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Tematika

» A gyogyszerkutatas tarsadalmi
szUkségessége ées feltetelel

« A gyogyszerkutatas folyamata
» Felfedezd szakasz

— Molekularis célpontok (druggable genome)

— A hatdéanyag kivalasztasanak szempontjai és
modszerel

— Fejlesztési jelolt (gyogyszerszerli anyagok)



Tematika (folyt.)

Preklinikai fejlesztés
A vegyesz szerepe
Példak

Kitekintés

— Bioldgiai hatbanyagok
— Génterapia
Gyarlatogatas



 Originalis gyogyszer

» Generikus gyogyszer



Mi az eredeti
gyogyszerkutatas ertelme?
1. A tarsadalom szempontjal

- A betegek érdekei

— Egészségmegorzés (prevencio)

— Gyogyulas/tunetek enyhitése

— Betegre (betegcsoportra) szabott terapia
- A gazdasag érdekei

— Prosperalo ipar

— Kordaban tartott egészsegugyi koltsegek



Life expectancy at birth in Hungary, the Czech Republic,
Poland and in the EU-15
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Relationship between life expectancy at birth
and GDP (in PPP US dollars)in the more developed countries
in the first years of the 21. century
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Health Spending

Total cost evaluation of innovative drug treatment

+1.00 -3.65 +1.54 -

Investment in innovative drug
development even has financial
return for the society (!)

Medication Hospital Outpatient Total
charges care savings

Source: Lichtenberg FR 2001

/ American Economic Review 1996



Cost effectiveness analysis

« Systematic, quantitative summarizing health
benefits a costs of various treatment options

* Applications
— Greater benefit for increased costs
— Less benefits for less cost

« CEA not yet required for registration

Literature search (3/12/2007)

1.pharmacoeconomics: 839
2."cost effectiveness analysis,,: 43856
3.1 and 2: 253
4. HUNGARY: 2137

5. 3 and 4: 0 -



A magyarorszagi gyogyszeripar

jellemzai
Jelent6s, novekvd termeles (400 Md HUF 2004-
ben)
Jelentds foglalkoztatas (14000-15000 f6)
Magas K+F raforditas (6sszes vallalati 30%-a)
Magas exporthanyad
Magas hozzaadott erték
Sok diplomas

Intenziv kaicsolatok az alikutatassal, oktatassal
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Mi az eredeti
gyogyszerkutatas ertelme?
2. A gyarto szempontjal

Piac megtartasa/novelese

A vallalat arculatanak javitasa:
— A betegekert dolgozunk (példa: fumagillin)

— Védjuk munkatarsaink egészséget és a
kornyezetet (ISO 14001)

Profitabilitas megorzése
Fuggetlenség megorzese
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Mi az eredeti
gyogyszerkutatas ertelme?
3. A kutaté szempontjal

- Biztonsagos munkahely
. Erdekes feladatok
 Szellemi érték hasznosulasa
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JO esélyek az eredmenyes originalis
gyogyszerkutatashoz
Hagyomanyosan eredmeényes magyar

gyogyszeripar
Magas szintl alapkutatasi hattér

_ojalis munkatarsi garda
De:
Kicsiny tékekoncentracio

Kevessé tamogatd gazdasagi kornyezet
— Tokéletlen palyazati rendszer

— Spinoff kultura hianya

— Brain drain

N
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A GYOGYSZERFEJLESZTES LEPESEI
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P review B une 2005 update ==
World growth slips even further

$ 551.3 Bil

B \World -&-— Growth Rate

% Growth Constant $

MAT 6/2001 MAT 6/2002 MAT 6/2003 MAT 6/2004 MAT 6/2005

*Note: Russian Federation data not included

Source: IMS Health MIDAS MAT June 2005




The Pharma Industry
Growth Evolution and Worldwide Sales
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FDA approvals

53 9 MNew molecular entities
| @ Biclogic license applications
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oy the USFDA's Center for DrugEvaluation and Research by year.
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A gyogyszeripar egyre tobb
pénzeszkoz felhasznalasaval
egyre kevesebb Uj
hatdanyagot fejleszt Ki



Late-stage pipeline strengthening

To June 2005 Number of Active Products = 5,830

Growth: Pre-clinical= 8% Phase I= 22% Phase II= 6% Phase III= 1% Pre-Reg/Reg= 8%

Source: IMS Health: R&D Focus, June 2005




EMEA vélemények

Initial-evaluation applications (EU market),

2004-2006

100 -

80 -

_ 51

50 43 41 39

40 -

Eﬂ _ —.

