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Resistenze ai DAA, reinfezioni e 

inconsapevoli:

come HCV resiste all’eradicazione

Sessione 3: Microeradicazione di

HCV in sezioni detentive:

obbiettivo perseguibile?



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

HCV discovery:  one of the most significant 
biomedical breakthroughs in the last 25 years

This discovery has facilitated the development of effective diagnostics, blood

screening tests and the elucidation of promising drug and vaccine targets to control

this global pathogen and save the lives of millions of people around the world….

Michael Houghton



Hepatitis C is one of the most pressing 
health emergencies worldwide

The global prevalence of viremic HCV infection has been estimated at
1*-3%, which equates to 62*-170 million people

>350,000 mortality cases each year for HCV chronic disease related

Messina JP, Hepatology 2014*Manns et al Nature Rev 2017
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Screening 
Required

The number of chronically infected persons worldwide is estimated

to be about 62-170 million, but most are unaware of their infection.

HCV prevalence and incidence data are needed to analyse the

magnitude of the pandemic in different regions and to design public

health interventions.



Chronic hepatitis associated with HBV and HCV infection 

is the major risk factor for the development of HCC, being 

involved in more than 80% of cases of HCC worldwide 

Nature Reviews 2006
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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



Global annual mortality from hepatitis, HIV, 

tuberculosis and malaria, 

2000–2015: unlike HIV, tuberculosis and malaria, the 

trend in mortality from viral hepatitis is increasing



HIV and AIDS



The better knowledge of HCV replication cycle 

allowed the identification of several targeted drugs  

mAbs anti-E2/CD81

miRNA

ISIS 14803 (antisense)

AVI- 4066 (antisense)

Heptazyme (ribozyme)

VGX-410C (small molecules

IRES inhibitor) TT 033 (sIRNA)

eIF2a phosphorilation

inhibitors: Nitazoxanide

Drugs active on viral enzymes
Drugs active on host cell enzymes

D Translation D Post-Translation

E RNA Replication

Ploss A Gut 2012     

F Assembly         
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The standard of care for HCV patients has greatly improved 
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The evolution of HCV therapy



Aggiornamento dati 17 settembre 2018



Data on HCV genotype, liver disease severity, and first and second line DAA regimens were

prospectively collected in consecutive patients who reached the 12-week post-treatment

and retreatment evaluations from January 2015 to December 2016 in 23 of the PITER 

network centers.

Failure rate following the first DAA regimen in patients with advanced disease is similar to or

lower than that reported in clinical trials (3.6%), although the majority of patients were treated 

with suboptimal regimens.

Kondili, et al Plos One 2017

Overall efficacy of different anti-HCV treatments 
in Italian real-life practice is 95-98% 



Considerations in DAA Treatment Failure

▪Was initial therapy sub-optimal?

▪Drug combo

▪Duration

▪RBV use

▪ Indications of other problems on treatment?

▪Adherence?

▪ Significant drug interactions?

▪Are there other baseline host/disease factors that 
may have contributed?

▪Cirrhosis, especially decompensation

▪ IL28B, age, treatment experience, high viral load, 
baseline RASs

▪ Re-infection as a cause of recurrent viremia?



Aim at individual level

Abolishing liver disease progression

Regression of the hepatic damage

Reducing liver and non-liver complications

Aim at community level

Reduce (abolish) the spread of HCV infection

Reduce disease burden

Elimination of HCV infection

At individual level: 

treat infection/ liver

disease

At community level:  

treating infection;  

those with high 

potential

for transmission

High anti-viral effect: 90-95%

Great possibility to use DAAs across all spectrum of the disease

Mild-to-moderate-advanced decompensated-pre / post-transplant

Treatment of chronic Hepatitis C: 
changing the horizon



Disease Eradication vs Elimination vs Control

• Control: reduction in the incidence, prevalence,
morbidity, or mortality of an infectious disease to
a locally acceptable levels; continued intervention
measures required

• Elimination: reduction to zero of incidence in a
defined geographical area as a result of deliberate
efforts; continued intervention measures required

• Eradication: permanent reduction to zero of the
worldwide incidence of infection; intervention
measures no longer needed
• Only 1 example: smallpox

Molyneux DH, et al. Trends Parasitol. 2004;20:347-351.

