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PCSKO9 Inhibitors:
From Target Discovery to Phase lll to the Clinic
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* ADH: Autosomal Dominant Hypercholesterolemia; Seidah NG. Proc Natl Acad Sci US 2003;136(#tg2glel M. Nat Genet 20(E(2):1546, Maxwell KN. Proc Natl Acad Sci
US 2004;101(18):716®) Rashid S. Proc Natl Acad Sci US 2005;102(15)93Zdgace TA et al. JCI 2006;116:23%% Cohen JGL Engl J Med 2006;354(12):12B2, Zhao Z. Am J

Hum Genet 2006;79(3):5128, Hooper AJ. Atherosderosis 2007;193(2):846han JC. Proc Natl Acad Sci US 2009;106(245982 et at N Engl J Med 2012;366:11T8
Stein modified from Swergold, Regeneron.



CHOLESTEROL
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Thin cap, rupture-prone atherosclerotic plaque

Inflammation
- macrophages
- T lymphocytes
- mast cells
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LDL Is causal

In the pathophysiology of atherosclerotic vascular
disease

ANTERHEART
A-amilial hypercholesterolemia
ARCTs with statins and cholesterol absorption inhibition
MAendelian randomisation studies
AP CSK9 genetics
AOrigin of Plaque components

Avlodulation of Plague composition and size by Statins



Control of plasma LDL- cholesterol levels:
Key role of the cellular LDL receptor

JOMAINS

Ligand binding
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http://www.iemrams.spb.ru/english/molgen/fh-en/domain-e.htm. [Accessed 6 August 2015]



Plasma LDL degradation by the LDL Receptor pathway
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Which factors principally control
levels of LDL receptor activity in the liver ?



Control of hepatic LDL-Receptor activity

- Intracellular levels of cholesterol
(reflecting uptake of cholesterol contained in LDL,
VLDL and chylomicron remnants, and HDL), endogenous
cholesterol synthesis, cholesterol conversion to bile acids, and
excretion of bile acids and biliary cholesterol)
via the SREBP pathway

- PCSK9

- the IDOL pathway
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What is PCSK9 ?

How was PCSKO9 identified as a key
gene In cholesterol homeostasis ?



What is PCSK9?
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Chromosome:

1p32.3

Gene:
12 exons
CDNA 3617 bp - S127R | F216L D374Y '\I4LSS —%«:9?\-’/

Protein:
692 amino acids R | wame L

G106R

A Expressed in liver, kidney, intestine
A Undergoes autocatalytic cleavage in the ER to active conformation
A Appears to play the role of an intracellular protein chaperone

http://www.genecards.org/cgi-bin/carddisp.pl?gene=PCSK9/. [Accessed 19 July 2011]
Abifadel M, et al. Nature Genet 2003;34:1541 6. Horton JD, et al. Trends Biochem Sci 2007;32:71i 7.
Abifadel M, et al. Hum Mutat 2009;30:52071 9. Chen SN, et al JACC 2005;45:16117 9.



A PCSK9 GAIN-of-Function mutation causes
Autosomal Dominant Hypercholesterolaemia

Affected family members with:

A Total cholesterol in 90t percentile
A Tendon xanthomas
A CHD

A Early Ml

A Stroke

Mutations in PCSK9 cause
autosomal dominant
hypercholesterolemia

Muarianne Abiladel Mathilde Varret', Jean-Pierr

Abifadel M, et al. Nat Genet 2003;34:154i 6.



Absence of PCSK9 Leads to Marked Increase iR |

PCSK9 knockout mice : hepatic LDL-R levels

Immunoblot Immunofluorescence against LDL-R
Genotype B Wild-type -

P
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LDLR == &
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PCSK9 decreases number of EDLA LDC

Rashid S et al. PNAS 2005;102:5374i1 5379



Role of PCSKO9 in regulation of
the surface expression of LDL receptors

LDL
particles

PCSKO9 routes
LDLR for
lysosomal

degradation X

- LDLR

recycling
blocked

Chan JC, et aProc Natl Acad Sci USA 2009;106:9830



Al .

