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The Long Road to a New Medicine
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R&D Output Across The Industry is Flat... Puito
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Evolving nature of drug approvals
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Consolidation Has Not Fixed The Problem

Pharmaceutical mergers and acquisitions*

Adria
Agouron
AH Robins AHP
Astra Ayerst Banyu
BMS
Burroughs Wellcome
Chugai Ciba Agouron
Clin Labs Clin Midy Astra
Connaught Cyanamid Banyu BMS
Dow DPS
DuPont Pharma Burrot{gm H'uf_ellcm
Elf Aquitane Ciba-Gelgy
Eastman Kodak Chugai DuPont
Fctfhljsws G:igyr FCE Fisons
axo Hoechst
Hoffman LaRoche Glaxo Jlehm
=] . ‘
Institute Merieux Al
Ives Labs Monsanto
J&J Lederle Lilly Organon
Marion-Merrell Pfizer
Merck Merrall Dow Pharmacia
Miles Monsanto _
Organon Parke Davis il F"'mr
Pfizer Pharmacia Roche Sandoz
Rhone-Poulenc Sanofi
Richardson Merrell Schering-Plough
Roche Rorer Group Saarle
Roussel Sandoz i i -
Sanofi Searle Smihl(lﬁl:-::m. ham
Schering-Plough .
SmithKline Baecham Synthelabo Upjohn
Stering Warner-Lambert
Syntex Synthelabo Wyeth
Upjohn Zeneca
Warner-Lambert
Wyeth
Pre 1990 Early 1990s
(thru 1989) (1990 — 1994)
57 32
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Pre 1990 - 2010

The pace of merger and acquisitions betwean major
pharma companies slowed in the early 20005 while
acquisitions of biotechs accelerated in the same
timaframe. In 2008 we saw the mergers of Pfizer and
Wyeth, Merck and Schering-Plough, as well as Roche
and Genentech.

AstraZeneca
Aventis BMS
Chugai DuPont
Glaxo Wellcome

J&.J Lilly
Merck
Meonsanto Novartis
Organon
Pfizer
Pharmacia and Upjohn
Roche
Sanofi-Synthelabo
Schering-Plough
SmithKline Beacham
WamerLambert
Wyeath

AstraZeneca
BMS GSK
J&J AstraZeneca
Lilly Merck BMS GSK
Movartis J&uJ Lilly
Organon Merck Novartis
Pfizer Pfizer Roche
Roche Schering-Plough
Sanofi-Aventis Sanofi-Aventis
Schering-Plough Wyeth
Wyeath

AstraZeneca
BMS GSK
J&J Lilly
Merck

MNovartis
Plizer
Roche
Sanofi-Aventis

*Analysis of 12 major pharma companies: »

AZ, BMS, GSK, J&J, Lilly, Merck, Novartis, Pfizer, Roche,
Schering-Plough, Sanofi-Aventis, Wyeth

Late 1990s Early 2000s
(1995 — 1999) (2000 - 2004)
20 13

Late 2000s
(2005 — 2008)
12

Source: Expert Opin Drug Discov 5:813-818 (2010)



Pharma R&D in Crisis?

Morgan Stanley

February 5, 2010
Pharmaceuticals
Research shrinkage. Even
faster than we envisaged

UM

Discovery and Innovation: Technologies, Strate
Barbara M. Bolten, M.S., M.B_A., Senior Program Managei

A Service

Industry View
Attractive

Rethinking Pharmaceutical R&D:

- : - = : Quick Comment - Impact on our views: Recent
WI" NEW Strategles YIEId a Plp8|ln€ presentations at FY09 results by GSK and AZN support
our recent industry thesis anticipating a
much-accelerated shrinkage of significant parts of the
small molecule research infrastructure, we believe.
Given GSK and AZN comments, we expect Sanofi
Aventis to outline a similar strategy at their results next
week. We reiterate our thesis that small molecule

Lessons from 60 years of
pharmaceutical innovation

Barbara M. Bolten, M.S., MLB.A.

