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Does this apply to HCV or to
pegylated interferon?

* “Now this is not the end. It is not even the
beginning of the end. But it Is, perhaps,
the end of the beginning.”

 Winston Churchill, after the Battle of
Britain



The ldeal HCV drug:

Pan-Genotypic

High Barrier to Resistance

Well defined AE profile

Equally effective for 1a and 1b
Given once dally or less frequently :
Pegylated Interferon!



Hepatitis C milestones

[ Crystal structure of the HCV NS3 protease
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HCV=hepatitis C virus; IFN=interferon; Pl=protease inhibitor; DAA—=direct-acting antiviral



DAAs as Components of New Treatment
Paradigm for Hepatitis C

Peg-IFN + RBV (SOC)

™) Prospect of
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DAA=direct-acting antiviral; SOC=standard of care (Peg-IFN + RBV)



DAA: Protease
inhibitors

NS=non-structural; nuc=nucleoside; - NOT EXHAUSTIVE
HTA=host-targeting antiviral, DAA=direct-acting antivirs Data correct as of June 2011




Interferon has a Dual Mechanism of Action:
Viral Inhibition and Immune Modulation
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Adapted from Ferenci P, et al. Viral Hep Rev 1999; 5: 229



The addition of RBV Significantly
Accelerates Viral Decay

Peg alfa 2a 180ug/wk (n=17)

6 -» —=— Peg alfa 2a 180ug/wk
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=
£
2 4 =
>
S 3 =
= r----TTT-TTTTTTTTTTTT T Limit of
S 5 detection
©
e
> 17

0 | | 1 I I 1

7 14 21 28 42 56
Days

Herrmann E, et al. Hepatology 2003; 37: 1351



Lambda Induced Antiviral Activity via a Similar
Signaling Pathway but Distinct Receptor

Type | Interferons  Type Il Interferons

Broad receptor
distribution
throughout various
body tissues

Receptors distributed
primarily in epithelial
cells and hepatocytes

. Antiviral effects

- —————————————————

Antiviral effects

Adverse events of

treatment .
_ Type | IFNs Potentially fewer
hd FIU'“ke Sym ptomS Peg-lntron adverse events than

« Hematologic Pegasys 156 Induction Type Il IENs with type | interferons
disorders IFN omega Peg-IFN-

T IFN-alfa-2b XL Lambda
symptoms Albuferon
Locteron

Image: Zymogenetics. At: http://www.zymogenetics.com/products/PEG-IL.php.

Marcello T a Gastroenterology. 2006;131:1887-1898; Muir AJ et al. 2009 AASLD.
Abstract 15917 O'Brien TR. Nat Genet. 2009;41:1048-1050.




Study Design

m 526 non-cirrhotic treatment-naive adults aged 18-70 years
= Chronic HCV infection = & months, genotypes 1,2,3, or 4 (by Siemens TruGene® HCWV 5'MC assay)
— HCWV RNA = 100,000 IU/mL
- ALT/AST =5 = ULN; no history or evidence of hepatic decompensation

m  Safety assessed through week 12; HOV ENA assessed at weeks 4 (RVR)
and 12 [cEVR; protocol-defined primary efficacy endpoint)

— Defined as HCW RNA undetectable with Roche COBAS® TagMan® HPS v2.0
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HCV RNA Concentration Over Time

0 PeglFN-A 120 pg @ PeglFN-A 180 pg @D PeglFN-A 240 pg @ PeglFN-a-2a 180 pg

Genotypes 1, 4 Genotypes 2, 3

HCV RNA, mean (SE) log,, IU/mL

Study week Study week




Slide 13

Undetectable HCV RNA at Week 4 (RVR)
and Week 12 (cEVR): HCV Genotypes 1, 4

HCV RNA Undetectable
(percentage of patients &= 95% CI)

RVR cEVR RVR cEVR RVR cEVR RVR cEVR
Lambda Lambda Lambda Alfa-2a
120 pg 180 ug 240 yg 180 ug
n= 100 102 103 103

*P<0.05 vs peglFN-alfa-2a.
Data indicate HCV RNA not detected by Roche COBAS TagMan HPS v2.0.
13
ILC 2011



Undetectable HCV RNA at Week 4 (RVR) "
and Week 12 (cEVR): HCV Genotypes 2, 3
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Lambda Lambda Lambda Alfa-2a
120 pg 180 ug 240 ug 180 pg
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*P<0.05 vs peglFN-alfa-2a.
Data indicate HCV RNA not detected by Roche COBAS TagMan HPS v2.0.

