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EDUCATIONAL OBJECTIVE: Readers will recognize the importance of the IL28B polymorphism and its implications in treating hepatitis C
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Genetics and hepatitis C:
It’s good to be ‘CC’
ABSTRACT
The interleukin-28B (IL28B) gene contains a single-nucleotide polymorphism at location rs12979860 that affects
both the natural history of hepatitis C virus infection and
the patient’s response to treatment, particularly interferon-based regimens with or without protease inhibitors.

KEY POINTS
In IL28B, the rs12979860 location can be occupied by either cytosine (C) or thymine (T). The CC genotype is more
favorable than the CT or TT genotype.
Testing for the IL28B polymorphism is currently available
and allows for better outcomes through proper selection
of treatment, particularly with interferon-based treatment.
Although newer therapies have shifted toward regimens
that do not use interferon, the IL28B polymorphism
remains clinically significant, especially in light of the potentially prohibitive costs of the newer regimens, and for
patients in whom these treatments are contraindicated.
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hat a difference a single nucleotide
W
can make! The human genome contains
more than 3 billion base pairs. Yet having a

different nucleotide in only one pair can make
a big difference in how we respond to a disease
or its treatment.
Specifically, in hepatitis C virus infection,
people born with the nucleotide cytosine (C)
at location rs12979860 in both alleles of the
gene that codes for interleukin 28B (the IL28B
CC genotype) can count themselves luckier
than those born with thymine (T) in this location in one of their alleles (the CT genotype)
or both of their alleles (the TT genotype).
Those with the CC genotype are more likely
to clear the virus spontaneously, and even if
the infection persists, it is less likely to progress
to liver cancer and more likely to respond to
treatment with interferon.
Here, we review the IL28B polymorphism
and its implications in treating hepatitis C.
■■ GENETIC POLYMORPHISM
AND HUMAN DISEASE
Of the 3 billion base pairs of nucleotides,
fewer than 1% differ between individuals, but
this 1% is responsible for the diversity of human beings. Differences in genetic sequences
among individuals are called genetic polymorphisms. A single-nucleotide polymorphism is a
DNA sequence variation that occurs in a
single nucleotide in the genome. For example,
two sequenced DNA fragments from different
individuals, AAGCCTA and AAGCTTA,
contain a difference in a single nucleotide.
Genetic variations such as these underlie
some of the differences in our susceptibility to
disease, the severity of illness we develop, and
our response to treatments. Therefore, identi-
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cation of a virus based on its RNA.9) In this
review, we will focus on genotype 1; hence,
“hepatitis C virus” will refer to hepatitis C virus genotype 1.
Our knowledge of the biology, pathogenesis, and treatment of hepatitis C has been
advancing. Originally, fewer than 50% of patients responded to therapy with the combination of pegylated interferon and ribavirin,10,11
but since 2011 the response rate has increased
to approximately 70% with the approval of
the protease inhibitors telaprevir and boceprevir, used in combination with pegylated interferon and ribavirin.12–15
Unfortunately, interferon-based treatment
is often complicated by side effects such as fatigue, influenza-like symptoms, hematologic
abnormalities, and neuropsychiatric symptoms.
An accurate way to predict response would
help patients make informed decisions about
antiviral treatment, taking into account the
risk and possible benefit for individual patients.
■■ GENETIC POLYMORPHISM
AND HEPATITIS C VIRUS INFECTION
CCF
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In hepatitis C
FIGURE 1. Schematic of the IL28B gene.
virus infection,
fying genetic polymorphisms may shed light
IL28B CC is
on biologic pathways involved in diseases and
better than
may uncover new targets for therapy.1
CT or TT
Genome-wide association studies have

