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Worldwide Prevalence of Chronic
Hepatitis B, Hepatitis C and HIV

HBV
250 million
HCV
185 million m 2.8 million HCV/HIV co-infected

m 2.6 million HBV/HIV co-infected
O Most reside in Asia Pacific
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Peg-IFN + Ribavirin in HIV/HCV co-infection
APRICOT Study Efficacy

100% -

OIFN +RBV ~ OPEG-IFN + RBV
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Toriana et al , NEJM, 2004

HIV Journal Club, April 2013

Poor Tolerability of Interferon

A Si itects ofidnterferon
Flu-like syndrome in 100%
Anorexiggweight loss in 100%
InsomAiain >90%

Boneimarrow supggession in >50%
Depression in 40%%Suicide in 1%

Contraindications
Elderly (>60 years)
Advanced cirrhosis
Cardiopulmonary disease
Ongoing alcohol/substance abuse
Poorly controlled psychiatric illness

"
Minority of HCV+ patients referred to clinic |
receive successful treatment in “‘Real World

All HCV patients in hepatitis clinic
but not in clinical trials
N = 13,583

39% eligible for treatment

19% started treatment

North CS et al. Gen Hosp Psychiatry 2013




Targets in the HCV Life Cycle for
Direct Acting Antiviral Agents

Receptor binding

and endocytosis —_— Transport
C and release
usion and
uncoating
Virion

assembly

Translation and
polyprgtein

RNA replication

Non-Nuc NS5B inhibitors
NUC NS5B inhibitors

NS3 Protease Inhibitors

Protease Inhibitors in Clinical Development

Target Agent Company Phase

NS3/4a Serine Boceprevir Merck Approved

Protease Telaprevir Vertex Approved
faniprevir fer} ase
Faldaprevir Boehringer Phase lll
Asunaprevir BMS Phase Il
ABT450 Abbott Phase lll
Danoprevir Roche Phase lll
MK5172 Merck Phaselll
SCH900518 Merck Phase Il
GS 9256 Gilead Phase Il
GS 9451 Gilead Phase ll
VX-985 Vertex Phase |
ACH1625 Achillon Phase |
ACH1284 Achillon Phase li
BMS-791325 BMS Phase lll
ABT-493 AbbVie Phase Il
PHX1766 Pfizer Phase |

"
HIV co-infection does not impact the efficacy of
Telaprevir-based triple therapy

100% OHIVneg =HIVpos
L2 80% _ ©
. 73% T74% . 74%
63%
T
35 50%
L
@
5 25%
X
0% T T T

Telhprevir Boceprevir Simeprevir

+PEG/RBV +PEG/RBV +PEG/RBV
1Jacobson |, et al. N Engl J Med 2011; 364: 2405-16 2Sulkowski MS, et al. Ann Intern Med. 2013;159:86-96.
3Poordad F, et al. N Engl J 2011; 364: 1195-206 “Sulkowski M, et al. Lancet Infect Dis. 2013;13:597-605

SJacobson |, et al. EASL April 2013 “Dieterich D, et al. EACS 2013. Abstract LBPS9/5
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Triple Therapy cannot meet the unmet
medical need in patients with HCV?

1. Poor tolerability

* Still requires Pegylated Interferon and ribavirin
* Added toxicities of the Pls

* Poor safety in advanced liver disease

. Complex dosing regimen
High pill burden - 8 hourly, with high-fat meal

Frequent on-treatment monitoring required
Multiple drug interactions with ART

e o o N

. Limited Efficacy
Null responders
Subtype 1a and Q80K RAV
HCV genotypes other than 1

o o oW
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HCV Non-1 Genotype:
Almost 50% Global HCV Population

Sales™ ’ 4

/

[ Genotype 1

W Genotype 2 5 . Australla
4 a5

I Genotype 3 y
W Genowpes Y 3 s
B Genotype s

W Genotype 6 Sources: MSD data on file. International Conquer C Coalition (I-C?), Kromite, h
Sievert W, et al. Liver Int 2011;31(Suppl 2):61-80

HIV/HCV Co-infection in Auckland Hospital
HCV Genotype Distribution (n=86)
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HIV/HCV Co-infection in Auckland Hospital
Ethnic Distribution (n=86)

