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

Michael Houghton

SCIENCE, VOL. 244 21 APRIL 1989

Isolation of a cDNA Clone Derived from a Blood-
Borne Non-A, Non-B Viral Hepatitis Genome

Qui-Lim CHO00, GEORGE Kuo, AMY J. WEINER, LAcy R. OVERRY,
DaNIEL W. BRADLEY, M1cHAEL HOUGHTON

21 APRIL 1989 SCIENCE, VOL. 244

An Assay for Circulating Antibodies to a Major
Etiologic Virus of Human Non-A, Non-B Hepatitis

G. Kvo, Q.-L. CHoo, H. ]. ArTer, G. L. GrTnick, A. G. REDEKER,

R. H. PURCELL, T. MIYAMURA, J. L. D1ENSTAG, M. J. ALTER, C. E. STEVENS,
G. E. TEGTMEIER, F. BoNinOo, M. CoLomBo, W.-S. LEE, C. Kuo, K. BERGER,
J. R. SHUSTER, L. R. OverBy, D. W. BRADLEY, M. HOUGHTON

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....



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
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HCV Population

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.
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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

15-40 years 3-5% per year
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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
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for /D= 10 rules instead of KCD-9 rules,

HIV and AIDS

Trends in Annual Rates of Death due to the 9 Leading
Causes among Persons 25-44 Years Old,
United States, 1987-2010
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The better knowledge of HCV replication cycle
allowed the identification of several targeted drugs

Drugs active on viral enzymes
Drugs active on host cell enzymes
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The standard of care for HCV patients has greatly improved
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The evolution of HCV therapy
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Trend cumulativo dei trattamenti avviati
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con almeno una scheda di Dispensazione farmaco




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

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.

Table 3. Failure rates following the first DAA regimen, by HCV genotype and treatment regimen in patients who completed the 12 weeks post treat-
ment evaluation (n = 3,830 patients).

Overall HCV genotype
N. of failures/N. of treated patients (%)
DAA regimen N. of failures/N. of treated patients (%) 1a 1b 2 3 4 5
139/3830 (3.6)
SOF+RBV 68/710 515 2056 8/499 32/132 38
(9.6) (33.3) (35.7) (1.6) (24.2) (37.5)
SOF+SIMtRBV 38/683 8/99 24/520 1/2 11 3/60 1A
(5.6) (8) (4.8) (50) (100) (5) (100)
SOF+LDVRBV 16/1002 3/200 10/752 oA 3/44 0/5
(1.6) (1.5) (1.3) (0) (6.8) (0)
3D+RBV 9/894 3/86 6/806 0/2
(1) (3.5) (0.7) 0
2D+RBV 2/64 2/59 0/5
(3.1) 3.4% (0)
SOF+DCV#RBV 6/471 0/47 1/115 0/55 5/244 0/10
(1.3) 0 (0.9) (@) (2) \Y)]
SIM+DCV 6 - 0/6 -
(0) @

hitps:/doi.org/10.1371/joumal.pone.01 857 28,1003

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.

Kondili, et al Plos One 2017



Considerations in DAA Treatment Fallure

= Re-infection as a cause of recurrent viremia?

» Was Initial therapy sub-optimal?
* Drug combo

= Duration

= RBV use

* [ndications of other problems on treatment?
= Adherence?
= Significant drug interactions?
= Are there other baseline host/disease factors that
may have contributed?
= Cirrhosis, especially decompensation

= |L28B, age, treatment experience, high viral load,
baseline RASs




Treatment of chronic Hepatitis C:
changing the horizon

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

Aim at individual level

At individual level:

Abolishing liver disease progression treat infection/ liver

Regression of the hepatic damage

o : . disease
Reducing liver and non-liver complications
Aim at community level At community level:
Reduce (abolish) the spread of HCV infection treating infection;
Reduce disease burden those with high
Elimination of HCV infection potential

for transmission



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.
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Infections and stopping deaths
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6—10 million (in 2015) to 900,000 infections (by 2030)
95% decline in HBV infections
80% decline in HCV infections

1.4 million deaths (in 2015) to
under 500,000 deaths (by 2030)

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

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

EASL? WHO? AASLD?
Last updated April 2018 Last updated April 2017 Last updated September 2017

Treatment is indicated for:

a4 N N [ N

All treatment-naive and . . :
: All patients with chronic
treatment-experienced All adults and . .
: . _ _ _ HCV infection, except
patients with HCV children with chronic . .
: : _ _ those with short life
infection who have HCV infection, .
L. . _ expectancies that cannot
no contraindications including PWID :
N be remediated
for treatment

N U N —

* 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.

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



%C Rate of newly diagnosed hepatitis C cases
"~ per 100000 population by country*, EU/EEA, 2016
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@6 The most commonly reported route of transmission across all
€c0C  disease categories was injecting drug use, which accounted for
45.5% of cases with complete information

Figure 4. Transmission category of hepatitis C cases by acute and chronic disease status, EU/EEA,

2016
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Netheriands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom.

Annual Epidemiological Report for 2016 ECDC



Dopo una decisa flessione registrata dal Seieva nei primi dieci anni di sorveglianza,
I'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 I'incidenza e stata
pari a 0,2 per 100.000 (non sono stati osservati casi nella fascia d’eta 0-14 anni;
mentre l'incidenza maggiore si ha nella classe di eta 25-34 anni: 0,3 x 100.000

abitanti)

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

o 20 -
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Anno di notifica
http://www.epicentro.iss.it/problemi/epatite/Epidemiologialtalia.asp



| maggiori fattori di rischio riportati sono: i rapporti sessuali non protetti,
I’uso di droghe per via endovenosa, gli interventi chirurgici e ’esposizione
percutanea in corso di trattamenti cosmetici.

Casi* notificati di Epatite C con fattore di rischio identificato. SEIEVA 2016.

Fascia di eta

0-14 15-24 25-34 35-54 55+ TOTALE
Fattore di rischio N % N % N % N % N % N %
Trasfusione sangue 0 00 2 222 9 450 4 16,7 1 40 16 205
Interventi chirurgici 0 00 0 00 1 63 1 46 6 231 8 110
E Ospedalizzazione 0 00 1 111 4 20,0 3 130 6 23,1 14 179
% Altre esposizioni parenterali** 0 00 3 333 3 183 5 22,7 5 19,2 16 219
3 Terapia odontoiatrica 0 00 3 375 2 125 5 22,7 3 120 13 183
ﬁ Uso didroghe E.V. 0 00 7 70,0 6 353 5 217 2 77 20 263
E Convivente tossicodipendente 0 00 3 429 1 71 0 00 0 00 4 71
g Contatto con itterico nei 6 mesi 0 00 4 57,1 1 83 1 77 0 00 6 11,8
Partner sessuali (>1 nell'ultimo anno) 0 00 2 333 3 333 11 61,1 2 222 18 429
Convivente di soggetto HCV+ 0 0,0 1 143 0 00 2 154 1 56 4 85

TOTALE CASI*** 0 10 20 25 26 81

* | casi possono avere pill di un fattore di rischio

**  Piercing, tatuaggi, agopuntura, manicure/pedicure, rasatura dal barbiere
¥¥*  Per alcuni casi l'informazione relativa ad alcuni fattori di rischio non & disponibile

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




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

Authors Site of study Population n Yean s) of study Age Orverall prevalence of
anti-HCV (%)

Bellentani et al. [25] Campogalliano (Modena) and Cormaons All the citizens aged 12-65 year were #8217 19911993 12-65 32
(Corizia) contacted by letter

Guadagnino et al. [19] Sersale (Catanzaro) The sample was selected from the census by a 1352 1996 =18 12.6
systematic 1:4 sampling procedure

Guadagnino et al. [17] Sersale (Catanzaro) The sample was selected from the census by a 102 2000 =18 57
systematic 1:4 sampling procedure

Maio et al. [18] Buonalhergo (Napoli) The sample was selected from the census by a 488 1997 =5 16.2
random cluster sampling procedure

Di Stafano etal. [20] Camporeale (Palermo) A random 1:4 sampling from the census of the 721 199920000 10-90) 10.4

general population was per formed

Pendino etal. [21] Cittanova (Reggio Calabria) A sample of the general population was 1645 2002-2003 =12 6.5
selected from the census list using a
systematic random 1 in 5 sampling procedure

Fabriz et al. [22 Vicenza Tests wene offered to inhabitants of a district 965 2002 =i 2.6
of the city
Raffaele etal. [24] Gioia dei Marsi and Lecce dei Marsi Subjects were selected by random sampling 250 1997 =16 224
(L Aquila) among people living in Gioia dei Marsi and
Lecce dei Marsi
Cozzolongo etal, [23] Putignano (Bari) Using a systematic random 1-in-5 sampling 2195 2005-2007 =18 2.6

procedure, a sample of the general population
=18 years of age was drawn from the general
practitioner’s list of records

