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Pegylated interferon-alfa plus ribavirin therapies for chronic hepatitis C
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ABSTRACT

Until HCV NS3/4A protease inhibitors become available at the end of 2011, the combination
pegylated-interferon (PEG-IFN)-alfa and ribavirin (RBV) will remain the standard treatment for
chronic hepatitis C patients. In some hepatitis C virus-infected patients, PEG-IFN plus RBV treatment
against HCV should continue to be used because of side effects of new drugs such as anemia. Our
Japanese experiences should provide new information for the treatment of chronic hepatitis C.

Keywords: Direct-acting antiviral agents (DAA), HCV, pegylated
interferon, ribavirin, standard of care (SOC)

INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic
hepatitis, cirrhosis and hepatocellular carcinoma (HCC)
in Japan' as well as in the U.S.%2 3 and in European
countries.* % Chronic hepatitis C is also a major reason
for liver transplantation. Until HCV NS3/4A protease
inhibitors become available in the near future,® the
combination pegylated-interferon (PEG-IFN)-alfa
and ribavirin (RBV) is the standard of care (SOC) for
chronic hepatitis C patients, except in situations where
there are contraindications to RBV. Before treatment,
genotype identifications are clinically important because
genotypes 1 and 4 are more resistant than genotypes 2
and 3.7 This treatment for 48 weeks attains only ~ 50
% sustained virological response (SVR) in patients with
HCV genotype 1 and high viral loads, who in our study
were mostly null-responders or relapsers. Among HCV
genotypes other than genotype 1, especially genotype
4 patients showed only 40 — 70 % SVR by this 48-
week treatment.® When patients with genotypes 2- and
3-patients are adequately treated with a 24-week course,
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SVR rates approach 80 %.% Throughout the four main
islands of Japan, the prevalence of genotypes 1 and
2 is similar: HCV genotypes 1 and 2 are ~ 70 % and
~ 30 %, respectively.® In Asian countries, genotypes
1 - 6 are seen.'’” There are also important issues to
clarify regarding the benefit of a 72-week extended
duration therapy in genotype 1-slow responders and
an adequate shortened duration therapy in genotype
1- and genotype 2/3-rapid responders.' Although
no vaccines for HCV are available yet, HCV NS3/4A
protease inhibitors are expected to be available in the
near future. In this review, we have documented the
response patterns in PEG-IFN-alfa plus RBV therapies
from our experiences. We believe that these findings
will be useful while making decisions about whether
protease inhibitors should be added or not.

Pegylated-interferon (PEG-IFN)

IFN has a very short half-life, must usually be
administered multiple times per week, and is associated
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with significant side effects. “PEGylation” is a process
whereby the inert polymer, polyethylene glycol (PEG),
attached to a protein, resulting in the properties of
PEGylated proteins in a manner that significantly extends
the half-life, reduces immunogenicity and enhances
anti-viral activity. PEG-IFNs have a significantly
prolonged half-life and improved SVR when compared
with standard IFN.'2 There are two kinds of PEG-IFNs.
Covalent attachment of a 40-kd branched-chain PEG
moiety to IFN alfa-2a results in a compound (PEG-IFN
alfa-2a) that has sustained absorption, a slower rate of
clearance, and a longer half-life than unmodified IFN
alfa-2a.’™ PEG-IFN alfa-2b consists of a conjugate of
straight-chain PEG (molecular weight, 12-kd) and IFN
alfa-2b in a 1:1 ratio. The main effects of pegylated
proteins are to delay clearance and prolong half-
life, allowing for less-frequent dosing and possibly
increased efficacy.”*'® These two compounds differ
markedly in size, structure, site of attachment of the
PEG moiety, and type of bond involved in pegylation,
which ultimately confer different pharmacokinetics
and biological activity.'® In patients infected with HCV
genotype 1, the rates of sustained virological response
and tolerability did not differ significantly between the
two available PEG-IFN plus RBV regimens,'”'® although
there are several disputes.'® 2°

IFN lambda 1 [interleukin-29 (IL-29)] is a type Il IFN
that produces intracellular responses similar to those
of IFN alfa but in fewer cells because of differences
in the receptor distribution pattern, and this could

potentially result in improved safety profiles. Now, the
pegylated form of IFN lambda 1 is under development
(Table 1). Albumin is a natural carrier molecule with a
long half-life. Albinterferon alfa-2b (alblFN) is a single
polypeptide comprising human IFN alfa-2b genetically
fused to human albumin and is also under clinical trials
(Table 1).