Chinese, 4

Thai, 2

| ||I|||"
SE Asian, ‘.l||||Vietnamese 8
- g

European,
51

“®2Cambodian, 4

Burmese, 3

Inhibitors of the Polymerase Complex

Target Agent Phase Target Agent Phase
NSSIb Non(»nnr;l)ens\de Deleobuvir Phase lll NS5b
analogue -
ABT-333 Phase lll Analogue (NA)
GS-9669 Phase Il
Setrobovir Phase Il
Filibuvir Phase Il
Tegobuvir Phase Il
ABT-072 Phase Il
JTK-003 Phase Il
TMC647055 Phase Il
BMS-824393 Phase Il
VX-222 Phase Il
MK-3281 Phase Il Target
MK-8876 Phase | NS52 Non-
Hov 1% Phase | analogue
IDX375 Phase | ABT-267 Phase Il
PATIS63 | Phasel
Target ‘Agent Phase
LthLuphyllin B ‘Alisporivir Phase Ill
inhibitors
e Phase] Phasel
SYC-635 Phase | _

IFN-free DAA In

HCV GT-2-6
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Sofosbuvir (SOF; GS-7977)

Potent HCV-specific nucleotide

analog (chain terminator)

Pan-genotypic antiviral effect Hﬁ%o CHs 7

High barrier to resistance HyC O}—&N‘ ﬁ_o A/?f\z”

Safe an_d well tolerated in >5000 i cl) w o

patients in Phase 2 and Phase 3 studies ©/ \LecHg
HO F

— 400 mg once daily, no food effect

5/08/2014

— No significant drug interactions

— No safety signals in
preclinical/clinical studies

T
FISSION: Sofosbuvir for previously
untreated HCV Genotype 2 or 3

Week 0 12 24 36
Peg-IFN + RBV* (SOC), =243 --— SVR12
SOF + RBV*, n=256 - SWRI2

“RBV dose 1000-1200 mg/day for SOF + RBV and 800 mg/day for Peg-IFN + RBV.

m Treatment-naive, genotype 2 or 3 HCV-infected patients
Targeted 3:1 genotype 3:genotype 2 patients
~20% with cirrhosis
m Expanded inclusion criteria
No upper limit to age or BMI; methadone allowed
Platelet count >75,000/mm3
= Randomization 1:1; stratified by genotype, HCV RNA, cirrhosis

Lawitz et al NEJM 2013; 368;20:1878-86

T
FISSION Results:
SVR rates by HCV Genotype

M sorrecirey SOF/RBV
97
100 ‘
78

80 67 67 63
< 56
< 60
~N
Y
B3
2 40

20

162/243 N 110/176
0 Overall GT3

Lawitz et al NEJM 2013; 368;20:1878-86
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FISSION Results:
SVR rates by Genotype and Cirrhosis

. SOF/PEG/RBV SOF/RBV

91

98
100
82 [
80 62
60
40
20
44/54 813
0

No cirrhosis Cirrhosis No cirrhosis Cirrhosis
GT2 GT3

30 34

SVR12 (%)

1137

Lawitz et al NEJM 2013; 368;20:1878-86 '°
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Sofosbuvir plus RBV in HCV GT2/3
Phase 3 Programme

Week

FISSION

PEG/RBV (SOC) (n=243)

SOF+RBV (n=256) SVR12

Lawitz E, et al. N Engl J Med 2013;368:1878-87.

FUSION

‘ SOF+RBV (n=98) }—‘ SVR12

Jacobson IM, et al. N Engl J Med 2013;368:1867-77.

VALENCE

SVR12
Zeuzem S, et al. N Engl J Med 2014; online 4 May DOI: 10.1056

N
Sofosbuvir plus RBV in HCV GT3
Phase 3 Programme

(a) HCV Genotype 2 (b) HCV Genotype 3

N e

Dec 2014: FDA recomends
12 weeks SOF+RBV|for GT-2
24 weeks SOF+RBV for GT-3

() —
PEG/RBV|{SOF/RBV § SOF/RBV PEG/RBV SOF/RBV SOF/RB|
24wks § 12wks J 16wks 24wks  12wks  16wks

Lawitz E, et al. N Engl J Med 2013;368:1878-87.
Jacobson IM, et al. N Engl J Med 2013;368:1867-77.

