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The Goal of Treatment of 
Chronic HCV Infection

Eradicate the virus

Induce a remission in liver injury

Prevent transmission

Outcomes of chronic inflammation

Progression to end stage liver 
disease (fibrosis / cirrhosis)

Hepatocellular Carcinoma (HCC)   



Goal

Treatment Phase

Undetectable SVR

Sustained 
Virological 
Response 

(negative 12-24 
weeks after 
cessation)

Weeks after start
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SVR:
Halts progression
Van der Meer, JAMA 308:2584, 2012



Schmidt, Clinical Gastroent Hepatol 12:728, 2014

DAA

drugs specifically designed 

to inhibit enzymes HCV uses 

to replicate



Direct Acting 
Inhibitors

NS5A Inhib:
-Daclatasvir
-Ledipasvir
-Ombitasvir
-Velpatasvir
-Elbasvir
-Pibrentasvir

Protease Inhib:
-Paritaprevir
-Asunaprevir
-Simeprevir
-Grazoprevir
-Glecaprevir

Polymerase Inhib:
1. Non-nucleoside:

-Dasabuvir
-Beclabuvir

2. Nucleoside:
-Sofosbuvir



Open-Label, Multicenter,                     
Multi-cohort, Single-Arm                                   

Phase 2 PEDIATRIC Trials

1. Sofosbuvir + Ledipasvir - Genotype 1 
NCT02249182 (GS 337-1116)

2. Sofosbuvir + Ribavirin - Genotype 2/3 
NCT02175758 (GS 334-1112)

3. Glecaprevir + Pibrentasvir - All GTs
NCT03067129  (M16-123)

4. Sofosbuvir + Velpatasvir - All GTs
NCT03022981  (GS 342-1143)

5. Elbasvir + Grazoprevir - Genotype 1,4 
NCT03379506 (MK5172-079)



Aims (Similar for All)

• Primary objective:

–Safety & tolerability (one/d x 8-12 wks)

• Secondary objectives:

–Antiviral efficacy (SVR12)

–Pharmacokinetics (PK) evaluation 

relative to adults (confirm dose)

–Resistance?

• Age Groups:



Methods:
3 Cohorts

1. 12 to <18 year old

2. 6  to <12 year old

3. 3  to <6 year old



Replication Assembly

Protease Inhib:
-Paritaprevir
-Asunaprevir
-Simeprevir
-Grazoprevir
-Glecaprevir

Polymerase Inhib:
1. Non-nucleoside:

-Dasabuvir
-Beclabuvir

2. Nucleoside:
-Sofosbuvir

NS5A Inhib:
-Daclatasvir
-Ledipasvir
-Ombitasvir
-Velpatasvir
-Elbasvir
-Pibrentasvir



Fixed-Dose Combination

12 weeks of treatment once daily



Balistreri, Hepatology 66:371, 2017

(LDV/SOF)



Results: LDV/SOF - SVR 12 (%)

12-17 year old



Murray, HEPATOLOGY 68:2158, 2018 

GT-1

➢ “Half-strength” FDC tablet
➢ LDV/SOF – 45mg/200mg
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Results:
LDV/SOF in Children 6 to 11 years

One patient not 
reaching SVR 

relapsed 4 weeks 
after completing 

12 weeks of 
treatment

86/87



Schwarz, Hepatology 71:422, 2020

GT-1

Weight-based doses (as pellets):

–LDV 33.75mg/SOF 150 mg (wt <17 kg)

–LDV   45 mg/SOF 200 mg (wt ≥17 kg)



Weight-based doses (as pellets):

–LDV 33.75mg/SOF 150 mg (wt <17 kg)

–LDV   45 mg/SOF 200 mg (wt ≥17 kg)
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Results: SVR12 
LDV/SOF Children 3 to <6 yrs old

One subject (3 yo) 

discontinued Rx 

on Day 4 due to 

drug taste
32/33



Replication Assembly

Protease Inhib:
-Paritaprevir
-Asunaprevir
-Simeprevir
-Grazoprevir
-Glecaprevir

Polymerase Inhib:
1. Non-nucleoside:

-Dasabuvir
-Beclabuvir

2. Nucleoside:
-Sofosbuvir

NS5A Inhib:
-Daclatasvir
-Ledipasvir
-Ombitasvir
-Velpatasvir
-Elbasvir
-Pibrentasvir



Jonas, Hepatology 71:456, 2020

• Adult formulation of GLE/PIB:

• 300 mg/120 mg

• Dosed once daily (8-16 weeks)

• 47 patients (100%) SVR12

• No virologic failures



Replication Assembly

Protease Inhib:
-Paritaprevir
-Asunaprevir
-Simeprevir
-Grazoprevir
-Glecaprevir

Polymerase Inhib:
1. Non-nucleoside:

-Dasabuvir
-Beclabuvir

2. Nucleoside:
-Sofosbuvir

NS5A Inhib:
-Daclatasvir
-Ledipasvir
-Ombitasvir
-Velpatasvir
-Elbasvir
-Pibrentasvir



• Any genotype; fixed dose combo 

• >12 to <18 yo: SOF/VEL400mg/100mg

• >6 to <12 yo: SOF/VEL 200 mg/50 mg

•Pellets Or Tablet

• Once/d x 12 weeks

Sofosbuvir/Velpatasvir 

Patients 6 to < 18 years old



Results: SOF-VEL (% SVR12)

