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NS3/4A Protease Inhibitors
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The Toolbox

NS3-4A protease inhibitors

NS3/4A Protease Inhibitors
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Telaprevir (Janssen)

Approved

750 mg q8h

14 days

-4.4

Boceprevir (Merck)

Approved

400 mg tid

7 days

-1.6

Simeprevir (Janssen)

200 mg qd

7 days

-4.1

Faldaprevir (Bl)

240 mg qd

14 days

-4.0

Asunaprevir (BMS)

300 mg bid

3 days

-3.3

ABT-450/r (AbbVie)

200 mg qd

3 days

4.1

Danoprevir/r (Roche)

200 mg q8h

14 days

-3.8

Sovaprevir (Achillion)

600 mg qd

5 days

-3.8

GS-9451 (Gilead)

400 mg qd

3 days

-3.5

1DX320 (Idenix)

400 mg qd

3 days

-3.3

Vaniprevir (Merck)

700 mg bid

8 days

-4.7

MK-5172 (2"d-gen, Merck)

400 mg qd

7 days

-5.4

ACH-2684 (2"-gen, Achillion)

400 mg qd

3 days

-4.0




Amino Acid Substitutions
Associated with Pl Resistance

(Pawlotsky J-M, Ther Adv Gastroenterol 2009;2: 205-219)

MK-5172 and Boceprevir
Resistance-Associated Variants

(Lahser et al., AASLD 2012)

Nucleoside/nucleotide analogue
inhibitors of HCV RdRp
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MK-5172 Genotypic Coverage

Replicon EC90 (nM)

(Lahser et al., AASLD 2012)
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MK-5172 ®BMS-032 ®simeprevir “GS-9551 ®boceprevir ®telaprevir

(Lahser et al., AASLD 2012)

Nucleoside/Nucleotide Analogue
Inhibitors of HCV RdRp

Catalytic
Site



17/01/14

Nucleoside/Nucleotide Analogue HCV Resistance to 2’-C-Methyl
Inhibitors of HCV RdRp Nucleoside Inhibitors

2'C-Me-ATP in the catalytic site

Drug Dose! Duration)

Sofosbuvir (Gilead) 400 mg qd 3 days

VX-135 (ALS-2200, Vertex) 200 mg qd 7 days

Mericitabine (Roche) 1500 mg bid | 14 days

(Migliaccio et al., J Biol Chem 2003;278:49164-70)

Sofosbuvir Resistance

- S282T

« Is the only known aa substitution conferring
phenotypic resistance to sofosbuvir

- Is associated with low-level resistance (<20-fold) Non-nucleoside inhibitors

in vitro
* Results in a severe reduction of replication (o] i [0374 RdRp

capacity in vitro and in vivo

* No S282T variants found at baseline by
population sequencing (n=1992) or deep
sequencing (n=576)

(Gilead, data on file)

Non-Nucleoside Inhibitors (NNI) Non-Nucleoside Inhibitors
of HCV RdRp (NNIs)

Thumb |

Tegobuvir (Gilead) 40 mg bid

Setrobuvir (Roche) 800 mg bid

Deleobuvir (BI207127, BI) 800 mg q8h

ABT-333 (AbbVie) 600 mg bid

ABT-072 (AbbVie) 600 mg qd

Lomibuvir (VX-222, Vertex) 750 mg bid

GS-9669 (Gilead) 500 mg qd

Palm Il BMS-791325 (BMS) ?

TMC647055 (Janssen) 1000 mg bid
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Non-Nucleoside Inhibitors (NNI) Filibuvir (Pfizer) Resistance-
Associated Residues

Setrobuvir

TMC647055 ABT-333
ABT-072

Thumb |
Deleobuvir (BI207127) Palm |
MS-791.

Thumb Il
Filibuvir
Lomibuvir (VX-222)
GS-9669

Palm Il
Tegobuvir

(Troke et al., Antimicrob Agents Chemother 2012;56:1331-41)

HCV NNI Resistance Mutations

NS5A inhibitors

(courtesy of Isabel Najera, Roche)

NS5A Protein NS5A Inhibitors

Vedian/mean)log|

Drug Dose) Duration w
? HCVIRNAveduction)

