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Abstract
Hepatitis C virus (HCV) infection is a major cause of chronic liver disease
worldwide, with more than three million viraemic adolescents and children.
Treatment of adults with HCV infection and HCV‐related liver disease has
advanced considerably thanks to development and improvements in therapy.
Direct‐acting antiviral regimens are safe and effective. Three regimens with
pangenotypic activity (glecaprevir/pibrentasvir, sofosbuvir/velpatasvir and
sofosbuvir/velpatasvir/voxilaprevir) and three regimens with genotype‐specific
activity (sofosbuvir/ribavirin, sofosbuvir/ledipasvir and elbasvir/grazoprevir)
have been approved with age‐specific limitation for treatment of children with
chronic hepatitis C by the European Medicines Agency and the United States
Food and Drug Administration. The World Health Organization has set the
ambitious target to eliminate hepatitis C as a major public health threat by 2030
and based its actions against HCV on the large use of direct acting antivirals.
These updated European Society for Pediatric Gastroenterology, Hepatology
and Nutrition recommendations on treatment of hepatitis C describe the
optimal therapeutic management of adolescents and children with HCV
infection including specific indications for those living in resource‐limited
settings.
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1 | OBJECTIVES

The objectives of this update of the 2018 European
Society for Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) position paper on treatment of
hepatitis C1 is to describe the current optimal thera-
peutic management of adolescents and children with
chronic hepatitis C virus (HCV) infection and to assist
pediatricians and patients in the clinical decision‐
making of treating this population. The present position
paper includes specific information on the therapeutic
management of adolescents and children living in
resource‐limited settings.

2 | BACKGROUND

The estimated prevalence of HCV infection in children
aged 0−18 years in 2018, based on studies from 104
countries, was 0.13% of the global population, corre-
sponding to 3.26 million people (95% confidence
intervals [CI] 2.7−3.9 million).2 The prevalence of the
infection was estimated to be 0.3% in high‐income
countries and 0.6% in low‐income countries, with only
23 countries accounting for 80% of this global burden.
Pakistan, China, India and Nigeria alone accounted for
more than 50% of HCV infected children worldwide.
Epidemiologic data from high‐income countries are
sparse, but the incidence of new cases has been
increasing in adolescents in the United States and
Europe, paralleling the increased use of opioid drugs
and increasing rates of HCV infection in women of
childbearing age.3 The true prevalence of HCV in
adolescents and children is likely underestimated.4

The natural history of HCV infection acquired in
childhood is highly variable: in the short term, hepatic
injury is usually mild5,6 although extensive fibrosis,
cirrhosis, hepatocellular carcinoma and extrahepatic
manifestations have been reported.5,7,8 A recent study
from United Kingdom described a cohort of 1049
people who were infected with HCV in childhood, of
whom 53% were infected through injection drug use in
adolescence and 24% were infected through receipt of
contaminated blood products.9 In this cohort, one‐third
of patients developed liver disease with a median of 33
years after infection. Interestingly, patients with peri-
natal exposure to HCV developed cirrhosis at an earlier
age compared to patients who acquired HCV in their
childhood through drug abuse, blood transfusion, or
with an unknown route of infection (36 years vs. 48, 46,
and 52 years, respectively; p < .0001). The incidence of
HCC was 5%. Four percent of patients required a liver
transplant and all‐cause mortality was 3%.9

Since 2017 high rates of HCV viral clearance with
the various pangenotypic direct acting antiviral (DAA)
regimens have been demonstrated in adolescents
and children.10 This has led to approvals by key
regulatory agencies, the United States Food and Drug
Administration (US FDA) and the European Medi-
cines Agency (EMA). This update of the 2018
ESPGHAN Position paper on treatment of HCV
infection in adolescents and children1 is intended to
describe the current optimal therapeutic management
of adolescents and children with chronic HCV infec-
tion. Additionally, one of the goals of the present
position paper is to provide physicians and clinical
decision makers with guidance on updated treatment
of HCV‐infected adolescents and children. This
update focuses on treatment.

What is Known

• Direct‐acting antiviral drug regimens are
highly effective and safe for treatment of
adults, adolescents and children with chronic
hepatitis C.

• Two combination regimens with pangenoty-
pic activity (sofosbuvir/velpatasvir and gleca-
previr/pibrentasvir) and two with genotype‐
specific activity (sofosbuvir/ledipasvir and
sofosbuvir plus ribavirin) have been approved
by both the European Medicines Agency and
the United States Food and Drug Administra-
tion for use in adolescents and children aged
3 years and older with chronic hepatitis C.

What is New

• We recommend treatment using direct‐acting
antiviral regimens for all adolescents and
children 3 years of age and above with
chronic hepatitis C, regardless of stage of
disease.

• Pangenotypic and genotype‐specific direct‐
acting antiviral regimens are equally recom-
mended for treatment.

• Pangenotypic, ribavirin‐free and regimens
with the shortest treatment duration are
preferrable when available.

• Sofosbuvir plus daclatasvir may be consid-
ered for adolescents and children with
chronic hepatitis C in resource‐limited set-
tings, as it is highly effective and widely
available as low‐cost generic formulations.
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3 | METHODS

This project started in February 2021, when a working
group consisting of selected ESPGHAN and non‐
ESPGHAN members (GI, RPGP, MMJ, MHES, BF,
ES, SW, and EN,) who have long‐term clinical and
research expertize in viral hepatitis was formed by the
Hepatology Committee to prepare a position paper to
be reviewed and approved by all the Hepatology
committee members, representing the European pedi-
atric hepatology community. The recommendations
included in the present position paper were based on
evidence from existing publications and presentations
at international meetings reviewed in a systematic
revision, and meta‐analysis of existing papers on the
topic published in 2021 and recently updated.11,12 In
the absence of such evidence, the experts' personal
experiencesand opinions have been considered. Cita-
tions were chosen on the basis of their relevance to the
text. Furthermore, all the members of the working
group were asked to search the literature relevant to
the topic to possibly uncover further studies that may
have been missed by the former search.

3.1 | Consensus and voting

The first draft of the position paper was sent to working
group members for review and comments. Then, the
members of the working group anonymously voted on
each statement, using the nominal voting technique.
The consensus was formally achieved through nominal
group technique, a structured quantitative method.

Consensus was reached for all recommendations.
The final draft of the paper was sent to all the working
group and Hepatology committee members for
approval in January 2023.

3.2 | Available drugs

The HCV drug combinations are described in this
paragraph and listed in Table 1. The evidence on
efficacy, pharmacokinetic and safety profiles are
presented below. The panel recognizes the heteroge-
neity of healthcare systems and availability of the
different regimens in different countries. One of the
aims of the present position paper is to assist national
and international regulatory agencies in hastening and
facilitating the availability of the drugs for the specific
target population of adolescents and children.