14
ILC 2011



Undetectable HCV RNA at Week 12 (cEVR), Cirrhotics
(Cirr) vs Noncirrhotics (NC)2, HCV G1/4b (mITT Analysis
Set)
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58/
103

Cirr Cirr Cirr NC Cirr NC
Lambda Lambda Lambda Alfa-2a
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2/8

Premature
discontinuations

a Previously presented!. ® HCV RNA not detected by Roche COBAS TagMan HPS v2.0. Subjects who discontinued treatment prior to Week 12
were classified as non-responders . ¢ There were no patients with HCV G4 among patients with cirrhosis.

1Zeuzem S, et al. 46th EASL; March 30-April 3, 2011; Berlin, Germany. Abstract LB-1360. AASLD 2011



HCV Genotypes 1, 2, 3, 4. Adverse Events

AE Group n (%)

Musculoskeletal
Symptoms

Flu-like symptoms

Constitutional symptoms

Psychiatric

Neurologic

Musculoskeletal = arthralgia, myalgia, or back pain

180 ug
(N=133)

62 (46.6)

57 (42.9)
57 (42.9)
43 (32.3)
49 (36.8)

Flu-like symptoms = pyrexia, chills, or pain

Constitutional = fatigue

Psychiatric = depression, irritability, or insomnia

Neurologic = headache or dizziness

16

240 ug
(N=134)

19 (14.2)

13 (9.7)
49 (36.6)
44 (32.8)
39 (29.1)

180 ug
(N=131)

19 (14.5)

13 (9.9)
50 (38.2)
36 (27.5)
35 (26.7)

120 ug
(N=128)

23 (18.0)

16 (12.5)
44 (34.4)
49 (38.3)
34 (26.6)




Changes in Hematologic Parameters Over Time
and Hematology-Associated Dose Reductions

@® Lambdal20pg @ Lambda 180 ug

@® Lambda 240 g @ Alfa-2a Leries Alfa-2a
T
2 OBl 180 ug
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= 300 _ .
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~ 250 Neutrophilslow  <750/mm?
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(O]
8 150 LLN Table summarizes patients’ highest treatment-emergent toxicity
o

in first 12 weeks of treatment.
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Study Week Data indicate mean values (observed).

LLN=Ilower limit of the reference range. 17

ILC 2011



Reticulocyte Results

Mean (SE) reticulocyte count (panel B) over time in patients with a 22 g/dL decline
in hemoglobin at Week 2
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Reticulocytes, %*

0 1 2 3 4 7 8 9 10 11 12

5 6
Study Week
120 pg®—® n= 28 28 28 28
Lambda 180 pg @@ n= 26 25 26 26
240 yge—e n= 20 20 19 19
Alfa-2a 180 ug n= 40 32 34 34

*Dotted liies represent reference lower and upper limits of normal (LLN and ULN).
AASLD 2011



Treatment-emergent, Liver-related
Laboratory Abnormalities

AST or ALT high 5.1-10 x ULN 0.8 2.3
>10 x ULN 0 0
Direct >0.6-1.2 mg/dL 4.7 4.6
bilirubin high >1.2-4.0 mg/dL 0.8 3.1
>4.0 mg/dL 0 0.8

PeglFN dose reductions due to
liver-related lab abnormality, %

0 1.5

» ALT, AST, bilirubin returned to acceptable range to restart treatment within 1-2 weeks

PeglFN discontinuations due to liver-related

lab abnormality, % 0.8 0.8 1.5
(all due to hyperbilirubinemia)

+ Direct bilirubin had recovered to <2x ULN in 3 patients and <4x ULN in 1 patient at the time of data analysis

19




Discontinuations, Dose Modifications,
and Serious Adverse Events

Alfa-2a
Total 180 ug
Lambda (N=133)

Discontinuations, %

20



Summary

* Pegylated Interferon lambda, compared with
pegylated interferon alfa-2a, was associated

Wi

th:

Superior RVR rates in G1,4 and G2,3 at 180ug and 240ug
Superior ceVR rates at all doses in G1,4
Similar cEVR rates at all doses in G2,3

Fewer hematologic abnormalities, reduced RBV and IFN dose reduction
rates at all doses

Fewer musculoskeletal and flu-like symptoms

At 240ug dose, more elevations of AST and ALT with or without elevated
bilirubin, managed with dose reduction

Discontinuation of treatment in cases with hyperbilirubinemia led to
subsequent improvement

21
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PROTON RESULTS: PSI-7977 200 mg and 400 mg
Cohorts >91% EOTR (through wk 24)

With IFN

LOD= 15 IU/mL :
Lawitz E, et al. 62nd AASLD; San Francisco, CA; November 4-8, 2011. Abst. 225. > 2/26 data pendmg



PSI-7977 ELECTRON

100% concordance of SVR12 with SVR24

Gane EJ, et al. 62nd AASLD; San Francisco, CA; November 4-8, 2011. Abst. 34.