looked at hundreds of thousands of single-nucleotide polymorphisms to try to identify most
of the common genetic differences among
people and relate them to common chronic
diseases such as coronary artery disease,2 type
2 diabetes,3 stroke,4 breast cancer,5 rheumatoid arthritis,6 Alzheimer disease,7 and, more
recently, hepatitis C virus infection.8
■■ HEPATITIS C VIRUS:
A MAJOR CAUSE OF LIVER DISEASE
Hepatitis C virus infection is a major cause of
chronic liver disease and hepatocellular carcinoma and has become the most common indication
for liver transplantation in the United States.9
This virus has six distinct genotypes
throughout the world, with multiple subtypes
in each genotype. (A genotype is a classifi-
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Genome-wide association studies have identified single-nucleotide polymorphisms in the
IL28B gene that are associated with differences in response to hepatitis C treatment.8
Studying 565,759 polymorphisms in 1,137
patients, researchers at Duke University identified a single-nucleotide polymorphism at
location rs12979860 in IL28B (FIGURE 1) that
was strongly associated with response to combination therapy with pegylated interferon
and ribavirin.8 The chance of cure with this
standard treatment is twice as high in patients
who are homozygous for cytosine in this location (the CC genotype) than in those who are
heterozygous (CT) or homozygous for thymine
in this location (the TT genotype) (TABLE 1).
Adding one of the new protease inhibitors,
telaprevir or boceprevir, to the standard hepatitis C treatment substantially improves the
cure rates in all three IL28B genotypes, but
especially in people with CT or TT, in whom
the response rate almost triples with the addition of one of these drugs. Those with the
CC genotype (who are more likely to be cured
with pegylated interferon and ribavirin alone)
also achieve an increase (although minimal)
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TABLE 1

Rates of response to hepatitis C treatment by interleukin-28B rs12979860 genotype
Sustained virologic response rates

Genotype

Pegylated
interferon
+ ribavirin

Protease inhibitor
+ pegylated interferon
+ ribavirin

Simeprevir
+ sofosbuvir
+ ribavirin

Sofosbuvir
+ ledipasvir

IL28B CC

78%

82%–90%

100%

100%

IL28B CT

38%

72%

100%

100%

IL28B TT

26%

57%

83%

98%
INFORMATION FROM REFERENCES 8 AND 38–41.

in cure rates when a protease inhibitor is included in the regimen (TABLE 1).13–15 Thus, it remains unclear if adding a protease inhibitor to
pegylated interferon plus ribavirin in patients
with the IL28B CC genotype translates into
added effectiveness worth the additional cost
of the protease inhibitor in previously untreated patients.
Additionally, the effect of the IL28B genotype on telaprevir-based triple therapy has
been disputed in more recent studies. In a subgroup analysis of the results of a trial that evaluated telaprevir in the treatment of hepatitis
C, researchers found that sustained virologic
response rates were significantly higher in the
telaprevir group, and this was similar across
the different IL28B polymorphisms.16
The favorable IL28B CC genotype is associated with higher rates of rapid virologic
response to antiviral therapy.13–15 Of note, almost all patients who achieve a rapid virologic
response do well, with a high rate of sustained
virologic response even after a shorter duration of therapy (24 vs 48 weeks). Therefore,
in addition to predicting response to interferon before starting treatment, the IL28B CC
genotype may also identify patients who need
only a shorter duration of therapy.
Interestingly, the C allele is much more
frequent in white than in African American
populations, an important observation that
explains the racial difference in response to
hepatitis C therapy.8
Two other research groups, from Asia and
Australia, performed independent genomewide association studies that identified dif-

ferent single-nucleotide polymorphisms (eg,
rs8099917) in the same IL28B gene as predictors of response to treatment in patients with
hepatitis C virus infection.17,18 These findings
may be explained by linkage disequilibrium,
which means that these single-nucleotide
polymorphisms are found more frequently together in the same patient due to their proximity to each other. In this review, we will focus on the rs12979860 polymorphism; hence
“IL28B genotype” will refer to the single-nucleotide polymorphism at rs12979860, unless
otherwise specified.
The favorable CC genotype is less common in African Americans than in patients of
other ethnicities.19 Moreover, although IL28B
CC is associated with a better response rate
to interferon-based antiviral therapy across
all ethnicities, those of African American
descent with the CC genotype are less likely
to achieve a sustained virologic response than
white or Hispanic Americans.8

A way to
predict response would
help patients
make informed
decisions about
antiviral
treatment

