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As etapas de desenvolvimento de novos farmacos
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O Desafio do Desenvolvimento de Medicamentos

Drug Discovery and Development: A LONG, RISKY ROAD

DRUG DISCOVERY PRECLINICAL CLINICAL TRIALS FDA REVIEW
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Desafios no Desenvolvimento de Farmacos
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6097480/

Desafios dos Ensaios Clinicos

Falta de Eficacia nos estudos clinicos:

' ‘ Phase Il
/ Strategic

Efficacy — 7,

Pharmacokinetics/ — Safety

bioavailability: 1% —— —

o

Phiase 1N Financial and/or

Safety (including
risk—benefit)

Efficacy e
¢ Versus placebo: 32%

e As add-on therapy: 29%
* Versus active control: 5%

commercial N

; Not disclosed

51%

Fonte: Cook et al., Nature Reviews Drug Discovery 13, 419-431 (2014)
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Reposicionamento de Farmacos

A forma mais promissora de se encontrar um novo
farmaco é comecar com um farmaco antigo

i

James Black
Nobel Medicina e Fisiologia 1988
1924-2010
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Reposicionamento de Farmacos

Vantages
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Rapido Desenvolvimento

Eventos adversos conhecidos e off-
target

Farmacocinética bem estabelecida
Indice terapéutico previsivel

Aproveitamento da capacidade
produtiva de IFAs e Biologicos

Auséncia de restricoes de Pl de novo
uso para muitos paises.

Protétipos para novos
desenvolvimentos.

De novo Drug Discovery and Development

4~8 years

: s Experiment Experiment Phase 1 in Phase 2 in
e - Des'g - Trall

s JgfClinical Trails "/ Clinical Trails #

Low Success Rate

De novo Drug Discovery
Huge Cost and Time-consuming Development

and Development

Drug Repurposing

Signal Transduction and Targeted Therapy (2020) 5:113

® Known Drug Safety

Drug Repurposing Reduced Pharmacokinetic Uncertainty




Abordagens em Reposicionamento de Farmacos

* Pareamento por expressao génica/protéica
* Docking Molecular
* Estudo de associacao gendmica ampla (GWAS)

* Analise por Biologia de Sistemas

Viruses2020,12, 1058; doi:10.3390/v12091058
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Pareamento por expressao génica/protéica

oooooo

» Estratégia: busca de padrdes de expressdo génica/ protéica associados a um
composto quimico em relacdo a um composto padrdao e associacdes a potenciais e
alvos farmacoldégicos ou alvos secundarios e eventos adversos.

* \antagens: possibilidade de se encontrar novos efeitos farmacologicos fora do padrao
do conceito de farmacoforos. Possiblidade de o reposicionamento encontrar um uso

terapéutico mais especifico e com menores eventos adversos.

e Limitacdes: dificuldade em se estabelecer parametros de expressao que possam ser
significativos em etapas posteriors em ensaios clinicos.

 Metodologia: in vitro
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Docking Molecular

B2 %

o

Estratégia: abordagem quimica, por meio de busca de padrdes de interacoes
entre um grupo farmacofadrico e seu alvo farmacoldgico.

Vantagens: alta possibilidade de sucesso quando se pode estabalecer relagcdes de
gSAR com uma série de compostos analogos. Os valores de Ki poderao ser usados para

priorizacao das moléculas mais promissoras.

Limitacdes: podem nao existir modelos para alguns alvos, além de alguns deles
poderem ser afetados de maneira indireta ou por pro-drogas.

Metodologia: in silico

ﬁ' Corte“is“ Insert footer



Estudo de associacao genomica ampla (GWAS)

e Estratégia: estudo gendmico de pequenas variacoes, principalmente os SNPs (single i g
nucleotide polymorphism) para associacao a uma patologia, para busca de alvos potenciais.

e Vantagens: grande volume de dados disponiveis para analise (GWAS database). Possibilidade
de busca precisa de novos alvos farmacolégicos para estratégia de 1 target = 1 drug.

e Limitacdes: falta de estudos funcionais e patofisiologicos sobre os SNPs, tornando mais dificil
se estabelecer padroes de seguranca de produtos.

* Metodologia: in silico
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Analise por Biologia de Sistemas

» Estratégia: analise de redes de interacdes 6micas, com analise racional de causalidade
para determinacao de novos alvos terapéuticos.

e Vantagens: abordagem sistémica, permite associacao causal entre todos os elementod
e rede envolvidos, permitindo a escolha racional para druggable targets.

e Limitacdes: falta de estudos amplos com aplicacdao de farmacos, poucos datasets
publicos e baixo nivel de predicao por ferramentas de open access.