Mazzeo et al. [25] Loiano and Mon ghidoro (Bologna) All subjects aged 18-69 years who were 1646 19861996 1 85-69 35
resident in Loiano and Monghidoro were
called
Campello et al. [26] The area of stdy corresponds to the Subjects emploved in the processing and for 2154 15941995 17-67 33
administrative boundary of the former trade of food and beverages were invited o
“IISL 227 (Local Health Unit) in the participate
Lombardia Region,
Ansaldi et al. [27] 18 Ttalian Regions Tests were performed from residual serum of 5T 19961997 0-90 27

European Serum Epidemiology Nemwork
Polilli E. et al, Infection,2016
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Backgproemd:  Diata onthe prevalence of hepatitis Cvims (HOV) infectionin kaly are outdated and usually derived
from studying recidents in amall towns

Mathode To assess prevalnoe of and rigk factors for HCW infection among Italian residents in 5 metropolitan
arexs, subjects =220 years of age were randomly s=lected from the list of the general practitioners’ registers in
A5 Anti-HOV wes tested by a slivary st HOW-RNA, HOW genotypes, and ALT were determined in positive
individuals. Logistic regrestion analysis evalated independent risk Baors for HOY.

Reguite: Of the 4907 enmolled suljects, 112 (2.34) ested anti-HCOY positive. The prevalencs of HOY incressed
with age, from 0. 2% in subjects bom after the year 1984, 10 4.2% in those bom before the year 1935 (P < LO1)L
The hirth-cohort prevalence peaked (7.0%) in eldedy. Serum HOV-RNA was detected in 1.7% of the whole
population. Nearly 80% of ant.HCV subjects were aware of their status. Age = 70years, bw aducation level,
pest use of gless syringes, blood tramsfusion, intravenoas drug use, and cohabitation with an ant-HOY positve
sulject predicted the HOY positivity.

Inevpreimtion Inmeiropolitanaress in Italy, HCY i prevalent in elderly, reflecting a cohort efiect determined by
madalities of vimal traEmission no onger operative. The impact of the infection will further diminish in the
years to oom e due tothe natural deple tion of the reservoir of the vims. This age patem and the high proportion
of subjects aware of their status do not wamant a polior of screening.




Socio-demographic characteristics and potential risk factors for anti-HCV. Crude Odds
Ratios (O.R.) from univariate analysis. Italy, 2015.

HCV-antibody ~ HCV-antibody ~ Crude Odds
positive negative Ratios
n=112 n = 4795 (95% CI)
n % n %
Age (years)
<70 64 57 4045 84 1
>70 48 43 750 16 4,0 (2,8-5,9)
Gender
Female 51 46 2656 55 1
Male 61 54 2139 45 1,5(1,0-2,2)
Years of school
>8 31 28 2320 48 1
<8 81 72 2475 52 2,5(1,6-3,7)
History of IDU
Never 100 89 4758 99,5 1
Yes 12 23 0,5 24,8 (12,0-51,3)
Past use of glass syringes
No 31 29 2346 52 1
Yes 75 71 2126 48 2,7 (1,8-4,1)
Blood transfusion
No 84 76 4387 92 1
Yes 27 24 362 8 3,9 (2,5-6,1)
Previous surgery
No 30 27 1819 38 1
Yes 82 73 2072 62 1,7 (1,1-2,6)
Household contact with
a HCV + subject
No 88 81 4250 94 1
Yes 21 19 272 6 3,7 (2,3-6,1)
Past hospitalization
No 53 47 2592 54
Yes 59 53 2194 46
Tattoo/piercing
No 96 86 4045 84
Yes 16 14 749 16
Area of residency
North/center 42 37 1955 41
South/insular 70 63 2840 59

Of the 4907 enrolled subjects, 112
(2.3%) were anti-HCV positive

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.

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

80 - 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.

7,0 A

6,0 -

50 -

4,0 -

Prevalence %

3,0 4

2,0 -

1,0 4

0,0
<1935 1935-1944 1945-1954 1955-1964 1965-1974 1975-1984 >1984

Years of birth

Fig. 1. Prevalence of anti-HCV positivity by cohort of birth in 5 Italian metropolitan areas, 2015.

Andriulli et al, European Journal of Internal Medicine 2018



For residents in North, Central and South
Italy, the overall prevalence was 1.6%, 2.6%, and 2.4%, respectively

Table 2
Birth-cohort prevalence of anti-HCV by geographical area in five Italian Metropolitan
area 2015.

Year of birth  North Centrum South

No. positive/no. No. positive/no. No. positive/no. tested

tested (%) tested (%) (%)

> 1984 0/160 (0.0) 1/100 (1.0) 0/264 (0,0)
1975-1984  1/165 (0.6) 4/153 (2.6) 3/334 (0.9)
1965-1974  2/180 (1.1) 3/170 (1.8) 9/518 (1.7)
1955-1964 | 5/172(2.9) 2/161 (1.2) 5/677 (0.7)
1945-1954 | 4/151 (2.6) 2/182 (1.1) 15/639 (2.3)
1935-1944  4/124 (3.2) 11/171 (6.4) 32/374 (8.6)
<1935 0/45 (0.0) | 3/63 (4.8) 6/104 (5.8) |
Total 16/997 (1.6) 26/1000 (2.6) 70/2910 (2.4)

Andriulli et al, European Journal of Internal Medicine 2018



Where Are the Undiagnosed and Untreated?

2L

Ethnic
Minorities/Migrants!

PWID MSM

Prisonersl

0

Patients with chronic

(people who (men who have
inject drugs)?! sex with men)?!

b

People living in
countries with
restricted access to
treatment!

Patients who are

Certain birth cohorts?
lost to follow-up

kidney disease®

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.
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Incidence of HCV infection amongst HIV positive men who had sex with men and prevalence data
from patients followed at the Infectious Diseases Clinic of Modena, Italy.

Cuomo G'. Digaetano MZ, Menozzi M?, Tagliazucchi 5% Guaraldi G¥ Ec:-n::ﬂﬁ. Mussini C7.

# Author information

Abstract
BACKGROUND: Men who had sex with men (MSM) living with HIV are at higher risk of developing sexual fransmitted diseases. This study
reports two years incidence rate and prevalence of HCV in a cohort of HIV positive MSM.

METHODS: M3SM HIV-positive outpatients negative to HCV-ADb at first observation entered a Kaplan-Meier model in order to assess the HCV
infection incidence rate. Prevalence analysis was performed with MSK HIV-positive that were on follow-up at 2016, An M3M population HIV-
negative served as control.

RESULTS: 421 patients entered the incidence analysis. The incidence rate of HCV infection among MSM-HIV people was 0.44 per 100
patients-years (19 events). 40 out of 442 (9% patients were HCV-positive (prevalence analysis); they were mostly genotype 1a and 3 with
APEI score =0.7 (87.5%). Univanate analysis between M50 HIV-positive patients and MSM HIV-negative showed significant differences in
the prevalence rate (9.0% vs 0.6%, P=0.001) and median age (39 vs 47, P=0.001).

CONCLUSION: Incidence and prevalence rate of HCV amongst M3M HIV-positive patients is higher than in other settings. Annual HCW-Ab
screening for MSM HIV-positive patients should be enforced and early treatment of HCV recommended.

The development of HCV infection was observed in
19 patients, resulting in a cumulative incidence of 4.5%.
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Treatment with direct-acting antivirals in a multicenter cohort of HCV- L))
infected inmates in Italy iy

Emanuele Pontali®, Vito Fiore”, Anna Maria Ialungo“, Roberto Ranieri”, Oscar Mollaretti®,
Giorgio Barbarini’, Daniele Marri®, Tullio Prestileo”, Serena Dell’Isola®, Elena Rastrelli®,
Guido Leo®, Giulio Starnini®, Sergio Babudieri”™*, Giordano Madeddu”, Gruppo Infettivologi
Penitenziari

ABSTRACT

Background: People who are incarcerated have a significantly higher prevalence of HCV infection than the
general population. Given their high-risk behavior, they represent a reservoir of HCV infection for the whole
community.

