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Direct-Active Antivirals Approvals (Jan 2021)

v Sofosbuvir + ribavirin – 3-17 years of age

v Sofosbuvir/ledipasvir(FDC) – 3-17 years of age

v Glecaprevir/pibrentasvir(FDC) – 12-17 years of age
– 3-11 years expected June 2021

v Sofosbuvir/velpatasvir(FDC) – 6-17 years of age
– 3-5 years expected June 2021
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Systematic Review with Meta-Analysis
DAA for Children and Adolescents with CHC

Indolfi G, Aliment Pharmacol Ther 2020



Meta-analysis of Proportions
DAA for Children and Adolescents with CHC

Indolfi G, Aliment Pharmacol Ther 2020

subjects achieving SVR12
subjects receiving all doses of treatment

v Age of the patients (3-5; 6-11; 12-17 years)
v Presence of cirrhosis
v Treatment duration (8; 12; 24 weeks)
v Treatment type
v Previous history of treatment

subjects achieving SVR12
subjects receiving at least one dose
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Meta-analysis of Proportions
DAA for Children and Adolescents with CHC

Indolfi G, Aliment Pharmacol Ther 2020

No. of study-arms
pts reaching SVR12 / pts receiving 

all doses of treatment

Proportion
[95% CI]

No. of study-arms
pts reaching SVR12 / pts receiving 

at least one dose of treatment

Proportion
[95% CI]

Overall 60 (1758/1772) 100 [100-100] 42 (1340/1403) 99.9 [98.7-100]
Duration of treatment  
8 weeks 7 (224/224) 100 [99.6-100] 6 (181/182) 100 [98.6-100]
12 weeks 40 (1349/1356) 100 [100-100] 25 (967/992) 99.5 [98.5-100]
16-24 weeks 12 (165/170) 100 [100-100] 9 (116/119) 100 [100-100]

I2 statistic, p-valued (0.03) (0.08)

Drug
EBR + GZR 3 (37/37) 100 [95.4-100] - -
GLC + PIB 2 (47/47) 100 [99.6-100] 2 (47/47) 100 [99.6-100]
OBV + others 4 (38/38) 100 [99.1-100] 4 (38/38) 100 [99.1-100]
SOF + others 51 (1636/1650) 100 [100-100] 36 (1255/1318) 99.6 [97.7-100]

I2 statistic, p-valued (0.95) (0.37)
Inclusion of cirrhotic patients
No 37 (1157/1164) 100 [100-100] 28 (1030/1087) 99.2 [96.7-100]
Yes 5 (9/9) 100 [78.1-100] 3 (3/4) 83.0 [18.5-100]

I2 statistic, p-valued (0.34) (0.11)
Previous history of treatment
Non-naïve to therapy patients 3 (157/157) 100 [100-100] 3 (157/160) 100 [98.4-100]
Naïve to therapy patients 38 (1247/1259) 100 [100-100] 30 (969/995) 99.7 [98.8-100]

I2 statistic, p-value (0.34) (0.62)
Age (range)
3-5 years 6 (74/74) 100 [98.2-100] 5 (67/69) 99.2 [93.7-100]
≥6 years 46 (1268/1275) 100 [100-100] 32 (913/958) 100 [98.6-100]

I2 statistic, p-value (0.94) (0.89)



Meta-analysis of Proportions
DAA for Children and Adolescents with CHC

Indolfi G, Aliment Pharmacol Ther 2020



Sofosbuvir(nNS5B) / ledipasvir(NS5A) (FDC)
NCT 02249182, industry-driven trial
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Sofosbuvir/ledipasvir
12-17 years:400/90 mg QD FDC; 6-11 years: 200/45 mg QD FDC (tabs 22.5/100 mg);
3-5 years AND ≥ 17 Kg 200/45 mg (granules) QD; AND < 17 Kg: 150/33.75 mg QD (granules)

EMA FDA
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8 weeks of treatment

12-17 years, GT1, treatment-naïve, 
HCV RNA < 6x106 IU/mL (n 13)
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Sofosbuvir/ledipasvir (400/90 mg QD) FDC

Sofosbuvir(nNS5B) / ledipasvir(NS5A) (FDC)

Real-world data – The CIAO-C Study
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8-12 weeks of treatment

12-17 years, GT1, 3, 4, (n 13)
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Sofosbuvir(nNS5B) + ribavirin
NCT 02175758, industry-drive trial

Wirth, Hepatology 2017
Rosenthal P, Hepatology 2020
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Ribavirin weight-based
Sofosbuvir 12-17 years: 400 mg QD tablet; 6-11 years 200 mg tablet;
3-5 years and: ≥ 17 kg: 200 mg (granules);  <17 kg: 150 mg (granules)