■■ BIOLOGIC ASSOCIATION:
IL28B POLYMORPHISM AND HEPATITIS C
The interferon lambda family consists of three
cytokines:
• Interleukin 29 (interferon lambda 1)
• Interleukin 28A (interferon lambda 2)
• Interleukin 28B (interferon lambda 3).
Production of these three molecules can
be triggered by viral infection, and they induce antiviral activity through both innate
and adaptive immune pathways. They signal through the IL10R-IL28R receptor complex.20–22 This receptor activates the JAK-
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FIGURE 2. Schematic of the interferon pathway in patients
with hepatitis C virus infection.
IFN = interferon; IL = interleukin; ISGF3 = interferon-stimulated gene factor 3; ISRE =
interferon-stimulated response element; JAK 1 = Janus kinase 1; STAT = signal transducer
and activator of transcription; TYK2 = tyrosine kinase 2

STAT (Janus kinase-signal transducer and
activator of transcription) pathway, which
regulates a large number of interferon-stimulated genes, primarily through the interferonstimulated response element (FIGURE 2).
A 2013 study found that interferon-stimulated gene expression levels in patients with
normal livers were highest in those with the
CC genotype, intermediate with CT, and lowest
with TT. Interestingly, this pattern was reversed
in those with hepatitis C virus infection, indicating a relationship between the IL28B genotype and gene expression before infection.23
The mechanism underlying the association
between the IL28B polymorphism and response
to hepatitis C treatment is not well understood.
The unfavorable TT genotype seems to lead to
continuous activation of a subset of interferon-
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stimulated genes in the presence of intracellular
hepatitis C viral RNA. But this level of expression is not sufficient to eliminate the virus from
the cells. Instead, it might lead to up-regulation
of interferon-inhibitory molecules that suppress
JAK-STAT signaling, thereby reducing sensitivity to interferon signaling. Therefore, the hepatocyte not only cannot clear the virus by itself,
but also cannot induce strong interferon-stimulated gene expression when interferon is given
during therapy.20–22
The recently identified ss469425590 polymorphism, which is located in close proximity
to rs12979860 in the IL28B gene, is particularly interesting, as it suggests a possible molecular mechanism. The delta G frameshift
variant creates a novel gene called IFNL4,
which is transiently activated in response to
hepatitis C virus infection.24 IFNL4 stimulates
STAT1 and STAT2 phosphorylation and induces the expression of interferon-stimulated
genes. Increased interferon-stimulated gene
expression has been shown to be associated
with decreased response to pegylated interferon-ribavirin treatment. These observations
suggest that the ss469425590 delta G allele
is responsible for the increased activation of
interferon-stimulated genes and the lower
sustained virologic response rate observed in
patients who receive pegylated interferonribavirin treatment. It is possible that the activation of interferon-stimulated genes in patients with the ss469425590 delta G/delta G
genotype reduces interferon-stimulated gene
responsiveness to interferon alpha, which normally activates interferon-stimulated genes
and inhibits hepatitis C progression.24
■■ IL28B POLYMORPHISM AND
ACUTE HEPATITIS C VIRUS INFECTION
From 70% to 80% of acute hepatitis C virus infections persist and become chronic, while 20%
to 30% spontaneously resolve. Epidemiologic,
viral, and host factors have been associated with
the differences in viral clearance or persistence,
and studies have found that a strong host immune response against the virus favors viral
clearance. Thus, variation in the genes involved
in the immune response may contribute to one’s
ability to clear the virus. Consistent with these
observations, recent studies have shown that the
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(More likely with CC
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Antiviral
therapy
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virologic
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FIGURE 3. IL28B rs12979860 polymorphism and the natural history of chronic hepatitis C
virus infection.

polymorphism in the IL28 gene region encoding
interferon lambda 3 strongly predicts spontaneous resolution of acute hepatitis C virus infection. People who have the IL28B CC genotype
are three times more likely to spontaneously
clear the virus than those with the CT or TT
genotype (FIGURE 3).24
■■ IL28B POLYMORPHISM AND THE
NATURAL HISTORY OF HEPATITIS C
In people in whom hepatitis C virus infection
persists, up to 20% develop progressive liver
fibrosis and eventually cirrhosis over 10 to 20
years.19,25,26 The speed at which fibrosis develops in these patients is variable and unpredictable.25 The relationship between IL28B
polymorphisms and hepatic fibrosis in patients
with chronic hepatitis C virus infection has
not been clearly established, although a study
indicated that in patients with a known date
of infection, the IL28B genotype is not associated with progression of hepatic fibrosis.27
Obstacles in this field of study are that it is
difficult to determine accurately when the patient contracted the virus, and that serial liver
biopsies are needed to investigate the progression of hepatic fibrosis.
Patients with chronic hepatitis C virus infection are also at higher risk of hepatocellular
carcinoma compared with the general population.28 An analysis of explanted livers of patients with hepatitis C found that the prevalence of hepatocellular carcinoma in those
with the unfavorable TT genotype was significantly higher than with the other genotypes.29
Similarly, an earlier study demonstrated that
patients with hepatitis C-associated hepatocellular carcinoma carried the T allele more
frequently.30 As with other aspects of IL28B
associations with hepatitis C, these findings