Regulation of PCSK9 is dynamic

Upregulates PCSK9

A Cholesterol depletion?3
ASREBP2 134
A Statins34

~ PlasmaPCSK9level Downregulates PCSKS

T A Dietary and cellular cholesterol4

A Bile acids3#4

Horton JD, et al. J Lipid Res. 2009;50:S172i 7.

Lopez D. Biochem Biophys Acta 2008;1781:1841 91.

Abifadel M, et al. Hum Mutat. 2009;30: supplementary information.

Abifadel M, et al. In: Toth PP. The Year in Lipid Disorders. Vol. 2. Oxford, UK: Atlas Medical Publishing Ltd. 2010:371 23.

Miao et al, ATVB. 2015;35:1589-1596.



Is there a major flaw
In the MOA of
statins ?



Mechanism of statiimediated upregulation
of the LDLR gene via SREBP2
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Mechanism of statin-mediated upregulation
of the LDLR and PCSK9 genes via SREBP2
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Adapted from Konrad RJ et al. Lipids Health Dis 2011;10:38.



PCSK9

How do genetic mutations/variants In
PCSKO9 relate to LDL-C levels and CV risk ?

Can PCSK9 be targeted to reduce LDL-C
and CVD ?



Genetic variants of PCSK9 exert
distinct roles In regulatlng LDL-C levels
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Elevated LDL-C levels in patients
with GAIN-of-Function PCSK9 mutations

Control

D35Y 249

L108R 266

S127R 287

227

F216L

R218S 216

D374Y 350

Poirier S, Mayer G. Drug Des Devel Ther 2013;7:1135i 48.



Low LDL-C levels In patients
with LOSS-of-Function PCSK9 mutations

Control 105
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Poirier S, Mayer G. Drug Des Devel Ther 2013;7:1135i 48.



Loss-of-Function PCSK9 mutations are associated
with low LDL-C and low prevalence of CHD events

88% reduction in risk of CHD
No NONSENSE | e— 50" Percentile events during 15-year follow-u
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Adapted from Cohen JC et al. N Engl J Med 2006;354:12641 72.



A Individuals who completely lack PCSK9 and
have very low LDL-C levels are healthy

A Therefore, inhibition of PCSK9 may be
a safe pharmacologic approach
to dyslipidaemia management



Approaches to reducing PCSK9 interaction with the LDLR

Bind plasma PCSK9
/~ AMonoclonal antibodies )
b Evolocumab, now EMEA approved (Amgen)
b Alirocumab, now FDA approved (Regeneron/Sanofi)
b Bococizumab (Pfizer)
\_ AAdnectins (Adnexis/BMS) )

Reduce PCSK9 synthesis
AsiRNA (Alnylam)

Lambert G, et al. J Lipid Res. 2012. 53: 25157 24.
http://mww.lilly.com/SiteCollectionDocuments/Pipeline/Clinical%20Development%20Pipeline/index.html. [Accessed 6 August 2015]



Impact of an anti-PCSK9 monoclonal antibody on LDL-R
expression

LDLR recycling

Chan JC, et al. Proc Natl Acad Sci USA 2009;106:98201 5.



Alirocumab:

Dynamic Relationship Between mADb Levels, PCSK9 and LDL-C

Free/total PCSK9 Conc. (ng/mL)
Total alirocumab (ng/mL) X 0.01
=
o
o
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Stein EA et al. New Engl J Med 2012;366:1108i 18.
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The CV Risk Pyramid :
Greatest clinical needs

Familial Hypercholesterolemia (HeFH and HoFH)
A LDL-C levels often far from goal, even with potent statins
and combination therapies
A Life-long exposure to high LDL-C; considered high risk
even w/o additional risk factors

High CV Risk Patients

Patients not at LDL-C goal with currently available LLT
(even high doses of potent statins) and persistent high risk

Statin Intolerant Patients
A LDL-C levels often far from goal, due to intolerance
A Patients unable to tolerate at least 2 statins, including
one at the lowest dose



Chapman, MJ. Unpublished.

