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¢ Prologue: a brief view of scientific research nowadays
¢ The complex drug discovery (DD=DZ2) process
¢ The pharmaceutical innovation

¢ The possible role of the university in the DD process

Universidade Federal do Rio de Janeiro [

¢ The INCT-INOFAR: our mission

**The INCT-INOFAR: Who are we?

¢ The INCT-INOFAR: What we did and what we do?
**In radical innovation
**In incremental innovation

** Final remarks & Acknowledgments
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The scientific
activity
through the
ages...
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The physical Crick & the biologist Watson » .
The human genome team

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?
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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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Multi-University Research Teams:
Shifting Impact, Geography, and
Stratification in Science

Benjamin F. June51u‘ Stefan Wuchtylj‘ Brian Uzzi®™

bf"IE“L\E SCIENCE WVOL 322 21 NOVEMBER 2008 1259

Yellogg School of Management, Northwestern University,
Evanston, IL 60208, USA. *National Bureau of Economic Re-

cearch, Cambridge, MA 02 138, USA. *Northwestern Institute
on Complexity (NICO), Northwestern University, Evanston, IL
0208, USA. *Hazs School of Business, University of Cali-

forma at Berkeley, Berkeley, CA 94720, USA.

The authors demonstrate that scientific research in
Interdisciplinary teams has an impact on the quality of work,

increasing the production of new knowledge really innovative.




Universidade Federal do Rio de Janeiro [&7)

“For all the efforts to industrialize and
automate discovery, history suggests drug
discovery is art as well as science

and relies heavily on the skill

of experienced drug hunters...”

)
=1 Charles H. Reynolds

J&J Pharmaceutical Research and Development, Spring House, Pa
1
_ | em Pharma's Road Ahead , C&EN, Volume 84, Issue 25, June 19, 2006
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The drug discovery & development pr

{ _________________________________________________________________________________________________________________
ADMET* i .
Lead Compound Bioavailability ———"<2 F|' 22% Clinical Pharmacology
. @®  Discovery o0 -~ @_ . —— Clinical Trials —@
Ejeffi‘f’“ G e ————— e e . S g:,"_ -------------------------- >
Ther:eutic Molecular Pharmacology | Administration|  Acute toxicity g
R P ] Design Bioassays route Chronic toxicity Phase | Phase | Phase | Phase
AEEE Strategies invitrofin vivo| Metabolism Primary scale-Up 1 2 3 4
pathology |Medicinal chemistry | Biochemistry | *ADMET = Absorption; Distribution; Metabolism; Elimination; Toxicity.
Bioreceptor structure The Iinear View
(crystalline 3D /[ solution) Patent
Proof of protection
concept —{  Scalable synthetic route
bt Therapeutical
target Intellectual property . o Secondary scale-up
Process informatization
inct Cuantitative analytical methods o
B i i ns Manufacture practices
W Qualitative analytical methods o
Regulatory rules
% ~
@FAPERJ @cmpq
e Biochemical methods .
o Production
= Licensing
Pharmacotechnical development - On Market
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The Big Pharma innovation crisis..
“The productivity.gap”

The drug world market, in 2010 = ¢3. US§ 850 bi

9
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1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

* A. Mullard, 2010 FDA drug approvals, Nature Rev. Drug Discov. 2011, 10, 82.

“In the 10-year period between 1999 and 2008, the FDA approved 183 small-
molecule drugs...”*

* D Swinney & J Anthony, How were new medicines discovered? Nature Rev. Drug
Discov. 2011, 10, 507.
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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; S M Paul et al. How to improve R.&D productivity: the

pharmaceutical industry’s grand challenge, Nature Rev. Drug Discov. 2010, 9, 203; B Munos,
Lessons for 60 years of pharmaceutical innovation, Nature Rev. Drug Discov. 2009, 8, 959;
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... Technological innovation is a
woesne process most dynamic in
Ch _ ; -
Innwai:?ogr:ng industrial activity.
in the This dynamism is
Pharmaceutical :
Industry accentuated in

Glolzation pharmaceutical innovation
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of Drug

Development which, more than any other,
depends on the effective and
productive interaction
between

Science & Technology.
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The blockbuster sindrome...

2011

e —

IN FOCUS

Tradltlonal drug-discovery

model ripe for reform

Academicresearchers set to play much greater rolein pharmaceutical development.

