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< "Medicamento é um produto farmacéutico,

. tecnicamente obtido ou elaborado com
fiﬁqjj_dade profildtica, curativa, paliativa

|\ . . oupara fins de diagndstico.
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"_;ﬁ-?i?ra;,‘gE%wZO N° 338, DE 06 DE MAIO DE 2004

= 'f.E .instrumento de recuperagcdo, manutengao,

L S ﬁ-éserva;&’a, promogdo da Saude.

P O farmaco é o principio ativo do medicamento |
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Os farmacos... I _N|\>€ ... salvam vidas !
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Fonte: IBGE - Sintese de Indicadores Sociais
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Mercado Farmaceutico Mundial*

Anos 2X
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. 2002 :2003 :2004 2005 : 2006 2007 :2008 : 2009
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US$ DilNOES ceeeccccccccceccccccccsccscccscccccscscscccsoscscccccscccccs >

3) Previs6es: para 2011: US$ 880 bilhdes; para 2020: US$ 1300 bilhoes
IC&EN ==

*Fonte: SJ Ainsworth C&EN, Dec. 07, p.13, 2009

América Latina: W Principais classes terapéuticas:
Eel

norainnountan e

Brasil:1,6% (10° lugar) = US$ 11,9 bilhes =~ oncolégicos (6,9%)
Top-10: US$ 561,9 bilhoes (USA: US$ 300 bilhoes = 40%; Jp, Fr, Al.) & anti-lipémicos (4,7%)
2010 - 2013: osteoporose, DRC
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KEY GLOBAL MARKETS
With 41% of sales, the U.S. dominates
the pharmaceutical market

SALES TO SHARE OF 12-MONTH
JUNE 2008 GLOBAL CHANGE IN

($ BILLIONS) SALES SALES
U.S. $288.9 40.7% 1.5%
Japan 63.5 89 4.6
France 42.5 6.0 5.0
Germany 40.4 5.7 6.9
taly el 3.5 3.4
U.K. 235 3.3 2.8
Spain 21.6 3.0 8.1
! Canada 19.1 2.7 6.1 N
W China 16.8 2.4 28.4 Ba\ el
WL Brazil 11.9 1.7 9.8 *"E
, Top 10 markets $553.4 77.9% 4.0% 8 ¥
NOTE: Sales are in U.S. dollars for the 12 months ending June
2008. SOURCES: IMS Health, MIDAS

IEﬁr'i"2'0‘09‘;'6"%‘:5?&56‘6‘ farmacéutico brasileiro observou crescimento
de 13,3% atingindo RS 17,8 bilhGes  imsu
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Novos farmacos lancados por ano

(1994 — 2007)
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/ l \ montelucaste m 2006
T m 2007
imatinibe esomeprazola ceIeCOX|be —- -
Letairis

sildenafila

Inovacoes terapeuticas

ca. 30 novos farmacos langados / ano

ambrisentan
5 mg and 10 mg Tablets




Descobridores de Farmacos

mmmSweden  France I I

I I Belgium

Others

United States

The
Pharmaceutical

Switzerland < rum  DUSINESS
e > Drug Discovery

ﬂ Product Launch

United Kingdom
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As 20 principais empresas farmaceuticas

Top 20 global pharmaceutical corporations
Ranking according to IMS5 Health for 2004

GlaxoSmithkline Pl
wati-Aventis
lohnson & Johnson

US$ 159,2
31,5%

Jovartis AG
Hotman-La Boche Inc

Hristol-Myears Sq. ibh ¢

US$ 250,9

! 49,6%
Eli Lilly and Co

Amgen Inc

lakeda Pharmaceutical Co. Ltd
Boehringer Ingelheim GmbH
cchering-Flough Comp.

";_.l i = _|; :_-.

US$ 332,5

Not surpeisingly, the world's top pharmeaceurical corpararions in 2004 Include 65,8%

sexme very fammdilar naes.
AN senles are I U5, dhallars
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Mercado de insumos para farmacos
em 2000 = US $ 40 bilh&es

intermediarios uso cativo
105 4 5%, IWAUSTRIAL
/1 [RGANIC
. / CHEMICALS
simtese
15%
Bl L
e
ZENnericos Forne: CES&IN 1999
0%

-rﬁé&
§@ > 88% dos farmacos disponiveis sao sintéticcﬁ&.‘
«

O mercado foi de USS 373 bilhdes em 2000

Farmaco (IFA) = produto de alto valor agregado
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Aparatha Aparalha Aparelho Sistema
Circulatdrio Respiratdric Digestivo Mervoso
Doencas
Fonte: IBGE

