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visao geral, atual e critica do processo de descoberta e
desenvolvimento de novos farmacos, com énfase nas etapas de
descoberta e estudos pre-clinicos

- Estratégias para planejamento sintetico
- Tipos de ensaios farmacologicos

- Ensaios a serem realizados (in silico, in vitro e in vivo), com fluxograma
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DESCOBERTA E DESENVOLVIMENTO DE FARMACOS

Preclinical studies

Research team formed Novel chemicals
and obijectives set synthesized

Chemicals tested for
efficacy and safety in
test tubes and animals.
Results used to choose
drug candidate.

Formulation, stability
scale-up synthesis,
chronic safety in animals

Clinical studies

» . FDA

Drug is approved FDA reviews NDA
for marketing

Company files New Phase Il

Drug Application (NDA) trials in many patients

I: large clinical Phase II: studies
in patients (efficacy)

| ol .

Company files
Investigational New
Drug (IND) application

with FDA

Phase |: studies
in healthy humans
(toleration)




Target to hit

Success
Rate:
80%
Programs:
243

Hit to lead

Success
Rate:
75%
Programs:
194

Rate:
85%

Programs:

14.6

Total cost for 1 marketed Drug:
S1.75 Billion870 milhdes

LLead Optimization

Success

Phase 3

Success
Rate:
70%
Programs:
1.6

Preclinical

Success Success
Phase 1

Rate: R ate:

69% Success @

Programs: Rate: Programs:
12.4 54% 4.6
Programs:
8.6

Compounds

screened
100,000

Compounds

screened
10,000-5,000

Preclinical
studies
250

2 4

6 3 10 12

Regulatory
Success

Rate:
91%

Programs:

1.1

Discovery Development

14

10
Clinical trials

250
Preclinical
studies

>100,000
Screened
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WP, MUITA CONFUSAO: NAO HA CONSENSO

—

IMPORTANTE: FOCAR NAS ETAPAS A SEREM CUMPRIDAS

DESCOBERTA DESENVOLVIMENTO

Candidato a farmaco
Estudos Es’tu_dos
. Clinicos
pré-clinicos Fases 1.2 e 3
? Estudos
I i
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Desenvolvimento
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S B F I E Home SIG Farmaco Forum de PG Sbfte Jovem Iniciativas Educacionais

Importancia da terminologia o comare o
Ainda mais em atividades multidisciplinares ! - Lateral .. ~

13. Hit, lead, drug candidate / Substancia ativa, prototipo, candidato a farmaco
1 Blescoberta e Desenvolvimento de farmacos

Biomarcadore desf ec ho ssurbogateiendpdindo )( n
Estudos pre-clinicos vs. néo clinicos

MTD e NOAEL

Necessidade medica nao atendida (unmet medical need)
Farmacoforo

Analise FOFA (Swot analysis)



PESQUISA E DESENVOLVIMENTO DE FARMACOS:
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A: By 2018, 0.7
more NMEs per

JUSIVCRSE Algo estava dando muito errado
R&D spending
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DIAGNOSTICO DO DECLINIO DA EFICIENCIA DA R&D FARMACEUTICA

Targets that fail
the ‘cautious
regulator’ test

Targets that fail
the ‘better than
the Beatles’ test
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S ERC  @uUa opcaoe pouco discutida
Modern biomedical research:
an internally self-consistent universe
with little contact with maedical reality?

David F. Horrobin Nature Rev. Drug Discov. 2: 151, 2003



Position of the GOT-IT recommendations in the drug discovery value chain

GOT-IT: Guidelines On Target Assessment for Innovative Therapeutics
Start of HTS

Target Target Lead }
identification Selectlo’ ' Screenlr' Hit tollees optimization

[ )
Link between target and disease Target-related safety issues

* Assayability * Unmet medical need

* Druggability * Differentiation from current standard of care
* Biomarker * Intellectual property and freedom-to-operate
* Tool compound use considerations
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How to improve R&D productivity:
the pharmaceutical industry’s grand
challenge

NATURE REVIEWS |DRUG DISCOVERY VOLUME 9 | MARCH 2010 | 203

Research Discovery Early stage Late stage e Phase IV
prediscovery preclinical development development studies

