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ABSTRACT

Host genetic factors have long been suspected to play a
role in predicting outcome and treatment response in
hepatitis C virus (HCV) infection. This was confirmed re-
cently by three landmark genome-wide association studies
(GWAS) published in 2009, which identified single nucle-
otide polymorphisms near the interleukin (IL) 28B region
that were more common in responders to treatment.
There has subsequently been rapidly increasing data re-
garding the significance of the IL28B polymorphism not
only in response to therapy but also in spontaneous clear-
ance of acute HCV infection. This clinical association of
I128B genotype with HCV may lead to personalized HCV
therapy, where the clinician may tailor the duration and
type of therapy for an individual patient. This review sum-
marizes the available data on the impact of IL28B poly-
morphisms on HCV infection and discusses the possible
approach to translate this association into clinical deci-
sion making for the treatment of HCV infection.

INTRODUCTION

Hepatitis C virus (HCV) affects approximately 2.2-3% of
the population in the world. Natural history studies indi-
cate that only few of the individuals who develop acute
HCV infection will clear the virus spontaneously. Of the
remaining 55-85% of the patients who become chronically
infected, approximately 5-25% will ultimately develop cir-
rhosis over 25-30 years and a significant proportion will
go on to develop hepatocellular carcinoma (HCC).!"®

Keywords: Hepatitis C virus, IL28B, treatment

Received: 01.06.2011; Accepted: 03.06.2011

Addpress for correspondence: Col Pankaj Puri MD DM, Senior Advisor
(Medicine & Gastroenterology), Army Hospital (R&R), Delhi Cantt.,
New Delhi-110010

E-mail: puripankaj@gmail.com

Abbreviations: ALT: alanine transaminase; EVR: early virological response;
GWAS: Genome-wide Association Studies; HCC: hepatocellular car-
cinoma; HCV: hepatitis C virus; HIV: human immunodeficiency virus;
IFN: interferon; IL28B: interleukin 28B; NVR: null virological response;
OR: odds ratio; PEG-IFN: pegylated interferon; RBV: ribavirin; RNA:
ribonucleic acid; RVR: rapid virological response; SNP: single nucleotide
polymorphism; SVR: sustained virological response

doi: 10.1016/S0973-6883(11)60115-1

© 2011, INASL

EVOLUTION OF HEPATITIS C VIRUS
THERAPIES

Interferon (IFN) therapy is the backbone in the therapy of
HCV, with an aim of eradicating the virus and altering the
natural history of the disease. Standard IFN-a.2a, IFN-0.2b,
and consensus IFN treatments given as thrice weekly injec-
tions for 12 months were associated with an sustained vi-
rological response (SVR) of 5-15%.” Treatment approaches
to chronic HCV infection have improved substantially in
the past decade, and therapeutic strategies of HCV infec-
tion have evolved from IFN monotherapy to IFN-ribavirin
(RBV) combination regimens, and now, pegylated inter-
feron (PEG-IFN)-a2a or a2b plus RBV. Today, the stan-
dard of care for patients with chronic HCV infection is
PEG-IFN-a2a (180 ng/wk) plus RBV (1000-1200 mg/day)
or PEG-IFN-a2b (1.5 ng/Kg/wk) plus weight-based RBV
(800-1400mg/d) for 24 or 48 weeks, depending on the
HCV genotype. PEG-IFN and RBV combination therapy is
associated with a SVR of 42-46% in HCV genotype 1 and
75-82% in HCV genotypes 2 and 3 1;)::Ltients.10’11

