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The First Description of Non A non B 

Hepatitis in Blood Transfusion Recipients

Feinstone, N Engl J Med 1975.



Choo , Science 1989; Kuo, Science 1989.

The Discovery of the Hepatitis C Virus and Development 

of a Serological Assay



The Hepatitis C Virus

Smith, Hepatology 2014.

 +SS RNA 9.6 Kb

 Flaviviridae family

 Hepacivirus genus

 7 genotypes, 67 subtypes

 Originated in West Africa or South-East Asia

 Epidemic spread: started in 1900, expanded globally after WW II



The Polaris Observatory HCV Collaborators. Lancet Gastroenterol Hepatol 2017

71,100,000

HCV infection worldwide



30 Countries Account for 80% of 

HCV Infections

Polaris Observatory HCV Collaborators. Lancet Gastroenterol Hepatol 2017; Blach, AASLD 2016. 
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Is it 70 million or 170 million (WHO)?
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HBV

887,200

HCV

399,400
1,059,000

1,373,000

440,000

acute

HCC

cirrhosis

HCC

cirrhosis
90% of global viral hepatitis 

deaths 

are due to end-stage

liver-related complications 

of hepatitis B and C

WHO 2017 Global Hepatitis Report

The burden of viral liver disease
In Italy 2010 16.000 deaths due to HCV



Hepatitis C Virus Life Cycle: 25 Years Ago

A black 

box        

Roadblocks to HCV research:

• No virus replication in cell 

culture

• No small animal models 

(chimpanzees)

Adapted from CM Rice



miRNA

ISIS 14803 (antisense)

AVI- 4066 (antisense)

Heptazyme (ribozyme)

VGX-410C (small molecules IRES 

inhibitor) TT 033 (sIRNA)

eIF2a phosphorilation inhibitors: 

Nitazoxanide

Lindenbach, Nature 2005; Moradpour, Curr Top Microbiol Immunol 2013

HCV targets for therapy

Core

5 Virion assembly

3 Translation and processing 

of polyprotein

4 RNA replication

1 Receptors binding

And endocytosis

Fusion and 

decapsidation

(+) RNA

6 Transport and release

4A NS4B NS5AE2E1C p7 NS2 NS3 NS5B

NS3 protease

Serine protease 

domain

NS2–NS3 

protease

Core Membrane RNA-dipendent 

RNA polymerase

“entry inhibitors”

mAbs anti-E2/CD81, 

PRO 206 Ezetimibe

2 Traslation

Protease inhibitors Replication

inhibitors:

•NS5B/polymer

ase

•NNI,

• NI

Inhibitors of

viral

assembly and 

release : 

Celgosivir

Drugs active on viral enzymes

Drugs active on host cell enzymes

Cyclophillin inhibitors

NS5A Inhibitors



HCV: probability of the presence of viral 

variants

Number of 

nucleotide 

change

Probability of 

generation after 

one round of 

replication

Number of 

virions with 

nucleotide 

change(s) 

produced per 

day

Number of all 

possible 

nucleotide 

mutants

Fraction of all 

possible 

mutants 

created per day

0 91% 9.1 x 1011

1 8.7% 8.7 x 1010 2.9 x 104 1

2 0.4% 4.2 x 109 4.1 x 108 1

3 0.001% 1.3 x 108 4.0 x 1012 3.4 x 10-5

Hepatitis C virus: ~9600 nucleotides

Error rate during replication: ~10-4 – 10-5 per copied nucleotide

Viral turnover: ~1012 virions produced every day

Not all variants survive

- Dead mutations (variants that can not replicate)

- Immune sensitive mutations (variants eliminated by the immune system)

Rong, Sci Transl Med 2010; Neumann, Science 1998; Domingo, Viral Hepatitis Rev 1996; Cuevas, J Virol 2009