Decision Resources

“Pharmaceutical companies must rapidly reform R&D to n
facing the industry. However, restructuring and shrinking R&D units is not enough
to increase R&D productivity: companies must identify the right targets and
efficiently implement new technology to discover novel, innovative drugs. ™

—Barbara M. Bolten, M.S., M.B.A., Senior Program M,

IALYSIS

Nature Reviews Drug Discovery

Pyl

Morgan Stanley

anuary 20, 2010
Pharmaceuticals

Exit Research and Create
Value

Industry ' .w
Attrac! o

till significant value in Pharma — we see materia
upside to ROIC, earnings and multiples as Pha

PERSPECTIVES

U August 2010; doi:10.1038/nrd3230 ig'

nag 1
“ated i tin phar re Jf
approvedbythe USFoodandDru  ouTLOOK ]
R E U T E R S this conundrum, this article invest Th f h ) . ’l
e . alysing data on the companies thi e C a S e 0 r e n t re re n e u rs | | n ]
Special Report: Big Pharma's stalled R&D approved by the FDA since 1950. ‘ P ; ) P .
machine mceuticalcompenisinthizpeic. R N the pharmaceutical industry
Wed, Jun 16 2010 o - T 1
By Ben Hirschler and Kate Kelland Nature Reviews Drug Discovery | AOP, published online 19 February 2010; doi:10.1038/nrd3078 | esa Mitchell and Robert E. Litan .1
LONDON (Reuters) - At just 28, Duncan Casey has already been n . .
from the university sclencilbench to the worltll of Big IPharma \ behaviour has often been highlighted as a 1
h and back in. king il ial Coll b 1 P }
tucked benind London's famous Sclence Museum, e has ho rarch and development (R&D) productivity
illusions about the prospects for researchers in the pharmaceutical /. Here, we present an assessment of F

industry.

"The unit | used to work in -- GlaxoSmithKline's place in Harlow --
has been closed down now," says Casey, dressed in signature
protective goggles and white coat as he works on synthetic
chemistry. "It used to be a job for life. Now it's a job until the next
restructuring.”

Across the western world, Big Pharma is cutting back on the
number of scientists it employs In its labs and the money it spends on research ai
drugs continues, but the men and women in white coats -- traditionally viewed as t
as untouchable as they once were.

evelopment. Tt
gblood of the

allenge

How to improve R&D productivity:
the pharmaceutical industry’s grand

based on interviews with 26 former and
it major pharmaceutical and biotechnology
d that could be important in promoting
pt serve as a catalyst for revitalizing R&ED

Given that the R&D departments in large
pharmaceutical companies in theory provide
strong platforms for innovation and thus

competitive advantage, we therefore sought

to investioate three interrelated muestions

iy
Steven M. Paul, Daniel S. Mytelka, Christopher T. Dunwidciaat wrersinger,
gard H. Munos, Stacy R. g .
Abstract | The pharmaceutical industry is under growing pressure from a range of
environmental issues, including major losses of revenue owing to patent expirations,
www.plvital.com
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How Does Pharma Emerge From The Crisis?

* New technology should provide the answers
* Molecular biology
« Genomics
 Epigenetics

- Each advance produces more opportunities, and more challenges

“We should remember
that genomics obeys the
First Law of Technology:
we invariably
overestimate the short-
term impacts of new
technologies and
underestimate their
longer-term effects.”
Francis Collins, NIH
Director

Feb, 2001
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; ®
Attrition is High in the R&D Process Paitol

Millions of . -
Compounds Screened 100 DISCOVGI'y ApproaCheS

Y High Risk Process

Pharmacology

I 12-15 years, €1.3B*

Preclinical Safety

1-2
A Products
Clinical Pharmacology
& Safety -

— )
Discovery Exploratory Development Full Development

| i Phase | Phase Il ) Phase Il |
C T - ] ]

| |

I I I I I I I I I I I I I I I I

0 5 10 15

Idea > Drug

11 - 15 Years

*Source: DiMasi & Grabowski, Managerial Decision Econ, 2007;28:469-479
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Costs of Drug Development

