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Outline

AWhat dcefectovird | ook | i ke?
I Is it the same for all populations?

A Are we there yet?
I A brief review of the data

A Areas for improvement
A The future
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Do the priorities change for
different populations?

A Yes and no
A Priorities likely the same
A Order of importance likely different

Special
Populations
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BaWpBoomers

A Younger

A Few/no cemorbidities
A OST, few other meds
A Limited current fibrosis
A High transmission risk
A High reinfection risk

'SVR>00%

— Must haves

A Other models of care i | I

__Barrier to Resistance

— Helpful

1 size fits ak parrgenotypic

Drug
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The HCV Toolbox: Mix & Match

High barrier
[NUC J to resistance

_Rev] [nson (IR
Modest barrier Low barrier

- to resistance to resistance
(esp to Gla) (esp to G1la)

Challenges Treatment Duration
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Great options for G1
3 questions (or maybe just 2)

1. Does the patient have cirrhosis?

2. G1 subtype?
3. Naive or experienced (and with what)?
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Great options for G1

1. Does the patient have cirrhosis?

NoA R2Yy Qi VY SSR (&@regiménk judj atzsuti
the same for naive and experienced

No Cirrhosis
1b

la
Naive/Experienced Naive/Experienced
SOF/DCV x 12w SOF/DCV x 12w
SOF/LDV ¢8-)12w SOF/LDV ¢8-)12w
PTV/r/OBV/DSY 12w PTV/r/OBV/IDSY RB\K 12w
SOF/SIM x 12w SOF/SIM x 12w
|
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Great options for G1

1. Does the patient have cirrhosis?

Yesg now question 3 (naive/experienced) matters and If
SELISNA Sy OS RXPéyRBV Kr Pegj/KBN\/BI or SOF/S

Compensated Cirrhosis
1b la

Naive Experienced Naive Experienced
SOF/DCV x 24%W\RBV A No change | SOF/DCV x 12w A No change
SOF/LDV x 12w Acewmgbw. +€¢ P NSOELDVN 9w Acémogbw. £
PTV/r/OBV/IDSV x 12w A No changeyl PTV/IOBV/IDSY RB\X 1224w A 24w nulls

SOF/SIM x 24w A No changeyl SOF/SIM x 24w if Q8BK A No change*

* Not to be used in past PI failures |
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And If you fail the DAAS?

A Not so simple
A No clear evidence

Recommended regimen for patients in whom previous treatment
with any HCV nonstructural protein 5A (NS5A) inhibitors has failed
(including daclatasvir plus sofosbuvir, ledipasvir/sofosbuvir, or
paritaprevir/ritonavir/ombitasvir plus dasabuvir).

For patients with minimal liver disease, deferral of treatment

is recommended, pending availability of data.
Rating: Class lIb, Level C

For patients with cirrhosis or other patients who require

retreatment urgently, testing for resistance-associated
variants that confer decreased susceptibility to NS3 protease
inhibitors and to NS5A inhibitors is recommended. The
specific drugs used in the retreatment regimen should be
tailored to the results of this testing as described below.

Treatment duration of 24 weeks is recommended and, unless
contraindicated, weight-based RBV should be added.

Rating: Class llb, Level C a 2 NB 2 y- l,J

: TORONTO CENTRE FOR
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Summary SOF/DCV

A Highly effective
I Similar response (>97%) Gla or G1b
I RBV unnecessary for non-cirrhotics

A Duration
" Duration and role of RBV unclear

A Safety
I Few AEs 1 headache, fatigue, mild Gl

A High barrier to resistance
I Retreatment with SOF-based regimen possible

A Issues: Renal disease
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Summary PTV/r + OBV + DSV +/ RBV

A Highly effective
I SVR 96% naive/experienced
I Similar Gla (95%) and G1b (98%)
A Duration
I Similar efficacy & safety in cirrhosis (large dedicated trial)
I 12 weeks adequate for all but G1la cirrhotics (null) A 24 wks

A Safety

I Placebo controlled T minimal toxicity (headache/fatigue/Gl)
I Mostly to do with RBV T not needed for G1b

A Resistance
I Very few breakthroughs
I Relapsers 2 or 3 class resistance

A lIssues: Pill burden, DDIs (minimal with OST), G1/4 only,
resistance
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Summary SIM/SOF

A Highly effective

I SVR>90% naive/experienced

A Duration
I 12 weeks very effective for non-cirrhotic
I Unclear duration for cirrhotics, especially Gla A 24 weeks?