indicate that the C allele confers a certain degree of protection.
An important implication of these relationships is that they may eventually help
identify patients at greater risk, who therefore
need earlier intervention.
■■ IL28B POLYMORPHISM
AND LIVER TRANSPLANTATION
Hepatitis C virus infection always recurs after liver transplantation, with serious consequences that include cirrhosis and liver failure. Recurrent hepatitis C virus infection has
become an important reason for repeat transplantation in the United States.
Results of treatment with pegylated interferon and ribavirin for recurrent hepatitis C after liver transplantation have been disappointing, with response rates lower than 30% and
significant side effects.31 Identifying the factors
that predict the response to therapy allows for
better selection of treatment candidates.
Similar to the way the IL28B genotype predicts response to antiviral therapy in the nontransplant setting, the IL28B genotypes of both
the recipient and the donor are strongly and
independently associated with response to interferon-based treatment in patients with hepatitis C after liver transplantation. The IL28B
CC genotype in either the recipient or the donor is associated with a higher rate of response
to pegylated interferon and ribavirin combination therapy after liver transplantation.30,32 For
example, the response rate to therapy after liver
transplantation reaches 86% in CC-donor and
CC-recipient livers, compared with 0% in TTdonor and TT-recipient livers.
Additionally, the IL28B genotype of the
recipient may determine the severity of histologic recurrence of hepatitis C, as indicated by

70% to 80%
of hepatitis C
virus infections
persist, while
20% to 30%
spontaneously
resolve

C L E V E L A N D C L I N I C J O U R N A L O F M E D I C I N E   V O L U M E 8 2 • N U M B E R 2   F E B R U A RY 2 0 1 5

Downloaded from www.ccjm.org on November 28, 2021. For personal use only. All other uses require permission.

101

GENETICS AND HEPATITIS C

progressive hepatic fibrosis. A recipient IL28B
TT genotype is associated with more severe
histologic recurrence of hepatitis C.33
These data suggest that CC donor livers
might be preferentially allocated to patients
with hepatitis C virus infection.
■■ IL28B AND OTHER FACTORS
IN HEPATITIS C VIRUS INFECTION
Although it is tempting to think that the
IL28B polymorphism is the sole predictor of
response to antiviral therapy, it is but one of
several known factors in the virus and the host.
While IL28B polymorphisms are the most
important predictor of sustained virologic response with an interferon-based regimen, a
rapid virologic response (undetectable viral
load at 4 weeks) had superior predictive value
and specificity in one study.34 In fact, for patients with chronic hepatitis C infection who
achieved a rapid virologic response with pegylated interferon and ribavirin, the IL28B
polymorphism had no effect on the rate of sustained virologic response. However, it did predict a sustained virologic response in the group
who did not achieve rapid virologic response.
In a study of patients with acute hepatitis C
infection,35 jaundice and the IL28 rs12979860
CC genotype both predicted spontaneous
clearance. The best predictor of viral persistence was the combination of the CT or TT
genotype plus the absence of jaundice, which
had a predictive value of 98%.

People with CC
are three times
more likely to
spontaneously
clear the virus
than those
■■ IL28B AND THE FUTURE
with CT or TT
OF HEPATITIS C VIRUS THERAPY