Current cost of new drug
» > £1billion

Pyl

FIGURE 13: Cost to Develop One New Drug

sSuccess rate "y N
» 1/10 per new compound 12
il
Development Compounds i I
> 1970 ~ 10 01 -
> 1995 ~ 12 e
> 2000 ~ 15 S 1979 1991 vl W0 200

» 2004 ~ 40

SOURCES: J. A. DiMasi and H. G. Grabowski, “The Cost of Biopharmaceutical R&D: Is Biotech

Different?” Managerial and Decision Eco

nomics 28, no. 4-5 (2007): 469-479; J. A. DiMasi,

I I [, “The Pri fl ion: New Esti f Drug Devel Costs,' J [ of Health
ACtlve Phase 1 R&D prOJeCtS eErcimmf:S;;C?Q%O;;:O::tﬁ:s;w stimates of Drug Development Costs,’ Journal of Healt

» 1998=521, 2008=1,265.
» Technology driven productivity
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Bottlenecks

e |dentifying new targets
e Preclinical safety
e Phase 1 clinical trials
» Making Go No/Go decisions on adverse events and

pharmacokinetics

e Phase 2 clinical trials
» Making Go No/Go decisions based on efficacy

WWW.DIVIEALEOM e [



Sales in CNS estimated to exceed £45,000 P k |®
million in 2009 1VILG
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I R&D expenditure UKE billions

2004 2005 2006 2007 2008

No. of NME approvals

Source: CMR 2008 Factbook and CDER

e The gap between R&D spend and NMEs is growing

e R&D spend was fuelled by sales of antidepressants and cardiovascular drugs

e Expectation was that neuroscience would deliver new NMEs

www.plvital.com
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Oncology and CNS top therapeutic P, |®
areas in R&D April 2009 Ia
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CNS has one of the lowest
success rates

Percentage of success

Cardio-  Arthritis Infectious  Optha-  Metabolic  Urology CNS  Oncology Women'’s All
vascular  +pain diseases mology disease health

e Low percentage of success in CNS drug development
second only to oncology and women’s health

www.plvital.com Slide 15



Lack of efficacy Is the main .
reason for failure Pivital
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Kola and Landis 2004 Nature review Drug Discovery and CMR 2008 Factbook

e In 1991 unpredictable PK was the main reason for failure
e In 2000 lack of efficacy was the main reason for failure

e In 2007 lack of efficacy remains the main reason for failure
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Phase 2 has the lowest success rate
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The Drug Discovery Process

!

\-‘ W

Studies of
Disease Mechanisms

Molecular Studies

e
ng
! u,.

Animal Studies
- knockout mice
- antagonists

www.plvital.com

Target
-receptor; -ion channel; -transporter;
-enzyme; - signalling molecule

il

NN

Lead Search
-robotic assay; -chemical diversity

l

NN NN

Lead optimisation
-selectivity; -efficacy in animal models;
-pharmacokinetics

Pyl

Drug Candidate

safety testing

1

i

Human Studies
Phases L1l Il

1

Slide 18
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Drug Approval
and Registration
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Research Project Selection

|s there a medical need?

|s there a rational scientific approach?

What is the long-term perspective?

What is the competitive environment?

Do we have in-house expertise and resources?

www.plvital.com Slide 19
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Strategy for Drug Discovery Pvitol

e Understand the molecular basis of a disease
e Select a therapeutic target (e.g. a ‘receptor’ in the brain)

e Link the therapeutic target to a defined mechanism of
action

e Discover a compound that is safe, effective and novel

WWW.DIVIEALEOM e



Paitol
Drug Targets it

e Current Targets of drugs in psychiatry/neurology
» 15 Targets of currently used drugs

e Potential Targets

>80 Neurotransmitter/neuropeptide receptors
>30 lon channels expressed by nerve cells
>160 Orphan GPCRs

>20 CNS specific transporters and enzymes

vV V VYV VY

www.plvital.com Slide 21




What are the in vivo properties -

BZs are: BZs also:

Anxiolytic Daytime somnolence

Muscle Relaxant Interact adversely with ethanol
Anticonvulsant Impair memory

Hypnotic Induce dependence

Cause tolerance
Have abuse potential

WWW.DIVIEALEOM e [
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What are the in vivo properties of BZs? Puital

BZs are: BZs also:

Anxiolytic Daytime somnolence

Muscle Relaxant Interact adversely with ethanol
Anticonvulsant Impair memory

Hypnotic Induce dependence

Cause tolerance
Have abuse potential

Do different GABA-A receptor subtypes mediate these various effects?

1. Using GABA-A subtype selective compounds
2. Generating transgenic mice insensitive to BZs at one or more subtype

www.plvital.com Slide 24



: ®

Develop compounds that are:

1. Agonists at a2/a3 subtypes

2. Have minimal effects at al or a5 subtypes
With the aim that:

1. Anxiolytic activity is retained, but

2. Daytime somnolence, amnesia, dependence and
withdrawal are reduced

WWW.DIVIALCOM <



There are multiple GABA-A receptors Pwib‘@
subtypes in the brain

GABA, subunits

12 357,

Some subtypes bind benzodiazepines
o1 By, apPy, 0Py, asPy;

www.plvital.com Slide 26




GABA, Receptors Containing a1, a2, a3 & ad subunits have P1Vik0‘®
distinct distributions consistent with different functions

Fritschy and Mohler, 1995

WWW.DLVIEALEOM e



of His101Arg Knock-in Mice Pyital

Subunit Sequence Diazepam binding

ol 86 NNLMASKIWTPDTFFHNGKKSVAHNMTMPNEK 116 v

o2 86 NNLMASKIWTPDTFFHNGKKSVAHNMTMPNK 116 v

a3 111 NNLLASKIWTPDTFFHNGKKSMAHNMTTPNK 141 v

o4l 84 NNMMVTKVWTPDTFFRNGKKSVSHNMTAPNK 114 x

o5 90 NNLLASKIWTPDTFFHNGKKSIAHNMTTPNK 120 v

ob 85 NLMNVSKIWTPDTFFRNGKKSIAHNMTTPNK 115 x
alH101R 86 NNLMASKIWTPDTFFRNGKKSVAHNMTMPNK 116 x

Modified from Benson et al., (1998) FEBS Lett, 431:400-404

Rationale

e Normal behaviour of knock-in mice should be the same as Wild Type mice

e When diazepam is administered, there is a loss of al subunit-mediated effects

Mouse Diazepam-induced behaviours Conclusion
WT A+B+C+D Normal behavioural profile
alH101R B+ C+D al containing GABA , receptors mediate behaviour A
a2H101R A+ C+D a2 containing GABA 4 receptors mediate behaviour B
a3H126R A+ B+ D a3 containing GABA 4 receptors mediate behaviour C
a5H105R A+ B + C a5 containing GABA 4 receptors mediate behaviour D

see also Rudolph et al., 1999, Nature, 401:796-800

www.plvital.com g Slide 28



BZ Binding Sites Decrease in a1H101R
Knock-in Mice

Wild Type mice

Compound al o2 a3 ol oS o 6
Diazepam (Valium®) 4 v 4 x v x
[3H]R0 15-1788 (flumazenil) 4 v 4 x v x
[BH]RO 15-4513 v v v v v v
[BH]RO0 15-4513 + diazepam x x x v x v

al Hisl01Arg mice

Compound HalR o2 o3 ad ab o6
Diazepam (Valium®) x v v x v x
[H]Ro0 15-1788 (flumazenil) x v v x v x
[3H]RO 15-4513 v v v v v v
[3H]RO 15-4513 + diazepam v x x v x v

e Total number of GABA, receptors unaltered

e a1H101R receptors have normal GABA response

WWW.DLVIEALEOM <



. ®
Diazepam is Less Sedating in a1H101R Mice Pvital

e Mice trained to walk on rotarod for 2 min 129

e Latency to fall off or complete trial (120
sec.) is recorded after dosing

- WT
-  alH101R

[ERY

o

o
1

0]
o
. L .

