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A Historia da Lara

* Nascida em 2009, encaminhada para a primeira avaliacao
genética final de 2014 (com 5 anos).

* Pre natal, parto e nascimento bem planejados e sem
intercorréncias. Teste do pezinho normal

* HF: filha Unica de um casal jovem e nao consanguineo
* Desenvolvimento totalmente normal até 4 anos.

* Com 4 anos: primeira crise convulsiva grave e prolongada.
Permaneceu 4 dias internada sem causa estabelecida;

* Com 4 anos e 2 meses, segunda crise convulsiva: tentativa
de uso de varias medicacoes. Internada para investigada
em um hospital da capital. Diagnodstico de Epilepsia
refrataria e de dificil controle. Ficou 1 més internada.

* Com 4 anos e 7 meses: nhao conseguia mais falar




Lara chega ao Médico
(Geneticista

* Aos 5 anos acompanhada por Marina e Rodrigo:
Historia da doenca, elaboracao do heredograma
(arvore genealdgica), exames laboratoriais
(gerais e especializados), exames de imagem,
exame fisico e neuroldgico, etc

* Hipoteses formuladas = investigacao conduzida
por etapas e de forma racional.
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Lara, Rodrigo e Marina £
N
* Com 4 anos e 10 meses: Lara nao caminha mais sem a
ajuda dos pais, e nao consegue pedir mais agua e tem
apresentado em torno de 50 crises convulsivas ao dia,
mesmo fazendo uso de 4 medicacoes anticonvulsivantes

potentes. Seus pais estao desesperados com a regressao da
filha.

* Resultado: Atividade da enzima “palmitoil tioesterase: 5,0
(93- 521). Custo aproximado da investigacao genética - R$
2000,00. O custo do exame para o diagndstico conclusivo:
R$ 200,00

»* Diagnostico estabelecido: Lipofuscinose Cerodide
Neuronal - doenca rara (1:50,000 NV).

* Inicia-se a informacgao sobre a doenca, sua evolucgao,
prognostico e inicia-se o aconselhamento genético do casal

o

retornam ao (Geneticista




Mas o que Marina e Rodrigo querem
mesmo saber?
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Se ha algum tratamento?

Ha algo que pode ser feito?

Se ha alguma chance de cura?

Qual é a chance de outros filhos nascerem
com a mesma doenca?

Quanto tempo de vida a nossa filha tem?




- = - Example: "Heart attack" AND "Los Angeles”
ClinicalTrials.gov Search for studios: —

A service of the U.S. National Institutes of Health
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clinicos para
Lipofuscinose
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Home > Find Studies > Search Results Text Size «

22 studies found for: Neuronal ceroid lipofuscinosis
Modify this search | How to Use Search Results
Recruiting  Clinical and Neuropsychological Investigations in Batten Disease
Condition: Neuronal Ceroid Lipofuscinosis
Intervention:

List By To|

+ Show Display Op

15 novos
medicamentos
incluindo a
Terapia Genica

2 Completed Neuronal Ceroid Lipofuscinosis and Associated Sleep Abnormalities
Conditions: Neuronal Ceroid Lipofuscinosis; Batten's Disease
Intervention:

Include only open

Rank Status

Recruiting

Active, not  Safety Study of a Gene Transfer Vector for Children With Late Infantile Neuronal Ceroid Lipofuscinosis
recruiting Conditions: Batten Disease; Late Infantile Neuronal Ceroid Lipofuscinosis

Interventiong STaTSTE S

8 Completed Study of HuCNS-5SC Cells in Patients With Infantile or Late Infantile Neuronal Ceroid Lipofuscinosis (NCL)
Condition: Neuronal Ceroid Lipofuscinosis
Interventions: Procedure: Surgery to implant human CNS stem cells (HUCNS-SC);

Drug: Medication to suppress the immune system

Recruiting

Completed Cellcept for Treatment o
Conditio

Interventiong

9 Completed A Phase 1/2 Open-Label Dose-Escalation Study to Evaluate Safety, Tolerability, Pharmacokinetics, and Efficacy of
Intracerebroventricular BMN 190 in Patients With Late-Infantile Neuronal Ceroid Lipofuscinosis (CLN2) Disease
Conditions: Jansky-Bielschowsky Disease; Batten Disease; Late-Infantile Neuronal Ceroid Lipofuscinosis
Type 2; CLNZ2 Disease

Intervention: Biological: BMN 1980

6 Withdrawn  Safety and Efficacy Stud

Recruiting  AAVRh.10 Administered to Children With Late Infantile Neuronal Ceroid Lipofuscinosis
Conditions: Late Infantile Neuronal Ceroid Lipofuscinosis; Batten Disease

Intervention: Biological: AAVrh.10CUCLN2

7  Recruiting Safety Study of a Gene
Conditions

Completed Genotype - Phenotype Correlations of LINCL

Conditions: Batten Disease; Late-Infantile Neuronal Ceroid Lipfuscinosis

Intervention:

Completed Cystagon to Treat Infantile Neuronal Ceroid Lipofuscinosis

Has Condition: Infantile Neronal Ceroid Lipofuscinosis
Results

Intervention: Drug: Cystagon

Recruiting

Batten CLN6 Gene Therapy
Conditions: Batten Disease; CLNG

Intervention: Drug: scAVVS.CB.CLNG




Estamos falando de Doenc¢as Raras?

