 221 —-0.00634 0.002095**

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.

strain. Nonetheless, the NS5A protein has been shown to be
under purify’mg selection** and plays a critical role in both viral
replication®® *’ and modulation of the immune response.
Therefore, the number of substitutions in one or more variable
regions of the NS5A may be a useful predictor of early viral
dynamics and an indirect predictor of SVR, although in this
study we found a significant effect only for change in viral load
by week 4 of treatment.
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Figure 3 Change in viral load by 1L28B single nucleotide polymorphism
(SNP) genotype and hepapitis C virus (HCV) core protein substitutions.
The change in viral load between the start of treatment and after

4 weeks plotted by rs12979860 genotype and wild/mutant amino acid at
core70 is shown.
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A number of factors have now been reported to influence
outcome of PEG-RBV therapy, and it is important to determine
which of these factors represent independent, clinically useful
predictors. Because of the expense and occasionally severe side
effects of the current standard of care, reliable pretreatment
indicators, especially of poor response, will help guide treatment
decisions and steer difficult-to-treat patients towards more

(A) cCandISDR 0-1 (B) CC and ISDR >= 2
R R—— ? o—
3 L= > T
R i I S L=
: < - T S e
Ik - g o4
g - ! + g ° T 'T'
e I

0 4 0 4

Weeks after start of treatmert | P = 0.078 | weeks after stert of treatment

(C) ermTandisbro4 (D)  crTandisbrR>=2

—
Il
] E
'
v
e

1
0 4 9 4

HCV RNA (log IU/mL)
5
| O T O O |
Or—m
HCV RNA (log IU/mL)
5
1

Weeks after stert of treatment | P = 0.007 | Weeks after start of trealment

Figure 4 Change in viral load by IL28B single nucleotide polymorphism
(SNP} genotype and substitutions in the interferon sensitivity-deter-
mining region (ISDR). The change in viral load between the start of
treatment and after 4 weeks plotted by rs12979860 genotype and the
number of substitutions in the ISDR is shown.
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effective treatments or enrolment in clinical trials. In order to
identify the most important independent predictors, it will be
necessary to disentangle the intriguing interactions between
human and viral polymorphisms as well as gain better under-
standing of the role of type IIl interferon in the immune
response against HCV.
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We investigated the efficacy ol the triple treatment
with telaprevir, pegylated interferon (PEG-IFN) and
ribavirin for 12 weeks in treatment-naive patients in-
fected with hepatitis C virus (HCV) genotype 1h and
high baseline viral loads. All of 10 cases became HCV-
RNA negative during treatment. SVR rate atiained to
a high rate, 70% (7.10). Especially. SVR rate of females
over 50 vears old attained 100% (3/3). HCV RNA was
lost from serum rapidly in patients infected with HCV-
Ib i high viral loads. and SVR rate of the triple treat-
ment for 12weeks was high. Our results suggested that
triple treatment with telaprevir. PEG-IFN and ribavi-
rin could improve the efficacy in treatment-naive pa-
tients.

Key words: chronic hepatitis C.
mterferon plus ribavirin
combination therapy.
NS3-1A protease inhibitor
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Increase of rtA181 T mutant strains during entecavir
therapy for a patient with chronic hepatitis B virus
infection
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A Sl-year-old Japanese woman with chronic hepati-
tis B who had never treated with nucleotide analogues
was admitted to our hospital and treated with ente-
cavir In this patient. entecavir successfully reduced
the HBV level. but viral and biochemical breakthrough
was observed at 10 months after the beginning of ther-
apy. The HBV viral load reached up to 8.2log copies/ml,
but direct sequence analysis showed no LAM and ETV
resistant-related mutation (rtT184, S202, M204. M250).
Comparison by clonal analvsis of samples obtained be-
tore and after the viral breakthrough showed the in-
crease of the rtA181 T mutant strains (85% versus