Principais causas de obitos

revistapesquisa.fapesp.br/
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Pipeline de farmacos cardiovasculares (2004)

doencas coronarianas
terapias cardiacas

angina

arritmias

ateriosclerose

doenca cardiaca congestiva
doencas da artéria
trombose venal profunda
atague cardiaco
antilipémicos
anti-hipertensivos
agentes de contraste
doenca vascular periférica
doenca vascular pulméo

trombose

outras
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PHARMACEUTICAL
INNOVATION

A inovacao tecnoldgica € um dos processos
mais dinamicos da atividade industrial.
Este dinamismo se expressa de forma

acentuada na inovacao tecnoldgica
farmacéutica que, mais do que qualquer outra,
depende da efetiva interacao entre

Ciéncia & Tecnologia.

A inovacao tecnologica farmaceéutica € produto
da descoberta ou da invencdo e o principal driving-
force da industria farmacéutica que desenvolve
farmacos.




Percentagem do faturamento investida em R&D/setores industriais

setor medico
equipamentos e Servicos
elétrico/eletronico
telecomunicacgies

setor automohilistico

‘ setor aeroespacial

siderurgia

setor textil e papel

outros setores
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Gastos em P&D(1) nas Big pharmas (2003)
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B Total wordwide B&D expenditures
Total approvals (including priorty and standing review)
— Crigiral INDis receved (commercial)

ca. USS 157 bi (2009)

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)

eliezer © 2010
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Available online at www.sciencedirect.oom
BCIENCE @DIHEGT'

Jourmnal of Health Eeoncmaes 22 (2003) 151-185

JOURMAL OF

HEALTH
ECONOMICS

wwwselseviercom/locale’'cconbase

JOURMAL OF

HEALTH
ECONOMICS

The price of innovation: new estimates
of drug development costs

Joseph A. DiMasi™*, Ronald W. Hansen”, Henry G. Grabowski®

A Tuyfts Center for the Study of Drug Development, Tigts Universiny, 102 Sourh Sireet,
Suite 530, Bosten, M4 02111, US4

[] 1: Health Aff (Millwood). 2006 Mar-4pr;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, DC, USA, cadams@ftc.goy

This paper replicates the drug development cost estimates of lJoseph 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 far the first time between 1989 and 2002, the paper
estimated the cost per new drug to be 868 million dollars, However, our estimates vary
from aroun rilhon dollars to more than 2, rilhon dollars, depending on the
therapy ar the developing firm,

PMID: 16522582 [PubMed - indexed for MECLIMNE]

istration, University of Rochester, Rochester, NT, U4
e Lniversity, Derham, NC, TUE4

form 24 May 2002 accepted 28 October 2002

mly selected new drugs were obtamed from a sur-
ed to estimate the average pre-tax cost of new dmg
d during testing were linked to the costs of com-
mated average out-of-pocket cost pernew dmg is
f-pocket costs to the point of marketing approval
roval cost estimate of USS 802 nullion (2000 dol-
nucly Wi A SIntlar metnodology, total capitalized

ate of 7.4% above general price inflation.

I TR TR ETIONL, Tooly TS, FIEECEIar sy, Disconmt rate; Tecknical swecess rates
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A inovacao farmacéutica depende da ciéncia

R&D intensity / market orice

‘Advanced Software
3 ‘Pharmaceuticals|
40% - Nutraceuticals
‘Equipment and Electro
instruments

« Textiles Telecommunications

20% - « Agroindustry

0 aati Aeronautics Component
20% -) Wood and paper |+ Metal RSP -Chemical specialties
Products Electric Machiies g RrR ALY

«Advanced Materials

10% -

- Cement, Steel, Oil gy
*Machine Tools

Ciéncias quimica, fisica, bioldgica, saude..,



Investimento em informacao (2004)
== indlstria aeroespacial JN

inddstria automobilistica [

indastria quimica [
setor de embalagens NN
computadores e correlatos J

indastria de petroléo -

m==p inddstria farmacéutica [N 5+

‘outros _
Bmm[ormatlca 0 2 2 6

Em % do orcamento total

Fonte: AMR Research
(C&EN, ACS, 2004)

Atividades cientificas multicentros globais...