Very high and
high risk
Dyslipidaemic

patient
populations




Overview of ODYSSEY Phase 3 Clinical Trial Program

14 global phase 3 trials including >23,500 patients across >2,000 study centers

HeFH population

Add-on to max-tolerated statin
(x other LMT)

ODYSSEY FH | (NCT01623115; EFC12492
LDLC O 70 mgCd ddl1l OR nigD
N=471; 18 months AODYSSEY

ODYSSEY FH Il (NCT01709500; CL1112)
mg/Cd O1QR ImD

LbLc O70

N=250; 18 months MODYSSEY

ODYSSEY HIGH FH (NCT01617655; EFC14
LDLC 0160 mg/ dlL

N=105; 18 months @ODYSSEY
ODYSSEY OLE (NCT01954394; LTS 13463
OpeHdabel study for FH from EFC 12492,
CL 1112, EFC 12732 0or LTS 11717
NO1000; 30 moffADNSSEY

HC in high CV risk population

Add-on to max-tolerated statin
(x other LMT)

ODYSSEY COMBO | (NCT01644175; EFC115
LLDLC O70 mg/{dIO10R ImDLlL
N:306; 12 months (‘D\\\' Y

*ODYSSEY COMBO Il (NCT01644188; EFC1
LDLC O70 mg/CdIO10R ImDL
N=660; 24 months AODYSSEY

L N=100; 6 months

Additional populations

ODYSSEY MONO (NCT01644474; EFC11716)
Patients on no background LMTs

LDLC 0100 mg/ dL ODYSSEY

ODYSSEY ALTERNATIVE (NCT01709513; CL

D)Patients with defined statin intolerance
LLDLC O70

mBpLUCd IO10R mg/
AODYSSEY

WVTTRNATIVE

N=250; 6 months

ODYSSEY CHOICE | (NCT01926782; CL1308)

LDLC O70
N=700; 12 months

ODYSSEY LONG TERM (NCT01507831; LTS11717

LDLC O70 mg/ dL
N=2,100; 18 months

«(ODYSSEY

FODYSSEY
ODYSSEY OUTCOMES (NCT01663402; EFC
LDL.C 670 mg/ dL

N=18,000; 64 months AODYSSEY

LT O

mg/CdI0O10R ImDQL dL

FODYSSEY

ODYSSEY CHOICE Il (NCT02023879; EFC13
Patients not treated with a statin

LDLC 070 mg/CdIO10R Im@L d
N=200; 6 months FODYSSEY

ODYSSEY OPTIONS | (NCT01730040; CL1114
Patients not at goal on moderate dose atorvasta
LDC 070 mg/{CdIO10R ImDL d
N=350; 6 months fODYSSEY

ODYSSEY OPTIONS Il (NCT01730053; CL11
Patients not at goal on moderate dose rosuva
LDLC O70 mg/{dIO10R ImDL
N=300; 6 months AODYSSLY

FH=familial hypercholesterolemia; HC=hypercholesterolemia; LMT=lipid-modifying therapy; OLE=open-label extension.
*For the ODYSSEY COMBO Il other LMT not allowed at entry.
ClinicalTrials.gov. ODYSSEY Phase 3 Trials. http://clinicaltrials.gov. Accessed February 12, 2014.



Evolocumab Clinical Trial Program
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unmet need in the management of dyslipidaemia >35,000 patienty

;;]'ICO Combination Phase 2 Phase 3
l‘ = therapy (QECENY (n=2067,
Phase 2 Phase 3
mende';:;‘,/i;, Monotherapy (n=4$11) (n=a§le5)
.. Phase 2 Phase 34) Phase 3
ﬁausi Statin intolerant (n=160) (n=30R (n=511)*

, ' Phase 2 Phase 3
rutherford | HeFH (n=168) (n=331)
/ tesla '\". Phase 2/3 Phase 2/3
HoFH/ Severe F _ 1 1
,'.\ l’(# tauss]g (n_58) (n_SOO)

¢ Longterm Phase 3
(s ({&2:V (Il <afety and efficac (n=905)
Openlabel Phase 2 Phase 3
€L, extension (n=1104) (n=3671)*
glag V Ath lerosi Phase 3
) erosclerosis (n=970)
?Ollmf'l ewif Secondary Phase 3
w ol W Prevention (n=27,564)
Neurocognition FIEED &
éBbm haus (n=1971)*

tn(;rlgp eted HeFH, heterozygous hypercholesterolaemia; HoFH, homozygous hypercholesterolaemia. Clintrials.gov. * Amgen datz