Emergence of Pre-existing Resistant Variants 

During Treatment with DAA

Resistant virus Sensitive virus

Time on Treatment with DAA Alone

H
C

V
 R

N
A

Baseline HCV RNA

Before Treatment

Viral breakthrough

X
X

X

X

XX
X X
X

Antiviral  Potency

Resistance

Profile 

Intracellular drug concentrations

IC50 of mutant viruses 

N of Mutations needed to  reduce IC50

Fitness of mutant viruses

Relapse

Antiviral monotherapy 



Characteristics of 1st gen DAA

Drug class NS3/NS4 

Inhibitors (---

“previrs”)

NS5A

inhibitors

(…”asvirs”)

NS5B inhibitors

( …”buvirs”)

1st gen

2nd wave 

1st gen NN NUC

Drugs Paritaprevir/r

Simeprevir

Ledipasvir,

Ombitasvir

Elbasvir

Daclatasvir

Dasabuvir Sofosbuvir

Antiviral

Potency

Resistance 

profile

Pangenotypic

efficacy /

STRATEGY Combinations of DAA  genotype specific to achieve potent antiviral effect, high 

barrier to resistance and broad genotypic spectrum

Modified from Shinazi Liv Int 2014 



Characteristics that Inform

Treatment Option 

Selection

Treatment 
selection

HCV genotype/

subtype

HCVRNA levels

Previous Tx
experience

Severity of liver 
disease

Treatment cost

Patient co-

morbidities

Drug-drug 
interactions

RASs



Efficacy of DAA combination regimens according to 

HCV genotype

in RCT (most single arm studies) with 1st gen DAAs

Combination regimens for 8 –

24 weeks
GT1 GT2 GT3 GT4 GT5-6

SOF + RBV <75% 85% 85% <75% < 85%

SOF + SIM ± RBV <90% --- --- 90-93% ---

SOF/LDV ± RBV 90-96% --- < 90% 90-96% 90-96%

OBV/PTV/r + DSV (3D) ± RBV 95-97% --- --- --- --

OBV/PTV/r (2D) ± RBV --- --- --- 95-97% ---

EBR/GZR + RBV 92-97% --- --- 92-95% ---

SOF + DCV ± RBV 94% 90-95% 87-92% 90% 87%

NUCPol i; NNPol I;1st gen NS3/NS4 i; 2nd gen NS3/NS4i; 1st gen NS5Ai;  1st gen pangenotypic NS5Ai;  

2nd gen pangenotypic NS5Ai  



• Con l’obiettivo finale di favorire l’accesso alle nuove terapie per tutti i pazienti affetti da epatite C cronica e 

garantire al tempo stesso la sostenibilità del SSN, si è reso  inizialmente necessario individuare una 

strategia di accesso modulata sulla base dell'urgenza clinica al trattamento. 

• Di conseguenza, l’AIFA, tramite la Commissione Tecnico Scientifica (CTS), ha individuato i criteri di  

rimborsabilità prioritaria al trattamento con i nuovi DAAs sulla base dei risultati emersi dai lavori del  Tavolo 

tecnico epatite C istituito presso l'Agenzia.

1. Pazienti con cirrosi in classe di Child A o B e/o con HCC con risposta completa a terapie resettive

chirurgiche o loco-regionali non candidabili a trapianto epatico nei quali la malattia epatica sia 

determinante per la prognosi

2. Epatite ricorrente HCV-RNA positiva del fegato trapiantato in paziente stabile clinicamente e con livelli 

ottimali di immunosoppressione

3. Epatite cronica con gravi manifestazioni extra-epatiche HCV-correlate (sindrome crioglobulinemica con 

danno d'organo, sindromi linfoproliferative a cellule B)

4. Epatite cronica con fibrosi METAVIR F3 (o corrispondente Ishack)

5. In lista per trapianto di fegato con cirrosi MELD <25 e/o con HCC all'interno dei criteri di Milano con la 

possibilità di una attesa in lista di almeno 2 mesi

6. Epatite cronica dopo trapianto di organo solido (non fegato) o di midollo in paziente stabile clinicamente e 

con livelli ottimali di immunosoppressione (decisione CTS del 05/04/2016); in precedenza “Epatite cronica 

dopo trapianto di organo solido (non fegato) o di midollo con fibrosi METAVIR≥2 (o corrispondente Ishack)”

7. Epatite cronica con fibrosi METAVIR F0-F2 (o corrispondente Ishack) (solo per simeprevir)





Cirrosi

F3

Extraep.