 Metodologia: in silico, in vitro
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Sucesso em Reposicionamento de farmacos

Acido Acetil Salicilico
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tumor protein p53

angiotensin | converting enzyme

prostaglandin-endoperoxide
synthase 1

3-hydroxy-3-methylglutaryl-CoA
reductase

MOA: antiocagulante, analgésico,
por via da COX-2

Novo uso: efeito apoptoptico via
p53 para cancer colorrectal

Ensaios Clinicos: 109

Fase lll: 9
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Sucesso em Reposicionamento de farmacos

Talidomida

* MOA: antiemético, disturbios de
ansiedade, banida em 1962

* Novo uso:

1998 : inibidor de TNF alfa, uso em
hanseniase, como orphan drug.

cereblon 2006: antiangiognese via DCX, uso em
mieloma multiplo.

DCX (DDB1-CUL4-X-box) E3
protein ligase complex

tumor necrosis factor ® EnsaiOS ClllniCOSZ 785

* Faselll: 17
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Pipeline para produtos para Alzheimer

Exemplo de patologia com alto numero de reposicionamento

e 2166 farmacos
e 1050 sem registro de desenvolvimento (48%)

e 334 descontinuados

Drug attrition
. Discontinued/ Suspended No Development Reported Progressing,
Reason for

Withdrawn

discontinuation

-

@ NotReported: 128
5 8% D 0% oo . . DealTermmz.;]tlon/Company..:U
l — _ | | - — — @ Lackof Activity or Effi... 62
Phase 3 Clinical Pre-registration Registered Launched . Pipeline Prioritization: 36
Other: 33

Adverse Events: 18

Number of Drugs

0
Discovery Preclinical Clinical Unspecified Phase 1 Clinical Phase 2 Clinical

Fonte: CCI

Insert footer
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Mecanismos de Acao em Alzheimer

2017: cerca de 100 medicamentos em ensaios clincios,

25% deles ja lancados.

Table 1 Previously approved drugs undergoing clinical trials in Alzheimer's disease in 2017

ICb

Mechanism of action

Original indication

Avripiprazole
Brexpiprazole
Insulin
Methylphenidate
Nabilone
Nilvadipine
Pioglitazone
Atomoxetine
Candesartan
Cilostazol
Dronabinol
Formoterol
Detemir Insulin
Glulisine Insulin
Levetiracetam
Liraglutide
Lithium
Nicotine
Nilotinib
Pimavanserine
Probucol
Rasagiline
Riluzole
Sargramostim
Simvastatin
Valaciclovir
Telmisartan

Dopaminergic Agonist
Dopaminergic Agonist

Insulin Receptor Ligand
Dopamin Reuptake Inhibitor
Cannabinoid

Calcic Antagonist, Dihydropyridines
PPARy Agonist receptor
Adrenaline Reuptake inhibitor
Angiotensin Agonist Receptor
PDE3 Inhibitor

Cannabinoid

B-2 adrenergic receptor Agonist
Insulin Receptor Ligand

Insulin Receptor Ligand

(SV2A) Protein Ligand
Glucagon Receptor Binding
lonic Modulator

Cholinergic Receptors Agonist
Tyrosine kinase inhibitor
5-HT,A receptor reverse agonist
LDL Promoter

IMAO-B

Glutamate antagonist receptor
Cell growth factor

HMG-CoA reductase Inhibitor
DNA polymerase inhibitor
Angiotensin Agonist Receptor

Atypical Antipsychotic
Atypical Antipsychotic
Types 1 and 2 Diabetes
ADHD

Nausea, Vomiting
Hypertension

Type 2 Diabetes

ADHD

Hypertension
Intermittent Claudication
Nausea, Vomiting
Asthma

Types 1 and 2 Diabetes
Types 1 and 2 Diabetes
Epilepsy

Type 2 Diabetes
Bipolar Disorders
Smoking Cessation
Chronic myeloid leukaemia
Psychotic disorders
Hypercholesterolaemia
Antiparkinsonian

Amyotrophic Lateral Sclerosis

Neutropenia
Hypercholesterolaemia
Herpes virus infection
Hypertension

\G‘m

Synaptic
clft

[ insuiin |—{

IADRAZBZC][D3]I 5HI2A, 2C,4,6,7 |

urnal of Pharmacy and Pharmacology,72
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peroxisome proliferator
activated receptor alpha

angiotensin Il receptor type 1

peroxisome proliferator
activated receptor gamma

# NMDA | AmPA |[ a7, B2, 6B2, 4B2, 0282 | M1, 2,3, 4 |[NK1R|[Kw) 4.3 !
7

Alzheimer’'s
Dementia

2017 Clarvate. All rights reserved. (Last update 6-15- 2021)-\:

Gene Symbol &

Insert footer

16



Novos Farmacos e Biologicos em COVID-19

e 1228 Farmacos e Bioldgicos

* 531 Biotecnoldgicos ( 43%)

e 171 Produtos Lancados

e 1687 Estudos Clinicos para COVID-19

Drug Type

Highest Phase

@ Small Molecules (0 - 350 Da) (99)
@ small Molecules (
(
(

>350-500 Da) (103) Not Applicable

>500-750 Da) (100)
Small Molecules (=750 Da) (47)
@ Combinations (9)
@ Herbals (11)
Peptides (217)
@ Polymers (2)
@ Biotechnologies (531)
@ Others (109)

