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VIEWPOINTS

Antiviral therapy in patients with hepatitis C virus
(HCV) infection has entered a new era with the develop-
ment of direct-acting antivirals (DAAs). Some clinical
trials of DAAs to improve tolerability and compliance in
children are ongoing, and the US Food and Drug Ad-
ministration (FDA) first approved two hepatitis C drugs
for pediatric patients 12 years of age and older in April
2017.1 However, since DAA therapy is not affordable, in-
terferon-based (IFN-based) regimens may still be ap-
propriate, especially in developing countries. Up to
now, reports of studies of IFN-based simeprevir (SMV)
therapy for pediatric patients have been limited. Thus,
six pediatric cases with genotype 1 HCV infections treat-
ed by IFN-based SMV therapy are described.

The Observatory for Hepatitis B and C Infection in
Japanese Children was established in 2011 by the Hepa-
tology Group of the Japanese Society for Pediatric Gas-
troenterology, Hepatology and Nutrition (JSPGHAN)
with the aim of taking a census of children with hepatitis
B and C infections and investigating the clinical aspects
and outcomes of liver disease using an online registration
system (http://kidhbvhcv.jp/index.php). This study was
approved by all participating hospitals and their respec-
tive research ethics committees. Sixty-five pediatric
centers in Japan were involved in this survey. Up to De-
cember 2016, six pediatric patients under 18 years of age
received this triple therapy from pediatricians according

to the JSPGHAN survey. The treatment schedule fol-
lowed the criteria for response-guided therapy:2 5 pa-
tients (patients No. 1, 2, 4, 5, 6) received SMV for 12
weeks with peginterferon (PEG-IFN) α-2a/2b and riba-
virin (RBV) followed by PEG-IFN/RBV for 12 weeks;
and one patient (patient No. 3) received SMV for 24
weeks with PEG-IFNα-2b and RBV followed by PEG-
IFN/RBV for 24 weeks. The rapid virological response
(RVR) rate was 83% (5/6), and the SVR rate at 24 weeks
post-treatment (SVR24) was 100% (Table 1). No severe
adverse events were seen in any patients.

To compare the antiviral effects of SMV/PEG-IFN/
RBV therapy and PEG-IFN/RBV therapy, the decreases in
the viral load were analyzed by calculating the changes in
the viral load from day 0 (baseline) to days 14 and 28 of pa-
tients who achieved SVR24. Our published data of 8
patients (one patient had IL28B minor allele) who were
infected with HCV genotype 1b and received PEG-IFN/
RBV therapy were used for the comparison.3 Differences
in mean values between two groups were compared using
the Mann-Whitney U-test using Prism software (v.7.0c;
GraphPad Software, La Jolla, CA). The initial viral load
was 6.43 ± 0.89 (mean ± SD) logIU/mL in the PEG-IFN/
RBV group and 5.74 ± 0.76 logIU/mL in the SMV/PEG-
IFN/RBV group (p = 0.66). After 14 and 28 days of treat-
ment, the decreases in viral load were 1.81 ± 0.58 logIU/
mL and 3.14 ± 0.87 logIU/mL, respectively, in the PEG-
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Interferon-based simeprevir therapy showed high efficacy and tolerability in children with genotype 1 hepatitis C virus infection. While
direct-acting antivirals (DAAs) therapy are undergoing study in children, this regimen is considered an available therapeutic option for
selected patients in countries where DAAs have not yet been approved.
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IFN/RBV group and 4.88 ± 0.68 logIU/mL and 5.28 ±
0.98 logIU/mL, respectively, in the SMV/PEG-IFN/RBV
group (both p < 0.01).

Moderate neutropenia (<1.0 x 103/mm3) was observed
in one patient (patient No. 5) who recovered without any
changes to the treatment regimen. Transient and mild in-
creases in total bilirubin levels were observed in 2 pa-
tients. Hyperbilirubinemia (total bilirubin > 2 mg/dL)
was examined. In one patient (patient No. 3), total bi-
lirubin values were elevated during the first 2 weeks, sta-
bilized during continued treatment, and then returned to
baseline values after week 12. The other patient (patient
No. 2), whose total bilirubin value increased continu-
ously and reached a maximum value of 3.4 mg/dL in
week 6, discontinued oral administration of SMV
in week 6. Bilirubin elevation began to decrease imme-
diately after SMV was stopped, and it then returned to

baseline after week 11. In these 2 patients, hyperbiliru-
binemia was not associated with increases in either
alanine aminotransferase or aspartate aminotransferase
levels.