395%). It was considered that the rtA181 T mutant
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amino acid substitutions in HCV core region in
Japanese patients with chronic hepatitis C
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1L28 locus polymorphisms have been reported to af-
fect PEG-IFN plus ribavirin combination therapy for
patients with genotype |b hepatitis C virus (HCV) in-
fection. We examined a relationship between [L28B
SNPs (rs8099917 and rs12979860) and amino acid sub-
stitutions in core region of HCV in patients with geno-
type 1b chronic hepatitis C. In each SNP, frequency of
core aa 70 mutation was higher rate in female patients
carrying minor allele than in male or female patients
carrying no minor allele. Measurement of 1L28B and
Core aa70 before treatment is useful in PEG-IFN plus
ribavirin therapy.
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Abstract

Background Pegylated-interferon-alpha 2b (PEG-IFN)
plus ribavirin (RBV) therapy is currently the de-facto
standard treatment for hepatitis C virus (HCV) infection.
The aims of this study were to analyze the clinical and
virological factors associated with a higher rate of response
in patients with HCV genotype 1b infection treated with
combination therapy.

Methods We analyzed, retrospectively, 239 patients with
chronic hepatitis C-1b infection who received 48 weeks of
combination therapy. We assessed clinical and laboratory
parameters, including age, gender, pretreatment hemoglo-
bin, platelet counts, HCV RNA titer, liver histology, the
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number of interferon sensitivity determining region (ISDR)
mutations and substitutions of the core amino acids 70 and
91. Drug adherence was monitored in each patient. We
carried out univariate and multivariate statistical analyses
of these parameters and clinical responses.

Results  On an intention-to-treat (ITT) analysis, 98 of the
239 patients (41%) had sustained virological responses
(SVRs). Patients with more than two mutations in the ISDR
had significantly higher SVR rates (P < 0.01). Univariate
analyses showed that stage of fibrosis, hemoglobin, platelet
counts, ISDR mutations, serum HCV RNA level, and
adherence to PEG-IFN plus RBV were significantly cor-
related with SVR rates. Multivariate analysis in subjects
with good drug adherence extracted the number of ISDR
mutations (two or more: odds ratio [OR] 5.181).
Conclusions The number of mutations in the ISDR
sequence of HCV-1b (>2) is the most effective parameter
predicting a favorable clinical outcome of 48-week PEG-
IFN plus RBV therapy in patients with HCV genotype 1b
infection.

Keywords Hepatitis C virus (HCV) - Chronic
hepatitis C - PEG-IEN plus RBV therapy -

Combination therapy - Interferon sensitivity determining
region (ISDR)

Abbreviations
HCV Hepatitis C virus
IFN Interferon

PEG Polyethylene glycol

PEG-IFN Pegylated-interferon-alpha 2b

RBV Ribavirin

ISDR Interferon sensitivity determining region
BMI Body mass index
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ALT Alanine transaminase
dM Double mutant

ITT analysis Intention-to-treat analysis

PP analysis  Per protocol analysis

SVR Sustained virological response

ETR End of treatment response

PKR Double stranded RNA-dependent protein
kinase

TLR Toll-like receptor

MyD88 Myeloid differentiation primary response
gene 88

Introduction

Hepatitis C virus (HCV) is one of the major pathogens
causing chronic hepatitis [1, 2] and eradication of the
virus by the host occurs infrequently during the natural
course of infection once it becomes chronic. Interferon
(IFN) has been used widely as the most effective antiviral
agent for chronic hepatitis C. Although ribavirin (RBV), a
synthetic guanosine analog, alone does not decrease the
serum HCV RNA level [3-5], it has been shown that
combination therapy with IFN-alpha (given 3 times
weekly) and daily RBV gives a higher sustained response
rate than IFN monotherapy [6-8]. Pegylation is the pro-
cess by which an inert molecule of polyethylene glycol
(PEG) is covalently attached to a protein, and the addition
of PEG to IFN produces a biologically active molecule
with a longer half-life and more favorable pharmacoki-
netics than the natural molecule. These characteristics
allow more convenient, once-weekly dosing [9]. Pegy-
lated (PEG)-IFN plus RBV is significantly more effective
than IFN plus RBV or PEG-IFN alone for the treatment
of chronic hepatitis C, with sustained virological response
rates of ~50% in patients infected with HCV genotype
1b [10].

