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The First Description of Non A non B Hepatitis in 

Blood Transfusion Recipients

Feinstone SM et al, N Engl J Med 1975;292:767–770

April 10, 1975                               THE NEW ENGLAND JOURNAL OF MEDICINE

TRANSFUSION-ASSOCIATED HEPATITIS NOT DUE TO VIRAL HEPATITIS TYPE A OR B

STEPHEN M. FEINSTONE, M.D., ALBERT Z. KAPIKIAN, M-D., ROBERT H. PURCELL, M.D., 

HARVEY J. ALTER, M.D., AND PAUL V. HOLLAND, M.D.



Choo et al, Science 1989;244:359–362. Kuo et al, Science 1989;244:362–364

The Discovery of the Hepatitis C Virus and Development 
of a Serological Assay



The Hepatitis C Virus

Smith et al, Hepatology 2014;59:318-327

➢ +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;2:161-76

71,100,000

HCV infection worldwide



30 Countries Account for 80% of HCV 
Infections

50% of Total
80% of Total

Polaris Observatory HCV Collaborators. Lancet Gastroenterol Hepatol. 
2017;2:161-176.
Blach S, et al. AASLD 2016. Abstract 753.
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Is it 70 million or 170 million (WHO)?
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1,286,600

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



NS5A domain 1 
Tellinghuisen et al., Nature 2005 

NS5B Polymerase 
Bressanelli et al., PNAS 1999 

1. Lorenz IC, et al. Nature 2006; 442:831–835;
2. Kim JL, et al. Cell 1996; 87:343–355;

3. Kim JL, et al. Structure 1998; 6:89–100;
4. Bressanelli S, et al. Proc Natl Acad Sci 1999; 

96:13034–13039;
5. Tellinghuisen TL, et al. Nature 2005; 435:374–379.

199819961989 201320011991 2003 20111986 19991996 1998 20052006

NS2 protease1 NS3 protease2 NS5B polymerase4NS3 helicase3 NS5A domain 15

Milestones in hepatitis C 
therapy



HCV Replicon Naïve cells
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In vitro Assays for HCV

+ compounds,
3-day, 
Luc assay

lu
c

NS5BNS5ANS3 NS4A

NS5BNS5ANS3 NS4A

- Viral 
Replication
- NS viral targets
- Non Infectious

- Luc Assay

The HCV Replicon Assay



Zhong PNAS 2005
Wakita Nat Med  2005
Pietschmann PNAS 2006
Lindenbach Science 2005
Lindenbach, Meuleman PNAS 2006

electroporation

Infect naïve cells

Chimpanzee

Huh7.5

HCV virions

Patient isolate
(JFH1: Japanese Fulminant Hepatitis, gt2a) 

Evolution of HCV cell culture models
2005: complete cell culture system (HCVcc)

Adapted from CM Rice

Charles T Rice



miRNA

ISIS 14803 (antisense)

AVI- 4066 (antisense)

Heptazyme (ribozyme)

VGX-410C (small molecules IRES 

inhibitor) TT 033 (sIRNA)

eIF2a phosphorilation inhibitors: 

Nitazoxanide

Lindenbach BD & Rice CM. Nature 2005;436:933–938; Moradpour D & Penin F. Curr Top Microbiol Immunol 2013;369:113–142.

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/polymera

se

•NNI,

• NI

•NS5A Inhibitors

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 L, et al. Sci Transl Med 2010;2:30ra32; Neumann AU, et al. Science 1998;282:103–107
Domingo E, et al.. Viral Hepatitis Rev 1996;2:247–261; Cuevas JM, et al. J Virol 2009;83:5760–5764



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 



0%           <1%           1-5%        5-10%      10-25%     >25%

Amino acid variability:

47% amino acid of 

HCV PROTEASE NS3 are 

conserved among All HCV-

genotypes

54.8% amino acid of HCV 

POLYMERASE NS5B are conserved 

among All HCV-genotypes

0%           <1%           1-5%        5-10%      10-25%     >25%

Amino acid variability:

46.1% amino acid of 

HCV NS5A are 

conserved among All 

HCV-genotypes

Cento V, et al. PLoS ONE 2012;7(7):e39652 Love RA, et al. J Vir 2009;83(9):4395–4403 Di Maio VC, et al. Antimicrob Agents Chemother
2014;58(5):2781–97

HCV protein variability



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 

Michael J 
Sofia



Failure & Susceptibility to antiviral therapy.

