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La innovacion tecnologica es
e €] PrOceso mas dinamico de la
& . - actividad industrial que

&, Innovation : q

W CRITICAL REFLECTIONS on ﬂﬂd [h? genera rlq ueza.

> the VIRTUES of PROFIT

marma(@ﬂl(ﬂ Este dinamismo se

- ’
Industry acentda en la
s innovacion farmacéutica
radical del sector, mas
que cualquier otro,
_ depende de la
\ H. Tristram Enké'éllhardt, Jr. interaccién efectiva
\ )\ Jeremy R. Garrett
— entre
Ciencia y Tecnologia.
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Editorial, Ask the experts: future of the pharmaceutical industry, Future Med Chem 2011, 3, 1863 __ ‘
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“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
iNnfarrnicereinlinarinnanny



The scientific
research
through the
ages...

JD Watson & FHC Crick, A Structure for Deoxyribose
Nucleic Acid, Nature 1953, 171,737-738.
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J. Whitfield, Nature 2008, 455, 720

NEWS FEATURE

What makes a successful research team?

Interdisciplinarity

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.







Clinical studies

L

Crug is approved
for marketing

Mowel chemicals
zynthesized

Chemicals tested for
efficacy and safety |
test tubes and ap

Formulation, stabilty
scak-up synthesis,
chronic safety in animals

Cornpany files
Imeestigational hew
Diug (INO) application

with FOA
. TR
_"\k]..\ K IS.._X
Lo
lh h
FOA reviews NOA Company files MNew Phase [l large clinical Phase [; studies Phasa | studies
Drug Application (NCA) triaks in many patients in patients (=ficacy) in heatthy humans
(tokerat ion)

JA Lombardino & JA Lowe III, Nature Rev. Dirog Disc. 2004, 3, 833



The drug discovery & development process
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J I I\ Inicial: Realizacao dos ensaios pré-clinicos
~ Tardia: Realizacao dos ensaios clinicos
N lNOVACAO (Fase |, Fase Il e Fase lll).
LA N ENRLSS T LV L Pa So
Busqueda
- q Paso
Quimica
Desarrollo

Medicinal

Selecao do alvo molecular; Desenvolvimento
dos ensaios farmacoldgicos in vitro e in vivo;

Desenho de ligantes; Sintese; Identificacdo &
Otimizacao do Protétipo.
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The mecern drug cliscevery process

Clinical Assessment:

» Phase |: Safety The cu rre nt View armaceutical

« Phase |l: Eficacy p h

- Phase |ll: Registration fU//V |nteqrat6d innouatjon
| | oharmaceutical network

! Clinically Proven DRUG
% Molecule DEVELOPMENT
'Ef ineclieinal chemistry
7 2 :
Competent
% Mmm!e /hboml%danualhcaosﬁ\miod&!&s
« Compound Design
inct S = - =
decinca e echoge \\ o » Compound Screening
(ﬂ . r » Assay Development
A ideas & « In Vivo Experiments
Hypotheses
* ADMETox Studies
Discovery Approaches:
Phenotypic = System Hypothesis - » Translational Science

Target-based =+ Molecular Hypothesis

* Adapted from a figure of Eli Lilly website
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(PLGSA%EUR’ST‘ Quadrante de Pasteur

Basic Science

Pesquisa basica & aplicada

and Technological
Innovation

Bohr

Pasteur

Donald E. Stokes

Edison

1928-1997

Woodrow Wilson School of Public T[ﬁ@ [ﬁ]@ﬂ@ﬁﬁ@[ﬁ]@ﬂ §@ﬁ@[ﬁ]@@

and International Affairs

at Princeton University
(1997)
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NEWS FEATURE TRANSLATIONAL RESEARCH

A chasm has openg Nl f ts who need their
discoveries. Dec a0 E >~ Lo he US National

D. Butler, Nature 2008, 453, 840; doi:10.1038/453840a
La investigacion traslacional significa diferentes cosas para
diferentes personas, pero parece importante a casi todos 2

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



gaeE -
NEWS

s Worid UK End
ata | Your Money

BUSINESS

\and N reland
Economy | ComP

anioes

Hom

Market D
at 18:02

UK rese

‘ 4 February 2044 Last updated

arch site

Universidade Federal do Rio de Janeiro

The worldwide drug Market
was US$ >945 billion (2014)