SPIRE PhaseBdcocizumalClinical DevelopmenProgramme
Unmet Needs in the Management of C\itbHighRisk Patients

SPIRESudies of PCSK9nhibition and
the Reduction of VasculaEvents) N=~30,000

SPIRE Lipid Lowering Studies SPIRE CV Outcome Studies
SPIRE HR (n=300) SPIRE LDL (n=1,932) SPIRE. (n=17,000) SPIRE (n=9,000)
On statin On statin High Risk Primary and High Risk Primary and
High risk of CV event _|_ High risk of CV event Secondary Prevention Secondary Prevention
LD/ TN 2NJ XM LD/ xT7n Y3IKR LDV xT1Tn G2 fm LD/ xmnn Y3AkR]
on statins (or statin statins (or statin intolerant)
intolerant)

SPIRE FH (n=300) SPIRE LL (n=690)

HeFH (genetic diagnosis ¢ On statin . o :
Simon Broome Criteria), |1~ High / very high risk of NCT#: hitps://clinicaltrials.gov
LDL>70 mg/dL CV event SPIRE HRICT01968954

LD/ xwmnn Y3k % SPIRE LDNCT01968967
Z SPIRE HRCT01968980

SPIREL:NCT02100514

SPIRE Sl (n=150) ]
SPIRE e s
LD/ T n Y3IKR] Studies on PCSKQ Inhibition and the '

Reduction of Vascular Events SPIRE2:NCT01975389


https://clinicaltrials.gov/

Overview of ODYSSEY Phase 3 Clinical Trial Program

14 global phase 3 trials including >23,500 patients across >2,000 study centers

HeFH population HC in high CV risk population Additional populations

Add-on to max-tolerated statin Add-on to max-tolerated statin

(+ other LMT) (x other LMT) ODYSSEY MONO (NCT01644474; EFC11716)
Patients on no background LMTs
LDLC 0100 mg/ dL - w ;
AODYSSEY
L N=100; 6 months ODY5 \H

ODYSSEY FH | (NCT01623115; EFC12492 ODYSSEY COMBO | (NCT01644175; EFC115
LDLC O 70 mgQ ddl OMR ngD EALLDLC O70 mg/CdIO1OR ImDL
N=471; 18 months AODYSSEY N=306; 12 months AODYSSEY

IEEEEEEEEESSS—S—S—S,S.... A ODYSSEY ALTERNATIVE (NCT01709513; CL
ODYSSEY FH Il (NCT01709500; CL1112) *ODYSSEY COMBO Il (NCT01644188; EFC11@@)Patients with defined statin intolerance
LDLC 070 mgfdIO10R ImD LDLC O70 mg/CdIO10R ImDL @MLLDLC O70 nmBUCdIO1OR mg/
N=250; 18 months AODYSSEY N=660; 24 months AODYSSEY N=250; 6 months AODYSSEY
ODYSSEY HIGH FH (NCT01617655; EFC1. ODYSSEY CHOICE | (NCT01926782; CL1308)
LDLC 0160 mg/ dL LDLC 070 mg#{dIO10R ImQL dL
N=105; 18 months MODYSSEY N=700; 12 months FgODYSOEY
ODYSSEY OLE (NCT01954394: LTS 13463 ODYSSEY CHOICE Il (NCT02023879; EFC13

: Patients not treated with a statin

OpeHdabel study for FH from EFC 12492, . h
CL 1112, EFC 12732 or LTS 11717 tDLc 070 mg/cdlo10rR gl o
NO1000; 30 moffIDYSSEY N=200: 6 months Y e

ODYSSEY OPTIONS | (NCT01730040; CL1114

Patients not at goal on moderate dose atorvasta

AODYSSEY LDLC O70 mg/dIO10R ImglL d
© LONGTERM N=350; 6 months fODYSSEY

(RTINS

ODYSSEY OUTCOMES (NCT01663402; EFC 7\ sory opTIONS Il (NCT01730053: CL11

LDLC 070 mg/dL Patients not at goal on moderate dose rosuva

ODYS SEY N=18,000; 64 months ,,»(",)[)\!’SSE\' LDLC O70 mgiCdO10R ImpL
ﬂ N=300; 6 months -

@ODYSSEY

WVTTRNATIVE

ODYSSEY LONG TERM (NCT01507831; LTS11717
LDLC O70 mg/ dL
N=2,100; 18 months

FH=familial hypercholesterolemia; HC=hypercholesterolemia; LMT=lipid-modifying therapy; OLE=open-label extension.
*For the ODYSSEY COMBO Il other LMT not allowed at entry.
ClinicalTrials.gov. ODYSSEY Phase 3 Trials. http://clinicaltrials.gov. Accessed February 12, 2014.



