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A genetic polymorphism near IL28B gene, which encodes for interferon lambda-3, strongly
correlated with response to peginterferon/ribavirin in individuals infected with genotype 1 HCV. The
two variants highly associated with rs12979860 single nucleotide polymorphism (SNP) were
identified as genetic determinants of superior treatment response. This polymorphism also correlates
with natural HCV RNA clearance as well as with differences in sustained virologic response (SVR)
rates between race/ethnic populations. Other studies identified association between inosine
triphosphatase (ITPA) genetic variants and RBV-induced anemia in cohort of patients infected with
genotype 1 HCV treated with peginterferon alfa and RBV. Two functional variants (associated with
SNP rs1127354 and rs7270101) that cause ITPase deficiency have been shown to protect against
ribavirin (RBV)-induced hemolytic anemia during early stages of treatment. These results might
allow identification of patients infected with genotype 1 HCV who have a very good chance, perhaps
as much as a 70% chance, of achieving SVR with peginterferon/ribavirin. In the future, this approach
also might be used to tailor peginterferon/ribavirin with new direct acting antiviral agents (DAA).
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INTRODUCTION

For two decades the scientific community has
sought to understand why some people clear
hepatitis C virus (HCV) and others do not.
Recently, several large genome-wide association
studies have identified single nucleotide
polymorphisms (SNPs) linked to interferon lambda
3 (IFNA3) that are associated with the spontaneous
resolution and successful treatment of HCV
infection.

The single nucleotide polymorphism rs12979860,
located 3 kb upstream of the IL28B gene, is
associated with more than two-fold difference in
the rate of SVR. This polymorphism independently
predicts SVR in a cohort of HIV/HCV co-infected
patients. The IL28B genotype was a strong,
independent, predictor of SVR to peginterferon
plus ribavirin in patients infected with both genotype
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1 and non—genotype 1 HCV infection. Specifically,
rs12979860 genotype CC was associated with two
fold higher rate of SVR vs the TC/TT genotype.
The impact of the rs12979860 genotype was
greatest among patients with genotype 1 or 4 HCV
infection but was also maintained in patients
infected with genotype 3 HCV. A test for the IL28B
genotype is now commercially available and may
be used to help predict groups with a very high or
very low likelihood of HCV clearance with therapy.

HUMAN INTERFERONS-LAMBDA FAMILY

IFNs lambda (IFN-A) was discovered
independently by two groups of scientists led by
Kotenko and Gallagher' of the University of
Medicine and Dentistry, New Jersey (Newark, NJ,
USA) group and Klucher® of the ZymoGenetics™
(Seattle, WA, USA) group. The new IFN-A family
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has three members: IFN-A1, IFN-A2, and IFN-A3.
The IFN-A genomic structures resemble that of the
IL-10 family’. Therefore, they have been described
independently as IL-29 (IFN-A1), IL-28A (IFN-A2),
and IL-28B (IFN-A3). On the other hand, at the
amino acid level and functionally, IFN-As are more
related to type I IFNs than IL-10. They activate
IFN-stimulated responsive elements (ISRE) and
induce antiviral activity. IFN-As are now
collectively referred to as type III IFNs.
Nevertheless, structurally, IFN-As are related to IL-
10 and other members of the IL-10-like family
such as IL-22, which has recently shown to confer
hepatoprotection®. Table 1 shows current
classification of human IFNs. IFN-As comprise
three distinct genes: IFNA1 (IL29), IFNA2 (IL28A),
and IFNA3 (IL28B) clustered on human
chromosome 19 (19q13+13 region). This location
differs from the type I IFN family clustered on
chromosome 9. Virus infections readily activate
the expression of IFN-a, IFN-B, and IFN-A genes.
IL-28A and IL-28B proteins are 95% identical
while IL-29 shares only 80% amino acid identity
with 1L-28A or IL-28B. As IL-28A, IL-28B and
IL-29 functionally resemble type I IFNs (IFN-a/B),
they are also considered as a novel group of IFNs
(type III IFNs)’.