OLT

F2

T Non LT

Lista OLT

71.970 pazienti



SVR12 in 12.595 HCV infected patients

in 4 Italian Regional Registries
(66% F4 and 28% F3 stratified according to HCV GTs) 
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Characteristics of  2nd gen DAA registered and not registered in 

Europe 

Drug class NS3/NS4 

Inhibitors (--- “previrs”)

NS5A inhibitors

(…”asvirs”)

NS5B inhibitors

( …”buvirs”)

1st gen

2nd wave 

2nd gen 1st gen 2nd gen NN NUC

Drugs Paritaprevir/r

Simeprevir

Grazoprevir

Glecaprevir

Voxilaprevir

Ledipasvir,

Ombitasvir

Elbasvir

Daclatasvir

Velpatasvir

Pibrentasvir

Ruzasvir

Odalasvir

Dasabuvir Sofosbuvir

Uprifosbuvir

AL-335

Antiviral

Potency

Resistance 

profile

Pangeno-

typic

efficacy

/

STRATEGY Combinations of DAA to achieve potent antiviral effect, high barrier to resistance and broad genotypic spectrum 

Development of FDC

Modified from Shinazi Liv Int 2014 



Integrated efficacy and tolerability of GLE/PIB for 

8 or 12 weeks in GT 1–6 patients without cirrhosis

*GT 3 patients included in the analysis were TN only. GLE/PIB for 8 weeks or 16 weeks (not 12 weeks) is approved in the 
EU for the treatment of patients without cirrhosis depending on their genotype and prior treatment experience. Studies 

included: ENDURANCE-1, -2, -3, -4, EXPEDITION-4, SURVEYOR-1, -2. TE=IFN or SOF-based regimens (n=16); 
patients experienced with a DAA other than SOF were excluded. TE: treatment-experienced; TN: treatment-naïve 

Puoti M, et al. ILC 2017; 

Poster #SAT-233
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73%

502

683

97%

675

694

Overall

W4 EOT

75%

451

605

97%

600

617

8-week

W4 EOT

65%

51

78

97%

75

77

12,16-week

W4 EOT

100%

80

80

SVR

99.2%

600

605

SVR

99.3%

680

685

SVR

REAL-LIFE EFFECTIVENESS AND SAFETY OF 

GLECAPREVIR/PIBRENTASVIR AMONG 723 PATIENTS WITH 

CHRONIC HEPATITIS C

D’Ambrosio, J Hepatology in press



REAL-LIFE EFFECTIVENESS AND SAFETY OF 

GLECAPREVIR/PIBRENTASVIR AMONG 723 PATIENTS WITH 

CHRONIC HEPATITIS C 
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Efficacy of DAA combination regimens according to HCV genotype

in RCT (most single arm studies)

Combination regimen GT1 GT2 GT3 GT4 GT5-6

SOF + RBV <75% 85% 85% <75% < 85%

SOF + SIM ± RBV <90% --- --- 90-93% ---

SOF/LDV ± RBV 90-96% --- < 90% 90-96% 90-96%

OBV/PTV/r + DSV (3D) ± RBV 95-97% --- --- --- --

OBV/PTV/r (2D) ± RBV --- --- --- 95-97% ---

EBR/GZR + RBV 92-97% --- --- 92-95% ---

SOF + DCV ± RBV 94% 90-95% 87-92% 90% 87%

SOF/VEL ± RBV 97% 97% 94% 94% 93%

GLE/PIB 99% 99% 95% 99% --

SOF/VEL/VOX 99% 99% 99% 99% 100%

NUCPol I;NNPol I;1st gen NS3/NS4 i; 2nd gen NS3/NS4i; 1st gen NS5Ai;  1st gen pangenotypic NS5Ai;  

2nd gen pangenotypic NS5Ai 



(EASL HCV Recommendations, J Hepatol 2018)

Treatment duration of HCV treatment 
regimens for patients
without cirrhosis: EASL 2018



Treatment duration of HCV treatment 
regimens for patients
with cirrhosis: EASL 2018

(EASL HCV Recommendations, J Hepatol 2018)





DETERMINA 24 marzo 2017: Ridefinizione dei criteri di 

trattamento per la terapia dell'Epatite C cronica. (Determina n. 