4 | REGIMENS WITH
PANGENOTYPIC ACTIVITY

4.1 | Glecaprevir/pibrentasvir

The fixed‐dose combination of glecaprevir (a potent
NS3/4 A protease inhibitor)/pibrentasvir (an NS5A
inhibitor) is approved by the US FDA and EMA for
the treatment of adolescents and children (3–17 years)
with all genotypes chronic HCV infection. Treatment
duration is 8 weeks for all children except for those who
are interferon‐experienced with cirrhosis who should
receive 12 weeks of treatment and for those with HCV

TABLE 1 Direct‐active antiviral regimens for treatment of chronic hepatitis C virus infection in children (age > 3 years) and adolescents and
formulations available.

Activity Product Formulations Approval

Regimens with pangenotypic
activity

Glecaprevir/
pibrentasvir (FDC)

Film‐coated tablets (FDC)
100/40mg

Oral pellets in sachet 50/20mg

EMA and US FDA > 3 years of age

Sofosbuvir/velpatasvir (FDC) Film‐coated tablets (FDC)
400/100mg and 200/50mg

Oral pellets in sachet 200/50mg
and 150/37.5 mg

EMA and US FDA > 3 years of age

Sofosbuvir/velpatasvir/
voxilaprevir (FDC)

Tablet (FDC) 400/100/100mg EMA > 12 years of age

Sofosbuvir + daclatasvir Daclatasvir
Film‐coated tablets 60mg

Not approved for use in children by
the EMA and US FDA

Regimens with genotype‐
specific activity

Sofosbuvir/ledipasvir (FDC) Film‐coated tablets (FDC) 400/
90mg and 200/45mg

Oral pellets in sachet 200/45mg and
150/33.75mg

EMA and US FDA > 3 years of age

Elbasvir/grazoprevir Film‐coated tablets (FDC) 50/
100mg

EMA and US FDA > 12 years
of age

Abbreviations: EMA, European Medicines Agency; FDC, fixed‐dose combination; US FDA, United States Food and Drug Administration in children.
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genotype 3 infection who are interferon‐experienced
(with or without cirrhosis) who should receive 16 weeks
of treatment.

A Phase II‐III, nonrandomized, open‐label, multi-
centre, multi‐cohort study evaluated the pharmaco-
kinetics, safety and the efficacy of glecaprevir/pibren-
tasvir. Glecaprevir and pibrentasvir were used as an
all‐oral, fixed‐dose combination for children with
chronic HCV genotype 1, 2, 3, 4, 5, and 6 infection
aged between 3 and 17 years. The standard duration of
treatment was 8 weeks for all children but for those who
were cirrhotic who were planned to receive 12 weeks of
treatment and for those with HCV genotype 3 infection
who were interferon‐experienced (with or without
cirrhosis) who were planned to receive 16 weeks of
treatment.

4.1.1 | Adolescents

Forty‐seven (26 female; 55%) adolescents, with HCV
infection were treated with the adult dosing (glecaprevir
300mg, pibrentasvir 120mg daily, orally with food)
provided as three fixed‐dose combination tablets
(100/40mg).13 Exposures of glecaprevir and pibren-
tasvir were characterized with data from all the enrolled
47 adolescents. The adult dosing resulted in compara-
ble plasma exposures in adolescents than those found
in HCV‐infected adults without cirrhosis. The median
age was 14 years (range 12−17), the mean weight was
58 kg (kg, range 32−109). Forty‐six percent of the
children enrolled had baseline HCV RNA levels greater
than or equal to 1,000,000 IU per mL. HCV genotype 1,
2, 3, and 4 were present in 37 (79%), 3 (6%), 4 (9%)
and 3 (6%), respectively. No patient had cirrhosis. The
sustained virological response 12 weeks after the end
of treatment (SVR12) rate among all subjects was
100% overall (95% CI 92.4−100%, intention to treat
analysis). The treatment was well tolerated. The three
most reported adverse events were nasopharyngitis
(26% of patients), upper respiratory tract infection
(19%), and headache (17%). No serious or grade 3−4
adverse event was reported, and no patient discon-
tinued treatment because of an adverse event.

4.1.2 | Children 3–11 years of age

Eighty‐one children aged 3−11 years (55% female),
with HCV infection were treated with glecaprevir/
pibrentasvir dosed by weight within different age
cohorts (9−< 12 years, 6−< 9 years and 3−<6 years).14

Glecaprevir/pibrentasvir was provided as film‐coated
granules. Eighty of 81 children underwent intensive
pharmacokinetic evaluations of the concentrations of
glecaprevir and pibrentasvir to confirm the appropriate-
ness of the dosage selected. Overall, the median age

was 7 years (range 3−11), the median weight was
25 kg (range 13−44). Forty‐one (51%) children had
baseline HCV RNA levels greater than or equal to
1,000,000 IU per mL. HCV genotype 1, 2, 3, or 4 were
in 58 (72%), 2 (3%), 18 (23%) and 2 (3%), respectively.
None of the patients had cirrhosis. Seventy‐eight
participants received therapy for 8 weeks. One
genotype 3‐infected participant received therapy for
12 weeks and one genotype 3, interferon‐experienced
participant received therapy for 16 weeks, in accord-
ance with the local adult prescribing label duration. One
participant who was coinfected with HIV received 8
weeks of treatment. The SVR12 rate among all
subjects was 96% overall (77/80; 95% CI 90−99%,
intention to treat analysis). One 9‐year‐old treatment‐
naive participant with HCV genotype 3b infection who
was treated for 8 weeks relapsed by post‐treatment
Week 4. There were two premature discontinuations;
one 3‐year‐old child refused to swallow the granule
formulation on Day 1 without subsequent doses.
Another 11‐year‐old participant discontinued treatment
by Day 4 due to a drug‐related rash. The treatment was
well tolerated. The most reported adverse events were
headache (14%), vomiting (14%) and diarrhoea (10%).
No treatment‐emergent serious adverse events were
reported. No grade 3−4 lab abnormalities were
reported.

4.2 | Sofosbuvir/velpatasvir

The fixed‐dose combination of sofosbuvir (an NS5B
inhibitor) and velpatasvir (an NS5A inhibitor) has been
approved by US FDA for the treatment of adolescents
and children (3–17 years) with any of the six HCV
genotypes without cirrhosis (liver disease) or with mild
cirrhosis.15 Treatment duration is 12 weeks for all
patients.

A Phase II‐III, open‐label, multicentre, multi‐cohort
study evaluated the safety and the efficacy of sofosbu-
vir/velpatasvir). Sofosbuvir and velpatasvir were used
as an all‐oral, pangenotypic, fixed‐dose combination to
children with chronic HCV infection aged between 3
and 17 years. The standard duration of treatment was
12 weeks for all children.