IFN-As signal through a receptor complex
comprised of IL-10R2 and a unique subunit, IFNA-
R1. The expression of the specific receptor IFNA-
R1 is more restricted to hepatic cells and weakly
expressed on leukocytes. As signaling through the
type-I-interferon receptor, signaling through the
IFN-A receptor results in the activation of signal

transducer and activator of transcription (STAT)-1
and STAT2. Together with an accessory factor,
IFN regulatory factor 9 (IRF-9; p48), STAT1 and
STAT2 form the transcription factor IFN-
stimulated gene factor-3 (ISGF3) which translocates
to the nucleus to initiate the induction of target
genes. [L28A and IL28B gene expression is mainly
controlled by IRF7, similar to the gene encoding
IFN-o’.

Both IL-28A and IL-29 are able to induce
STAT1 phosphorylation in hepatic cells with IL-29
showing slightly stronger effects. The microarray
analysis revealed activation of mostly identical
genes by IL-28A and IL-29. Among them were
numerous genes involved in interferon-mediated
immunity and antiviral defense.

In summary, both IL-28A and IL-29 induce
expression of antiviral proteins, especially in the
liver cells, and are up-regulated during viral
infection with no major differences. However, in
contrast to IL-29, IL-28A has the capacity to
repress gene expression. Both cytokines are
promising candidates for the treatment of HCV
infection with likely low side effects on leukocytes.
Nevertheless, further studies are needed to clarify
which of the three IFN-A cytokines is the most
potent with the least amount of side effects. Even if
types I and III IFNs act through a distinct receptor
system, they activate the same signaling pathway
and induce common ISGs (Fig. 1). Collectively,
these ISGs mediate the biological effects of IFNs,
such as inhibition of viral replication, cellular
growth inhibition, and apoptosis.

Table 1
The human IFN family members
Type of IFNs Subclasses Subtypes Receptors Comments
Type I IFN-a, 13 subtypes: Two subunits, IFNAR1 | Receptors expressed in
o-1, 0-2, a-4, a-5, a-6, a-7, a-8, | and IFNAR2. most cell types
0-10, a-13, a-14, a-16, a-17,
a-21
IFN-B, IFN-¢, IFN-k, | One type each
IFN-o
Type 11 IFN gamma One type two chains, IFNGR1
and IFNGR2
Type 1T IFN lambda IFN-A1/IL-29 IFN-AR1 and IL-10Rf3 | Receptors with
restricted pattern of
IFN-A2/IL-28A expression
IFN-A3/IL-28B
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Table 2

Comparison of type I IFNs and IFN-As

Properties Type I IFNs IFN-A

Receptors IFNARI1/IFNAR2 IFNLR1' /IL-10R2
Receptor’s distribution ubiquitous Hepatocyte restricted
Signaling pathways STAT 1& 2 Almost all STAT molecules
Regulatory functions Broad Cell-type specific

Clinical effects
antitumoral

Antiviral non specific, immunomodulator,

Anti HBV and HCV infection

Side-effects Significant

Less hematological and
neurological toxicity

IFNLR1' — has a hepatocytes restricted pattern of expression

IFN-AS EXHIBIT ACTIVITY AGAINST
HCV REPLICATION

Interferons alpha and lambda inhibit hepatitis C
virus replication with distinct signal transduction
and gene regulation kinetics. Zhu et al.” demonstrate
that IFN-A2 effectively inhibits HCV subgenomic
RNA replication. Treatment of human hepatoma
cells with IFN-A2 activates the JAK-STAT
signaling pathway and induces the expression of
some ISGs. IFN-A2 also induces the expression of
HLA class I antigens in human hepatoma cells.
Moreover, IFN-A2 appears to suppress specifically
HCV internal ribosome entry segment-mediated
translation.