Ribavirin (RBV)

The synthetic guanosine analogue RBV (1-R-D-
ribofuranosyl-1,2,4-triazole-3-carboxamide) has shown
action against a range of DNA and RNA viruses, and is
available in oral form.2" RBV monotherapy does not have
strong anti-HCV activities,?% 23 but when combined with
PEG-IFN, RBV can improve the treatment response.
There are several mechanisms of RBV (Table 2). It has
been reported that RBV acts as a mutagen, resulting
in error catastrophe,?*?¢ and inhibits the HCV RNA-
dependent RNA polymerase.?’” RBV is an inhibitor of the
inosine monophoshate dehydrogenase (IMPDH) enzyme,
resulting in depletion of intracellular guanosine pools,
which are needed for efficient viral replication.?® 2° RBV
has also been shown to stimulate a T helper 1 antiviral
response that favours viral clearance.®® Thomas et al.?’
reported that RBV potentiates IFN action by augmenting
IFN-stimulated gene (ISG) induction in HCV. Given the
increased response rates to therapy observed with PEG-
IFN compared with standard IFN, it is natural to assess
the combination of PEG-IFN-alfa plus RBV.® It has
been shown that equilibrative nucleoside transporter

Table 1 Comparison of pegylated-interferon (PEG-IFN), standard interferon and so on.

Drugs Type of IFN Fusion protein(s) Half-life/ administration

Natural IFN alfa IFN alfa - ~6-hour/ 3-6MU thrice weekly
IFN alfa-2a IFN alfa-2a - ~ 6-hour/ BMU thrice weekly

IFN alfa-2b IFN alfa-2b - ~6-hour/ 6MU thrice weekly

IFN beta IFN beta - ~6-hour/ 6MU (i.v.) thrice weekly
PEG-IFN alfa-2a IFN alfa-2a branched-chain PEG (40-kd) 72.4-hour/ 45-180ug per weekly
PEG-IFN alfa-2b IFN alfa-2b straight-chain PEG (12-kd) ~45-hour/ 0.5-1.5ug/kg weekly
Albumin IFN alfa-2b IFN alfa-2b albumin (66-kd) ~ 20 days /900~ 1,200ug g2wk
PEG-IFN lambda-1 IFN lambda-1 linear-chain PEG (20-kd) ~4-days /1.5ug/kg weekly

MU, million units; i.v., intravenously; IFN-lambda-1, interleukin-29 (IL29);q2wk, every 2 weeks.85-8

Table 2 Mechanism of action ribavirin (RBV).

RBV acts as a mutagen, resulting in error catastrophe

RBV inhibits the hepatitis C virus RNA-dependent RNA polymerase (HCV NS5B)

RBV is an inhibitor of the IMPDH enzyme,

resulting in depletion of intracellular guanosine pools
RBV has an effects on an immune system

RBV potentiates IFN action

NS5B, non-structural protein 5B; IMPDH, inosine monophoshate dehydrogenase.
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1 (ENT1), ENT2, concentrative nucleoside transporter
2 (CNT2), and CNT3 can transport RBV but CNT1
cannot.®? It has also been shown that their mRNAs are
expressed human liver. Fukuchi et al.®® reported that
ENT1, but not ENT2 or CNTs, is a major RBV uptake
transporter in human hepatocytes.

One of the side effects of RBV is anaemia, which could
make heart disease worse. RBV also has a teratogenic
effect. Female patients and the female partners of male
patients should avoid getting pregnant. Clinicians should
always pay attention to these side effects.

PEG-IFN monotherapy for chronic hepatitis C

Three large randomized controlled trials of comparison
monotherapy with PEG-IFN and standard IFN were
performed to determine their efficacies.®*%¢ Response
rates to monotherapy with PEG-IFN were 23 ~ 39 %
when 52 ~ 70 % had genotype 1 in these studies. On
the other hand, PEG-IFN-alfa-2a without RBV induces
SVR in some transplant recipients with recurrent
hepatitis C3” or in some dialysis patients infected with
HCV.%8 In patients with cirrhosis, IFN, either alone or in
combination with ribavirin, has been used cautiously,
largely because it may exacerbate existing neutropenia
and thrombocytopenia.®® In general, PEG-IFN-alfa-2a
monotherapy was better tolerated than the combination
with RBV, although PEG-IFN-alfa-2a monotherapy was
associated with a ~ 20 % rate of SVR in patients
infected with HCV genotype 1.%* However, in some
cases, and especially in older patients, RBV cannot be
administered because of possible side effects, including
severe anemia. As patients tend to be older in Japan
compared to Western countries, more therapeutic
options are needed.®® According to our experiences,
PEG-IFN-alfa-2a monotherapy (180 ug/week) for
24 weeks or less was possibly sufficient for treating
selected patients with HCV genotype 2, especially
those with a low viral load and obtaining rapid virological
response (RVR, negative for HCV RNA by week 4 of
treatment) (data not shown). For some genotype non-1
patients, PEG-IFN-alfa-2a monotherapy might be useful
leading to SVR. Prolonged therapy of advanced chronic
hepatitis C with low-dose PEG-IFN did not reduce the
rate of disease progression.*® Long-term PEG-IFN does
not reduce the incidence of HCC among patients with
advanced hepatitis C who have not achieved SVRs,*
and is associated with excess overall mortality, which
was primarily due to non-liver-related causes among
patients with bridging fibrosis.*?