0 ! .
2004 2005 2006

OMew applications (by medicinal product)

B Mew applications (by active substance)




EMEA vélemények

Outcome of initial-evaluation applications (EU
market), 2004-2006
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10 1 0 h 1
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O Positive opinions
B Applications withdrawn prior to opinion
O Negative opinions




The Center for Drug Evaluation and
Research (CDER); 2006 approvals

« 101 new products, including 97 new drug applications
(NDAs) and 4 biologic license applications (BLAS) for
brand-name therapeutic products. Twenty-two (18
NDAs and 4 BLASs) of these products were new
molecular entities (NMEs), medications whose active
ingredients are new on the United States market.

« Ten of the NMEs were priority products approved in the
median time of 6 months, and 12 were standard NMEs
approved in the median time of 13.7 months (compared
to 23 months in 2005). Of the101 approved applications,
21 -- including the 10 NMEs -- represented significant
benefits over existing products, and were designated for
priority review.
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The Center for Drug Evaluation
and Research (CDER)

* |n addition, CDER approved or tentatively
approved 535 -- the highest total ever --
abbreviated new applications (ANDAs) for
generic versions of brand name

medications.
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The Center for Biologics
Evaluation and Research (CBER)

« CBER is responsible for overseeing the safety and
effectiveness of biological products including blood and
blood components, plasma derivatives, in vitro
diagnostic tests, vaccines, allergenics and cell, tissue,
and gene therapeutics.

« |In 2006, CBER approved 10 new biological license
applications (BLAs) that are expected to significantly
enhance the public health. Three of these products
received priority reviews in the median time of 6.4
months; the remaining 7 new BLAs received standard
reviews in the median time of 13 months. CBER
approved also 7 supplemental applications for additional
product indications , routes of administration, dosage
formulation or product improvements. These applicationg
were reviewed in the median time of 9.9 months.



A FEJLESZTESBE KERULO
VEGYULETEK NAGY RESZE ELBUKIK

Lemorzsolddasi gorbe
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TGN1412: time to change the paradigm for

the testing of new pharmaceuticals.
Bhogal N, Combes R.(2006)

FRAME, 96-98 North Sherwood Street, Nottingham, NG1 4EE, UK.
Nirmala@frame.org.uk

Clinical studies in human volunteers are an essential part of drug
development. These studies are designed to account for possible
differences between the effects of pharmaceutical products in
preclinical studies and in humans. However, the tragic outcome of
the recent Phase 1 clinical trial on TGN1412 casts considerable
doubt over the relevance of this traditional drug development
paradigm to the testing of therapeutic agents for human use. The
role of alternatives to animal testing is considered, and a series of
recommendations are made, which could ensure that clinical trials
are well informed and based on the most relevant scientific
information.

PMID: 16704293 [PubMed - indexed for MEDLINE]
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Safety of phase | clinical trials with
monoclonal antibodies in Germany--the
regulatory requirements viewed in the

aftermath of the TGN1412 disaster.

