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HEPATITIS C VIRUS

Enveloped, positive strand RNA virus, Flaviviridae
Isolated in 1989, treatments first emerged in early

19905
~120 million-200 million infections worldwide, number
one indication for liver transplant in the U.S.

10*2 viral particles produced/day, ¥ life 3 hours in
circulation
Six major genotypes, 3 dominate in the U.S. (1, 2, 3)
30-50% genetic variation among genotypes
1-5% variation among viruses within a single patient
Replicates via negative-stranded RNA in membranous
web in cytoplasm



HCV STRUCTURE
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HCV LIFE CYCLE
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HCV LIFE CYCLE 2

o HCV-associated disease results from viral persistence
leading to long term inflammation and cell turnover
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SPECIFIC
CLEARANCE
MECHANISMS
FOR PATHOGEN
CLASSES

(KEEP IN MIND
REDUNDANCY)
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Epstein-Barr virus Mononucleosis [ l I\:\l | l
' Influenza virus Influenza | I N | | e
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Worms |Schistosome Schistosomiasis I | | l | I l_l




WHAT ARMS OF THE IMMUNE RESPONSE ARE
USEFUL AGAINST HCV?

Innate immunity

Antiviral effectors such as IFN that act on host cells, regulating key
components of cell biology to limit viral growth and spread
Antibody-mediated clearance

In principle, antibodies should be able to remove virus as it spreads
from cell to cell

In practice, the correlation of antibody with HCV clearance and
outcome is controversial or lacking

Patients with high levels of neutralizing antibodies nevertheless
maintain chronic infection, indicating that neutralizing antibodies
are not sterilizing

Cell-mediated clearance
Infected cells can be killed before releasing progeny virions

Thought to be the primary means of long term control in HCV
infection



INDUCTION OF INNATE IMMUNITY IN PATIENTS

IFN-induced genes

interfere with viral

replication directly:
Reducing protein synthesis
by inhibiting initiation
factors (PKR, ISG56)

Targeting of viral RNA
(OAS, RNAsel)

Innate responses can

enhance or initiate

adaptive resposnes
MHC | expression

Chemokine secretion and
recruitment of responder

cells
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INNATE RECOGNITION OF HCV

The generation of A Disruption of PRR signaling B Attentuation of IFN signaling | C Antagenizm of 1SGs
dsRNA structures in
HCV replication leads
to recognition by
multiple innate

pathways - LD
HCV subverts these @5 ‘a
pathways by (rso)
sequestering or L
cleaving key F-ndced proton's

components of

Innate recognition
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INNATE ACTIVATION OF ADAPTIVE RESPONSES

The innate response
results in the

recruitment and [
“biasing” of key
innate and adaptive | Viralinfection _L, ¢, g

of hepatocytes
cell types, including | andactwation
NK cells, NKT cells, Pakeréiiver’ . covs
antigen-presenting
cells —1* CCL5
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SUCCESSFUL HCV CONTROL (SUSTAINED VIROLOGICAL
RESPONSE) IS MEDIATED BY ROBUST ADAPTIVE IMMUNITY
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CHRONIC HCV INFECTIONS RESULT FROM POORT CELL
CONTROL, EPITOPE ESCAPE AND LIMITED REPERTOIRES

Limited TCR diversity,
restricted epitope
targets and
dysfunctional T cell
regulation result in
weak T cell responses
that are unable to
avoid immunological
escape
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CONTROL OF ACUTE INFECTION CORRELATES WITH
INTERFERON-INDUCED GENES
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TREATMENT: TYPE | INTERFERON

First therapy introduced for
HCV

Full mechanism of action
unclear—presumably
enhances the “normal”
interferon response pathways

Genotype of virus, low
baseline levels of HCV RNA
and stage of infection are the
strongest correlates of
efficacy

Suggestions that
immunomodulation may play
a role and that high dose-
inteferon may overcome some
of the “regulatory” negative
feedback loops active in the
infected host

Overall, the specific
mechanism has not been
clearly demonstrated
biologically

HCV RNA (log IU mL™)

Viral kinetics
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COMBINATION THERAPY IS SIGNIFICANTLY MORE
EFFECTIVE

50%

Inteferon alone only
yields a 20-25% response 40%1
rate following a 12-18
month course

30%: 4

Combination therapy
with the “broad based”
antiviral ribavirin results
in 4£0% of individuals with
SVR (30% genotype 1, - .
65% genotype 2 Or 3) IFN+RBY x 48wk  IFN+RBY x 24wk IFN+Placebo x 48wk

Treatment Regimens

20% +

10% -
B u.s. Study
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HoOw DOES RIBAVIRIN WORK AGAINST HCV?

Ribavirin was initially designed as a nucleoside analog and
developed as an anti-influenza drug, but failed to receive
FDA approval or show significant efficacy in humans

It has been used to treat hemorraghic fevers, RSV and is
again under consideration as combination therapy for
influenza

Proposed Mechanisms:

1) Immunomodulatory properties

2) Inhibition of the inosine monophosphate dehydrogenase (IMPDH)
3) Direct inhibition of the HCV-encoded NS5B RNA polymerase

4) Induction of lethal mutagenesis

5) Modulation of interferon-stimulated gene (ISG) expression



POSSIBLE MECHANISMS FOR RIBAVIRIN MODE OF
ACTION
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WHAT DATA WOULD HELP RESOLVE RIBAVIRIN'S
MECHANISM? -

Interferon reduces viral production-- _—

given the proposed mechanisms, how . .’:“ i : L)
should ribavirin work? e o, X
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3) Direct inhibition of the HCV-encoded naturally occuring HCV quasispecies ribavirin-induced mutagenesis

NS5B RNA polymerase—Should l—

reduce viral production, put pressure
on polymerase to mutate viral fitness
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DETERMINING AN ANTIVRAL TREATMENT'S MODE OF
ACTION

Biological in vitro experiments with HCV have been difficult
to perform as a result of the limited nature of developed
culture systems

Alternative drugs that perform a single “ribarvirin function”
do not recapitulate ribarvirin efficacy, suggesting that
multiple pathways may be acting together

Biological mechanisms can often seem plausible, but can be
difficult to prove conclusively that they play an important
role (particularly when the drug is “reverse engineered” to
the pathogen)

Mathematical modeling from real infection data provides a
compelling argument for the viral life cycle stage(s) that
might be affected



NEW DRUG TREATMENTS FOR HCV

Viral targets

Host targets
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Multifunctional phosphoprotein, RNA-dependent RNA

The NS3/4A serine protease  component of the HCV-RNA polymerase PR Prsen BEAUICIIG W)

Nucleos(t)ide analogue
Boceprevir : GS-7977 (Sofosbuvir),
Telaprevir gas?l;stggwr Mericitabine,
ABT-450/r, ACH-1625 ABT-267 IDX-184 Alisporivir
Asunaprevir, TMC-435 PPI-668 Non-nucleoside analogue
(Simeprevir), BI-201335 MK BI-207127, ABT-333 SCY-635
Danoprevirlr, GS-9451 ABT-072, BMS-791325
MK-5172 Tegobuvir, Setrobuvir

VX-222, Filibuvir I

Liver International
Volume 34, Issue Supplement s1, pages 18-23, February 2014




Rates of Sustained Virologic Response among All Patients and According to
HCV Genotype in the Historical Control Group and in Group A.
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