a” |ose Its research and | SmbroaiPage  Poge et ipdted at 17:10 G, Thursday, 28 Janary 2010
clos
r Pfizer is to ich tabhnih =
Drug Maker ' paD) facillty in Kert: - SESiChiin 8 e even
develop
ople. Ast
oys 2,400 pe raZen i
— {hat the UK 1 othen Urind &ca set to cut 8,000 jobs
concems
\ The move has rms:d obs and about the Dﬂva‘z‘or Pharmaceutical glant
| |osing n,ghly-Sk\“ﬂ J o cuts In the public seCion: AstraZeneca is to cuta further =
I‘ sector's ability 10 absol _ 8,000 fobs s P
{he roles were "exacty n® |8 4 the faciities In Sandwich a8 werldwide operations, 'suppressed dnug test data
The Unite union said keep in this country - Pfizer describe The worforc rduction i 10/ Heath
sort of jobs we need 1o gxcellent ddion to the 12,600 giohg) + AstraZeneca profits Increase 40%
e firm's S positions A 09| Busines
tary Vince Cable said th n for Related Storie s " that have aready been -
Business Secre { about the UK s 8 focanc e RELATED INTERNET L1pks
o s NO tinuing cost-¢ el Ul
decision WEL research. two Jant closure g plars ! RetrZenecy
harmaoeuhcal e t over the next pfizer P The UK group
P! de redundan " blow' B Erviron S the latest roung AStaZenecs s ane of ) The BAC is ot ress
ould be ma body ment  of Job euts wou sharm, e of the worid's far R responsible for the oo
o majority of staff wi . Ul be implementeq | ootk firmg Sest  Intemer e ¢ content of externy
pfizer said the — Ver the next four yayey
i er
ars. r sites or oth n Astr TOP By
¥ ral hundred positions 10 ot - many ::zgwé SPOKESOMan said the camy SIS SToRts
seve Pasitions. i Py had + Unempi ¢
gut it hopes 10 transfer pfizer. Aty m " be afeg Yetoreveal oy | ™ dpsto 2 g Million
i~ Anina work for he atest gionay 1S are tg g, " TR Sulse offices g g
9, busin, . OKE DIaCE aeross ph -1 oed
[Eelcil Mews. | Sport | Wewiner | Whever | TV | Radie | Mws ~ chag ISt ragggg T S8eS ang S backing to B aiance
" Operations, d developmeny, (R&D) D1 News feads
N EWS ¥ UveE BBC NEWS CHANNEL 1V 850 5ty 0me Rap ‘
‘ ] Sites my MosT
ks ¥ close POPYL
m— Pagre fast updated ot 14145 GMT, Tumadey, $ Pebirusry 2010 0ty 90 2o cot g, = AR STORIES Now
Werld [ — & prictasie version 90l about 1.1y 0 WATOED 161
g 3Noungy o 0
GlaxoSmithKline to shed 380 research jobs in Harlow o i 7""‘“ " ame a5 agiray Chid kiter 'y g
Northern Treland 750 for 2009, M52 Meporteq o, " *ed' in prigon
Scotiand A pharmaceutical giant is P 7% to £20,2p P 24% from, 200, N annyal 0% pressyrg N et
Wales to close one of its research B e 5 -2bn 8. Aneg) Nt v 50iated Gaggaf
P units in Essex with the loss Sport, travel, weather, things TENeCa fel 4 gag to129 A 52 non-joy
P ;' I:ou: 3:: ‘olu.“ ‘ to do, features and much more 05, rEw Zealang Brthgiaie -
Health ne third of the workforce is 0UNg giey T Mses
Education to be made redundant after 99475 death Wspicigyg
- . projects for pain relief, 0 Who g s
e anxiety and depression drugs = ALSC Mor Gadier gigg at B
ooy end at GlaxoSmithiiine in "® Bk suppert 1 o
Entertainmaent pretiond > » Glax ar c " " t for rte
What 2% exacty |
R The company, which :,,4;.\ i R R ’ ' Jot ™ By EFa:e% " ore thesey Forceq m, * Comigy Pasty
by the news .
- s Rmage ‘acy
+ Drug firm boost to malaria fight “Mbietipg Tasmaaaaﬂe’ 0N Needeg
168 chunyg
al

announced a 12% rise in
profits last weeok, sald the

plant was to remain open.

Video and Audio

20 Jan 10 | W

Have Your Say

Magazine

pisiet A consultation period was under way but no new research projects 8 Oc 09 | B

n Pictures 2 '
would be started, a spokeswoman said

Country Profiles

» Emerging mark

sales Iift Glaxo

» Flu treatment output to triple’




Universidade Federal do Rio de Janeiro &)

TOP 10 COMPANIES

Sales decline as patents expire

12-MONTH
SALES" CHANGEIN
($ BILLIONS) SALES

Novartis $50.5 4.0%
Pfizer 434 3.0
Sanofi 375 6.2
Merck & Co. 354 0.2
Roche 35.0 4.1

Johnson & Johnson 32.7 18.3
AstraZeneca 32.3 53
GlaxoSmithKline 30.9 1.2
Teva 24.9 3.8
Eli Lilly & Co. 21.2 -2.0
TOTAL $343.8 0.1%
GLOBAL MARKET $901.3 5.5%

a For the 12 months ending on June 30. 2014
SOURCE: IMS Institute for Healthcare Informatics

8851
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2012 —
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(Dez. 09) p. 12-17
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‘Mercado global de medicamentos

i”&dﬁﬁ&y&;\
AR
i U)W

SO

2014 — Estimado em US$ 945 bilhdes .