Time on rotarod, sec.
N o
o o
1 N 1

N
o
L

| O T T T T T T
H=N= | 0 10 20 30

s Diazepam, mg per kg

TRCIDWLL FOR WiCE 7000

* = significantly different from WT

e a1-containing GABA, receptors play a role in sedation
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What happens when a GABA e
molecule binds? Puita

closed

open

M ‘m closed

open




What happens when a BZ
molecule binds?

closed

open

= BZ agonist increases GABA binding
site affinity

= BZ agonist increases probability of
channel opening while agonist is
bound
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Make a compound that does not bind to a1

e Place your bets — stake €10M

www.plvital.com Slide 33




Make a compound that does not bind to a1

e Place your bets — stake €10M

You lose! — not possible to make an a1 selective compound

www.plvital.com Slide 34




A compound can have selective e
affinity or efficacy Pital

Selective affinity Selective efficacy
(D) _ ) _
2 )
6 14 S 1-
o
N - Q -
© o
< 08— =z 0.8 -
5@: 71 Ki25nM >2 7 Ki 25 nM
g0 08° 3 06-
= O 2 5 T
i 5 0.4 5 e 04
© 1 ® 1
£ 027 Ki 250 nM g 027 Ki 25 nM
T 0- E 0- o o—0 *—o ®
| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| | I I IIIIII| I I IIIIII| I I IIIIII|
1 10 100 1000 10000 1 10 100 1000
[Benzodiazepine] (nM) [Benzodiazepine] (nM)
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. ®
Make a compound that has selective efficacy Puital

e Place your bets — stake €30M

www.plvital.com Slide 36




. ®
Make a compound that has selective efficacy Puital

e Place your bets — stake €30M

You win! — It is technically possible but takes 3 years

www.plvital.com Slide 37




L-838,417 has high affinity for BZ-
sensitive GABA, receptors

Receptor Binding Ki

1\ combination (nM)
B alP3y2 0.8
= . a2P3y2 0.7

° a333y2 0.7
I a4p3y2 267
— N’N aSB3y2 2.2
6332 2183

L-838,417 Mouse brain 1.2
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....but is an antagonist at the P’
al-subtype S

100 A
o lBy2 a33y2 - o alp3y2
100nM L-838,417 100nM L-838417 g 80 V. a2p3y2
= A 3B3y2
pantesttlonss (@]
Py— r-n- o p-du - C . 60
S < * 05B3y2
= @) A
< W 404
=
(]
= 20 -
o
L U M B3 0
\' L 10 -9 -8 -7
b Log [L-838,417]
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Sub nM affinity for BZ-sensitive GABA, Pt
receptors G

Efficacy % relative to diazepam

Receptor | 838417 TPA123 TPA023

combination
o 1B372 0 20 0
02372 40 40 15
o33y 40 40 30
&5B372 40 40 <5
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Diazepam rate decreasing effects

H®
In the rat chain-pulling test Puital
=
£ ~©=Vehicle
ElOO T —*Diazepam
= (10 mg/kg)
2'80 - T
= 0
"5 60 1
©
= 40 1
®
o 20 -
o
0 \ \ \ T

10 20 30 40 50 60
Time (mins)

www.plvital.com Slide 41



Subtype selective compounds do not reduce P k ‘®
i : : VILG
response rates In the rat chain-pulling test

L-838417 TPA 023
2 100] 100
A ]
.CE, 80] 80 |
@ 60° 60 -
o]
2 40] 40 7
=~ ]
S 2 20 ] |
% 10 20 30 40 50 60 % 10 20 30 40 50 60
Time (min) Time (min)
-O-  Vehicle -+ 30 mg/kg —O—Vehicle —*— 30 mg/kg
—o- 3Img/lkg - Diazepam —&—3mglkg —®— 10 mg/kg Diazepam
-+ 10 mglkg 10 mglkg —¥— 10 mg/kg

ol is responsible for rate reducing effects

but are anxiolytic effects retained?
www.plvital.com B Sidedz



Elevated plus maze - unconditioned L |®

e 5 minute trial
e Rats spend typically spend <1 min exploring the open arms
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, ®
Subtype selective compounds are Puitol
anxiolytic in the elevated plus maze