4.2.1 | Adolescents

One hundred and two adolescents (52 female; 51%),
with HCV infection were treated with the adult dosing
(sofosbuvir 400mg, velpatasvir 100mg daily, orally
with or without food) provided as one fixed‐dose
combination 400/100‐mg tablet or 2 × 200/50‐mg tab-
lets. Separate intensive pharmacokinetic evaluations of
the concentrations of sofosbuvir, GS‐331007 and
velpatasvir were taken in 17 patients. The adult dosing
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resulted in comparable plasma exposures in adoles-
cents to than those found in Phase II and Phase III
clinical trials in adults with chronic hepatitis C. The
majority of subjects (91; 89%) had been infected
through vertical transmission. The median age was
15 years (range 12−17), the mean body mass index
was 22.7 kg/m2 (range 12.9−48.9). Fifty‐eight percent
(n = 59) of the children enrolled had baseline HCV RNA
levels greater than or equal to 800,000 IU per mL and
HCV genotype 1, 2, 3, 4, and 6 were in 77 (75%), 5
(5%), 12 (12%), 2 (2%) and 6 (6%). No patient was
known to have cirrhosis. The SVR12 rate among all
subjects was 95% overall (97/102, intention to treat
analysis; 93% in subjects with genotype 1 HCV
infection, 100% genotype 2, 3, 4, and 6). One
17‐year‐old girl had a virological failure after having
discontinued treatment at Week 4 for pregnancy and
subsequently relapsed. The remaining 4 cases did not
achieve SVR for non‐virological reasons. The treat-
ment was well tolerated. The most reported adverse
events were headache (29% of patients), nausea
(17%), vomiting (9%), and fatigue (22%). Two serious
and 2 grade 3−4 adverse event were reported that
were considered unrelated to treatment and resolved
without treatment interruption. Five grade 3−4 lab
abnormalities were reported. Baseline NS5A and
NS5B polymerase inhibitor RAS were found in 16b
(16%) and 5 (5%) of the patients. All patients with
baseline RAS achieved SVR12.

4.2.2 | Children 6–11 years of age

seventy‐three children aged 6−11 years (38; 52%
female), with HCV infection were treated with half of
the dose used in adults (sofosbuvir 200mg and
velpatasvir 50mg daily, orally without regard for food)
provided as 1 tablet (200/50mg) or four packets of
granules (50/12.5 mg).13 Separate intensive pharma-
cokinetic evaluations of the concentrations of sofosbu-
vir, GS‐331007 and velpatasvir were taken in 20
patients to confirm the appropriateness of the dosage
selected. The majority of subjects (69; 95%) had been
infected through vertical transmission. The median age
was 8 years (range 6−11), the mean body mass index
was 17.5 kg/m2 (range 12.8−30.9) and the median
weight was 30 kg (range 18−78). Thirty‐five (48%)
children had baseline HCV RNA levels greater than or
equal to 800,000 IU per mL and HCV genotype 1, 2, 3,
and 4 were in 56 (77%), 2 (3%), 11 (15%) and 4 (5%).
No patient was known to have cirrhosis. The SVR12
rate among all subjects was 93% overall (68/73;
intention to treat analysis; 93% in subjects with
genotype 1 and 3 HCV infection, 100% genotype 2
and 4). Of the five subjects who did not achieve
SVR12, one girl aged 10 years with HCV genotype 1a

infection had a nonresponse after 8 weeks of treatment
and discontinued sofosbuvir/velpatasvir. The remaining
4 cases did not achieve SVR for non‐virological
reasons (early treatment discontinuation and/or loss
to follow‐up). The treatment was well tolerated. The
most commonly reported adverse events were vomiting
(16%), headache and cough (15% each) and fatigue
(12%). Two patient discontinued treatment because of
an adverse event. A girl aged 6 years had a grade 3
serious adverse event of treatment related auditory
hallucinations and 8‐year‐old girl who was not able to
take the oral medication. No grade 3−4 lab abnormali-
ties were reported. Baseline NS5A polymerase inhibitor
RAS were found in 10% of the patients. No NS5B RAS
was found at baseline. All patients with baseline RAS
achieved SVR12.

4.2.3 | Children 3−5 years of age

Forty‐one children treatment‐naïve and non‐cirrhotic
(24; 59% female), with HCV infection were treated with
weight‐based doses of sofosbuvir/velpatasvir fixed‐
dose combination granules (200/50mg if their weight
was <17 kg or 150/37.5mg if their weight was ≥17 kg)
once‐daily.13 Each packet of granules contained 50mg
of sofosbuvir and 12.5 mg of velpatasvir. Patients
weighing < 17 kg received three packets per dose,
and patients weighing ≥ 17 kg received four packets
per dose. The majority of subjects (40; 98%) had been
infected through vertical transmission. The median
age was 4 years (range 3−5), the mean body mass
index was 17 kg/m2 (range 13.9−22) and the mean
weight was 19 kg (range 13−35). Forty‐nine percent of
the children enrolled had baseline HCV RNA levels
greater than or equal to 800,000 IU per mL and HCV
genotype 1, 2, 3, or 4 were in 32 (78%), 6 (15%), 2 (5%)
and 1(2%). The SVR12 rate among all subjects was
83% (34/41; 88% in subjects with genotype 1 HCV
infection, 50% genotype 2, 100% genotype 3 and 4).
None of the 34 subjects who completed the treatment
had virologic failure. Of the remaining seven subjects
who did not achieve SVR12, five discontinued treat-
ment on Day 1, one on Day 7 and one on Day 20 for
nonvirological reasons. The treatment was well toler-
ated. The most commonly reported adverse events
were vomiting (27% of patients), cough, pyrexia and
rhinorrhoea (15% each). No serious or grade 3−4
adverse event was reported. One patient experienced
a grade 3−4 laboratory abnormality. Baseline NS5A
and NS5B polymerase inhibitor RASs were found in 6/
33 (18%) and 1/30 (3%) of the patients. All patients with
baseline RASs achieved SVR12.

The results of the registration study have been
confirmed in a recent real‐world study using the same
drug doses and treatment durations in adolescents.16
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4.3 | Sofosbuvir/velpatasvir/
voxilaprevir

The fixed‐dose combination of sofosbuvir, velpatasvir
and voxilaprevir (an NS3/4 inhibitor) has been
approved by EMA for the treatment of adolescents
(12–17 years), weighing at least 30 kg. Treatment
duration is 8 weeks for all patients but for those who
have cirrhosis or who have received treatment with
other DAA who should be treated for 12 weeks. The
recommended daily dose of sofosbuvir/velpatasvir/
voxilaprevir is 400/100/100mg once a day. This
combination should not be used as a first line treatment
but for DAA‐experienced patients.