Combination PEG-IFN with RBV

The main goal of treatment in chronic hepatitis C is
the prevention of cirrhosis and HCC. Eradication of
HCV by IFN treatment reduced the risk for HCC.43 45
RVR, defined as undetectable HCV RNA at week 4
of treatment, predicts a high likelihood of achieving
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We investigated 76 patients infected with HCV of
genotype 1 patients who were treated with PEG-IFN-
alfa 2a plus RBV for 48 weeks. 36.8 % had SVR, 17.1
% did not respond, and 21.0 % discontinued treatment
due to side effects. In the 46 treatment-naive patients,
45.6 % had SVR, 21.7 % relapsed, 6.5 % did not
respond, and 26.0 % discontinued treatment due to
side effects. In the 30 previously treated patients,
23.3 % had SVR, 10.0 % relapsed, 53.3 % did not
respond, and 13.3 % discontinued treatment due to
side effects.*” Extending the treatment duration from 48
to 72 weeks in genotype 1-infected patients with late
virological response improved SVR.*® 4% However, the
proportion of patients with a late virological response
that might benefit from a 72-week therapy appears
to be small, so specifically-targeted antiviral therapies
against HCV (STAT-C) or direct-acting antiviral agents
(DAAs) should be considered for such patients.5 %°

The current SOC for patients infected with genotype
2 HCV is the combination of PEG-IFN plus RBV for 24
weeks.® We investigated 138 consecutive Japanese
HCV-positive patients and 21, 97 and 20 patients were
treated with PEG-IFN-alfa 2b plus RBV for 16, 24 and
48 weeks, respectively.®" The overall SVR rate was
82.6 %: treatment-naive patients, 86.4 %; patients
with history of previous treatment, 71.4 %. Patients
treated for 16, 24 and 48 weeks obtained SVR rates
of 66.6 %, 86.5 % and 80.0 %, respectively. More
accuracy of patient selection may be needed to allow
shortening of the combination treatment.5? 53

Special situations and host factors influencing treatment
outcomes

Anemia is more common in those with human
immunodeficiency virus (HIV) co-infection,®* renal
insufficiencies,3® % tharassemia,%® solid-organ
transplants®” %8¢ or cirrhosis.’® ¢ Monotherapy is
considered the first-line therapy in these patients on
a case-by-case basis. Attention should also be paid to
children,®" pregnant women®? and the elderly.®® The
combination of antiretroviral (ARV) therapies introduced
at the end of the 1990s profoundly changed the natural
history of HIV infection. Liver diseases are one of the three
primary causes of ‘non-AIDS-related’ death in people
infected with HIV.5* HCV infection is also a major health
problem in patients with end-stage renal disease (ESRD).
Approximately one-third of the patients can achieve a
SVR after standard IFN or PEG-IFN monotherapy. ESRD
patients infected with HCV should be encouraged to
receive antiviral therapy.®® Patients with B-thalassemia
major receive chronic blood transfusions and have an
increased prevalence of chronic HCV infection. The
prevalence of chronic hepatitis C infection ranges from
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25 to 75 % in thalassemic patients.®® HCV infection
recurs after liver transplantation and progression is
accelerated in the graft. It is well-known that severe
hepatitis C recurrence (cholestatic hepatitis) and
forms with rapid fibrosis progression have a poor
survival retransplantation. To avoid retransplantation,
we prevent severe hepatitis C recurrence by antiviral
therapies.®® We should treat patients with compensated
cirrhosis except when included on the transplant list.5®
It is generally accepted that SVR should be obtained
when cirrhotic patients are treated.®® RBV introduces
mutations into HCV genomes. 2 Clinicians should not use
RBV for pregnant women and should pay attention to
its use in children. We also reported that the occurrence
of HCC was not a rare event during and immediately
after antiviral treatment in HCV-positive patients and a
regular check for the possible development of HCC is
needed especially in elderly patients.®®

IL28B genotypes and treatment outcomes

Recent genome-wide association studies (GWASs) of
patients infected with HCV showed a strong association
between the single nucleotide polymorphisms (SNPs)
close to the gene encoding IFN lambda-3 (IL28B) and
SVR in HCV genotype 1-infected patients treated with
PEG-IFN-alfa plus RBV.%% The distribution of these SNPs
might account for the differences in treatment response
among East Asians, Europeans and Africans.®*%” We
also determined IL28B rs8099917 SNP and revealed
that the proportion of null virological responders in the
combined TG/GG group was significantly higher than
that in the TT group, suggesting that minor allele is
one of the important factors playing crucial roles in IFN
resistance in HCV genotype 1 patients.®® It was reported
that Taiwanese patients with CHC receiving PEG-IFN
plus RBV therapy have a lower daily viral production
rate than Western patients, and the rs8099917 TT
genotype may contribute to the increased viral clearance
rate and better virological responses in these patients.5®
The reduction of HCV RNA after 7 days of therapy was
more pronounced in patients with CC(rs12979860)
or TT(rs8099917) than in patients carrying
TT(rs12979860) or GG(rs8099917), respectively.5®
Concomitant assessment of pretreatment IFN-gamma
inducible protein-10 (IP-10) and IL28B-related SNPs
augments the prediction of the first phase decline in
HCV RNA, RVR, and the final therapeutic outcome.”®
A combined assessment of these SNPs in conjunction
with other response predictors may better predict the
outcome in difficult-to-treat patients.®® IL28B gene
testing may identify patients carrying genotype 2 or
3 who could benefit from extended treatment.”' The
rs8099917 TT genotype is significantly independent
predictive of RVR, which is the single best predictor of
SVR, in Asian HCV genotype 2 patients.”?
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To improve the treatment response