Zeuzem S, et al. N Engl J Med 2014; online 4 May DOI: 10.1056
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Sofosbuvir plus RBV for 24 weeks

GT-3 Results
(a) Treatment-naive ((b) Non-responders \
1004 94 92

87

SVR12 (%)
B
o
i

Noncirrhoti  Cirrhotic oncirrhotic Cirrhotic
c

Zeuzem S, etal. N Engl J Med 2014; online 4 May DOI: 10.1056

" A
Possible reasons for difference in HCV
RNA decline between GT2 and GT3

1) Small difference in susceptibility to SOF
Too small to account for differences.

2) Intrinsic differences in stability of replication
complex between different genotypes

lower SVR in GT3 than GT2 in response to PEG/RBV
GT3 is more associated with lipid than GT2
3) No difference in barrier to resistance

4) Difference in response to immune response?

" S
SOF/RBV in Genotype 2 and 3
Conclusions

Genotype 2:

m SOF/RBYV for 12 weeks highly effective (98% SVR),
including prior IFN-non-responders, cirrhotics

Genotype 3:

m In treatment naive, extending SOF/RBV for 24
weeks is highly effective (94% SVR)

= In IFN non-responders, need to add 2" agent
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IFN-free DAA In

HCV GT-4, 5, 6

"
HCV GT-4: SOF/RBV

Wk 0

Wk 12 K VK 4
NGT 4d SOF + RBV, n=31
non?levsepzrr:der SOF + RB! 9 SVR 12

m Phase Il open-label RCT in 60 Egyptian GT-4
— 24% cirrhotic; 55% treatment-experienced

100
79
80
59
N e
g

3%
20

0 12 Weeks 24 Weeks 12 Weeks 24 Weeks

SOF+RBV SOF+REV SOF+RBY SOF+RBV

Treatment Naive Treatment Experienced

Ruane P, EASL, 2014, P1243

HCV GT-4: ABT-450/r + Ombitasvir + RBV

Wi 0

12

Wk 48
GT 4
Treatment-
naive ABT-450/r + Ombitasvir + RBV, n=42

- SVR 12
USR] ABT-450/r + Ombitasvir + RBV, n=49 E—
nonresponder + f

m Phase Il open-label RCT in 135 French GT-4

100 100
100 o
80
N
o 60
g
40
n
20
0
12 Weeks. 12 Weeks 12 Weeks
ABT450/OMB /ABT450/0OMB+RBVBV ABT450/0MB+RBVBV
Treatment Naive

Treatment Experienced

Hezode C, et al. EASL 2014, London, 058




N-free DAA in

HIV/HCV coinfection

SOF/RBYV in HIV/HCV co-infection
PHOIQN-l

Wk 24 Wk 36 Wk 48
CERNINE SOF + RBV, n=114 —————————
- SVR 12
RISl SOF + RBV, SVR 24
(RIS SOF + RBV, —e

m Phase Il open-label study(N = 223)
— HCV treatment-naive or -experienced HIV+ patients
— 76% on wide range of ART regimens
— Cirrhotics allowed, no platelet cut-off
— Methadone allowed

Sulkowski M, et al; AASLD 2013 Abstract 212
Naggi S, et al. CROI 2014 Abstract 26

SVR12 (%)

SOF/RBYV in HIV/HCV co-infection
PHOTON-1: Efficacy

GT1 GT2 GT3 GT3
SOF +RBV SOF +RBV SOF +RBV SOF +RBV
24 weeks 12 weeks 12 weeks 24 weeks
100 100 1 g5 92 100 100 oxr
85
804 w 0 804 g 80
) € 6 € 60 L )
) ) Zu En
20 20 20 20
o Lemis o Lz o L 8 o b7 }
PHOTON-.  SPARE! PHOTON-1. VALENCE® PHOTON-  FISSION®  PHOTON-*  VALENCE?
HCVIHIV Hev HOVHV ey HCVIHIV Hev HOVIHIV He

m Efficacy of SOF in co-infection similar to that in
HCV monoinfection

Sulkowski M, et al; AASLD 2013 Abstract 212
Naggi S, et al. CROI 2014 Abstract 26