ODYSSEY FH | and FH Il Study Design

Double-Blind Treatment Period (78 Weeks)

A
A\ 4

HeFH patients on Al T rocumab 75 mg Q2W t8150mwg Q2W SO N
max tolerated statin (single 1-mL injection using prefilled pen for self-administration) i 3
+ other lipid- n=323 (FH I); n=167 (FH II) L
lowering therapy A L5

. Per-pr ot oc ol dose y pd,g.
LDL-C O1. 8 1'?m0 | /L on pre-specified LDL-C level ioo
[70 mg/dL] | L]
(history of CVD) | n=163 (FH I); n=82 (FH II) o)

or :

2.59 mmol/L
[100 mg/dL]
(no history of CVD)

WO W38 W16 W36 woe4

ASSESSMENLS mee—— >
W4 W12 W'f4 W52 w78
Dose 9§ if Primary  Pre-specified analysis
LDL-C >70 mg/dL efficacy  Efficacy: All Patients To W52
at W8 endpoint  Safety: Baseline-W78 (all patients at least W52)

Clinicaltrials.gov identifiers; ODYSSEY FH I: NCT01623115; ODYSSEY FH II: NCT01709500. Kastelein, ESC 2014



Lipid Medication and LDEC at Baseline

All patients on background FH I FH Il

of max-tolerated statin * : :

other lipid-lowering Alirocumab Placebo Alirocumab Placebo
therapy (N=323) (N=163) (N=167) (N=82)

SR S A i ()| 80.8% (261) | 82.8% (135) | 86.2% (144) | 87.8% (72)

Any statin % (n) 100% 100% 100% 100%
55.7% (180) 59.5% (97) 67.1% (112) 64.6% (53)

Ezetimibe, % (n)

LDL-C, mean (SD), mmol/L 3.7 (1.3) 3.7 (1.2) 3.5(1.1) 3.5(1.1)
[mg/dL] [144.7 (51.2)] [144.4 (46.8)] [134.6 (41.3)] [134.0 (41.6)]
APatients should receive either rosuvastatin 20-40 mg, atorvastatin 40-80 mg daily, or simvastatin 80

mg daily unless not tolerated and/or appropriate other dose given according to the judgement of the
investigator.

YHigh-intensity statin: atorvastatin 40-80 mg or rosuvastatin 20-40 mg daily. (‘(ODYSSEY

Kastelein, ESC 2014



Alirocumab Significantly Reduced LDL-C from
Baseline to Week 24 versus Placebo

Primary Endpoint: % Change from Baseline to Week 24 in LDL-C

. Alirocumab
I o . FH | FH I W crocen
é 9.1% acebo
= 10 - 2.89%
o
g 0
D
S -10 -
o)
S 20 -
© 43.4% 38.6%
(o o
S -30 had dose had dose
o 40 Increase increase
T at W12 at W12
n 90 -
= 48.8% 48.7%
g 60 - LS mean
5 difference (SE) T57.9% (2.7) 151.4% (3.4)
~  vs.placebo: P<0.0001 P<0.0001  GODYSSEY

Intent-to-treat (ITT) Analysis Kastelein, ESC 2014
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unmet need in the management of dyslipidaemia >35,000 patienty

;;]'ICO Combination Phase 2 Phase 3
l‘ = therapy (QECENY (n=2067,
Phase 2 Phase 3
mende';:;‘,/i;, Monotherapy (n=4$11) (n=a§le5)
.. Phase 2 Phase 34) Phase 3
ﬁausi Statin intolerant (n=160) (n=30R (n=511)*