The quantitation of serum levels of HCV RNA in
chronic hepatitis C has been regarded as providing one
of the most important indicators for the outcome of
IFN-based therapy because SVR can be expected in
patients with a low virus load.”® A RVR predicts a high
likelihood of achieving SVR.#¢ Early virological response
(EVR), in which HCV RNA disappears [complete EVR
(cEVR)] or shows 2-log-reduction at 12 weeks [partial
EVR (pEVR)I, is the most accurate predictor of not
achieving SVR.*¢ 7475 However, to determine whether
the patient’s treatment duration could be shortened,
RVR is more important than EVR for predicting SVR,
and patients with RVR have a good chance of achieving
SVR and thus may not need newer antiviral therapy.®
In the near future, we will use DAAs with and later
without IFN HCV RNA testing will be done at weeks
1 - 4, and HCV RNA negativity will be the preferred
parameter for determining the duration of therapy.*’
The utilization of both undetectable RNA and < 1.7
Log IU/mL HCV RNA by COBAS TagMan HCV test, one
of highly sensitive methods, is useful and could predict
SVR and non-SVR patients with greater accuracy.*’” To
obtain better SVR rates, better RVR rates are needed
in the present therapies. IFN reduced the risk for HCC,
especially among patients with SVR.7% 77 It is important
to accurately judge whether the patient obtained SVR
or not.

Future prospects for anti-HCV therapies

At the end of 2011, telaprevir and boceprevir, which
are potent oral protease inhibitors that bind to the HCV
genotype 1 non-structural 3 (NS3) active site, will be
available for use for HCV treatment. ¢ 788" Telaprevir
with PEG-IFN plus RBV, as compared with PEG-IFN plus
RBV alone, was associated with significantly improved
SVR rates in HCV genotype 1 treatment-naive patients,
with only 24 weeks of therapy administered in the
majority of patients.®' The addition of boceprevir to SOC,
as compared with SOC alone, significantly increased
the SVR rates in HCV genotype 1 treatment-naive
patients, t00.”° The rates were similar with 24 weeks
and 44 weeks of boceprevir.”® For retreatment of HCV
infection, telaprevir®® combined with SOC or boceprevir’®
combined with SOC improved SVR rates. Almost all
STATs-C and DAAs have to be used with combination
of PEG-IFN plus RBV (Table 3).% 7887 Many patients
are either unsuitable for or decline current treatment
because of the significant side-effects associated with
PEG-IFN plus RBV therapies, including those with
decompensated cirrhosis or severe psychiatric illness.??
It is hoped that the combination of multiple DAAs which
target different steps of HCV replication should provide
a IFN-free treatment regimen.8% 84
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Table 3 Treatments and their duration for chronic hepatitis C

Treatment Duration (weeks) Naive Genotype
PEG-IFN monotherapy®® 24 Yes 2/3
PEG-IFN plus RBV 24 Yes 2/3
PEG-IFN plus RBV 48 No 2/3
PEG-IFN plus RBV 48 Yes 1
PEG-IFN plus RBV 48 No (relapser) 1
PEG-IFN plus RBV 72 Yes (LVR) 1
PEG-IFN, RBV plus Telaprevir®86° 24~48 Any 1
PEG-IFN, RBV plus Boceprevir®6¢7 32~48 Any 1

PEG-IFN, pegylated interferon; RBV, ribavirin; Naive, treatment-naive; LVR, late virological responder.

CONCLUSIONS

STAT-C and DAAs such as telaprevir and boceprevir
should become available near the end of 2011. ¢ 7&
81 Rates of anaemia were higher among these drug
containing regimens, and many patients required

erythropoietin treatment, although these drugs added
to PEG-IFN plus RBV lead to high rates of SVR in
difficult-to-treat patients compared with SOC. Until
we have new therapies with more effective outcomes
and better-tolerated side effects, PEG-IFN plus RBV
treatment should be used in certain patients infected
with HCV.

REFERENCES

1. Saito I, Miyamura T, Ohbayashi A, Harada H, Katayama T,
Kikuchi S, et al. Hepatitis C virus infection is associated with
the development of hepatocellular carcinoma. Proc Natl Acad
Sci USA. 1990;87(17):6547-9.

2. Di Bisceglie AM. Hepatitis C and hepatocellular carcinoma.
Hepatology. 1997;26(3 Suppl 1):345-38S.

3. Kanda T, Imazeki F, Yokosuka O. New antiviral therapies for
chronic hepatitis C. Hepatol Int. 2010;4(3):548-61.

4. Bartosch B, Thimme R, Blum HE, Zoulim F. Hepatitis C virus-
induced hepatocarcinogenesis. ] Hepatol. 2009;51(4): 810-20.