Daclatasvir (BMS) 10 mg qd 1 day -3.2

Required for HCV RNA Ledipasvir (GS-5885, Gilead) 30 mg qd 3 days -3.3

replication PPI-461 (Presidio) 100 mgqd | 3days 37

NS5A Dimer
PR

Domain Il
PPI-668 (Presidio) 240 mgqd | 3days -3.7

Domain Il
ACH-2928 (Achillion) 60 mg qd 3 days -3.7

Required for HCV viral
particle assembly ABT-267 (AbbVie) 200mg qd | 3days 3.1

GSK2336805 (GSK) 60mgqd | 1day -3.0
May be involved in the BMS824393 (BMS) 50mgqd | 3days -3.9

ER lumen release of HCV particles Samatasvir (IDX719, Idenix) 50mgqd | 3days 3.7

Domain |

MK-8742 (2"d-gen, Merck) 50 mg qd 5 days -4.1
ACH-3102 (2"-gen, Achillion) 50 mg qd 1 day -3.8
GS-5816 (2"¢-gen, Gilead) 50 mg qd 3 days -4.0
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Cyclophilin inhibitors

Antiviral Efficacy of
Cyclophylin Inhibitors

edian/mean|
Drug| Dose! Duration) og|HCV RNAS

Alisporivir (DEBIO-025) 1200 mg bid 14 days

SCY-465 900 mg qd 15 days
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MK-8742 Resistance Profile
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(Merck, unpublished data)

Cyclophilins

Cyclophilin A

Alisporivir Resistance in vitro
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(Coelmont et al., EASL 2009)



miR-122 antagonists

Antiviral Efficacy of
miRNA-122 Antagonists

Vedian/mean:
Drug Duration; 10g|HICV RNAS
reduction

Miravirsen (Santaris) 29days -3.0

Hepatitis C Treatment,
Today and Tomorrow

miR-122 Antagonist (HTA)

Wild type HCV S'UTR miR-122 binding to wild type HCV 5'UTR
miR-122 miR-122
s s2
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(Mackin et al., Proc Natl Acad Sci USA 2011;108:3193-8)

Barrier to Resistance

* Low barrier to resistance
* First-generation protease inhibitors
* Non-nucleoside inhibitors of RdRp
* NS5A inhibitors (subtype 1a)

* High barrier to resistance
* Nucleoside/nucleotide analogues
 Cyclophylin inhibitors
* miRNA-122 antagonist
* NS5A inhibitors (subtypes other than 1a)
- 2nd/3rd.generation protease and NS5A inhibitors

Before 2011




Our Good Old Friends
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Pegylated IFN-a Ribavirin

HCV Genotype non-1

Pegylated IFN-a Ribavirin

SVR According to Lead-in
(SPRINT-2, non-black)
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(Poordad et al., N Engl J Med 2011;364:1195-206)

Since 2011

Standard-of-Care for
HCV Genotype 1

Boceprevir
Telaprevir

Localized skin eruption and/or a
skin eruption with limited
distribution (up to several isolated
sites on the body)

36.8%

Diffuse rash involving
<50% of body surface area

13.8%

Extent of rash >50% of body
surface area or with:

-Significant systemic symptoms

*Mucous membrane ulceration

“Target lesions

*Epidermal detachment
Iy

4.8%

17/01/14



Hb Shifts on Boceprevir

LI Boceprevir triple therapy or placebo

Hemoglobin (g/dL) mean values

Follow-up

Bl PR (N=547)
BOC/PR (N=1548)

(Sulkowski et al., EASL 2011)

Medicines that are Contraindicated
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with Boceprevir and Telaprevir

Alpha 1-adrenoreceptor
antagonist

Alfuzosin

Antimycobacterials
Antiretrovirals

Ergot

=
phenytoin

Rifampin

EFV, all RTV-boosted Pls
=

Alfuzosin

N/A

Rifampin
DRV/RTV, FPVIRTV, LPVIRTV

Gl motility agents
Herbal products

HMG CoA reductase
inhibitors

Oral contraceptives
Neuroleptic

PDES inhibitor

Cisapride
i (St John’s

Cisapride

wort)
Lovastatin, simvastatin

Drospirenone
Pimozide

Sildenafil or tadalafil when used for
treatment of pulmonary arterial HTN

Triazolam; orally administered

(Boceprevir package insert; Telaprevir package insert)

Lovastatin, simvastatin

N/A
Pimozide

Sildenafil or tadalafil when used for
treatment of pulmonary arterial HTN

Orally administered midazolam,
triazolam

Two DAAs Approved in 2014

Simeprevir

Protease

Gen 1,4

Nucleotidel

Alligen)

Clinical Trials vs Real World

B Telaprevir
B Boceprevir
PegIFN/RBV

Treatment-naive

a o
SR

IS

Patients with serious AEs (%)
N g

=}

ADVANCF SPRINT-2

(courtesy F. Poordad)