New oral agents were recently approved for
treating hepatitis C. As of November 2014,
these included simeprevir, sofosbuvir, and ledipasvir.
Simeprevir is a second-generation NS3/4A
protease inhibitor approved for use in combination with pegylated interferon and ribavirin.
A recent phase 3 trial evaluating simeprevir in
patients who had relapsed after prior therapy
found sustained virologic response rates to be
higher with simeprevir than with placebo, irrespective of IL28B status.36 This finding was
similar to that of a trial of telaprevir.16
Sofosbuvir is a nucleotide analogue NS5B
polymerase inhibitor that becomes incorpo-
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rated into the growing RNA, inducing a chain
termination event.37 In phase 3 trials,38,39 researchers found an initial rapid decrease in
viral load for patients treated with this agent
regardless of IL28B status.
In the NEUTRINO trial (Sofosbuvir With
Peginterferon Alfa 2a and Ribavirin for 12
Weeks in Treatment-Naive Subjects With
Chronic Genotype 1, 4, 5, or 6 HCV Infection),38 which used sofusbuvir in combination
with interferon and ribavirin, the rate of sustained virologic response was higher in those
with the favorable CC genotype (98%) than
with a non-CC genotype (87%).
In COSMOS (A Study of TMC435 in
Combination With PSI-7977 [GS7977] in
Chronic Hepatitis C Genotype 1-Infected
Prior Null Responders to Peginterferon/
Ribavirin Therapy or HCV Treatment-Naive Patients),39 which used a combination of
simeprevir, sofosbuvir, and ribavirin, the rate
of sustained virologic response was higher in
those with the CC genotype (100%) than
with the TT genotype (83%; TABLE 1).
These new medications have radically
changed the landscape of hepatitis C therapy
and have also unlocked the potential for developing completely interferon-free regimens.
Other new interferon-free regimens such as
ledipasvir, daclatasvir, and asunaprevir promise high rates of sustained virologic response,
which makes the utility of testing for IL28B
polymorphisms to predict sustained virologic
response very much diminished (TABLE 1).40,41
However, these new drugs are expected to be
expensive, and IL28B polymorphisms may
be used to identify candidates who are more
likely to respond to pegylated interferon and
ribavirin, particularly in resource-poor settings and in developing countries. Additionally, patients who have contraindications to
these newer therapies will still likely need an
interferon-based regimen, and thus the IL28B
polymorphism will still be important in predicting treatment response and prognosis.
■■ IL28B WILL STILL BE RELEVANT
IN THE INTERFERON-FREE AGE
The IL28B polymorphism is a strong predictor of spontaneous clearance of hepatitis C
virus and responsiveness to interferon-based
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therapy, and testing for it has demonstrated a
great potential to improve patient care. IL28B
testing has become available for clinical use
and may optimize the outcome of hepatitis
C treatment by helping us to select the best
treatment for individual patients and minimizing the duration of therapy and the side
effects associated with interferon-based antiviral medications.
As newer therapies have shifted toward
interferon-free regimens that offer very high
sustained virologic response rates, the useful■■ REFERENCES

ness of IL28B polymorphism as a clinical test
to predict the response rate to antiviral therapy
is minimized substantially. It may remain clinically relevant in resource-poor settings and
in developing countries, especially in light of
the potentially prohibitive costs of the newer
regimens, and for patients in whom these treatments are contraindicated. This does not minimize the lesson we learned from the discovery
of the IL28B gene and the impact on our understanding of the pathogenesis of hepatitis C
■
virus infection.