A Safety

I Very safe i few additional AEs - Photosensitivity

A Resistance
I Q80K important for Gla i especially with cirrhosis
I Retreatment with SOF + NS5A-based regimen possible

A Issues: G1 & (4) only, Q80K, duration, DDI (not with
OST), renal
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Do we need more drugs?
Pretty close to perfectoviré

{NOAES}N { >957 JI}I

~ SVR

(w
wn &

{No DDIs } N (?)

N (?) {RBV-free}

8-12
N { weeks }

[1 pill OD} N { E”LZEZ'A@Z} N(?)




Treatment uptake more
Important than SVR rate

SVR in individuals SVR in the population
a 100 — b 100 — 0 1
_ I IFN + RBV
0 PEG + RBV
80 80 — I PEG + RBV + PI
= = O IN-free
@ 60 | gso—
g - E
:g @
E 40 ] -%40—
£ =
B 2
(4R
< 20 |_| 20 -
1998 2001 2012 2018 1998 2001 2012 2018
Year Year

Improved access more important than improved therapy
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Would more drugs help?

A Likely
A Fill remaining gaps

A Competition

I Brings down prices

i Ac c e s impetfeatoviio
A Increase the treater-pool
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A Lack capacity even if we had access to the drugs
A We need to move out of specialty clinics
A wS3IAYSya auaAftt O2YLX AOI 4GS
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Specific issues in PWID

A Uptake
A Adherence - {dke Gdzy
A Treatment setting/model of care -
A Regimens

A Retreatment

A Reinfection

A Transmission of resistant virus
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Specific issues in PWID

Regimens

Retreatment

Reinfection

A Transmission of resistant virus

To To Io
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Regimens

A Specific populations
I OST
i PWID (active)
I G3

A One size fits all

A Shorter duration
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WID

Younger
A Few/no cemorbidities
A OST, few other meds
A Limited current fibrosis
A High transmission risk
A High reinfection risk
A Other models of care

— Must haves

— Helpful

nteractions

} __ Nice

Burden

} Bonus

—
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Current regimens for PWID

PI/NS5A/NNI NS5ANucC PI1/Nuc
PVR/r/OBV/IDSV LDV/SOF  DCV/SOF| SIM/SOF

SVR>95% nnn nnn n n(n) nn
AE profile nnn nnn nnn nn
DDls n nn nnan n
Duration nn nn nn n
Barrier to

. nn nNnnn nNnnn nnn
Resistance - - T T - T - -
Consequencef

. n nn nn nnn
resistance . - - - - - -
Genotype n nn nnn n
coverage (1,4) (1,4,5,6) (1-6) (1,47?)
One sizdits all - n nn -
Data in PWID n (?) n(?) n(?) n(?)
Cost nn nn n n




Do we have data in PWID?

TORONTO CENTRE FOR
LIVER DISEASE




IFN-free DAA therapy: OST vs non-OST

GT1, treatment naive, FO-4: 12 weeks duration

100

® Non-OST
90 -

m OST

80 -

70 -

60 -

SVR12

% 50 - I
40 - I

Slide courtesy
of Greg Dore

30 -

20 -

10 -

0 -
SOF/LDV PTV/OBV/DSV GZV/EBV
RBV

Afdhal N, NEJM 2014; Feld J, NEJM 2014; Lalezari J, IAC 2015; Zeuzem S, ILC2015; Jacobson |, AASLD 2014



Grazoprevir (Pl) + Elbasvir (NS5A)