Drug Discovery

..The rate of introduction of new chemical entities

o

has slowed despite the wealth of new
technologies...”.
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Do que morrem moléculas candidatas a farmacos...
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Cacadores de moleéeculas

Drug hunters
Everyone is searching for drugs

s Editorial overview
@;2 Alan Cuthbert

Current Opinion in Pharmacology 2004, 4, 487
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L. M. Jarvis

Losing Their Religion |csen octover 30, 2006

Volume 84 (44), 14-20

Big-biotechs mudam seu perfil para uma abordagem
agnostica no seu processo de descoberta de
farmacos buscando moléculas pequenas

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-malecule deals over the past 12 months

COMPRNT AT NLE DETaLE

£ serono - Newton Pharmaceuticals. Loense o salinamide, 3 cenbral nersa
= oo g bern drue in Phase 0 rials
tsogen e LCH Licingap for DDF323, a0 inhifor of @ f-intagra
Genentech CGIPhamaceuticals Allance: bo firakop Krase rifebatoes lor an
A Member of the Rocke Umu!r— .|r'.| L : I'_'-' c _: P .c. '-.E_'I' -.I'.l_.:ll'-.
' Predo (Epa) Collaboraton 1o dessiop 51F1 modulators. for
S DT e e
enen E[f_:h Inotek Allance to develop nhebitors of poly {ADE

A Member of the Rocke Group

rabasE] ol Tor cancnr indicabons

m ProStrakan Laceryse Sor prechnical compounds for rena
i i
]

Genentech Firaimai Cliallw el 1 Slimaibangs e rddviny dligss
1 .4
A Member of the Rocke Group -
tarpetryg Fl-3 ke
£ serono Riggel Ly bor Rigd 5 Saroor i anaial S ogv
== biotech & beyond

eChdengr B ledd onoology Candaiabe
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Cacadores de moléculas...
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| Ainovacdo em 13rmacos ...

e Science 2000, 287, 1951 (J. Uppenbrink,J.Mervis)

e Science 2004, 303, 1713 (D.Kennedy)
e Rethinking Drug Discovery

- Surviving the Blockbuster Syndrome
e Orphan Drugs of the Future?
e Protein Kinase Inhibitors: Insights into Drug Design

from Structure

e Polyketide and Nonribosomal Peptide Antibiotics:
Modularity and Versatility

e Organic Chemistry in Drug Discovery

e The Many Roles of Computation in Drug Discovery

e Drug Delivery Systems: Entering the Mainstream

... depende 4a pesquisa cientific !




Aonde se faz pesquisa cientifica?

80

W Inddasiia

OGoverno

O Univ. & cutros

60 +

40 A

Realizacao de P&D

\a R & RN o B & N @

Adaptado de C. H. Brito Cruz & C. A. Pacheco, “Conhecimento & Inovagao: Desafios do Brasil no
Século XXI”, em www.inovacao.unicamp.br/report/intc-pacheco-brito.pdf (2/01/2009)




Mestres e doutores titulados anualmente

35.000

—=—Me sirado
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fonte: Capes/MEC

A pos-graduacao brasileira funciona ...

eliezer © 2010




Artigos brasileiros publicados em periodicos cientificos
internacionais indexados na Thomson ISl, em relacao a
Ameérica Latina e ao Mundo, 1981-2008

n® de atigos
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Producao cientifica do Brasil

% do Brasil em relagao % do Brasil em relagao

Ano Brasil América Latina Mundo 3 América Latina 20 Mundo
1981 1.949 5.687 456.306 34,27 0,43
1982 2.257 6.360 473.663 35,49 0,48
1983 2.325 6.671 484.748 34,85 0,48
1984 2.439 6.768 485.007 36,04 0,50
1985 2.409 7.119 516.901 33,84 0,47
1986 2.575 7.673 531.800 33,56 0,48
1987 2.624 8.037 528.090 32,65 0,50
1988 2.842 8.288 549.659 34,29 0,52
1989 3.160 9.025 570.774 35,01 0,55 i
1990 3.640 9.906 588.087 36,75 0,62
1991 4.008 10.474 604.880 38,27 0,66
1992 4.733 11.883 642.531 39,83 0,74
1993 4.663 12.203 644.539 38,21 0,72
1994 5.210 13.571 682.641 38,39 0,76
1995 20 6.038 15.437 716.128 39,11 59% 0,84 405%
1996 A 6.626 16.878 730.127 39,26 0,91
1997 7.331 18.677 730.557 39,25 1,00
1998 N 8.853 21.147 762.725 41,86 1,16
1999 o 10.072 23.501 777.872 42,86 1,29
2000 10.521 24.528 777.734 42,89 1,35
2001 S 11581 26.478 796.755 43,74 1,45
2002 12.928 28.619 797.471 45,17 1,62
2003 14.237 31.536 875.242 45,15 1,63
2004 14.993 31.642 854.158 47,38 1,76
2005 17.711 37.236 981.781 47,56 1,80
2006 19.280 38.697 981.747 49,82 1,96
2007 19.496 39.296 977.792 49,61 1,99 '
2008 30.415 55.742 1.158.247 54,56 2,63