1. Attia J, Ioannidis JP, Thakkinstian A, et al. How to use an article about
genetic association: A: background concepts. JAMA 2009; 301:74–81.
2. Samani NJ, Erdmann J, Hall AS, et al; WTCCC and the Cardiogenics
Consortium. Genomewide association analysis of coronary artery
disease. N Engl J Med 2007; 357:443–453.
3. Zeggini E, Weedon MN, Lindgren CM, et al; Wellcome Trust Case
Control Consortium (WTCCC). Replication of genome-wide association signals in UK samples reveals risk loci for type 2 diabetes.
Science 2007; 316:1336–1341.
4. Matarín M, Brown WM, Scholz S, et al. A genome-wide genotyping study in patients with ischaemic stroke: initial analysis and data
release. Lancet Neurol 2007; 6:414–420.
5. Easton DF, Pooley KA, Dunning AM, et al; AOCS Management
Group. Genome-wide association study identifies novel breast cancer susceptibility loci. Nature 2007; 447:1087–1093.
6. Plenge RM, Seielstad M, Padyukov L, et al. TRAF1-C5 as a risk locus
for rheumatoid arthritis—a genomewide study. N Engl J Med 2007;
357:1199–1209.
7. Coon KD, Myers AJ, Craig DW, et al. A high-density whole-genome
association study reveals that APOE is the major susceptibility gene
for sporadic late-onset Alzheimer’s disease. J Clin Psychiatry 2007;
68:613–618.
8. Ge D, Fellay J, Thompson AJ, et al. Genetic variation in IL28B predicts hepatitis C treatment-induced viral clearance (letter). Nature
2009; 461:399–401.
9. Ali A, Zein NN. Hepatitis C infection: a systemic disease with extrahepatic manifestations. Cleve Clin J Med 2005; 72:1005-1019.
10. Hanouneh IA, Feldstein AE, Lopez R, et al. Clinical significance of
metabolic syndrome in the setting of chronic hepatitis C virus infection. Clin Gastroenterol Hepatol 2008; 6:584–589.
11. Elgouhari HM, Zein CO, Hanouneh I, Feldstein AE, Zein NN. Diabetes
mellitus is associated with impaired response to antiviral therapy in
chronic hepatitis C infection. Dig Dis Sci 2009; 54:2699–2705.
12. Alkhouri N, Zein NN. Protease inhibitors: silver bullets for chronic
hepatitis C infection? Cleve Clin J Med 2012; 79:213–222.
13. McHutchison JG, Everson GT, Gordon SC, et al; PROVE1 Study Team.
Telaprevir with peginterferon and ribavirin for chronic HCV genotype 1 infection. N Engl J Med 2009; 360:1827–1838.
14. Jacobson IM, McHutchison JG, Dusheiko G, et al; ADVANCE Study
Team. Telaprevir for previously untreated chronic hepatitis C virus
infection. N Engl J Med 2011; 364:2405–2416.
15. Jacobson IM, Catlett I, Marcellin P, et al. Telaprevir substantially
improved SVR rates across all IL28B genotypes in the ADVANCE trial.
J Hepatol 2011; 54(suppl 1):S542–S543.
16. Pol S, Aerssens J, Zeuzem S, et al. Limited impact of IL28B genotype
on response rates in telaprevir-treated patients with prior treatment
failure. J Hepatol 2013; 58:883–889.
17. Suppiah V, Moldovan M, Ahlenstiel G, et al. IL28B is associated
with response to chronic hepatitis C interferon-alpha and ribavirin
therapy. Nat Genet 2009; 41:1100–1104.

18. Tanaka Y, Nishida N, Sugiyama M, et al. Genome-wide association
of IL28B with response to pegylated interferon-alpha and ribavirin
therapy for chronic hepatitis C. Nat Genet 2009; 41:1105–1109.
19. Thomas DL, Thio CL, Martin MP, et al. Genetic variation in IL28B and
spontaneous clearance of hepatitis C virus. Nature 2009; 461:798–801.
20. Rehermann B. Hepatitis C virus versus innate and adaptive immune
responses: a tale of coevolution and coexistence. J Clin Invest 2009;
119:1745–1754.
21. Marcello T, Grakoui A, Barba-Spaeth G, et al. Interferons alpha
and lambda inhibit hepatitis C virus replication with distinct signal
transduction and gene regulation kinetics. Gastroenterology 2006;
131:1887–1898.
22. Doyle SE, Schreckhise H, Khuu-Duong K, et al. Interleukin-29 uses
a type 1 interferon-like program to promote antiviral responses in
human hepatocytes. Hepatology 2006; 44:896–906.
23. Raglow Z, Thoma-Perry C, Gilroy R, Wan YJ. IL28B genotype and the
expression of ISGs in normal liver. Liver Int 2013; 33:991–998.
24. Prokunina-Olsson L, Muchmore B, Tang W, et al. A variant upstream
of IFNL3 (IL28B) creating a new interferon gene IFNL4 is associated with impaired clearance of hepatitis C virus. Nat Genet 2013;
45:164–171.
25. Hanouneh IA, Zein NN, Askar M, Lopez R, John B. Interleukin-28B
polymorphisms are associated with fibrosing cholestatic hepatitis
in recurrent hepatitis C after liver transplantation. Clin Transplant
2012; 26:E335–E336.
26. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 1997; 349:825–832.
27. Thomas DL, Astemborski J, Rai RM, et al. The natural history of
hepatitis C virus infection: host, viral, and environmental factors.
JAMA 2000; 284:450–456.
28. Bochud PY, Cai T, Overbeck K, et al; Swiss Hepatitis C Cohort Study
Group. Genotype 3 is associated with accelerated fibrosis progression in chronic hepatitis C. J Hepatol 2009; 51:655–666.
29. Marabita F, Aghemo A, De Nicola S, et al. Genetic variation in the
interleukin-28B gene is not associated with fibrosis progression
in patients with chronic hepatitis C and known date of infection.
Hepatology 2011; 54:1127–1134.
30. Fabris C, Falleti E, Cussigh A, et al. IL-28B rs12979860 C/T allele
distribution in patients with liver cirrhosis: role in the course of
chronic viral hepatitis and the development of HCC. J Hepatol 2011;
54:716–722.
31. Eurich D, Boas-Knoop S, Bahra M, et al. Role of IL28B polymorphism
in the development of hepatitis C virus-induced hepatocellular
carcinoma, graft fibrosis, and posttransplant antiviral therapy. Transplantation 2012; 93:644–649.
32. Hanouneh IA, Miller C, Aucejo F, Lopez R, Quinn MK, Zein NN.
Recurrent hepatitis C after liver transplantation: on-treatment prediction of response to peginterferon/ribavirin therapy. Liver Transpl
2008; 14:53–58.

