Porque nao falam portugues

0S Nossos farmacos — Parte 2

XXI1V Semana da Farmacia
Faculdade de Farmacia - novembro de 2006

Eliezer J. Barreiro

UFRJ
Laboratorio de Avaliacdo e Sintese de Substancias Bioativas

Crarmidcia

Universidade Federal do Rio de Janeiro




Descobridores de Farmacos

Cweden France
Belgium

Others

Japan

Germany

switzerland

United Kingdom

eliezer@2006

United States

Labaatuia s Fucline o ivcare da abiticins Bustivcn



I I I I I I I I I I I I I I I I I I I I ...... i b s wSinkano Sk Bk

Pharmaceuticals are forecast to outpace chemicals in 2004-05
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Percentagem do faturamento investida em R&D/setores industriais
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Gastos em P&D nas Big-pharmas
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J.A. DiMasi, R.W. Hansen, H.G. Grabowsky, J. Health Economics 2003, 22, 151,
J. A. DiMasi et al., “The Cost of Innovation in the Pharmaceutical Industry” J. Health
Economics 1991, 10, 107.

Tufts University Center for the Study of Drug Development (Boston, EUA)
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O preco dainovacao...!?

Avallable online at wwwsciencedirect.com
BCIENGE @DIHE cT®

Jowmal of Health Econconmes 22 (2003) 151-185

JOURMNAL OF

HEALTH
ECONOMICS

www.elseviercom/locate/cconbase

/ The price of innovation: new estimates

of drug development costs

Joseph A DiMas1™*_ Ronald W Hansen". Henry G. Grabowski ©
2 Tufts Center for the Studv of Drug Development, Tugfts Universin, 102 Sourh Street,

Posron, MdA 02111, U5A

[] 1: Health Aff (Millwood). 2006 Mar-Apr; 25(2):420-8.

Estimating the cost of new drug development: is it really 802 million dollars?

Adams CP, Brantner V¥,

Bureau of Economics, Federal Trade Commission, in Washington, 02, USA, cadams@ftc.gow

This paper replicates the drug development cost estimates of Joseph DiMasi and
colleagues ("The Price of Innovation™), using their published cost estimates along with
information on success rates and durations from a publicly available data set, For drugs
entering hurman clinical trials for the first time between 1929 and 2002, the paper
estimated the cost per new drug to be 263 million dollars, However, our estimates vary

from around SO0 milon donars to more than 2,000 minon dollars, depending on the

therapy or the developing firm.

FMID: 165225282 [PubMed - indexed for MEDLIMNE]

Adminiztration, University of Rockester, Rochester, NI, US4
ks, Duke Uniiversiny, Derham, NC, T4

evised form 24 May 2002 ; accepted 28 October 2002

randemly selected new drugs were obtammed from a sur-
ereused to estimate the average pre-tax cost ofnew drug
ndened during testing were linked to the costs of com-
he estimated average out-of-pocket cost per new dmg is
e out-of-pecket costs to the point of marketing approval
re-approval cost estimate of US$ 802 million (2000 dol-
rlier study wTTH 8 SIL0IIAT IetnoaoIog Y, otal capitalized
izl rate of 7.4% zbove general price infiation.

erved.
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Tufts Center for the Study of Drug Development

After Years of Decining R&D Productivity, Drug
Developrient Iz Poized to Take Off

Research Update:

Who We Are

The Tufts Center for the Study of Drug
Cevelopment iz an independent, acaderic,
non-profit research group affiliated with Tufts
University, Founded in 1976, Tufts CSD0 is
imternationally recognized for its scholarly
analyzes and thoughtful commentary an
pharmaceutical issues, Tufts CSDD's mission
iz to provide strateqgic information for drug
developers, regulators, and policy makers an
irmproving the quality and efficiency of
pharmaceutical developrment, rezearch, and
utilization,

Kennelth I Kaitin, Ph.D.