5/08/2014
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SOF/RBYV in HIV/HCV co-infection
PHOTON-1: Safety

m SOF/RBV well tolerated, with a low rate of
treatment discontinuations due to adverse events

m Side-effect profile that of ribavirin

m No Resistance to SOF in Relapsers

m 2 HCV breakthrough; non-adherence to SOF
m 2 HIV breakthrough; non-adherence to ART

Sulkowski M, et al; AASLD 2013 Abstract 212
Naggi S, et al. CROI 2014 Abstract 26

SOF + PEG/RBV

in HCV GT 1-6

" A
Add Peg-IFN to SOF/RBV in GT 1-6
The NEUTRINO Study

Week 0 12 24
SOF + Peg-IFN + RBV, n=327 — SVR12
(i) HCV Genotype (i) Cirrhosis
96 100
100 920 100 90
‘ 80
—_ 80 80 =
S
~ 60 60
o
b
S 40 a0
[
20 262/ 20 253/273 43/54
292 27/28 7 .
o
GT1 GT4 GT 5,6 No cirrhosis Cirrhosis

11
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Add Peg-IFN to SOF/RBV in GT-2/3
Treatment-naive: QEBZOTON and ELECTRON

EWk2 BWk4 @Wk12 OSVR12
100%100% 100%

96% 96% 96%

100%

84% 88%

75%

50%

25%

% undetectable RNA

0%
PROTON (n=25) ELECTRON (n=30)

Lawitz et al. The Lancet 2013; 13:401-7
Gane E, N Engl J Med 2013; 368:34-44.

Add Peg-IFN to SOF/RBV to GT-2/3
Nonresponders: LONESTAR Study

|

Week 0 Week 12
_ s e
No Cirthosis Cithosis
100 8 %
83 100 100 93 83 8
80
g -
< 60 8
o £
© o
S 4 13
H 5w
20 20
0 o 9 1012
Overall 672 GT3 GT2 GT3

12 wks SOF/PEG/RBV effective in GT 3 nonresponders

Lawiitz, et al. AASLD 2013 Abstract LB4

|

Add Peg-IFN to SOF/RBV in HCV/HIV GT 1-6
Phase 2 Study Design

Week 0 12 24
= Open label

1 SOF 400 mg QD + Peg-IFN-alfa-2a 180 pg/week +
RBV 1000-1200 mg/day for 12 weeks (no RGT)

= Treatment-naive, genotype 1-4
= CD4>200

= Allowed ART: Emtricitabine/tenofovir plus
) Efavirenz
() Atazanavir/ritonavir
1 Raltegravir
1 Darunavir/ritonavir
[ Rilpivirine

Rodriguez-Torres M, et al. IDWeek 2013; San Francisco, CA. Poster 71436

5/08/2014
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SOF+PEG/RBV in HCV/HIV coinfection GT 1-6
Phase 2 Efficacy

HCV RNA <LLOQ (%)

w 100 100 100 100
o 89 87
80
70
60
50
r
0
20
10
° 17119 13/15 ala 212 1
1 la 1b 2 3 4

+ Consistent efficacy across all HCV genotypes
+ Similar to results in HCV monoinfection

Rodriguez-Torres M, et al. IDWeek 2013; San Francisco, CA. Poster 71437

'_
SOF+PEG/RBV in HCV/HIV coinfection GT 1-6
Phase 2 Safety

CD4 Cell Count (%)

0 Well tolerated with no SAEs

0 2 discontinuations (anaemia)

0 No HIV virologic rebound

0 No changes to ARV regimens throughout study
0 No significant change in the CD4 cell count %

w0
)
20
BL 1 2 Z 3 B 10 12 FUWKa FUWKIZ
Week on Study

BL, baseline; FU, follow-up Rodriguez-Torres M, et al. IDWeek 2013; San Francisco, CA. Poster 71425

'
2014 AASLD / IDSA Recommendations for

DAA therapy for HIV/HCV Genotypes 2-6

Genotype 2
m |[FN naive: SOF/RBV for 12 weeks
m |IFN non-responder: SOF/PEG/RBV for 12 weeks

