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Resumen
� La innovación farmacéutica es science-based…;

� La forma actual de la gestión de la innovación 

farmacéutica;

�El papel de la Academia en el proceso D4;

�La experiencia y la contribución del LASSBio/INCT-Inofar



La innovación tecnológica es 

el proceso más dinámico de la 

actividad industrial que 

genera riqueza.

Editorial, Ask the experts: future of the pharmaceutical industry, Future Med Chem 2011, 3, 1863

Este dinamismo se 

acentúa en la 

innovación farmacéutica 

radical del sector, más 

que cualquier otro, 

depende de la 

interacción efectiva 

entre

Ciencia y Tecnología.



El proceso de 

innovación

en productos 

farmacéuticos

es complejo

e interdisciplinario!



“Most of the work still to be done in science

and the useful arts is precisely that which

needs knowledge and cooperation of

many scientists and disciplines.

That is why it is necessary for scientists

and technologists in different disciplines

to meet and work together, even those in

branches of knowledge which seem to

have least relation and connection with

one another.“

Antoine Lavoisier, 1793



Galileo, Newton, Darwin, & Einstein

The physical Crick & the biologist Watson
The human genome team

The scientific

research

through the

ages...

JD Watson & FHC Crick, A Structure for Deoxyribose

Nucleic Acid,  Nature 1953, 171, 737–738 .



What makes a successful research team?

J. Whitfield, Nature 2008, 455, 720

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.







The drug discovery & development process



Paso

Búsqueda
Paso

Desarrollo

Etapa

ReguladoraPaso

comercialización

Inicial: Realização dos ensaios pré-clínicos

Tardia: Realização dos ensaios clínicos

(Fase I, Fase II e Fase III).

ANVISA; 

EMEA; 

FDA:
Marketing e vendas

SeleçãoSeleçãoSeleçãoSeleção dodododo alvoalvoalvoalvo molecularmolecularmolecularmolecular;;;; DesenvolvimentoDesenvolvimentoDesenvolvimentoDesenvolvimento
dosdosdosdos ensaiosensaiosensaiosensaios farmacológicosfarmacológicosfarmacológicosfarmacológicos inininin vitrovitrovitrovitro eeee inininin vivovivovivovivo;;;;
DesenhoDesenhoDesenhoDesenho dededede ligantesligantesligantesligantes;;;; SínteseSínteseSínteseSíntese;;;; IdentificaçãoIdentificaçãoIdentificaçãoIdentificação &&&&
OtimizaçãoOtimizaçãoOtimizaçãoOtimização dodododo ProtótipoProtótipoProtótipoProtótipo....



* Adapted from a figure of Eli Lilly website

fully integrated 

pharmaceutical network



La innovación no espera....



Woodrow Wilson School of Public 
and International Affairs 
at Princeton University

(1997) 

1928-1997



D. Butler, Nature 2008, 453, 840; doi:10.1038/453840a 

La investigación traslacional significa diferentes cosas para

diferentes personas, pero parece importante a casi todos a)

a) S.H. Woolf, JAMA, 2008, 299, 211; B.S. Coller, R. M. Califf, Sci Translational Medicine 2009, 1, 1. 





Mercado global de medicamentos

2014 – Estimado em US$ 945 bilhões



A Mullard, Nature Rev. Drug Discov. 2015, 14, 77-81

The The The The drugdrugdrugdrug world world world world marketmarketmarketmarket, in , in , in , in 2014 2014 2014 2014 = = = = cacacaca. . . . US$ US$ US$ US$ 945 945 945 945 bibibibi

571 / 96

Fuerte 2012, pero sólo unos pocos blockbusters potenciales (apixaban; ElequisR)





ACS Med. Chem. Lett. 2013, 4, 313

Inter-alia: CJ Tralau-Stewart et al., UK academic drug discovery, 
Nature Rev. Drug Discov. 2014, 13,15; M Alvim-Gaston et al. Open 

Innovation Drug Discovery (OIDD): A Potential Path to Novel 
Therapeutic Chemical Space, Curr Top Med Chem 2014, 14, 294; SP 

Forster et al. Virtual pharmaceutical companies: collaborating flexibly 
in pharmaceutical development, Drug Discov. Today 2014, 19, 348; JM 

Abou-Gharbia, WE Childers, Discovery of Innovative Therapeutics: 
Today’s Realities and Tomorrow’s Vision. 1. Criticisms Faced by the 

Pharmaceutical Industry ,  J. Med. Chem. 2013, 56, 5659; BS Slusher et 
al., Bringing together the academic drug discovery community, Nature 

Rev. Drug Discov. 2013, 12, 811; H Wild, C Huwe, M Lessl, Collaborative 
Innovation — Regaining the Edge in Drug Discovery, Angew. Chem. Int. 