Welcorme to the Tufts

Center, I invite you

ta learn more about
us,

Read More >

aard Annual Postgraduate Course in Clinical Pharmacology,
Drug Development, and Regulation '

Feb, 6-10, 2006 * Four Seasons Hotel * Boston, MA

= Maw in its 33rd year, Tufts CS0D's highly acclaimed, five-
day Postgraduate Course provides advanced instruction in
practical and technical problem solving in the areas of
clinical pharmacology, drug development, clinical trial
design, and new drug regulation, Cur 2006 program
includes several new presentations, which will focus on
vaccines, patient recruitment, informed consent,

d irvectinative cite rhallennas and nnralin rmananerment

--Please Choose--

About Us

Research

Publications

Information Services
Ana Paula Buchalla
26 de junho de 2002

mimeras 1757

Institute for
Professional
Development

DEPRESSAO %,
COLESTEROL ALTO
DORES = |

A revolugao no tratamento \
desses males na era dos

Become a Tufts CSDD
Sponsor

MNews & Events

E— CPERAENEDILS,

Onling Impact Reparts

Participate in Tufts C5DD
Survey: Measuring
Companys Hiring Needs of
Clinical Study Personnel
iohick here to access)

| £

8
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Alvos-terapéuticos possiveis para novos farmacos

OFRJ

Oportunidades para inovacao terapeutica
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* Big-Pharma e gastos com tecnolgia da informacao

mm) indistria aeroespacial
inddstria automobilistica
inddstria quimica

setor de embalagens

) computadores e correlatos

indidstria de petroléo
TR inddstria farmacéutica

Chemoinformatics Cheminformatics

in Drug Discovery
; r..
F =T

e
[t T

a -

- 4 &
59 % Em % do orcamento total

®®, Bisinformatica b LY

Mota: 500 empresas de teconologia da informacao foram
consultadas; 23 empresas quimicas e 23 indistrias
farmaceuticas; Fonte: AMR Research [C&EN, ACS, 2004)
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“...Change Is In the air for drug
discovery... the excitement of this
Interdisciplinary field at a time of
transition ...”

J. Uppenbrink & J. Mervis (Eds.),
g Science 287, 1951 (2000)

(Special Issue)

Drug Diiscaweny

eliezer © 2003



Donald Kennedy, Editor-in-Chief

D ru g D iscove ry Drug Discovery — Editorial

Science 2004, 303, 1717

has slowed despite the wealth of new
technologies...”

(@ =N
FDA-Appreved NCES DC lQLVLQ S

”\)/ ==
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. . : | L. M. Jarvis
Moving Beyond ‘Me-T00" |cgen october 9, 2006

Volume 84 (41), 42

“...the pharmaceutical industry's

declining productivity, ...penchant for me-too
pI'OdUCtS... F‘F H.I.IHII-I- »
I

ll'

“ ...the four drugs that are going to drive sales growth at
AstraZeneca between 2005 and 2011 are all essentially me-too

products...”:

e the chronic obstructive pulmonary disease (COPD)) treatment a
. . ) . &

Symbicort?, is a combination of two older drugs formoterol —

(long-acting B,-adrenoceptor agonist) & budesonide (glucocorticoid).
« the schizophrenia drug Seroguel® (quetiapine, mixed 5-HT,/D2 |
antagonist) has a better side-effect profile than other drugs in its class, k=
but is not hugely innovative. ..
« the antiulcerant Nexiun® (esomeprazole) is a follow-on to Prilosec® L
(omeprazole) and is generally considered a life-cycle extension product.

- the anticholesterol drug Crestor® (rosuvastatin, 5-HMG inhibitor) %

IS yet another statin albeit an extremely potent one. {-Ezs.wim“l b

io —
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piratory: 4%
{GSK, PFE, WYE)

Other: 7%

Metabolic: 7% |
(JINJ, RHHY,
GSK, MRK, PFE)

Cardiovascular:
9% (PFE, AZNM,
MRK, NVS)

AlID: 14%
[JhL), ABT, AZN,
RHHY/TNA)

CNS: 15%
(AN, MRK, PFE.
JN, GSK}
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Cacadores de moléculas...