2014 FDA drug approvals
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- The drug world market, in 2014 = ca. US$ 945 birgum
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Fuerte 2012, pero sélo unos pocos blockbusters potenciales (apixaban; Elequis®)
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Donna M. Huryn*

United States

Drug Discovery in an Academic Setting: Playing to the Strengths

Department of Pharmaceutical Sciences, University of Pittsburgh, 712 Salk Hall, 3501 Terrace Street, Pittsburgh, Pennsylvania 1526

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)
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.

Universidade Federal do Rio de Janeiro &)

ACSMedicinal . ,
C emlstry\L@ medICInal ChenllStry pubs.acs.org/acsmedchemlett
ACSMedicinal

Chemistry Letters

o

“ .... a university has a number of
unique characteristics that could

contribute to making it an ideal

enviroment where drug discovery
& medicinal chemistry activities
can thrive....There is no doubt that
academia can play an important
role in drug discovery”

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

pEr—————
HENRY CHESBROUGH
University OFEH
INNOVATION
Henry
Ind ustry Chesbrough
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Nobel %
desde.

1902

Emil Fischer
Sune K Bergstrom
George Hitchings

Ernest B Chain

Alexander Flemlng Edwin G Krebs
RobertJ L efkowitz Howard W. Florey

Martin Karplus

James W Black
Bengt | Samueisson

Arieh War
Brian K Kobilka Michael Leviti
Gerhard Domagk 2014

Dorothy C Hodgkln
Robert Robinson



The Nobel Prize

in Medicine & Physiology John Vane (55)

(1927-2004)

1982
O AAS
(™) CyHgO
1889 ¢
Sune Bergstrom (66)
1929 1(11916-2004)

Bengt Samuelsson (48)

N
\_l/\S><CH3 (1934)
O /?—N CH3 o

%
2
l

e . . C 02H
Sir Alexander Fleming (64)
TR penicillin
The Nobel Prize
1964 in Medicine & Physiology
AR 1945

The Nobel Prize

Dorothy C. Hodgkin (54)  in Chemistry
1964

C16H18NZO4S

E. Boris Chain (39)
(1906-1979)

—}7 Howard W. Florey (47)
\ < (1898-1968)

(1910-1994)



bidores de TK's

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

Tinibes: ini

Harold E. Varmus (50)
(1939)

J. Michael Bishop (53)

(1936)

Methads and Principlos in Medicinal Chomistry

Edited by Bert Khebl, Gerhard Moller, WILEY-VCH
and Michael Hamacher

Protein Kinases
as Drug Targets

kinorma

Edmond H. Fischer (72)

(1920)

33 tinibes em el mercado

Edwin 6. Krebs (72)

(1918 —2009)

Nicholas Lydon 2001

(1957)

imatinibe



Estatinas: multimillonario innovacion

HMG-CoA Reductase
Inhibitors

Heinrich Wieland (50) Adolf Windaus (52)

(1877-1957) (1876-1959)

HO - HO _
1927 1928 H_Cv\[’” TCoo y Cx.T’fH‘CDD
ksl = L. _oH
- | H “=H
e, 1 SC0A SCof
\ : Ring
; HMG Cod, HrAG CoA Mevaldyl Cod transition
‘ Reductase inhibitar state intermediate
John Cornforth (58) \
(1917-2013) J Med Chem \Cf
Konrad Bloch (53) L 1975 1985, 28,1
(1912-2000) Feodor Lynen (54) ! lactona
(1911-1979) :

Mevilonina
/compactina

1979 Simvastatina

Akira Endo
(1933)

Arthur A Patchet

Joseph L Golds’rem (45) Mlchael S Br'own (44) Albert Lasker Award (1929)

(1940) for Clinical

Medical Research, 2008* ’ .
University of Texas, DaIIas New Lead Discovery Department

Merck Co.
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World's best-selling drug of all time
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] Adams,
Collaborations:
The rise of research

network,
Nature 2012, 490, 335

Bright lines in this map of scientific collaborations between 2005 and 2009 show many joint publications.

The rise of
research networks

New collaboration patterns are changing the global
balance of science. Established superpowers need to
keepup or be left behind, says Jonathan Adams.

THE NEW MAP OF SCIENCE

Today more nations — frem China and India to Singapore, Brazil and South Korea — are taking their
place at the high table of research alongside the traditional science superpowers. At the same

time national boundaries are being transcended through collaboration networks and 'brain
circulation’. In this special issue Nafure examines how the movement of people and ideas will
change how science is done, how it is funded and the guestions that it addresses.

Image credit: Jasiek Krzysztofiak
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Challenges for Pharmaceutical Industry
The Pipelines are filling up!

_.
2]
Lo
Il
- Number of active products
= 1.600 —_— -
I 1,400 ——_//_r“:——-*-
2]
= 1200 ———= -
0 Phase |
H—*U 1,000
™ 800
L
= vl Phase lI
B 400 —_— -'
::__ 500 » Prnmgl:tn‘llnn_;
D - - ke L
2008 oS 10 1

Growth rate, 96

5]

60% Phase | projects not from big pharma
Trend to reduce inhouse R&D, but license-in

AZ cuts 2.000 R&D Jobs but Increase academic and other
research partners that perform experiments designed In
collaboration with the drug company.