Mean HCV RNA (Log,, lU/mL)

PSI-7977 ELECTRON

What Is the role of Ribavirin?
* PSI-7977 monotherapy arm (n=10) was added

=== Combined IFN Arms
= PSI-7977/RBV
=== PSI-7977 Monotherapy

14
Time (Days)

21

28

No on-treatment viral breakthrough

6/10 subjects achieved SVR4

Further studies of PSI-7977
monotherapy in progress

PSI-7977/RBV for 12 weeks being
advanced in IFN-free Phase 3
program



Ongoing, Open-Label Phase 2a Study
Sentinel Cohort, Study Al447-017

é Daclatasvir + Asunaprevir (N = 10) Follow-up x 24 weeks \\1

— —t—t—t—
Week 4 Week 12 Week 24 Post-treatment Post-treatment

(RVR) (cEVR) (EOTR) Week 12 Week 24
(SVRy5) (SVR3,) _/

Non-cirrhotic Japanese adults with HCV genotype 1 infection, HCV RNA > 10° IU/mL,
and prior null response to peglFN/RBV

Primary efficacy endpoint: undetectable HCV RNA 12 weeks post-treatment (SVR,,)

— Secondary: Undetectable HCV RNA at week 4 (RVR), week 12 (cEVR), weeks 4 + 12 (eRVR),
end of treatment (week 24; EOTR) and at 24 weeks post-treatment (SVR,,)

Dual oral treatment with daclatasvir and asunaprevir for 24 weeks

— Daclatasvir 60 mg once-daily

— Asunaprevir initially 600 mg twice-daily, subsequently reduced to 200 mg twice daily due to

elevated transaminases at 600 mg in a concurrent dose-ranging study?!

ClinicalTrials.gov identifier NCTOL1051414,
cEVR, complete early virologic response; EOTR, end of treatment response; eAVR, extended rapid virologic response; IFN, interferon; RVR, rapid virologic response,

1. Bronowicki P, et al. fHepatol 2011;5¢[suppl 1):5¢72.




Dual therapy with BMS 790052 + BMS 650032 in
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HCV genotype null responsders

End of
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Discontinued
%, treatment
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Below LLQ, Detectable

"Undetectable

I A X T \\\\ T \\\\ T \(\\ 1
7 8 12 24 36 4
Weeks SVR,,SVR,,

Figure 2
122x75mm (300 x 300 DPI



BMS-790052 (NS5A inhibitor) + BMS-650032
(Pl) &= PR In null responders: phase lla study

21

I‘I

responder to PR,
no cirrhotics, N

CHC, G1, null

0 Study weeks 24

Randomisation
Null response defined as <2 log,, decline in HCV RNA following
12 weeks of treatment with PR Lok A, et al. EASL 2011, oral
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Virologic Response before and after
treatment

120

100

80

60

40

20

RVR eRVR cEVR EOTR SVR12 SVR?24

*Group A: ) patients achieved SVR12 and SVR24
*Group B; 10/10 achieved SVR12 and 9 had SVR24
+1 patient had HCVRNA<LLQ at post treatment week 24, and undetectable 35 d later



HCV RNA by Patient: Group A

DCV + ASV

follow-up

HCV RNA (log,, 1U/mL)
H

S 3. ; .
Vo = —r - --- ---:XW --------------- LLoQ
1 ' PPN Y — W —X—F—K LoD
0 1 p 3 4 6 8 10 12 16 20 24 PT4 PT12 PT24
Week PT, post-treatment.

Six patients (all genotype 1a) experienced viral breakthrough on therapy
One patient with EOTR experienced viral relapse at 4 weeks post-treatment

AASLD 2010



HCV RNA by Patient: Group B IFN

+RBV
DCV + ASV + peglFN-alfa/RBV follow-up

7 .