Genotype 3
m |[FN naive: SOF/RBV for 24 weeks
= |[FN non-responder: SOF/PEG/RBYV for 12 weeks

Genotype 4,5,6
m ALL: SOF/PEG/RBYV for 12 weeks

— IAIDSA
AASLD it e Sl e hitp:www hevguidelines.org/

5/08/2014
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Add a second pan-genotypic DAA to SOF:
An NS5A inhibitor (Daclatasvir)

Week o 24 48
Chronic HCV Group C: DCV 60 mg QD + SOF 400
GT 1a/1b L R E
(n=44) Group E: DCV 60 mg QD + SOF 400 mg
QD+ RBV
Chronic HCV Group D: DCV 60 mg QD + SOF 400 mg
GT 2/3 QD
(n=44) Group F: DCV 60 mg QD + SOF 400 mg
QD+ RBV

Day 0 Wk24 SVR4 SVR12 SVR24 SVR4S

Sulkowski M, et al. N Engl J Med 2014;370:211-21..

"
Sofosbuvir plus Daclatasvir in HCV GT1/2/3
Phase 2 Programme

(i) Treatment-naive GT-1 (i) Treatment-naive GT-2/3
100% 100%
80% 80%
J
<
N 0% g 60%
< @
(2 40% R w0%
X
20% 20%
0%
SOF/DCV  SOF/DCVIRBV SOF/DCV  SOF/DCV/RBV

2 lost to follow-up after EOT; 1 returned HCV RNA < LLOQ-TND at Wk24

Sulkowski M, et al. N Engl J Med 2014;370:211-21..

" A
LDV/SOF in HIV/HCV co-infection
NIAID study

Wk 0 Wk 6 Wk 12 Wk 24

m Phase Il open-label study (N = 50)
— HCV treatment-naive or -experienced HIV+ patients
— 74% on ART various standard regimens
m Safety profile excellent
— No toxicity, no SAEs no discontinuation
— (No ribavirin!)

OsinusiA, et al. EASL 2014, London, 014

14
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LDV/SOF in HIV/HCV co-infection
NIAID study

100

Treatment response (observed)

80
60

40

% of pts with
HCV RNA <LLQ (ITT)

20

Wk 4 Wk 8 EOT SVR4 SVR8 SVR12
I ARV untreated ARV treated

m 12 wks LDV/SOF safe and effective in HIV/HCV coinfection
=® Phase Il ION-4 study: 300 randomised to 12 wks + RBV

m BUT still only GT-1
=» Combine 2 or more pan-genotypic DAAs

Osinusi A, et al. EASL 2014, London, 014

" JEE—
GS-5816: 2nd generation NS5A Inhibitor

m Broad Genotypic Activity

GS-5816 0.006

Ledipasvir 0031 0004 212  >444  >444 31 0110 0081 015 >a4.4.

Daclatasvir 0063 0016 0047 197 98 015 0015 0071 0031 5285

m Potent against all common NS5A RAVs
HCV GT-1 HCV GT-2/3

e bt

oo

" A
GS-5816/SOF in HCV GT 1-6

Wk 0 Wk 12 Wk 24
L 1 |

GT1 SOF + GS-5816 25 mg
WSDRN SOF + GS-5816 100 mg

v [ soF +ess81625mg SVR12
(WSSORN SOF + GS-5816 100 mg

o | SOF + GS-5816 25 mg
(N=45)

SOF + GS-5816 100 mg

+ Open label
— SOF 400 mg + GS-5816 25 mg for 12 wk
or
— SOF 400 mg + GS-5816 100 mg for 12 wk

+ Treatment-naive patients with HCV GT 1-6 without cirrhosis
+ No ribavirin administered

45
Everson G, et al. EASL 2014

5/08/2014
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GS-5816/SOF in HCV GT 1-6

GS-5816 25 mg/SOF 400 mg . GS-5816 100 mg/SOF 400 mg

962 100 917 100 93¢ 939 100 86° 100 100 100

100 I
80 I

£ g0

o

[ 4

540

20
o |z o1 2527 A b 55

m Overall, 97% achieved SVR12
m Only 4 virologic failures, only 1 on 100mg GS-5816

