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Paul Erlich (1854-1915)

* Prémio Nobel em Fisiologia e
Medicina, 1906
e Médico e cientista
Hematologia
Imunologia
Quimioterapia

e Descobriu Salvarsan —

Tratamento da sifilis

“Corpora Non Agunt Nisi
I 1906, composto

606, Arsfenamina

“A  Substance will not
(Salvarsan)

work unless it is bound”



The physical Crick & the biologist Watson

JD Watson & FHC Crick, A Structure for Deoxyribose
Nucleic Acid, Nature 1953, 171, 737-738 .
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Science 2001 291, 1304-1351 [DOI: 10.1126/science.1058040]



EUERI 1. Whitfield, Nature 2008, 455, 720

NEWS FEATURE

What makes a successful reseg team?
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GROUP THEORY-_"

W Masona, D J Watts, Collaborative learning in networks, PNAS 2012, 109, 764; M Williams,
Productivity Shortfalls in Drug Discovery: Contributions from the Preclinical Sciences?, JPET
2011, 336, 3; R Guimera, B Uzzi, J Spiro, L A N Amaral, Team Assembly Mechanisms Determine
Collaboration Network Structure and Team Performance, Science 2005, 308, 697.
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Pesquisa e Desenvolvimento de Novos Farmacos: Sinais de Declinio na
Produtividade das “Big-Pharmas”

&3 New molecular entities
& Biologics license applications
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Booth & Zemmel (2004) Nature Rev. Drug Discovery 3, 451;
A. Mullard (2011) Nature Rev. Drug Discovery 10, 82.




Mercado Farmacéutico Mundial em 2012 (USS 962.1 Bi)

12 Introduction Product surveillance| Phase IV

11| Registration
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e Inovacao Radical

e Inovacdo Incremental (Me-

e Inovacdo Aditiva (Me-Too)
e (Genéricos

Better)

Rick NG (2004) “Drugs: From Discovery to Approval”, Wiley, New Jersey.
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Pharmaceutical industry faces an
enormous challenge in the form of
late-stage compound failures.

70% of recent failures in Phases 2
and 3 of drug development has to
do with problems on efficacy and
safety



Principais Razoes para Falhas no Desenvolvimento
de Farmacos

a Causes of failure

B Efficacy

B Safety

O Strategic

E Pharmacokinetics/
bioavailability

E Other

E Financial and/or

commercial
[ Not disclosed

Average preclinical costs for a successful launch is USS270 million

Paul, S.M. et al. (2010) How to improve R&D productivity: the pharmaceutical
industry’s grand challenge. Nat. Rev. Drug Discov. 9, 203-214

Arrowsmith & Miller (2013) Nature Rev. Drug Discovery 12, 569;



Desafios para o Processo de
Descoberta de Farmacos

DRUG DRUG

TESTS —

DIVERSITY



Desafios na Busca por Novos Farmacos:
Acelerar o processo/reduzir custos

E como procurar uma agulha no palheiro....
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Source: C. H. Brito Cruz & C. A. Pacheco, “Conhecimento & Inovagao: Desafios do Brasil no Século XXI”, at
WWW.inovacao.unicamp.br/report/intc-pacheco-brito.pdf (2009/01)
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IS open innovation the way forward
for big pharma?

The current, fully integrated business model of large pharmaceutical companies is

e increasingly considered to be unsustainable, and so new approaches that engage large

/¢ and small companies, governments and academic institutions are needed. Could ‘open

i X . . 4 . .
7\ innovation’ models that have proved successful in other sectors be fruitfully adopted

by the pharmaceutical industry?

J'Hunter & S Stephens, Nature Rev. Drug Discov. 2010, 9, 87

Universidade Federal do Rio de Janeir

Innovation process in-house
sPharma — = fully integrated pharmaceutical company
To fully integrated pharmaceutical network

JW Scannell, A Blanckley, H Boldon, B Warrington, Diagnosing the decline in pharmaceutical R&D efficiency, Nature
Rev. Drug Discov. 2012, 11, 191; M Goldman, Reflections on the Innovative Medicines Initiative, Nature Rev. Drug
Discov. 2011, 10, 321; F Pammolli et al., The productivity crisis in pharmaceutical R&D, Nature Rev. Drug Discov.
2011, 10, 428 ; M Williams, Productivity Shortfalls in Drug Discovery: Contributions from the Preclinical Sciences?
JPET 2011, 336, 3; SM Paul et al., How to improve R&D productivity: the pharmaceutical industry's grand challenge,
Nature Rev. Drug Discov. 2010, 9, 203; M R Barnes et al. Lowering industry firewalls: pre-competitive informatics
initiatives in drug discovery, Nature Rev. Drug Discov. 2009, 8, 701; B Hughes, Harnessing open innovation, Nature
Rev. Drug Discov. 2009, 8, 344; B Munos, Lessons for 60 years of pharmaceutical innovation, Nature Rev. Drug
Discov. 2009, 8, 959.
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Medicine man

Asdirector of the NIH’s bold new translational research centre, Christopher
Austin has to show that he can jump-start a tortuous drug-discovery process.