Ed. 2013, 52, 2684; A A Toole, The impact of public basic research on 
industrial innovation: Evidence from the pharmaceutical industry, Res. 

Policy 2012, 41, 1; W Scannell, A Blanckley, H Boldon, B Warrington, 
Diagnosing the decline in pharmaceutical R&D efficiency, Nature Rev. 

Drug Discov. 2012, 11, 191; W L Jorgensen, Challenges for Academic 
Drug Discovery, Angew. Chem. Int.Ed. 2012, 51,11680; S Frye et al., US 
Academic Drug Discovery, Nature Rev. Drug Discov. 2011, 10, 409;  C J 

Tralau-Stewart et al., Drug Discovery:  New models for Industry-
academic partnerships, Drug Discov. Today 2009, 14, 95; PG Wyatt, 
The emerging academic drug discovery sector, Future Med. Chem. 

2009, 1, 1013.

Henry 
Chesbrough



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

• Science 2004, 303, 1713 (D. Kennedy)



Alexander Fleming
Ernest B Chain

Howard W. Florey

John R Vane

Bengt I Samuelsson

Sune K Bergström

Robert Robinson 

James W Black

George Hitchings

Gertrude B Elion

Dorothy C Hodgkin

Emil Fischer 

Robert J. Lefkowitz

Brian K Kobilka
Gerhard Domagk

Edmond H Fischer

Edwin G Krebs

Martin Karplus

Michael LevittArieh Warshel

168 pesquisadores 
ganharam o Prêmio 
Nobel de Química 
desde 1901-2014

207 pesquisadores 
ganharam o Prêmio 
Nobel de Medicina 
desde 1901-2014



C16H18N2O4S

penicillin

John Vane (55)
(1927-2004)

AAS

C9H8O4

1889

1929

Sir Alexander Fleming (64)
(1881-1955)

The Nobel Prize 

in Medicine & Physiology

1945

Bengt Samuelsson (48)

Sune Bergström (66)
(1916-2004)

E. Boris Chain (39)

Howard W. Florey (47)

(1906-1979)

(1898-1968)

The Nobel Prize 

in Medicine & Physiology

1982

(1910-1994)

Dorothy C. Hodgkin (54)

The Nobel Prize 

in Chemistry

1964

(1934)

1982

1945

1964



Edwin G. Krebs (72)
(1918 –2009)

Edmond H. Fischer (72)
(1920)

J. Michael Bishop (53)
(1936)

Harold E. Varmus (50)
(1939)

Tinibes: inibidores de TK’s

imatinibe

“for their discovery of the cellular 
origin of retroviral oncogenes”

Nicholas Lydon
(1957)

33 tinibes em el mercado



Adolf Windaus (52)

colesterol

HMGCoAR

Akira Endo

Albert Lasker Award 
for Clinical 

Medical Research, 2008*

Mevilonina
/compactina

1985

Michael S Brown (44)Joseph L Goldstein (45)

University of Texas, Dallas 

LDL

J Med Chem

1985, 28, 1

Estatinas: multimillonario innovación

19281927

Heinrich Wieland (50)
(1877-1957) (1876-1959)

Konrad Bloch (53)
(1912-2000)

1964

Feodor Lynen (54)
(1911-1979)

1975

John Cornforth (58)

lactona

(1940) (1941)

(1917-2013)

(1933)

Arthur A Patchet
(1929)

New Lead Discovery Department
Merck Co.

Simvastatina



La Big-Pharma ...

... y el síndrome de blockbuster!

N
CH3

CH3F

HN

O

CO2H

OH

HO

1991-2011 = US$ > 150 bilhões



> US$ 150 Bi

World's best-selling drug of all time



J Adams, 

Collaborations: 

The rise of research 

network, 

Nature 2012, 490, 335



From Professor Stefan Laufer, Un Tuebingen, DE



EJ Barreiro, CAM Fraga, Química medicinal: as bases moleculares da ação dos fármacos, Artmed, 3ª Edição, POA, 2015 , pp. 505-524.