C L E V E L A N D C L I N I C J O U R N A L O F M E D I C I N E   V O L U M E 8 2 • N U M B E R 2   F E B R U A RY 2 0 1 5

Downloaded from www.ccjm.org on November 28, 2021. For personal use only. All other uses require permission.

103

GENETICS AND HEPATITIS C

33. Charlton MR, Thompson A, Veldt BJ, et al. Interleukin-28B polymorphisms are associated with histological recurrence and treatment
response following liver transplantation in patients with hepatitis C
virus infection. Hepatology 2011; 53:317–324.
34. Thompson AJ, Muir AJ, Sulkowski MS, et al. Interleukin-28B polymorphism improves viral kinetics and is the strongest pretreatment
predictor of sustained virologic response in genotype 1 hepatitis C
virus. Gastroenterology 2010; 139:120–129.e18.
35. Beinhardt S, Payer BA, Datz C, et al. A diagnostic score for the
prediction of spontaneous resolution of acute hepatitis C virus
infection. J Hepatol 2013; 59:972–977.
36. Forns X, Lawitz E, Zeuzem S, et al. Simeprevir with peginterferon
and ribavirin leads to high rates of SVR in patients with HCV
genotype 1 who relapsed after previous therapy: a phase 3 trial.
Gastroenterology 2014; 146:1669–1679.e3.
37. Sofia MJ, Bao D, Chang W, et al. Discovery of a ß-d-2’-deoxy-2’-ßfluoro-2’-ß-C-methyluridine nucleotide prodrug (PSI-7977) for the
treatment of hepatitis C virus. J Med Chem 2010; 53:7202–7218.

104

38. Lawitz E, Mangia A, Wyles D, et al. Sofosbuvir for previously untreated chronic hepatitis C infection. N Engl J Med 2013; 368:1878–
1887.
39. Sulkowski MS, Jacobson IM, Ghalib R, et al. Once-daily simeprevir
(TMC435) plus sofosbuvir (GS-7977) with or without ribavirin in HCV
genotype 1 prior null responders with metavir F0-2: COSMOS study
subgroup analysis. 49th EASL, April 2014, London. Oral abstract O7.
www.natap.org/2014/EASL/EASL_46.htm. Accesed January 9, 2015.
40. Lok AS, Gardiner DF, Lawitz E, et al. Preliminary study of two antiviral agents for hepatitis C genotype 1. N Engl J Med 2012; 366:216–
224.
41. Afdhal N, Zeuzem S, Kwo P, et al; ION-1 Investigators. Ledipasvir
and sofosbuvir for untreated HCV genotype 1 infection. N Engl J
Med 2014; 370:1889–1898.
ADDRESS: Nizar N. Zein, MD, Department of Gastroenterology and
Hepatology, A100, Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH
44195; e-mail: zeinn@ccf.org

C L E V E L A N D C L I N I C J O U R N A L O F M E D I C I N E   V O L U M E 8 2 • N U M B E R 2   F E B R U A RY 2 0 1 5

Downloaded from www.ccjm.org on November 28, 2021. For personal use only. All other uses require permission.