Large pharma Coordination, management Execution, monitoring, analysis

Academia Basic research Translational medicine o .
Large-scale clinical trials

. Data analysis
Biotechs/ : ) Medical writing
small pharma Innovation, partnerships Regulatory approval

CROs/other

partners Execution, monitoring, analysis




Pammolli et al. J Transl Med (2020) 18:162
https://doi.org/10.1186/512967-020-02313-z J ournal of

Translational Medicine

RESEARCH Open Access

The endless frontier? The recent increase
of R&D productivity in pharmaceuticals

Fabio Pammolli'?", Lorenzo Righetto?, Sergio Abrignani®*, Luca Pani>®’, Pier Giuseppe Pelicci®®
and Emanuele Rabosio?

. aumento na produtividade de DD na Industria

foco em area com alto risco/alto retorno,
principalmente cancer

. diminuicao em todos os estagios da pesquisa
clinica

. projetos bem sucedidos: novas indicacoes e
mecanismos de acao



R&D expenditure by large pharma corporations totaled a record
$123 billion in 2020, and exceeded 20% of revenue for the first time

Exhibit 30: Large Pharma R&D Spending and Spending as a Percentage of Sales 2016-2020, US$Bn

123
108

17.5%

2014 2015 2016 2017 2018 2019 2020

@ ::0 spending ==@== R&D spending as a percentage of sales

Source: Data taken from company financial statements; IQVIA Institute, Feb 2021



visao geral, atual e critica do processo de descoberta e
desenvolvimento de novos farmacos, com énfase nas etapas de
descoberta e estudos pre-clinicos

- DD&D: introducao e desafios

- Tipos de ensaios farmacologicos

- Ensaios a serem realizados (in silico, in vitro e in vivo), com fluxograma
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(6.6% Approval year Descoberta de novos farmacos:

362 B 2011-2015
] 2006-2010

M 2001-2005 EStrategiaS:

[11996-2000
B 1991-1995
M Before 1990
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nova molécula?2 avanco terapéutico

RADICAL (0 f tinrcd ta s -sadigacia (ex: statinas)

INCREMENTAL: - eficiencia (ex: amlodipina)



olevéritablevoyage dalécouvertene
consistgpas achercherde nouveaux
paysagesmaisa voiravec de nouveaux

yeux
(A larecherchedu temps perdu 1918

Marcel Proust
(1871-1922)






Descoberta de novos farmacos:
Estrategias: lll. fonte de nova molécula ativa




PREMIO NOBEL (2015):
lvermectina e Artemisinina

Artemisinin

Malaria

Microfilaria



oThe most fruitful basis of the
discovery of a new drug Is to start with
an old drug

Sir James Blake
(19242010)

Nature Rev. Drug Discov. 2: 259, 2003



(... we knew the receptor bound histamine, so it was
a matter of keeping affinity and losing efficacy...

— Sir James Black (1996))
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REPOSICIONAMENTO DE FARMACOS

rEstrategia que busca descobrir novas aplicacdes para um

farmaco existente, que nao foram previamente referenciadas g

e que atualmente n&do s&o prescritas ou investigadaso
IUPAGC

Assunto relativamente novo

Number of articles

Year of publication


https://www.sbfte.org.br/
https://www.sbfte.org.br/

Structure-based drug design: DOCKING (+ molecular dynamics)
A B

“Pose” Prediction (same molecule):
C, (correct orientation) better than C,

Affinity Prediction (different molecules):
A makes better interactions with R than C, ﬁ@der molecules according

C, better than B predicted affinity

Scoring Function: Interaction Energies, Solvation/Desolvation, Entropy, .... 25



Experimental Stra_ct—u res —‘




Experimental Structures . Models by Homology




busca de peguenas entidades
moleculares com caracteristicas fisicoquimicas
de farmacos



Twenty years on: the impact of
fragments on drug discovery

Daniel A. Erlanson’, Stephen W. Fesik?, Roderick E. Hubbard>*, Wolfgang Jahnke>
and Harren Jhoti®

P

Fragment-based drug discovery (FBDD) takes a 1 M 00 M
different approach. Rather than screening millions of
compounds to find drug-sized starting points, FBDD
begins with much smaller collections of smaller com-
pounds. Fragments are usually defined as having less

than 20 non-hvdrogen (or ‘heavy’) atoms. In contrast to U
0]