4.3.1 | Adolescents

Twenty‐one adolescents (14 female; 67%), with HCV
infection were treated with the adult dosing (sofosbuvir/
velpatasvir/voxilaprevir is 400/100/100mg once a day,
orally with food) provided as one fixed‐dose combina-
tion 400/100/100mg tablet. Separate intensive phar-
macokinetic evaluations of the concentrations of
sofosbuvir, GS‐331007, velpatasvir, and voxilaprevir
were taken in 14 patients. The adult dosing resulted in
comparable plasma exposures in adolescents than
those found in Phase II and Phase III clinical trials in
adults with chronic hepatitis C. The majority of subjects
(16; 76%) had been infected through vertical transmis-
sion. The median age was 14 years (range 12−16).
Fifty‐two percent (n = 11) of the children enrolled had
baseline HCV RNA levels greater than or equal to
800,000 IU per mL and HCV genotype 1, 2, 3, and 4
were in 6 (29%), 4 (19%), 9 (43%) and 2 (10%). No
patient was known to have cirrhosis. The SVR12 rate
among all subjects was 100% (95% CI 84%–100%).
The treatment was well tolerated. The most reported
adverse events were abdominal pain and headache
(each 24% of patients) and nausea (19% of patients).
One grade 3−4 lab abnormality was reported
(hyperkalaemia).17

4.4 | Sofosbuvir + daclatasvir

The combination of sofosbuvir plus daclatasvir is not
approved for use in children by the EMA and the US
FDA but it is recommended by the World Health
Organization as a pangenotypic DAA regimen for
adolescents and children (3–17 years) with chronic
hepatitis C. Treatment duration is 12 weeks for all
patients except for those who are treatment‐
experienced or with compensated cirrhosis who should
receive 24 weeks of treatment.18 In 2017, for the first
time, the preliminary results of an Egyptian study on the

use of sofosbuvir 400mg and daclatasvir 60mg once
daily were presented.19 Thirteen adolescents aged
between 15 and 17 years with HCV genotype four
infection received 12 weeks of treatment. Ribavirin was
used for the four patients with cirrhosis and SVR12 was
100%. No serious adverse event was reported while
mild adverse events were noted in the form of mild
headache, dizziness, itching, and ribavirin‐induced
hemoglobin reduction (<1 g/dL). The adult dosing
resulted in comparable plasma exposures in adoles-
cents than those found in Phase II and Phase III clinical
trials in adults with chronic HCV infection. Following
this study, others confirmed the efficacy and the safety
of this combination for adolescents and children.11,20,21

A pilot study explored the efficacy of a shortened 8
weeks duration of sofosbuvir and daclatasvir in a cohort
of 10 consecutive adolescents. All patients (10/10
[100%, CI: 72.25−100%]) achieved SVR12 with good
tolerability and no serious adverse events.22 Based on
a recently published modeling study,23 a population
pharmacokinetic analysis was performed to predict
daclatasvir exposure in children treated with available
adult formulations showing that 30mg once daily was
predicted to achieve effective and safe exposures in
children 14−<35 kg, perhaps down to 10 kg.24 These
preliminary data support the hypothesis that low‐cost
available adult daclatasvir formulations together with
approved pediatric doses of sofosbuvir could expand
global access to HCV treatment for children.

5 | REGIMENS WITH GENOTYPE‐
SPECIFIC ACTIVITY

5.1 | Sofosbuvir/ledipasvir

The fixed‐dose combination of sofosbuvir (a potent
NS5B polymerase inhibitor) and ledipasvir (an NS5A
inhibitor) is approved by the US FDA and EMA for
treatment of adolescents and children (3−17 years of
age) with chronic HCV genotypes 1, 4, 5, or 6 infection.
Treatment duration is 12 weeks for all except for
interferon‐experienced patients with compensated cir-
rhosis and HCV genotype 1 infection who should
receive 24 weeks of treatment. The EMA extrapolating
from adult data recently endorsed the use of sofosbu-
vir/ledipasvir for only 8 weeks in chronic hepatitis C
infected children with genotype 1, treatment‐naïve,
non‐cirrhotic, with pretreatment HCV viremia < 6 million
IU/mL.

A Phase II‐III, open‐label, multicentre, multi‐cohort
study evaluated the safety and the efficacy of sofosbu-
vir/ledipasvir for children with chronic HCV genotype 1,
3, 4, 5, and 6 infection aged between 3 and 17 years.
The standard duration of treatment was 12 weeks for all
children.

6 | INDOLFI ET AL.
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5.1.1 | Adolescents (12−17 years of age)

One hundred adolescents (63 female), with HCV
genotype 1 infection were treated with adult dose
(sofosbuvir 400mg/ledipasvir 90mg daily, orally with-
out regard for food) provided as one fixed‐dose
combination tablet.25 The first 10 adolescents under-
went separate intensive pharmacokinetic evaluations
of the concentrations of sofosbuvir and ledipasvir. The
adult dosing resulted in comparable plasma exposures
in adolescents to those found in Phase II and Phase III
clinical trials in adults with chronic hepatitis C. The
majority of subjects (84) had been infected through
vertical transmission. The median age was 15 years
(range 12−17), the mean body mass index was
21 kg/m2 (range 13−37). Fifty‐five children enrolled
had baseline HCV ribonucleic acid (RNA) levels greater
than or equal to 800,000 IU per mL. One patient was
known to have cirrhosis, and 42 patients did not have
cirrhosis; in the remaining 57 patients the stage of
fibrosis/cirrhosis was unknown. The sustained virologi-
cal response 12 weeks after the end of treatment
(SVR12) rate among all subjects was 98% overall
(98/100; 95% CI 93−100%, intention to treat analysis).
Of the 100 patients who initiated treatment, 99
completed treatment. One patient discontinued treat-
ment and was lost to follow‐up. One patient completed
treatment but did not attend the post‐treatment follow
up visits after having achieved end of treatment
response. No patient had virologic non response,
breakthrough or relapse. The efficacy was similar
among treatment‐naïve (78/80, SVR12 98%; 95% CI
91−100%) and interferon‐experienced patients (20/20,
SVR12 100%; 95% CI 83−99%). The only patient with
cirrhosis was treatment‐naïve, received 12 weeks of
therapy, and achieved SVR12. The treatment was well
tolerated. The three most reported adverse events
were headache (27% of patients), diarrhoea (14%),
and fatigue (13%). No serious or grade 3−4 adverse
event was reported and no patient discontinued
treatment because of an adverse event. Baseline
NS5A and NS5B polymerase inhibitor resistance
associated substitutions (RAS) were found in 5% each
of the patients. All patients with baseline RAS were
treatment naïve and all achieved SVR12.