PREDICTORS OF RESPONSE IN
HEPATITIS C VIRUS

Although the evolution of therapeutic strategies for
chronic HCV infection has been accompanied with a pro-
gressive improvement in SVR rates, 20-50% of patients
treated with PEG-IFN and RBV will not achieve an SVR.?
A number of factors have been evaluated to predict re-
sponse. SVR rates were higher in patients infected with
genotype non-1 infection (mostly genotypes 2 and 3) and
in those with a viral load of <600,0001U/mL."* Other pre-
transplant factors, which have been associated with a favor-
able response, include the doses of PEG-IFN (1.5 pg/Kg/wk
vs 0.5 ng/Kg/wk) and RBV (>10.6 mg/Kg), female gender,
age <40 years, non-African-American race, lower body
weight (<75 Kg), absence of insulin resistance, elevated al-
anine transaminase (ALT) levels (3-fold higher than the
upper limit of normal), and absence of bridging fibrosis or
cirrhosis on liver biopsy.? Viral kinetics, including rapid
virological response (RVR) and early virological response
(EVR), are also being used to predict outcome and guide
duration of therapy.
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The patient’s ancestry is one of the factors affecting
treatment outcome with African-American patients with
chronic HCV having about 50% reduction in SVR rates
with PEG-IFN plus RBV compared with non-Hispanic
patients of European ancestry.'>!* Such ethnic and racial
differences suggest that host genetic differences influence
the response to HCV treatment. Not only is the treatment
of HCV associated with inadequate response rates, it is also
expensive and has significant adverse effects. This has led
to a growing interest in genetic studies to identify those
individuals who are more likely to respond to the treat-
ment regimen.

SEARCHING FOR GENETIC FACTORS

The human genome contains over 3.3 billion base pairs
and >10 million of these may vary in nucleotide sequence
between individuals, some of which may result in altered
gene expression, altered processing of the gene product, or
altered functional activity.15 Identifying polymorphisms
that result in altered clinical expression may be like find-
ing aneedle in a ha.ysta.ck.16

In the initial genetic studies, candidate gene approaches
have been utilized to identify polymorphisms influencing
treatment response in HCV infection. In the candidate
gene approach, investigators conducting genetic associa-
tion studies may target genes for investigation according to
the known or postulated biology and previous results. The
earlier approach has its limitations. It is biased in the choice
of the candidate gene(s) for study, by the researcher’s work
and knowledge of the disease. Many studies were under-
powered, did not have control groups, or were not repli-
cated, and these studies did not result in an insight as to
the role of genetic variation.!”-2?

GENOME-WIDE ASSOCIATION STUDIES

Advancement in technology has now made it possible
to screen the entire human genome for variations associ-
ated with human diseases. With Genome-wide Association
Studies (GWAS), researchers can now investigate a broad
spectrum of single nucleotide polymorphisms (SNPs)
across the entire genome, without any previous hypothe-
ses about potential mechanisms or suspected polymor-
phisms. GWAS have led to the discovery of SNPs located
near the gene for interleukin 28B (IL28B) gene, which en-
codes IFN-A3, which is related to chronic HCV treatment
response and the clearance of virus after acute infection.
The prediction of treatment outcome for HCV with PEG-
IFN plus RBV has been revolutionized by this discovery of
the association between SNPs near IL28B gene and SVR.
In 2009, 3 independent GWAS published almost con-
currently reported SNPs near the IL28B region that was
more common in responders. These patients were mainly
of genotype 1 and had been treated with PEG-IFN and
RBV. Ge et al were the first to conduct GWAS analysis
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to investigate genetic predictors of treatment response
in HCV.?® They analyzed 1137 patients, which included
Caucasians, African-Americans, and Hispanics. They dis-
covered that SNP rs12979860 was associated with response
to therapy with PEG-IFN/RBV. Two other SNPs, not pres-
ent on the genome-wide chip, were shown to be associated
with rs12979860 by fine sequencing studies: rs28416813,
lying in the promoter region 37 base pairs upstream of the
IL28B start codon, and rs8103142, a non-synonymous
polymorphism in exon 2 (Lys70Arg). Since the degree of
correlation was high, it was not possible to resolve which
of these 3 polymorphisms might be solely responsible for
the association signal. Tanaka et al** evaluated polymor-
phisms associated with response to PEG-IFN/RBV in 142
Japanese. Suppiah et al studied genetic variants associated
with genetic variants associated with PEG-IFN/RBV ther-
apy in 293 Australians.?® In 2010, Rauch et al reported
their results in 465 Caucasians.?® The results of all these
studies are shown in Table 1.