500/2017). (17A02374) (GU Serie Generale n.75 del 30-3-

2017)

• Sono approvati i seguenti criteri di trattamento per la  terapia dell'epatite C cronica: 

• criterio  7:  epatite  cronica  con   fibrosi   METAVIR   F2   (o corrispondente Ishak) 

e/o comorbilità a rischio di progressione  del danno epatico [co-infezione HBV, co-

infezione HIV, malattie croniche di fegato non virali,  diabete  mellito  in  trattamento  

farmacologico, obesità (body mass index ≥30 kg/m2), emoglobinopatie e  coagulopatie 

congenite]; 

• criterio  8:  epatite  cronica  con  fibrosi  METAVIR  F0-F1   (o corrispondente Ishak)

e/ o comorbilità a rischio di progressione  del danno epatico [co-infezione HBV, co-

infezione HIV, malattie croniche di fegato non virali,  diabete  mellito  in  trattamento  

farmacologico, obesità (body mass index ≥30 kg/m2), emoglobinopatie e  coagulopatie 

congenite]; 

• criterio 9: operatori sanitari infetti; 

• criterio 10: epatite cronica o cirrosi epatica  in  paziente  con insufficienza renale 

cronica in trattamento emodialitico; 

• criterio 11: epatite cronica nel paziente in lista  d'attesa  per trapianto di organo 

solido (non fegato) o di midollo. 





Are we seeing the 

‘beginning of the 

end’?...



Trattamenti anti HCV in Italia aggiornamento 17 settembre 2018

1 Cirrosi

8 F0-F1

4 F3

7 F2

3 manifestazioni extraepatiche

2 trapiantati di fegato

6 altri trapianti

5 in lista per trapianto di fegato

10 dialisi

9 in lista altro trapianto

11 operatori sanitari



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities

• People who inject drugs and patients receiving 
opioid substitution therapy

• Patients with renal impairment, including 
haemodialysis patients

• Previous DAAs failures

• Adolescents and children

• Neurocognitive and neuropsychiatric dersorders

• HBV co-infection



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities
• People who inject drugs and patients 

receiving opioid substitution therapy
• Patients with renal impairment, including 

haemodialysis patients
• Previous DAAs failures
• Adolescents and children
• Neurocognitive and neuropsychiatric

dersorders
• HBV co-infection



PK and potential for Drug Drug Interactions of Anti HCV oral antivirals

Excretion Drug 

solubility 

with 

gastric Ph

Enzymes Transporters

Substrates Inhibition Substrates Inhibition

SOF Renal

Metabolite 

GS 33107

Minimal 

effect

CatA CES1 Hint1

Phosph UMP-CMP & 

NDP kinases

No PgP BCRP

VEL Biliary Important 

Decrease

CYP2B6 CYP2C8 

CYP3A4

No PgP BCRP

OATP1B1 

OATP1B3

PgP BCRP 

OATP1B1 

OATP1B3

VOX Biliary Mild 

decrease

CYP1A2, CYP 2C8, 

CYP3A4

No BCRP OATP1B1 BCRP, 

OATP1B1/3, 

BSEP

EBR Biliary No effect CYP3A No PgP PgP BCRP

GZR Biliary No effect CYP3A4 CYP3A4 OATP1B1/3 PgP BCRP

GLE Biliary Mild 

decrease

CYP3A4/5CYP2D6, 

2C9, and 2C8.