In PEG-IFN/RBV combination therapy, the treat-
ment duration for patients with genotype 1 is 48 weeks.
This combined therapy results in an SVR rate of up to
100% in HCV genotype 2 or 3 children, but of only 45%
to 55% of those infected with genotype 1 or 4.4 In con-
trast, with SMV/PEG-IFN/RBV therapy with a short-
ened 24-week treatment duration, earlier viral clearance
than that seen with PEG-IFN/RBV therapy was ob-
served, and the SVR24 rate was 100% in the present sur-
vey, though the number of patients treated was small.
This result provides further evidence supporting the
added effectiveness that SMV offers as part of an IFN-
based regimen. Since interferon-free DAA therapy,

Table 1. Characteristics of study patients receiving SMV/PEG-IFN/RBV combination therapy.

Case 1 2 3 4 5 6

Age (years) 8 .7 8 .2 13 .6 5 .5 7 .8 16 .7

Sex F F M M F M

Weight (kg) 36.5 24.6 51.0 22.0 24.0 59.9

Mode of infection Mother- Mother- Mother- Mother- Mother- Mother-
to-child to-child to-child to-child to-child to-child

Underlying disease None None None None None None

IL28B SNPs T/T T/T T/T T/G T/T T/G

HCV genotype 1b 1b 1b 1b 1b 1b

HCV-RNA (logIU/mL)* 4.2 5.8 5.2 5.3 6.2 6.2

Liver biopsy**
Grade (A0/A1/A2/A3) A1 A1 A1 A1 A1 A1
Stage (F0/F1/F2/F3/F4) F1 F0 F1 F1 F0 F1

Previous PegIFN/RBV treatment ND ND ND ND PegIFNα 2b/RBV PegIFNα 2/RBV
Outcome Relapse NR

Total bilirubin (mg/dL) 0.5 0.6 1.3 0.3 0.6 0.9

Maximum total bilirubin
during therapy 1.8 3.4 2.0 0.5 0.7 1.1

ALT (IU/L) 44 47 20 83 21 45

PegIFN α-2a dose (μg/week) 90 180

PegIFN α-2b dose (μg/week) 50 40 70 35
Ribavirin dose (mg/day) 600 400 600 300 400 800

Simeprevir dose (mg/day) 100 100 100 50*** 50*** 100

Adverse effects None Hyperbilirubinemia Hyperbilirubinemia None Leukopenia None

HCV undetectable (weeks) 2 2 8 2 4 4

Treatment response SVR24 SVR24 SVR24 SVR24 SVR24 SVR24

SMV: simeprevir. PEG-IFN: pegylated interferon. RBV: ribavirin. ND: not done. SNP: single nucleotide polymorphism. SVR: sustained virological response.
NR: non responder. ALT: alanine aminotransferase. SVR24: sustained virological response at 24 weeks post-treatment. IL28B minor allele: heterozygotes (T/
G) or homozygotes (G/G) of the minor allele (G). IL28B major allele: homozygotes for the major allele (T/T). * Real-time PCR assays (TaqMan®). ** Speci-
mens obtained by liver biopsy were assessed according to the New Inuyama classification. *** Simeprevir was administered as 100 mg on alternate days.
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which provides a shorter, more effective, and better tol-
erated treatment,1 will eventually be approved for use in
children younger than 12 years, further large-scale evi-
dence about SMV/PEG-IFN/RBV will not be available
in the future, except for the present series.

Long-term outcomes of 5-year follow-up of PEG-IFN/
RBV combination therapy were recently reported.5,6 No
patients had relapsed in the 5-year follow-up period, but
one report suggested that impairment of growth by PEG-
IFN should be considered.6 Among patients treated for 24
weeks, full recovery of height z scores to baseline was ob-
served by 1 year of follow-up, whereas only partial recov-
ery was observed during 5 years of follow-up in patients
treated for 48 weeks.6 The issue of growth inhibition
could be resolved by introducing 24-week SMV/PEG-
IFN/RBV therapy.

