PCSK9 AND ITS INHIBITION
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Outcome of PCSK9 inhibition
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Cholesterol Absorption Inhibitor
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Regulatory factors for PCSK9

4\ - sterol regulatory element () for SREBP binding

- hepatocyte nuclear factor-1a ( ) potentiates
SRE activity

upregulates PCSK9

downregulates HNFla

, an NAD*-dependent histone deacetylase
is a transcriptional repressor of the PCSK9

recruits Sirtuin 6 to the PCSK9 promoter
receptor downregulates PSCK9
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Summary (1)

K9 competes with LDL particles on the
ing with LDLR.

K9-LDLR destructs LDLR in endosome.

PCS

K9 activity/expression is generally

increased under statin/fibrate medication.

PCSK9 inhibition may increase LDL uptake and
enhance cycling of LDLR.



Company molecule Description | Clinical
stage
Roche RG-7652 mAb Phase 2
Eli Lilly LY3015014 mAb Phase 2
Alnylam ALN-PCS02 RNAI Phase 1




Murine Chimeric Humanized Fully Human
(0% human) (65% human) (> 90% human) (100% human)

NI N\ I

Generic suffix -omab

Potential for immunogenicity




ODYSSEY LONG TERM Study Design

Follow-up
HeFH or Double-blind treatment (18 months) ) (? weeksz

High CV-risk patients

A~

Alirocumab 150 mg Q2W SC

On maximally ' (single 1 mL injection using prefilled syringe
tolerated statin for self-administration)
+ other lipid-lowering™
Ehetapy Placebo Q2W SC
LDL-C 270 mg/dL
w4 W12 w24 W52 we4 W78
Assessments =@ - >
W0 W8 W16 W36
Primary Pre-specified analysis
efﬁcac;y Efficacy: All patients up to W52 (ITT)
endpoint Safety: All patients randomized and
treated

85.8% (2009/2341) completed 52 weeks (both treatment arms)

26.1% (405/1553 alirocumab) and 25.6% (202/788 placebo) had completed 78 weeks by time
of this analysis

Mean treatment duration: 65 weeks (both treatment arms)

ClinicalTrials.gov identifier: NCT01507831. ‘“



Alirocumab Maintained Consistent
LDL-C Reductions Over 52 Weeks

Achieved LDL-C Over Time
All patients on background of maximally tolerated statin =+ other lipid-lowering therapy
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Overview of ODYSSEY Phase 3 Clinical Trial Program

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

4HeFH population 4HC in high CV risk population
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Table 2. Summary of efficacy of alirocumab and evolocumab in high cardiovascular risk patients with or without other lipid-lowering therapy. Data from phase Il trials

Reference Trial

Patient population

MADb dose regimen

Comparator regimen

% LDL-C reduction

Evolocumab

[32] LAPLACE2

[33]

34,35]

Alirocumab
[3¢6]
137]

[38]

ODYSSEY COMBO |

ODYSSEY COMBO i

ODYSSEY OPTIONS |

139] ODYSSEY OPTIONS i

[40] ODYSSEY CHOICE |

[41) ODYSSEY CHOICE I

[42) ODYSSEY LONG TERM

Primary hypercholesteralaemia and
mixed dyslipidaemia. Moderate to
high intensily statin

Hyperlipidaemia, on diet with or
withaut LLT

Primary hypercholesteraleemio,
mixed dyslipidaemia or HefFH with
or without LLT (70% on stafin)

Hypercholesterolaemio, on maximally
tolerated statin + other LLT

Hypercholesterolaemio, on moximally
lolerated statin

Hypercholesterolaemia, on ATOR 20
or 40 mg

Hyperchalesterolaemia, on ROS 10-
20 mg

Hyperchalesterolaemia, on moximally
tolerated statin therapy or stotin-
naive or intolerant

Hyperchalesterolaemia, on EZE, FEN
or diet alone

Hyperchalesterolaemia, on maximally
tolerated statin + other LLT

2067

803

233

2341

140 mg/2 weeks or
420 mg/month

420mg/ 4 weeks

140 mg/2 weeks or

420 mg/month
75/150mg every 2 weeks®
75/150mg every 2 weeks®

75/150mg every 2 weeks®

75/150mg every 2 weeks®

75/150mg every 2 weeks®
or 300 mg/4 weeks

75/150mg every 2 weeks®
or 150 mg/4 weeks

150 mg/2 weeks

Ezetimibe 10mg daily
or placebo

Placebo

Placebo

Placebo
Ezetimibe 10mg/day

Ezetimibe 10mg/day
Doubling ATOR dase
Switching to ROS 40
[ATOR 40 only)