CYP2C8, CYP2C9 

CYP3A4. UGT1

UGT1A4

PgP BCRP PgP BCRP

OATP1B1/3B SEP

PIB Biliary No effect None None PgP BCRP

OATP1B1 

OATP1B3

PgP BCRP

OATP1B1 

OATP1B3

3D Biliary No effect CYP3A4 CYP2C8 CYP3A4 CYP2C8 

UGT1A1

CYP2C19

PgP

BCRP

OATP1B1/3 

OCT1 PgP BCRP

OATP1B1/3

mild potential for DDI; moderate potential for DDI; high potential for DDI



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities
• People who inject drugs and patients 

receiving opioid substitution therapy
• Patients with renal impairment, including 

haemodialysis patients
• Previous DAAs failures
• Adolescents and children
• Neurocognitive and neuropsychiatric

dersorders
• HBV co-infection







Scaling up HCV-DAA treatment in patients on opioid substitution therapy -

does alcohol or cannabis consumption diminish cure rates? Data from the 

German Hepatitis C Registry (DHC-R)

Christiansen S et al.:  EASL 2018 Paris, France - Abstract # PS-036

Lost to follow up (LTFU) according to alcohol consumption 

In alcohol and in non-alcohol consuming patients proportion of LTFU did not 

differ significantly within each group but was significantly higher in OST 

compared to non-OST/NDU. LTFU occurred mainly after end of therapy 

(EOT)



Scaling up HCV-DAA treatment in patients on opioid substitution therapy -

does alcohol or cannabis consumption diminish cure rates? Data from the 

German Hepatitis C Registry (DHC-R)

Christiansen S et al.:  EASL 2018 Paris, France - Abstract # PS-036

Lost to follow up (LTFU) according to cannabis consumption 

In contrast, consumption of cannabis was not a risk factor for LTFU. Indeed, 

in cannabis consuming patients the proportion of lost-to-follow-up did not 

differ significantly between groups 



Outcomes of Treatment for Hepatitis C Virus Infection in 

the Prison Setting
McDonald et al.: EASL 2017 April 19-23 Amsterdam Netherlands



People who inject drugs and 

patients receiving opioid

substitution therapy

Treatment of special groups



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities
• People who inject drugs and patients 

receiving opioid substitution therapy
• Patients with renal impairment, including 

haemodialysis patients
• Previous DAAs failures
• Adolescents and children
• Neurocognitive and neuropsychiatric

dersorders
• HBV co-infection



Change in exposure 

compared to healthy 

subjects with normal 

renal function

Mild 

impairment
(eGFR = 60-89

mL/min/1.73m2)

Moderate

impairment
(eGFR = 30-59

mL/min/1.73m2)

Severe

impairment
(eGFR = <30

mL/min/1.73m2)

Sofosbuvir

GS-331007

↑ 61%*

↑ 55%*

↑ 107%†

↑ 88%†

↑ 171%

↑ 451%

Velpatasvir NA NA ↑ 50%

Grazoprevir NA NA ↑ 65%

Elbasvir NA NA ↑ 86%

Glecaprevir ↑ ≤56% ↑ ≤56% ↑ ≤56%

Pibrentasvir ↑ ≤56% ↑ ≤56% ↑ ≤56%

Khatri, Hepatology 2014;;Harvoni, (July 2016), Maviret (July 2017) Epclusa (July 2017) Summaries of Product Characteristics; Yeh, Hepatology 2014.

Impact of renal impairment on DAA

pharmacokinetics



Effectiveness of Elbasvir/Grazoprevir in Patients With Chronic 

Hepatitis C and Chronic Kidney Disease: Results From the 

Veterans Affairs System Kramer JR et al.: AASLD: The Liver Meeting 2017; Washington, 

DC, USA; October 20-24, 2017.





Patients with renal impairment, including 

haemodialysis patients

Treatment of special groups



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities
• People who inject drugs and patients 

receiving opioid substitution therapy
• Patients with renal impairment, including 

haemodialysis patients
• Previous DAAs failures
• Adolescents and children
• Neurocognitive and neuropsychiatric

dersorders
• HBV co-infection



VA cohort USA1

Patients with FIB-4 >3.25

SVR 93% (13,992/15,059)

Egyptian cohort2

Patients treated with 

SOF + NS5A or PI

SVR 95% 

(23,212/24,538)

DHC-R cohort, Germany3

SVR 96% 

(3776/3937)

Patients who have experienced DAA treatment failure are a 

small but important HCV patient population

VA: Veterans Affairs; DHC-R: German 

Hepatitis C Registry 1. Backus, Hepatology 2017; 2. Gomaa, Hepat Med 2017; 3. Welzel, ILC 2016.