Sanofi eliminate 900 jobs by 2015 but deal
with Third Rock Ventures, Greylock Partners and Harvard
University

Merck & Co. declded to Invest $90 milllon over seven
years to hEiFI launch the Callfornia Instliute for
Blomedical Research (Callbr)

Novartis' pact with the University of Pennsylvania to

3
2|

A
\ 5,644 active projects in June 2012 (IMS)

A

/

r

-1

""3 1 L 'l | L

2006 O o8 09 10 11

develop immunotheraples for the treatment of cancer.

BMS teamed with the Vanderbllt Center for Neuroscience
Drug Discovery

Pfizer opens Centers for Therapeutic Innovation (CTI)
now operate in San Francisco, San Diego, New York City,

12 and Boston.

From Professor Stefan Laufer, Un Tuebingen, DE
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A forma atual
da gestdo d@
inovagao
farmacéut‘\ca.--

EJ Barreiro, CAM Fraga, Quimica medicinal: as bases moleculares da agdo dos fdrmacos, Artmed, 32 Edi¢cdo, POA, 2015, pp. 505-524.



Start-ups

Identificacao e
validacdo de
novos alvos

Parcerias O

Universidade Federal do Rio de Janeiro

Terceirizacdo |Plataformas

especificas

Fase Pré-clinica

O

Pessoal
Qualificado

@oO

Identificacao e
otimizacdo de
Agencias |novos protétipos

Colaboracdo Universidades
Novas empresas Publicacoes

Associacoes

Consorcios

Contratos

La actual gestion de la innovacion farmacéutica

Inovacao = criatividade
Servigos

_armaceutical

. -
| nnovation

Novo Farmaco

@

Interna I | ] (Mercado]

o

regulatério | jhtelectual

Empresa [D“s'e, J Protecio

Dinamica organizacional

. Novos modelos
de gestao
OCIP's

fully integrated

Aliancas Outrasempresas pharmaceutical network




Comparison of business models

/ Integrated pharmaceutical company \

CRO

<

SOPs

Marketing

CMO

Pre | Drug | Pre |Phase |Phase | Phase | FDA, | Mfg, post-
disc. | disc. | clinic. | Pbe Il I scale'r marketing

3-6 years 34y +34years 0.5-2y Ongoing

CMO =Contract manufacturing organization;
CRO = Contract research organization

SOPs = standart operation procedures

PoC = Proof of concept

Drug Discovery Today

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



Drug Discovery Today *Volume 19, Number 3+March 2014

ELSEVIER

Virtual pharmaceutical companies:
collaborating flexibly in pharmaceutical
development

N3FHOS 1S0d «.smalAay

Simon P. Forster', Julia Stegmaier®, Rene Spycher® and Stefan Seeger’

"Institute of Physical Chemistry (as from 1 January 2014: Department of Chemistry), Business Chemistry Group, University of Zurich, Winterthurerstrasse 190,
8057 Zurich, Switzerland

2 LifeScan, Division of Cilag GmbH International, Johnson & Johnson, Gubelstrasse 34, 6300 Zug, Switzerland

2 Janssen Pharmaceuticals, Pharmaceutical Development & Manufacturing Sciences, Johnson & Johnson, Hochstrasse 201, 8205 Schaffhausen, Switzerland

Research and development (R&D) collaborations represent one approach chosen by the pharmaceutical
industry to tackle current challenges posed by declining internal R&D success rates and fading of the



Comparison of business models

/ Virtual pharmaceutical company \
: CRO
CRO [~ _ 7

CMO

CMO

Pre | Drug | Pre JPhase Ehase Phase | FDA,l Mfg, post-

disc. | disc. | clinic. I phe |l Il scale | marketing
3-6 years 1-2y +3-4years 052y Ongoing