EMA FDA
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Clinicaltrial.gov

3-17 years, HCV GT1-6, cirrhotic and non-cirrhotic

Sofosbuvir(NS5B) / velpatasvir(NS5A) (FDC)
NCT 03022981, industry-driven trial

12-17 years: 400/100 mg QD (tablets)
6-11 years: 200/50 mg QD (tablets or oral granules), 
3-5 years: >17 Kg: 200/50 mg; <17 Kg 150/37.5 mg, QD (oral granules)
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Jonas MM, AASLD 2019 and 2020
Clinicaltrial.gov

3-17 years, HCV GT1-6, cirrhotic and non-cirrhotic

Sofosbuvir(NS5B) / velpatasvir(NS5A) (FDC)
NCT 03022981, industry-driven trial

12-17 years: 400/100 mg QD (tablets)
6-11 years: 200/50 mg QD (tablets or oral granules), 
3-5 years: >17 Kg: 200/50 mg; <17 Kg 150/37.5 mg, QD (oral granules)

68
73

97
102

34
41

EMA FDA

6-17 years

12-18 years 6-11 years 3-5 years
n 102 73 41
Virological failure 1 1 0
Lost to follow up 6 2 1
Non compliance with study drug 0 0 2
Investigator’s discretion 0 1 2
Withdrew Assent By Parent/Guardian 0 0 1
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12-17 years, HCV GT1-6, cirrhotic and non-cirrhotic, ± HIV co-infection
DORA part 1

Glecaprevir(PI) / pibrentasvir(NS5A) (FDC)
NCT 03067129, industry-drive trial

EMA FDA

Glecaprevir/pibrentasvir (300/120 mg QD), FDC (100/40 mg)
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3-11 years, HCV GT1-6, cirrhotic and non-cirrhotic
DORA part 2

Glecaprevir(PI) / pibrentasvir(NS5A) (FDC)
NCT 03067129, industry-drive trial

EMA FDA

Glecaprevir/pibrentasvir film coated granules
9-11 years - 30 to < 45 Kg: 250/100 mg QD
6-8 years - 20 to < 30 Kg: 200/80 mg QD
3-5 years - 12 to < 20 Kg: 150/60 mg QD
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Monitoring of Treatment with DAA in Children

Indolfi,  Lancet Child & Adolesc Health 2018
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ETR, end of treatment response; SVR sustained virological response



Telemedicine for HCV Treatment in Children

Baseline
Mean (SD)

EoT
Mean (SD)

𝚫 %

Haemoglobin g/dL 14,4 (1,2) 14,2 (1,4) -1,0

Creatinine mg/dL 0,68 (0,14) 0,68 (0,15) +0,8

Urea mg/dL 27 (6,5) 25,5 (6,4) -5,8

Baseline 
Median (IQR)

EoT
Median (IQR)

𝚫 %

Bilirubin tot mg/dL 0,63 (0,5-0,85) 0,6 (0,4-0,9) -4,8

Albumin g/dL 4,5 (4,2-4,7) 4,4 (4,3-4,7) -2,2

WBC/mm3 6120 (5230-6970) 6425 (5630-7455) +5

PLT x106/mm3 248 (207-289) 252 (216-287) +1,6



Monitoring of Treatment with DAA in Children

Indolfi,  Lancet Child & Adolesc Health 2018

ETR, end of treatment response; SVR sustained virological response
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Indolfi G, J Ped Gastroenterol Hepatol 2020

Indications for Treatment of chronic HCV
Natural history of the infection

Comparison of the AASLD, WHO, EASL, ESPGHAN, 
APASL guidelines: a FISPGHAN position paper

v There is agreement towards:

- treatment of all the adolescents (12-17 years of age)
- deferral of treatment in younger children (between 3 and 11 years of 
age) until DAA combinations are available
- none of the selected documents reported any specific consideration 
on treatment of children younger than 3 years of age



Bortolotti F, Gastroenterology 2008

v 504 children with hepatitis C
v follow up: 10 years
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Modin J, J Hepatol 2018

Hepatitis C in Children
Natural history of the infection



Global Burden of HCV in Children and 
Adolescents in 2018

Schmelzer J, Lancet Gastroenterol Hepatol 2020

v 3.26 (2.07-3.9) million viraemic children (1 - 18 years 
of age) worldwide (0.13%; 95% UI 0·08–0·16)



Global Burden of HCV in Children and 
Adolescents in 2018

Schmelzer J, Lancet Gastroenterol Hepatol 2020





• Test safety and efficacy of SOF/DCV in patients 12 to 17 years old with chronic HCV, genotype 4 infection
‒ 30 chronic HCV-infected adolescents

• Daily dose of SOF/DAC based on body weight categories: ~400 mg/1.7m2 or 60 mg/1.7m2

‒ 20-30 kg:    SOF 200mg / DAC 30 mg
‒ >30-40 kg:  SOF 300mg / DAC 45 mg
‒ >40 kg:        SOF 400mg / DAC 60mg

• SVR12 rate was 29 of 30 (96.7%; 95% [CI] 83.3%–99.4%) 
‒ one child lost to follow-up after viral negativity at end of Rx

Yakoot et al JPGN  Volume 67, Number 1, July 2018.