Everson G, et al. EASL 2014

Merck Multi-genotypic DAA combination

m MK-5172is a 2"d Gen Macrocyclic Protease inhibitor
1 Pangenotypic at 400mg doses but ALT elevations
1 Reduced antiviral effectin GT-3 at 100mg dose

m MK-8742 is a 2" Gen NS5A inhibitor
[ pangenotypic

C-WORTHy: MK-5172/MK-8742 + RBV in 471 HCV GT-1

Part A: Treatment-naive, non-cirrhotic
12 weeks + RBV
(n = 65)

Treatment-naive || Treatment-naive Null responders HIV/HCV co-infected
Non-cirrhotic Cirrhotic Cirrhotic / Non-cirrhotic Non-cirrhotic
8-12 weeks + RBV || 12-18 weeks + RBV 12-18 weeks + RBV 12 weeks + RBV
(n=94) (n=123) (n=130) (n=59)

Sulkowski M, et al. EASL 2014

Merck Multi-genotypic DAA combination

100 . 100100 100 100 97

- 90 OMK-5172 +
E g0 MK-8742 +
3 o RBV (n=29)
Q
¢ 60
% 50
& 40 BMK-5172 +
5 30 MK-8742
T 20 ﬁhigg;‘BV:
8 10

0

TW4 TW8 TW12 SVR4
Week

m Only 3virologic failures, all subtype 1a

= Phase Ill C-Edge CO-INFXN study in progress
01 12 weeks MK-5172/MK-8742 FDC without RBV
[ HCV GTs 1,4,5,6

Sulkowski M, et al. EASL 2014

5/08/2014
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IFN-free, DAA therapy:
What’s coming to clinic in the next 5 years

1. Simple, shorter therapy for GT-1,4,5,6: FDA Dec 2013
= SOF + PEG/RBYV for 12 weeks

2. First all-oral therapy for GT-2/3: EMA Jan 2014
= SOF + RBV for 12-24 weeks

|
IFN-free, DAA therapy:
What’s coming to clinic in the next 5 years

1. Simple, shorter therapy for GT-1,4,5,6: FDA Dec 2013
= SOF + PEG/RBV for 12 weeks

2. First all-oral therapy for GT-2/3: EMA Jan 2014
= SOF + RBV for 12-24 weeks

First all-oral therapy for GT-1:

= LDV/SOF STR NDA Feb 2014
= ABT-450/r/Ombitasvir +Dasabuvir +RBV NDA April 2014

" A
IFN-free, DAA therapy:
What’s coming to clinic in the next 5 years

1. Simple, shorter therapy for GT-1,4,5,6: FDA Dec 2013
» SOF + PEG/RBV for 12 weeks

2. First all-oral therapy for GT-2/3: EMA Jan 2014
= SOF + RBV for 12-24 weeks

First all-oral therapy for GT-1:
W * LDVISOESTR NDA Apri 2014
2014+ = ABT-450/r/Ombitasvir +Dasabuvir +RBV P!
» MK-5172/MK-8742 2015/16?
» Daclatasvir, asunaprevir, BMS-791325

17
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IFN-free, DAA therapy:

What’s coming to clinic in the next 5 years

1. Simple, shorter therapy for GT-1,4,5,6: FDA Dec 2013
= SOF + PEG/RBYV for 12 weeks

2. First all-oral therapy for GT-2/3:
= SOF + RBV for 12-24 weeks

EMA Jan 2014

First all-oral therapy for GT-1:
» LDV/SOF STR NDAFeb 2014
» ABT-450//Ombitasvir +Dasabuvir +RBY NDAAPrl 2014
» MK-5172/MK-8742 2015/16?
» Daclatasvir, asunaprevir, BMS-791325

First all-oral pangenotypic therapy:

»GS-5816/SOF STR

= Daclatasvir/SOF 20167

" JEE——
ALL PATIENTS including
* HCVGT 1-6
* HIV co-infection
« Current PWID
» Advanced liver disease

=2
i
e o

e
| ¥Heath burden |

5/08/2014
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