® Small Molecules Launched

Registered
Pre-Registered
phase Il [
Phase I1/111 |
Phase |l [N
phase I/Il [N

Fonte: CDDI
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Mecanismos de A¢cao em COVID-19

As oportunidades de aproveitamento de
farmacos lancados esta diretamente
relacionada ao numero de alvos conhecidos,
obtidos através da analises 6micas ou outras
técnicas

Top 20 Mecanismos de A¢do para COVID-19
0 50 100 150 200 250 300 350

Drugs Targeting Spike Glycoprotein (S) (SARS-CoV-2; COVID-19 Virus) I 552

Drugs Targeting Viral Cell Cycle 285
Spike Glycoprotein (S) (SARS-CoV-2; COVID-19 Virus)-Directed Immunity Inducers
Viral Entry Inhibitors
Viral Fusion Inhibitors
Anti-S (Spike Glycoprotein (SARS-CoV-2; COVID-19 Virus)
Viral Replication Inhibitors
Human Coronavirus (SARS-CoV-2; COVID-19 Virus) Proteins-Directed Immunity...
Drugs Targeting Human Coronavirus (SARS-CoV-2; COVID-19 Virus) Proteases
Drugs Targeting G-Protein Coupled Receptors (GPCR)
DrugsTargeting Other Receptors
3C-Like Proteinase (3CLpro; Mpro; nsp5) (SARS-CoV-2; COVID-19 Virus) Inhibitors
Drugs Targeting Protein Kinases
Drugs Targeting Proteases
Viral Attachment Inhibitors
Apoptosis Inducers
Cytokine Modulators
Spike Glycoprotein (S) (SARS-CoV-2; COVID-19 Virus)/ACE2 Interaction Inhibitors
Drugs Targeting Human SARS Coranavirus (SARS-CoV) Proteins

Drugs Targeting Serine/Threonine Kinases

Fonte: CDDI
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ACE-2 |

AT1,2,Mas | PD1 ]|

Altered immune |

system

ler—I

Pulmonary edema

DNA Pol
STAT3, 6

TMPRSS2

VRARP, RdRP
RARP, RARP |

2 3CL-PRO, PRo/)‘N\"
] r

[ Coronavirus (CoV) Infectlo_l_i_}-

©2020 Clarvate. All nghts reserved (Last Updated 6-17-2021)
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Farmacos langados em COVID-19

op Conditions

o
s
o
o
=
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4 1 B i Ote C n O | O,g i COS Coronavirus acute respiratory syndrome

Infection, respiratory (lung)

Areas Terapéuticas: Cancer, Dermatologia, Infection,respiatory trac
Neurologia, Cardiovascular, Doencgas reumaticas, HIERCLRM, PSRy “’
Doe n ga S OC u |a reS Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)...

Cancer

Neurological Disorders

Malignant neoplasms

Drug Type Imrmunalogical Disorders
Respiratory Disorders

@ Small Molecules (0 - 350 Da) (27) Gastrointestinal Disorders

@ Small Molecules (>500-750 Da) (29)
Small Molecules (>750 Da) (4)

@ Combinations (5)

@ Herbals (4)
Peptides (15)

@ Biotechnologies (41)

@ Others (10)

(
® Small Molecules (>350-500 Da) (36) Musculoskeletal and Connective Tissue Disorders
( Dermatological Disorders
( Hematologic Diseases
Cardiovascular Disorders
Rheumatic disease
Hematologic-blood cancer
Rheumatoid arthritis
Eye Disorders
Genitourinary cancer
Other disorders (Systemic disorders)

Asthma

Hepatobiliary diseases

Fonte: CDDI
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Clarivate: Life Sciences Overview

Clinical

Caporiunity Target Target Hit Lead Candidate  Prechinical Chinical Clinical Clinical Submission,
Evalualion & Identification “alidation  Identification  Development Selection Evaluation Phase | Phasell Phasze il Approval &
Pricritisation