Different levels of suppression of HCV 
RNA are required for final eradication
of the virus by the immune system  
(Innate immunity?)

Depending on:

• viral- related factors:

• HCV Genotypes

• RASs

• Viremia

• host-related factors:

• Innate immunity (IL28b, IP-10, ISG
Previous IFN failure) 

• Fibrosis  Disease stage 

.

Failure:

- Breakthrough

- Relapse

Treatment Modulation by 
treatment schedule:
✓Ribavirin use 
✓Length of treatment
✓N of class of drugs 

Difficult to treat patients:
IL28b TT or previous 
treatment failure, HCV 
G1a/3, HCVRNA > 6 log,
Cirrhosis

Easy to treat patients:
IL28b CC or no previous 
treatment , HCV G1b, 
HCVRNA<6 log,
F0-F2





HCV from cure to eradication

• The cure: how we got there  

• The cure: the most effective anti infective cure 
ever seen 

• Unmet needs?
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Efficacy of DAA combination regimens according to HCV genotype
in RCT (most single arm studies) with 1st gen all oral antivirals

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 oangenotypic NS5Ai  2nd gen 
pangenotypic NS5Ai  



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



SVR12 in 12.595 HCV infected patients
in 4 Italian Regional Registries

(66% F4 and 28% F3 stratified according to HCV Genotypes) 

86

88

90

92

94

96

98

100

All Gen. 1a Gen. 1b Gen. 2 Gen. 3 Gen. 4

95,6 96
96,6

95

91,2

93

12.038/
12.595

1.447/
1.506

7.229/
7.482

1.558/
1.642

1.184/
1.298

620/
667



Impact of SVR with DAAs on mortality and HCC

*FIB-4>3.25 at DAA start

All-cause mortality rates and incident HCC rates in Veterans ± advanced chronic liver disease 
(ACLD*) in the HCV registry treated with DAAs by 9/30/2016

p<0.001 p<0.001

SVR was associated with 80% reduction in mortality 
and 84% reduced incidence in HCC

SVR was associated with 60% reduction in    
mortality

Mortality                   HCC            Mortality in patients 
with HCC prior DAA

Backus, AASLD 2017, Oral 78



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
Daclatasvi

r

Velpatasvir
Pibrentasvir

Dasabuvir Sofosbuvir

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 



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
Metabolit
e 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

PrOD 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



Sofosbuvir + Velpatasvir
Integrated Efficacy:  SVR12

Agarwal, EASL 2016, Poster SAT-195
29

ASTRAL-1, -2, -3

SV
R

1
2

 (
%

)

98 99 95 100 97 100

0

20

40

60

80

100
98

Total

1015

1035

323

328

264

277

116

116

34

35

41

41

237

238

GT 1 GT 2 GT 3 GT 4 GT 5 GT 6

2 relapse

2 LTFU

1 D/C 1 D/C
11 relapse

2 D/C
1 death



Integrated efficacy and tolerability of GLE/PIB for 
8 or 12 weeks in GT 1–6 patients without cirrhosis (APRI < 1?)