eliezer © 2010




Porque nao falam nosso idioma os nossos farmacos?

» Pelas proprias caracteristicas do setor farmacéutico brasileiro;
» A induUstria farmacéutica nao investe em pesquisa no Brasil;

» As empresas do setor farmacéutico brasileiro nao sabem /
querem fazer investimentos de risco;

» Forca-de-trabalho totalmente despreparada para a inovacao;

» Investimentos em marketing, propaganda e representacao,
predominam no setor farmacéutico brasileiro;

» InUmeras iniciativas empresariais sao apenas faz-de-conta;




A cadeia de inovagao em farmacos

{Qualifil:al;ﬁn de pessoal técnico, técnico-cientifico e cientifico (graduado e pés-graduado) [ Universidade-Empresa /[ sigilo & confidencialidade

Composto Protétipo Biodisponibilidade w Farmacologia Clinica
i .7 Descoberta 20 ADMET* — @_ @ — Ensaios Clinicos —— @
Eleicdo T =555 2 R O . OO 5./ Y. . . SO >
A?\?o Estratégias de Farmacologia Viade Toxicidade aguda
s Planejamento Bioensaios | Administracdo | Toxicidade cronica | F3se1 | Fase? | Fase3 | Fased
Molecular invitro/in vivo, Metabolismo | Scale-Up primario
patologia Quimica medicinal Bioguimica *ADMET = Absorcdo; Distribuicdo; Metabolismo; Eliminagdo; Toxicidade.
- confidencialidade INCT PR s P
ESB—UT'UTE dG biﬂrfei:eptﬂr L?; de Farmacos e Medicamentos
(3D cristalina / solucdo) Protecdo Lol W inct-inofar.cos.ufrj.br
Validacdo do patentaria
conceito |.® —{ Rotasintética escalonada
terapéutico AJYG 2| i oSisted ek B
teapeuticn Propriedade intelectual - Scale-up secundario

Informatizacdo do processo

Meétodos analiticos quantitativos

Praticasde producao

Métodos analiticos qualitativos

Normas regulatorias

Métodos bioquimicos To—
Fabricacdo

Licenciamento

d NS / d 1 9

Desenvolvimento farmacotécnico

Comercializacdo

eliezer © 2010
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Sequenciamento do genoma humano




he Sequence of the Human Genome

J. Craig Venter, Mark D. Adams, Eugene W. Myers, Peter W. Li, Richard J. Mural, Granger G. Sutton,
Hamilton O. Smith, Mark Yandell, Cheryl A. Evans, Robert A. Holt, Jeannine D. Gocayne, Peter Amanatides,
Richard M. Ballew, Daniel H. Huson, Jennifer Russo Wortman, Qing Zhang, Chinnappa D. Kodira, Xiangqun
H. Zheng, Lin Chen, Marian Skupski, Gangadharan Subramanian, Paul D. Thomas, Jinghui Zhang, George L.
Gabor Miklos, Catherine Nelson, Samuel Broder, Andrew G. Clark, Joe Nadeau, Victor A. McKusick, Norton
Zinder, Arnold J. Levine, Richard J. Roberts, Mel Simon, Carolyn Slayman, Michael Hunkapiller, Randall
Bolanos, Arthur Delcher, lan Dew, Daniel Fasulo, Michael Flanigan, Liliana Florea, Aaron Halpern, Sridhar
Hannenhalli, Saul Kravitz, Samuel Levy, Clark Mobarry, Knut Reinert, Karin Remington, Jane Abu-Threideh, S
Ellen Beasley, Kendra Biddick, Vivien Bonazzi, Rhonda Brandon, Michele Cargill, Ishwar Chandramouliswaran, h._kfj._t—"-" |
Rosane Charlab, Kabir Chaturvedi, Zuoming Deng, Valentina Di Francesco, Patrick Dunn, Karen Eilbeck, R ]
Carlos Evangelista, Andrei E. Gabrielian, Weiniu Gan, Wangmao Ge, Fangcheng Gong, Zhiping Gu, |
Ping Guan, Thomas J. Heiman, Maureen E. Higgins, Rui-Ru Ji, Zhaoxi Ke, Karen A. Ketchum, Zhongwu Lai,