Methods: We evaluated all HCV-infected people who were incarcerated in 25 Italian prisons starting direct-
acting antivirals (DAAs) treatment between May 2015 and October 2016. We collected information on demo-
graphic characteristics, liver disease, HCV-related aspects, anti-HCV treatment, HIV or HBV co-infection.
Results: We enrolled 142 incarcerated people treated with DAAs. They were mosty Italians (93.7%) and males
(98.6%). Median age was 50 years and 108/142 (76.1%) were cirthotic patients. Prevalent genotypes were la
(35.9%) and 3 (35.9%). Two patients were HBV co-infected, twenty-one patients (14.8%) were HIV co-infected
and almost all (95.2%) received antiretroviral therapy. 118/142 (83.1%) DAAs-based regimens included so-
fosbuvir. Treatment completion rate was 94.4%. There were eight (5.6%) discontinuations, one (0.7%) due to an
adverse reaction, one due to death (0.7%) and six (5.6%) due to release from prison. SVR12 was achieved in
90.8%. Four patients relapsed but no breakthrough occurred.

Conclusions: Our study shows that in [talian penitentiary settings DAAs treatment is feasible and effective. This
intervention is crucial for reducing HCV circulation with possible benefits to the general population.




Table 1

Demographic, clinical and virological features, anti-HCV regimens and treatment outcome amongl42 in-

mates from twenty-five Italian prisons receiving direct-acting antivirals,

Variahle

Italian natonality
Age
Male gender

Co-infections
HIV co-infection
HBV co-infection

Laboratory abnormalities
Thrombocytopenia
Hepatic transaminase increase

Stage of liver disease
Liver cirthosis

Child-Pugh A

Child-Pugh B

Previous HOC diagnosis
Liver fibrosis F3 according to METAVIR
Liver fibrosis F2 according to METAVIR
Liver fibrosis FO-F1 according to METAVIR

HCV genotype
la
1b
2
3
4
HCV-RMA baseline

DA As regimens
sofosbuvir + ledipasvir £ ribavirin
sofesbuvir + daclatasvir = ribavirin
sofesbuvir + simeprevir = rbavirin
sofosbuvir + rikavirin
ombitasvir/paritaprevir/ritomavir £ dasabuvir + ribavirin
simeprevir + pegylated interferon alpha 2a + ribavirin

Treatment outcome
EVR12 at ITT
EVR1Z at mITT
Virologic response at BOT
Viralogic failures
Lost after EOT

1337142 (93.7%)
50 = 7.5
140,142 (98.6%)

217142 (14.8%)
2/142 (1.4%)

677142 (47.2%)
135/142 (95.1%)

108,142 (76.1%)
DB/142 (90.7%)
107142 (9.3%)
4/142 (2.8%)
247142 (16.9%)
T/142(4.9%)
37142 (21%)

51/142 (35.9%)

21/142 (14.8%)

8/142 (6.1%)

51/142 (35.9%)

11/142 (7.3%)
2,203,974 Ul/ml

(IQR = 1,474,225 Ul/ml)

50/142 (35.2%)
477142 (33.1%)
147042 (9.9%)
T/142(4.9%)
147042 (9.9%)
10042 (7.0%)

120/142 (90.8%)
129/134 (96.2%)
135/142 (95,1%)
57142 (3.5%)
B/142 (5.6%)

Data expressed as mean =+ standard deviation, mean (IQR) or number/total (percentage).
DAAs: direct-acting antivirals; SVR: sustained virological response; ITT: intention-fo-treat.

mITT: modified intention-to-treat, EOT: end of treatment.

Pontali et al 2018



High-risk behavior increases the risk of acquiring HCV

! Need for

HCV infection or incarceration - Incarcerated ~ HCV
re-infection identified
’ Re-infection ‘
= Released HCV treated
At risk Re-enters \ /
exposure society HCV cured

Microenvironment
(Prison)

\ At risk

behavior

Macroenvironment

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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Many factors contribute to viral response
to DAA-treatment

infection degradation,

elimination

Viral load OXICIty

Genotype =21=<

Potency Shorter duration
\ W of treatment

__ Genetic barrier

0/ %
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HCYV genetic variability is higher than HIV’s and HBV’s

HCV

9198 sites

AE A

(Smith et al., 2014).

6% of all HCV infections.
Prevalent in southeast
Asia. Subtype 6a-IDU 4
spread in Hong Kong

and Vietnam.

0.05

46% of all HCV infections. Worldwide distribution.
Subtypes 1a and 1b most prevalent. Subtype 1a widespread I1DU.
Subtype 1b — iatrogenic spread.

9% of all HCV infections. Workdwide distribution.
Highly prevalent in western Africa. Subtype 2a and 2b most prevalent.

Subtypes 2a and 2b - iatrogenic spread.

8% of all HCV infections.
Highly prevalent in middle East
and north and central Africa.

» Subtype da - iatrogenic spread,
primarily in Egypt.

Subtype 4d - IDU spread in
European cities.

1% of all HCV infections.
Highly prevalent in South Africa.

30% of all HCV infections.
Worldwide distribution

Highly prevalent in northern
Europe and south Asia.
Subtype 3a - widespread IDU.

Ta
“~I. Only found in a few individuals
from central Africa.

Jens Bukh 2016 J Hepatol
31%-33% nucleotide difference among the 7 known HCV genotypes and 20%-25% among the nearly 67 HCV subtypes



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

- ..
[] 1a - ,
T

Esteban Jl et al J Hepatol 2008



HCV genotype was the most important baseline predictor for
response to Peg-1FN + Ribavirin combination therapy

HCV genotypes
2and 3 SVR =78-806 %
| > HCV-2= 80-95%
HCV-3 Low viremia = 75-80%
HCV-3 High viremia = 60-70%
HCV genotype
1

SVR = 35-65 %
HCV-1 Low viremia = 50%
HCV-1 High viremia = 30-35%

' >

HCV genotypes
4 and 6

SVR =42-52 %

Manns, Lancet 2001; Fried, N Engl J Med 2002; Hadziyannis, Ann Intern Med 2004; Alfaleh, Liver Int 2004
The underlying functional mechanisms for lower SVR rates of the different HCV genotypes were unknown
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Identification of a Novel Hepatitis C Virus Genotype From
Punjab, India: Expanding Classification of Hepatitis C
Virus Into 8 Genotypes
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A novel HCV GT was recently identified in 4 patients
originating from Punjab, India

This novel HCV GT, GTS8, is genetically distinct from previously identified HCV
GT1-7 with >30% nucleotide sequence divergence to the established HCV subtypes.
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Sangrur district. Insert, Punjab State in red.

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 Borgia SM et al., JID 2018



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.

Table 1. Characteristics of Patients with GT8 HCV Infection

GT by Resistance-Associated Substitutions?
Abbott or GT by Phylo
Patient HCV VL (IU/mL) Country (Origin) Race Age Sex LiPA Analyses NS3 RASs NSbHA RASs NS5B RASs Treatment SVR12
1 20100000  CAN (Kalala village, Asian 28 Male GT5 GT8 V36L Q80K Q30SY93S None SOF/VEL/VOX 8 Yes
Barnala District, wks
Punjab, India)
2 8710000 CAN (Rampura village, Asian 31 Male GT5 GT8 V36L Q80R Q30SY93S None SOF/VEL/NVOX 8 Yes
Sangrur District, wks
Punjab State, India)
3 4735001 CAN (Ludhiana City, Asian 40 Male GT5 GT8 V36L Q80R Q30SY93S None SOF + DCV Yes
Ludhiana District, 12 wks
Punjab, India)
4 4200000  CAN (Raikot City, Asian 66 Female  GT5 GT8 V36L Q80K Q30SY93S None LDV/SOF + RBV Yes
Ludhiana District, 24 wks

Punjab State, India)

Abbreviations: CAN, Canada; DAA, direct-acting antiviral; DCV, daclatasvir; GT, genotype; HCV, hepatitis C virus; LVD, ledipasvir; RAS, resistance-associated substitution; RBV, ribavirin; SOF/
VEL/VOX, sofosbuvir/velpatasvir/voxilaprevir; SVR, sustained virologic response; VL, viral load.
aRASs are defined as substitutions that confer reduced susceptibility to any approved DAA inhibitor with >2.5-fold change compared with GT1a reference (HCV1a H77 NC AF009606).

Borgia SM et al., JID 2018



Mutations occur frequently during the replication of HCV

1 ﬂ s V&c:clneﬁ,

i monccional antibodies

Recaptor
inhibitors

p7 inhibitors?

M33-helicase and N35SB-
a ‘_\ o
Membrane-assaciation
intanantion?
@ - | | IRES inhibitors, NS2-NS3 and NS3-44
b | antisense oligomears, protease inhicitors
-\ ribozymes, siRNA |

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

Table 1. Probabilities and rates of generation of various HOV mutants.