……From individual health to community health perspective……



WHO global health sector strategy on viral hepatitis 2016–2021. 
Available at: http://www.who.int/hepatitis/strategy2016-2021/ghss-

hep/en/ (accessed March 2018).
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65% Reduction in Deaths from 

Chronic HBV and HCV
90% Reduction in New Cases of 

Chronic HBV and HCV Infection

1.4 million deaths (in 2015) to 

under 500,000 deaths (by 2030)

6–10 million (in 2015) to 900,000 infections (by 2030)

95% decline in HBV infections

80% decline in HCV infections

Deaths
New infections

Elimination: reduction to zero of incidence in a defined geographical area as a result of deliberate efforts;
continued intervention measures required.

Proposed WHO targets for reducing new 

infections and stopping deaths





Evolution of Treatment Guidelines: Treatment 
Is Now Indicated for All Patients

* Treatment is generally not recommended in patients with limited life expectancy because of 
non-liver-related comorbidities.

EASL recommendations on the treatment of hepatitis C 2018. J Hepatol 2018; E-pub ahead of print (doi: 10.1016/j.jhep.2018.03.026).
WHO guidelines for the screening, care and treatment of persons with chronic HCV infection.

Available at: http://apps.who.int/iris/bitstream/10665/205035/1/9789241549615_eng.pdf?ua=1 (accessed March 2018);
AASLD recommendations for testing, managing and treating hepatitis C.

Available at: http://www.hcvguidelines.org/full-report-view (accessed March 2018).



Rate of newly diagnosed hepatitis C cases 

per 100000 population by country*, EU/EEA, 2016 

Annual Epidemiological Report for 2016 ECDC



The most commonly reported route of transmission across all 

disease categories was injecting drug use, which accounted for 

45.5% of cases with complete information

Annual Epidemiological Report for 2016 ECDC

Data regarding the most likely route 

of transmission of hepatitis C were 

complete for only 8 952 (26.4%) cases 

in 2016. 



http://www.epicentro.iss.it/problemi/epatite/EpidemiologiaItalia.asp

Tassi di incidenza per 100.000 abitanti delle epatiti virali acute, per anno

Dopo una decisa flessione registrata dal Seieva nei primi dieci anni di sorveglianza,

l’incidenza di epatite C acuta ha continuato a decrescere, stabilizzandosi su tassi tra

0,2 e 0,3 casi per 100.000 abitanti, a partire dal 2009. Nel 2016 l’incidenza è stata

pari a 0,2 per 100.000 (non sono stati osservati casi nella fascia d’età 0-14 anni;

mentre l’incidenza maggiore si ha nella classe di età 25-34 anni: 0,3 x 100.000

abitanti)

Seieva 1985-2016



http://old.iss.it/seieva/index.php?lang=1&anno=2018&tipo=5

I maggiori fattori di rischio riportati sono: i rapporti sessuali non protetti, 

l’uso di droghe per via endovenosa, gli interventi chirurgici e l’esposizione 

percutanea in corso di trattamenti cosmetici.



Polilli E. et al, Infection,2016

Available epidemiological data on HCV Ab seroprevalence are affected by several 

limitations; data from available epidemiological studies estimated that 

seroprevalence of HCV in Italy is the highest in Central Europe likely ranging 

between 3 and 4.5 %, with different distribution in different age ranks and with a 

north–south gradient





Of the 4907 enrolled subjects, 112 

(2.3%) were anti-HCV positive

Andriulli et al, European Journal of Internal Medicine 2018

Serum HCV-RNA was detected in 1.7% of

the whole population. Nearly 80% of

anti-HCV subjects were aware of their

status

Age > 70 years, low education level, past

use of glass syringes, blood transfusion,

intravenous drug use, and cohabitation

with an anti-HCV positive subject

predicted the HCV positivity.