Yiding Lei, Zhenya Li, Jiayin Li, Yong Liang, Xiaoying Lin, Fu Lu, Gennady V. Merkulov, Natalia Milshina,
Helen M. Moore, Ashwinikumar K Naik, Vaibhav A. Narayan, Beena Neelam, Deborah Nusskern,

Douglas B. Rusch, Steven Salzberg, Wei Shao, Bixiong Shue, Jingtao Sun, Zhen Yuan Wang, Aihui Wang, |1-1TJ:-'I.-'I."~ [
Xin Wang, Jian Wang, Ming-Hui Wei, Ron Wides, Chunlin Xiao, Chunhua Yan, Alison Yao, Jane Ye, GENOME

Ming Zhan, Weiging Zhang, Hongyu Zhang, Qi Zhao, Liansheng Zheng, Fei Zhong, Wenyan Zhong,
Shiaoping C. Zhu, Shaying Zhao, Dennis Gilbert, Suzanna Baumhueter, Gene Spier, Christine Carter,
Anibal Cravchik, Trevor Woodage, Feroze Ali, Huijin An, Aderonke Awe, Danita Baldwin, Holly Baden,
Mary Barnstead, lan Barrow, Karen Beeson, Dana Busam, Amy Carver, Angela Center, Ming Lai Cheng,
Liz Curry, Steve Danaher, Lionel Davenport, Raymond Desilets, Susanne Dietz, Kristina Dodson,

Lisa Doup, Steven Ferriera, Neha Garg, Andres Gluecksmann, Brit Hart, Jason Haynes, Charles Haynes,
Cheryl Heiner, Suzanne Hladun, Damon Hostin, Jarrett Houck, Timothy Howland, Chinyere lbegwam,
Jeffery Johnson, Francis Kalush, Lesley Kline, Shashi Koduru, Amy Love, Felecia Mann, David May,
Steven McCawley, Tina Mcintosh, lvy McMullen, Mee Moy, Linda Moy, Brian Murphy, Keith Nelson,
Cynthia Pfannkoch, Eric Pratts, Vinita Puri, Hina Qureshi, Matthew Reardon, Robert Rodriguez,
Yu-Hui Rogers, Deanna Romblad, Bob Ruhfel, Richard Scott, Cynthia Sitter, Michelle Smallwood,
Erin Stewart, Renee Strong, Ellen Suh, Reginald Thomas, Ni Ni Tint, Sukyee Tse, Claire Vech,

Gary Wang, Jeremy Wetter, Sherita Williams, Monica Williams, Sandra Windsor, Emily Winn-Deen,
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A missao do INCT-INOFAR

INCT-INOFAR

Team & ~ % & r 4 &
™ Dl'gEI'IIZEI' as CﬂmpEtEI'ICIES CIEI‘ItIfiCES nacionals em uma

Scientific adviser board rede efetiva de pesquisa em farmacos;

(SAB)
s Apoiar projetos de pesquisa cientifica multi-institucionais
Resscs o> voltados para novos farmacos;

Research people g B = g
s Contribuir para a inovacao incremental e radical em novos

Useful articles farmacos e genéricos;

Publications s Estudar e desenvolver a sintese total de genericos,
intermediarios avancados e matérias-primas;

» Contribuir para a formacao cientifica qualificada de pessoal
em quimica medicinal & farmacologia;

g

s Promover a divulgacio das ciencias dos farmacos e dos
medicamentos, assim como seu uso racional e seguro;
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Conheca os projetos contemplados

AGENDA
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Escola de Verdo em
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Inovagao Tecnologica em

Farmacos e Medicamentos
INCT-Inofar amplia a busca
por farmacos e
medicamentos

LASSEi0 convida candidatura de
Tecnicos em Quimica.

Interessados contactar
ejbarreiro@ccsdecania.ufrj.br
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I;‘ Quimica langadal
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NE A MTCAS o~

ATUALIDADES

LASSBio comemora 15 anos
difundindo o Ensino e a Pesquisa
da Quimica Medicinal no Brasil
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