Ezetimibe 10mg/day
doubling ROS dose

Placebo

Placebo

Placebo

Mean at weeks 10 ond 12: 66-75%
(140 mg/2 weeks] 63-75%
(420 mg/month) 17-21% (ezetimibe)
Mean at week 52: 57%; 56% on diet
alone 62% on ATOR 10mg 57% on
ATOR 80mg 49% on ATOR
80mg/EZE 10mg

Mean week 12: 61%

LS mean week 24: 46%

LS mean week 24: 51% [alirocumab]
21% [ezetimibe]

LS mean week 24: 44-54%
[clirocumab), 21-23% [ezetimibe],
4.8-5.0% [Doubling ATOR dose],
21% [Switching o ROS)

LS mean week 24: 38-51%
[alirocumab), 11-14% [ezetimibe],
16% [Doubling ROS dose]

LS mean week 24: statin-naive 52%,
on statin 59% (300mg/4 week)

LS mean week 24: 56%
(150 mg/4 week]

Mean week 24: 62%

ATOR, atorvastating EZE, ezefimibe; FEN, fencfibrate; HeFH, heterazygous familial hypercholesterolaemia; IDLC, low<density lipoprotein cholesterol; LLT, lipicHowering therapy; LS, least squares; MAb, moneclonal
antibedy; N, number of patients; ROS, rosuvasiatin.
Trial aeronyms: LAPLACE-2: LDLC Assessment With Proprotein Convertase Sublilisin Kexin Type 9 Monoclonal Antibody Inhibitien Combined With Statin Therapy 2; DESCARTES: Durable Effect of PCSK? Antibedy

Compared with Placebo Study; OSLER: Open Label Shudy of Loag Term Evaluaion Againg LDL-C Trial.

“Alirecumab dose was increased to 150 mg every 2 weeks ot week 12 if LDLC >1.8 mmol/l or 7Omg/dl ot week 8, or net achieving LDLC goal of week 8 (OPTIONS | and II).




Agent {Trial}

Study description

LBL-C (% change from baseline to study end-point, except as indicated)

SAR

AMG (LAPLACETIMIS7)

[RUTHERFORD)

{MENDEL)

[GAUSS)

12-week double-blind, placebo-controlled
Irial in 183 patients with LDLC
>100mg/dl on stable atorvastalin
theropy [36™"]

8-week double-blind, placebocontrolled
Irial in 92 patients with LDL-C
>100mg/dl on atorvastatin 10 mg
theropy (37] ’

12-week double-blind, placebo-controlled
Irial in 77 patients with heterozygous FH
and LDLC >100mg/dl on stable stolin
dose [with or without ezetimibe)
therapy (38™"]

12:-week double-blind, placebo-controlled
trial in 631 patients with LDL-C >85 mg/d|
on stable stalin dose (with or without'

ezetimibe) therapy [39]

12-week double-blind, placebo-controlled frial
in 167patients with heterozygous FH and
LDL-C >100mg/d| on stable statin dose
{with or without ezetimibe) therapy [40™"]

12-week randomized, placebocontrolled trial
for AMG [ezetimibe not masked) in
406 patients not already on a statin [41%]

12-week double-blind, placebo and ezetimibe-

SAR 50mg
Q2w

-5.1 -39.6°
Atorvostatin 80mg and Placebo

-17.3

SAR 150 mg
QAW

Placebo

1.1

AMG 70mg AMG 105mg
Q2w Q2w

-37.3° 402"

SAR 100mg
Q2W

SAR 150mg
QW

-64.2° -72.4"

Alorvastatin 10mg ond SAR 150 mg
QW

-66.2!

SAR 200 mg SAR 300 mg Q4W

Q4w

-31.5

AMG 140 mg
Q2w

-42.5*
AMG 280 mg Q4W

—66.1*° —41.8""

AMG 350mg
QAW

—42.71

AMG 140mg  AMG 280 mg QAW

Q2W

—47.2*° —43.6%°

SAR 200 mg
QAW

SAR 300mg
QAW

-43.2" -47.7*

Alorvastalin 80mg and
SAR ISOmg QW

732!