The infection sharply declined in people born after

the calendar year 1944, and reached a value as low

as 0.2% in those born after 1984. Two peaks of

infection are evident: a bigger one in people born in

the decade 1935–1944, and a smaller one in subjects

born in the decade 1965–1974.

Andriulli et al, European Journal of Internal Medicine 2018

The prevalence of HCV increased with age, from 0.2% in subjects 

born after the year 1984, to 4.2% in those born before the year 1935



For residents in North, Central and South

Italy, the overall prevalence was 1.6%, 2.6%, and 2.4%, respectively

Andriulli et al, European Journal of Internal Medicine 2018



Where Are the Undiagnosed and Untreated? 

1. Global Hepatitis Report 2017. Geneva: World Health Organization; 2017. License: CC BY-NC-SA 3.0 IGO. 2. WHO guidelines on hepatitis B and C testing. 
Geneva: World Health Organization; 2017. License: CC BY-NC-SA 3.0 IGO. 3. Ladino M et al. J Am Soc Nephrol. 2016;27:2238-2246.



The development of HCV infection was observed in

19 patients, resulting in a cumulative incidence of 4.5%.





Pontali et al 2018



High-risk behavior increases the risk of acquiring HCV

Many exposed patients spend time incarcerated in the prison microenvironment, providing

opportunity for detection and treatment of HCV. Upon release, patients re-enter society

and are once again at risk for further re-exposure; however, they

now presumably put others at less risk after prison-based HCV treatment

Redman J. S. et al, Am. J. Gastro,2018



Many lessons learnt from HIV can be

helpful for designing adequate treatment

strategies against viral hepatitis such as

HCV….



The personalized medicine

All international guidelines focus on the importance of
tailoring antiretroviral therapy to the individual patient, on
the basis of HIV-1 genetic data, integrated with clinical,
laboratory and therapeutic information.
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Failure after 
multiple DAAs
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Treatment-experienced
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Shorter duration 
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Adherence
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Many factors contribute to viral response
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hivforum.org

31%–33% nucleotide difference among the 7 known HCV genotypes and 20%–25% among the nearly 67 HCV subtypes

(Smith et al., 2014).

HCV genetic variability is higher than HIV’s and HBV’s

Jens Bukh 2016 J Hepatol



Genotype 1 is by far the most frequent genotype in 
chronically infected patients worldwide as well as in Europe

Esteban JI et al J Hepatol 2008
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HCV genotype was the most important baseline predictor for 
response to Peg-IFN + Ribavirin combination therapy

HCV genotypes

2 and 3

HCV genotype

1

HCV genotypes

4 and 6 

SVR = 78-86 %
HCV-2= 80-95%

HCV-3 Low viremia = 75-80%

HCV-3 High viremia = 60-70%

SVR = 42-52 %

SVR = 35-65 %
HCV-1 Low viremia = 50%

HCV-1 High viremia = 30-35%

The underlying functional mechanisms for lower SVR rates of the different HCV genotypes were unknown

Manns, Lancet 2001; Fried, N Engl J Med 2002; Hadziyannis, Ann Intern Med 2004; Alfaleh, Liver Int 2004
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A novel HCV GT was recently identified in 4 patients

originating from Punjab, India

Figure 2. Punjabi districts from which patients with hepatitis C virus genotype 8 originated.
Two patients were from the Ludhiana district, 1 from the Barnala district and 1 from the
Sangrur district. Insert, Punjab State in red.

Borgia SM et al., JID 2018

This novel HCV GT, GT8, is genetically distinct from previously identified HCV

GT1–7 with >30% nucleotide sequence divergence to the established HCV subtypes.