CMO =Contract manufacturing organization;
CRO = Contract research organization

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



Table 1| Drug dizcovery facilities in the United Kingdom*

Facility Host Main disease Funding Staff Platforms Technologies No.of Medicinal
institution indications SOUrCes screens chemistry
per follow-up
year
Dundee Drug  University of Diseasesof the UK government. =70  Biophysical. Multiple MA Yes
Discovery Dundes developing world charities and biochemical and
Unit and innovative industry cellular assays
targets and pathways
furopean Multiple All human diseases Innovative 50 small molecules Ultra-HTS 30 Yes
Screening sites across Medicines (326,000%. plate-reader, 5PR
Centre the United Initiative biophysical and and label-free
Newhouse Kingdom and in-kind bicchemical
and European  (including contributions BSSAYS
|Lead Factory Dundee and from EFPIA
Lanarkshire) participants
and Eurcpe
Edinburgh Edinburgh Oncology Industry 14 amall molecules HCI, MPA, image 12 Yes
Cancer Cancer alliances, MRC and chemical informatics,
Discovery Research and University library synthesis reverse phase
Uniz Centre, of Edinburgh protein array and
University of dual ligand
Edinburgh
Beatson CRUK Beatson  Oncology CRUK 30 Fragments NMR and SPR 1-5 Yes
Institute Drug  Institute,
Discovery University
Uniz of Glasgow
Scottish Institute of Neglected diseases Wellcome Trust 3 Small melecules HCland HTS b Yes
Bipscreening  Infection, and parasitology and SULSA and RNAi plate reader
Facility Immunity and
Inflammation.
University of
Glasgow
Medicinal University All human diseases University 5 Small melecules Biochemical, 510 Yes
Chemistry oflLeeds of Leeds. UK (50.000). drug phenotypic and
and Chemical government, repurposing. biophysical
Biology charities and fragments and
Jechnology industry virtual screening
Croup

E Shanks, R Ketteler, D Ebner, Nature Rev Drug Discov 2015, 14, 000



Us ADDC
Harvard MeuroDiscovery Center
USCF Small Moleculs Discovery Center
CDRD (In Canada)
C2D2, Colorado University
John Hopkins BSi DOP

UM Center for Drug Discowery
CMIDD, Mortheestern University
University of Pittsburgh Drog Discovery
Ecripps, THI
MCDOR, Templs University

Vandearbilt Center for
Newroscience Drug Discovery

Preliminary list of ADDCs in USA

Parent
institution

Center in Unpeersity
Center in University
University consortium
Center in Univarsty
Center in Unpeersity
Center in Unpearsity
Center in Unpeersity
Center in Unpvarsity
MNon-profit Instiuts
Center in Unpeersity

Center in Unpeersity

Industry
collaboration

1
3

3
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INCT-INOFAR

SO s Organize the Brazilian scientific capacity in an effective

Scientific adviser board drug discovery network;

(SAB)

S asansch Dyotes s Support multi-institutional research projects in drug dlSEDVEl:‘Y &
design;

Research people

Useful articles = Contribute to Brazilian radical & incremental innovation in new &

generic drugs;

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

Publications

Videos
= Contribute to continuous high qualification of students in
medicinal chemistry & pharmacology;
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The market of

Generic drugs* generic drugs in Brazil
ca. USS 18 bi (2011)

Universidade Federal do Rio de Janeiro |37}

Active pharmaceutical ingredients
(API's)

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

5 12 AC Pinto, EJ Barreiro, Desafios da industria farmacéutica 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.




Incremental 7nmnovation
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\l/ COH | L.
* Atorvastatin_ o ol
3 1
1991 Lipitor™ Pfizor O functionalized
CHs pyrrolheptenoic acid

» New stereoselective synthesis by
Professor Luiz Carlos Dias &
Dr Adriano S. Vieira, UNICAMP, SP

World total sales:
(2010) — INPI Patent, 018110015039, USS > 150 bi
2011 (BR) [18 steps, with 19% overall yield] (1991-2011)

e Sunitinib SUPEI” b/OCkbU5f€f~Cf/”U¢
2006 0 o =

O

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

Sutent™ O, N
CH3 @ ““‘\\

*Multi TK inhibitor indicated to renal carcinoma H
« Total synthesis Professor Angelo da Cunha
Pinto & Dra Barbara Vasconcellos da Silva

0 UERD 2011 (B8R Fluoxetin

N
/
H




e Valsartan
1990 Diovan™

'Y NOVARTIS

Angiotensin Il receptor antagonist
or AT, receptor blocker (ARB)

N “CO.H

» Professor Luiz Carlos Dias,
1Q, UNICAMP, SP (BR)

HO
N e Quetiapine
<__N> 1996 Seroquel™

N AslraZeneca

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

Universidade Federal do Rio de Janeiro | D,

» Professor Angelo C Pinto, —

IQ, UFRJ, RJ (BR) 5-HT, & D2 receptors blocker
(multitarget drug)

S 2011 - Blockbuster drug
US Sales = US$ 4,6 billion
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Revista Virtual de Quimica (SBQ)

% Opportunities and Challenges for Innovation in
Pharmaceuticals: Now or Never!

Barreiro, E. J.;* Pinto, A. C.
Rev. Virtual Quim., 2013, 5 (6), 1059-1074. Online publication: 6 September 2013

http://www.uff.br/rvg

Rev Virtual Quim 2013, 5, 1059

Abstracts

The article describes the discovery of new drugs and presents some of the pioneer
scientists of these findings. It also shows the innovation in pharmaceuticals and the
contributions of INCT-INOFAR that will help Brazil to be one of the players in drug
development.

Keywords: Pharmaceutical innovation; new drugs; process of drug discovery.