Clinical trials
(including cirrhotics)

Real world
(cirrhotics only)

Treatment-experienced oJreatment-experienced

o
S

2y
3

th serious AEs (%)
5

3 g s
RFAI I7F RFSPOND-> French raal-world

2014-2015

Four Options in 2014

Simeprevir + Peg-IFNao + ribavirin (gen 1, 4)

Sofosbuvir + Peg-IFNo + ribavirin (gen 1, 4,

5, 6)

Sofosbuvir + ribavirin (gen 2, 3)

Sofosbuvir + simeprevir (gen 1, 4)

17/01/14



P + R + Simeprevir-QUEST-1/2

Phase Ill, Treatment-naive, Gen 1

Simeprevir + PR
(RGT 12+12)

0% 81%

B Placebo + PR

QUEST-1 QUEST-2

(Jacobson et al., EASL 2013; Manns et al., EASL 2013)

Summary of Simeprevir
Resistance Data

+ Baseline Q80K polymorphism
Present in 41% of patients with genotype 1a infection
Associated with lower SVR12 rate in QUEST-1

» Selection of NS3 protease substitutions in >90%
of patients without SVR

« Genotype 1a: R155K alone, with mutations at positions 80
and/or 168;

« Genotype 1b: most common substitutions: D168V,
Q80R+D168E

(Jacobson et al., EASL 2013; Manns et al., EASL 2013)

P + R + Sofosbuvir-NEUTRINO
Phase lll, 12 weeks, Gen 1-4-5-6,
Treatment-naive

92% 80%

No cirrhosis Cirrhosis
(83%) (17%)
(Lawitz et al., N Engl J Med 2013;368:1878-87)

P + R + Simeprevir-QUEST-1/2

Role of HCV subtype and Q80K substitution

Proportion of patients (%)

*Q80K prevalence in 1500 clinical specimens sent to an US commercial lab
+ GT1a:325%
* GT1b:0.1%

(Jacobson et al., AASLD 2013; Choe et al., AASLD 2013; FDA AVDAC, Oct 24, 2013)

P + R + Sofosbuvir-NEUTRINO
Phase lll, 12 weeks, Gen 1-4-5-6,
Treatment-naive

96% 100%

90% 89%
T

TOTAL Genotype 1 Genotype 4  Genotype 5, 6
(89%) (9%) (2%)
(Lawitz et al., N Engl J Med 2013;368:1878-87)

Sofosbuvir + RBV in Gen 2
Phase lll, 12 weeks

95% 93%

||

Naive, 12wk  Naive or Exp, 12 wk Exp, 12 wk Exp, 16 wk
FISSION VALENCE FUSION

SVR12 rate (%)

(FDA hearings, October 25, 2013)

17/01/14
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Sofosbuvir + RBV in Gen 2 Sofosbuvir + RBV in Gen 3
Phase lll, 12 weeks, cirrhosis vs no cirrhosis
97%

i 92%
83% i 0% ° FISSION (12 wk) VALENCE (24 wk)
I 93 92
NZ61 NIz i N:

12 wk 12 wk 12 wk 16 wk 12 wk 16 wk 12wks 24 wks 12wks 24 wks
No cirrhosis ~ Cirrhosis No cirrhosis Cirrhosis No cirrhosis Cirrhosis
FISSION (Rx-naive) FUSION (Rx-experienced)

(FDA hearings, October 25, 2013) (Lawitz et al., N Engl J Med 2013;368:1878-87; Zeuzem et al., AASLD 2013; FDA hearings, October 25, 2013)

Phase lll, Treatment-naive

Sofosbuvir + RBV in Gen 3 Sofosbuvir + Simeprevir (Pl)* RBV
Phase Ill, Treatment-experienced COSMOS, Gen 1, naive/null-responders, F3/4

FUSION (12 wk) FUSION (16 wk) VALENCE (24 wk)
12-week treatment

o
]

(]
60

IS @ ®
S 3 3

Patients, %

N
1S}

N=38 N=40 N=100 NJZG N=23 N=45
12 wks 16 wks 24 wks 12 wks 16 wks 24 wks

o

Naives

No cirrhosis Cirrhosis

(Jacobson et al., N Engl J Med 2013;368:1867-77; Zeuzem et al., AASLD 2013; FDA hearings, October 25, 2013) (Jacobson et al., AASLD 2013)