Oncology: Z8%
(RHHY/DNA,
NS, MRK., AZN)

disease: 16%
(GEK, RHHY,
MRK, NVS)

Lasseie’

Protein therapeutics: 3%

C,HN,O, = ClLF
PM ~ <500

Copynght © 2005 Mature Publishing Group
MNature Reviews | Drug Discovery
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e-mail of Eliezer J. Barreiro

Patente

o
De: Kyle Kuhn - Paramount BioCapital Investments, LLC 4
Para: eliezer@pharma.ufrj.br
Cc: eliezer@ufrj.br
Data: 26/08/2006 11:01
Assunto: Phthalimide derivative LASSBi0-552

it

Dr. Barreiro,

My name is Kyle Kuhn, | represent a biopharmaceutical investment firm called Paramount BioCapital
Investments, LLC. My job here at Paramount is to identify promising therapeutic technologies, and explore
potential investment and/or licensing opportunities.

| recently saw a summary of some information you presented at the recent International Symposium

on Nitric Oxide, Cytokines and Inflammation, in Malbourne, and | would like to learn more about compound
LASSBIio-552.

| would like to know the development status of this compound, as well as any plans for its continued
development. | would also like to know the IP status for this technology. Any additional information you
can provide would be very helpful.

It may be more convenient to speak over the phone. If you would like to provide a number, and suggest

a convenient time, | would be happy to give you a call. Alternatively, my contact information is provided
below, please feel free to contact me at your convenience. | look forward to hearing from you.

Best regards,
Kyle Kuhn

Biotechnology Venture Capital Analyst
Paramount BioCapital Investments, LLC
787 Seventh Avenue - New York, NY 10019 -Tel: 212.554.4315 -Fax: 212.554.4490

' e-rpail: KKuhn@Paramountbio.com
éﬁ\ﬂlio
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PARAMOUNT
BIOSCIENCES

identify, evaluate and
assess a broad
spectrum of cutting-

edge medical
technologies and seek
to capture innovations |
with significant
commercial potential.

Paramount is a prolific founder of development biotech companies.
Haadguartars.:
Mew York Office California Office Morth Carolina Office Cambridge Office London Office
787 7th Avenue Z senida de la Carlota 100-A Eastwood Center 124 Mt, Auburn Street Euilding iswick Park,
or : Suike 117 University Place, Harwvard SA6 High Foad
MY, MY 10019 Laguna Hills, A 92653 Wilmington, MC 25403 Square London
Wi B
Inited Kingdom

l‘ Internet
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Robin Ganellin et al., 1974
US 3950333 19741 1976 - SK&F e ] o lcsbeontnt.ccsrafondmaris ot ironera - S .

Brit. J. Pharmacol. 53, 435 (1975).

Home

| About tre e | A new era of logical drug design
Program |

The rasearch programn leading to crnetidine also represented a ravolution

Frontiers of
in the way pharmaceuticals are developed. Traditionally, the development

Knowledge e e e e e L e e e
ricrobial extract that showed some of the required biological activity,
Medical Mirac - Uszing that first extract as a lead, many similar compounds would be made
and tested for pharrnacological effectiveness, In many cases, the
Industri researchers did not know how the drug worked, so finding an optimal
Advance cornpound was difficult,
New Products = The developrnent of drmetidine was radically different: it was one of the

first drugs to be designed logically from first principles. SK&F's
rultidisciplinary research team first looked at the physiological cause of
7 L d. acid secretion, They confirmed that a molecule found in the body called
hemistry e 3 histarnine triggers the release of acid when it binds to a specific receptor
: (now called the H -receptor) in the stornach lining, Their airm was to find 2

Cradles of
Che

Action! ey rmalecule that successfully competed with histamine in combining with the
Take Part receptor, but then blocked, rather than stirmulated, acid release, Such a
& Mominate rmolecule was called a histamine H.-receptor antagonist and represented a

new class of drugs,

Using a step by step analysis of structural and physical properties, the
team made a series of histamine-based molecules, which were then
tested for antagonist activity using carefully designed pharrmacological
asszays. Today, this approach of rational drug design underpins the
discovery programs of many major pharmaceutical cornpanies,

eliezer@2006




Chifre d’affaires (2003): US$ 29,0 bilhdes
( crescimento vegetativo 10%/ano)