L-838417 TPA 023

O 40 * * * * 75 40 * * * 80 T
= o | E 3
= 307 2| |2 30 o eo 2
© § i o o o
S 1 E 30 5 I - E °
S 8| c 3
S 20 o | 820 40 o
: : S 8 ? =
S 25 o | | E >
§ 107 2 8 10° 20 2

e Q 3

0 T T T T T - 0 0 T T T T | O
Veh 1 3 10 CDP 0O Veh 03 1 3 CDP
B Percent open arm entries O Percent open arm time
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, ®
TPAO023 is anxiolytic in primate Puital

m [ ]
= TPA023 2 Diazepam
g e
S 100 * 2 100
S 5
&, 80 § 80 *
»
QO 60 % 60
@ @
o -
“ 40 5 40
b
[ c
Q@ 20 S 20
— -I— 3
o o - i
" veh 03 10 30 Veh 05 10 2.0
mg/kg mg/kg

Route = PO squirrel monkey
Pre-treatment = 30 mins
* p< 0.05 compared to Vehicle

Great but what about side effects?
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TPAO23 has a modest interaction e
with ethanol Puital

Rotarod + Ethanol

0 — ll T T T T T T T T T T T T T T

I I T I
0 20 40 60 80 100 0 20 40 60 80 100
Receptor occupancy, % Receptor occupancy, %

—a—  Diazepam
——— TPA023
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Summary of pre-clinical data

BZ Property ol a2/3/5
anxiolysis - exploration - F++

- plus maze - +++

-FPS - +++
Somnolence 4+ (+)
Ethanol potentiation +++ +
Cognition + +

Dependence } James Rowlett/Nancy Ator
Abuse potential
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Go to safety and toxicology — 1 year

e Place your bets — stake €10M
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Puitol
No Go — BZs have abuse potential wito

e FDA say does you compound have abuse potential?
e Do abuse potential study
> Stake €2 M - 1 year development delay

o Patent life (20-4) = 16yrs
o Lostsales =€1Db.
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Evaluating abuse potential I

Light on - Cocaine
available

A\
\/

FR 160

FR 30

o Food available 24 hr
» food delivered after 30 lever presses
e Cocaine (0.32 mg/kg i.v.) available every 3 hrs (max. 8 injections/day)

» cocaine delivered after 160 level presses
www.pivital.com



Baboon Self Administration P, | ‘®
- - - il(e!
Experimental DesignDesign

> 6/day Mean no. > 6/day

Cocaine (IV) inject./day Cocal
ocaine ocaine

0.32 mg/kg TPA 023 (1V)

3 days 5 days 5 days 5 days 3 days

e Baboons cycle between cocaine and drug/vehicle

e Results: mean number of injections per day during the final 5 days
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TPA023 - Lack of abuse potential P, .|

8_
9
& 7
—
2 6- —®— Lorazepam T
8 5] —A— TPA023 L
& T L
S 4-
S 1
R I
c 2 T
© o .l. T
A ~ -~ ¢ n
O_ ——
V .0032 0.01 0.032 0.1 0.32

Dose (mg/kg, i.v.)

e TPA 023 has no abuse potential in baboons

Data from Nancy Ator, Johns Hopkins Univ., Baltimore
www.plvital.com



Pyl

No abuse potential in baboon!

e Place your bets
» Stake €10 M - 1 year safety study in you male adults

kN
o o

&
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Pyl

No abuse potential

e Place your bets
» Stake €10 M - 1 safety study in you male adults

L

e Hold on - Does compound actually get into baboon brain
and occupy receptors?
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Pyl

No abuse potential

e Place your bets
> Stake€10M -1s

N

afety study in you male adults

2

e Does compound actually get into baboon brain and
occupy receptors?