5. Garcia-Fulgueiras A, Garcia-Pina R, Morant C, Garcia-
Ortuzar V, Génova R, Alvarez E. Hepatitis C and hepatitis
B-related mortality in Spain. Eur ] Gastroenterol Hepatol.
2009;21(8):895-901.

6. Grant WC, Jhaveri RR, McHutchison JG, Schulman KA, Kauf
TL. Trends in health care resourse use for hepatitis C virus
infection in the United States. Hepatology. 2005;42(6):1406-
13.

7. Simmonds P, Bukh J, Combet C, Deleage G, Enomoto N,
Feinstone S, et al. Consensus proposals for a unified system
of nomenclature of hepatitis C virus genotypes. Hepatology.
2005;42(4):962-73.

8. Di Bisceglie AM, Hoofnagle JH. Optimal therapy of hepatitis
C. Hepatology. 2002;36(5 Suppl 1):5121-5127.

9. Yamada G, Tanaka E, Miura T, Kiyosawa K, Yano M,
Matsushima T, et al. Epidemiology of genotypes of hepatitis
C virus in Japanese patients with type C chronic liver
diseases: a multi-institution analysis. ] Gastroenterol Hepatol.
1995;10(5):538-45.

10. Gravitz L. Introduction: a smouldering public-health crisis.

Nature. 2011;474:52-54.

JNMA | vOL 51 NO. 1

ISSUE 181

11. Di Martino V, Richou C, Cervoni JP, et al. Response-guided
peg-interferon plus ribavirin treatment duration in chronic
hepatitis C: meta-analyses of randomized controlled trials

and implications for the future. Hepatology. 2011 (in press).

12. Shiffman ML. Pegylated interferons: what role will they play
in the treatment of chronic hepatitis C? Curr Gastroenterol

Rep. 2001;3(1):30-7.

13. Zeuzem S, Feinman SV, Rasenack ], et al. Peginterferon
alfa-2a in patients with chronic hepatitis C. N Engl ] Med.

2000;343(23):1666-72.

14. Glue P, Fang JW, Rouzier-Panis R, et al. Pegylated interferon-
a-2b: pharmacokinetics, pharmacodynamics, safety, and
preliminary efficacy data. Clin Pharmacol Ther. 2000;68(5):556-

67.

. Buti M, Sanchez-Avila F, Lurie Y, et al. Viral kinetics in
genotype 1 chronic hepatitis C patients during therapy with
2 different doses of peginterferon alfa-2b plus ribavirin.
Hepatology. 2002;35(4):930-6.

16. Aghemo A, Rumi MG, Colombo M. Pegylated interferons
alpha2a and alpha2b in the treatment of chronic hepatitis C.

Nat Rev Gastroenterol Hepatol. 2010;7(9):485-94.

17. McHutchison JG, Lawitz EJ, Shiffman ML, et al. Peginterferon
alfa-2b or alfa-2a with ribavirin for treatment of hepatitis C

infection. N Engl ] Med. 2009;361(6):580-93.

18. Di Bisceglie AM, Ghalib RH, Hamzeh FM, Rustgi VK. Early
virologic response after peginterferon alpha-2a plus ribavirin
or peginterferon alpha-2b plus ribavirin treatment in patients

with chronic hepatitis C. ] Viral Hepat. 2007;14(10):721-9.

19. Awad T, Thorlund K, Hauser G, Stimac D, Mabrouk M,
Gluud C. Peginterferon alpha-2a is associated with higher

sustained virological response than peginterferon alfa-2b in

JAN-MARCH, 2011



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Kanda et al. Pegylated interferon-alfa plus ribavirin therapies for chronic hepatitis C

chronic hepatitis C: systemic review of randomized trials.
Hepatology. 2010;51(4):1176-84.

Zur Wiesch JS, Pudelski N, Hoepner L, et al. “Real-Life”
comparison of pegylated-interferon 2a versus 2b combination
therapy of chronic hepatitis Hepatology.
2011;53(4):1405-6.

C virus.

Sidwell RW, Huffman JH, Khare GP, Allen LB, Witkowski
JT, Robins RK. Broad-spectrum antiviral activity of Virazole:
1-beta-D-ribofuranosyl-1,2,4-triazole-3-carboxamide. Science.
1972;177(50):705-6.

Kakumu S, Yoshioka K, Wakita T, Ishikawa T, Takayanagi
M, Higashi Y. A pilot study of ribavirin and interferon beta
for the treatment of chronic hepatitis C. Gastroenterology.
1993;105(2):507-12.

Pawlotsky JM, Dahari H, Neumann AU, et al. Antiviral
action of ribavirin in chronic hepatitis C. Gastroenterology.
2004;126(3):703-14.

Crotty S, Maag D, Arnold JJ, et al. The broad-spectrum
antiviral ribonucleoside ribavirin is an RNA virus mutagen.
Nat Med. 2000;6(12):1375-9.

Contreras AM, Hiasa Y, He W, Terella A, Schmidt EV, Chung
RT. Viral RNA mutations are region specific and increased by
ribavirin in a full-length hepatitis C virus replication system.
J Virol. 2002;76(17):8505-17.