BY DAMIEL CRESSEY

ith drug pipelines minning dry and
Wa slew of blockbuster medicines
about to lose patent protection,
the voices arguing that the traditional drug-
development process is too expensive and
inefficient to survive are getting louder.
Employing thousands of in-house scientists
to develop drog candidates from scratch has
turned into a billion-dollar gamble that simply
isnt delivering enough profitable products to
market. Bernard Munos, founder of the Inno-
Think pharmaceuti cal policy research groupin
Indian apolis, Indiana, is not alone in believing
that the next three years *will probably see an
implosion of the old model” of drg discovery
50 what comes next? Cutbacks, certainly:
witnesa Pfizers dramatic announ cernent early
last month that it will soon close its research
site at Sandwich, UE, and slice roughly
U415 hillion from its proposed 2012 research
and development spend (see Nature 471, 154;
2011).

The kit may hawe improved, but the in-house drug discovery model has changed rel atively litthe.

HULTOH- CE UTS CH CORELS

Mature 2011, 471, 17




Projeto CNPgq n? 573.564/2008-6 <«» FAPER) n° E-26/170.020/2008 @:,"ﬁw::m

o2
u~olA”

The possibl€
role |

of university Il
D2 proces3

=
Ty
- -
W
=
)
—
L2
-c
=
- -
a4
]
=
—
o
T
L2
I
dll
L2
=
]
-c
-
wn
i
o
i
iz
et

[ \CT Instituto Nacional de
' 2 Ciéncia e Tecnologia

Lw“'{"" ;

de Farmacos e Medicamentos

www.inct-inofar.ccs.ufrj.br




L Y

The drug

SCOVery Process...

Universidade Federal do Rio de Janeir

Fe -
L 0k
h—"{‘"gi} r:‘t" L

"- F " b o ’




Universidade Federal do Rio de Janeiro * )

Nobel Prize, 1959

The Two Cultures: Chemistry and Biology

| |
- Arthlr ROFADErg

F& Department of Biochemisiry. Sianford University, Sianford, California 94303
- Received July 14, [987

“Much of life can be understood in rational terms i
expressed in the language of chemistry... the

. i historical roots of Chemf S H‘ E and bi Ol Og E

are intertwined in many places...

Pharmaceutical chemistry was until
recently the bastion of organic chemistry...
in the search for alternative or superior

drugs for the treatment of various diseases...”

Arthur Komberg
1918-2007

THE
COLIEM
HELENX

A. Kombearg, Science and madicine at
the millennium, Braz J Mad Biol Res,

19497, 30, 1379




nature

FROM THE ANALYST'S COUCH = e cov

US academic drugdiscovery
Stephen Frye, Marina Crosby, Teresa Edwards and Rudolph Juliano

Cancer

Nature Rev. Drug Discov. 2011, 10, 409

Diiabetes, endocrine,
metabolic
Pyschiatric/

neumndegenerative
Cardiovasoular

Infectious
diseases

Stroke,

neursmuscular

Ohbstetrics!
gynaecology
Dermatological

Universidade Federal do Rio de Janeiro [&7)

Opthalmological
Diseases of LOCs

Orphan diseases

Other

Several targets:
Percentage of responses PK)S’ GPC R’S

LDC = less developed countries
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Source: C. H. Brito Cruz & C. A. Pacheco, “Conhecimento & Inovagado: Desafios do Brasil no
Século XXI”, em www.inovacao.unicamp.br/report/intc-pacheco-brito.pdf (2/01/2009)
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Learning Cycles in Drug Discovery & Development

Clinical Assessment: _..E,m HEERIONER
» Phase |: Safety

- Phase II: Efficacy The actual View* {3 PEH

* Phase |ll: Registration - INNOUATION
armaceutical s

for Creating and Profiting
from Technology

L]
| nnovation

. 7 Henry Chesbrough
y °
Clinically Proven DRUG
Molecule DEVELOPMENT

.i“.:t :
IS ST nepChonaes
. e CIBncia & lenologia
fReaneinail @hl@lﬂﬂil%iil’w

o Y ]
> el A
I Cnmpeleni '
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Molecule .