Vemurafenib

IC,, (BRAF-V600E) =50 nM
29




Descoberta de farmacos:
0 languierdas Bermmudas

Potency / Efficacy

Therapeutic ratio Consistency of
eg ED50/L D50 drug delivery

Bioavailability

Consistency of
drug delivery




Descoberta de farmacos:
0 languierdas Bermmudas

Potency / Efficacy

Therapeutic ratio Consistency of
eg ED50/L D50 drug delivery

Bioavailability

Consistency of
drug delivery
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( TArget-based drug discoveryO

(ftesting of a large number (in most cases
randomly selected) compounds in a systems-based
approach using a target-agnostic assay that monitors

phenotypic changeso )



The phenotypic screening

pendulum swings
Nature Rev. Drug Discov. 14: 807, 2015



The phenotypic screening
- s Of -

pendulum swings B e

Nature Rev. Drug Discov. 14: 807, 2015 '(C;; 80% —-—
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|l cell-based assays [ ] biochemical assays |

Combinatorial Chemistry & High Troughput Screening 8: 285, 2005



The discovery of first-in-class drugs:
origins and evolution

Jorg Eder, Richard Sedrani and Christian Wiesmann

NATURE REVIEWS | DRUG DISCOVERY
VOLUME 13 | AUGUST 2014 | 577
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SPECIAL LEAD ARTICLE

Reflections on drug research

James Black

NNenhum n?2yvel de avali a- «outr® m

por isso, acredito fortemente que a farmacologia precisa ser
estudado em todos os niveis, sendo que a escolha do nivel deve
ser ditada pela natureza da qu



ENSAIO ALVO-DIRIGIDO vs. FENOTIPICO

Single probe screening Multiple probe screening
(for example, radioligand binding) (for example, a label-free assay)

Library

Hit




TIPOS DE ENSAIO PARA SCREENING In viiro

% s &) Paul Ehrlich
o ( (1854-1915)

- Dados mais aeprodutiveiso peecisos + robotizacao (HTS)
- Nao e limitado por problemas de poténcia e permeabilidade
- Pode ser feito em concentracoes relativamente altas

- Visao reducionista: produz farmacos para (translacionalidade?)
- Limitado pelo fato de medir somente a afinidade ( )

Nature Rev. Drug Discov. 2: 259, 2003



<% eurofins |

DISCOVERY

GPCR Radioligand Binding Services

Services >> |n Vitro Assays >> GPCRs >> Binding

Determine intrinsic activity and
affinity of a drug to a target receptor’s
binding domain using Radioligand assays.

[Radioligand binding is the gold standard method]for detecting compound interaction with GPCRs, allowing for the
simplest interpretation of assay results. A favorite of medicinal chemists, radioligand displacement assays can be used
for a simple yes/no interaction determination or to calculate a compound's affinity for a receptor of interest. Combined
with GPCR functional assays, binding studies can provide a complete profile of a compound's in vitro pharmacology.

v gold standard \

method
for detecting
compound

_interaction with

Contact Us

Let us know your needs



https://www.eurofinsdiscoveryservices.com/services/in-vitro-assays/gpcrs/binding/
https://www.eurofinsdiscoveryservices.com/services/in-vitro-assays/gpcrs/binding/
https://www.eurofinsdiscoveryservices.com/services/in-vitro-assays/gpcrs/binding/
https://www.eurofinsdiscoveryservices.com/services/in-vitro-assays/gpcrs/binding/
https://www.eurofinsdiscoveryservices.com/services/in-vitro-assays/gpcrs/binding/
https://www.eurofinsdiscoveryservices.com/services/in-vitro-assays/gpcrs/binding/

Screening: Binding para determinacao de afinidade

ENSAIO DE COMPETICAO (no _equilibrio)

Cheng-Prusoff

- -8 - - _ -
Log [Competidor], (M) Clgo=K; . (1 + [*L] / K




FARMACO SELETIVO vs MULTI-ALVO

Magic bullet

visao holistica:
redes e circuitos neurais

Magic shotgungversus magic bullets:

selectively non-selective drugs for
mood disorders and schizophrenia

drugs: the network apg roac
might help drug design

Bryan L. Roth, Douglas ]. Sheffler and Wesley K. Kroeze Péter Csermely’, Vilmos Agoston? and Sandor Pongor®?3



Curr. Opin. Struct. Biol. 2006 Feb;16(1):127 -36. Epub 2006 Jan 25.