The estimated prevalence of HCV infection in India is approximately 0.5%–2.0%, with GT3

being most common. Despite the low prevalence of HCV, India with its large population accounts

for a significant proportion of the global HCV burden with approximately 12–18 million people

infected



The four patients were previously identified to be 

infected with GT5 by LiPA or Abbott RealTime

polymerase chain reaction assays
Despite presence of baseline resistance-associated substitutions within the GT8 virus of all 4

patients, all patients achieved a sustained virologic response; 2 treated with

sofosbuvir/velpatasvir/voxilaprevir for 8 weeks, 1 with sofosbuvir/ledipasvir plus ribavirin for 24

weeks and 1 with sofosbuvir plus daclatasvir for 12 weeks.

Borgia SM et al., JID 2018



Rong L et al., Sci Transl Med 2010

It has been predicted that every nucleoside of the 3.2 kb HBV genome or the 10 kb HIV and HCV genomes 

theoretically can be substituted every day within a given infected patient 

Mutations occur frequently during the replication of HCV



Distribution of HCV genotypes/subtypes

within the Italian resistance database 

Vironet C (N=2604 patients)

Last update 18 September 2018





Bertoli A. et al., Sci. Rep.,2018

The Italian experience: different NS5A RASs prevalence according to 

genotype and subtype in DAA naive patients

The prevalence of pre-treatment NS5A RASs in GT-1 is
different across different countries, ranging from 6% to
25%, and different according to subtype…..

Q30R: 1.9%

L31M: 2.8%

Y93HC:0.9% 

Y93H: 10.1% 

Y93H:4.5%

A30K:4% 

Y93H: 9% 



Not all NS5A RASs are equally clinical relevant

Sorbo MC , et al Drug Resistance Update 2018 

Summary of NS5A substitutions associated with resistance to NS5A inhibitors. HCV genotypes and subtypes are represented by different colors: 1a-red, 1b-blue, 2a/b/c-green, 3a-purple, 

4a/d-yellow, 5-light blue, 6-brown. Amino acid substitutions detected in vivo in DAA failing patients are underlined, independently of in vitro data information. In addition, NS5A RASs detected 

only in vitro but associated with fold-change in drug activity compared to the wild-type replicons >100 (1st generation NS5A-inhibitors,) or >3 (2nd generation NS5A-inhibitors) are also included 

in the figures. For 1st generation NS5A-inhibitors, in vivo substitutions with fold-change >100, and in vitro substitutions with fold-change > 000 are represented in bold. For 2nd generation 

NS5A-inhibitors, in vivo and/or in vitro substitutions with fold-change >10 are represented in bold.

1a-red, 1b-blue, 2a/b/c-green, 3a-purple, 4a/d-yellow, 5-light blue, 6-brown





HCV genotype still dictates the choice of anti-HCV drugs 

and can modulate the duration of treatment in infected patients with 

chronic hepatitis C

The HCV genotype, including genotype 1 

subtype (1a or 1b), should be assessed prior 

to treatment initiation.

EASL Recommendations on Treatment of Hepatitis C 2018



Issues in HCV genotyping

Indeterminate 

genotype/subtype

Mixed-infections/

Recombinants

Genotyping errors



Patients (N) Patients (%)

Genotype/subtype confirmed 1627 89.7

“Problematic” genotype new assignment

Genotype 1 with no subtype 38 2.1

Mixed genotypes 42/44 2.3

Indeterminate genotype 20 1.1

Discordant cases

Discordant genotypes 37 2.0

Genotype 1 with discordant 

subtype
58 3.2

Total  1813 100

HCV Sanger sequencing confirmed the 

previous genotype by commercial-assays in 

89.7% of cases analysed

Overall, 95 out of 1813 (5.2%) HCV infected patients

candidate to start a treatment containing a DAA showed a 

discordant genotype or subtype according to the sequencing

Aragri M et al., et al., 15th European Meeting on HIV & Hepatitis 2017



HCV sequencing is useful for identifying RASs but also 
the “correct” genotype: 15/310 (4.8%) patients were 

found infected with a different HCV genotype at failure

Notably, 10 patients previously classified as infected with HCV-1 were actually infected with HCV-2 and