Hyperbilirubinemia is a commonly observed laborato-
ry test abnormality during the initial 12 weeks of oral SMV
administration, and it peaked 2 weeks after its administra-
tion was started. In vitro studies indicated that this may be
due to the inhibition of organic anion-transporting
polypeptides and multidrug resistance-associated protein
3 transporters by SMV, since both have a role in bilirubin
clearance.7 Thus, a mild or moderate bilirubin increase
during treatment is not usually considered to be due to
deterioration caused by liver injury. Although close moni-
toring of side effects is needed, immediate drug discon-
tinuation is not generally recommended for bilirubin
increases. In the present study, oral SMV administration
was discontinued because of hyperbilirubinemia in one
patient who eventually achieved SVR. Consequently,
SMV/PEG-IFN/RBV therapy was well tolerated in pedi-
atric patients.

In conclusion, a regimen of IFN-based SMV could be
used to improve the SVR rate in pediatric patients with
HCV genotype 1 infection, without severe adverse effects
and with shorter treatment time.

ABBREVIATIONS

• DAAs: direct-acting antivirals.
• FDA: Food and Drug Administration.
• HCV: hepatitis C virus.
• IFN-based: interferon-based.
• JSPGHAN: Japanese Society for Pediatric Gastroen-

terology, Hepatology and Nutrition.
• PEG-IFN: peginterferon.
• RBV: ribavirin.
• RVR: rapid virological response.
• SMV: simeprevir.
• SVR: sustained virological response.

CONFLICTS OF INTEREST

Disclosure of potential conflicts of interest: All authors
declare that they have no conflicts of interest.

FUNDING

This research was partially supported by grant
17fk0210108h0001 from the Japan Agency for Medical Re-
search and Development (AMED).

ACKNOWLEDGEMENTS

The authors would like to thank all participating pa-
tients and their families. The authors would also like to
thank Satoshi Nakano (Department of Pediatrics, Junten-
do University Faculty of Medicine), Tomoko Takano
(Department of Pediatrics, Osaka General Medical Cent-
er) and Yoko Miyoshi (Department of Pediatrics, Osaka
University Graduate School of Medicine) for collaborat-
ing with the data collection.

REFERENCES

1. Indolfi G, Thorne C, El Sayed MH, Giaquinto C, Gonzalez-Per-
alta RP. The challenge of treating children with hepatitis C vi-
rus infection. J Pediatr Gastroenterol Nutr 2017; 64: 851-4.

2. Hayashi N, Seto C, Kato M, Komada Y, Goto S. Once-daily
simeprevir (TMC435) with peginterferon/ribavirin for treat-
ment-naive hepatitis C genotype 1-infected patients in Ja-
pan: the DRAGON study. J Gastroenterol 2014; 49: 138-47.

3. Tajiri H, Tanaka Y, Takano T, Suzuki M, Abukawa D, Miyoshi
Y, Shimizu T, et al. Association of IL28B polymorphisms with
virological response to peginterferon and ribavirin therapy in
children and adolescents with chronic hepatitis C. Hepatol
Res 2014; 44: E38-44.

4. Druyts E, Thorlund K, Wu P, Kanters, S, Yaya S, Cooper CL,
Mills EJ. Efficacy and safety of pegylated interferon alfa-2a
or alfa-2b plus ribavirin for the treatment of chronic hepatitis
C in children and adolescents: a systematic review and
meta-analysis. Clin Infect Dis 2013; 56: 961-7.

5. Jonas MM, Schwarz KB, Gonzalez-Peralta R, Lobritto S,
Molleston JP, Murray KF, Rosenthal P, et al. Long-term
growth outcomes in children treated for chronic hepatitis C.
J Pediatr 2014; 165: 1252-4.

6. Haber B, Alonso E, Pedreira A, Rodriguez-Baez N, Ciocca M,
Lacaille F, Lang T, et al. Long-term follow-up of children
treated with peginterferon and ribavirin for hepatitis C virus
infection. J Pediatr Gastroenterol Nutr 2017; 64: 89-94.

7. Tahata Y, Hiramatsu N, Oze T, Morishita N, Harada, N, Ya-
mada R, Yakushijin T, et al. The impact of an inosine triphos-
phate pyrophosphatase genotype on bilirubin increase in
chronic hepatitis C patients treated with simeprevir, pegylat-
ed interferon plus ribavirin. J Gastroenterol 2016; 51: 252-9.

Correspondence and reprint request:
Mitsuyoshi Suzuki, M.D., Ph.D.

Department of Pediatrics, Juntendo University Faculty of
Medicine 2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan,

Tel.: +81-3-3813-3111,
E-mail: msuzuki@juntendo.ac.jp