>12 years

71 / 76

GT 1

100%

GT

2

3

4

6

93%

26 /26 50 /54

GT 1 GT 3

93%

10 /11

91%

>6 years

GT

2

4

100%

6/6



Replication Assembly

Protease Inhib:
-Paritaprevir
-Asunaprevir
-Simeprevir
-Grazoprevir
-Glecaprevir

Polymerase Inhib:
1. Non-nucleoside:

-Dasabuvir
-Beclabuvir

2. Nucleoside:
-Sofosbuvir

NS5A Inhib:
-Daclatasvir
-Ledipasvir
-Ombitasvir
-Velpatasvir
-Elbasvir
-Pibrentasvir





Substantial improvements in 

social functioning and school 

performance domains following 

attainment of SVR 
Younossi, JPGN 66:112, 2018

Younossi, J Viral Hepat 25:354, 2018

Quality of Life



Notes re: DAAs

• Most common adverse reactions 

observed in clinical trials:

–fatigue and headache

• Be aware:

–Drug-Drug interactions

–Boxed warning:

•HBV reactivation (test all before)



Journal of Pediatrics 221:12, June 2020

18 Published studies; Subjects = 758 (all genotypes)

Direct-Acting Antivirals



Journal of Pediatrics 221:12, June 2020

18 Published studies; Subjects = 758 (all genotypes)

Direct-Acting Antivirals

SVR:
91-100%



What about 
“Real World” 

data? 



• Open-label study involving (12 Italian centers)

“The Ciao-C study”
• Overall, SVR12 was 98.7%

Serranti, JPGN 72:95, 2021



Mogahed, Journ of Pediatrics, 233:126, 2021

Eradication of HCV - associated 

with regression of liver fibrosis



Currently approved DAAs (PED)
http://www.fda.gov

• Sovaldi® - (sofosbuvir)

• Harvoni® - (sofosbuvir & ledipasvir)

• Epclusa® - (sofosbuvir & velpatasvir)

• Vosevi® - (sofosbuvir, velpatasvir, 

voxilaprevir)

• Zepatier ® - (elbasvir & grazoprevir)

• Mavyret® - (glecaprevir  & pibrentasvir)



One note:
before treatment:

“Disease severity assessment via 

routine laboratory testing and physical 

examination, as well as use of 

evolving noninvasive modalities (i.e., 

elastography, imaging, or serum 

fibrosis markers) is recommended for 

all children with chronic HCV 

infection”

AASLD-IDSA guidance



Currently approved DAAs (PED)
http://www.fda.gov  (12-12-20)

• Sovaldi® - (sofosbuvir)

• Harvoni® - (sofosbuvir & ledipasvir)

• Epclusa® - (sofosbuvir & velpatasvir)

• Vosevi® - (sofosbuvir, velpatasvir, 

voxilaprevir)

• Zepatier ® - (elbasvir & grazoprevir)

• Mavyret® - (glecaprevir  & pibrentasvir)



FDA approved Epclusa®
(sofosbuvir / velpatasvir); June 11, 2021

• Patients at least 3 years of age 

• Oral pellets:

–200/50 mg

–150/37.5 mg

• Treatment of HCV genotypes 1-6



• Dosage = weight based: 

–< 17 kg: one 150mg/37.5 mg packet of 

oral pellets once daily

–17 to < 30 kgs: one 200 mg/50 mg packet 

of oral pellets once daily… OR 

• One 200/50 mg tablet once daily

–>30 kgs: two 200 mg/50 mg packets    

of oral pellets once daily… OR 

• one 400 mg/50 mg tablet once daily

FDA approved Epclusa®
(sofosbuvir / velpatasvir); June 11, 2021



• Treatment of patients 3 to <12 years

• Oral pellets (100mg/40mg)

• HCV genotype 1-6 without cirrhosis   

or with compensated cirrhosis

FDA approved Mavyret®
(glecaprevir / pibrentasvir); June 11, 2021



• Dosage = weight-based:

–<20 kg: three 50mg/20 mg packets 
of oral pellets once daily

–20 kg to <30 kg: 4 - 50 mg/20 mg 
packets of oral pellets once daily

–30 kg to <45 kg: 5 - 50 mg/20 mg 
packets of oral pellets once daily

–>45 kg & >12 yrs: 3 - 100 g/40 mg   
tablets once daily

FDA approved Mavyret®
(glecaprevir / pibrentasvir); June 11, 2021



• Taken with food, once daily

• Sprinkle pellets on spoonful of non-

acidic soft food (room temp)

• Swallow entire mixture (food / pellets) 

within 15 min of preparation

• Do not crush or chew    

Administration of Pellets



http://www.hcvguidelines.org



“DAA treatment is recommended 
for all HCV-infected children     

>3 years as they will benefit from 
antiviral therapy, independent of 

disease severity” 



32nd Edition



“Delaying treatment to age 18 years 
results in increased lifetime risk of 

liver complications”
“Early treatment in young children is 

cost effective”

Greenaway, Journal of Pediatrics 230:38, 2021



Conclusions

• Treatment of HCV-infected 
children with DAAs:

–Safe & Effective

–Several public health benefits:

1. Reduce disease progression

2. Reduce disease transmission

3. Improve quality of life



HCV Vaccine? 

“History has taught us that if you 
want to effectively control an 
infectious disease, you have to 
develop a vaccine”  Houghton

• Another level of prevention

• DAAs do not prevent re-infection



Our children won’t have to be 
afraid of these “bugs”
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