HCV-3, 9/10 failed a 3D+RBV regimen and all presented RASs at failure

Di Maio VC et al., EASL 2017

ID

Patient

Pre-therapy

genotype

by commercial 

assay

Genotype by 

sequencing 

at failure

DAA 

regimen

DAA

response

Failure RASs

NS3 NS5A NS5B 

1497 1a 3a 3D+RBV Non-responder Y93H

2150 1a 3a 3D+RBV Breakthrough Q80K Y93H

2068 1b 3a 3D Non-responder Q80K Y93H

1424 1b 3a 3D+RBV Non-responder Y93H

2140 1b 3a 3D+RBV Non-responder A30K

2353 1 3a 3D Non-responder Y93H

1823 1b 2c 3D+RBV Non-responder D168V

2020 1b 2c 3D Non-responder D168V F28C

2623 1b 2c 3D Relapse F28C

2890 1b 2c SMV+SOF Relapse L31M

2204 2 1b LDV+SOF+RBV Relapse R30Q+L31I+Y93H C316N

2886 2 1b SOF+RBV Relapse Y56F C316N

2153 2 3a SOF+RBV Relapse A30K+L31F

1111 4 1a 2D+RBV Breakthrough V36M+Y56H M28T

45 4 3a SMV+SOF Relapse D168K



Should we be worried about baseline RAVs?

SVR rates to NS3 protease inhibitor

plus NS5A inhibitor combination

regimens in HCV genotype 1

infected patients according to the

presence of baseline RAVs.

SVR rates for NS3 protease inhibitor

plus nucleos(t)ide NS5B inhibitor

combination regimens in HCV

genotype 1 infected patients

according to the presence of baseline

RAVs.

SVR rates NS5A inhibitor plus

nucleos(t)ide NS5B inhibitor DAA

combination regimens in HCV

genotype 1 infected patients

according to the presence of

baseline RAVs.

Sarrazin C et al., J Hepatol 2015



HCV Resistance Testing Prior to (First-Line) DAA 
Therapy

Pawlotsky et al, Gastroenterology 2016

NEW EASL Guidelines Sept 2016

Available, reliable,

Interpretable, 

understandable*

Presence of NS5As RASs

conferring high-level

resistance (pop seq or >15%)

Add ribavirin and/or increase 

treatment duration

Not available

Optimize therapy to avoid

treatment failure

✓ Add RBV in TE patients with 

SOF/LDV, SOF/DCV, SOF/SMV

✓ With 3D, use RBV in GT1a, treat 

NR cirrhotics 24 weeks

✓ Use GZR/EBR 16 weeks with 

RBV in GT1a patients
*Recommended for GZR/EBR for patients with GT1a

but also for LDV/SOF for patients with GT1a

and DCV/SOF and VPV/SOF patients with GT3 
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HCV Resistance Testing Prior to (First-Line) DAA 
Therapy

Pawlotsky et al, Gastroenterology 2016

NEW EASL Guidelines Sept 2016

Available, reliable,

Interpretable, 

understandable*

Presence of NS5As RASs

conferring high-level

resistance (pop seq or >15%)

Add ribavirin and/or increase 

treatment duration

Not available

Optimize therapy to avoid

treatment failure

✓ Add RBV in TE patients with 

SOF/LDV, SOF/DCV, SOF/SMV

✓ With 3D, use RBV in GT1a, treat 

NR cirrhotics 24 weeks

✓ Use GZR/EBR 16 weeks with 

RBV in GT1a patients
*Recommended for GZR/EBR for patients with GT1a

but also for LDV/SOF for patients with GT1a

and DCV/SOF and VPV/SOF patients with GT3 
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THERE’S THE NEED TO STANDARDIZE 

HCV RESISTANCE EVALUATION AND 

INTERPRETATION … ONLY AFTER THAT, 

HCV RESISTANCE TESTING CAN BE 

EFFICIENTLY APPLIED INTO CLINICAL 

PRACTICE

…….VIRONET C……..