DOI: 10.5935/1984-6835.20130078




Radical Z/imovation

Projects”®

I m Cancer |
Diabetes

B [ eishmaniosis

B Schizophrenia

B Alzheimer
Hypertension
Neuropathic Pain

B Silicosis/asthma
Arthritis

Universidade Federal do Rio de Janeiro

* At right colors squares the principal's research projects
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Studies of anti-
inflammatory & analgesic
effect of LASSBio-591, a
new candidate of AIA
drug.
LASSBio-UFRJ/FM-USP,RP

.UFRIRadical Zrmovation

Antileishmanial activity of new N-

acylhydrazone derivatives and

analogues ICB-UFAL / LASSBio-

\_

Studies of new
oncolytic agent, dual
inhibitor of kinases
LASSBio-UFRJ

W02014113859
W02013142935
if’g":i.‘:”i“g‘.,'??:;;‘;fo«a

e
el

ﬁtudies on design & discovem
of new antidiabetes drug
candidates. )

: =ASSBio
M_ U F RJ Labarctiio do ualogto o Setarade bt Veatives

QB R102013012646-2

4
/Studies on new \

drug candidate useful

for neuropatic pain

LASSBio-UFRJ / FM-USP,RP

\W02012054996 j




INTERNATIONAL
ACTIVITIES

httpi/ e icepha.de/

INCT-INOFAR established, on November 18, 2011, a cooperation agreement with the

Interdisciplinary Center of Pharmacogenomics and Pharmaceutical Research (ICEPHA)

of the University of Tiibingen, Germany. Through this deal, we broaden the international

scope of INCT-INOFAR and the bases for scientific exchanpe and the development of
innovative research projects in new pharmaceuticals. On the other hand, the agreement
establishes the organization of scientific and academic activities, like courses, conferences,
seminars, symposiums, or lectures, and the exchange of researchers and/or students, as well

as the exchange of materials and publications of mutual interest.

Universidade Federal do Rio de Janeiro

Professor Stefan Laufer (ICEPHA, University of Tlbinben)

& Professor Eliezer J. Barreiro (INCT-INOFAR, UFRJ, BR)
At the end of 2011, INCTANOFAR through the Dean of the Federal
University of Rio de Janeiro (UFRJ) signed a cooperation agreement with
the Interdisciplinary Center for Pharmacogenomics and Pharmaceutical

Research (ICEPHA) of the University of Tibingen, Germany, directed
by Professor Stefan Laufer.




Novel 2-chloro-4-anilino-quinazoline derivatives as EGFR and
VEGFR-2 dual inhibitors

i
Maria Leticia de Castro Barbosa®", Lidia Moreira Lima *", Roberta Tesch?,
— Carlos Mauricio R. Sant’Anna®, Frank Totzke 9, Michael H.G. Kubbutat ¢,
s Christoph Schichtele “, Stefan A. Laufer®, Eliezer ], Barreiro*"*

i Laboratery of Evaluation and Synthesis of Biooctve Substances {LASSBio ). Federal University of Rio de Janeiro, PO, Box 68024, 21944-971 Rio de Janeiro,

Rl Brazil'
%f/’/ % G rod e Program of Chemistry (PGQu), Chemistry Institute, Federal University of Rio de faneiro, Rio de Janeiro, Rj. Brazil
* Department of Chemisiry, Federal Rural University of Rio de Janeiro (UFRR]). Seropédica, Rf, Brozl
d ProQinase GmbH, Freiburg, Cermany
*® Department of Pharmaceutical/Medicinal Chemistry, Insttute of Phormacy, Eberiard-Korls- University Tibingen, Tiibingen, Germany

| European Jowrnal of Medicinal Chemistry 71 {2014) 1-14 | 0

carboxamide

i - a5 medicinal chemistry

R g NH, lsosteric
é UNIVERSITAT *
&ASSBio TUBINGEN *

LASSBIi0-1819
replacement

Universidade Federal do Rio de Janeiro |

(" Dual kinase activity N
IC50 (EGFR) = 0,90 ptM

= | ICsp (VEGFR) = 1,17 pM

Z \§ Y,
H4CO M cl

| Multifactorial diseases |

Dual
B on e 2huté o ne MLC Barbosa, Novos derivados quinazolinicos funcionalizados
inibidores duais das tirosina cinases receptoras EGFR & VEGFR-2,

PhD Thesis, Instituto de Quimica, UFRJ, 2013.
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PEDIDO INTERNACIONAL PUBLICADO SOB O TRATADO DE COOPERACAO EM MATERIA DE PATENTES

(PCT)
(19) Organizacio Mundial da oy
Propricdade Intelcctual g 0 0 000
Secretaria Internacional - oo 2
ﬁ (10) Numero de Publicacio Internacional
= WO 2014/113859 Al

{(43) Data de Publicacio Internacional
31 de Julho de 2014 (31.07.2014) WIPOQ I PCT

(54) Title : 2-CHLORO-4-ANILINO-QUINAZOLINE COMPOUNDS INHIBITING PROTEN TYROSINE KINASES, PHARMACEUTICAL
COMPOSITIONS COMPRISING THE SAME, METHOD FOR PRODUCING THE SAME AND TYROSINE KINASE INHIBITION METHOD

(54) Titulp D COMPUSTUS 2-CLORO-G-ANILINO-OUINALCOLINICUYS INIBIDORES - DE I’I{U'lLiNAHH TIRCKSINA S UINASES,
COMPOSICOES FARMACEUTICAS COMPREENDENDO 03 MESMOS. PROCESSO PARA SUA PRODUCAO E METODD PARA
INIBICAQ DE TIROSINA CINASES

(57) Abstract : The present invention relates to 2-chlorg-4-aniling-guinazoline

EakR: e} ot dd.:t‘ivultivu.‘:i with EGFR and/or VEGFR-2 protein tyrosine kinase inhibiting activity,
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@ Lack of long-terms goals!