Kanda T, Yokosuka O, Imazeki F, et al. Inhibition of
subgenomic hepatitis C virus RNA in Huh-7 cells:
ribavirin induces mutagenesis in HCV RNA. ] Viral Hepat.
2004;11(6):479-87.

Maag D, Castro C, Hong Z, Cameron CE. Hepatitis C
virus RNA-dependent RNA polymerase (NS5B) as a
mediator of the antiviral activity of ribavirin. J Biol Chem.
2001,;276(49):46094-8.

Malinoski F, Stollar V. Inhibitors of IMP dehydrogenase
prevent sindbis virus replication and reduce GTP levels in
Aedes albopictus cells. Virology. 1981;110(2):281-9.

Zhou S, Liu R, Baroudy BM, Malcolm BA, Reyes GR. The
effect of ribavirin and IMDH inhibitors on hepatitis C virus
subgenomic replicon RNA. Virology. 2003;310(2):333-42.

Tam RC, Pai B, Bard ], et al. Ribavirin polarizes human T
cell responses towards a Type 1 cytokine profile. ] Hepatol.
1999;30(3):376-82.

Thomas E, Feld J], Li Q, Hu Z, Fried MW, Liang TJ. Ribavirin
potentiates interferon action by augmenting interferon-
stimulated gene induction in hepatitis C virus cell culture
models. Hepatology. 2011;53(1):31-41.

Yamamoto T, Kuniki K, Takekuma Y, Hirano T, Iseki
K, Sugawara M. Ribavirin uptake by cultured human
choriocarcinoma (BeWo) cells and Xenopus laevis oocytes
expressing recombinant plasma membrane human nucleoside
transporters. Eur ] Pharmacol 2007;557(1):1-8.

Fukuchi Y, Furihata T, Hashizume M, likura M, Chiba K.
Characterization of ribavirin uptake systems in human
hepatocytes. ] Hepatol. 2010;52(4):486-92.

Zeuzem S, Feinman SV, Rasenack ], et al. Peginterferon
alfa-2a in patients with chronic hepatitis C. N Engl ] Med.

JNMA | vVOL 51 NO. 1

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

ISSUE 181

2000;343(23):1666-72.

Heathcote EJ, Shiffman ML, Cooksley WG, et al. Peginterferon
alfa-2a in patients with chronic hepatitis C and cirrhosis. N
Engl ] Med. 2000;343(23):1673-80.

Lindsay KL, Trepo C, Heintges T, et al. A randomized,
double-blind trial comparing pegylated interferon alfa-2b to
interferon alfa-2b as initial treatment for chronic hepatitis C.
Hepatology. 2001;34(2):395-403.

Angelico M, Petrolati A, Lionetti R, et al. A randomized study
on peg-interferon alfa-2a with or without ribavirin in liver
transplant recipients with recurrent hepatitis C. ] Hepatol.
2007;46(6):1009-17.

Liu CH, Liang CC, Lin JW, et al. Pegylated interferon alpha-
2a versus standard interferon alpha-2a for treatment-naive
dialysis patients with chronic hepatitis C: a randomised
study. Gut. 2008;57(4):525-30.

Kanda T, Imazeki F, Mikami S, et al. Occurrence of
hepatocellular carcinoma was not a rare event during and
immediately after antiviral treatment in Japanese HCV-
positive patients. Oncology. 2011;80(5-6):366-72..

Di Bisceglie AM, Shiffman ML, Everson GT, et al. Prolonged
therapy of advanced chronic hepatitis C with low-dose
peginterferon. N Engl ] Med. 2008; 359(23):2429-41.

Lok AS, Everhart JE, Wright EC, et al. Maintenance
peginterferon therapy and other factors associated with
hepatocellular carcinoma in patients with advanced hepatitis
C. Gastroenterology. 2011;140(3):840-9.

Di Bisceglie AM, Stoddard AM, Dienstag JL, et al. Excess
mortality in patients with advanced chronic hepatitis C treated
with long-term peginterferon. Hepatology. 2011;53(4):1100-8.

George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL,
Hoffmann ], Di Bisceglie AM. Clinical, virologic, histologic,
and biochemical outcomes after successful HCV therapy: a
5-year follow-up of 150 patients. Hepatology. 2009;49(3):729-
38.

Morgan TR, Ghany MG, Kim HY, et al. Outcome of sustained
virological responders with histologically advanced chronic
hepatitis C. Hepatology. 2010;52(3):833-44.

Kanda T, Imazeki F, Shuang W, Nakamoto S, Yokosuka O.
The assessment of serum HCV RNA 12 weeks after the end
of treatment using TagMan Polymerase Chain Reaction is
less relevant than after 24 weeks for predicting Sustained
Virological Response. Hepatology. 2011 (in press).

Ghany MG, Strader DB, Thomas DL, Seef LB. Diagnosis,
management, and treatment of hepatitis C: an update.
Hepatology. 2009;49(4):1335-74.