5.1.2 | Children 6–11 years of age

Ninety‐two children aged 6−11 years (41% female),
with HCV infection were treated with half of the dose
used in adults (sofosbuvir 200mg/ledipasvir 45mg
daily, orally without regard for food) provided as two
fixed‐dose combination tablets of 100/22.5 mg.26 The
first 12 children underwent separate intensive pharma-
cokinetic evaluations of the concentrations of sofosbu-
vir, GS‐331007 and ledipasvir to confirm the

appropriateness of the dosage selected. Most subjects
(89; 97%) had been infected through vertical transmis-
sion. The median age was 9 years (range 6−11), the
mean body mass index was 17 kg/m2 (range 13−31)
and the median weight was 30 kg (range 17−76). Fifty‐
four (59%) children had baseline HCV RNA levels
greater than or equal to 800,000 IU per mL and HCV
genotype 1, 3, or 4 were present in 88 (95%), 2 (2%)
and 2 (2%) of them. Two patients (2%) were known to
have cirrhosis, and 35 (38%) patients did not have
cirrhosis; in the remaining 55 (60%) patients the stage
of fibrosis/cirrhosis was unknown. Eighty‐nine children
received 12 weeks of treatment, children infected with
HCV genotype 3 were treated for 24 weeks with
ribavirin and 1 cirrhotic and interferon‐experienced
patient received 24 weeks of treatment. The overall
SVR12 rate among all subjects was 99% (91/92; 95%
CI 94‐100%, intention to treat analysis). The single
case who did not achieve SVR12 was an 8‐year‐old
treatment‐naive female with genotype 1a infection and
cirrhosis who received ledipasvir–sofosbuvir for 12
weeks and experienced virologic relapse 4 weeks after
treatment. The high overall SVR12 rate precluded
meaningful interpretation of subgroup analyses. The
treatment was well tolerated. The most reported
adverse events were headache (18% of patients),
pyrexia (17%) abdominal pain (15%), fatigue (15%),
vomiting (15%), and cough (15%). No patient discon-
tinued treatment because of an adverse event. One
patient had three serious adverse events of moderate
intensity (abdominal pain, gastroenteritis, and tooth
abscess), all of which were considered by the
investigator as unrelated to study treatment. Most
laboratory abnormalities were mild in severity; 4
patients (4%) had grade 3‐4 lab abnormalities (asymp-
tomatic amylase elevation, neutropenia, decrease in
hemoglobin level). Baseline NS5A and NS5B polymer-
ase inhibitor RASs were found in 14% and 3% of the
patients. All patients with baseline RAS achieved
SVR12.

5.1.3 | Children 3–5 years of age

Thirty‐four children aged 3−5 years (24; 71% female),
with HCV infection were treated with weight‐based
doses of sofosbuvir/ledipasvir fixed‐dose combination
granules (150mg/33.75mg if their weight was <17 kg
or 200mg/45mg if their weight was ≥17 kg) once‐
daily.27 Each packet of granules contained 50mg of
sofosbuvir and 11.25mg of ledipasvir. Patients weigh-
ing < 17 kg received three packets per dose, and
patients weighing ≥ 17 kg received four packets per
dose. The granules were administered with or without
food. If taken with food, the granules were to be
sprinkled on a spoonful of nonacidic soft food, such as
pudding or ice cream, and then swallowed without
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 15364801, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jpn3.12160 by O

su C
entral A

ccounts Payable, W
iley O

nline L
ibrary on [03/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



chewing. If taken without food, the granules were to be
taken first and then washed down with liquid, not mixed
into the liquid. The first 14 children underwent separate
intensive pharmacokinetic evaluations of the concen-
trations of sofosbuvir and ledipasvir to confirm the
appropriateness of the medication dosages selected.
All the subjects had been infected through vertical
transmission. The median age was 5 years (range
3−5), the mean body mass index was 16 kg/m2

(range 13−25) and the median weight was 19 kg (range
11−34). Nineteen (56%) children had baseline HCV
RNA levels greater than or equal to 800,000 IU per mL
and HCV genotype 1 and 4 were present in 33 (97%)
and 1 (3%). No patient was known to have cirrhosis,
and 14 (41%) patients did not have cirrhosis; in the
remaining 20 (59%) patients the stage of fibrosis/
cirrhosis was unknown. All children received 12 weeks
of treatment. The overall SVR12 rate among all
subjects was 97% (33/34; 95% CI 85−100%, intention
to treat analysis). The only patient who did not achieve
SVR12 was 3 years old who discontinued treatment
after 5 days due to “abnormal drug taste.” The high
overall SVR12 rate precluded meaningful interpretation
of subgroup analyses. The treatment was well toler-
ated. The most reported adverse events were vomiting
(24% of patients), cough (21%), and pyrexia (21%). No
serious or grade 3−4 adverse event was reported. No
patient experienced a laboratory abnormality. Baseline
NS5A and NS5B polymerase inhibitor RASs were
found in 4/33 (12%) and 2/33 (6%) of the patients. All
patients with baseline RAS achieved SVR12.

The results of the registration studies25–27 have
been recently confirmed in a number of real‐world
studies using the same drug doses and treatment
durations11,12 including adolescents with hematological
malignancies.22

5.1.4 | Treatment for 8 weeks

The treatment duration of sofosbuvir/ledipasvir ex-
plored in the phase II−III registration trial for adolescent
was 12 weeks. The efficacy of 8 weeks of treatment for
adults with chronic infection has been explored in the
ION 3 study.28 ION‐3 was a randomized, open‐label
trial in treatment‐naïve non‐cirrhotic subjects with
genotype 1 chronic hepatitis C. Subjects were random-
ized in a 1:1:1 ratio to one of the following three
treatment groups and stratified by HCV genotype
(1a vs. 1b): sofosbuvir/ledipasvir for 8 weeks; sofosbu-
vir/ledipasvir for 12 weeks; or sofosbuvir/ledipasvir with
ribavirin for 8 weeks. The treatment difference between
the 8‐week treatment of sofosbuvir/ledipasvir and
12‐week treatment of sofosbuvir/ledipasvir was –2.3%
(97.5% CI –7.2% to 2.5%). Among subjects with a
baseline HCV RNA less than 6 million IU/mL, the
SVR12 was 97% (119/123) with 8‐week treatment of

sofosbuvir/ledipasvir and 96% (126/131) with 12‐week
treatment of sofosbuvir/ledipasvir. Ribavirin was not
shown to increase the SVR12 observed with sofosbu-
vir/ledipasvir. Three different studies reported the
efficacy and the safety of sofosbuvir/ledipasvir used
for 8 weeks of treatment in adolescents with chronic
HCV infection. Eight weeks of treatment resulted in
comparable efficacy and safety independently of HCV
genotype.29–31

5.2 | Sofosbuvir and ribavirin

The combination of sofosbuvir and ribavirin is approved
by US FDA and EMA for treatment of adolescents and
children (3−17 years of age) with chronic HCV geno-
types 2 or 3 infection. The recommended treatment
duration is 12 weeks for genotype 2 and 24 weeks for
genotype 3. This treatment combination had a pivotal
role for treatment of HCV genotypes 2 or 3 infection
when no alternative regimens were available.32 Ribavirin
has been associated with haemolytic anaemia and is
teratogenic. Sofosbuvir and ribavirin is no more recom-
mended for treatment of adults and will not be included
among the preferred treatment regimens for children.
Despite that, it is opinion of this panel that if no
alternatives are available and deferral of treatment is
not an option, this combination can be used. A Phase
II‐III, open‐label, multicentre, multi‐cohort, single‐arm
study evaluated the safety and the efficacy of sofosbuvir
and ribavirin given to children aged between 3 and 17
years for 12 weeks for genotype 2 infection and for 24
weeks for genotype 3 infection. The results of the trial
are reported as Supplemental Digital Content.33,34

5.3 | Elbasvir/grazoprevir

The fixed‐dose combination of elbasvir (an NS5A
inhibitor)/grazoprevir (an NS3/4 inhibitor) has been
approved by the US FDA and EMA for the treatment of
adolescents (12–17 years) or children weighing at least
30 kg. Treatment duration is 12 weeks for all patients
but for those with genotype 1a infection, treatment‐
naïve or experienced (interferon) with baseline NS5A
polymorphisms and those who are treatment‐
experienced (interferon) with genotype 4 infection
who should be treated for 16 weeks with ribavirin.
The recommended daily dose of elbasvir/grazoprevir is
50/100mg in a single tablet taken orally once daily with
or without food once a day. To determine duration of
therapy, all patients with HCV genotype 1 A should be
tested for HCV NS5 polymorphisms before initiating
treatment.