Dietz J et al., Gastroenterology 2017

Despite the excellent efficacy of DAA containing regimens, 

virological failures can occur, often associated with 

development of resistance and with differences according 

to the type of regimen and HCV genotype



Dietz J et al., Gastroenterology 2017

Despite the excellent efficacy of DAA containing regimens, 

virological failures can occur, often associated with 

development of resistance and with differences according 

to the type of regimen and HCV genotype

Understanding more about RASs may
help us learn why the patients failed,
and may allow optimization of treatment
to other new patients & retreatment
choices.



20 out of 1,778 patients (1.1%) treated Sofosbuvir/Velpatasvir with for 12 weeks experienced

virologic failure: 7 infected with GT1, 12 infected with GT3, and 1 infected with GT4 HCV

The overall prevalence of Y93H/N across all genotypes was 2.8% (49/1773) at baseline and 84% 

(16/20) at virologic failure, respectively. Only one patient with a GT1b infection had V321I 

NS5B NI RAS at baseline and virologic failure. No sofosbuvir NS5B RASs were observed at

baseline or virologic failure in these 20 patients
Hezode et al J of Hepatology 2018

Also virological failures to new DAAs occur with 

resistance



Puoti et al., J of Hepatol 2018

Also virological failures to new DAAs occur with 

resistance

High SVR12 with 8/12-week Glecaprevir/Pibrentasvir: Integrated analysis of HCV Genotype

1-6 2041 patients without cirrhosis. In the ITT population, 943/965 (98%) and 1060/1076

(99%) of patients achieved SVR12 when treated for 8 and 12 weeks, respectively



No BL GRT recommendations are included in U.S. labeling for 
GLE/PIB, although available data on the impact of the GT3 
NS5A A30K BL RAS are described for consideration by 
clinicians on a case-by-case basis

Indicating that a longer treatment duration may reduce the impact of A30K

Harrington et al, Hepatology 2017



Y93H fold change for approved NS5A-inhibitors 
across genotypes 1a, 1b, 2, 3, 4 

aY93H fold change value in comparison with wild type strains; maximum and minimum values are reported [26, 27, 39, 42, 57, 65,

71, 96, 105, 125, 132, 134, 144, 146, 157, 161]. For 1st generation NS5A-inhibitors, RASs with fold-change >100x are reported in red

(resistance likely); RASs with fold-change 20-100 are reported in yellow (resistance possible); RASs with fold-change 3-20x are

reported in green (likely susceptible); only in-vivo RAS, with no fold-change available are reported in violet (resistance possible). For

2nd generation NS5A-inhibitors elbasvir and velpatasvir, RASs with fold-change >10x are reported in red (resistance likely); RASs

with fold-change 2.5-9 are reported in yellow (resistance possible); RASs with fold-change <2.5x are reported in green (likely

susceptible); only in-vivo RAS, with no fold-change available are reported in violet (resistance possible). b Ledipasvir exhibited an

EC50 value of 141 nM, affording a >670-fold reduction in potency when compared to daclatasvir [134]. GT, genotype. “-“ indicates

no data available.

Sorbo MC , et al Drug Resistance Update 2018 in press 



Harrington et al, Hepatology 2017

Broad cross-resistance among NS5A Inhibitors, 
but not all single RASs and patterns are the same
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RASs prevalence was found in all genes tested: 

NS5A very frequent (90.2%), NS3 frequent (61.8%), 

NS5B less common (22.4% NI and 40.0% NNI) 

(N=68) (N=264) (N=196) (N=55)
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NI, Nucleotide inhibitor; NNI Non-Nucleoside Inhibitor

RASs prevalence at failure was high in almost all HCV genotypes/subtypes 

264 HCV-infected patients failed a currently recommended INF-free NS5A containing regimen

UPDATE of Vironet C from Di Maio VC et al. J Hepatol. 2017

Di Maio VC et al European Drug Resistance Workshop 2018 



9.8% (26/264) of DAA failing patients didn’t show NS5A RASs at failure
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N=264 N=60 N=86 N=9 N=77 N=1 N=3 N=3 N=24 N=1

94/264 (35.6%) of NS5A-failing patients 

presented >2 NS5A-RASs

*One GT3h infected patient who experienced a virological failure to daclatasvir+sofosbuvir regimen 

showed the major SOF RAS S282T in NS5B gene. 