(CO-STAR)
A Recent IDU
A In OST x 3 months with >80% attendance
A G1 only
I Include HIV/HCV +/- cirrhosis
0) 12 w
[ GZV + EBV J Deferredltreatment

|

[ GZV + EBV J

SVR data in 200 patients to be presented at AASLD 2C

TORONTO CENTRE FOR
LIVER DISEASE




Data in PWID

A Great to have OST studies

A But we need studies in people actively using
drugs

AlfTasPi s going to wor kéwe
treatment Is safe and effective
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G371 Still a challenge

nnnnnnnnnnnnnnnnnnnnnnnn
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Saudi Arabia

Not Studied

A Concentrated South Asia & PWID
A More aggressivé, progression to cirrhosis, HCSfeatogenic
A Current regimens subptimal ¢ especially in cirrhosis
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SOF/RBV

SOF + RBV x 24 wks for G3

1007 93 92

80 -
S
= 60-
—i
e
7 40-
20-
04
Naive Real Treatment
World Failures

A 24 weeks better for naives
A Cirrhosis still an issue

Zeuzem NEJM 2014 TORONTO CENTRE FOR
: : LIVER DISEASE
Feld et al in preparation




What about SOF/DCV?
SOF/DCV x Mks

Overall Naive Experienced
100 96 1001 97 1001 04
804 80+ 80+ 69
- 63
S 60- 60- %8 6o
(qQ\|
—
=
> 40- 40 40
20+ 105/ 20/ 20+ 73/ o5 | 291 32/ o/
0 109 32 0 75 28 0 34 13 .
FO-3 Cirrhosis FO-3 Cirrhosis FO-3 Cirrhosis

A Great for G3 without cirrhosisnost PWID)
A!' vyF2NIdzyl St 82 4 A KgatdadhaKIZ2wks\

Nelson AASLD 2014-BB pDTTSECRE%TEEEE




BOSON: SOF/RBV 16 vs 24 vs PEG/SOF/RBV x 12

M SOF + RBV 16 wks W SOF + RBV 24 wks B SOF + PEG/RBV 12 wks

96 5 94
1007 g3 X 82 82 86
76 ”
80 -
S 60-
(Q\
E
> 40 A
0p]
20 -
n/N =
0 - . . . . . . . .
No Cirrhosis Cirrhosis No Cirrhosis Cirrhosis
Treatment Naive Treatment Experienced
A Clear advantage to Peg/RBV/SQ#specially in cirrhosis
A Only ltrt-discontinuatonc32 2 R al FSldeXy2id | @
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A new option

SOF ¥elpatasvi(GS5816) (NS5A) x 12 weeks TE G3-ciamotic

100- 96
85
80-
S
~— 601
Q\|
—i
>
o 407
L 22/ 27/
26 28
5816 25 25
RBV - +

100

100

100

100
+

Looks promising at higher dose without RBV

PiankoAASLD 2014
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The real test

SOF WVelpatasvi(GS5816) (NS5A) x MKksin
G3 treatmentexperiencedcirrhotics

100+

80+

o))
<

SVR12 (%)
AN
<

>

58
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15/
26
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RBV

25
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88

100

96

100
+

In the experiencedairrnoticsX w .
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Effective beyond G371 Ph 3 Trials

ASTRAL 1 12 24
- G1,2,4,6 N=500 _
- TN/TE N=100 Placebo
CY. N=120 | SOFNEL
- TN/TE N=120 SOF/RBV
ASTRAL 3

. G3 n=250 [ SORVEET T
- TN/TE N=250 SOF/RBV
ASTRAL 4

- G16 n=75 || SORVEL+RBV |
- CPTB N=75 SOF/VEL

Data at AASLBpress release looks VERY goc pofﬂffgiﬂ




‘} \Kirby Institute

A phase Il, openabel, multi-centre, international trial of sofosbuvirand GS
5816 for people with chronic hepatitis C virus infection and recent injection
drug use

A SOF/VEL x 12 weeks
A Recentnjection drug use (within Gonths)
A Genotypes 1 to 6

A International, multicentre study totreat 100 people with goa
of 90% SVR12

A Starting to enroll now
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Everyone wants a pangenotypic
regimen

A Abbvie (G3?)
i ABT-493 (Pl) + ABT-530 (NS5A)
A Achillion/Janssen

I Sovaprevir (Pl) + Odalasvir (ACH-3102) (NS5A) + ACH-
3422 (Nuc)