_ X L0Q
PRSI LA S A

0 1 p 3 4 6 8 10 12 16 20 24 PT4 PT12 PT24

HCV RNA (log,, 1U/mL)

PT, post-treatment.
Week

10/10 patients undetectable by week 6 of therapy with no viral breakthrough
10/10 patients achieved SVR,, and 9/10 achieved SVR,,

1 patient < LLOQ at post treatment week 24 and undetectable on retesting 35 days
later



Bl 201335 and Bl 207127, with and without ribavirin, In

treatment-naive patients with chronic genotype-1 HCV
Infection: Week 12 interim results of the SOUND-C2 study

I D L =1
n=gi [ 1335 + T127__ + RBV Follow-up !
B 1335 + 7127 RBV --------I-:-II- ------------ :
n=80 + no ollow-up ;
C L 1335 + 7127 RBY
n=77 L
b L 1335 + 7127 mv | I;;II ------------- |
n=78 s mot CW-LIp !
E L 1335+ 7127 noRBV  } I;:;l--r- ---------- !
n=4c mo* CRA-LI D :
Day 1 Week 12 Week 16 Week 28 Weelk 40

Interim analysis



SVR-12 lavs 1b

100 - GT-1a GT-1b
90 - a6

B0 -

60 =-

40

30 = 03

Proportion of patients (%)

20 =
10
10 -

ETH SVR12 Relapsas



VX-222/Telaprevir in Combination With Peginterferon-alfa-2a and
Ribavirin in Treatment-naive Genotype 1 HCV Patients Treated for 12

Weeks: ZENITH Study, SVR12

: J

ame | vx-222 100 mg + TVR bid [T,
P | DUAL regimeans
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= "‘\.\%_ _.;f"f

2

=] _;"'FH-_ — — = _-HH"‘\.

oS — = O e | nterim Analysis |___§.FFT;- = = B Ay
] - t _____________________ T 1

Arm C VX-222 100 mg + TVR bid B !
MN=2% + Peg-IFN + RBWV 1 SWRz SN Rz
Peg-IFN + RBV | = +
SR SRz,
= .
Arm D VX-222 400 mg + TWVR bid | ,
MN=30 + Peg-IFMN + RBW T ¢ SRz SV Rzs
. Peg-IFN + RBV | - *
"‘xk ————————————— - —_——————— e - —_——————— e ——— - — I Jff

T p— -

F o T,
f'ﬁ SRz S Rza A
e 2 = m . - Enrcliment

o~ N=273 I Complete Skfu;

- | Genotype 1b Peg-IFN + RBW |

=

= SRz S\ Rzs

o Arm E = o T + Enrcliment

M=23 Complete SRz
| Genotype 1a Peg-IFMN + RBV | *+
— __a-/r
— I I i
24 35 48

Weeks




Slide 34

QUAD in the Treatment of G1 Treatment-Naive
LB-14: VX-222/Telaprevir + PR (n=59), SVR12

VRVR: HCV RNA undetectable at weeks 2 and 8. VX 222 doses were 100 vs 400 mg/d. Telaprevir 1125 mg bid.
Patients achieving VRVR stopped all treatment at week 12. Non-VRVR received 12 weeks additional PR.




C219: Retreatment with TVR+PR after short
exposure to TVR in phase 1 studies

« 9 patients previously treated with TVR
— Genotype 1A, (n =6)
— Prior PR failure (n=6)
— Resistance previously detected (n =8)
* V36A/M+R155K/T/G (n=6)
« A156T/V (n=1)
* V36A+T54A (n=1)

* Retreated with PegIFN/RBV + TVR 750 mg
PO TID

— Absence of TVR-resistant Variants at Baseline by
lllumina® deep sequencing data (~ 1%)

Bartels DJ, et al. 62nd AASLD; San Francisco, CA; November 4-8, 2011. Abst. 1328.



Changes in HCV RNA over Time During
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*Patient started Peg-IFN/RBV after Day 14



C219: HCV RNA Values over Time (Week 8
Interimm Analysis, TVR-exposed)

QO Genotype 1a

108 /\ Genotype 1b
107
- : & _ Patient had a confirmed viral
§' 10 breakthrough at Week 8
S 1059 \\ (V36M/V + R155K/R)
S 104
4 |
> 103
O |
= 102 _ LOQ = 25 IU/mL
101 ]
| | | | 1
10%Baseline 1 2 4 6 8

Time (weeks)
LOQ: limit of quantification

HCV RNA values below LOQ are imputed with an arbitrary value: 17.5 for <25 IU/mL detectable and 5 for <25 IU/mL undetectable
Bartels DJ, et al. 62nd AASLD; San Francisco, CA; November 4-8, 2011. Abst. 1328.



Is Exogenous Interferon Required for
Viral Clearance?

Potent DAAs

Multiple drugs

Multiple viral targets
Host-targeted antivirals

Multiple host targets Interferon
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Advances Iin HCV Treatment: Genotype 1

% of Patients with SVR

Year of FDA approval



The Holy Grall

Wolfram von Eschenbach's Parzival presents the grail as a stone which provides
sustenance and prevents anyone who beholds it from dying




The Death of Peg lambda or alfa,like
Mark Twains Is an exaggeration

May 1897