SAR 150 mg
QW

-67.9"

AMG 350mg
QAW

AMG 420 mg
Q4w

-50.0*< -50.3*<

AMG 420mg
QAW

—55.21

AMG 350mg  AMG 420mg
Q4w QAW

Ezetimibe 10mg

—47.7%° -52.5*" -14.7

Placebo Q4W and Ezetimibe

AMG 280mg  AMG 350mg  AMG 420mg AMG 420 mg Q4W and Ezetimibe

controlled frial in 160 statin-intolerant QAW

patients [42%"]

Q4w Q4w 10 mg 10mg

—40.8" -42.6" -50.7" —63.0" -14.8

AMG, AMG145; FH, familiol hypercholeslerolemia; Q2W, every 2 weeks; Q4W, every 4 weeks; SAR, SAR236553/REGN727.
*P<0.0001 versus placebo.

TP<0.001 versus atorvastolin 80mg and placebo.

P < 0.001 versus placebo.

*¥P<0.001 versus ezetimibe and placebo.

°mean change in LDLC versus placebo.




FOURIER

ODYSSEY
OUTCOMES

SPIRE |

SPIRE Il

PCSK9 inhibitor
v. Placebo

Evolocumab

Alirocumab

Bococizumab

Bococizumab

Planned
Enrollment

22,500

18,000

12,000

6,300

Primary
Endpoint

CV death, M|,
hospitalization for
unstable angina,
stroke, or coronary
revascularization

CHD death, MI,
ischemic stroke,
or unstable
angina requiring
hospitalization

CV death, MI,
stroke, or
hospitalization for
unstable angina
needing urgent
revascularization

CV death, M|,
stroke, or
hospitalization for
unstable angina
needing urgent
revascularization

Study
Population

History of CV
disease and high
risk for recurrent

event

Hospitalized for
ACS in previous 4-
52 weeks

High risk for CV
events

High risk for CV
events

LDL-C at Entry

2 70 mg/dL

2 70 mg/dL

70-100 mg/dL

2 100 mg/dL

Dose (if
available) &
Frequency of
Study Drug

Q2W and QM

Q2w

150 mg Q2W

150 mg Q2W

Estimated
Completion
Date

December 2017

January 2018

August 2017

August 2017




Summary (2)

PCSK9 inhibition induces LDLc reduction by
more than 50%.

PCSK9 inhibition also reduces Lp(a) levels.

Effects of PCSK9 inhibitor seem to be
consistent even under maximal statin doses,
or even for hetero-FH patients. Moreover
interpersonal variation seems to be small, too.

CVD prevention through PCSK9 inhibition will
be proved soon. (FOURIER study etc.)



* PCSK9 is mainly expressed in adult
and
circulating PCSK9 can inhibit
in those organs and adipose
tissue. ; PCSK9 inhibition may be associated
with and liver ( ) ?

, a natural extrahepatic PCSK9
inhibitor, is highly distributed in adrenal gland ;
PCSK9 inhibitor does little to adrenal gland



 PCSK9 is highly expressed in pancreatic beta
cells ; why ?

e Could PCSK9 inhibition aggravate insulin
resistance( )?

* LDLR and CD81, 2 HCV entry receptors are
dose dependently downregulated by PCSK9 ;

May PCSK9 inhibition increase the risk of
?



Question 3

(in
macrophages); may be of atherogenic ?



PCSK

Tissue distribution

Subcellular localization

Kexindike
PCSK1
PCSK2
PCSK3 (Furin)
PCSK4
PCSKS

PCSK6 (PACE4)

PCSK7
Pyrolysindike
PCSK8 (SKI-1)
Proteinase Kdike
PCSKQ |

{R/K)Xn(R/K}H

RX(L/V/X]

{VAAIFAQL

Neurcendocrine
Neurcendocrine
Ubiquitous
Germina!