Mumber of Mumber of Number of Fraction of all
Time nucleotide Probability virions generated all possible possible mutants
changes per day mutants created per day
0 0.9 0.1 = 10"
1 0.087 g7 = 10™ 20 10 1
Before therapy a "
2 00042 A2 = 107 A0 = 10 1
3 0.00013 13 = 10° a4.0 = 10" 34w 107
0 091 o1 = 10°
5 t
of therapy 2 0.0042 42 = 10% 41 = 10° 10107
3 L0007 3 14 = 0f an s 10" Fa w0

*Additional drug-resstant or compersatary mutation after a S-log,. decrease in the HOV BNA production during te

Rong L et al., Sci Transl Med 2010



VVVVVVV within the ltalian resistance database

{:;: Distribution of HCV genotypes/subtypes
Vironet C (N=2604 patients)
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Multiple Natural NS3, NS5A and
NS5B Resistance-Associated
Substitutions in Hepatitis CVirus
Genotypes 1-4in ltaly

Ada Bertoli(®%, Maria Chiara Sorbo?, Marianna Aragril, llaria Lenci?, ElisabettaTeti®, Ennio

¢ Polilli*, Velia Chiara Di Maio?, Laura Gianserra®, Elisa Biliotti®, Chiara Masetti?, Carlo F. Magni’,
Sergio Babudieri?, Laura A. Nicolini®, Martina Milana?, Pierluigi Cacciatore®, Loredana

i Sarmati®, Adriano Pellicelli?®, Stefania Paolucci®®, Antonio Craxi'?, Filomena Morisco®?, Valeria
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: Matural resistance-associated substitutions (RASs) are re ported with highly variable prevalence across

i different HCV genotypes (GTs). Frequency of natural RASs in a large Italian real-life cohort of patients

: infected with the 4 main HCV-GTs was investigated. NS3, NS5A and N55B sequences were analysed in
i 1445 HOV-infected DAA-naive patients. Sanger-sequencing was performed by home-made protocols

! on464GT1a, 585GT1b, 92 GT2¢, 199 GT3a, 16 GT4a and 99 GT4d samples. Overall, 20.7% (301/1455) of
: Ppatients showed natural RASs, and the prevalence of multiclass-resistance was 7.3% (29/372 patients

i analysed). N53-RASs were particularly common in GT1a and GT1b (45.2-10.8%, respectively), mainly

i dueto 80K presence in GT1a (17%). Almost all GTs showed high prevalence of NS5A-RASs (range: 10.2-
¢ 45.4%), and especially of 93H (5.1%:). NS5A-RASs with fold-change >100x were detected in 6.8% GT1a
{30H/R-31M-%3C/H), 10.3% GT1b (31V-93H), 28.4% GT2c (28C-31M-93H), 8.5% GT3a (30K-93H), 45.5%
GT4a (28M-30R-93H) and 3.8% GT4d (28V-305-93H). Sofosbuvir RAS 282T was never detected, while

¢ the 159F and 316N RASs were found in GT1b (13.4-19.1%, respectively). Matural RASs are common in

i Italian patients infected with HCV-GTs 1-&. High prevalence of clinically-relevant RASs (such as Y93H)

i supports the appropriateness of HCV resistance-test to properly guide DAA-based therapy.



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.....

The Italian experience: different NS5A RASs prevalence according to
genotype and subtype in DAA naive patients
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Bertoli A. et al., Sci. Rep.,2018



Not all NS5A RASs are equally clinical relevant

NBEA domeli | (1315 aa) la-red, 1b-blue, 2a/b/c-green, 3a-purple, , , 6-brown
Daclatasvir 24 28 30 3 32 58 62 92 93
{1stgeneration) R AMC DKGEK | EMF 8 2 D AN L K R CCHH
I s ELH M| | S L EH
v GNQ ym M S H |
HR X ¥ NR
Y S
Elbasvir 28 30 31 58 93
{2nd generation) AM DKQ | 2 A D CH
G ER M H
I GY My N
S H v S
Ledipasvir 24 28 30 31 32 38 58 92 93
{(1stgeneration) R AM ELH EE L E DD K cscC
G 7 G N 11 I |
L HR MM H
v KY e N
Ombitasvir 24 28 30 31 58 o2 93
{1stgeneration) R M E RQ X E DS A 8 CNH
T HY M ESN
K v H S
L L
Pibrentasvir 24 28 30 31 58 93
(2nd generation) R F AG DG MF DT HH
G K KK ! N
R M
Velpatasvir 24 28 30 3 32 58 a2 83
{2ndgenerstion) R K AF M ESH FF|F LA DRAGG KKRKT CCHHLA
GS V G K LI MMM L T H S HH FNHNH
i ¢ B X MMVEV Q I LNNRESN
v K VY V N R
L R S
R - Pt
7
w

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 (1%t generation NS5A-inhibitors,) or >3 (2" generation NS5A-inhibitors) are also included
in the figures. For 1%t generation NS5A-inhibitors, in vivo substitutions with fold-change >100, and in vitro substitutions with fold-change > 000 are represented in bold. For 2" generation

NS5A-inhibitors, in vivo and/or in vitro substitutions with fold-change >10 are represented in bold. .
Sorbo MC, et al Drug Resistance Update 2018
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Frequent antiviral treatment failures in patients infected with hepatitis C virus genotype 4,
subtype 4r.
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Abstract

Hepatitis C virus (HCV) genotype 4 is highly heterogeneous. HCV subtype 4r has been suggested to be less responsive to direct-acting
antiviral (DAA) drug treatment than other genotype 4 subtypes. Among 237 DAA-freated pafients who experienced a virological failure in
France between 2015 and 2018, 121 (22.5%) were infected with genotype 4 and 27 of them (22.3%) with subtype 4r; subtype 4r was thus
over-represented as compared to its prevalence in the French general population. Population sequencing of the NS3, NS5A and NS&B genes
was performed in all subtype 4r patients at treatment failure and in 6 of them at baseline, while full-length HCV genome sequencing was
performed in 2 baseline and 3 treatment failure samples by means of an ariginal shotgun metagenomics method based on deep sequencing.
At treatment failure, all subtype 4r patients harbored 2 to 3 dominant NS5A resistance-associated substitutions (RASs), including at least
L28A/C/IMA and LIOR. Among 13 patients exposed to sofosbuvir and an NSSA inhibitor (daclatasvir, ledipasvir or velpatasvir), 5 (38.5%)
also harbored NSEB S282C/T RASs at treatment failure. An additional patient harbored S282C/T RASs at treatment failure by deep
sequencing. The prevalence of 5282C/T RASs at treatment failure was significantly higher in patients infected with genotype 4r than with
other genotypes, including other subtypes of genotype 4.

CONCLUSION: The lower rates of SVR in patients infected with subtype 4r are related to the frequent preexistence at treatment baseline and
subsequent selection by DAA treatment of both NS5A and NSSB 5282 RASs. Qur study sugoests that these patients should be identified and
receive a triple DAA combination regimen as first-ling treatment. This article is protected by copyright. All rights reserved.

This article is protected by copyright. Al rights reserved.
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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 Rating: Class |, Level A

SUbtype (13. or 1b), should be assessed prior Testing for HCV genotype is recommended to guide selection of the most
to treatment initiation appropriate antiviral regimen.
EASL Recommendations on Treatment of Hepatitis C 2018 ? ity || R
p ﬁASLD “ Hepga(i&sc ¢ iz/h IDSA
THE STU SEASES Update 21 Sept 2017 Infectious Diseases Society of America
Pangenotypic regimens Genotype-specific regimens ———
Genotvpe SOF/ OBV/ Regimen . . HISHON, SIS . .
yp SOF/ GLE/PIB  VEL/ SOF/ GZR/ BTV/r + No Cirrhosis Compensated Cirrhosis
VEL LDV EBR

VOX DSV 1 GLE/PIB 8 12

GZR/EBR 12 12
a b
Genotype 1a Yes Yes Yes Yes - SOF/LDY 8or 12 12
Genotype 1b Yes Yes Yes Yes Yes SOF/VEL 12 12
Genotype 2 Yes Yes S GLE/PIB 8 12
Genotype 3 Yes° Yes or SOF/NVEL 12 12
Genotype 4 Yes Yes GLE/PIB 8 12
SOF/VEL 12 12
Genotype 5 Yes Yes 4 GZR/EBR 12 12
Genotype 6 Yes Yes SOF/LDV 12 12
DSV, dasabuvir; EBR, elbasvir; GLE, gl ir; GZR, ir; IFN, interfi LDV, ledi ir; OBV, bitasvir; PIB, pibrentasvir; PTV, it i GLE/PIB 8 12
, dasabuvir; EBR, elbasvir; GLE, glecaprevir; GZR, grazoprevir; IFN, interferon; LDV, ledipasvir; OBV, ombitasvir; PIB, pibrentasvir; PTV, paritaprevir; r,
ritonavir; SOF, sofosbuvir; VEL, velpgrasvlijr; VOX: voxﬁapregir, P . paniap S5o0r6 SOF/LDV 12 12
* Triple combination therapy efficacious but not useful due to the efficacy of double combination regimens. SOFNEL 1 2 1 2

* Treatment-naive patients without cirrhosis or with compensated (Child-Pugh A) cirrhosis.