Kanda T, Imazeki F, Yonemitsu Y, et al. Quantification of
hepatitis C virus in patients treated with peginterferon-alfa
2a plus ribavirin treatment by COBAS TagMan HCV test. ]
Viral Hepat. 2011;18(7):e292-7..

Parikh M, Singh A, Sood G. Extended treatment duration
for treatment naive chronic hepatitis C genotype 1 late viral
responders: a meta-analysis comparing 48 weeks vs 72
weeks of pegylated interferon and ribavirin. ] Viral Hepat.
2011;18(4):€99-103.

JAN-MARCH, 2011



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Khanda et al. Pegylated interferon-alfa plus ribavirin therapies for chronic hepatitis C

Oze T, Hiramatsu N, Yakushijin T, et al. The efficacy of
extended treatment with pegylated interferon plus ribavirin
in patients with HCV genotype 1 and slow virologic response
in Japan. ] Gastroenterol. 2011;46(7):944-52.

Gaglio PJ, Moss N, McGaw C, Reinus J. Direct-acting antiviral
therapy for hepatitis C: attitudes regarding future use. Dig
Dis Sci. 2011;56(5):1509-15.

Kanda T, Imazeki F, Azemoto R, et al. Response to
peginterferon-alfa 2b and ribavirin in Japanese patients with
chronic hepatitis C genotype 2. Dig Dis Sci. 2011 (in press).

Lagging M, Wejstal R, Uhnoo I, Gerden B, Fischler B, Friman
S, et al. Treatment of hepatitis C virus infection: updated
Swedish consensus recommendations. Scand ] Infect Dis.
2009;41(6-7):389-402.

Lagging M, Langeland N, Pedersen C, et al. Weight-adjusted
dosing of ribavirin and importance of hepatitis C virus RNA
below 1000 IU/mL by day 7 in short-term peginterferon
therapy for chronic genotype 2/3 hepatitis C virus infection.
Hepatology. 2008;48(2):695.

Mallet V, Vallet-Pichard A, Pol S. The impact of human
immunodeficiency virus on viral hepatitis. Liver Int.
2011;31(Suppl 1):135-9.

Liu CH, Kao JH. Treatment of hepatitis C virus infection in
patients with end-stage renal disease. ] Gastroenterol Hepatol.
2011;26(2):228-39.

Kalantari H, Rad N. Efficacy of interferon alpha-2b with
or without ribavirin in thalassemia major patients with
chronic hepatitis C virus infection: A randomized, double
blind, controlled, parallel group trial. ] Res Med Sci.
2010;15(6):310-6.

Kim E, Ko HH, Yoshida EM. Treatment issues surrounding
hepatitis C in renal transplantation: a review. Ann Hepatol.
2011;10(1):5-14.

Carrion JA, Navasa M, Fornis X. Retransplantation in patients
with hepatitis C recurrence after liver transplantation. ]
Hepatol. 2010;53(5):962-70.

Alves de Mattos A, Zambam de Mattos A. Treatment of
HCV infection in patients with cirrhosis. Ann Hepatol.
2010;9(Suppl):80-3.

Dienstag JL, Ghany MG, Morgan TR, et al. A prospective
study of the rate of progression in compensated, histologically
advanced chronic hepatitis C (HEP-10-2210). Hepatology.
2011(in press).

Tsunoda T, Inui A, Etani Y, et al. Efficacy of pegylated
interferon-a2a monotherapy in Japanese children with
chronic hepatitis C. Hepatol Res. 2011;41(5):399-404.

Arshad M, El-Kamary SS, Jhaveri R. Hepatitis C virus
infection during pregnancy and the newborn period —are they
opportunities for treatment? ] Viral Hepat. 2011;18(4):229-36.

Nakamoto S, Kanda T, Imazeki F, et al. Simple assay based
on restriction fragment length polymorphism associated
with IL28B in hepatitis C patients. Scand ] Gastroenterol.
2011;40(4):608-14.

JNMA | vOL 51 NO. 1

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

ISSUE 181

Ge D, Fellay J, Thompson A], et al. Genetic variation in
IL28B predicts hepatitis C treatment-induced viral clearance.
Nature. 2009;461(7262):399-401.

Tanaka Y, Nishida N, Sugiyama M, et al. Genome-wide
associated of IL28B with response to pegylated interferon-
alpha and ribavirin therapy for chronic hepatitis C. Nat
Genet. 2009;41(10):1105-9.

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(10):1100-4.

Thomas DL, Thio CL, Martin MP, et al. Genetic variation in
IL28B and spontaneous clearance of hepatitis C virus. Nature
2009;461(7265):798-801.

Hsu CS, Hsu SJ, Chen HC, et al. Association of IL28B gene
variations with mathematical modeling of viral kinetics in
chronic hepatitis C patients with IFN plus ribavirin therapy.
Proc Natl Acad Sci USA. 2011;108(9):3719-24.

Lindh M, Lagging M, Arnholm B, et al. IL28B polymorphisms
determine early viral kinetics and treatment outcome in
patients receiving peginterferon/ribavirin for chronic
hepatitis C genotype 1. ] Viral Hepat. 2011;18(7):e325-31.