Clinical
Experim /
0 \ . Compound Design

m g o v Compound Screening

« * Assay Development

“”mm“* \ Ideas & I - in vivo Experiments
Hypotheses * _
) \ /7 ADMETox Studies
Discovery Approaches: . A
Phenotypic =+ System Hypothesis S - / » Translational Science
Target-based =+ Molecular Hypothesis * ~ ’ §

4

Y
~, — — - * Adapted from picture of Eli Lilly website



=
Ty
- -
W
=
)
—
L2
-c
=
- -
a4
]
=
—
o
T
L2
I
dll
L2
=
]
-c
-
wn
i
g
i
iz
et

1 \CT Instituto Nacional de
' Ciéncia e Tecnologia
o)

. r“(;’/’ !

de Farmacos e Medicamentos

www.inct-inofar.ccs.ufrj.br




Ministério da Ciéncia e Tecnologia

v inct
institutos nacionais
de ciéncia e tecnologia

i

¢ Apresentacao 2 Institutos 2 Noticias # Contato

©® Apresentagdo

Universidade Federal do Rio de Janeiro *

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.
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INCT s in Rio de Janeiro state

20%
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5%

15% OPUC-RI
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INCT s in Rio de Janeiro state

health
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INCT-IN OFAR

INCT-INOFAR

Team

Universidade Federal do Rio de Janeiro

Scientific adviser board
(SAB)

Research groups

Research people

Useful articles

Publications

Videos

instituto nacional
de ciéncia e tecnologia

de Farmacos e Medicamentos

www inct-inofar.cos.ufrj.br

QAcnpq @:A?EHJ @ LR

-

Project C

WWW.Inct-inofar.ccs. ufrj.br

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;

s Contribute to continuous high qualification of students in
medicinal chemistry & pharmacology;
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BUSINESS

I&’#“'l.

ww

SUN PHARMA

PEOPLE POWER
SunPharma
employs more
d than 200
people at its
R&D centers in
Vadodara and
Mumbai, India.

INDIA PERSEVERES AS

DRUG DISCOVERER

Despite setbacks, the country’s drug companies
continue to pursue HOMEGROWN COMPOUNDS
AMRUTHANAND NAIR, CREN CONTRIBUTING EDITOR, MUMBAI

WWW.CEN-ONLINEORG 2,2, OCTOBER 31, 2011
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Governance
committee

Comité de Governanga &
Acompanhamento (CGA)

Dra Vanderlan Bolzani (UNESP)

Dra Heloisa Beraldo (UFMG)
Dr Angelo CPinto {(UFRJ)

INCT-IN OFAR

Coordenagédo
Dr Eliezer J Barreiro {(UFRJ)

Dr Luiz Carlos Dias (UNICAMP)

Dr Marco Aurélio Martins

\ {(Fiocruz)

J

Vice-coordenagdo

"

= | Dr Fernando Q Cunha (USP-RP)

Instituto Nacional de Ciéncia e Tecnologia
de Farmacos e Medicamentos L°2

j 2/ i i .
’ 0(4/"1' www.inct-inofar.ccs.ufrj.br
A

Consultoria Cientifica

Dr. Francisco § Guimardes (USb-SP)
Dr Vitor F Ferreira (UFF)

Superintendéncia Cientifica
Dra Lidia Moreira Lima (UFRJ)

—

Dr Antonio Monge (Espanha)
Dr Camile G Wermuth (Franga)

KDr Simon Campbell (UK) )
J

Grupos de Pesquisa
Associados
131ES &3 ICT

;nternational scientific consultants

-

inct

Institutos nesclonals

de cléncia e ecnologla
M
-

Antonio Monge, Universidad de Navarra,ES
Camille G. Wermuth, Prestwick Co., llkirch, FR
Simon Campbell, ex-Pfizer Major Scientist UK

(206 [G] APl @h@mﬁi%ﬁrw
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Research partners

IA_.._X
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Instituto Royal”™

[ R——
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TUBINGEN 7
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R  URUGUAY
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INCT-IN OFAR
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To do more! mc"tum
To do faster! Q,
L-lr-ﬂ(f"ﬁ

To do better!

To be organized!