e Conduct baboon PET study — 1 year delay cost - €3M

www.plvital.com Slide 55




Baboon PET Studies — TPA023 I

Baselime 0.0032 mg//kg 0.032 magy/kg 0.32 ngy/kg

747 10)0)7%

0 15 30 45 60 75 90

Veh . 0 15 30 45 60 75 90
en. time (min)

e at full receptor occupancy (0.32 mg/kg) TPA023 has no abuse potential
R. Hargreaves, MRL, West Point, PA
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MRK-409 (MK-0343) Non-sedating anxiolytic P, Q|®
In preclinical species

1.0
—
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MRK-409, MRK-409, MRK-409, mg/kg p.o.
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Puital
Conduct clinical study? wita

e Place your bets
» Stake €10 M - 1 year safety study in you male adults

www.plvital.com Slide 58



MRK-409 (MK-0343) induced sedation at
very low dose

e Phase | maximum tolerated single dose = 1 mg

e Dose-limiting adverse events (1.5 and 2 mg) = somnolence

—1 30 100-
=
= ]
c 251 Total dose, mg 80-
- > ]
8 20 —o—2 LC)
< ‘ —-0-15 8 60+
% 15- -1 = ]
o -0-05 3
S —+-0.25 O 40
< 107 ~-0.1 >
e | —4—0.05 20-
a 5 |
o 0 2 n .. 0 ° Rat plasma ECgq = 115 ng/mL
0 4 8 12 3 10 30 100 300 1000 3000 10000
Time, hr. Plasma MRK-409, ng/mL

e Plasma Cmax for sedation = 20-30 ng/mL mg
» Based on rat plasma-occupancy relationship 20-30 ng/mL = low occupancy

e What is the human plasma-occupancy relationship?
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; ®
No abuse potential Puita

e Place your bets (stake so far = €53 M)
» Stake €5 M - 1 year PET study in you male adults

e At what receptor occupancy does sedation occur?
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MRK-409 (MK-0343) induced sedation at P k ‘®
very low receptor occupancy VIG

e [C]flumazenil PET studies showed occupancy at 1 mg <10%
e Sedation/somnolence occurs at low levels of occupancy

» No margin between sedation and potential anxiolysis
Scan time: -1 h 2 h

Placebo

MRK-409
1 mg

MRK-409
1mg

e Development of MRK-409 halted — Start again?

www.plvital.com




. ®
Conclusions P1ital

e Even the best characterised animal models do
not predict effects in humans

e Path forward is Iin the clinic from Bed to Bench
> patient back to animal — probably

e Mantra — ‘Fail early, fail cheap’
> 90% No/Go, early decisions are cost effective
> We failed cheap despite €50M+ costs

> Phase 3 failure costs €300M+ costs
* NK-1, bitopertin
> Experimental Medicine solutions
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. ®
Alzheimer’s disease Puito]

e Alzheimer’s disease the most common cause of dementia affects 4
million US citizens

» As more and more Americans live longer, the number affected by
Alzheimer's disease will continue to grow unless a cure or effective
prevention is discovered.

e Current therapies (cholinesterase inhibitors) have significant
limitations

» Side-effects including nausea, diarrhoea, vomiting
» Little or no effect on disease progression

e Need for an well tolerated treatment that slows or halts disease
progression

e Registration trials require large numbers of patients

e Potential for Experimental Medicine studies to select
best compound(s) for late stage trials
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, ®
Human spatial memory & fMRI Puital

e Develop spatial learning and memory paradigms that
engage hippocampal processing

> Image participants to ensure hippocampal activation during task

» Test participants during encoding and recall to determine differential
activation

> Determine effects of age on performance
> Determine effects of drugs on performance

> Optimise fTMRI methods for clinical trials

e Virtual reality task developed and validated

> Arena maze (human analogue of Morris water maze)

Easy to administer, flexible designs, validated with scopolamine and
healthy elderly participants