, ' Phase 2 Phase 3
rutherford | HeFH (n=168) (n=331)
/ tesla '\". Phase 2/3 Phase 2/3
HoFH/ Severe F _ 1 1
,'.\ l’(# tauss]g (n_58) (n_SOO)

¢ Longterm Phase 3
(s ({&2:V (Il <afety and efficac (n=905)
Openlabel Phase 2 Phase 3
€L, extension (n=1104) (n=3671)*
glag V Ath lerosi Phase 3
) erosclerosis (n=970)
?Ollmf'l ewif Secondary Phase 3
w ol W Prevention (n=27,564)
Neurocognition FIEED &
éBbm haus (n=1971)*

tn(;rlgp eted HeFH, heterozygous hypercholesterolaemia; HoFH, homozygous hypercholesterolaemia. Clintrials.gov. * Amgen datz




PROFICIO

—

Evolocumab Q2W or QM:

consistent LDIC reductions across different studies

-10
-20

Treatment -30 -
difference for
% change -40
from baseline
in LDEC -0

-60 —
-70
-80 -

_gU —

consistent reduction in LBC, Q2W and QM

Monotx
MENDE{2
N=614

Evolocumab vezetimibe
consistent reduction in LBC, Q2W and QM

Evolocumab vplaceba

Combotx HeFH Long Term!  Monotx Combotx Sl
LAPLAGE RUTHERFORD DESCART¢SMENDEQ LAPLACE GAUSE
N=1896 N=329 N=901 |, N=614 N=1896 N=307

-100

—@®— Evolocumab 140 mg Q2W —4— Evolocumab 420 mg QM

Results are for the mean of weeks 10 and 12 except for DESCARTES, which are for we:
MENDE{2: Koren MJ, et al. J Am Coll Cardiol 2014;63:@8B1L APLACE Robinson JG, et al. JAMA 2014;311:%820RUTHERFORERaal FJ, et al.
Lancet 2015;385:3340; DESCARTES: Blom DJ, et al. N Engl J Med 2014;3qD018)USS: Stroes E, et al. J Am Coll Cardiol 2014;63(341
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unmet need in the management of dyslipidaemia >35,000 patienty
Mice Combination Phase 2 Phase 3
-~_.-_l,L_§*-‘]CL therapy (n=631) (n=2067;
mendel 7/ Phase 2 Phase 3
éf/ Monotherapy (n=411) (n=615)
. Phase 2 Phase 34/ Phase 3
Statin intolerant (n=160) (N=30F (n=511)*
Phase 2 Phase 3

HeFH (n=168) (n=331)

Phase 2/3 Phase 2/3

HoFH/ Severe F (r?:SSS) (nis?)%o)

¢ Longterm Phase 3
(NN AR safety and efficac (n=905)
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PCSK9 inhibition with evolocumab (AMG 145) in
heterozygous familial hypercholesterolaemia
(RUTHERFORD-2): a randomised, double-blind,
placebo-controlled trial

Frederick J Raal, Evan A Stein, Robert Dufour, Traci Turner, Fernando Civeira, Lesley Burgess, Gisle Langslet, Russell Scott, Anders G Olsson,
David Sullivan, G Kees Hovingh, Bertrand Cariou, loanna Gouni-Berthold, Ransi Somaratne, lan Bridges, Rob Scott, Scott M Wasserman,
Daniel Gaudet, for the RUTHERFORD-2 Investigators*

-@- Placebo every 2 weeks (n=54)

4~ Placebo monthly (n=55)
~€— 140 mg evolocumab every 2 weeks (n=110)
-8 420 mg evolocumab monthly (n=110)
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Efficacy of LDL-C lowering by Evolocumab in
heterozygous FH patients : RUTHERFORD-2

Evolocumab 140 mg Q2W Evolocumab 420 mg QM
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Inhibition of PCSK9 with evolocumab in homozygous 30 ®™
familial hypercholesterolaemia (TESLA Part B):
a randomised, double-blind, placebo-controlled trial

Frederick J Raal, Narimon Honarpour, Dirk J Blom, G Kees Hovingh, Feng Xu, Rob Scott, Scott M Wasserman, Evan A Stein, for the TESLA Investigators*
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