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} e of Talk

* Challenges in early clinical development in
Alzheimer’s disease

* Alzheimer’s disease therapeutic targets

* Approaches to inform decision making
— PET Imaging to establish target engagement
— BACE inhibitors targeting Ap as therapeutic target

— Tau as therapeutic target: PET Imaging to enable early
decision-making



ges in Alzheimer’s Disease

evelopment

* Target selection
— Preclinical models of limited utility in predicting clinical efficacy
— Difficult to model disease complexity
* Clinical trials are often prohibitively long, large & expensive
— Clinical endpoints are noisy
— Recruitment is challenging
— Patients often have mixed pathology
* Thus, critical need for biomarkers to:
— Inform dose selection
— Stratify patients
— Predict clinical outcomes



izheimer’s Disease Target Selection

Myriad of Potential Therapeutic Targets
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for Target Selection: Focus on

1uman Biology

Dt | it

1 Mt Disease
Relevant

Phenotypic

Assays

=72 Established
Pharmaco- ~~_3° Pathophysiology
logical = et | In novel model
Validation -

Human
Pharmacology

Translatable
Animal Models

Known
Disease 7 _
Pathology ¢ &« % “»:

Establishing Human
Clinical Translation

Disease
Progression Genetically Defined
Biomarkers Patient Cohorts

Innovative

tPharm Trials

[T I )
L K
Ve T 6
SRNESEE


http://www.google.com/url?url=http://medgen.med.miami.edu/news/2012/02/human-genetics-and-genomics-seminar-series2&rct=j&frm=1&q=&esrc=s&sa=U&ei=_A1qVN-VJYWsyAT0-ILABg&ved=0CB4Q9QEwBA&sig2=X1N72fUYF9iJ-q0WkB4thw&usg=AFQjCNF_jBlaq4gnG0RWVAuD0QChzDWOTA
http://www.google.com/url?url=http://medgen.med.miami.edu/news/2012/02/human-genetics-and-genomics-seminar-series2&rct=j&frm=1&q=&esrc=s&sa=U&ei=_A1qVN-VJYWsyAT0-ILABg&ved=0CB4Q9QEwBA&sig2=X1N72fUYF9iJ-q0WkB4thw&usg=AFQjCNF_jBlaq4gnG0RWVAuD0QChzDWOTA
http://www.google.com/url?url=http://www.123freevectors.com/medical-symbol-vector/&rct=j&frm=1&q=&esrc=s&sa=U&ei=4BRqVLaMBs-myAT6jYCIDA&ved=0CBgQ9QEwAQ&sig2=NpImj8aw_YFjbYNOCd787g&usg=AFQjCNEl9IJh-9hkS-SQI9IkReWnI6x9HQ
http://www.google.com/url?url=http://www.123freevectors.com/medical-symbol-vector/&rct=j&frm=1&q=&esrc=s&sa=U&ei=4BRqVLaMBs-myAT6jYCIDA&ved=0CBgQ9QEwAQ&sig2=NpImj8aw_YFjbYNOCd787g&usg=AFQjCNEl9IJh-9hkS-SQI9IkReWnI6x9HQ
http://www.google.com/url?url=http://www.wildlifesouth.com/Locations/Florida/SilverRiver.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=1RVqVOfGEsaQyATAkoGQBQ&ved=0CBwQ9QEwAw&sig2=hxJeXvz2U-TWg3MfWDAv5Q&usg=AFQjCNEXFzFQq78g05Rgqh3Hm2ODlqmC8A
http://www.google.com/url?url=http://www.wildlifesouth.com/Locations/Florida/SilverRiver.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=1RVqVOfGEsaQyATAkoGQBQ&ved=0CBwQ9QEwAw&sig2=hxJeXvz2U-TWg3MfWDAv5Q&usg=AFQjCNEXFzFQq78g05Rgqh3Hm2ODlqmC8A
http://www.cell.com/cms/attachment/2020594163/2040276916/gr1.jpg
http://www.cell.com/cms/attachment/2020594163/2040276916/gr1.jpg
http://www.google.com/url?url=http://oldfiles.bjorl.org/conteudo/acervo/print_acervo_english.asp?id%3D3526&rct=j&frm=1&q=&esrc=s&sa=U&ei=hhtqVNbQHcH-yQS4ioHAAg&ved=0CB4Q9QEwBA&sig2=nrXtFFu97jD_CUcs37g5_w&usg=AFQjCNHf7qSIS9kqawj6iH--zPiLmR_5HA
http://www.google.com/url?url=http://oldfiles.bjorl.org/conteudo/acervo/print_acervo_english.asp?id%3D3526&rct=j&frm=1&q=&esrc=s&sa=U&ei=hhtqVNbQHcH-yQS4ioHAAg&ved=0CB4Q9QEwBA&sig2=nrXtFFu97jD_CUcs37g5_w&usg=AFQjCNHf7qSIS9kqawj6iH--zPiLmR_5HA
http://www.google.com/url?url=http://memory.ucsf.edu/research/studies/amyloid&rct=j&frm=1&q=&esrc=s&sa=U&ei=lhdqVODbJM71yATJyoD4Cg&ved=0CBYQ9QEwAA&sig2=WuAf4QcAiQgU212EQubpEA&usg=AFQjCNEpzkqyLy5Sv5ljb6UkdI5tn3TH4w
http://www.google.com/url?url=http://memory.ucsf.edu/research/studies/amyloid&rct=j&frm=1&q=&esrc=s&sa=U&ei=lhdqVODbJM71yATJyoD4Cg&ved=0CBYQ9QEwAA&sig2=WuAf4QcAiQgU212EQubpEA&usg=AFQjCNEpzkqyLy5Sv5ljb6UkdI5tn3TH4w
http://www.google.com/url?url=http://www.doctortipster.com/3314-klinefelter-syndrome.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=oxpqVMnrEYeqyQSdgYLYDw&ved=0CDIQ9QEwDg&sig2=z3VViP8Vwq2V6RdH_CF0cg&usg=AFQjCNEZc9VO_rA9ezV6sRTfPaHDPk-ACA
http://www.google.com/url?url=http://www.doctortipster.com/3314-klinefelter-syndrome.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=oxpqVMnrEYeqyQSdgYLYDw&ved=0CDIQ9QEwDg&sig2=z3VViP8Vwq2V6RdH_CF0cg&usg=AFQjCNEZc9VO_rA9ezV6sRTfPaHDPk-ACA