WWW.DIVIEALEOM e



® Rats are placed in a 2m diameter pool containing a hidden platform
® Rat finds platform and notes position in relation to a number of visual cues
® Time taken to swim to platform is recorded over a series of trials (= learning)

® Platform removed and time spent in platform quadrant is recorded (probe trial =
memory)

www.plvital.com




Arena pole paradigm: encoding PWikOA
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. ®
Arena pole paradigm: retrieval Puita
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Play M ovie
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../../../../../Colin/Local Settings/Temporary Internet Files/Colin/My Documents/P1VITAL/Presentations/Virtual Water Maze - IoP demo  April 05.avi
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Study 2: Aging effects

Procedures

e Groups

» Young healthy adults (Mean age = 24 years
age range = 20-26, n=11)
» Elderly healthy adults (Mean age = 72 years
age range = 64-79, n =9)
e Young participants trained on 18 trials to criterion

e Older participants trained on 36 trials to criterion
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i ®
fMRI Design Puital

1 trial

2.5 min >
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Behavioural Results: Young vs Old Pvitol
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Young Old

Older participants performed significantly worse across three
experimental blocks of trials (each block = 6 trials, t,; =-3.542, p = .003]
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Reduced Hippocampal Activation

In Elderly Subjects

Encoding

Study 2 Young Male
(20-26 years old)

Study 2 Elderly Male
(65-79 years old)
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Reduced Hippocampal Activation

In Elderly Subjects

Encoding

Study 2 Young Male
(20-26 years old)

Study 2 Elderly Male
(65-79 years old)
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Reduced Hippocampal Activation

In Elderly Subjects

Encoding

Study 2 Young Male
(20-26 years old)

Study 2 Elderly Male
(65-79 years old)
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Effects of scopolamine on behavioural P, ‘®
1vIlQ
performance and fMRI measures

e 20 young participants
e Scopolamine 0.4 mg vs placebo

» Cross-over study

e fMRI measurement
> 3-Tesla MRI

Antonova E, at |. J Psychopharmacol. 2011, 25:1256-65.

www.plvital.com Slide 75



Behavioural results: scopolamine vs
placebo

16

141

12

101

81 O Placebo

61 B Scopolamine
41

2.

0-

Displacement Error

e Scopolamine significantly impaired performance
» Placebo group: Mean displacement error = 10.67, SD = 4.22

» Scopolamine group: Mean displacement error = 14.39, SD = 7.37
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Hippocampal activation in placebo P |
condition vito] G

Placebo -Encoding Placebo - Retrieval

Hippocampus

www.plvital.com



Reduced hippocampal activation P,
. . 1vitol &8
induced by scopolamine

Placebo

>

Scopolamine
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; ®
Morris Water Maze Model of Cognition Pvital

< Camera -
D ~ 9 I Light — ,/0

S /

Visual

B Cue ‘ A

Morris Water Maze
Hidden

Platform
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Pyl

Morris Water Maze

Path-length at the beginning and at the end of the
training period
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Morris Water Maze: Scopolamine

B0

20
40
a0

20

www.plvital.com

Hidden Platform % Sainessaline

Mean Latency (s) —8— SainesScopolamine
—@— Physostigmine/Scopobl mine

Training Testing

Slide 81



. ®
Spatial Memory Flat Mapping & fMRI Pvital

e Develop spatial learning/memory paradigms that
engage hippocampal processing

e Image subjects to ensure hippocampal activation
during task

e Test subjects during encoding and recall to determine
differential activation

e Determine effects of age on performance
e Determine effects of drugs on performance

e Optimise fMRI methods for clinical trials
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Arena Pole Paradigm: Encoding PWMA
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Arena Pole Paradigm: Retrieval Pitol
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Arena Pole Paradigm: Visual Pl |®
Control Task S
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Play Movie
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, ®
Future Developments Prital

e Software validated with young healthy volunteers given
placebo, scopolamine and butylscopolamine

e Flat mapping development parallels testing

Flat mapping.ppt

e Spatial learning in a natural environment
(e.g. shopping trip)

J

4 Slide 87
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