We reported previously a close correlation between the
number of mutations in the nonstructural 5A (NS5A)
region of the HCV genome encoding amino acids (aa) at
positions 2209-2248 [the IFN sensitivity determining
region (ISDR)| and IFN efficacy in patients with HCV
genotype 1b infection [11-13]. The aims of this study
were to analyze clinical and virological factors associated
with a higher rate of response by patients with HCV
genotype 1b infection who were treated with combination
therapy with pegylated-IFN-alpha 2b (PEG-IFN) plus
RBV, and to clarify the relationship between ISDR
mutations and virological response to the combination
therapy.

Methods
Patients and methods

We analyzed, retrospectively, 239 patients with chronic
HCV-1b infection who received combination therapy with
PEG-IFN plus RBV between December 2004 and April
2008 at Tokyo Medical and Dental University Hospital
(Tokyo, Japan) and associated hospitals participating in the
Ochanomizu-Liver Conference Study Group. All patients
had histologically or clinically proven chronic active hep-
atitis and were positive for anti-HCV antibodies and serum
HCV RNA by reverse transcription polymerase chain
reaction (RT-PCR). Patients with a positive test for serum
hepatitis B surface antigen, coinfection with other HCV
genotypes, coinfection with human immunodeficiency
virus, other causes of hepatocellular injury (such as alco-
holism, autoimmune hepatitis, primary biliary cirrhosis, or
a history of treatment with hepatotoxic drugs), and a need
for hemodialysis were excluded.

The following factors were analyzed to determine whe-
ther they were related to the efficacy of combination therapy:
age; gender; body mass index (BMI); previous IFN therapy:
grade of inflammation and stage of fibrosis on liver biopsy:
pretreatment biochemical parameters, such as hemoglobin,
alanine transaminase (ALT) level, platelet count, low den-
sity lipoprotein (LDL) cholesterol, serum HCV RNA level
(Log TU/ml); and the amino acid sequence of the IFN sen-
sitivity determining region (aa 2209-2248, ISDR). Liver
biopsy specimens were evaluated according to the grade of
inflammation and the stage of fibrosis; this was done blindly
by an independent interpreter who was not aware of the
clinical data. Activity of inflammation was graded on a scale
of 0-3: A0 shows no activity, Al shows mild activity, A2
shows moderate activity, and A3 shows severe activity.
Fibrosis was staged on a scale of 0-4: FO shows no fibrosis,
F1 shows moderate fibrosis, F2 shows moderate fibrosis with
few septa, F3 shows severe fibrosis with numerous septa
without cirrhosis, and F4 shows cirrhosis.

The study protocol conformed to the ethical guidelines
of the Declaration of Helsinki and was approved by the
ethics committee of our hospital, and informed written
consent was obtained from each patient.

Nucleotide sequencing of the NS5A gene

The serum samples were frozen at —80°C until use.
Extraction of RNA from serum and RT-PCR were per-
formed as described previously [14]. The PCR and
sequencing primers were synthesized with a DNA syn-
thesizer (model 391; Applied Biosystems Japan, Chiba,
Japan).
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To determine the nucleotide sequence of the NS5A
2209-2248 region, we amplified nucleotides (nt) 7296-
7320 of HCV complementary DNA by using the outer pair
of primers [5 outer primer, 5-TGG ATG GAG TGC GGT
TGC ACA GGT A-3' (nt 6703-6727 of HC-J4): 3’ outer
primer, 5'-TCT TTC TCC GTG GAG GTG GTA TTG C-¥
(nt 7296-7320)]. We transferred 1 pl of the first PCR
product to the second PCR reaction along with the nested 5’
and 3’ primers |5 inner primer, 5-TGT AAA ACG ACG
GCC AGT CAG GTA CGC TCC GGC GTG CA-3' (nt
6722-6741), with the MI3 forward primer sequence
underlined; and 3’ inmer primer, 5-CAG GAA ACA GCT
ATG ACC GGG GCC TTG GTA GGT GGC AA-3' (nt
7275-7294), with the MI3 reverse primer sequence
underlined]. An M13 forward primer and an M13 reverse
primer were attached to the 5’ terminal of the 5’ and 3
inner primers. respectively. o facilitate direct sequencing
with an automated DNA sequencer (model 373S: Applied
Biosystems Japan).