" Treatment-naive and treatment-experienced patients without cirrhosis or with compensated (Child-Pugh A) cirrhosis with an HCV RNA level 800,000 IU/
ml (5.9 Logp IU/ml).

© Treatment-naive and treatment-experienced patients without cirrhosis.

9 Treatment-naive and treatment-experienced patients with compensated (Child-Pugh A) cirrhosis.

© Treatment-naive patients without cirrhosis or with compensated (Child-Pugh A) cirrhosis with an HCV RNA level <800,000 IU/ml (5.9 Log;q [U/ml).



Issues in HCV genotyping




HCV Sanger sequencing confirmed the
previous genotype by commercial-assays In
89.7% of cases analysed

Patients (N)  Patients (%0)

Genotype/subtype confirmed 1627 89.7

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

Discordant cases

Discordant genotypes 37 2.0
Genotype 1 with discordant

58 3.2
subtype

Total 1813 100

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

Pre-therapy Genotype by Failure RASs
ID genotype_ sequencing D.AA DAA
Patient by commercial at failure regimen response NS3 NS5A NS5B
assay

1497 la 3a 3D+RBV Non-responder Y93H
2150 la 3a 3D+RBV Breakthrough Q80K Y93H
2068 1b 3a 3D Non-responder Q80K YO3H
1424 1b 3a 3D+RBV Non-responder Y93H
2140 1b 3a 3D+RBV Non-responder A30K
2353 1 3a 3D Non-responder YO3H
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+L311+Y93H C316N
2886 2 1b SOF+RBV Relapse Y56F C316N
2153 2 3a SOF+RBV Relapse A30K+L31F
1111 4 la 2D+RBV Breakthrough V36M+Y56H M28T

45 4 3a SMV+SOF Relapse D168K

Di Maio VC et al., EASL 2017



Should we be worried about baseline RAVSs?

W SVR without bl. RAVs ® SVR with bl. RaAVs
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12 wks

12-24 wks

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
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*Recommended for GZR/EBR for patients with GT1a

but also for LDV/SOF for patients with GT1a Paw|0tsky et a|’ Gastroenterok)gy 2016
and DCV/SOF and VPV/SOF patients with GT3 NEW EASL Guidelines Sept 2016




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

Available, reliable,

THERE’S THE NEED TO STANDARDIZE
HCV RESISTANCE EVALUATION AND

INTERPRETATION ... ONLY AFTER THAT,
HCV RESISTANCE TESTING CAN BE

EFFICIENTLY APPLIED INTO CLINICAL
PRACTICE
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*Recommended for GZR/EBR for patients with GT1a

but also for LDV/SOF for patients with GT1a Pawlotsky et al, Gastroenterology 2016
and DCV/SOF and VPV/SOF patients with GT3 NEW EASL Guidelines Sept 2016
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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

GT1a GT1b GT2 GT3 GT4
NS3 | NS5A | NS5B | NS3 [NS5A| NS5B INS5A| NS5B NS5A | NS5B | NS3 | NS5A | NS5B
simeprevir/ R155K| n.d. |noRASs n.d. | L159F | not applicable not applicable Q80R | n.d. |[noRASs
sofosbuvir D168E D168V C316N D168E
daclatasvir/ n.d. |Q30H/R|noRASs| n.d. |L31M| L159F no patients YO93H | S282T* | n.d. | L28M | S282T
sofosbuvir L31M Y93H [ C316N
ledipasvir/ nd. [Q30H/R| S282T* |} n.d. [L31M| L159F | not applicable jno RASs|no RASs| n.d. L28M | S282T
sofosbuvir L31M Y93H | $282T* Y93C/H
Y93H C316N
3D/2D R155K | M28T/V | S556G | Y56H | Y93H | L159F | not applicable not applicable Y56H | L28V n.d.
D168V | Q30R D168V C316N D168V| Y93H
S556G
sofosbuvir/ribavirint] n.d. nd. |noRASs] nd. [ nd. | L159F | n.d. |noRASs| n.d. L159F* not applicable
pegylated-interferon C316N

Table 1: Summary of the most frequent treatment-selected RASs according to the HCV genotype and treatment regimen. These
characteristic RASs were defined to have a more than 10% increased prevalence after treatment failure compared to DAA-naive

patients (exceptions are marked with asterisks). The color refers the level of resistance conferred by the respective RAS.

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

GT1a GT1b GT2 GT3 GT4

NS3 | NS5A | Ns5B | Ns3 [NssA| NssB [NssA| NssB | NssA | NssB | NS3 | NssA | Ns5B

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

choices.

characteristic RASs were defined to have a more than 10% increased prevalence after treatment failure compared to DAA-naive

' ' -u.n.;e
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patients (exceptions are marked with asterisks). The color refers the level of resistance conferred by the respective RAS.

Dietz J et al., Gastroenterology 2017



Also virological failures to new DAAs occur with

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

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

Mumber of T MNS5A RASs MNSSE NI RASs
JNEEar Baseline (%) Ref FC VEL Virologic Ref FC VEL* at Baseline (%) Virologic
at baseline failure (%) virologic failure failure (%)
n=2 la Mone 0.8* YO3IN (>99%) or B05? Mone Mone
YO3N (91.9%)
n=1 la Mone MA YO93H (=99%) BO9" Mone Mone
n=2 la MNone MNA MNone MA MNone MNone
n=1 1b L31M (>99%) 44° L31M (>00%) ND V3211 (94.1%) V3211 (»99%)
YO3H (>99%) YO93H (>99%)
n=1 lcf1h Q30R (98.7%) 1.4° Q30R [>99%) 763° None None
L31M (>09%) L31M (88.4%)
Y93H (72.3%)
n=2 3a YO93H (=99%) 347-1,073 YO93H (=99%) F02-1221" MNone Mone
=1 3a Y93H (15.2%) 724" YO3H (>99%) 724" Naone None
n=1 3a A30K (>99%) 30* 50° A30K (>99%) 351547 None None
YO3H (97.2%)
n==38 3a Mone 0.2-13° YO3H (=009 74-1,138° Mone Mone
n=1 4a Mone MD Mone ML Mone Mone

Ref FC VEL= VEL half-maximal effective concenmation fold dhange from reference; NA, not applicable.

GT, genotype; HCV, hepatitis C wirus; RAS, resistance-associated substitution; SVR12, sustained virologic response at 12 weeks; VEL, velpatasvir.
* Susceptibility to velpatasvir was evaluated using patient isolates.
P Susceptibility to velpatasvir was evaluated using site-directed mutant and compared to wild-type replicon.

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 V3211l

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

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

eTable 3. Patients with Virologic Failure: NS3 and NS5A Polymorphisms/Substitutions at Baseline and Time of Failure

: NS3 Variants NS5A Variants
Treatment Duration  HCV Subtype Failure Baseline At Failure Baseline At Failure

| ENDURANCEL |
8 weeks la Failed to Suppress None Al56V None Q30R + L31M + H58D

| SURVEYORWM |
8 weeks 2a Relapse None None L31M L31m
8 weeks 2a Relapse None None L31Mm L31m

| ENDURANCE3
8 weeks 3a Relapse T545 T54S None None
8 weeks 3a Relapse None Q168L A30K A30K + ¥Y93H
8 weeks 3a Relapse Al1665 ¥56H, Q168L A30K A30K + Y93H
8 weeks 3a Failed to Suppress | A1665, Q168R  QB80R, A156G A30K A30K + Y93H
8 weeks 3a Relapse Al665 Al665 None Y93H
8 weeks 3a Relapse None ¥Y56H A30K A30K + Y93H
12 weeks 3a Relapse None Reinfection None Reinfection
12 weeks 3a Breakthrough Q168R YS6H+Q168R A30K/V, Y33H A30K + Y93H
12 weeks 3a Relapse None None None A30G, Y93H
12 weeks 3b Relapse Mone Q80K V3ilM V31M + Y93H