The exact polymorphisms identified by the different
workers do not match. While Ge et al identified rs12979860
as the most important SNP,* the papers by Tanaka et al,
Suppiah et al, and Rauch et al identified different SNPs,
of which, the SNP rs8099917 was the most significant
contender.**2® However, all the SNPs are in proximity
to the IL28B region of chromosome 9 and the 2 major
distinct polymorphisms rs12979860 and rs8099917 are
in linkage disequilibrium, suggesting the primary role of
IL28B gene product IFN-A3 in determining the clearance
of HCV.

CLINICAL IMPLICATIONS OF INTERLEUKIN
28B POLYMORPHISMS ASSOCIATIONS

Chronic Hepatitis C: Genotype 1

Three independent original GWAS have identified variants
within the IL28B gene region that are strongly associated
with response to PEG-IFN+RBV combination therapy in
patients’ chronic infection with genotype 1 HCV.

In the initial report by Ge et al, the SNP rs12979860 was
strongly related to SVR in genotype 1 patients.”® The pri-
mary analysis for treatment outcome compared SVR with
true biological non-response in 1137 patients, in 3 inde-
pendent ethnic groups—Caucasians, African-Americans,
and Hispanics. The favorable C/C genotype was associ-
ated with greater rates of SVR than the unfavorable T/T
genotype. The SVR rates were ~80% for C/C genotype,
~40% for T/C genotype, and ~30% for T/T genotype. The
C/C genotype was more influential than race in predicting
SVR. While African-Americans are usually poor responders
to IFN therapy, the C/C genotype was associated with SVR
in them, although at a lower SVR rate as compared with
Caucasians (53% vs ~80%). The differences in SVR across
various ethnic groups were related to the C allele frequency.
The C allele frequency was ~90% in East-Asian patients,
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Table 1 Genome-wide Association Studies of Interleukin 28B gene polymorphisms in treatment of hepatitis C virus.

Characteristics Ge et al®® Tanaka et al** Suppiah et al®® Rauch et al?®
Number 1137 142 293 465
HCV genotype 1 1 1/2/3/4 1/2/3
Region North America Japan Australia, Europe Switzerland
Race Caucasians, African-Americans, Japanese Caucasian Caucasian, African-Americans
Hispanics
Outcome SVR vs no SVR NVR* vs EVR SVR vs no SVR SVR vs no SVR
NVR vs SVR
Major SNP identified
rs12979860 +
rs8099917 + + +
rs12980275 +
rs7248668
rs11881222 +
rs8105790 + +

HCV: hepatitis C virus, SVR: sustained virological response, NVR: null virological response, EVR: early virological response, SNP: single nucleotide

polymorphism.

*Null virological response (<2log;qlU/mL reduction in serum HCV RNA at week 12 of therapy).

~55% in European-American patients, and ~25% in African-
American patients.

Suppiah et al found rs8099917 to be strongly related to
the SVR.?* Homozygotes for the minor allele (G/G) had an
SVR rate of 31%, while those with genotype T/T had an
SVR rate of 56%.

Tanaka et al in their study of genotype 1 in Japanese
patients found that rs8099917 and rs12980275 were asso-
ciated with non-response to treatment.>* The association
analysis used, null virological response (NVR) rather than
SVR. NVR was defined as a <2log;oIU/mL reduction in
serum HCV ribonucleic acid (RNA) by week 12 of therapy
and detectable HCV RNA at week 24. They found that the
G allele was associated with lower SVR (0% in genotype
G/G vs 78% in genotype T/T).