Use small, early stage clinical trials where
safety, PK and PD can be densely
interrogated

Confirm biological hypothesis with a focus
on translatable pharmacology

* Leverage PET capabilities to confirm target
engagement

* Minimize variability and use biomarkers to
enhance effect size

* Measure endpoints (safety or efficacy) with a

faster readout than the registration endpoint

Identify dose for efficacy trials; leverage
guantitative modeling approaches



Predose

Postdose

e Use adaptive design focused on establishing receptor/enzyme
occupancy - plasma concentration relationship to establish minimal

effective dose to test in PoC trials

Receptor/Enzyme Occupancy

Repeated Dose Simulations
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Amyloid hypothesis and Alzheimer’s disease: the role of
the APP gene and BACE1 in disease initiation

BACE1 is the first of two ‘ )
enzyme cleavages that Ap peptides

release toxic AP peptides aggregate to form
oligomers and

p-amyloid plaques

that are toxic to

surrounding

= neurons
} |

BACE1

¢
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Causal human biology /

« Apdeposition in senile plaques

« APP, PSEN1, PSENZ2 mutations
cause FAD, increase A} cleavage

Neuron cell death
7 //yw leading to cognitive
77 &fﬁ decline and other
-4 %///// symptoms of AD

« APP-A673T variant reduces AD Intracellular N
tau tangles o ///9/%;

risk, decrease A cleavage



Is Potent, Competitive Inhibitor of

1 and BACE2
MK-8931: AB lowering in Cynomolgus Monkey CSF and Brain

Acute Cyno. Monkey Monkey CSF vs. Cortex Ap40
CSF AB40 110-
1200 100
— — 80~
T —§900 = %
B 1 & o 60
9 600 &G 2
o L © 404
< 5 X
@ 300 20~
O=
Control CSF Cortex
== Baseline
-e- 10 mg/kg . MK-8931
= 3.0 mg/kg +p<g-8(1)1 10 mg/kg po 4h
- <
MK-8931, po — p<0.
- - [CSF], nM