94% (40,980/43,534) of patients in these studies 

achieved an SVR

...but 2554 patients did not



SOF/VEL/VOX for 12 weeks is effective in 

GT 1–6 DAA-experienced patients

Bourliere, N Engl J Med 2017.
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Tolerability of SOF/VEL/VOX for 12 weeks 
• SAEs were reported in 9 (2%) patients receiving SOF/VEL/VOX for 12 weeks, none were considered treatment-related

• 1 patient died 2 days after completing treatment from an illicit drug overdose
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SOF/VEL 12 weeksSOF/VEL/VOX 12 weeks



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities
• People who inject drugs and patients 

receiving opioid substitution therapy
• Patients with renal impairment, including 

haemodialysis patients
• Previous DAAs failures
• Adolescents and children
• Neurocognitive and neuropsychiatric

dersorders
• HBV co-infection



Ledipasvir/Sofosbuvir ± Ribavirin for 12 or 24 Weeks Is 

Safe and Effective in Children 6-11 years old with Chronic 

Hepatitis C Infection
Karen FM. Et al.: EASL 2017 April 19-22 Amsterdam Netherland

In summary, in GT1, 3, or 4 infected 

patients 6 to 11 years old, a single tablet 

regimen of LDV/SOF 45/200mg ± RBV for 

12 or 24 weeks resulted in impressive high 

SVR12 rates ≥ 99%; within the study 

LDV/SOF 45/200 mg was very well 

tolerated



Adolescents and children

Treatment of special groups



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities
• People who inject drugs and patients 

receiving opioid substitution therapy
• Patients with renal impairment, including 

haemodialysis patients
• Previous DAAs failures
• Adolescents and children
• Neurocognitive and neuropsychiatric

desorders
• HBV co-infection



Summary of major extra-hepatic manifestations observed in patients with chronic hepatitis C virus infection. Percentages of 

patients are represented in graphic form. The presence or absence of cryoglobulinemia is indicated by white and black, 

respectively. The most convincing associations of chronic hepatitis C virus (HCV) infection are with subsets of B-cell non-

Hodgkin lymphoma (B-NHL), membranous or membrano-proliferative glomerulonephritis, IgM monoclonal gammopathy of 

undetermined significance (MGUS), peripheral neuropathy, and central nervous system (CNS) disorders.



Integrated Efficacy and Safety of Glecaprevir/Pibrentasvir

in Patients With Psychiatric Disorders

Back D et al.: 7th International Network on Hepatitis Care in Substance Users

19–21 September 2018, Lisbon, Portugal



HCV treatment, key populations
and therapeutic issues

• Poly-pharmacy and comorbidities
• People who inject drugs and patients 

receiving opioid substitution therapy
• Patients with renal impairment, including 

haemodialysis patients
• Previous DAAs failures
• Adolescents and children
• Neurocognitive and neuropsychiatric

dersorders
• HBV co-infection



Ledipasvir/Sofosbuvir for 12 Weeks Is Safe and Effective in 

Patients with Chronic Hepatitis C and Hepatitis B Coinfection: A 

Phase 3 Study in Taiwan
Karen FM. Et al.: EASL 2017 April 19-22 Amsterdam Netherland

In conclusion, LDV/SOF for 12 weeks achieved 100% SVR12 rate in patients with HBV and HCV GT 1 or 2 infections. 

Silent HBV viral reactivation was observed in 63% of patients (70/111) with however, no patient experienced clinical signs or

symptoms of HBV reactivation. 5 (5%) patients had concomitant increase in ALT; 2 (2%) patients were started on HBV 

therapy



HBV coinfection