*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

97 99 98 95 93
100

90

99 99,8 99 96 99 100 100

0

20

40

60

80

100

Total GT 1 GT 2 GT 3 GT 4 GT 5 GT 6 Total GT 1 GT 2 GT 3 GT 4 GT 5 GT 6

S
V

R
1
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 (

%
)

807/

828
1060/

1076

383/

387
400/

401

193/

197
232/

234

177/

186
258/

270

43/

46
111/

112

2/

2
28/

28

9/

10
31/

31

* *

GLE/PIB 12 weeksGLE/PIB 8 weeks



PRELIMINARY EFFICACY AND SAFETY OF 8-WEEK 
GLECAPREVIR/PIBRENTASVIR IN PATIENTS WITH HCV GENOTYPE 1–6 

INFECTION AND COMPENSATED CIRRHOSIS: THE EXPEDITION-8 STUDY

RS Brown et al AASLD 2018
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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 A, et al. Hepatology 2014; 60 (Suppl):320A;

Harvoni, (July 2016), Maviret (July 2017) Epclusa (July 2017) Summaries of Product Characteristics 

Yeh WW, et al. Hepatology 2014; 60 (Suppl 4):1940 (poster presentation).

Impact of renal impairment on DAA

pharmacokinetics





Protease inhibitors  are 
Contraindicated in case of 
Decompensated Cirhosis



Sofosbuvir and 
Velpatasvir can be 
used  in case of 
Decompensated
Cirhosis



ASTRAL-4: Sofosbuvir/Velpatasvir in Decompensated Cirrhosis

• Open-label trial; HCC and liver transplantation excluded

• In pts with BL MELD > 15, SVR12, score improved in 84%, worsened in 8%; in pts with 
BL MELD < 15, SVR12, score improved in 52%, worsened in 27% 

• AEs consistent with advanced liver disease and RBV toxicity

Charlton MR, et al. AASLD 2015. Abstract LB-13.
Curry MP, et al. N Engl J Med. 2015;[Epub ahead of print]. 

All Pts 1 3

HCV Genotype

n/N =

SV
R

1
2

 (
%

)

SOF/VEL 12 wks SOF/VEL + RBV 12 wks SOF/VEL 24 wks

2, 4, and 6

100

80

60

40

20

0

83
94

86 88
96 92

50

85

50

100 100
86

75/90 82/87 77/9

0

60/68 65/6
8

65/7

1
7/14 11/13 6/1

2
8/8 6/6 6/7



Survival benefit of DAAs in patients with decompensated
cirrhosis

Kim, AASLD 2017, Poster LB-27

Survival model to predict mortality without DAA therapy from liver transplant candidates 
with hepatic decompensation utilizing the Organ Procurement and Transplantation Network 
Data
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SMR=0.39

Observed vs Expected Survival

In patients with decompensated liver disease treated with DAAs (LED/SOF+Rbv) in SOLAR trials, a 61% reduction in 1-year 
mortality was seen when compared with predicted survival in a cohort of patients not treated with DAAs



Sofosbuvir in ESRD

CONS
Biopsy proven interstitial allergic nephritis reporte d in a SOF treated patient with ESRD
(Wanchoo R Am J Gastro 2016 111: 148-9)
14% Lactic acidosis in Cirrhotics treated with SOF ESRD risk factor
( Welker MW J Hepatol 2016 64:790-99

400 mg daily optimal dose
Desnoyer A J Hepatol 201665:40-7



The last unmet need: patients with ESLD/ESRD

• Transplantation not contraindicated: treat after liver 
or Liver/Kidney transplant

• Toxicity of GS 33107 overexposure in ESRD -
unknown  off label use of SOF/VEL in ESLD/ESRD 

• TDM PI in CTP class B



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 oangenotypic NS5Ai  2nd gen 
pangenotypic NS5Ai  



Test and treat hypothesis:
One or three  pills for all HCVRNA + NS5A naives with 

compensated disease  

Regimen Disease stage GT 1 GT 2 GT 3 GT 4 GT 5 GT 6

SOF/VEL

Without 
cirrhosis

12 weeks*With 
compensated 
cirrhosis

GLE/PIB

Without 
cirrhosis

12 weeks§
[8 weeks if APRI (AST/PLATELET RATIO)   < 1] With 

compensated 
cirrhosis

*Undertreatment in HCV G3 cirrhotics ;
§ Overtreatment in pts with F0-F3 and undertreatment in HCVG3 experienced

Gilead Sciences Europe Ltd. EPCLUSA▼ (sofosbuvir/velpatasvir) SmPC, October 2017;
AbbVie. MAVIRET▼ (glecaprevir/pibrentasvir) SmPC, August 2017