UPDATE of Vironet C from Di Maio VC et al. J Hepatol. 2017

Di Maio VC et al European Drug Resistance Workshop 2018 



42.3% HCV-infected patients that failed a currently 

recommended INF-free NS5A containing regimen

showed RASs on ≥2 DAA-targets at failure
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All patients were treated with ≥2 DAA classes

No NS5A RAS 9.1%  NS5A RAS 90.9%

UPDATE of Vironet C from Di Maio VC et al. J Hepatol. 2017

Di Maio VC et al European Drug Resistance Workshop 2018 



DAA failure

Genotypic resistance
testing

NS3+NS5A+NS5B

No NS5A RAVs

SOF/VPV + RBV

GZR/EBV + RBV

16/24 weeks

G/P + RBV 12-16 weeks

SOF/VPV/VOX 12 weeks

No NS3 RAVs

SOF/VPV + RBV
GZR/EBV + RBV

16/24 weeks
G/P+ RBV 12-16 weeks
SOF/VPV/VOX 12 weeks

NS5A RAVs

SOF/VPV/VOX 12 weeks
SOF+G/P 12-16 weeks

SOF+GZR/EBV+RBV 12-24 week

NS5A and NS3 +/-
NS5B RAVs

Desperation

time

3D + SOF or 2D+SOF+RBV
SOF+GZR/EBV + RBV

12/24 weeks
SOF/VPV/VOX + RBV 12-24 

weeks
SOF+G/P+ RBV 12-16-24 

weeks

Investigational
dual/triple regimens

???

Modified by Wyles D, AASLD 2015

Retreatment may require «unconventional» 
approaches with multiple DAAs

Craxì A, et al DLD 2016
Viganò M, et al DLD 2017



• HCV resistance testing useful to guide retreatment

• Recommendations for patients who experienced DAA regimen (PI 
and/or NS5AI) failure: management should be in context of 
multidisciplinary team including experienced treaters and virologists

Failure of DAA (PI and/or NS5AI)-Containing 

Regimen 

Retreatment 

Recommendation

± Compensated cirrhosis SOF/VEL/VOX for 12 wks

± Compensated cirrhosis with predictors of lower 

response*
GLE/PIB + SOF for 12 wks†

Very difficult to cure: NS5A RASs after 2 failures 

of PI and/or NS5AI-containing regimens

SOF/VEL/VOX or GLE/PIB 

+ SOF: + RBV for 12 wks, no 

RBV for 16-24 wks, or + 

RBV for 16-24 wks†

Decompensated cirrhosis SOF/VEL + RBV for 24 wks†

*Advanced liver disease, multiple courses of DAA-based treatment, complex NS5A RAS profile. 
†Based on individual decision.

Retreatment of DAA Failures

EASL recommendations on the treatment of hepatitis C 2018. J Hepatol 2018



Risk of Late Relapse or Re-Infection with Hepatitis C After 
Sustained Virological Response: 
Meta-Analysis of 66 Studies in 11,071 Patients

Low Risk
43 studies

N = 9,419

Avg. FU = 4.1±2.1y

High Risk (IDUs/prisoners)
16 studies

N = 819

Avg. FU = 2.9±1.6y

HIV/HCV Co-Infected
7 studies

N = 833

Avg. FU = 3.1±1.2 years

Five-Year Rate (95%CI) of Recurrence Post-SVR, by Risk Group

Hill A, et al. 22nd CROI; Seattle, WA; February 23-26, 2015. Abst. 654.

1.1% 

(95%CI 0.9–1.4%)

13.2% 

(95%CI 9.9–17.2%)

21.7% 

(95%CI 18.3–25.5%)





Rossi C. et al., J. Hepatolgy 2018

Study population



The overall and persistent reinfection rates were 1.44 (95% CI 

1.03–1.97) and 1.19 per 100 PYs (95% CI 0.82–1.68), respectively. 