In the study by Rauch et al, rs8099917 was associated
with response to therapy in genotype 1, unlike that in the
small number of genotype 2 or 3 in their study.*®

The impact of rs12979860 genotype on the possibility of
achieving SVR has been analyzed in a meta-analysis of pa-
tients infected with genotype 1. The prevalence of genotypes
is 35% for genotype C/C, 50% for genotype C/T, and 15%
for genotype T/T. The SVR rates for the various genotypes
are 80% for C/C, 50% for C/T, and 2% for T/T. The overall
response rates were 56% (C/C 28%, C/T 25%, and T/T 3%).%’

Overall, patients with favorable SNP had an SVR rate of
60%, while those with an unfavorable SNP had an SVR
rate of 30%.283! Meta-analysis of SNP of the IL28B and
SVR of patients with chronic HCV to PEG-IFN/RBV ther-
apy has shown that the SVR was higher in patients with
C/C allele of rs12979860 and the T/T allele of rs8099917
compared with C/T or T/T alleles of rs12979860 and the
T/G or G/G allele of rs8099917, respectively.>>

Stattermayer et al have shown that an EVR to PEG-IFN
plus RBV is more likely in carriers of rs12979860 C/C

and rs8099917 T/T, which might underlie their high rates
of SVR.??

Chronic Hepatitis C: Non-genotype 1

Most of the initial studies of HCV and IL28B gene poly-
morphisms were done on genotype 1 HCV infection.
However, further data concerning the relevance of IL28B
polymorphism in non-genotype 1 HCV infection is now
emerging. Unlike genotype 1, with regard to genotype 2/3,
the IL28B polymorphisms have some differences:

(a) The studies of IL28B polymorphism in genotype

2/3 have shown varying results: Mangia et al,
showed an association between IL28B and treatment
response in genotype 2/3 patients who did not achieve
RVR but not in those who achieved RVR.3*
Other studies of IL28B polymorphisms in HCV geno-
types 2 and 3 have produced mixed results. Rauch et al
found no significant impact of host IL28B genotype
on treatment response in HCV genotype 2/3 patients
when compared with HCV genotype 1 or 4 patients.?®
These findings were also seen by Rallén et al in pa-
tients co-infected with, human immunodeficiency vi-
rus (HIV) and HCV genotype 3.>°> Moghaddam et al
have shown that polymorphisms near the IL28B gene
show association with rapid viral response but not
sustained viral response to PEG-IFN/RBV therapy in
HCV genotype 3-infected patients.*® Stattermayer et al
have shown that in contrast to genotypes 1 and 4, the
IL28 gene polymorphisms had no impact on SVR
rates in genotype 2/3.3 However, recent other studies
from Germany, Taiwan, and Japan have shown asso-
ciation of IL28B genotype with SVR.%7-%

(b) The value of IL28B polymorphisms testing in
this population may be for patients who do not
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achieve RVR: Mangiaet al did not find any associa-
tion of IL28B polymorphisms with SVR in patients
with genotype 2/3 who achieved RVR.>* However,
there was a strong association between IL28B and
treatment response only among the subjects who did
not achieve a rapid virologic response. Their data sug-
gested that analysis of IL28B genotype might be used
to guide treatment for these patients.

(c) There may be a gene dose effect with heterozygotes
having an intermediate SVR between homozygotes
for favorable or unfavorable genotypes.>*

(d) There may be intersubgenotypic differences be-
tween genotypes 2a and 2b patients infected with
HCV with genotype 2b showing lower response rates
and IL28B polymorphism being predictive of treat-
ment outcomes, especially with genotype 2b.%°

(e) The C/C genotype of rs12979860 may be overrep-
resented among patients infected with viral geno-
types non-1*1: The effect of IL28B gene polymorphisms
on treatment response may be attenuated in genotypes
2 and 3. These patients are generally easily treated,
and hence, the IL28B polymorphisms may have a lim-
ited impact on the SVR. However, in patients who do
not achieve an RVR, IL28B gene polymorphisms may
have a role.