Lagging M, Askarieh G, Negro F, et al. Response prediction
in chronic hepatitis C by assessment of IP-10 and IL28B-
related single nucleotide polymorphisms. PLoS One.
2011;6(2):e17232.

Lindh M, Lagging M, Farkkild M, et al. Interleukin 28B gene
variation at rs12979860 determine early viral kinetics during
treatment in patients carrying genotype 2 or 3 of hepatitis C
virus. J Infect Dis. 2011;203(12):1748-52.

Yu ML, Huang CF, Huang JF, et al. Role of interleukin-IL28B
polymorphisms in the treatment of hepatitis C virus genotype
2 infection in Asian patients. Hepatology. 2011;53(1):7-13.

Kawai S, Yokosuka O, Kanda T, Imazeki F, Maru Y, Saisho
H. Quantification of hepatitis C virus by TagMan PCR:
comparison with HCV Amplicor Monitor assay. ] Med Virol.
1999;58(2):121-6.

Di Bisceglie AM, Ghalib RH, Hamzeh FM, Rustgi VK. Early
virologic response after peginterferon alpha-2a plus ribavirin
or peginterferon alpha-2b plus ribavirin treatment in patients
with chronic hepatitis C. ] Viral Hepat. 2007;14(10):721-9.

Lagging M, Romero Al, Westin ], et al. IP-10 predicts viral
response and therapeutic outcome in difficult-to-treat patients
with HCV genotype 1 infection. Hepatology. 2006; 44(6):1617-
25.

George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL,
Hoffmann J, Di Bisceglie AM. Clinical, virologic, histologic,
and biochemical outcomes after successful HCV therapy: a
5-year follow-up of 150 patients. Hepatology. 2009;49(3):729-
38.

Morgan TR, Ghany MG, Kim HY, et al. Outcome of sustained
virological responders with histologically advanced chronic
hepatitis C. Hepatology. 2010;52(3):833-44.

Bacon BR, Gordon SC, Lawitz E, et al. Boceprevir for
previously treated chronic HCV genotype 1 infection. N Engl
] Med. 2011;364(13):1207-17.

JAN-MARCH, 2011



79.

80.

81.

82.

83.

84.

Khanda et al. Pegylated interferon-alfa plus ribavirin therapies for chronic hepatitis C

Poordad F, McCone J Jr, Bacon BR, et al. Boceprevir for
untreated chronic HCV genotype 1 infection. N Engl ] Med.
2011;364(13):1195-206.

Zeuzem S, Andreone P, Pol S, et al. Telaprevir for retreatment
of HCV infection. N Engl ] Med. 2011;364(25):2417-28.

Jacobson IM, McHutchison JG, Dusheiko G, et al. Telaprevir
for previously untreated chronic hepatitis C virus infection.
N Engl ] Med. 2011;364(25):2405-16.

Gane E. Future hepatitis C virus treatment: interferon-sparing
combinations. Liver Int. 2011;31 Suppl 1:62-7.

Gane EJ, Roberts SK, Stedman CA, et al. Oral combination
therapy with a nucleoside polymerase inhibitor (RG7128)
and danoprevir for chronic hepatitis C genotype 1 infection
(INFORM-1): arandomised, double-blind, placebo-controlled,
dose-escalation trial. Lancet. 2010;376(9751):1467-75.

Suzuki F, Suzuki Y, Akuta N, et al. Sustained virological
response in a patient with chronic hepatitis C treated by
monotherapy with the NS3-4A protease inhibitor telaprevir. |
Clin Virol. 2010;47(1):76-8.

ERRATUM:

85.

86.

87.

88.

89.

Garcia-Garcia I, Gonzalez-Delgado CA, Valenzuela-Silva CM,
et al. Pharmacokinetic and pharmacodynamic comparison of
two “pegylated” interferon alpha-2 formulations in healthy
male volunteers: a randomized, crossover, double-blind
study. BMC Pharmacol. 2010 Nov 23;10:15.

Zeuzem S, Sulkowski MS, Lawitz EJ, et al. Albinterferon alfa-
2b was not inferior to pegylated interferon-a in a randomized
trial of patients with chronic hepatitis C virus genotype 1.
Gastroenterology. 2010;139(4):1257-66.

Nelson DR, Benhamou Y, Chuang WL, et al. Albinterferon
alfa-2b was not inferior to pegylated interferon-a in a
randomized trial of patients with chronic hepatitis C virus
genotype 2 or 3. Gastroenterology. 2010;139(4):1267-76.

Muir AJ, Shiffman ML, Zaman 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(3):822-32.

Etoh R, Imazeki F, Kurihara T, et al. Pegylated interferon-
alfa-2a monotherapy in patients infected with HCV genotype
2 and importance of rapid virological response. BMC Res
Notes. 2011 (in press).

Case report: Bilateral eventration of sciatic nerve by Lalit et al.

Page: 310
Figure 3 was inadverently typed as figure 2.
In fig 3, please read L1 as L5

JNMA | VOL 51 | NO. 1 |

ISSUE 181

I JAN-MARCH, 2011