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 LI, et al. Hepatology 2017;doi: 10.1002/hep.29408; 
2. Gomaa A, et al. Hepat Med 2017;9:17–25; 
3. Welzel TM, et al. ILC 2016; Poster #SAT-274

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 M, et al. N Engl J Med 2017;376:2134–46

97 97 97 99 100
96 95

100 100 100
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95 97
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445

222/
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150/

155

68/
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36/

36

126/

132

39/

41

1/

1

6/

6

1/

1

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

136/

151

60/

66

39/

44

21/

22

32/

33

44/

52

SOF/VEL 12 weeksSOF/VEL/VOX 12 weeks



No Impact of RAS on Efficacy of SOF/VEL/VOX 

for 12 weeks in DAA-experienced Patients

Sarrazin C. et al, J Hepatol 2018;69:1221–1230



SOF + G/P in Difficult to Treat HCV Patients: 

Results from French Compassionate Use Program

De Ledinghen V. et al, J Hepatol 

2018;68:S259

Open-label study; 60 patients enrolled 

SOF + G/P combination vs. G/P alone

12-week course without Rbv in 99%



Materiale reso disponibile da Gilead Sciences S.r.l., relativo ai lavori del Progetto BeLiver di Milano 19-20 novembre 2018. Il materiale è esclusivamente riservato ai medici partecipanti al convegno.
Non è consentito l’utilizzo per finalità diverse dalla consultazione scientifica dei testi. La riproduzione e la copia sono rigorosamente vietate

HCV treatment

Sofosbuvir-based treatment and re-treatment regimens provide 
an SVR of 99.9% at a population level

Overall SVR

99.9%

SVR 96% SVR 97%

With 99.9% SVR, elimination of HCV is a reality!

(x10)

x10

1000 people treated with SOF-based regimens Treat 40 who require 
re-treatment with SOF/VEL/VOX

Flamm S, et al. ILC 2017; Poster #SAT-279; Curry M, et al. ILC 2017; 
Oral #102; Terrault N, et al. Gastroenterology 2016;151:1131–40; 
Khalili M, et al. ILC 2017; Poster# SAT-222; Vermehren J, et al. ILC 
2017; Poster #FRI-247; Welzel TM, et al. ILC 2016; Poster #SAT-274; 
Roberts S, et al. ILC 2017; Poster #SAT-280 

This is a concept slide based on a real-world SVR of 96% calculated from 9391 patients treated with LDV/SOF ±
RBV and SOF/VEL ± RBV in the TRIO, HCV-TARGET and DHC-R cohorts. Re-treatment SVR of 97% with 

SOF/VEL/VOX is reported in the POLARIS-1–4 integrated analysis.
DHC-R: German Hepatitis C – Registry; LDV: ledipasvir; 

RBV: ribavirin; SOF: sofosbuvir; 
SVR: sustained virological response; VEL: velpatasvir; VOX: voxilaprevir



SOF/VEL/VOX for Retreatment of HCV Patients: 

Data from AASLD 2018

AASLD 2018: Saxena, Abs#70; Bacon, Abs#706; Llaneras, Abs#683; Vermehren, 

Abs#676; Hezode, Abs#629  

77% HCV-1
18% HCV-3 

42% F4 
75% SOF-based

TRIO (n=173)

61% HCV-1
22% HCV-3

36% F4 
64% SOF-based 

Spain (n=137)

64% HCV-1
31% HCV-3 

24% F4 
44% SOF-based 

Germany (n=86)

30% HCV-1
39% HCV-3 

88% F4 
84% SOF-based 

France (n=44)

75% HCV-1
17% HCV-3

45% F4 
94% SOF-based 

KPNC (n=227)
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Ribavirin added in 9% (0-20%) of retreatment 

courses 



Belperio et al, AASLD 2018, Abs #227

Effectiveness Analysis: SOF/VEL/VOX in 

506 Patients Completing 12-Week Course 







EASL Recommendations: Retreatment of DAA-Failures

➢ HCV resistance testing prior to retreatment is useful to guide retreatment, in

the context of a multidisciplinary team (clinicians + virologists).