There is a distinction between IFN-A- and [FN-
a-induced antiviral states. IFN-A mediated dose-
and time-dependent HCV inhibition, independent
of types I and II IFNRs. The kinetics of IFN-A-
mediated STAT activation and induction of
potential effectors genes were also distinct from
those of IFN-a. IFN-A induced steady increases in
levels of known ISGs, whereas IFN-a ISGs peaked
early and declined rapidly®. IFN-A inhibited the
replication of HCV genotypes 1 and 2 and
enhanced the antiviral efficacy of subsaturating
levels of IFN-o’. IFN-As efficiently inhibit HCV
replication in vitro with potentially less
hematopoietic side-effects than IFN-o because of
limited receptor expression in hematopoietic cells.
Despite antiviral properties of IFN-As, their
efficacy as antiviral agents may have similar

Table 3

limitations as IFN-o as a result of inhibition by

SOCS proteins'®.
In addition to their antiviral and
antiproliferative activities, IFN-As exert

immunomodulatory effects that overlap type I
IFNs in innate and adaptive arms of the immune
system. These activities include increasing NK and
T cell cytotoxicity, promoting Thl responses, up-
regulating MHC class I molecule expression on
tumor cells to promote antigen presentation , and
mediating cell apoptosis''.

The immunoregulatory actions of IFN-A are cell
type-specific, which depend on the distribution of
receptors IFN-ARs, the nature of the signal
transduction, and genes activated. IFN-As are
capable of signaling through almost all STAT
molecules, and therefore, they exhibit broader
functions as compared with type I IFNs'%.

However, treatment with type I IFNs also
causes significant side-effects, such as fatigue,
fever, anorexia, depression, and myelosuppression.
When prolonged, for instance in the case of
hepatitis C treatment, type I IFN treatment can lead
to neurological or neuropsychiatric adverse
effects'’. The major challenge to the treatment of
HCV is to improve antiviral efficacy and to reduce
the side-effects typically seen in IFN-o-based
therapy. Phase 1 clinical trials are currently
sponsored by ZymoGenetics™ to assess the safety
and antiviral activity of pegylated IFN-A1 (or PEG-
recombinant [L-29) in subjects with relapsed,
chronic HCV infection'  (ClinicalTrials.gov,
identifier: NCT00565539).

Comparison of anti HCV actions of type I IFNs and IFN-As

Properties type I IFNs IFN-L
In vitro activity No effect InhlbltS.HCV subgenomic RNA
replication

In vivo antiviral states

peaked early and declined rapidly

dose- and time-dependent

Synergic effects

Overlapping antiviral efficacy with IFN- A

enhanced subsaturating levels of IFN-a
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GENETIC VARIATIONS IN IL28B PREDICT
HEPATITIS C TREATMENT-INDUCED
VIRAL CLEARANCE

Peginterferon/ribavirin yields sustained
virologic response (SVR) only in a subset of
patients chronically infected with HCV. Predictors
of nonresponse to peginterferon/ ribavirin in
patients with chronic hepatitis C infection
comprise:

e Increased hepatic expression of interferon-

stimulated genes (ISGs),

¢ [L28B (IFNA3) GG genotype.

Induction of ISGs in liver correlates with
treatment no response' '®. Analysis of receiver
operating characteristic (ROC) curves for ISG
expression found the 3 strongest gene predictors of
treatment response according to multivariate analysis
(IF127, RSAD2, and HTATIP2 expression) and
yielded a classifier with excellent test performance:
area under curve (AUC): 0.94 and error rate: 15%.
Addition of IL28B genotype information to
classifier does not improve predictive power.

Allelic variants near IL28B gene linked with
rs12979860 polymorphism were associated with
treatment response and spontaneous  viral
clearance'” . IL28B genotype is independently
associated with virologic response and preliminary
data show the following SVR rates according to
IL28B genotype: TT - 41%; TG - 26%, and GG -
0%. IL28B minor allele (GG) was detected in only
4% of patients (4 of 93). Decreased IL28B mRNA

expression indicates reduced [L28B protein in liver.

However, expression of ISGs also significantly
increased in nonresponders vs. responders across
IL28B genotypes.