A Phase IIb, open‐label, multicentre, multi‐cohort
study evaluated the safety and the efficacy of elbasvir/
grazoprevir. Elbasvir and grazoprevir were used as an
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all‐oral, fixed‐dose combination to children with chronic
HCV genotype 1 or 4 infection aged between three and
17 years. The standard duration of treatment was 12
weeks for all children.

5.3.1 | Adolescents

Twenty‐two adolescents (11 female; 50%), with HCV
infection were treated with the adult dosing (elbasvir
50mg, grazoprevir 100mg daily, orally without regard
for food) provided as one fixed‐dose combination
50/100‐mg tablet. Dosing was initiated in a mini cohort
of seven participants. The adult dosing resulted in
comparable plasma exposures in adolescents than
those found in clinical trials in adults. The mean age
was 14.1 years (standard deviation 1.9). HCV genotype
1a, 1b and 4b were in 16 (73%), 5 (22%), and 1
(64.5%). No patient had evidence of Child‐Pugh class
B/C cirrhosis and/or decompensated liver disease. The
SVR12 rate among all subjects was 100% overall. The
treatment was well tolerated. The most reported
adverse events were headache (13% of patients),
nausea (9.5%) and fatigue (4.5%). One serious
adverse event was reported (fractured fingertip) that
was considered unrelated to treatment.

Although this combination is not approved for
children 3−11 years of age, all the children in this age
cohort completed the trial and achieved SVR12.35

6 | GOAL AND ENDPOINT OF HCV
THERAPY

The goal of therapy in children is to cure HCV infection,
to prevent progression of HCV‐related liver disease
and its complications including the impact of this
chronic infection on the quality of life of children,
adolescents and their families. Furthermore, successful
treatment prevents onward transmission of HCV,
ensures equity in access to treatment and removes
the stigma associated with HCV‐infection in adoles-
cents and children. The endpoint of therapy with DAA in
children is undetectable HCV RNA in blood by a
sensitive assay with a lower limit of detection of
15 IU/mL 12 weeks after the end of treatment
(SVR12). Long‐term follow‐up studies in adults and
children have shown that an SVR12 corresponds to the
cure of HCV infection in the majority of cases.36,37

6.1 | RECOMMENDATION

1. The goal of therapy in children with hepatitis C is to
cure the infection and thereby prevent the progres-
sion of HCV‐related liver disease and its complica-
tions (8,9,9,9,9,9,9,9).

7 | PRETHERAPEUTIC
ASSESSMENT

Testing for hepatitis B virus infection (HBs antigen,
anti‐HBc antibodies and anti‐HBs antibodies) is
indicated before treatment for all adolescents and
children with chronic hepatitis C. Various studies have
described hepatitis B reactivation after a successful
clearance of hepatitis C using DAA therapy in patients
with HCV/hepatitis B virus coinfection. In line with
adult guidelines,38,39 patients with detectable hepatitis
B‐viraemia should be assessed for whether they fulfill
the standard criteria for hepatitis B virus treatment.
Patients who are HBs antigen‐positive should either
receive nucleoside/nucleotide analogue prophylaxis at
least until week 12 post‐anti‐HCV therapy and be
monitored monthly if hepatitis B virus treatment is
stopped or warrant careful monitoring for reactivation.

Cirrhosis is uncommon in adolescents and children
with chronic infection and unless it is associated with
hepatic decompensation it has no bearing on the
treatment strategy. Noninvasive tests for assessment of
liver fibrosis are not fully validated in children. The
decision of performing a liver biopsy should be evaluated
on a case‐by‐case basis. Diagnosing advanced liver
disease (bridging fibrosis and cirrhosis) is critical as it
could impact the post‐treatment prognosis raising the
indication for surveillance for hepatocellular carcinoma.1

7.1 | HCV RNA quantification,
genotyping, and assessment of baseline
resistance‐associated substitutions

HCV RNA quantification with a reliable and sensitive
assay, must be available before initiating therapy. In
the majority of cases, pan‐genotypic HCV drug
regimens can be used to treat without identifying
HCV genotype and subtype. This approach simplifies
therapy, especially in low‐ and lower‐middle‐income
countries. Genotyping should be ascertained in pa-
tients from countries where less treatment‐susceptible
HCV subtypes are known to be prevalent. If a patient is
cirrhotic, has received previous treatment, or is infected
with HCV genotype 3, the duration may vary for the
currently available drug regimens. Assessment of
baseline resistance‐associated substitutions is needed
before starting treatment for genotype 1a‐infected
patients being considered for elbasvir/grazoprevir.

7.2 | Assessment of drug‐drug
interactions before starting therapy

A comprehensive listing of drug‐drug interactions is
available at www.hep-druginteractions.org and addi-
tional information on individual DAA could be found in
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the summary of product characteristics. Before starting
treatment with a DAA, the drug history of the patients
should be taken including over‐the‐counter drugs,
herbal and vitamin preparations and, for adolescents,
any illicit drugs.

8 | CONTRAINDICATIONS TO
THERAPY

Treatment regimens comprising an HCV protease
inhibitor (‐previr), are contraindicated in patients with
decompensated cirrhosis. Drug‐drug interactions
should be carefully evaluated before treatment. Some
cytochrome P450/P‐gp‐inducing agents (such as phe-
nytoin, phenobarbital and carbamazepine) can signifi-
cantly reduce the concentrations of HCV DAA and
contraindicate treatment.

9 | INDICATIONS FOR
TREATMENT: WHO SHOULD BE
TREATED?

Endorsing previous recommendations, all treatment‐
naïve and treatment‐experienced adolescents and
children with chronic HCV infection should be con-
sidered for treatment. The new paradigm that we
propose, given the high efficacy and the excellent
safety profile of the DAA, is that treatment is indicated
in all children and adolescents to clear the infection and
prevent the possible development of liver disease.