La actual gestión de la innovación farmacéutica



Comparison of business models

SP Forster et al., Drug Discov Today 2014, 19, 348

CMO =Contract manufacturing organization; 
CRO = Contract research organization
SOPs = standart operation procedures
PoC = Proof of concept





SP Forster et al., Drug Discov Today 2014, 19, 348

CMO =Contract manufacturing organization; 
CRO = Contract research organization

Comparison of business models
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Creado em 19/04/1994

Cidade Universitária, ilha do Fundão,
Rio de Janeiro, RJ

Laboratório de Avaliação e Síntese de Substâncias Bioativas

eliezer  2010



Medicinal
Chemistry

Molecular 
Modeling

Bioassays

www.farmácia.ufrj.br/lassbio



Brazil
�ca. population of 202 million (28/08/2014; www.ibge.gov.br)

�Immense natural resources (light oil pre-salt, biodiversity plant,

conventional natural gas or not, minerals (iron, bauxite)) …

� ca. 8% of the world's drinking water

�Since 2006 self-sufficient in oil production

�World leader in the production of alcohol from sugar cane

�Major exporter of soybeans, beef, chicken and sugar

�Has an energy matrix (ca. 97%) produced sustainably…

�… has its economy based on commodities ! ! !

�It is necessary to change and take a technological leap.





To be organized

To be trustable!

To be a team !

Network
To do more!

To do faster!

To do better!

Conditions



Governance 

committee



Prospecção

Bioensaios
BioTechCell

UNIPAMPA

UFPA

UNIVASF

Farmacocinética

Nortec

Libbs

Sanofi

Siquim

Farmacologia

Propriedade
intelectual

Bioensaios

Prospecção

DIMAV
InMetroScale-up

Partnerships



Active pharmaceutical ingredients 
(API’s)

Generic drugs*

The INCT-INOFAR seeks to reverse the usual process in which API come
from abroad, developing in ours laboratories a scalable synthetic route to
generic & future generic drugs.

Incremental InnovationIncremental Innovation

The market of

generic drugs in Brazil

ca. US$ 18 bi (2011)

AC Pinto, EJ Barreiro, Desafios da indústria farmacêutica brasileira, Quim. Nova 2013, 36, 1557; EJ Barreiro, AC Pinto, 
Opportunities and challenges for innovation in pharmaceuticals: Now or never!, Rev. Virtual Quim. 2013, 5, 1059. 



N
CH3

CH3
F

HN

O

CO2H

OH

HO

• Atorvastatin
1991

• New stereoselective synthesis by
Professor Luiz Carlos Dias & 
Dr Adriano S. Vieira, UNICAMP, SP 
(2010) – INPI Patent, 018110015039,
2011 (BR) [18 steps, with 19% overall yield]

super blockbustersuper blockbustersuper blockbustersuper blockbuster––––drugdrugdrugdrug

Incremental InnovationIncremental Innovation

functionalized 

pyrrolheptenoic acid

• Patent US 5273995 Pfizer (1991)
[19 steps, with ca. 5% overall yield]

LipitorTM

• Sunitinib
2006

SutentTM

•Multi TK inhibitor indicated to renal carcinoma 

• Total synthesis Professor Angelo da Cunha 
Pinto & Dra Bárbara Vasconcellos da Silva
IQ - UFRJ, 2011 (BR)

World total sales: 

US$ > 150 bi 
(1991-2011)

O

N
H

CH3

H

CF3

Fluoxetin



N

H3C CH3

CO2H

O

CH3

N
N

NH

N

H

• Valsartan
1990   DiovanTM

Angiotensin II receptor antagonist
or AT1 receptor blocker (ARB)

2010 - Blockbuster drug
with ww US$ 6,1 billion

• Quetiapine
1996   SeroquelTM

5-HT2 & D2 receptors blocker
(multitarget drug)

• Professor Luiz Carlos Dias,
IQ, UNICAMP, SP (BR)

• Professor Angelo C Pinto,
IQ, UFRJ, RJ (BR) 

2011 - Blockbuster drug
US Sales = US$ 4,6 billion



Rev Virtual Quim 2013, 5, 1059

DOI: 10.5935/1984-6835.20130078

Revista Virtual de Química (SBQ)
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* At right colors squares the principal's research projects

*



Radical InnovationRadical Innovation

Studies of anti-

inflammatory & analgesic 

effect of LASSBio-591, a 

new candidate of AIA

drug.

LASSBio-UFRJ/FM-USP,RP

Studies on design & discovery

of new antidiabetes drug

candidates.

LASSBio-UFRJ

BR102013012646-2

Studies on new 

drug candidate useful

for neuropatic pain

LASSBio-UFRJ / FM-USP,RP

WO2012054996

Studies of new

oncolytic agent, dual

inhibitor of kinases

LASSBio-UFRJ

WO2014113859

WO2013142935

Antileishmanial activity of new N-

acylhydrazone derivatives and

analogues ICB-UFAL / LASSBio-

UFRJ



Professor Stefan Laufer (ICEPHA, University of Tübinben) 
& Professor Eliezer J. Barreiro (INCT-INOFAR, UFRJ, BR)



carboxamide

MLC Barbosa, Novos derivados quinazolínicos funcionalizados 
inibidores duais das tirosina cinases receptoras EGFR & VEGFR-2,

PhD Thesis, Instituto de Química, UFRJ, 2013.