In conclusion, multivariate analysis identified
several genes strong predictors of treatment
response: IFI27 expression, RSAD2 expression,
HTATIP2 expression'” *°. Addition of other
predictors to this 3-gene classifier did not improve
predictive power. Addition of IL28B genotype
information also did not improve predictive power
of classifier: AUC - 0.90 and error rate, 18%. ROC
curve of IL28B SNPs showed mediocre sensitivity
and specificity: AUC - 0.66 and error rate, 38%.

One concern raised by study of Dill et al?' is
that the predictors identified by univariate and
subsequently by multivariate analysis in rather
small group of patients were not fully consistent
with previous findings from other studies. Two
presentations at EASLD 2010 (European

Association for Study of Liver Diseases)
confirmed that higher ISG expression levels in the
liver are associated with lower response rates > 2"
It seems that the data supporting this finding are
now sufficient to accept the association; however,
other conclusions regarding the relationship
between and relative contributions of IL28B and
ISG expression are going to require further study.

It was suggested that IL28B genotyping could
be used in the future before the approval of direct-
acting antiviral (DAA) agents in order to classify
individuals according to their likelihood of
response to peginterferon/ribavirin. This strategy
might allow identification of patients infected with
genotype 1 HCV who have a very good chance,
perhaps as much as a 70% chance of achieving
SVR with peginterferon/ribavirin. This approach
also might be used to tailor peginterferon/ribavirin
with DAA agents. One can hypothesize that
patients with the favorable CC genotype might be
the most likely candidates for a noninterferon-
based DAA regimen, whereas patients who have
the TT or heterozygous genotype might require
more intensive therapy.

It is important that the implications of IL28B
are not misunderstood. This marker could not be
used to refuse treatment in some patients — this is
certainly not the case and would be an unethical
practice.

In Caucasians and Africans, IL28B SNP
rs12979860 CC genotype and C allele are
associated with spontaneous resolution of HCV
infection, however, no differences in genotype and
allele distributions were observed for IL28B SNP
rs12979860 between HCV patients and normal
controls in Taiwanese. Paradoxically, rs8099917
GG genotype and rs28416813 G allele that
associated with low response in Australians and
Japanese were significantly enriched in Taiwanese
normal male population. On the other hand, eight
SNPs with strong linkage disequilibrium demonstrate
significant associations with SVR on single point
analysis. However, haplotype analysis failed to
increase the significance of association, which is
different from the results of previous studies **.

The SNPs associated with the clinical outcome
of HCV infection are located some distance from
the IFNA3 gene itself, and contributory genetic
variants have yet to be clearly defined. Locating
these causal variants, mapping in detail the IFNA3
signaling pathways, and determining the
downstream genetic signature so induced, will
clarify the role of IFNA3 in the pathogenesis of
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HCV. Clinical studies assessing safety and efficacy
in the treatment of HCV with exogenous IFNA3 are
currently underway. Early results suggest that
IFNA3 treatment inhibits HCV replication and is
associated with a limited side effect profile.
However, hepatotoxicity in both healthy volunteers
and HCV-infected patients has been described ***°.

THE PROTECTIVE ROLE OF THE
VARIANT ALLELE AGAINST RIBAVIRIN-
INDUCED HEMOLYTIC ANEMIA

Ribavirin is a critical component of combination
regimens with peginterferon alfa for the treatment
of chronic HCV infection and is essential for
optimizing the rate of SVR. Studies of emerging
DAA agents against HCV indicate that ribavirin
will also be necessary for maximizing virologic
response in future treatment regimens. One
limitation of ribavirin is the development of
hemolytic anemia during treatment — an adverse
reaction that may require transfusion therapy or
treatment  with  erythropoietin  analogues.
Management of anemia may also require dose
reduction or discontinuation of ribavirin. These
dose modifications, in turn, may compromise a
patient’s chance to achieve SVR. Therefore,
methods to define the risk of ribavirin-induced
hemolysis could be useful in patient management.