Liedert B, Bassus S, Schneider CK, Kalinke U, Léwer J. (2007)
Paul-Ehrlich Institute, Federal Agency for Sera and Vaccines, Langen, Germany. liebe@pei.de

This review summarizes scientific, ethical and regulatory aspects of Phase | clinical trials with
monoclonal antibodies. The current standard requirements for pre-clinical testing and for clinical
study design are presented. The scientific considerations discussed herein are generally
applicable, the view on legal requirements for clinical trials refer to the German jurisdiction only.
The adverse effects associated with the TGN1412 Phase | trial indicate that the predictive value of
pre-clinical animal models requires reevaluation and that, in certain cases, some issues of clinical
trial protocols such as dose fixing may need refinement or redesign. Concrete safety measures,
which have been proposed as a consequence of the TGN1412 event include introduction of
criteria for high-risk antibodies, sequential inclusion of trial participants and implementation of pre-
Phase | studies where dose calculation is based on the pre-clinical No Effect Level instead of the
No Observed Adverse Effect Level. The recently established European clinical trials database
(EUDRACT Database) is a further safety tool to expedite the sharing of relevant information
between scientific authorities.
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Hogyan csinaljuk?

Kockazat csokkentés
Naprakész szakmai tudas
Fegyelmezett fejlesztés
Egyuttmikodés

— K+F csapaton belll

— K+F és termelés

— K+F és marketing

78
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Kockazat csokkentési stratégiak

» Fejlesztési ciklus gyorsitasa

» ,Me too” termékfejlesztés

« Stratégiai partnerség

* Niche termék

» Specializacio a kutatas részteruleteiben
« Nagy vallalat — kiegyensulyozott portfolio

29
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Ellentmondasok a magyar
gyogyszerkutatasban

Kivalo alapkutatas » Keveés sikeres termék
Sok publikacio « Kevés szabadalom
JO személyes * Fellletes ismeretek a
kapcsolatok masik oldal

tevékenysegeérél
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Sanofi-aventis: alapadatok
(2006)

« Vezetb gyogyszergyar
— Harmadik a vilagon, tébb mint 100 orszagban van jelen

— Elsé Europaban, Franciaorszagban, Magyarorszagon
— 2006-ben 28.4 Md € forgalom
« Nagy kutatasi potencial
— 19000 kutaté
— 4.4 Md € K+F budget
— 26 kutatokozpont 3 kontinensen
* Innovativ megkozelités
— 123 originalis fejlesztési projekt
— 48 Fazis llb és Fazis I
— 7 terapias terllet
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Sanofi-aventis kutatas

17000 munkatars

26 kutatohely

8 orszag
4 Md €
16 i1d6zona

UsA
Tueson

France
Strashourg
Parizs region ——#
Toulouse
Labége
United Kingdom  Montpellier

Alnwic {Marcy I'Etoile™)
Canada /
— Hungary

Bagneux Vitry-Alfortville
Chilly-Mazarin Evry

Rueil-Malmaison Croix-de-Berny / Antony
Porcheville

(Toronto®}
) Budapest
USA Spain Japan
Great Valley Alcobendas \ Tokyo
Bridgewater Riells Ital Kawagaoe
Cambridge Mﬂ:;]
(Swiftwater®)
Germany
Frankfurt
Kastengrund

*Swiftwater, Taronta and M arcy Etaile are research centers of sanofi pastewr — the vaccines business of the sanafi-aventis graup.



Total

sanofi-aventis R&D portfolio

Phase

(123 products under development (Sept 2007)

Pre- Phase Phase | Phase
clinical | lla |]+]
3 2 4
3 5 0 4
3 2 0 3
5 8 1 4
8 g é 2
G g 1 0
5 5 3 3
31 32 12 20

R&D Mecting - Sepbember 17", 2007

) 48 products in Phase Ilb and Il
) 63 products in preclinical and Phase |

O

scrmaFl aveniis
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RESEARCH DEVELOPMENT BIRTH |[ e

1 to 2 years 1to 2 years 1to 2 years 6 to 8 years 1to2yrs Contim:
<« « > <€ S > <« =
RESEARCH | OPTIMIZATION PRECLINICAL CLINICAL EVALUATION MARKETING
INTO EVALUATION IN IN MAN P
CHEMICAL VITRO AND IN
STARTING ANIMALS
POINTS PREPA-
PHASE | PHASE I PHASE Il RATION
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* Synthesis  |. selectivity « General Pharma- Tolerance Biological Confirmation DRUG U
« Oral absoprtion cology Profile and activity and of the . | APPLICATION
« Duration of actionl® Analytical pharmaco- | research of a therapeutic e LCM
Methods kinetics therapeutic effect and
* Stability effect tolerance
SCREENING « Safety
« Metabolism and Determination I
Pharmacokinetics of the optimal
* Formulation dose
[
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Meeting the Access to Medicines challenge