National Center for Advancing Translational Sciences (NCATS)

Funded at USS575 million last year

Mission: "to get more successful medicines into
more patients, more quickly”



“Does anyone in the
audience believe that there
is something that NCATS is
going to do that the industry —
thinks is critical and that
they are not doing?” he
asked. “That is incredible to
think that. If you believe
that, you believe in fairies

B. MELLOR

Roy Vagelos

“The focus will be on
overcoming obstacles on the
road to drug development,
from inadequate toxicology
methods to inefficient
clinical-trial recruitment,
rather than actually
producing the drugs”

Christopher Austin

The New York Times front-page story declaring that NIH officials
“have decided to start a billion-dollar government drug

development center to help create medicines” and that to do so
Collins was willing to “cannibalize” other parts of the NIH.



NCATS’S PrO rams: e totry to move into clinical testing
) ’ compounds that show promise

against neglected diseases
Pharmaceutical )

Non-pprofit companies o -

organizations 4 compounds moving into clinical

trials in the past 15 months.

Academics

* Segundo uso: Substancias ja testadas em humanos mas abandonadas pela big pharma (razoes
de negdcio ou inativas nas doencas investigadas. Tentar outras aplicagdes.

* Avaliacao toxicoldgica: Desenvolvem chips que mimetizam tecidos humanos com o objetivo de
fazer triagem de efeitos toxicos de farmacos.

* Iniciaram em 2011 a triagem de 10.000 agentes quimicos ambientais e todos compostos
aprovados contra qualquer doenca humana em vias de sinalizacao, com objetivo de identificar
substancias com efeito toxico.
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"5 The National Institutes of Science and Technology (INCT’s) program
has ambitious and large goals in terms of mobilizing national effort of
the best research groups in Brazil, acting at frontier and strategic areas
of science, to contribute for sustainable development of the country.

' Universidade Federal do Rio de Janciro




Universidade Federal do Rio de Janeiro

INCT-IN OFAR

INCT-INOFAR

Scientific adviser board
{SAB)

Research groups

Research people
Useful articles
Publications

instituto nacional

de ciéncia e tecnologia de Farmacos e Medicamentos

www . inct-inofar.ces.ufrj.br English

Project CNPg 573.564/2008-6

m Organize the Brazilian scientific capacity in an effective
drug discovery network;

m Support multi-institutional research projects in drug discovery &
design;

m Contribute to Brazilian radical & incremental innovation in new &
generic drugs;

® Studies in total synthesis of generic drugs & advanced synthetic
intermediates and starting materials;

m Contribute to continuous high qualification of students in
medicinal chemistry & pharmacology;
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Acompanhamento (CGA - < "
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Lidia Moreira Lima (UFRJ)
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LASSBio-897 for the
treatment of silicosis

anticancer drug

candidates designed as
novel combretastatin Laboratory of Inflammation
A4 analogues

LASSBio-UFRJ / FM-UFC 10C - FIOCRUZ, RJ

BR 10 2012 007619 5

PCT BR 2013 000095 k /




Incremental Zrmovation <

HO
CO,H
OH
CHa
N
I CHj

* Atorvastatin
1991 Lipitor™

* New stereoselective synthesis by
Professor Luiz Carlos Dias &
Dr Adriano S. Vieira, UNICAMP, SP
(2010) — INPI Patent, 2011 (BR)

functionalized
o) pyrrolheptenoic acid
* Patent US 5273995 Pfizer (1991)

HN World total sales:
USS > 120 bi

(1991-2011)
. itinib super blockbuster—drug
Sunitini
CH
2006 K 3 functionalized
H3C N 2-0x0-1H-indol -1H-pyrrole-3-carboxamide
" \_-CH; *Patent US 7211600 (2001)
/ \ *Multi TK inhibitor indicated to renal carcinoma
4 N Sutent™
H  CH, Total sales of tinibs in
N o US market: USS 18,5 bi
|-/| - Total synthesis Professor Angelo da Cunha (2009)

Pinto & Dra Barbara Vasconcellos da Silva
UFRJ, RJ (2011) (BR)
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Finalizando....

Desafio: Nao se deve buscar fazer o que
outros ja fazem muito bem, mas fazer o que
0S outros nao pode fazer ou fazem mal;

Desafio: Nao se pode negligenciar a
Importancia da ciéncia basica.

30
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CROSSING THE VALLEY OF DEATH"'

A chasm has opened up between biomedicalresearchers and the patients who need their
discoveries. Declan Butler asks how the ground shifted and whether the US National
Institutes of Health can bridge the gap.

“Cruzando o Vale

da Morte”

n (llUI C

Butler D (2008) Translational
research: crossing the valley of
death. Nature 453: 840-842
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