➢ Patients without cirrhosis or with compensated (CPT A) cirrhosis:

1) SOF/VEL/VOX for 12 weeks (A1)

2) SOF + G/P for 12 weeks (B1)

if predictors of lower response (advanced liver disease, multiple courses of

DAA-based treatment, complex NS5A RAS profile)

3) SOF/VEL/VOX + Rbv or SOF + G/P + Rbv for 12 weeks (C2)

in very difficult-to-cure patients (patients with NS5A RASs who failed twice a

protease and/or an NS5A inhibitor containing regimen)

and/or treatment duration can be prolonged to 16 to 24 weeks

➢ Patients with decompensated (CPT B or C) cirrhosis:

1) SOF/VEL + Rbv 24 weeks (B2)

EASL 2018 HCV Recommendations, J Hepatol 2018;69:182-236 

SOF: Sofosbuvir; G/P: Glecaprevir/Pibrentasvir; Rbv: Ribavirin; VEL: Velpatasvir; VOX: Voxilaprevir





Are we seeing the 
‘beginning of the 

end’?...



T.S. Eliot “ The Little gidding”

…..to make an end is to
make a beginning. The end 
is where we start from….



HCV from cure to eradication

• The cure: how we got there  

• The cure: the most effective anti infective cure 
ever seen 

• Unmet needs?

• From cure to eradication: new strategies new 
tools 



The global targets set by WHO to control 
viral hepatitis by 2030 are ambitious

WHO: World Health Organization
WHO global health sector strategy on viral hepatitis. Available at: 
http://apps.who.int/iris/bitstream/10665/246177/1/WHO-HIV-2016.06-eng.pdf?ua=1 (accessed December 2017)
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Global HCV elimination: the state of play

Lazarus J, et al. J Hepatol 2017;67:665–6

Direct-acting 

antivirals

We have therapeutic 

tools

We have a global strategy to 

eliminate HCV 

We have strong interest among 

many stakeholders in carrying it out

Healthcare 

professionals 

World 

Health 

Organization

Pharma

Civil society

How do we go about 

implementing 

the strategy?

Researchers
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Global HCV elimination as a therapeutic goal can 
seem daunting… but 100 flowers may rise

Global HCV

elimination
HIV/HCV

co-infected

Early disease

LTFU

Undiagnosed

Re-

infection

Migrants
Elimination as a public health problem: achievement of a measurable global target in 
relation to a specific disease. Continued actions are required to maintain and/or to 
advance the target. LTFU: lost to follow-up; PWID: people who inject drugs



HCV Population

Increased 
Treatment 

Uptake
Specialist Care

Diagnosed in
Primary Care

Undiagnosed

Treated or Awaiting
Treatment Access

Treated/Referred

Unaware
Asymptomatic

Screening 
Required



«Rapid diagnostic tests can be used to 
screen for anti-HCV antibodies»

EASL Recommendations on Treatment of Hepatitis C 2018



Towards a 1-visit HCV diagnosis: 
The cascade of screening

Point-of-care assays are now 
available that facilitate HCV 
RNA confirmation and 
diagnosis in a single visit.



HCV from cure to eradication

• Globally, viral hepatitis is on the rise, and the number deaths per year as
the result of virus-induced cirrhosis and liver cancer is now on par with the 
number of deaths associated with HIV and tuberculosis.

• In 2016, the WHO released its first global health sector strategy on viral
hepatitis, with the goal of eliminating viral hepatitis as a public health
threat by 2030, particularly those cases caused by HBV and HCV. New 
strategies new therapeutic and diagnostic tools made this plan feasible

• This ambitious plan would not be possible without the work of three
scientists Ralf Bartenschlager, Charles Rice, and Michael Sofia who have
truly demonstrated how basic scientific discoveries can pave the way for
developing cure for disease and giving life and hope to millions of people in 
the world

• When we talk about elites and globalization we should take into account 
that this is the   bright face of the moon