Phase IV/Post- Loss of Palent
Marketing Protection and

Launch Survellance Market Exclusivly

TZHEZERF

INTEGRITY/CDDI

Cortellis Generics Intelligence

Cortellis Competitive Intelligence

9 Cortellis’



CDDI: Overview

Drugs & Biologics
Genes & Targets

= |nformacdes Integradas Organic Synthesis

. ~ 22 G Experimental Pharmacology
= Atualizacoes diarias

Bi0|0gia / Experimental Models

= |nformacdes curadas
manualmente

Pharmacokinetics
Drug-Drug Interactions
Clinical Studies
Organizations

d’jk

Farmacologia ' Quimica ) Literature

Patents
Disease Briefings

Biomarkers
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Exercicio Online:

Farmacos com acao em
TMPRSS2 para COVID-19
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Integrity: como se cadastrar

Obs.: Todos os usuarios do Integrity terao acesso ao CDDI

Passo 1: Em rede com IP pertencente ao CAPES
ambiente CAPES, acessar o Portal de —
Peridodicos da CAPES
(http://www.periodicos.capes.gov.br/) e em puscarassunte
. Buscar periodico
“BASE” procurar por “Integrity”. . ’ BUSCA
Devera funcionar também através da VPN, R Assunto
PROXY , ou rede CAFE da Universidade. ——— eriodics
Historico Livro
Missao e objetivos
E ‘7‘\‘; - Quem participa - Base
= Integrity
* 1 A Cortellis solution ACERVO

Cortellis’

BUSCAR BASE

Integrity |

Integrity (Clarivate Analytics) g H |

K L M N O P
U \' W X Y Z

Busca avancada | Visualizar
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Analytics

Lista Completa
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Passo 2: Selecione o Link para ser redirecionado ao

site de Primeiro Acesso do Integrity

jital K63 Repositorios Institucionais , Textos completos

réncia

12 4 Daf
Obras de Re

(1)

(

5 Cro ¢ ~ S g L S
vil Engineers - ICE extos completos

Geografia e Estatistica (IBGE) &4 Estatisticas
eiro de Informacao em Ciéncia e Tecnologia (I1BICT). Repositorio Institucional C Repositorios Institucionais

eito Public P). Biblioteca Digital k&3 Repositorios Institucionais
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Welcome

I Registered Users

If you already have a User Name and Password to use Thomson Reuters Integrity,
enter them here and click Login

User Name

Password Login

Forgotten login details? Please click here

PaSSO 3: Seleciona r O ca m po :Jl‘s:%f'.ltw:lsizfssgice is offered to Authorized Users on the condition that they accept
“Self-Register” em “First-

° S i
tl me U Se rS” ' If your-company/institution has licensed Thomson Reuters
Integrity under the self-registration mode, click here to Self-Registe I
register

I More Information \

Access to Thomson Reuters
Integrity is available to licensed Questioning
users. To request more information
about this product, click here

reates
nowlédge

RS vy

®© 2017 Clarivate Analytics.
. All rights reserved
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Passo 4: Preencher o registro com um e-mail vdlido de uso frequente para uso futuro do ‘keep me
posted” e para atualizacoes do Integrity. Por gentilzea especificar a instituicao a qual pertence. Por

exemplo: Universidade X /Faculdade Y/ Departamento Z. Ao final clicar em “Send”.

First Name

WELCOME TO THOMSON REUTERS INTEGRITY - REGISTER YOUR DETAILS Last Name

To begin your Integrity session please update your personal details below and then click
Send
Role & Company

This will allow us to verify your account, and ensure you get the most out of Integrity. Once you have Job Role
completed this registration form you will not be asked for these details when you nextlog in.

. . . Job Area
All fields are compulsory - please complete this form in ENGLISH only

Specific Job Area

Login Details
Company/institution

E-mail contato@email.com

Confirm email contate@amail.cem City

User Name Contato Postcode
Password FEEREEEE e COUHIW
Confirm Password sesnenss " Language

*'Wrong Password Format

Telephone Number

Contact Details

-
Contato

Contatoi

Scientist / Dept. Member v
Biclogy v
Cell Biclegist A
Universidade

Manaus

0000000

Brazil v
EMGLISH v
55-11-00000

Salutation Dr. v
Flease send me periodic updates on ntegrity including new release notices g
First Name Contato and training schedules. res Na
Last Name Contatei | agree that my details will be used in accordance with the Privacy Policy,
including sharing my details with other parts of the Science business of 8 yas Mo

Thomson Reuters to enable the above updates to be sent.

Role & Company

* | understand my details will be shared with the wider Thomson Reuters business, but will not be

Job Role Scientist / Dept. Membs v : :
O passed to any third parties.

Job Area Biclogy hd By clicking " Send", you agree and consent to the Privacy Policy, including the reception of
electronic communications from the Science business of Thomson Reuters.

[Send |}
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