The enzyme inosine triphosphatase (ITPase)
hydrolyzes inosine triphosphate to inosine
monophosphate, which plays an important role in
purine synthesis because it is ultimately converted
to adenine and guanine nucleotides. SNPs in the
gene encoding [TPase (ITPA) have been associated
with reduced ITPase activity™. ITPase deficiency
appears to be a benign condition, although it has
been associated with adverse drug reactions from
the thiopurines used to treat inflammatory bowel
disease®’. Recently, study of samples from persons
with chronic HCV infection being treated with
peginterferon alfa and ribavirin through the IDEAL
study ** identified 2 SNPs (rs1127354 and
rs7270101) in the ITPA gene that were
independently associated with protection from
ribavirin-induced anemia (as measured by
quantitative change in hemoglobin from baseline to
week 4 of treatment). The purpose of the study by
Thompson and colleagues® was to replicate these
findings using data from another clinical trial of
persons being treated for HCV (ViraHep-C) to
examine the impact of the ITPA variants on

anemia throughout 48 weeks of treatment, to
determine the association between the variants and
need for ribavirin dosage reductions, and to
determine the effect of ITPA genetics on virologic
response.

One third of patients (n = 92) had polymorphisms
associated with reduced ITPase activity. The
findings from the IDEAL study were replicated in
that each ITPA SNP was significantly and
independently associated with protection against
declines in hemoglobin by week 4 of treatment.
This study also extended previous findings to show
that ITPase deficiency was associated with delayed
hemoglobin declines during the first 12 weeks of
treatment and less absolute reduction in
hemoglobin over the full 48-week treatment
course”. Furthermore, the odds of ribavirin dose
reductions due to anemia in those with the ITPA
variants were 47% lower (odds ratio: 0.53; 95%
confidence interval: 0.33-0.84; P = .006) than
those with wild-type genetics, and this relationship
held after adjustment for possible confounders. No
participants with moderate or severe ITPase
deficiency discontinued treatment due to anemia.

Importantly, no association was found between
ITPA genetics and SVR or week 4 rapid virologic
response, which may indicate that the
mechanism(s) by which ITPase protects against
ribavirin-induced anemia is independent from the
mechanism(s) by which ribavirin exerts activity
against HCV, although this requires confirmation
in larger studies.

Recently, the protective role of the variant allele
for the rs1127354 SNP was confirmed in 923
Japanese persons with HCV (the rs7270101 SNP is
not polymorphic in Asians). In total, 83% of
patients with the variant rs1127354 A allele
completed HCV treatment vs. only 37% of those
with homozygosity for the wild-type allele (P < 0.01).

Nearly 600 genomewide association studies
covering 150 distinct diseases and traits have been
published, with nearly 800 SNP—trait associations
reported as significant (P<5x10™"). An interactive
map of the results is available in the paper of
Manolio TA, 2010 at the site www.nejm.org >'.
Such associations are consistent with the common
disease — common variant hypothesis, which posits
that genetic influences on susceptibility to
widespread diseases are attributable to a limited
number of variants present in more than 1% to 5%
of the population. The expected outcomes have
rarely been made explicit utility to biology or
medicine, such as clinical prediction of disease or,
of treatment response.
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There are several problems with the

interpretation of these studies. First, the great
majority of genetic effects that have been identified
have been so small (odds ratios, 1.1 to 1.3) that
they generally do not explain more than a few
percent of the heritability of disease. Second, an
unexpectedly large number of variants have been
associated with most analyzed traits, suggesting
that many of these variants have only peripheral
effects on the trait (that is not the case with HCV
treatment response). However, the studies resumed
in this review revealed that a pharmacogenomic
treatment approach for HCV can now be envisaged,
with the incorporation of host genetic variants into
a predictive treatment algorithm.

REFERENCES

Kotenko S.V., Gallagher G., Baurin V.V., Lewis-Antes A.,
Shen M., Shah N.XK., Langer J.A., Sheikh F.,
Dickensheets H., Donnelly R.P., IFN As mediate antiviral
protection through a distinct class II cytokine receptor
complex Nat. Immunol. 2003, 4:69-77. CrossRefMedline.
Sheppard P., Kindsvogel W., Xu W., Henderson K.,
Schlutsmeyer S., Whitmore T.E., Kuestner R., Garrigues U.,
Birks C., Roraback J., Ostrander C., Dong D., Shin J.,
Presnell S., Fox B., Haldeman B., Cooper E., Taft D.,
Gilbert T., Grant F. J., Tackett M., Krivan W., McKnight
G., Clegg C., Foster D., Klucher K. M. IL-28, IL-29 and
their class II cytokine receptor IL-28R. Nat. Immunol.
2004, 4:63-68. CrossRefMedline.