= At the beginning of 2006, a dedicated
“Access to Medicines” division was set up, '

focused on these major therapeutic areas: M
1ell
& Malaria e
e
& Tuberculosis P“d?:"

& Sleeping sickness .:
& Leishmaniasis
& Epilepsy
& Vaccines

= |ts mission: producing medicines in strict compliance with

the Group’s quality standards and making them available to
underprivileged populations at prices adjusted according to patient
category within the overall framework e
of a “no profit, no loss” policy

P
- sanofi aventis

Hstis Irabih massn




Meeting the Access to Medicines challenge

Activities are focused on four areas:

W= Research and Development

& Malaria : research programs fo pre-empt resistance of parasites

‘ Development of a multi-dose presentation of a yellow fever vaccine,
for wide-scale uss in countries where the disease is endemic

¥ |mplementation of new therapeutic strategies and improvement

of existing products

& Parinership with the Drugs for Neglected Diseases initiative (DND)
and sanofi-aventis to develop a fixed-combination malaria tfreatment ;. ASAQ

= |nformation, education and communication are all interconnected
in the healthcare chain

¥ [Development of an appropriate pricing and distribution policy,
facilitating access to medicines

!
SII_I"IDH aventis

———
Hitaaw ralth massn

12

36



A GYOGYSZERKUTATAS MULTIDISZCIPLINARIS

TEVEKENYSEG
Felfedez6 | Preklinikai | Klinikal Torzs- Forgalmazas
kutatas fejlesztes fejlesztes kényvez

és

Szintetikus Szintetikus Klinikus (orvos) | Minden Orvos
vegyesz vegyesz Gyogyszerész | korabbi | Gyogyszer-
e |Analitikus Analitikus azis  |biztonsag
Analitikus Gyogyszerész | earmakokinetika/ iggvirggllc’ji sza,ke,mber
Molekularis Farmakokinetika | metabolizmus Térrskin Gyart(? ,
biolégus /metabolizmus | szakember e y (Veg),/esz/gyogy—
Biokémikus szak.emt?er Informatikus S\;ee12kees;:1ber szeresz)
Farmakologus Toxielogus Informatikus Logisztikal
Informatikus MinGseg- szakember
(orvos) biztositd Gyogyszeresz
(kdzgazdasz) Informatikus Marketing
(szabadalmi szakember

ugyvivé)

Informatikuss7




Gyogyszerkémia (orvosi kémia)

» Feladata: gyogyszermolekulak tervezese,
szintézise, fejlesztése
* |nterdiszciplinaris tudomany
— Szerves kémia
— Elméleti (computational) kemia
— Fizikai kémia
— Farmakologia
— Molekularis biologia
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Felfedez6 megkozelités

,Biology driven”

Originalis biologiai célpont kihasznalasan
alapszik, amelynek feltehetéen szerepe
van egy betegseg kialakulasaban.

Olyan uj vegyuUleteket kell talalni, amelyek
a biologiai célpont aktivitasat befolyasoljak
és egyuttal a terapias indikaciot is
meghatarozzak.