A Merck
I Grazoprevir (PIl) + Elbasvir/8408 (NS5A) + MK-3682 (nuc)

A Gilead
i SOF/Velpatasvir (5816) + GS-9857 (PI) or GS-9779 (NNI)
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Early Data

OdalasvifACH3102) (NS5A) + SONIEQ
TN G1 norftirrhotics

0 6 8 SVR12

v O 100%
v 100%

A Planning 4 week trial and expansion to other populations
A Likely to add R4 sovaprevir or simeprevir
A Long haHife of NS5A may allow for shorter treatment

. TORONTO CENTRE FOR
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How short can we go?

Grazoprevir (Pl) + Elbasvir (NS5A) + SofosiNivg k 4¢ 8 weeks In
G1 with or without cirrhosis

4 \Wks 6 WKs 8 WKks

94
100 87

80 A

60 -

40 -

SVR12 (%)

20 -
n/N =
0-

No cirrhosis Cirrhosis

A Very potent regimemy 4 weeks clearly inadequate

TORONTO CENTRE FOR
GaneEASL 2015 L LIVER DISEASE




6 weeks seems to be the edge of
the cl i ffé

SOF/VEL + @857 (PI) x 4 or 6 weekss

6 WKs 4 WKks
100 A 93 g7

8071 67
S
~ 60 -
(q\|
¥
> 40° 27
(0))]

20 -

n/N = 20/30
0

Tx Naive, Tx Naive, TxtEx p,0d TX Naive,_
No Cirrhosis Cirrhosis +/- Cirrhosis No Cirrhosis

A Very potent regimemy 4 weeks clearly inadequate

TORONTO CENTRE FOR
GaneEASL 2015 L LIVER DISEASE




Does duration matter?

A Yes and no

A Obviously shorter is better
I Easier for patients
| Easier for treaters
I Cheaper (doesnot have to b

ABut éonly if truly does

A Small decrements (2 weeks) probably not very
Important (except for cost)

AUntil good retreatment ¢
push to shorten (even in trials!)
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The risks of short
t herapyeresi stanc

Patients who failed LDV (NS5A) without $0Ofellow-up off therapy
100

100

98 98

=
o
?

95

o)
<

Pts With NS5A RAVs (%)
HAN (@)}
? 2

Virological Baseline FU-12 FU-24 FU-48 FU-96
Failure Registry Study
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Not

B Follow-up Wk 24

Pl

a l

 Follow-up Wk 48

res
NSS5A

97 96 97 100

stanc

NNI

100 A 100 - 100
93 89 90
80 4 77 80 4
S
~ 60 -
>
<
@

N
o
1

201
4 n/N0= 0
Any D168 R155K Any M28V/T  Q30E/K/R Any S556G
PTV-Containing OBV-Containing DSV-Containing
Regimens Regimens Regimens

RAVS PersistencBiS5A>NNI>>PI>>NuC
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RAVS affect retreatment?
Retreatment of 41 SOF/LD&apserswvith SOF/LDV x 24 w

100
100+
80
801
2
~ 60-
N 46
=
7 40+
20+
24/ 5/ 11/ 18/
30 11 11 30
O T T 1
All No Yes 8 Wks 12 WKks No Yes
Cirrhosis BL NS5A RAVs
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Baseline RAVs important for 1a

Grazoprevir (Pl) + Elbasvir (NS5A) wi?

A4

Gla
0
100+ 92 99 12%
801 l
< 60- 58
(Q\|
—
=
7 40+
20+
144/
157
0 T
All No Yes

NS5A RAVs

G1lb
100
99
24/
30
>9X All No Yes
EC50

NS5A RAVs
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Overcoming RAVs (GZR/EBV)

No Baseline RAVsS Baseline RAVs
12 wks 16 wks 12 wks 16 wks
100 100 100
1004 99 99
80- 67
S
—i
=
7 40+
20+
125/ | | 172/ 8/ 12/
127 | | 174 15 18
RBVO - + - + ! - + - +

[ 2y IASNI 0KSNI LIBE 2N w. + 20SNID2
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What does all this mean?