Detection of baseline polymorphisms and treatment-emergent substitutions was done with next-generation sequencing using a 15% detection threshold. For samples with multiple
variants (polymorphisms/substitutions) within a target, if individual variants were detected at 290% prevalence , they are considered to be linked and denoted by “+", whereas if one or
more of the variants was detected at <90% prevalence, the variants are separated by a comma

Amino acid positions included in analysis of patients with GT1: 36, 43, 54, 55, 56, 80, 155, 156, 168 in N53; 24, 28, 29, 30, 31, 32, 58, 62, 92, 93 in NS5A

Amino acid positions included in analysis of patients with GT2 or GT3: 36, 43, 54, 55, 56, 80, 155, 156, 166, 168 in N53; 24, 28, 29, 30, 31, 32, 58, 92, 93 in N55A

Puoti et al., J of Hepatol 2018



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

GLE/PIB (GT3)
100%

100% 100% 100% 100%
100% - 99% 98% s 5% 95% 98% 97%,
90% 80°% 90%
B80% - 759
@
™ B0%
o
(3]
—
o
> 40%
w
20% 4
37 51 10 12 g 9 15 16
41 55 10 12 9 10 20 16
0% -
NS5A RAS NS5A RAS NS5A RAS NS5A RAS NS5A RAS NS5A RAS NSSA AJOK NSSA Y93H
Primary List | Extended List | Primary List | Extended List | Primary List | Extended List
GT3 Tx-Maive, Non-Cirrhotic GT3 Tx-Naive, Cirrhotic GT3 Tx-Exp., Non-Cirr.+Cirr. GT3 Pooled
GLE/PIB 8W GLE/PIB 12W GLE/PIB 16W GLE/PIB Recomm. Regimens*

| mWithout Baseline RAS ~ BWith Baseline RAS | _
Harrington et al, Hepatology 2017




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

A Fold-change in vitro®

NSS5A-inhibitors

GT-1a GT-1b GT-2 GT-3 GT-4
Daclatasvir 1400-5432 19-145 749-1750 2154 45-169
Elbasvir 220-600 12-67 - 157 -
Ledipasvir 1677-3309 1319 - ° 1000
Ombitasvir 41383 4710 6728 20-100
Pibrentasvir 0.6 - 2-3 -
Velpatasvir 609 46 724

71,96, 105, 125, 132, 134, 144, 146, 157, 161]. For 1%t 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). P 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



Broad cross-resistance among NS5A Inhibitors,
but not all single RASs and patterns are the same

Table 1. Examples of NS5A and NS3 RASs and their reported phenotypic effect on DAA activity in
transient HCV replicons.

NS5A Inhibitors (Fold-Change in EC5, Values)

NS5A RAS' Ledipasvir Ombitasvir Daclatasvir Elbasvir Velpatasvir Pibrentasvir
GT1a-K24R 4 <1 2 <1 =1 =1
GT1a-M28T 61 8965 205 15 8 2
GT1a-M28V <1 58 1 1 =1 2
GT1a-Q30H 183 3 435 6 2 <1
GT1a-L31M 554 2 105 10 16 <1
GT1a-H58D 1127 243 367 6 7 <1
GT1a-H58P <1 <1 <1 ND <1 <1
GT1a-Y93H 1677 41383 1600 220 609 7

GT1a-M28T+Q30H ND ND 76,833 2286 ND ND
GT1a-Q30H+Y93H 34,960 ND 98,167 ND 2835 17
GT1a-Q30R+Y93H 33.691 354 981 52 667 ND 18.698 260
GT1b-L31M 3 <1 3 14 2 2
GT1b-Y93H 1807 77 12 17° 3 =1
GT1b-L31M+Y93H 20,270 142 16,000 ND 44 <1
GT3a-A30K n/a n/a 117 n/a 50 =
GT3a-Y93H n/a n/a 3733 n/a 724 2
References (18, 32, 67) (18, 37) (18, 48, 49, 67) (19, 51, 68) (55, 67, 69) (59, 70)

Harrington et al, Hepatology 2017



RASSs 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)

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

B RASSs at failure ®No RASs at failure

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -

9.8

NS3 NS5A NS5B NI NS5B NNI
(N=68) (N=264) (N=196) (N=55)
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

NI, Nucleotide inhibitor; NNI Non-Nucleoside Inhibitor



94/264 (35.6%) of NS5A-failing patients
presented >2 NS5A-RASs

9.8% (26/264) of DAA failing patients didn t show NS5A RASs at failure
B No NS5A RASs m®1NS5A RAS m2or more NS5A RASs

33,3
88,9
l ( 1 0 [l 9
66,7
11,1
w w w w w w w

Overall GTla GTlb GT2c GT3a GT3g GT3h GT4a GT4d GT4v
N=264 N=60 N=86 N=9 N=77 N=1 N=3 N=3 N=24 N=1

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0%

T T

*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

All patients were treated with >2 DAA classes

100 -

Prevalence (%0)

B (o] (0]
o o o
| |

N
o
\

No NS5A RAS 9.1% > NS5A RAS 90.9%
49.8
30.3
7.9 . -12.0
No RASs RASs in RASs in RASs in
N=19 1 DAA target 2 DAA targets 3 DAA targets
N=120 N=73 N=29

UPDATE of Vironet C from Di Maio VC et al. J Hepatol. 2017
Di Maio VC et al European Drug Resistance Workshop 2018



Retreatment may require «unconventional»
approaches with multiple DAAs

DAA failure

Genotypic resistance
Craxi A, etal DLD 2016

testing Vigand M, et al DLD 2017
NS3+NS5A+NS5B
[
[ [ |
NS5A and NS3 +/-
No NS5A RAVs NS5A RAVs NS5B RAVS
[ ' | |
SOF/VPV/VOX 12 weeks :
Desperation
SOF/VPV + RBV No NS3 RAVs SOF+G/P 12-16 weeks P ,
GZR/EBV + RBV SOF+GZR/EBV+RBV 12-24 week time
16/24 weeks S E— 1
+ . .
G/P_+ RBV 12-16 weeks GZR//EBV; RBV ! Investigational
G/P+ RBV 12-16 weeks SOF’l’g/ZZFZi/BeVe’k’SRBV ?7?
SOF/VPV/VOX 12 weeks SOF/VPV/VOX + RBV 12-24
weeks
SOF+G/P+ RBV 12-16-24
weeks

Modified by Wyles D, AASLD 2015



Retreatment of DAA Failures

« HCV resistance testing useful to guide retreatment

« Recommendations for patients who experienced DAA regimen (Pl
and/or NS5A) failure: management should be in context of
multidisciplinary team including experienced treaters and virologists

+ Compensated cirrhosis SOF/VEL/VOX for 12 wks
+ Compefsated cirrhosis with predictors of lower GLE/PIB + SOF for 12 wkst
response

SOF/VEL/VOX or GLE/PIB
Very difficult to cure: NS5A RASs after 2 failures  + SOF: + RBV for 12 wks, no

of Pl and/or NS5AI-containing regimens RBV for 16-24 wks, or +
RBV for 16-24 wks'
Decompensated cirrhosis SOF/VEL + RBYV for 24 wks'

*Advanced liver disease, multiple courses of DAA-based treatment, complex NS5A RAS profile.

TBased on individual decision.
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

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

Low Risk High Risk (IDUs/prisoners)  HIV/HCV Co-Infected
43 studies 16 studies 7 studies
N =9,419 N =819 N =833
Avg. FU=41+%21y Avg. FU =2.9+1.6y Avg. FU =3.1£1.2 years
30 1 21.7%
N (95%CI 18.3-25.5%)
K 25 1
> 13.2%
2 20 - (95%CI 9.9-17.2%)
=
E 15 -
= 10 A1
2
E 5 - 1.1%
r (95%CI 0.9-1.4%)
0 +——— TS

Low risk High risk HIV/HCY co-infected

Hill A, et al. 22nd CROI; Seattle, WA, February 23-26, 2015. Abst. 654.
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Hepatitis C virus reinfection after successful treatment with
direct-acting antiviral therapy in a large population-based cohort

Carmine Rossi'*?, Zahid A. Butt'~, Stanley Wong', Jane A. Buxton'?, Nazrul Islam'“, Amanda Yu',
Maryam Darvishian'~, Mark Gilbert'~, Jason Wong'~, Nuria Chapinal', Mawuena Binka'-~,
Maria Alvarez', Mark W. Tyndall'-®, Mel Krajden!?, Naveed Z. Janjua!->™",

The BC Hepatitis Testers Cohort Team'
1British Columbia Centre for Disease Control, Vancouver, BC, Canada; *Department of Pathology and Laboratory Medicine, University of British

Columbia, Vancouver, BC, Canada; >School of Population and Public Health, University of British Columbia, Vancouver, BC, Canada; AMRC
Epidemiology Unit, University of Cambridge, School of Clinical Medicine, Cambridge, UK

BACKGROUMND & AIMS: Direct-acting antiviral therapies (DAA) are an important tool for hepatitis C virus (HCW) elimination. However,
reinfection among people who inject drugs (PWID) may hamper elimination targets. Therefore, we estimated HCW reinfection rates among
DAA-treated individuals, including PWID.