The higher overall and persistent reinfection rates was among 

younger individuals (<45 years)

Rossi C. et al., J. Hepatolgy 2018



Reinfection rates were highest among recent PWID born after 1975 

(10.2 per 100 PYs; 95% CI 3.74–22.2; Table 3), those with HIV co-

infection (5.67 per 100 PYs; 95% CI 2.59–10.8) and those with 

problematic alcohol use (4.55 per 100 PYs; 95% CI 2.35–7.94)

Rossi C. et al., J. Hepatolgy 2018



In the multivariable Poisson model, PWID with recent (IRR 6.7;

95% CI 1.9–23.5) and former use (IRR 3.7; 95% CI 1.1–12.9) had a 

significantly elevated risk of overall reinfection (Table 4). Major

mental health illness, problematic alcohol use, or HIV coinfection

were not associated with HCV reinfection after SVR.

Rossi C. et al., J. Hepatolgy 2018



First documentation of a transmission of an HCV DAA resistant variant from a DAA 
treated patient to his sexual HIV-infected partner

Patient A, a man chronically infected with HCV 
genotype 1a and co-infected with HIV- 1, treated
with pegIFN/RBV plus telaprevir in July 2012 with 
HCV breakthrough. 
HCV NS3 protease sequences before treatment 
with telaprevir did not have any major substitution
associated with NS3 PIs. 

Patient B, a man also HIV-1 infected and sexual
partner of patient A, diagnosed of acute HCV co-
infection in January 2011, with HCV genotype 1a. 
This patient refused therapy with pegIFN/RBV 
during the acute phase of HCV infection.
In April 2012 he entered a clinical HCV trial and 

was treated for 24 weeks with pegIFN/RBV plus 
Daclatasvir, with undetectable HCV RNA at week 24 
and 36 after the end of treatment. 
However, at week 48 after stopping therapy, 
presented elevated transaminase and detectable
HCV RNA, suggesting a HCV re-infection. The 
patient denied any known risk for HCV infection
except unprotected sexual intercourse with his
partner (patient A).
After 12 weeks, patient B tested negative for HCV 
infection. 

108 and 28 individual 
NS3 protease clones
from patient A and B 
early samples, 
respectively, were 
sequenced

Franco et al Gastroenterology May 2014

V36M substitution detected 
in 9/20 clones in patient A 
(20 weeks off therapy) 
and in all late sequences from 
patient B.





Findings of each jurisdictional report card. The extent to which 

each of the four criteria were present in jurisdictional documents

ranges from 0% (TAS; NT) to 75% (VIC) with an overall score 

of 47%. The overall presence of criteria was higher for HCV 

risks, HCV prevention and HCV testing and treatment in prison 

(61% for each) compared with reinfection (6%).

Lafferty L. et al., Harm Red. Jou.,2018





Graphical overview of the study cohort, methodology and 

results

Cuypers L. et al., Plos one 2018



Two patients (patients 1 and 18) were reinfected with the same HCV 

subtype, phylogenetically clustering in a different clade for the two 

sampled time points. Of the five patients that were defined to be 

reinfected, three were classified as PWID, one identified himself as 

MSM and for one the potential route of transmission was unknown

Cuypers L. et al., Plos one 2018



HCV - a curable disease

We can cure HCV. SVR a validated surrogate of clinical efficacy

because it predicts long-term clinical benefit.

To cure everyone with HCV we need to find it!!!

When we have found it we need to link to care and treat it

properly!! Accurate diagnostics and treatment will be key to

reduce HCV infections and to reduce the morbidity and

mortality HCV-related.

SVR rates are very high with new IFN-free regimens (in both

mono and co-infected HIV populations)…2-5-10% virologic

failures = already around 10000 patients in Italy, with antiviral

resistance…Surveillance resistance studies are warranted

Summary & Conclusions
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