Virologic response kinetics curve



• Investigate the safety and efficacy of SOF/DCV for HCV Genotype 4 in children aged 8 to 18 yrs or >17 kg

• 40 chronic HCV-infected, treatment-naïve children with well compensated livers (45% <12 years)

‒ >45 kg: SOF 400 mg/d, DAC 60 mg/d for 12 weeks
‒ 17 to 45 kg: SOF 200 mg/d, DAC 30 mg/d for 12 weeks

• SVR12 and SVR24 were 97.5% and 95%, respectively

• Observed side effects:
‒ Mild and none required drug cessation

Abdel Ghaffar et al J Viral Hepat. 2019;26:263–270.

Viral clearance of patients



New DAC PK Data: SOF/DAC in Adolescents

• Clinical trial of Daclatasvir in Egyptian Adolescents: SOF/DAC: 400/60 mg/daily 

Al Nahaari MM et al Antiviral Therapy 2020



Question
What is the optimal dose for DAC in children below 12 years of age in the context of a 
public health approach?

ØWhat age (body weight) can we safety use the adult dose of DAC/(SOF)?

ØUse of the adult generic fixed dose combination (SOF/DAC, 400/60mg) in young children?

ØOther options:

‒ Half-tab of Adult FDC (currently non-scored)?

‒ Score - adult FDC tablet?

‒ use 30 mg DAC + 200 mg SOF (no genetic available)



• To estimate daclatasvir drug exposures in children with body weights 17 
to 35 kg receiving 60 mg DAC, once daily

• To estimate daclatasvir drug exposures in children with body weights 17 
to 35 kg receiving 30 mg DAC, once daily

Current Objectives: DAC Simulations



Simulations: DAC AUC 
DAC 30 vs 60 mg over the 17 - <35 kg weight band

*Adult DAC exposure
5th to 95th percentile

(6.15 to 25.96 µg.hr/mL) 

*Chan et al 2017 Clin. Pharm; 56; 1173-1183

Based on daily AUC 
DAC 30 mg, twice daily

*Osawa et al 2019 Clin. Pharm DD; 8(6) 802–817



Simulations: DAC Cmax 
DAC 30 vs 60 mg over the 17 - <35 kg weight band

*Adult DAC Cmax
5th to 95th percentile

(0.568 to 1.804 µg.hr/mL) 

*Chan et al 2017 Clin. Pharm; 56; 1173-1183
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High risk children and 
adolescents:

- Injecting drugs
- HCV-infected mothers
- Inherited Blood 
Disorders
- Migrants and refugees
- Others

Awareness 
Campaigns

targeting Pediatricians
and Obstetricians

PHP and community
HCWs

High risk groups and 
families with infected-
members

Burden of disease 
estimated

Screening policies 
and projects

Retrieval of data for HCV-
infected women and 
screen their children

POC testing:
Primary HCF Vaccination 
centers  Hospital facilities

POC testing:  special 
populations

DAA treatment      
(fully covered by    
health insurance)

HCV health care cascade 
in primary HCF

New communication
systems, to  improve
access to care and 
treatment

Designated hepatitis 
treatment centers for 
children and adolescents

National HCV data 
registry

-Surveillance:
reporting acute and 
chronic cases
-Monitoring SVR and 
non-response rates

-Monitoring and 
Evaluation forms
-Follow-up of cirrhotic 
patients

MACRO-
ELIMINATION

General population of 
children and 
adolescents:

- School and college 
students

- Hospital in and out-
patients

Concentrated 
Epidemic of HCV

Generalised Epidemic 
of HCV

PHP, primary health care physicians; HCWs, health care workers; POC, point of care; HCF, health care facilities; DAA, direct-acting antivirals; SVR, sustained 
virological response.

El-Sayed & Indolfi, Seminars Liver Dis 2020



Global Viral Hepatitis Strategy – a  roadmap to Elimination

Eliminate viral hepatitis as a major public health threat by 2030, as defined by:

Courtesy of Philippa Easterbrook, WHO