Treatment is urgent in the few patients with significant
fibrosis (METAVIR score F2 or F3) or cirrhosis (META-
VIR score F4), patients with extrahepatic manifestations,
patients with HCV recurrence after liver transplantation
and patients with comorbidities who are at risk of a rapid
progression of liver disease. Treatment should be
prioritized in adolescents at risk of horizontal transmis-
sion of the infection. Liver biopsy for obtaining liver tissue
for histopathologic examination is not routinely indicated
in children with chronic HCV infection but should be
considered on a case‐by‐case basis.

HCV treatment may improve the quality of life in
adults with chronic HCV infection and remove the
stigma of being HCV‐positive. Three studies have also
examined the impact of DAA treatment on the quality of
life of adolescents and children and their caregivers
before, during, and after treatment.40–42 Overall, in all
three studies, there was an improvement in health‐
related quality of life scores after achieving SVR12.
Data is available from one cost‐effectiveness mathe-
matical modeling study to assess the cost effectiveness
of treating a hypothetical cohort of 30 000 adolescents
with chronic HCV compared with deferring treatment
until adulthood from a societal perspective. Results
suggest that treatment is cost‐effective compared with

deferred treatment especially if treatment is initiated
with the currently available pan‐genotypic regimens.43

Few HCV‐infected children aged 3−5 years have
been included in studies on the use of DAA. In the
sofosbuvir/velpatasvir trial, SVR12 was 83% (34/41
children). This is one of the lowest efficacy rates ever
reported in pediatric studies on the use of DAA for
children. In the sofosbuvir/velpatasvir trial as well as in the
other studies exploring the efficacy and safety of DAA
regimens in young children, non‐adherence and early
treatment discontinuations due to non‐virological reasons
were the main causes for treatment failure. Difficulty in
taking the oral medication by young children seems to be
a major limitation to the treatment efficacy. The ability of
children to swallow the medications is seen as a
requirement for initiating therapy, so treatment may be
deferred in the youngest children given the typical
absence of any urgency and the impact of noncompliance
with treatment administration on the efficacy.

9.1 | RECOMMENDATIONS

1. We recommend treatment using DAA regimens for
all treatment‐naïve and treatment‐experienced chil-
dren (≥3 years of age) with chronic hepatitis C
(8,9,9,9,9,9,9,9).

2. We recommend that swallowability assessment is
done before starting treatment and treatment
should be postponed for children who are unable
to swallow the locally available drug formulation
(7,7,8,8,8,8,9,9).

10 | WHICH DRUGS?

Pangenotypic DAA‐based regimens (including sofosbu-
vir/velpatasvir, glecaprevir/pibrentasvir or sofosbuvir/vel-
patasvir/voxilaprevir) are the recommended options in
HCV‐infected adults. Both pangenotypic and genotype
specific DAA‐based regimens are easy to use, effica-
cious and safe in adolescents and children.32 The panel
recognizes that the major difficulty for treatment of
adolescents and children is in the availability of the
drugs and of the age‐appropriate formulations and
therefore, the utilization of any of the combinations is
recommended. Given the impact of duration of treatment
on the possible compliance of the patient and the safety
profile of ribavirin‐based regimens when more than one
alternative is available, the regimen with the shortest
duration, and ribavirin‐free should be chosen. To simplify
the treatment and avoid the need of genotypes and/
or baseline resistance‐associated substitutions assess-
ment, pangenotypic regimens are preferrable when
available. Sofosbuvir/velpatasvir/voxilaprevir is generally
considered a second line‐treatment for patients who
have failed a previous regimen.

10 | INDOLFI ET AL.
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10.1 | RECOMMENDATION

1. Pangenotypic and genotype‐specific DAA‐based
regimens are equally recommended for treatment
of adolescents and children (7,7,8,9,9,9,9,9).

2. Pangenotypic, ribavirin‐free and regimens with the
shortest treatment duration are preferrable when
alternatives are available (7,8,8,9,9,9,9,9).

11 | Treatment of chronic HCV
infection in adolescents and
children without cirrhosis or with
compensated cirrhosis

The majority of the adolescents and children with
chronic hepatitis C included in the phase 2−3 studies
on the use of DAA were non‐cirrhotic or diagnosed with
compensated cirrhosis. The few real‐life studies con-
firm the high efficacy and the optimal safety profile of
DAA in adolescents and children without cirrhosis or
with compensated cirrhosis.

11.1 | RECOMMENDATION

We recommend the following fixed dose combination
regimens for adolescents and children without cirrho-
sis or with compensated cirrhosis:

1. Glecaprevir/pibrentasvir administered once daily
with food.

2. Sofosbuvir/velpatasvir administered once daily.
3. Sofosbuvir/ledipasvir administered once daily.

(8,8,9,9,9,9,9,9).

Treatment duration according to the presence or
absence of cirrhosis, regimen, genotype and treatment
history is described in Table 2. Table 3 summarizes the
treatment dosages and formulations.

12 | Treatment of chronic HCV
infection in adolescents and
children in resource ‐ l imited
sett ings

In countries with the highest burden of HCV in
children, generic medicines are available for use in
the adult population but the high costs of producing
pediatric formulations can be a barrier to scale‐up for
the younger age groups particularly in the absence of
informative epidemiological data. In these settings, a
less expensive and more widely available pangen-
otypic combination of sofosbuvir plus daclatasvir with

or without ribavirin can be used for adolescents and
children. The combination of sofosbuvir plus dacla-
tasvir is not approved by US FDA and EMA for use in
adolescents and children. The two drugs are pro-
duced by two independent originator companies that
are no longer collaborating.

Recently, in June 2022, the World Health Organi-
zation updated the recommendations on treatment to
include adolescents and children down to 3 years.12

The World Health Organization recognized that sofos-
buvir plus daclatasvir is the most appropriate pangen-
otypic option to optimize access for adolescents and
children in low‐ and lower‐middle‐income countries and
aligned the existing recommended pangenotypic DAA
regimens (sofosbuvir plus daclatasvir, sofosbuvir/vel-
patasvir and glecaprevir/pibrentasvir) for adults, to
those for adolescents and children. This alignment is
expected to simplify procurement, promote access to
treatment among children in low‐ and lower‐middle‐
income countries and contribute to global efforts to
eliminate the disease.32,44,45

Safety and efficacy of sofosbuvir plus daclatasvir
in adolescents and children have been reported in
multiple observational studies. A recent modeling
PK study supported the use of the adult dose of
sofosbuvir plus daclatasvir (400 mg/60 mg) in chil-
dren at least down to 25 kg, and a half dose (200 mg/
30 mg) for those weighing 14–25 kg, potentially down
even to 10 kg.23,24

12.1 | RECOMMENDATIONS

In alignment with the World Health Organization, we
recommend the following treatments for adolescents
and children without cirrhosis or with compensated
cirrhosis in resource‐limited settings:

1. The fixed‐dose combination of glecaprevir/pibren-
tasvir administered once daily with food.

2. The fixed‐dose combination of sofosbuvir/velpatas-
vir administered once daily.

3. The combination of sofosbuvir plus daclatasvir
administered once daily.

(6,8,8,9,9,9,9,9).