Interleukin 28B Polymorphisms and
Spontaneous Clearance of Hepatitis C Virus

One-third of patients with exposure to HCV are able to
spontaneously clear the virus. Thomas et al were the first
to demonstrate the association of IL28B polymorphism
with resolution of acute HCV infection.*? They showed
that the rs12979860 polymorphism had a marked impact
on natural clearance of HCV. They genotyped 1008 pa-
tients from 6 separate HCV cohorts and compared indi-
viduals who cleared the virus spontaneously (n=388) with
those with persistent infection (n=620). Patients with the
C/C genotype at rs12979860 were 3 times more likely to
spontaneously clear HCV relative to patients with T/T and
C/T genotypes combined (odds ratio [OR]=0.33, p<107').
Similar data were reported from Spain by Montes-Cano
et al.*! Tillman et al evaluated the role of the rs12979860
polymorphism in a cohort of German women who had re-
ceived anti-D immunoglobulin contaminated with HCV
genotype 1b three decades eatlier from 1978 to 1979.%
They found that spontaneous viral clearance was seen in
6% of T/T homozygotes, 24% of C/T heterozygotes, and
64% of C/C homozygotes.

Rauch et al reported that the SNP rs809917 was asso-
ciated with spontaneous clearance of HCV in Swiss
individuals.?°

While the above studies were retrospective, Grebely et al,
in a prospective study, showed that genetic variations in
IL28B gene was associated with spontaneous HCV clearance
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in recently acquired infection.** Homozygosity at the SNP
rs8099917 (T/T vs G/T or G/G) was the only factor inde-
pendently predictive of time to spontaneous clearance.
They also found that acute symptomatic illness with jaun-
dice was greater among T/T homozygotes compared with
other genotypes (32% vs 5%, p=0.047). However, unlike in
chronic infection, genetic variation in the IL28B gene did
not impact response to treatment during recent HCV in-
fection. The absence of an observed effect of IL28B and
response to treatment for early HCV infection are not sur-
prising, given the higher SVR observed during PEG-IFN
treatment for acute HCV infection when compared with
chronic infection.*** The authors propose that individu-
als with unfavorable IL28B genotype (rs8099917 G/G or
G/T) could be more strongly recommended for early ther-
apeutic intervention for acute HCV infection, given their
low likelihood of spontaneous clearance, but IFN-based
therapeutic outcome was not compromised.

The IL28B gene encodes IFN-A3, which is involved in
the early host innate immune response to HCV, and may

explain the observed effect on spontaneous clearance.*®

Other Emerging Data of Interleukin 28B
Polymorphisms and Hepatitis C Virus

Workers have reported the value of IL28B gene polymor-
phisms in response to HCV therapy in the setting of HIV/
HCV co-infection.3>* In patients with recurrent HCV after
orthotopic liver transplantation, IL28B polymorphisms
allow prediction of SVR to PEG-IFN/RBV therapy.’%>!
The value of IL28B polymorphisms have also been shown
to predict response to triple therapy, including the directly
acting antiviral drug telaprevir along with PEG-IFN/RBV.>?

Translating the Association into Clinical
Decision Making

The association of IL28B gene polymorphisms on the nat-
ural history and response to treatment of HCV has a po-
tential to impact decision making in acute and chronic
HCV infection. The natural history of hepatitis C infec-
tion based on IL28B polymorphism haplotype is depicted
in Figure 1.

Acute Hepatitis C

In those who do not appear to be recovering within 2-4
months after onset of the disease, antiviral treatment
should be considered, as a high percentage of patients
(>80-90%) may respond, and the risk of chronic disease is
high.>3

It has also been suggested to follow up these patients
with HCV RNA quantification every 4 weeks and to treat
only those still positive at 12 weeks after initial presen-
tation.>* Some clinicians may prefer to start treatment
earlier if the HCV RNA is high and not declining. With
IL28B gene polymorphisms having been reported to
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Spontaneous recovery of HCV

3

| Acute HCV infection |

Higher Lower IL28B genotyping
spontaneous spontaneous
clearance clearance

Favorable alleles

Unfavorable alleles

!

Favorable 1L28B
genotype:

!

Unfavorable 1L28B
genotype:

rs12979860 C/C T/T . :
rs8099917 /T G/G rs12979860: CC rs12979860: TT
l l rs8099917: TT rs8099917: GG
. PEG-IFN+ l
Higher SVR RBV Lower SVR Repeat HCVRNA Early therapy
at 12 weeks
| Presistent HCV infection | l |

| Persistence |

PEG-IFN Rx

Algorithm 1 Proposed algorithm for management of acute hepatitis C
virusinfection using IL28B genotype testing.