Widespread: adrenc! cortex,
intesting, kidney and ovary

Widespread: muscle, heort,
piluitary, infesline, cerebellum
and kidney

Ubiquitous
Ubiquitous

Liver, intestine and kidney

Acidic regulated secrelory granules
Acidic reguloted socretory granules
TGN, cell surface and endosomes

Cell surface?
Cell surfoce and ECM

Cell surfoce ond ECM

TGN, cell surface ond endosomes
ciz and medialGolgi

TGN and extracellulor

Secreted
Secreted

Shod
PCSKSA: secrated;
PCSK58: shed

Secroted

Not socreted
Not secreted

Sccrpfed

ECM, extracellular matrix; PACE4, paired basic amino acid cleaving enzyme 4; SKLI, sbslisin/kexin isozyme 1; TGN, ransGelgi network, Adapled and
- - . 2




Stawowy P. Proprotein convertases in atherogenesis. Curr Opin Lipidol. 2015 Aug;26(4):338-44.

Carotid VSMC Ma Adipose Cardio-
ath myo




4

— vaccination , Vaccination with small peptides directed to the
PCSK9 N-terminus, which interacts with the LDL-R, resulted in
prolonged antibody production (half-life about 4 months),
accompanied by a significant reduction in lipoproteins for up to 1 year
(> 50% LDL-C reduction in LDL-R*/mice)

— chemicals , Adnectin BMS-962476 (molecular weight ~ 11 kDa; Bristol-

Myers Squibb) successfully reduced free PCSK9 (>99% reduction) and LDL-C (~
55% reduction), with succeeding increases in total PCSK9 indicating reduced
clearance of the Adnectin/PCSK9 complex.

Stawowy, Philipp Current Opinion in Lipidology. 26(4):338-344, August 2015.



Mutations causing hypercholesterolemia

S127R F216L D374Y

Catalytic P domain | C-terminal
‘ 474

R46L
G106R
Y142X

N157K

Mutations causing hypocholesterolemia

(& American
Heart
Association.




Table 1

Loss-of-function and gain-of-function PCSK9 mutations in different geographical patients and clinical features associated with the mutations.

Mutations of
PCSK9

Geographical
origin

Clinical features

Change of LDL-C concentration

In vitro testing

References

Loss-of-
function

French, Ameri@an
Danish,
American

French

Norway
French-Canadian
family

Norway

French

Japanese

Chinese

Taiwan

Reduce 88% risk of CAD
Reduce 47% risk of CAD
Hypocholesterolemia
Hypocholesterolemia
Hypocholesterolemia
Hypercholesterolemia
Hypercholesterolemia
Hypercholesterolemia
Increasing HDL-C and ApoA1/

ApoB in male;
Reducing LDL-C

Decreased by 27%

Decreased by 8-9%; 9-15%; 11-16%

Decreased by 28%
Not available
Not available
Decrease 48%
Not available

Not available

2.1-Fold, 1.4-fold higher than
control, separately
Not available

Not available

Cell culture

Cell culture

Determined in HepG2 or HEK293 cells
transiently transfected

Cells transiently transfected with PCSK9-
Q152H cDNA

Determined in HepG2 or HEK293 cells
transiently transfected

Transiently transfected HepG2 cells
Not available

Not available

Cohen JCet al.
[16,20]
Cohen JCet al.
20]

Cohen JCet al.
[20]

Cameron | et al.
30]

Mayne J et al
[15]

Cameron | et al.
30]

Abifadel et al.
[10]

Noguchi Tet al
31]

Aung [H et aL
32]

HsulAet al
34]




G 48 0.4
>75% >97.5% >97.5%

Family Hypo79
PCSK9 R46L PCSK9 G106R

3%

—0

.6
57
57

4.2
>75% i n:2 11:3
42 54 48
34 5.8 38
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28 24

Family Hypod7 Family Hypo34
PCSK9 R46L PCSK9 R46L




Lysosome

LDL receptor LDL particle

Clathrin-coated
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Small Molecule Monoclonal Antibody

Size, kDa ~0.5 ~150
Structure Chemical entity Immunoglobulin
Method of production Controlled chemical Purification from cell

synthesis; easily controlled  culture media; more complex

Target Intracellular or extracellular Extracellular

Target specificity Low(er) High

Metabolism Hepatic/renal RES, target-mediated
disposition

Administration Oral Parenteral

Dosing Approximately daily Approximately Q2W-Q4W
Can cross BBB Potentially No

Q2W indicates every 2 weeks; Q4W, every 4 weeks; and RES, reticuloendothelial system.
Circulation. 2013,;127:2222-2230