13 | Treatment of chronic HCV
infection in adolescents and
children with decompensated
cirrhosis

Across the different studies on the use of DAA for
adolescents and children with chronic HCV infection,
few patients have been included with compensated
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cirrhosis and none with decompensated cirrhosis.
Development of cirrhosis is described in 2−5% of
adolescents and children with the infection.7 In the
unlikely event of decompensated cirrhosis patients
younger than 18 years of age should be treated in
experienced pediatric liver centers. In the absence of
pediatric evidence treatment should follow the adult
guidelines.38,39

DAA‐based pangenotypic regimens are the most
suitable options for patients with decompensated
(Child‐Pugh B or C) cirrhosis. Protease inhibitor‐
containing regimens are contraindicated because of
higher risk of toxicity. Thus, the fixed‐dose combination
of sofosbuvir/velpatasvir with weight‐based ribavirin is
the treatment of choice for adult patients with decom-
pensated (Child‐Pugh B or C) cirrhosis. Close monitor-
ing of patients with decompensated cirrhosis during
therapy is required.

13.1 | RECOMMENDATIONS

1. We recommend that adolescents and children with
decompensated cirrhosis are treated in experi-
enced pediatric liver centers (9,9,9,9,9,9,9,9).

2. In the absence of pediatric evidence, treatment
should follow the adult guidelines (5,9,9,9,9,9,9,9).

14 | RETREATMENT OF DAA
FAILURES

Failure to achieve SVR12 in adolescents and children
is rare. Retreatment should be guided by the knowl-
edge of the drugs administered in previous treatment
course and/or should be based on RAS testing. Studies
in adults demonstrated that in patients previously
exposed to an NS5A inhibitor, glecaprevir/pibrentasvir
does not achieve optimal SVR rates while sofosbuvir/
velpatasvir/voxilaprevir for 12 weeks is effective in
adults exposed to protease and/or NS5A inhibitors. The
triple combinations of sofosbuvir/velpatasvir/voxilapre-
vir and of sofosbuvir plus glecaprevir/pibrentasvir with
the addition of weight‐based ribavirin and with the
extended treatment duration of 16 to 24 weeks have
been used for retreatment of difficult‐to‐cure adults,
such as those with complex NS5A RAS patterns and/or
those with advanced liver disease. The opinion of the
panel is that the combination of sofosbuvir/velpatasvir/
voxilaprevir should not be used as a first line treatment
but should be reserved as the second line for the few
children who fail a DAA combination.

15 | TREATMENT OF SPECIAL
GROUPS

Little data are available on children with comorbid-
ities.22 Treatment with DAA in adults with co‐infections
(hepatitis B virus, human immunodeficiency virus),
renal impairment, non‐hepatic solid organ transplant
recipients, before and after liver transplantation, active
drug users, patients with haemoglobinopathies and
coagulation disorders and non‐sustained virological
responders to DAA demonstrated high efficacy. Adults
with decompensated cirrhosis without hepatocellular
carcinoma awaiting liver are treated as soon as
possible to complete a full treatment course before
transplantation.

16 | MONITORING OF
TREATMENT WITH DAA IN
CHILDREN WITH CHRONIC
HEPATITIS C

DAA regimens are well tolerated in adults, adolescents
and children. The adverse events reported both in
registration and real word studies were mild and mostly
unrelated to treatment.11 Overall, based on the adult
suggestions, a reasonable approach seems to evaluate
adolescents and children clinically and with laboratory
tests at baseline. Nowadays, clinical side effects
related to treatment can be periodically assessed
through telehealth technologies. Treatment efficacy
could be evaluated by measuring HCV RNA levels

TABLE 3 Dosage of the different regimens according to body
weight.

Product Doses by weight/age

Glecaprevir/pibrentasvir ≥45 kg or 12−17 years:
300/120mg once a day

30−< 45 kg: 250/100mg once
a day

20−< 30 kg: 200/80mg once
a day

12−< 20 kg: 150/60mg once
a day

Sofosbuvir/velpatasvir ≥30 kg: 400/100mg once a day

17−<30 kg: 200/50mg once a day

<17 kg: 150/37.5 mg once a day

Sofosbuvir/velpatasvir/
voxilaprevir

≥30 kg (12 years): 400/100/
100mg once a day

Sofosbuvir + daclatasvir >26 kg 400/60mg once a day

14–25 kg 200/30mg once a day

Sofosbuvir/ledipasvir ≥35 kg: 400/90mg once a day

17−<35 kg: 200/45mg once a day

<17 kg: 150/33.75mg once a day

Elbasvir/grazoprevir ≥30 kg or 12−17 years:
50/100mg once a day

INDOLFI ET AL. | 13
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with a highly sensitive assay (with a lower limit of
detection ≤ 15 IU/mL) 12 weeks after the end of
therapy. It is crucial to counsel families about the
importance of adherence with the treatment prescrip-
tion and plan additional visits when risk factors for non‐
adherence are identified or suspected.

It should be noted that for sofosbuvir‐based
regimens renal functions should be checked before
and during treatment. When renal functions, as
measured by calculated glomerular filtration rate is
low (<30 mL/min/1∙73 m2), the use of sofosbuvir is
generally not recommended. When normal calcu-
lated glomerular filtration rate is reduced but higher
than 30 ml/min/1∙73 m2 renal function should be
checked monthly. As the use of ribavirin can be
associated with anaemia, hemoglobin levels should
be assessed at weeks two and four of therapy and at
4−8‐week intervals thereafter. Adequate counseling
and an effective form of contraception are needed
during treatment and for a period of 6 months after
the treatment has concluded for women of child-
bearing potential and/or their male partners. Potential
drug‐drug interactions should be monitored in the few
adolescents taking other necessary medication par-
ticularly those with human immunodeficiency virus
co‐infection.

The availability of the age‐appropriate formulations
is still a major global concern. Recent evidence
suggests that tablet manipulation (halving and crush-
ing) does not impact the safety and effectiveness of
HCV DAA.46

17 | CONCLUSIONS

With the advent of DAA and prospective of increasing
numbers of cured HCV patients, the World Health
Organization global health sector strategy on viral
hepatitis 2016–2021 defined targets and actions for
countries to achieve the goal of eliminating hepatitis C
as a major public health threat by 2030.47 Achieving
the elimination goals, however, requires a mass
scale‐up of testing and treatment in both adults and
children particularly in the settings with the highest
burden of disease, which are mostly the low‐income
ones Figure 1.

The present position paper advocates treatment of
adolescents and children with chronic HCV infection
and is directed to healthcare systems to recognize the
importance of treating this special group of patients and
including them in national strategies to achieve the
2030 elimination goal.

F IGURE 1 Summary of the recommendations.

14 | INDOLFI ET AL.
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ESPGHAN DISCLAIMER

ESPGHAN is not responsible for the practices of
physicians and provides guidelines and position papers
as indicators of best practice only. Diagnosis and
treatment are at the discretion of physicians.
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