HCV: hepatitis C virus, IL28B: interleukin 28B, RNA: ribonucleic acid,
PEG-IFN: pegylated interferon.

Figure 1 Natural history of hepatitis C infection based on IL28B |Vira| clearance|

polymorphism haplotype.
HCV: hepatitis C virus, SVR: sustained virological response, PEG-IFN +
RBV: pegylated interferon and ribavirin.

| Pre Rx: IL28B genotype |

Initiate Rx

| HCV RNA at 4 weeks |
RVR I

\

* Low viral load
* Favorable IL28B genotype
* No negative predictors

No RVR

|HCV RNA 12 weeks |

Yes No ,
l l |<2Iog drop|
Shortended Rx:

Geno 1,4: 24 weeks
Geno 2,3: 12—16 weeks

Y

| >2Iog drop |

Standard Rx:
Geno 1,4: 48 weeks 4
Geno 2,3: 24 weeks —| HCV RNA at 24 weeks |

Positive Negative

Y Prolonged Rx: Y

Stop Rx Geno 1,4: 72 weeks | | 48 weeks Rx

Geno 2,3: 48 weeks
Algorithm 2 Proposed algorithm for incorporation of IL28B genetic testing along with viral kinetics into the clinical management of chronic hepatitis
C virus infection.
IL28B: interleukin 28B, HCV: hepatitis C virus, RNA: ribonucleic acid.
The definitions of virological response are as below:
Rapid virological response (RVR): Undetectable HCV RNA in a sensitive assay (lower limit of detection 501U/mL) at week 4 of therapy, maintained
up to end of treatment.
Early virological response (EVR): HCV RNA detectable at week 4 but undetectable at week 12, maintained up to end of treatment.
Delayed virological response (DVR): >2log,o drop but detectable HCV RNA at week 12, HCV RNA undetectable at week 24, maintained up to end
of treatment.
Partial non-response (PR): >2logq IU/mL decrease in HCV RNA level from baseline at 12 weeks of therapy but detectable HCV RNA at weeks
12 and 24.
Sustained virological response (SVR): Undetectable HCV RNA level (<501U/mL) 24 weeks after treatment.53
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predict clearance of HCVRNA in acute infection, it has
been suggested that IL28B gene testing be incorporated
in decision making to decide upon the initiation of ther-
apy.*>*% A proposed algorithm of management of acute
HCV infection incorporating IL28B gene testing is presented
(Algorithm 1).

Chronic Hepatitis C

The IL-28B polymorphism test may guide the manage-
ment of newly acquired HCV infection. A suggested clini-
cal algorithm for incorporation of IL28B genetic testing
along with viral kinetics into the clinical management of
chronic HCV infection is presented (Algorithm 2). Patients
with RVR with low viral load, no negative predictors, and
a favorable genotype may be considered for abbreviated
therapy. For patients who do not achieve RVR, further ther-
apy would be decided based on subsequent viral kinetics.

CONCLUSION

The identification of IL28B gene polymorphisms as a pre-
dictor of response to therapy in HCV is an exciting devel-
opment in the management of HCV. It is likely that the
IL28B status may eventually be used to personalize the du-
ration of therapy with PEG-IFN/RBV. However, in easy to
treat cases like genotype 2/3 patients who achieve RVR or
in treatment initiated in acute HCV, it appears that IL28B
testing may have less clinical utility. This raises questions
about justifying the cost of incorporating IL28B testing
in routine practice in a population where the majority of
HCV infections are of genotype 2/3. More studies will also
be required of the role of IL28B genotype in the era of di-
rect antivirals, which rapidly reduce the viral load and may
therefore diminish the influence of IL28B genotyping in
predicting SVR. The effect of the IL28B genotype, how-
ever, is not absolute, and it should not be used as a crite-
rion for denying therapy to a person with an unfavorable
IL28B genotype.
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