39



Vezetd termékek molekularis
célpontjal

* Prilosec (omeprazol)
« Zantac (ranitidine)

« Zyrtec (cetirizin)
 Viagra (sildenafil)

» Celebrex (celecoxib)

>
>
>

/K ATPase
2 receptor
1 receptor

» PDES
» COX2

40



Vezetd termékek molekularis
célpontjal

Plavix (Clopiogrel)
Aprovel (Irbesartan)

Arixtra
(Fondaparinux)

Stilnox (zoldipem)
Rimonabant

» P2Y,, receptor
»> AT, receptor

» Xa faktor

» GABA receptor
» CB, receptor

41



Discovery of piroxicam

Antiinflammatory

Acidic but not carboxilic acid

Potent in animal models

Long plasma half life (resistant to metabolism)
Safe for arthritic patients (long treatment)

» a-d: g amounts tested in dogs; all failed
» e: carboxamide introduced by intuition
» SAR on several hundred analogs yielded piroxicam
in 1980
b
il 7 © P S after 18 years of research
% \ Pl S \ H S r
z ’I"'-{}{Ar ‘l‘x,_-:?:l""‘-s': ){-:u \'[ N
o o o U o
.. MHAr d O, NHAr CP-14304: Ar = Ph, R = CH3
= I"' o A L,"l o CP-15973: Ar = (2-thiazolyl), R = CH3
HETE fl" Rt CP-16460 (piroxicam): Ar = 2-pyridyl, R = CH3
“a S ety 42



AA metabolism

Phosphatidylcholine Phosphatidylinositol
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Fluoxetin: Uj tipusu
antidepresszans
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Cell body

Serotonin in the CNS

Copynght © 2005 Nature Pubkshing Group
Mature Reviews | Drug Discovary
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Development of

Kinetic

studies of
monoami
ne uptake

Safety
problems

3
Antidepressant O

Inhibition of
monoamine
uptake

Hits found

effect
PIhNDI NDA submitted ‘
dS¢E
To FDA FLUOXETIN
| | | |
| | | | |
‘ Approval of
Phase I1 PP
Prosac
for depression

Phase II1

Fluoxetine

NHCH,

Market exclusivity
Expired in the US

5 1896

1999 2000 2001
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Discovery of Gleevec

» Selective tyrosine kinase inhibitor for
chronic myelogenous leukemia

« TK BCR-ABL created by chromosomal
translocation, found exclusively in
leukemic cells It has reduced toxicity
anc

NN ML N N R
v U L v )G
_i_ e
i‘ =N ) L =N 2 N (3): Imatinib
lature Reviews | Drug Discovery
PKC inhibitor 1ncreased potency  Solubility and oral
and selectivity bioavailability
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Withdrawal of Vioxx

0=S
H.C o

Vioxx (rofecoxib)

selectivity=276

Selective COX-2 inhibitor
Avoiding COX-1 inhibition is
diminishing gastrointestinal side
effects

Disrupts the balance between TxA2
(COX=1 product) and PGI2 (COX-2
product)

After cardiovascular deaths the
product has been withdrawn

Is cardiovascular risk a class
effect? (Celebrex, Dexira, etc)
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Vioxx triggered a domino effect in COX-2
inhibitors class

Global Sales (US$ m)

.——o—/

Additional safety and efficacy requests:
Arcoxia (Merck)

Applications withdrawn/postponed:
Prexige (Novartis)

“"Boxed” labelling requirements:
Bextra (Pfizer)

0 - Discontinued clinical trials:

Celebrex (Pfizer)

Q104 Q204 Q304 Q404

=8 Celebrex Bextra Suspended advertising:
=8= Arcoxia == \/ioxx Celebrex (Pfizer)

Source! IMS Health: MIDAS, MAT Dec 2004



Clopidogrel (Plavix) for the
prevention of thrombosis

Prodrug

Active metabolite binds to platelet P2Y .,
and antagonizes the inhibition of AC

H

Safer than ticlopidine %%@
|

Clinical efficacy and safety shown™ ¢
on more than 20,000 patients

Drug of the year (Hungary), 2004 @@%@

clopidogrel
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Tanulsagok

Molekularis mechanizmus ismerete

A gyogyszerjelolt sokoldaluan optimalizalt

Az innovativ megkozelités nagyon iddigényes

Mellékhatas sokszor Iényegesebb, mint a féhatas

Korultekinté klinikai fejlesztés valorizalja az uj gyogyszert

Kreativitas + kitartas ( + szerencse) = sikeres fejlesztés
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