Novel molecular 

pattern

LASSBio-1819 Isosteric

replacement



P
at

en
t



www.inct-inofar.ccs.ufrj.br/download/aar/2014.pdf

Coordinator:

Eliezer J. Barreiro

Annual Activities Reports



Think-tank

www.inct-inofar.ccs.ufrj.br



Process of technology
transferring

drawback

Pharma 
Companies

UniversityGovernment ($)

Legal incertainty
Very slow motion

Lack of continuity in funding

Poor monitoring
No clear IP policy

Lack of long-terms goals!

Lack of scientific policy for new drugs



Quim Nova 2013 36 1557

www.scielo.br/

Challenges of the Brazilian pharmaceutical industry 



Distribuição dos pesquisadores ativos

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



Robert K. Merton 

The role of genius in scientific advance, New Scientist 1961, 12, 306

Las invenciones y descubrimientos
se convierten virtualmente inevitable
cuando:a)

(1) el desarrollo cultural de la humanidad
acumula requisitos previos de conocimiento
suficiente;
(2) la atención de suficiente investigadores 
se centran en el mismo problema;
(3) hay nuevas necesidades sociales,
o el desarrollo efectivo de la ciencia,
o ambos.

Ciencia, Creatividad & Innovación

a) D Dutton & M Krausz, Eds., The concept of creativity in science and art, pp. 19-46, 1981, Martins Pubs., Londres



Cambridge University Press, 
Cambridge UK, 1995

Science & Creativity= Innovation !



Curiosidade 

científica  

C
u
r
io
s
id
a
d
e
 in
t
e
le
c
t
u
a
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Curiosidade científica

Curiosidade intelectual 

Curiosidade intelectual 

Curiosidade 

científica  

Curiosidade intelectual 

Curiosidade científica



Criatividade & inovação 

Inovação criativa

Toda inovação é criativa?

Inovação radical

Inovação incremental



1025 a 1060 son el número de moléculas orgánicas

fcon potencial para ser farmacos!



“Science is made of facts, 

just as houses are made of stones; 

but a mere collection of facts is 

no more science

than a pile of stones a house”

Henri Poincaré, 1902

(1854-1912)



Muchas Gracias!

ejbarreiro@ccsdecania.ufrj.br
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Financiamiento de ID&I en BR

Investigador

Becas

Aviso

Varios modos

Edital

e.g. PDJ, PDE, PNPD, PSE, PSN, MS, DR, IC (PIBIC)

PDI, BPr, BPrI, PDI 1, PDI2, PDI3.......

www.cnpq.br



Financiamiento de ID&I en BR

SAAPG

Becas

Institucionais

Programas

CA´s

Varios modos

Varios modos

Nacionais

Bilateraiswww.capes.gov.br



FAPERJ

FAPESP

FAPEMIG

FAPEAM

FAPERGS

FACEPE

FAPEAL

FAPEC

FAPEES

FAPERN

Financiamiento de ID&I en BR

Fundación estadual de apoijo IC&I

Varios

modos

Avisos

(Editais)

Per-review: agencias nacionais ou estaduais/distritais/municipais

www.faperj.br





Média mundial no número de pesquisadores/milhão de habitantes: 1000

Brasil: > 70.000 pesquisadores no SFES (vs 203.000); 11000 Dr´s &  

40000 MSc em 2014).



Empresas

Consorcios

Sin retorno*

Banco Nacional de Desairollo Científico y Social

* Financiamiento sob carta de “encomienda”

www.bndes.gov.br/



Embraer SA

Inversión com interésEmpresa-empresa

Empresa-universidad

Universidad - empresa

www.finep.gov.br

promover e financiar a inovação e a 

pesquisa científica e tecnológica em

empresas, universidades, centros de 

pesquisa, institutos de pesquisa.

ações estratégicas, estruturantes 

e de impacto para o desenvolvimento 

sustentável do Brasil.

embrapii.org.br

Empresa Brasileira de Pesquisa e Inovação Industrial

agropecuária 

www.embraer.com



Defesa Fronteiras

Amazônia (RADAM)

Marinha etc

Importación / exportación

Complexo Industrial de la Salud

Política de genérico

DECIT

INCT-INOFAR

Fiocruz

Ipea

INPA

CBPF

CGEE

CPMR

CEPEL

INT

IME

LNCC

ICT´s









Ilha do Fundão



CCS/
ICB/
LASSBio







Parque tecnologico





Pq Tecnol



Muchas Gracias

ejbarreiro@ccsdecania.ufrj.br