Conditions | To be trustable!
To be a team |

Universidade Federal do Rio de Janeiro [&7)

New lead-compounds




Drug Discovery Today «Volume 14, Numbers 1/2+ January 2009 07 OCtOber 2009 VOI L ’ issue L ’ 95'1 01 REVIEWS
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B DRUG DISCOVERY

TODAY

Institutos nacionais
de ciéncia e tednalogia

wel

Drug discovery: new models for

industry-academic partnerships
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Cathy J. Tralau-Stewart, Colin A. Wyatt, Dominique E. Kleyn and Alex Ayad

Drug Discovery Centre and Business Development, Imperial College London SW7 2AZ, UK

The re-focusing of pharmaceutical industry research away from early discovery activities is stimulating
the development of novel models of drug discovery, notably involving academia as a ‘front end’. In this
article the authors explore the drivers of change, the role of new entrants (universities with specialised
core facilities) and novel partnership models. If they are to be sustainable and deliver, these new models
must be flexible and properly funded by industrv or public funding, rewarding all partners for

AJ Stevens et al., The role of public-sector research in the discovery of drugs and vaccines. N. Engl. J. Med.
2011, 364, 535; R Kneller, The importance of new companies for drug discovery: origins of a decade of new
drugs. Nature Rev. Drug Discov. 2010, 9, 867; MR Barnes et al., Lowering industry firewalls: pre-competitive
informatics iniciatives in drug discovery, Nature Rev. Drug Discov. 2009, 8, 701; PG Wyatt, The emerging
academic drug-discovery sector. Future Med. Chem. 2009, 1, 1013.




- Radical innovation
pain, inflammation, asthma,
CNS, neglected diseases,
cardiovascular system,
cancer

- Incremental innovation
synthesis of new generic
drugs
new synthetic routes to
old generic drugs
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www.inct-inofar.ccs.ufrj.br/download/aar/2009.pdf
www.inct-inofar.ccs.ufrj.br/download/aar/2010.pdf

www.inct-inofar.ccs.ufrj.br/download/aar/2011.pdf
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Radical Zrmovation

Study of the anti- Discovery of novel / . : » \
Antileishmanial activity of

inflammatory effect of anticancer drug

new N-acylhydrazone

LASSBio-897 on chronic candidates designed as

derivatives and analogues

ICB-UFAL / LASSBio-UFRJ

lung diseases in mice novel combretastatin

Laboratory of A4 analogues
Inflammation LASSBio-UFRJ / FM-
FIOCRUZ, RJ UFC N-Phenylpiperazine
[ \ derivatives as prototypes
Discovered y of novel anti- to develop new atypical

:“ftm i inflammatory drug candidates antipsychotic drugs

(oA designed as p38 MAPK inhibitor FF-UFRGS / LASSBio-

wel#* | emRe-USP / LASSBio-UFRJ UFR)

N\ /

INCT-INOFAR Av. Carlos Chagas Filho 373, Centro de Ciéncias da Salde (CCS) Bloco K, 2° andar, Sala 23,
Cidade Universitaria: Caixa Postal: 68043. CEP: 21944-971. Rio de Janeiro. RJ. Brazil
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In Brazil the market of

Generic drugs® generic drugs is
ca. USS 18 bi (2011)

Active pharmaceutical ingredients

6 | (API’s) |

"The art is to select [generics] that will be winners versus ones where there
will be enormous competition.”

M McCoy, Generic Drugs, C&EN 2002 (#13) 80, 23



Incremental Zrmovation .
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s * Atorvastatin o e

e 1991 Lipitor™ O Ne A 0 o

f I CHs functionalized

A - New stereoselective synthesis by \ o  pyrrolheptenoic acid

;E Professor Luiz Carlos Dias & * Patent US 5273995 Pfizer (1991)

—i;: Dr Adriano S. Vieira, UNICAMP, SP HN *HMGCOAR

=1 (2010) — INPI Patent, 2011 (BR) \©

2

=

. cunitin blockbuster-drug
e Sunitinib Super blockbuster—qru

CH;

2006 K functionalized

H3C, N 2-0x0-1H-indol -1H-pyrrole-3-carboxamide
/4 ‘ *Patent US 7211600 (2001)
™ *platelet-derived growth factor receptor (PDGF-Rs)
/ H CH Sutent svascular endothelial growth factor receptor (VEGFRs),
3
N (0] Total sales of tinibs in
I_/I - Total synthesis Professor Angelo da Cunha US market:

Pinto & Dra Barbara Vasconcellos da Silva ., USS 18,5 bi (2009)
UFRJ, RJ (2011) (BR) | '
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INCT-INOFAR, 6th Evaluation Meeting

Rio de Janeiro, RJ (BR)
May 15 & 16, 2012
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Final remarks

“..The unprecedented increase in human life

expectancy, which has almost doubled in a

hundred years, is mainly due and to

discovered them.”

Alfred Burger

In “The practice of medicinal chemistry”, Wiley, 1970, p 4

medicing chemistry
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