Can we rationally design promiscuous drugs?

Andrew L Hopkins', Jonathan S Mason' and John P Overington?

Selective ligands

Dual
ligands



TIPOS DE ENSAIO PARA SCREENING in viiro

Pode ser mais eficiente por ser capaz de avaliar a eficacia ja que a de
receptor pode ser medida, o que nao ocorreria com o binding (!! =xcscHss).

- Limitacéo: Tempo, quantidade de substancia, ética (animaisé . )

: HTS (industria)

1. Diferencas entre a bioquimica de células em cultura e
células in situ + células de um organismo doente

2. com alta expressao de receptores: ambiente
celular diferente com falta de proteinas parceiraso !

Nature Rev. Drug Discov. 2: 259, 2003



- It has low spontaneous activity
nicely graded responsésot too
many tight junctions);

- is highly sensitive to a very wid
. rangeof stimulants

- istough, if properly handled,

- and capable of hours of
reproduciblébehaviour 6

- Chart Recorder

_ Tyrode’s Solution —

Heum-

Agiatof - ater . | - | o W. D. M. Paton (1986)
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Aorta toracica de rato (AR-U, )

Curva cumulativa a Fenilefrina; 102717 102 M

TWash |
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control
LDT66 10 nM
LDT66 30 nM

LDT66 100 nM

Force (mN)
h

log (CR -1)
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0.01 0.1 1 10 100

Phenylephrine (uM s
ylep (nM) Naunyn-Schmiedeberg's Arch. Pharmacol. 387:225-234, 2014



CONTEXTO DO ENSAIO

O efeito de um farmaco pode depender do contexto celular (estimulo
basal) Y ! Condicdes do ensaio de screening (tonus fisiolégico)

In vivo (dog) In vitro (Guinea-pig left atria)
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Medida funcional in vitro:
2. Célula - Ex: AMPc
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Escolha do ensaio e suas consequéncias

® Second
messengers
e End organ
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Functional characterization of heterotrimeric G-proteins in rat diaphragm muscle

Ana Luiza Andrade-Lopes, Marcelo Pires-Oliveira, Francisco Sandro Menezes-Rodrigues,
Rosely Oliveira Godinho*
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- MODELOS ANIMAIS TRADICIONAIS

- CAMUNDONGOS GENETICAMENTE MODIFICADOS

Nature Rev. Drug Discov. 2: 151, 2003
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1.A. ldentificacao e validacao do alvo
1.B. Identificacao de substancias ativas (hits)
1.C. Propriedades fisicoquimicas in silico

2.A. Ensaio celular (ou animal) da doenca
2.B. Relacao Estrutura-Atividade

2.C. Propriedades fisicoquimicas in vitro
2.D. Seletividade

2.E. Genotoxicidade in vitro

3.A. Modelo animal da doenca

3.B. ADME In vitro

3.C. ADME in vivo

3.D. Citotoxicidade

3.E. Toxicidade aguda

3.F. Genotoxicidade in vitro

3 G Desenvolvimento farmacéeutico e scale-ubn



4.A. Excrecao e identificacao de metabalitos in vivo
4.B. Distribuicao tecidual in vivo

4.C. Toxicidade subcronica e toxicocinetica

4.D. Genotoxicidade in vivo

4.E. Toxicologia reprodutiva 1

4.F. Seguranca in vivo

4.G. Desenvolvimento de formulacao

5.A. Ensaio clinico de fase 1

6.A. Ensaio clinico de fase 2
6.B. Toxicidade subcronica (3-6 meses)

7.A. Ensaio clinico de fase 3
/.B. Toxicologia reprodutiva 2
7.C. Toxicidade cronica

7.D. Carcinogenicidade



www.ScienceTranslationalMedicine.org 6 February 2013 Vol 5Issue 171 171cm1

An End to the Myth:

There Is No Drug Development Pipeline

Kristin Baxter,"” Elizabeth Horn,' Neely Gal-Edd," Kristi Zonno,'* James
O’Leary,” Patrick F.Terry,* Sharon F.Terry'™
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Drug Discovery, Development

& Deployment Map
(4D Map)