Both strands of the PCR products were sequenced with
the PRISM dye termination kit (Applied Biosystems
Japan). according to the manufacturer’s instructions. The
scquencing primer was the M13 forward primer for the
sense strand and the M13 reverse primer for the antisense
strand. Deduced aa sequences of NS5A 2209-2248 were
compared with the NS5A 2209-2248 sequences of HCV-]
[15], which are prototypic sequences of HCV-1b. The
results of the sequencing analysis were confirmed as con-
sistent for each sample by repeating the experiment twice
with different PCR products. to rule out the possibility of
selection and amplification of minor NS5A quasi species
variants in the low-titer specimens.

Nucleotide sequencing of the core gene

Substitutions of amino acids 70 and 91 in HCV-core region
were determined according 1o core sequences obtained as
described previously [16, 17]. The pattern of glutamine/
histidine (mutant) at aa 70 and methionine (mutant) at aa
01 was evaluated as the double-mutant (dM) type, while
the other patierns were non-double-mutant (non dM) type.
Two patterns of mutants and competitive were labeled as
non-wild. Wild at aa 70 and wild at aa 91 were evaluated as
double-wild-type (dW), while the other paiterns were
considered non-double-wild-type (non dW).

Study design and treatment regimens

Patients were treated with combination therapy with PEG-
1FN (Peg-Intron; Schering-Plough Nordic Biotech, Stock-
holm, Sweden) 1.2-1.5 pg/kg subcutaneously and RBV
(Rebetol: Schering-Plough Nordic Biotech) (body weight
|b.ow.] < 60 kg, 600 mg po daily: b.w. 60-80 kg, 800 mg

‘2 Springer

po daily; b.w. > 80 kg, 1000 mg po daily: in two divided
doses). The duration of the combination therapy was set at
a standard 48 weeks. Treatment reduction was permitted.
to escape side effects, but extended treatment of 72 weeks
is not included in this analysis. Achieved rates of PEG-1FN
and RBV administration were calculated as the percentage
of the actual total dose administered of a standard total
dose of 48 weeks according to body weight before therapy.
During treatment, patients were assessed as outpatients at
weeks 2, 4, 6, and 8. and then every 4 weeks for the
duration of treatment and at every 4 weeks after the end of
therapy. Biochemical and hematological testing was done
by a central laboratory. Serum HCV RNA was measured
before treatment. during treatment at 4-weekly intervals,
and after therapy at 4-weekly intervals for 24 weeks, by a
quantitative PCR assay with a sensitivity of 100 copies/ml
(National Genetics Institute. Los Angeles, CA, USA).

QOutcomes

The primary end point was a sustained biochemical and
virological response. Sustained virological response (SVR)
was defined as serum HCV RNA undetectable at 24 weeks
after the end of treatment. Secondary end points were end-
of-treatment virological responses (HCV RNA undetect-
able in serum). In addition. tolerability (adverse events)
and drug adherence were recorded and factors potentially
associated with virological response were explored.

Statistical analysis

SPSS software package (SPSS 12 for Windows; SPSS,
Chicago. IL, USA) was used for statistical analysis, which
was carried out using the ¥ or Fisher’s exact probability
test. Distributions of continuous variables were analyzed
by the Mann-Whitney U-test. Independent factors possibly
affecting response to combination therapy were examined
by stepwise multiple logistic-regression analysis. All P
values were two-lailed and those lessthan 0.05 were con-
sidered statistically significant.

Results
Clinical characteristics and response to therapy

The clinical characteristics of the 239 patients are sumn-
marized in Table 1. On an intention-to-treat (ITT) analysis,
serum HCV RNA levels were undetectable by the end of
treatment in 172 of the 239 patients (72%) who were
treated with PEG-IFN plus RBV, and among them, 98
of the 239 patients (41%) had an SVR (Table 2). The
SVR rate decreased with drug discontinuation and dose
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Table 1 Baseline characteristics of participating patients infected

with HCV genotype Ib

Table 2 Sustained response rates to treatment according 1o drug
adherence

Total number
Age (years)"
Gender (maleAdemale)
Body mass index (kg/m?)’
Previous interferon therapy (no/yes)
Histology at biopsy
Grade of inflammation