Al f RAVs persisté

1. Need to get it right the first time
I Salvage options may be limited (all contain NS5A)
I Salvage options may not be permitted (payers)
I Slighttreavenent 6 pr etieadmeatb| e t

2. Concern of transmission of resistant virus
I Should we be testing at baseline?
I Necessary to alter therapy 7 longer, add RBV, change tx

i Not | i kely useful for o600l do
for new infections - PWID

I Resistance testing costs less than the price of 1 pill
i But éocomplicat esteatar-poel? apyel i
i I'f we can simplify testingeil
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Is there another way
forward?
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MIR122 1T A host target

miR-122

i

5' Noncoding region ;

HCV RNA

51

UGGU
GCCA

UGUGAGG
GACACUCCACCAUGAAUCACUCCC
C —

GGU GUGAGG
CG Sl U A u U

CG G A G
CG u CA
CG u

Janssen NEJM 2013

TORONTO CENTRE FOR
LIVER DISEASE



Miravirsen

Miravirsen SC injection weekly

5 Weekly
injections

Placebo

Mean Change in HCV RNA from Baseline
(logyo IU/ml)

TORONTO CENTRE FOR
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A better miR122 inhibitor

p)

%‘:Ij |
h‘“‘—”’\’/\h GalNAc >—
W

Proprietary linker chemistry allows
release of parent oligonuclectide
after hepatocyte uptake
_

Asialoglycoprotein receptor

A Increases liver uptake
A Increased miR122 inhibition

Van derReeEASL 2015 P‘DTTS R DISEASE




Single injection

4 mg/kg ‘-
RG101

HCV RNA level
(log IU/mL)

,_

[ =]

[ =T 5]
L

} HCV RNA BLOQ (n=4)
8 1 2 3 4 8 N 12 16 20

Time (Weeks)

L=

A 9 of 12 patients with undetectable HCV RNA with
single dos& 4 negative out to 20 weeks

Van derReeEASL 2015 P‘DW R DISEASE




Ar enot DAAS Dbett

A RG-101 alone
I Unlikely T Injections, response may be less universal

A As combination with DAAS

I Long-acting A Could shorten therapy to 1 month

I'Very high Dbarrier to resis
IS an issue

~ ~»

RG101F DAA Combo | RG101 ————>
0 Wk 4 VR
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One Injection for cure?

a ShRNA @ 30,000
T = 250001 Day S0  Single shot tccynomologous
Q20,000
© 150001 g SARNAZ: monkeys
@ 10090] g ShRNALY
A Ry
S 4,000
. 9 3000
HCV targeted sequences ' A\ 8 Fllgl'::: r
b s 1,08 . in
10 o E:"..I '
5z ° B 200
| I gioy 150
i o J(* L 1001
&’g V] :|'_.|
20 |::|

40 | K
. 5 10 17 T 18 22 23

HCV Replicon D°SVZ,Eg°34 125x100  1.25x102  6.25x 102

A 3 shRNAsargeting conserved regions of HCV
A Longlasting expression (180 d) of allBRNAst levels needed
to suppress replicon in nehuman primates
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Summary

A Current therapy is highly effective
I Arguably close to perfectovir
i derfectoviroc may be slightly differ
A For PWID populationé s t i | | some wor Kk
I Pangenotypic coverage 1 1 size fits all (or most) T coming
I Shorter duration (ideal, not critical)
i Retreatment or treatment of 0
i Morestudiesi not just OST®&alasPi ve PW

AMay consider al t er n atargeting- a
agents

AThe tools are hereé (or al
start using them
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What about looking into the
existing medicine cabinet?

A~ P A ~ !
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Anti-histamine - chlorcyclazine

A Humanized mice [ 30 maka dally

10 mg/kg daily
Genotype 1b -+ 2mglkg daily

r (S)ccZ

AHCV RNA
(log copy/mil)
]

— (e
j/
\
\.

-3 & a 3 2 3 L " . ']
Pretreatment 2 4 6 8

A Costs pennies a day
A Qould it be combined with suboptimal (cheap) DAAs?
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