« MK-8931 reduces CSF A in rodents (not shown) and cisterna magna cannulated
Cynomolgus monkeys
* AP kinetics from cortex to CSF result in greater AB lowering in cortex than CSF
v M Kennedy



Chronic CSF and Cortical Ap

1g In Monkey

» 9 month chronic dosing of MK-8931 in Cynomolgus monkeys

LS E bl Cortex AB40 Cortex sAPPp
0.1-: 10]
$ 1% s qe
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*p<0.001 Dunnet’s anova

Tissues collected 4 hours following the last oral dose

MK-8931 was well tolerated over 9 months of daily oral dosing.
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ssment of Pharmacodynamic Effects of

1 Inhibition in Human

* Indwelling CSF catheters utilized to monitor effects on sAPPS and A
peptides following administration of MK-8931
— SAPPJ assessed as a direct pharmacodynamic measure
— Generation of AB40 and AB42 dependent on activity of y-secretase

4/ BACEL is the first of two
& enzyme cleavages that
A release toxic Ap} peptides

SAPPp

BACE1
(B secretase)

Amyloid
Precursor
Protein (APP)

Extracellular




MK-8931 lowers AP levels >90% in CSF from healthy volunteer
and Alzheimer’s disease patients

Multi-dose, healthy volunteers Multi-dose, AD patients

160
160
0
) |
>| 120 1 120
O, e I T LYY LI 1 LT
o 100 T 100 1=
| 80 80
<
L
N 40- 40
@)
0- 0~
Baseline 0 4 8 12 16 20 24 28 32 36 Baseline 0 4 8 12 16 20 24 28 32 36
Day -1 l-=e-memmeeeeen Day 14 (Hours) = -=——--meeeeeem- I Day -1 [----=eeeeeeee- Day 7 (Hours) ---—--eeeeeeeme- I
0 hours f 0 hours 1
Day 14 Dose Day 7 Dose
—O— Placebo
—O0— Placebo (N=10) —8— MK-8931 150 mg (N=9) —¥— MK-8931 12 mg
—%— MK-8931 10 mg (N=6) —e— MK-8931 250 mg (N=9) —a— MK-8931 40 mg
—a— MK-8931 40 mg (N=6) —a— MK-8931 60 mg
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p-Response Model of BACE1 Inhibition of

athway

Sigmoid Emax model best describes CSF modulation of Ap and sAPPf

— Model represents major steps in production of -amyloid including brain production, distribution to CSF
and baseline drift

— Transit compartment accounted for delay between brain and lumbar CSF AB & sAPPJ concentrations
Simultaneously fit AB40, AB42 and sAPP individual time course data
Single drug action (i.e., inhibition of BACE1) describes all data
Suggests high degree of correlation in inhibition of brain production of AB40, AB42 and sAPPf3

and CSF concentrations of these analytes

BRAIN

APP

inhibition 4 BACE

v v

CSF Distribution
|

v

e Lumbar
sl [> CcsF

GS=y-secretase

Observed
CSF AB,
sAPPB

-80 -60 -40 -20 0

AUC Abeta CSF % change

-100

J Stone & H Kileijn

Median and 90%CI based on uncertainty in PD
parameter estimates

50% reduction

75% reduction

5 8 12 20 50 100 500
Dose MK-8931 (mg)




s: MK-8931 Exposure-Response Model

Steady-State Response with Daily Dosing

* Consistent dose-response in steady-state median reduction of CSF AB40, AB42 &
SAPPS for healthy volunteers and Alzheimer’s disease patients
— 90% confidence intervals (shaded area) based on uncertainty in parameter estimates
» Simulation of individual distributions indicates:
— 12 mg QD: >98% of patients with at least 50% reduction of CSF AB40
— 40 mg QD: >94% of patients with at least 80% reduction of CSF ApB40