Investimentos R&D: US$ 4,4 bilhdo
Pipeline: 53 projetos em fase pre-clinica

148 projetos em desenvolvimento:
83 NCE's, 20 vacinas, 45 produtos

Labawmturia hs Fuzliazim e Siwcare da Sukskincins Braciivmn
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Losing Their Religion L. M. Jarvis

C&EN October 30, 2006
Volume 84 (44), 14-20

Biotechs take a more "agnostic approach"
to drug discovery by expanding into small molecules

GAINING ACCESS Big biotech firms have struck a
number of small-molecule deals over the past 12 months

GO P Y PARTHER GETAILE

GBI Mo icals Laosnse for salinamede. 3 Cenbral neryos
wysbern drug in Phase Bl {rials

Bogen idec  UCH Lacinisa for D0P323, an inhindor of ad-ntegra

Cereltbich COl Pharmacit ials Al o diked Kinass rfebelers 1or an
urrdrsn-:u.tdm-:lag'-.'tarm

Arrge Pri:dil (Epix) Collahoration 1o dessiop S1P1 modulaions for
U DETHTILING CeSegnes

Gerentech Inobek Allance bo develop infhebitors of poty (ADP-
nboie] pobymarase for cancer indicabions

Armgen FroSarakan Lecense bor prechnical compounds for renal
i

Geerweniech Plirarmad Coall placar bt 1 iyl S b0y drugs

 tarpeteyg Pl-3 keggs
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ncluding a kead onoology canchdabe
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AAS *¢ 1889
barbittricos +—Li923
: 1934
cloroquina =
sulfonamidas 1935
penicilina «—1942
nitrofurano+«—uw992
progesterona< 1953
talidomida 1954
haloperidol < 1958
verapamil 1962
indometacina 1963
propranolol 1964
salbutamol 1968
prostaglandinas « 270
oxamniquina «—=970
P ST 1975
nifedipina <
cimetidina« 210
atenolol <« 1276
captopril «—2377
oxicams < 1980
praziquantel < 1980
aciclovir 1981

ranitidina

misoprostol
mefloquina . .
azidovudina ot
lovastatina ‘«
ozagrel

mifepristona

fluoxetina

salmeterol, amlodipina

tacrina, fanciclovir

indinavir, saquinavir
docetaxel, atorvastatina
Zileuton, efavirenz, olanzapina
zafirlukast, montelukast

infliximab

celecoxib orlistat sildenafil
galantamina rofecoxib ﬁ
imatinib =
apomorfina, etoricoxib ﬁ

vardenafil, gefitinibid, aripiprazola
rosuvastatina, rofecoxib
pregabalin, CaduetR

risperidona, vorinostat (Zolynza®)

eliezer © 2006



Everyone iIs searching for drugs

Editorial overview

Alan Cuthbert

Current Opinion in Pharmacology 2004, 4, 487
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Principais gargalos do
processo de descoberta
de novos farmacos

[] Farmacocingtica (PK) [ Efeitos colaterais n
B Touicidez B Razfies camerciais
[] Falta de eficacia [] Outras

traduzido de: H wan der Watertbeewnd, E. Gifford, Wat Feaw Dz Dise 2003, 2, 192

eliezer@2006
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Os gargalos da inovacao na industria farmacéutica

Dyug Information Jowrnal, Vol. 30, pp. 97-107, 1596 0092-8615/96
Printad in the 1754, All rights ressrved. Copyright © 1996 Dz Information Assoctation Inc.