Lack of scientific policy for new drugs

Process of technology
transferring

Collaborative Innovation
ing ey

Government ($)

— ack of continuity in funding

s Legal incertainty
Very slow motion
Poor monitoring
No clear IP policy
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www.scielo.br/

quimica nova
Quim. Nova, Vol. 36, No. 10, 1557-1560,2013 ~ Quim Nova 2013 36 1557
DESAFIOS DA INDUSTRIA FARMACEUTICA BRASILEIRA ' i AT
Challenges of the Brazilian pharmaceutical industry : E

Angelo C. Pinto* e Eliezer J. Barreiro
Instituto Nacional de Ciéncia e Tecnologia de Firmacos e Medicamentos (INCT-INOFAR), Av. Carlos Chagas Filho, 373, Centro de Ciéncias
da Satde (CCS), Bloco K, 2° andar, Sala 23, Cidade Universitdria; CP 68043, 21944-971 Rio de Janeiro - RJ, Brasil

Recebido em 15/10/13; aceito em 1/11/13; publicado na web em 4/11/13

Universidade Federal do Rio de Janeiro &)

CHALLENGES OF THE BRAZILIAN PHARMACEUTICAL INDUSTRY. The paper traces a panorama of the development of
new drugs and hopes to contribute for Brazil to become a player in the discovery of new drugs. Brazil is the sixth world market retail
consumer of medicines prone to expansion, has a pharmaceutical industry focused on the production of generics and a very large
number of undergraduate courses in Pharmacy. The national industry has grown over the last decade after the Generics Act 9787/99.
Despite these positive aspects, a number of bottlenecks prevent Brazilian pharmaceutical industry to invest in the development of
new drugs. There are, however, a number of initiatives to reduce the dependence on imported generic drugs. It is a very good start
for the development of new pharmaceutical drugs.

Keywords: Brazilian pharmaceutical industry; generic medicines; bottlenecks of the Brazilian pharmaceutical industry.
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Adaptado de C. H. Brito Cruz & C. A. Pacheco, “Conhecimento & Inovac¢éo: Desafios do Brasil no
Século XXI", em (2/01/2009)
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Ciencia, Creatividad & Innovacion

ROBERT K. MERTON Las invenciones y descubrimientos

ON SOCIAL STRUCTURE se convierten virtualmente inevitable
AND SCIENCE
cuando:?

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

o el desarrollo efectivo de la ciencia,
PIOTR SZTOMPKA 0 ambos.
[HE HERITAGE OF SOCIOLOG) Robert K. Merton

the concept of
creativity The role of genius in scientific advance, New Scientist 1961, 12, 306
Inscionce and art

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

Criatividade & inovacao
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Inovacao criativa

Toda inovacao € criativa?

Inovacao radical

Inovacao incremental
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“Science is made of facts,

just as houses are made of stones;

but a mere collection of facts is

NnO More science

than a pile of stones a house”

(1854-1912)

Henri Poincaré, 1902
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Curso: Emprendedorismo y creacion de empresas biotecnologicas
Coordinadores: Dres. Lilia Drittanti y Manuel Vega
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Professor Titular

Universidade Federal do Rio de Janeiro
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Financiamiento de ID&/ en BR

CNPg]

www.chpg.br

MG

Investigador

\

Becas 3> Varios modos

Aviso /

I
Edital

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

PDI, BPr, BPrl, PDI 1, PDI2, PDI3
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Financiamiento de ID&/ en BR

GAIED

WWWw.capes.gov.br

Vil
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Becas =———> Vvarios modos
Institucionais

f Nacionais
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l \ Bilaterais

Varios modos



Financiamiento de ID&/ en BR
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Numero de doutores formados cresce menos que o de mestres

Universidades formam sete vezes mais mestres e doutores que hd 25 anos

Universidade Federal do Rio de Janeiro |37}

45.000
40.000 :
—o—— mestres titulados
35.000 _
—o— doutores titulados
30.000 _ 3 .
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Fonte: Ministério da Educagdo e Cultura, 2012
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Numero de universidades federais deve crescer até 2014 2014 63

Para incentivar a producdo cientifica e tecnolégica, o (previsdo) sedes
governo tem planos para expandir a rede de ensino 59 321
superior em todas as regioes do pais sedes campi
274

2002 43 campi

sedes

148

campi

Fonte; Ministério da (iéncia, Tecnalogia e lnovagdg 2012

Média mundial no numero de pesquisadores/milhdo de habitantes: 1000
Brasil: > 70.000 pesquisadores no SFES (vs 203.000); 11000 Dr’s &
40000 MSc em 2014).