CSF AB40 8112 mg
°7 Healthy — g
AD - 8- I I
0 g =N
2 N _A_
s e
c; 3 LC>>’ g{ 40 mg
o~ ) g
L > &
0 g
O L g
O ol ML
2 g ol ' ' '
<3 160 mg
g &1
v T T T T T I I 1
5 8 12 20 50 100 500 81
o [ |
Dose MK-8931 (mg) 40 50 60 70 8 90 100
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1S a Therapeutic Target in

rodegenerative Disease

6 human tau isoforms bind and regulate
microtubule function

3RIN 1

3R2N 1 | [l
4RON 1 DE D D

4ARIN 1

[ — ] —
Ll I — ] HSP90
inhibitors

IBLL =
95ES =
IS =

Multiple phosphorylations regulate
tau function and pathology

SOTS/Z0ES =
SELS/ETL =
POS/96ES =

Proteasome

~ Stabilizing
- Tau molecules

icrotubules

=

Secreted tau

Anti-tau immunotherapy |
(ISF/CSF eTau) i A
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Tau kinase or 5

O-GlcNAcase W"%
e Ay ‘\

NFT

e

Tau assembly
inhibitors

Autophagy

enhancers

|
Microtubule
stabilizers

Adapted from Brunden at al (2009) Nature Rev Drug

Approaches to tau therapy:

» Tau immunotherapy: block the spread of
secreted tau dependent pathology and
improve clearance.

» Tau post-translational modification:
O-GIcNAcase inhibition reduces
pathological tau in transgenic models

» Tau aggregation/assembly inhibitors:

reduce and disrupt NFT formation
16

Causal human bhiology

Tau aggregates in wide range of
neurodegenerative diseases (e.g., AD,
PSP, CBD, Pick’s disease)

Tau mutations cause FTDP-17;

lead to

increase in Tau aggregation




itive Decline

Clinically silent

Incipient AD

jression of Tau Pathology Correlates to

Fully developed AD

transentorhinal stages
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Abner, E et al. J Alz Dis. 2011
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neocortical stages
V-VI

I Staining
intensity of

NFT

 Limited biomarkers to inform program
decision making

 Direct visualization of pathology could
guide clinical program for AD as well as
other neurodegenerative diseases with

tau pathology

Alzheimer’s . CBE | DLB
. orticobasa Dementia with Lewy
disease degeneration bodies
CTE PSP Pick’s disease
Chronic traumatic Progressive FTD with Tau
encephalopathy Supranuclear Palsy pathology




Tau PET tracer provides
potential for:

Proof of mechanism
Early PD biomarker for Tau;
targeting therapy response

Disease progression
Evaluate disease modification in
resource sparing clinical trials

Patient selection
Enrollment in prodromal and
presymptomatic clinical trials

Amyloid and Tau PET imaging
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(T807) Avid/Lilly: Tau PET Tracer

[t8F]JAV-1451 has a small
specific signal in
prodromal/mild AD subjects
(MMSE = 20)

Mean annualized change in
AV-1451 cortical SUVR =
~3.5% (in 63 amyloid-
positive subjects)

Recognized off-target
binding and unstable
kinetics may limit utility for
longitudinal studies

Cross-sectional data in AD patients (MMSE vs. Tau signal)

MMS NormalRange |29 26 23 21 18 18

7

AAIC, July 2013

Longitudinal data in AD patient
(60 years MMSE = 26 - 24 over ~13 months)

y
MMSE 26 — 24

AR\ [ /AN
+ 13.2 months w @ K

SUVr=1.0

Discovery of more sensitive Tau PET tracer may further

enable clinical decision making for drug discovery

HAI, Jan 2015



enges in Alzheimer’s Disease

| Development

* Preclinical models of limited utility in predicting clinical
efficacy
» Focus on targets linked to pathophysiology of disease

* Critical need for biomarkers to:

— Inform dose selection
»Establish target engagement and biological activity in the CNS
»Leverage modeling & simulation

— Stratify patients

»Potential for PET imaging and/or fluid biomarkers that identify
patients with AD pathology

* Clinical trials are often prohibitively long, large, and
expensive; recruitment is challenging

» Development of tools that can be linked to clinical
outcomes

20
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