INNOVATION DEFICIT IN THE
PHARMACEUTICAL INDUSTRY

JURGEN DREWS. MD
President. International Research

STEFAN RYSER. PHD

Scientific Assistant to the President, International Besearch

Hoffimann-La Roche Inc., Nutley, New Jersey Novos farmacos

1990 — 1994 = 215
1995 — 1999 = 207
2000 — 2004 = 162

eliezer@2006
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«Advanced Soits

-Pharmaceuli:;n’is,

* Agroindustry

< Toxtilon Telecommunications

- Plastic *Aeronautics Componen
- Wood and paper - Metal 'Ehem!c:ats _ -Chemical specialties
Products Products *Electric Mac ‘Biotechnology

= Other basic *Advanced Materials
- Cement, Steel, Oil | machinery = |

Machine Tools
———————————l —

J /0 — .
R&D Intensity Low | Medium - Low | Medium - High | High

Market Price: Dils per kilogram <87 | <$10 ] <§100 | <$1000
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Mercado mundial  Populagdo mundial
de medicamentos (seis bilhdes de pessoas

(US%406 bilhdes em 2002  em meados de 2001)
T o, B

12%

13%

2%
42%

11%

27% T77%,
B Amarica do Nora

B Europa

Bl Japac

@ Africa, Asia e Orienta Médio

B Amarica Lating

Fontas: IMS Health / Fopulation Refersnce Bursau |
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Declaracao da Cupula do Milénio da Nagdes Unidas,
Nova York, 6 a 8 de setembro de 2000

Projeto do
Milénio da ONU @ PI’OjetO do Milénio

2015

..Paises em desenvolvimento provavelmente continuarao imersos

na pobreza a menos que possam fazer o que paises desenvolvidos

fizeram para atingir o crescimento sustentavel: iIncorporar ciéncia,

tecnologia e inovagao em suas estratégias econémicas ... "

eliezer@2006
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Farmacos e medicamentos sao instrumentos
essenciais a assisténcia farmaceéutica,

eficiente e segura a populacao sendo, portanto,
agentes de efetiva Inclusao  social,
Imprescindiveis ao pleno exercicio da

soberania da Nacao.
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Os farmacos
& nés......
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Anti-hipertensivos Inibidores da enzima conversora

Compound Company Target Protease
class

Captopril Eristal-Myers Squibh ACE Metallo

Enalapril Merck

Lisinopril Astraleneca

Trandalapril Abbott

Lofenopril Menarini group

Ramipril Aventis

Moexipril Bcehringer Mannheim

Imidapril Trinity Fharmaceutic als

Perindopril Daiichi Pharmaceutical, Servier/Solvay

Linapril Plizer

Fosinopril Eristol-Myers Squibh

Benazepril Movartis

Cilazapril Koc he
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Quimica
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Novel chemicals
syntheswed

Hesearh team formed
and objectives sst

Farmulation, stability
scak-up synthesis,
chionic safety in animals

Chemicals testad for
efficacy and safety in
test tubes and animals.
Results used to choose

Company files
Imvestigational hew
Crug (IND) application

with FOA

ANVISA

e

Crug is approved
for marketing

P
FOA reviens NDA

Clinical studies
h - P %a ‘

Phase [I; studies
In patients (sfficacy)

Phasa |: studies
in healthy humans
(toleration)

Phese Il large clinical
triaks in many patients

Company files New
Urug Application (NOA)

| drug candidate. l

JA Lombardino & JA Lows III. Natvrs Rev. Doz Dize. 2004, 3, 333

................................
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Quim ICa A Quimica Medicinal ¢ uma disciplina
que estuda os aspectos relacionados a descoberta,
Invencao e preparacao de substancias bioativas,

M ed | Ci N al de interesse terapéutico, i.e. farmacos.

Estuda os fatores moleculares do modo de agéo dos farmacos,
Incluindo a compreensao

da relacéo entre a estrutura quimica e a atividade terapéutica,
absorcao, distribuicdo, metabolismo, eliminacao e toxicidade.
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Bioquimica

Bicinformatica

| Toxicologia
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had” O processo racional da descoberta de farmacos
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aracteristicas dos Farmacos

IOl | Heterociclicos

Nao-heterociclicos
o
HJ Roth et al., 1968 38%
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	“…Change is in the air for drug discovery… the excitement of this interdisciplinary field at a time of transition ...” �J. Upp