239

57 (21-78)
142797

233 (15.3-31.0y
167/72

AG/1/2/3 3/65/102/10
Stage of librosis

F/1/2/3/4 4/73/57/3719
Hemoglobin (g/dl)® 143+ 13
ALT Qu/L)® 86 + 67
Platelet count (> 10°/uh® 160 + 58
LDL chelesterol (mg/d)y® 74+ 19
Serum HCV-RNA level lLog(IU/ml))h‘ N 6.1 + 0.6
Type of mutations in the core (dM/non dM) 30/166
Type of mutations in the core (dW/non dW) 65/131

Type of ISDR sequence (0/1/2/3/4 or more) 126/45/11/5/18

HCV hepatitis C virus, LDL low density lipoprotein, ALT alanine
transaminase, ISDR interferon sensitivity determining region in NS5 A
1200 224k dM double mutant: dual substitutions at amino acids 70 and
91. non dM non-double mutant: wild type or substitution at cither
amino acid 70 or 91. dW double wild: wild type at amino actds 70 and
91. non dW non-double wild: dual or substitution at either amino acid

70 or 91
* Median (range) values are shown
" Data are mean % SD

© Data are shown as Log(lU/ml)

reduction. The SVR rates of patients who received a total
cumulative treatment dose of PEG-IFN of more than 80%
were almost twice as high as the rates of patients who
received less than 80% (56%. 26%, and 9% with >80%,
60%—-80% and <60% ot the PEG-IFN dose. P < 0.001).
The SVR rates did not decrease with RBV reduction. as
long as the cumulative treatment dose of RBV was more
than 60%. but when the RBV reduction fell below 60%. the
SVR rates were significantly lower (56%. 38%. and 10%
with >80%. 60%-80%. and <60% of the RBV dose.
P < 0.001).

Factors associated with sustained virological response

Seven parameters that influenced the SVR rate were
identified by univariate analysis, including stage of fibrosis
at liver biopsy, hemoglobin. platelet count. serum HCV
RNA level, the type of 1ISDR sequence, and adherence to
PEG-IFN plus RBV (Table 3). On the other hand. the SVR
rate was not related to gender (P = 0.07), age or BMIL The
amino acid substitution pattern was not significant in the
overall analysis. but female patients with dual substitutions

Number/total
number (%)

Characteristic

Overall
172/239 (72)
98/239 (41)

End of treatment
End of follow up
PEG-interferon-z2b adherence

End of treatment

=>804% 1317154 (85)
6O-80% 19727 (70)
<O 22/58 (3¥)
End of follow up
=>80% 86/154 (56)
60-80% 7/27 (26)
<60% 5/58 (9
Ribavirin adherence
End of treatment
>80% 1137134 (84)
60-80% 37/46 (80)
<60% 22/59 (37)
End of follow up
>80% T4/133 (56)
60-80% 18/47 (38)
<O60% 6/59 (1)

PEG pegylated

at amino acids 70 and 91 had a low tendency to achieve
SVR. As shown in Table 4. gender differences existed in
the mutations in ISDR and core regions based on thera-
peutic responses. Because there were rather fewer female
than male patients. the type of ISDR sequence did not
significantly influence the SVR in females. We also ana-
lyzed types of mutations in the core. and the amino acid
substitution pattern was not significant in the male patients,
but female patients with dual substitutions at amino acids
700 and 91 had a low tendency to achieve an SVR. as
mentioned above. We also compared results between
treatment-natve patients and those who had failed previous
IFN therapy (Table 5). As there were some differences in
stage of fibrosis, platelet count. grade of inflammation. and
gender in univariate analysis, treatment was comparably
effective in both groups.

Finally we performed multivariate analysis in subjects
with good drug adherence (Table 6), which idemtified only
one parameter that influenced the SVR rate independently
by variable selection: the number of mutations in the ISDR
sequence (two or more: odds ratio |[OR] = 5.181,
P < 0.05). This regression model was always obtained
regardless of the variable selection method used, includ-
ing conditional parameter estimation, Wald statistic, and
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