Table Marketed Therapeutic Monoclonal Antibodies With Food and Drug Administration—Approved Indications* (as of December 2012)

Agent Binding Target Mechanism Type of Antibody Indication(s)

of Actiont
Oncology
Alemtuzumab  (Campath) CD52 ADCC, CDC Humanized CLL
Bevacizumab (Avastin) VEGF Ag Humanized CRC, non—small-cell lung and renal cell carcinomas, glioblastoma
Brentuximab (Adcetris) CD30 ADC Chimeric, with MMAE HL, systemic anaplastic large-cell lymphoma
vedotin (microtubule-disrupting agent)
Cetuximab (Erbitux) EGFR Ag, ADCC Chimeric CRC, squamous cell carcinoma of the head and neck
Ibritumomab (zevalin) CD20 Ag Murine, with yttrium-90 or NHL

indium-111 (delivery of radionuclide)

Ipilimumab (Yervoy) CTLA-4 Ag Human Melanoma
Ofatumumab (Arzerra) CD20 Ag,ADCC,CDC Human CLL
Panitumumab (Vectibix) EGFR Ag Human CRC
Pertuzumab (Perjeta) HER2 Ag, ADCC Humanized Breast cancer
Rituximab (Rituxan) CD20 Ag,ADCC,CDC Chimeric NHL, CLL
Tositumomab (Bexxar) CD20 Ag Murine, with iodine-131 NHL

(delivery of radionuclide), possibly ADCC and CDC
Trastuzumab (Herceptin) HER2 Ag, ADCC Humanized Breast cancer, gastric or gastroesophageal junction adenocarcinoma

Immunomodulatory settings

Adalimumab (Humira) TNFa Ag,ADCC,CDC38 Human RA, PsA, AS, CD, PsO, JIA
Basiliximab (Simulect) CD25 Ag Chimeric Organ (kidney) transplantation rejection
Belimumab (Benlysta) Soluble human BlyS Ag Human Systemic lupus erythematosus
Canakinumab (Haris) IL-1B Ag Human Cryopyrin-associated periodic syndrome
Certolizumab pegol (Cimzia) TNFa Ag Humanized pegylated Fab RA, CD
Golimumab (Simponi) TNFa Ag,ADCC,CDC38 Human RA, PsA, AS
Infliximab (Remicade) TNFa Ag,ADCC,CDC38 Chimeric RA, PsA, AS, CD, ulcerative colitis, PsO
Natalizumab (Tysabri) ad-Integrin Ag Humanized Multiple sclerosis, CD
Omalizumab (Xolair) IgE Ag Humanized Allergic asthma
Rituximab (Rituxan) CD20 Ag,ADCC,CDC Chimeric RA, Wegener granulomatosis, microscopic polyangiitis
Tocilizumab (Actemra) IL-6 receptor Ag Humanized RA, systemic JIA
Ustekinumab (Stelara) p40 Subunit Ag Human PsO
of IL-12 and IL-23
Cardiology
Abciximab (ReoPro) Glycoprotein lIb/llla Ag Chimeric Fab Percutaneous coronary intervention
Other
Denosumab (Prolia, Xgeva)  RANKL Ag Human High fracture risk from PMO, CRPC, or aromatase inhibitor-treated breast cancer
Eculizumab (Soliris) Complement protein C5 Ag Humanized Paroxysmal nocturnal hemoglobinuria, atypical hemolytic uremic syndrome
Palivizumab (Synagis) RSV F protein Ag Humanized R SV infection
Ranibizumab (Lucentis) VEGF-A Ag Humanized Wet age-related macular degeneration, macular edema postretinal vein occlusion
Raxibacumab (ABthrax) Bacillus anthracis toxin Ag Human Inhalation anthrax

Circulation. 2013;127:2222-2230



DESCARTES: 52-week efficacy and safety of
evolocumab 420mg q4w

WmWk12 W Wk52

Diet Alone Atorvastatin, Atorvastatin, Atorvastatin,
10 mg 80 mg 80 mg

+Ezetimibe,
10 mg
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ODYSSEY LONG TERM: safety

| 78.6%(1218) |  71.9% (404) 80.6% (635)

: 6.2% (96) 3.6% (20) 5.5% (43)
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