IFN-Free Combination Options

Nucleos(t)ide analogue-based strategies
Gilead Sofosbuvir Ledipasvir GS-9669

3

Vertex/others VX-135 Simeprevir Daclatasvir

Roche Mericitabine Danoprevir/r Setrobuvir +

2015 and onwards

Nucleoside-free triple combo strategies
Abbvie ABT-350/r ABT-267 ABT-333
BMS Asunaprevir Daclatasvir BMS791325
Bl/Presidio Faldaprevir PPI-668 Deleobuvir
Janssen/GSK Simeprevir GSK2336805 | TMC647055

"

|

Nucleoside-free, second-generation double combo strategies

Merck MK-5172 MK-8742

3

Achillion ACH-2684 ACH-3102

10



Sofosbuvir + Daclatasvir £ RBV
Treatment-naive, Genotype 1

X 100% 100%
o

SVR24 rate (%)

N=15 N=14
LI/SOF + DCV SOF + DCV  SOF + DCV + RBV

(Sulkowski et al., AASLD 2012)

Sofosbuvir/Ledipasvir FDC + RBV

ION-2-Phase Ill, Gen 1, Rx-experienced, 20% cirrhosis

93.6% 96.4% 99.1% 99.1%

N=111
SOF/LDV  SOF/LDV#RBV  SOF/LDV  SOF/LDV+RBV
12 weeks 24 weeks

(Gilead press release, December 18, 2013)

IFN-Free Combination Options

)ide based
Gilead Sofosbuvir Ledipasvir GS-9669 *
Vertex/others VX-135 Simeprevir Daclatasvir E
Roche Mericitabine Danoprevir/r Setrobuvir E

Nucleoside-free triple combo strategies

Abbvie ABT-350/r ABT-267 ABT-333

BMS Asunaprevir Daclatasvir BMS791325 E
Bl/Presidio Faldaprevir PPI-668 Deleobuvir *
Janssen/GSK Simeprevir GSK2336805 | TMC647055 *

free, second-g ation double combo strategies

Merck MK-5172 MK-8742

3

Achillion ACH-2684 ACH-3102

Sofosbuvir/Ledipasvir FDC * RBV

ION-1-Phase lll, Gen 1, Rx-naive, 16% cirrhosis

97.7% 97.2%

pending pending
N=217 N=217 N=217
SOF/LDV  SOF/LDV+RBV SOF/LDV ~ SOF/LDV+RBV
~ 12weeks ~  24weeks

(Gilead press release, December 18, 2013)

Sofosbuvir/Ledipasvir FDC * RBV

ION-3-Phase lll, Gen 1, Rx-naive

8410% g3 95.4%

SOF/LDV SOF/LDV+RBV SOF/LDV
8 weeks 8 weeks 12 weeks

(Gilead press release, December 18, 2013)

ABT-450/r (PI) £ ABT-267 (NS5A) * ABT-333

(NNI)SAPPHIRE 1-Phase Ill, Genotype 1, Rx-experienced,

N=631

95% go
b

All genotypes 1 Subtype 1a Subtype 1b

(Abbvie press release, December 10, 2013)

17/01/14
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ABT-450/r (Pl) + ABT-267 (NS5A) * ABT-333
(NNI)SAPPHIRE 2-Phase Ill, Genotype 1, Treatment-naive,

SVR12 rate (%)

N=394

96% 97%

All genotypes 1 Subtype 1a Subtype 1b

(Abbvie press release, November 18, 2013)

MK-5172 (2"d-gen Pl) + MK-8742 (2"d-gen NS5A)
C-WORTHY, Gen 1, Rx-naive, noncirrhotic, 12 wks

SVR12 rate (%)

(Lawitz et al,, EASL 2013)

96% 100%
o

5172 5172 5172
+874220 mg +8742 50 mg +8742 50 mg
+RBV +RBV No RBV

IFN-Free Combination Options

17/01/14

)ide based

Gilead Sofosbuvir Ledipasvir GS-9669 *
Vertex/others VX-135 Simeprevir Daclatasvir

Roche Mericitabine Danoprevir/r Setrobuvir +

Nucleoside-free triple combo strategies

Abbvie ABT-350/r ABT-267 ABT-333

BMS Asunaprevir Daclatasvir BMS791325 +
Bl/Presidio Faldaprevir PPI-668 Deleobuvir *
Janssen/GSK Simeprevir GSK2336805 | TMC647055 *

Nucleoside-free, second-generation double combo strategies

Merck

MK-5172

MK-8742

3

Achillion

ACH-2684

ACH-3102

12