Langer J.A., Cutrone E.C., Kotenko S., The class II
cytokine receptor (CRF2) family: overview and patterns
of receptor-ligand interactions Cytokine Growth Factor
Rev. 2004, 15:33-48. CrossRefMedline.

Pestka S., Krause C.D., Sarkar D., Walter M.R., Shi Y.,
Fisher P.B., Interleukin-10 and related cytokines and
receptors Annu. Rev. Immunol. 2004, 22:929-979.
CrossRefMedline.

Uze G., Monneron D., IL-28 and IL-29: newcomers to
the interferon family Biochimie 2007, 89:729-734.
CrossRefMedline.

Zhou, Z., Hamming, O.., Ank, N., Paludan, S.R.,
Nielsen, A.L., Hartmann, R., Type III interferon (IFN)
induces a type I IFN-like response in a restricted subset
of cells through signaling pathways involving both the
Jak-STAT pathway and the mitogen-activated protein
kinases J., Virol. 2007, 81:7749-7758. Abstract/FREE
Full Text.

Zhu H, Butera M, Nelson DR, Liu C., Novel type I
interferon IL-28A suppresses hepatitis C viral RNA
replication. Virol J. 2005;2:80. [PMC free article]
[PubMed].

Ank N, West H, Bartholdy C, Eriksson K, Thomsen AR,
et al., Lambda interferon (IFN-lambda), a type III IFN, is
induced by viruses and IFNs and displays potent
antiviral activity against select virus infections in vivo. J
Virol. 2006;80:4501-4509. [PMC free article] [PubMed]
Robek MD, Boyd BS, Chisari FV., Lambda interferon
inhibits hepatitis B and C virus replication. J Virol.
2005;79:3851-3854. [PMC free article] [PubMed).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Dambacher J, Beigel F, Zitzmann K, Heeg MH, Goke B,
et al., The role of interleukin-22 in hepatitis C virus
infection. Cytokine. 2008;41:209-216. [PubMed].
Osterlund PI, Pietila TE, Veckman V, Kotenko SV,
Julkunen I., IFN regulatory factor family members
differentially regulate the expression of type III IFN
(IFN-lambda) genes. J Immunol. 2007;179:3434-3442.
[PubMed].

Mabher SG, Sheikh F, Scarzello AJ, Romero-Weaver AL,
Baker DP, et al., IFNalpha and IFNlambda differ in their
antiproliferative effects and duration of JAK/STAT
signaling activity. Cancer Biol Ther. 2008;7:1109-1115.
[PMC free article] [PubMed].

Pagliaccetti NE, Eduardo R, Kleinstein SH, Mu XIJ,
Bandi P, er al., Interleukin-29 functions cooperatively
with interferon to induce antiviral gene expression and
inhibit hepatitis C virus replication. J Biol Chem.
2008;283:30079-30089. [PMC free article] [PubMed).
Marcello T, Grakoui A, Barba-Spaeth G, Machlin ES,
Kotenko SV, et al., Interferons alpha and lambda inhibit
hepatitis C virus replication with distinct signal
transduction and gene regulation kinetics. Gastroenterology.
2006;131:1887—1898. [PubMed].

Chen L, Borozan I, Sun J, et al., Cell-type specific gene
expression signature in liver underlies response to
interferon therapy in chronic hepatitis C infection.
Gastroenterology. 2010;138:1123-1133.

Chen L, Borozan I, Feld J, et al., Hepatic gene expression
discriminates responders and nonresponders in treatment
of chronic hepatitis C viral infection. Gastroenterology.
2005;128:1437-1444.

Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, et al.,
Genetic variation in IL28B and spontaneous clearance of
hepatitis C virus. Nature 2009;461:798-801.

Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, et al.,
Genetic variation in IL28B predicts hepatitis C treatment-
induced viral clearance. Nature. 2009;461:399-401.
[PubMed].

Suppiah V, Moldovan M, Ahlenstiel G, Berg T,
Weltman M, et al., IL28B is associated with response to
chronic hepatitis C interferon-alpha and ribavirin therapy.
Nat Genet. 2009;41:1100—1104. [PubMed].

Tanaka Y, Nishida N, Sugiyama M, Kurosaki M,
Matsuura K, et al.,, Genome-wide association of IL28B
with response to pegylated interferon-alpha and ribavirin
therapy for chronic hepatitis.

Dill MT, Duong FHT, Vogt JE, ef al, IFN stimulated
gene expression in the liver is a better predictor of
treatment response in chronic hepatitis C than the IL28B
(IFNA3) genotype. Program and abstracts of the 45th
Annual Meeting of the European Association for the
Study of the Liver; April 14-18, 2010; Vienna, Austria.
Abstract 1187.

Duces A, Biéche I, Jardin-Watelet B, ef al., Liver gene
expression signature to predict response to pegylated
interferon plus ribavirin in chronic hepatitis C. Program
and abstracts of the 45th Annual Meeting of the
European Association for the Study of the Liver; April
14-18, 2010; Vienna, Austria. Abstract 684.

Chen J-Y, Lin C-Y, C-M Wang C-M, Lin Y-T, S-N Kuo,
Shiu C-F, Chang S-W, Wu J, Sheen I-S., IL28B genetic
variations are associated with high sustained virological
response (SVR) of interferon-a plus ribavirin therapy in
Taiwanese chronic HCV infection. Genes and Immunity 2011.



Biomarkers of antiviral treatment outcome in HCV infection

51

24.

25.

26.

Muir AJ, Shiffman ML, Zaman A, Yoffe B, de la Torre A,
et al., Phase 1b study of pegylated interferon lambda 1
with or without ribavirin in patients with chronic
genotype 1 hepatitis C virus infection. Hepatology.
2010;52:822-832. [PubMed]

Rauch A, Kutalik Z, Descombes P, Cai T, di Iulio J,
Mueller T, Bochud M, Battegay M, Bernasconi E,
Borovicka J, Colombo S, Cerny A, Dufour JF, Furrer H,
Gunthard HF, Heim M, Hirschel B, Malinverni R,
Moradpour D, Mullhaupt B, Witteck A, Beckmann JS,
Berg T, Bergmann S, Negro F, Telenti A, Bochud PY,
Swiss Hepatitis C and HIV Cohort Studies. Genetic
variation in IL28B is associated with chronic hepatitis C
and treatment failure—a genome-wide association study.
Gastroenterology 2010;138:1338—1345.

Bierau J, Lindhout M, Bakker JA., Pharmacogenetic
significance of inosine triphosphatase. Pharmacogenomics.
2007;8:1221-1228.

27.

28.

29.

30.

31.

McHutchison JG, Lawitz EJ, Shiffman ML, et al,
Peginterferon alfa-2b or alfa-2a with ribavirin for
treatment of hepatitis C infection. N Engl J Med.
2009;361:580-593.

Fellay J, Thompson AJ, Ge D, et al., ITPA gene variants
protect against anaemia in patients treated for chronic
hepatitis C. Nature. 2010;464:405-408.

Thompson AJ, Fellay J, Patel K, et al., Variants in the
ITPA gene protect against ribavirin-induced hemolytic
anemia and decrease the need for ribavirin dose
reduction. Gastroenterology. 2010;139:1181-1189.

Ochi H, Maekawa T, Abe H, et al., ITPA polymorphism
affects ribavirin-induced anemia and outcomes of
therapy — a genome-wide study of Japanese HCV virus
patients. Gastroenterology. 2010;139:1190-1197.
Manolio TA. Genomewide association studies and
assessment of the risk of disease. N Engl J Med
2010;363:166-176.