METHODS: Ve analyzed data from the Eritish Columbia Hepatitis Testers Cohort which included ~1.7 million individuals screened for HCV in
British Columbia, Canada. We followed HCV-infected individuals treated with DAAs who achieved a sustained virologic response (SVR) and
had =1 subsequent HCV ENA measurement to April 22nd, 2018. Reinfection was defined as a positive RNA measurement after SVR. PWID
were identified using a validated algorithm and classified based on recent (=3 years) or former (=3 years before SWR) use. Crude reinfection
rates per 100 person-years (FYs) were calculated. Poisson regression was used to model adjusted incidence rate ratios (IRRs) and 5% Cls.

RESULTS: Of 4,114 individuals who met the inclusion criteria, most were male (n=2,692, §5%), born before 1965 (n= 2,411, 83%) and were
gither recent (n=&75, 21%) or former PWID (n=1,793, 44%). Opioid-agonist therapy (OAT) was received by 19% of PWID. We identified 40
reinfections during 2,767 P¥s. Reinfection rates were higher among recent (3.1/100 PYs; IRR 6.7; 95% CI 1.9-23.5) and former PWID
(1.4100 PYs: IRR 3.7; 95% CI 1.1-12.9) than non-PWID (0.3/100 PY's). Among recent PWID, reinfection rates were higher amaong individuals
horn after 1975 (102100 PYs) and those co-infected with HIV (5. 7100 PYs). Only ong PWID receiving daily QAT developed reinfection.

CONCLUSIONS: FPopulation-level reinfection rates remain elevated after DAA therapy among PWID because of ongoing exposure risk.
Engagement of PAWWID in harm-reduction and support services is needed to prevent reinfections.

LAY SUMMARY: Direct-acting antivirals are an effective tool for the treatment of hepatitis C virus, enabling the elimination of the virus.
However, some patients who have been successfully treated with direct-acting anfivirals are at risk of reinfection. Our findings showed that
the risk of reinfection was highast among people with recent injection drug use. Among people who inject drugs, daily use of opioid-agonist
therapy was associated with a lower risk of reinfection.



Study population

6,398 Patiants initiated all-oral, direct-acting antiviral therapy
between January 23", 2014 and July 15%, 2017

— 709 Patients had no data to assess treatment response

¥
5,689 Patients had an available treatment response

— 397 Patiants failed to achieve a sustained virologic response

¥
5,292 Patients achieved a sustained virologic response

. 1,178 Patients had no post-SVR HCV RNA measurameants

¥
4,114 Patients included with at least one post -SVR HCV RNA
maasurameant

Rossi C. et al., J. Hepatolgy 2018



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)

All reinfections Persistent reinfections

Person-years n Rate (95% CI) n Rate (95% C1)

Overall 2.766.80 40 1.44 (1.03-1.97) 33 1.19 (0.82-1.68)
Age group

<45 years 216.24 9 4.16 (1.90-7 .90) 9 4.16 (1.90-7.90)

45-64 years 2,026.04 29 143 (0.96-2.06) 23 1.14 {0.72-1.70)

265 years 52452 2 038 (0.05-1.38) 1 0.19 (0-1.06)
Birth cohort

<1965 2,263.34 25 1.10 (0.71-1.63) 19 0.84 (051-1.31)

1965-1974 352.64 9 255 (1.17-4.84) 3 227 (098-447)

=1975 150.81 [ 3.98 (1.46-8B.66) [ 3.98 (146-8.66)
Year of HCV diagnosis

1990-1997 760.89 13 1.71 (0.91-2.92) 9 1.18 (0.54-2.25)

19598-2004 921.25 17 1.85 (1.07-2.85) 14 1.52 (0.83-2.55)

22005 1,084.43 10 052 (0.44-1.70) 10 0.92 (044-1.70)
Cender

Male 1,805.26 32 1.77 (1.21-2.50) 28 1.55 (1.03-2.24)

Female 861.53 3 0.83 (0.36-1.64) 5 0.52 (0.17-1.21)
PWID

Recent (<3 years before SVR) 674.28 21 3.11 {1.93-4.76) 18 267 (158-4.22)

Former (=3 years before SVR) 1,137.60 16 141 (0.80-2.28) 13 1.14 (0.61-1.95)

No 45491 3 031 (0.06-0.92) 2 0.21 (0.03-0.76)
OAT, in previous 12 weeks, among recent or former PWIDs

Daily use 52.59 1 150 (0.05-105) 1 1.50 (0.05-10.6)

Non-daily use 292 .62 12 410 (2.12-7.16) 12 410 (212-7.16)
Any past major mental illness

Yes 901.92 19 2,11 (1.27-3.29) 16 1.77 (1.01-2.88)

Mo 1.864.87 21 1.13 (0.70-1.72) 17 0.91 (053-1.46)
Any previous problematic alcohol use

Yes 667.96 16 2,40 (1.37-3.89) 13 1.85 (1.04-3.33)

Mo 2,098.84 24 1.14 (0.73-1.70) 20 0.95 (058-1.47)
HIV co-infection

Yes 378.44 13 3.44 (1.83-5.87) 12 3.17 (1.64-5.54)

No 2,388.36 27 1.13 (0.75-1.64) 21 0.88 (054-1.34)

HCV, hepatitis C virus, OAT, opioid-agonist therapy; PWID, people who inject drugs; SVR, sustained virologic response.

" Rate per 100 person-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 PY's; 95% CI 2.59-10.8) and those with
problematic alcohol use (4.55 per 100 PYs; 95% CI 2.35-7.94)

All PWIDs (n = 2,668)

Recent PWIDs (n = 875)

Former PWIDs (n =1,793)

All Persistent All Persistent All Persistent
reinfections reinfections reinfections reinfections reinfections reinfections
Age group
<45 years 5.64 (258-10.7) 564(2.58-10.7) 10.44.74-19.7) 10.4(4.74-19.7) 0{0-507) 0 {0-5.07)
45-64 years 200(132-291) 155(0.96-238) 226(1.17-3494) 1.69(077-3.21) 183 (1.02-302) 1.46(0.76-2.56)
265 years 0.33 (0-1.B5) 033 (0-1.85) 0 (0-6.58) 0 (0-6.58) 041 (0.01-227) 0.41 (0.01-2.27)
Birth cohort
<1965 1.54 (057-2.34) 119(0.65-151) 1.88 (0.86-3.58) 1.47(059-3.02) 137(0.73-235) 1.06(051-1.54)
1965-1974 326(1.49-6.19) 290(1.25-571) 435(1.60-9.47) 363(1.18-8.46) 217(0.45-634) 2.17(045-6.34)
21975 542(159-11.8) 542(1.99-11.8) 102 (3.74-222) 10.2(3.74-22.2) 0(D-7.14) 0{0-7.14)
Year of HCV diagnosis
1990-1997 204 (105-3.56) 136(0.59-268) 2.22(0.72-5.18) 1.78(048-455) 193(0.77-397) 1.10(030-2.82)
1558-2 004 244(139-396) 2.13(1.17-358) 3.83(1.75-727) 29B8B(120-6.14) 1.74(0.70-358) 1.74(0.70-3.58)
22005 1.59 (0.73-3.01) 159(0.73-301) 357 (1.44-735) 357(144-735) 054(0.07-185) 0.54(007-1.85)
Gender
Male 2459(168-3.56) 2.16(1.41-317) 3.82(2.23-6.12) 337(1.89-557) 1.71(091-2893) 1.45(0.72-259)
Female 1.15 (046-2.37) 082 (0.27-192) 174 (047-4.46) 1.31(027-3.82) 079(0.16-231) 0.53 (0.06-1.90)
Any past major mental illness
Yes 253(152-3.95) 2.13(1.22-346) 3.02(1.45-556) 3.02(1.45-5.56) 215(0.98-407) 1.43(052-3.11)
N 1.70 (1.00-2.68) 141(0.79-233) 3.20(1.60-5.73) 233(1.01-459) 057 (035-201) 0.97(039-201)
Any previous problematic alcohol use
Yes 269(154-437) 219(1.17-374) 455(2.35-794) 341(156-648) 121(0.33-310) 1.21(033-3.10)
MNo 1.72 (1.07-263) 14B(0.BB-234) 2.19({1.00-416) 219(1.00-416) 149(0.77-260) 1.11(051-212)
HIV co-infection
Yes 3.97 (212-6.80) 367(190-641) 567 (2.59-108) 504(2.18-993) 238 (0.65-608) 2.38 (065-6.08)
MNo 1.62 (1.04-2.41) 128(0.77-2.00) 233 (1.20-407) 1.94(093-3.57) 124(064-216) 0.93(042-1.76)

HCV, hepatitis C virus, OAT, opioid-agonist therapy, PWID, people who inject drugs.
"Rate per 100 person-years,

Rossi C. et al., J. Hepatolgy 2018



In the multivariable Poisson model, PWID with recent (IRR 6.7;
95% CI1 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 iliness, problematic alcohol use, or HIV coinfection
were not associated with HCV reinfection after SVR.