Universidade Federal do Rio de Janeiro [&7)

MDIC

Ministéria do Desenvolvimania,
Industria & Comércla Exterior

Empresas

— Consorcios

!
e BNDES

www.bndes.gov.br/

N

Banco Nacional de Desairollo Cientifico y Social

* Financiamiento sob carta de “encomienda”

Sin retorno®
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www.finep.gov.br
FINANCIADORA DE ESTUDOS E PROJETOS

MINISTERIO DA CIENCIA E TECNOLOGIA

promover e financiar a inovacao e a
F | N E P pesquisa cientifica e tecnoldgica em
empresas, universidades, centros de

pesquisa, institutos de pesquisa.

Empresa-empresa Inversion com interés

Empresa-universidad
Universidad - empresa

Agemcia de [movacio

\t _
< EMBRAPII

embrapii.org.br

Empresa Brasileira de Pesquisa e Inovacao Industrial www.embraer.com

acOes estratégicas, estruturantes
e de impacto para o desenvolvimento
sustentavel do Brasil.

En@a agropecuaria

Embraer SA




Complexo Industrial de la Salud
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Importacién / exportacion
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MINIST_E_RID DA INCT-INOFAR Ministério do Desenvolvimanto, ;
SAU DE Indistria e Comércio Exterior ICT s
Fiocruz
Ipea
_MITITTm. e
;. —— | CBPF
MINISTERIO DAS RELACOES EXTERIORES CGEE
CPMR
CEPEL
INT
Defesa Fronteiras IME
Amazonia (RADAM) LNCC

Marinha etc



\entagem de projates FLFTSE ANDES o FINEP:
Gevinria sdenernrativg t propetoy
[on1alimia e mitados pradutin:

{anqufiona e planejsmealn Lidico ¢ eviabigicn empearnial
Bl anamenly qouverumaenisl

Fundos Setoriais
* Os Fundos Setoriais foram criados para fomentar a
pesquisa basica nas Universidades e Centros de
Pesquisa em 1994 abrangendo as seguintes areas:

* Petroleo, Infra-estrutura, Informatica, Mineral,
Hidrico, Espacial, Aeronautico, Transporte, Energia,
Agronegocio, Amazonia, Biotecnologia e Verde-
amarelo.

Universidade Federal do Rio de Janeiro [&%7)




Financiamento Nao-Reembolsavel

i BN

+* Fundos Setoriais (Principal fonte)

» Contribuicoes incidentes sobre exploracao de recursos naturais
pertencentes a Unidao ou sobre impostos/faturamentos /CIDE de
empresas de setores especificos para financiamento de projetos e/ou
programas de desenvolvimento cientifico e tecnoldgico.

% CT-PETRO — Petroleo e gas 4+ FVA-—Verde e Amarelo
% CT-ENERG - Energia % CT-INFRA — Infra-estrutura
4 CT-AGRO — Agronegdcios 4 CT-HIDRO — Recursos Hidricos
| 4+ CT-BIOTEC - Biotecnologia < CT-TRANSPO - Transportes Terrestres
| % CT-SAUDE - Saiide # CT-MINERAL - Recursos Minerais
~ %+ CT-AERO - Aeronautico 4 CT-INFO — Tecnologia da Informacao
| % CT-AMAZONIA - Amazénia % CT-AQUAVIARIO — Transp. Aquaviario e constr. naval
% CT-ESPACIAL - Espacial % FUNTTEL — Telecomunicacoes

QB FINEP e

www.Tinep.gov.br INOVACAD PARA O BRASIL 0 Inovacdo

rain RICS § PAIE SO FOMNEEN




FNDCT/Fundos Setoriais (avangos)

Editais especificos para regioes N, Ne, CO

Acoes transversais - mecanismo utilizado pela
Finep para destinar recursos de varios fundos para
apoiar um mesmo projeto/atividade

Lei de Inovacao - destinou parcela de recursos do
FNDCT para subvencao economica de empresas

Nova Lei do FNDCT - gestao operacional mais
iIntegrada com Conselho Diretor, autoriza aplicacao
de recursos em empresas e em fundos de
Investimentos para inovacao.
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ILHA DO FUNDAO

UNIVERSIDADE
FEDERAL DO
RIO DE JANEIRO

UFR]|
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FUNDACAOQ

BIORIO

Tecnologia a servico da vida.

Baia de Guanahara

My —

Governador
{zentido aeroportal

Aennida Peiin dokrap

.32,

e =t

Avw, Brasil
{sentide Centro
-lha do Governador)

Iy 17 Acesso
ot linha vermelha
igentido Centro - aeroparta)

Acasse

linha amarela
[zentido Barra

- llha do Govermador)
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