Persistent reinfections
Age and sex-adjusted Fully adjusted

All reinfections

Age and sex-adjusted Fully adjusted

IRE (93% C1)

IRR (95% CI)

IRR (95% C1)

IRR™ (95% C1)

PWID
Recent (<3 years before SVR)
Former (=3 years before SVR)
Mo

Any past major mental illness
Yes
Mo

Any previous problematic alcohol use
Yes
Mo

HIV co-infection
Yes
Mo

B.0(24-26.9)
4.1(1.2-14.2)
1.0 (Reference)

1.8 (08-3.3)
1.0 (Reference)

1.8 (1.0-3.4)
1.0 (Reference )

21 (1.1-42)
1.0 {Reference )

6.7 (1.9-23.5)
37 (1.1-1249)
1.0 (Reference)

1.1 {0.5-2.1)
1.0 (Reference)

12 (0.6-2.4)
1.0 {Reference)

16 (0.B-33)
1.0 {Reference)

0.7 (2.2-423)
5.0(1.1=22.0)
1.0 (Reference )

1.3{058-36)
1.0 (Reference)

1.7 (0.9-35)
1.0 (Reference )

23(1.1-49)
1.0 (Reference )

8.1 (1.8-36.9)
44 (1.0-15.8)
1.0 (Reference)

1.1 {0.5-2.3)
1.0 (Reference)

1.1 (0.5-2.4)
1.0 {Reference)

1.8 {(0.8-3.7)
1.0 {Reference)

IRR, incidence rate ratio; PWID, people who inject drugs; SVR, sustained virologic response.
Models adjusted for age, sex and all other predictors shown in the @ble,

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 peglFN/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 Pls.

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 peglFN/RBV
during the acute phase of HCV infection.

In April 2012 he entered a clinical HCV trial and
was treated for 24 weeks with peglFN/RBV plus
Daclatasvir, with undetectable HCV RNA at week 24

V36M substitution detected 108 and 28 individual

and 36 after the end of treatment. in 9/20 clones in patient A NS3 protease clones
However, at week 48 after stopping therapy, (20 weeks off therapy) from patient A and B
presented elevated transaminase and detectable and in all late sequences from  early samples,

HCV RNA, suggesting a HCV re-infection. The patient B. respectively, were

patient denied any known risk for HCV infection *NS3 clones caying resistance genatype sequenced
except unprotected sexual intercourse with his

partner (patient A).

After 12 weeks, patient B tested negative for HCV

infection.

Franco et al Gastroenterology May 2014
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A policy analysis exploring hepatitis C risk, ®:
prevention, testing, treatment and
reinfection within Australia’s prisons

Lise Lafferty” ®, T. Cameron Wild®, Jake Rance' and Carla Treloar’

Abstract

Background: Hepatitis C (HCV) is a global public health concern. There is a global prevalence of 15% among the
world's prisoner population, suggesting the need for priority HCV treatment among this population group. New
highly efficacious therapies with low side effects, known as directing-acting antivirals, became available under Australia's
universal healthcare scherne on 1 March 2016, This creates an opportune time to trial treatment as prevention as an
elimination strategy for HOV in prison settings. This paper examines whether policies in Australian jurisdictions support
treatment scale-up to achieve elimination among this priority population.

Methods: A comprehensive search was conducted using Google and other web-based search functions to
locate all publicly available policies in each Australian state and territory related to HCV health and HOV-
related prison health. Ministers (corrections and health) were contacted from each jurisdiction to identify any
additional policies. Inductive and deductive analyses were conducted for each jurisdiction, with documents
being assessed against a set of four a pricr citeria. Documents included in the analysis were current at 1
Septernber 2017, or 18 months following treatment availability,

Results: A total of 18 documents were located, including both health (n=12) and corrections/prison health
{n=6) documents relevant to HCOV, Jurisdictions ranged in their commitments for delivering HOV harm reduction
strategies and treatrment availability within the prison setting.

Conclusion: Few jurisdictions have updated or published HOV-related health or prisoner health policies following
availability of directing-acting antivirals. Current policies do not provide effective support for implementing treatrment
scale-up that could be possible under uriversal access to HCV treatment among this pricrity population.

Keywords: Hepatitis C, Priscner health, Treatment as prevention, Policy analysis




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%o).

Case (number Does the set of policy Does the set of policy Does the set of polioy Does the set aof policy Total score (out
of documents) documents mention documents mention documents mention documents mention of 4 indicators)
HCV risks e.g. high HCV prevention/harm HCV testing and HCV reinfection in prison?

prevalence in prison? reduction in prison? treatment in prison s

ACT (3) 2/3 (679%) 2/3 (67%) 3/3 (1009) 0/3 (0%) 7712 (5896)
NSW (2) 2/2 (1009) 1/2 (509) 1/2 (509) 0/2 (0%) 4/B (50%)
NT (0) 0/ (0%) 0/0 (0%8) 0/D (0%%) 0/0 (0%) 0/ (09%)
QLD (3 1/2 (509) 1/2 (509) 02 (0%) 0/2 (0%) 2/B (25%)
SA (4) 3/4 (75%) 3/4 (75%) 3/4 (75%) 0/4 (0%) 9/16 (56%)
TAS (2) 0/2 (0%) 0v2 (0%) 02 (0%) 0/2 (0%) /B (0%)
VIC (2 1/2 (509) 2/2 (1009) 2/2 (1009) 1/2 (50%) &/B (75%)
WA (3) 2/3 167%) 2/3 (67%) 2/3 (67%) 0/3 (0%) 6/12 (5096)
Australia (18) 11/18 (61%) 11718 (61%) 11/18 (61%) 1/18 (6%) 34/72 (479%)

Lafferty L. et al., Harm Red. Jou.,2018
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Relapse or reinfection after failing hepatitis C
direct acting antiviral treatment: Unravelled
by phylogenetic analysis
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Abstract

Despite high response rates associated to hepatitis C virus (HCV) treatment, no protective
immunity is acquired, allowing for reinfection and continued infectiousness. Distinguishing
between relapse and reinfection is crucial for patient counselling and to choose the most
appropriate retreatment. Here, refined phylogenetic analysis using multiple genes served to
assess genotype and reinfection for 53 patients for whom the virus was sampled before
start of therapy and at time of sustained virclogical respense evaluation at week 12. At base-
line, genoty pes wene deternined as HCV1a (41.5%), HCV 1b (24.5%), HCV4 (18.9%) and
HCW3a (15.1%), while six cases revealed to be discordantly assigned by phylogeny and
commencial assays. Overall, 60.4% was co-infected with HIV. The large majority was classi-
fied as people who inject drugs (78.6%%), often co-infected with HIV. Transmission was sex-
ual in seven cases, of which five in HIV-positive men-who-have-sex-with-men. Overall,
relapse was defined for 44 patients, while no conclusicon was drawn for four patients. Five
patients wera reinfected with a different HCV strain, of which three with a different genoty pe,
showing that phyicgeny is needed not only to determine the genctype, but also to distinguish
between relapse and intra-subtype reinfection. Of note, phylogenies are more reliable when
longer fragments of the viral genome are being sequenced.




Graphical overview of the study cohort, methodology and

results
QA |E=
N 1 — f
\\Va p
h \5"‘:‘5\.“/ _‘
DAA e | 1 =
—_ —p —\ | e
/\ e L——xc
A\ N
Viral sequencing: '// "‘.\ \\
o before therapy 77 b s @
o attime of failure
. NS3 — NS5A — NS5B VEL
53 patients
VIROLOGICAL
RELAPSE

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

HCV1a

Cuypers L. et al., Plos one 2018



Summary & Conclusions

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
fallures = already around 10000 patients in Italy, with antiviral
resistance...Surveillance resistance studies are warranted
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