O que € DOENCA RARA? Sao aquelas que afetam um numero
limitado de pessoas da populacao total, definido como menos
de uma em cada 2000. (65/100.000 individuos)

Acometem de 6-8% da populacao mundial. 80% sao Genéticas
, 20% ambientais/imunoldgicas, infecciosas.

No Brasil: 13 milhdes de individuos afetados — 80 sao criancas

DOENCAS GENETICAS: ~ 5000

PARADOXO: AS DOENCAS RARAS

EM CONJUNTO NAO SAO RARAS!




Como a Genética Médica vem
evoluindo?

1960 -1970: Surgimento da especialidade genetica clinica:
Papel do geneticista: OBSERVAR - DELINEAR O FENOTIPO -
ACONSELHAMENTO GENETICO - CALCULO RISCO DE RECORRENCIA

Historicamente, o tratamento das doencas genéticas visava
apenas o tratamento sintomatico, longe da resolucao causal.

A partir de 2000 2 houve uma Explosao do conhecimento do
Nnosso genoma, impulsionando grandes avancos no diagnodstico e
tratamento das doencas genéticas.
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A Genética Médica segue evoluindo

2001 =2 Aumenta o interesse das grandes companhias
farmacéuticas em tratar doencas raras e genéticas.

2001 = No Brasil: DECIT* convocou A SBGC comissao para discutir
0 USo e acesso ao Genoma Humano. * Departamento de Ciéncia e

Tecnologia da Secretaria de Ciéncia, Tecnologia e Insumos
Estratégicos (DECIT/SCTIE)

2004 > Grupo de Trabalho convocado pelo Ministério da Saude (SAS
/ DECIT) para elaborar a Politica Nacional em Genética Clinica
....2014...2016

2005 = Grande e rapida evolucao da tecnologia do diagnostico em
doencgas genéticas: reducao do custo, reducao do tempo para o
diagndstico, aumento da oferta de tratamentos.

2005-2016 = o diagnostico bem estabelecido leva a um grande
impacto sobre as alternativas terapéuticas



PORTARIA N° 199, DE 30
DE JANEIRO DE 2014
Institui a Politica Nacional
de Atencéao Integral

as Pessoas com Doencas
Raras, aprova

as Diretrizes para Atencao
Integral as

Pessoas com Doencas
Raras no ambito do
Sistema Unico de Saude
(SUS) e institui

incentivos financeiros de
custeio.
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Areas de atuagao na Genética
Médica

ONCOGENETICA DISMORFOLOGIA
RETARDO
MENTAL

A AUTISMO
CANCER FAMILIAR - EPILEPSIA
DISTURBIOS DE
MOVIMENTO TERATOGENESE
ERROS INATOS DO NEUROGENETICA DOENCAS
METABOLISMO MUSCULARES
DOENCAS DIAGNOSTICO PRE ' ACONSELHAMENTO
NEURODEGENERATIVAS NATAL GENETICO




American Journal of Medical Genetics Part C (Seminars in Medical Genetics)

INTRODUCTION

Treatment of Genetic Disorders—A Vision
Coming Into Focus

LYNNE M. BIRD* ano WEN-HANN TAN

2016

¢ Uma Série de artigos de revisao sobre o estado da arte em
relacdao ao tratamento das doencas geneéticas raras

¢ Trata sobre a expansao dos diferentes mecanismos de
tratamento das doencas genéticas:

¢ Terapia celular

¢ Terapia Cromossomica

¢ Terapia Génica

¢ Terapia de regulacao génica: exon skipping, anti-
sense oligonucleotideos, modificacao de celulas

tronco e reintroducao, usou ferramentas de edicao
genética.




EXEMPLO DA TERAPIA GENICA

EXVIVO

VECTORS el HUMAN CELLS

ALTERED CELLS

DELIVERY OF GENES to human
subjects is sometimes accomplished

directly (orange arrow), by putting vec-

tors (agents carrying potentially therapeu-

tic genes) straight into some target tissuc in

the body (in vivo). More often the ex vivo ap-
proach (bfue arrows) is used: physicians re-
move cells from a patient, add a desired gene in
the laboratory and return the genctically corrected
cells to the patient. An in vivo approach still in devel-
opment would rely on “smart” vectors that could be
injected into the bloodstream or elsewhere and would
home to specific cell types anywhere in the body.

SUM HLMS



E AGORA?

¢ O cuidado do paciente passa a incluir o
tratamento especifico = € uma nova era
da genética médica.

¢ Mas parece que ainda nao estamos
conseguindo resolver questoes muito
basicas .....




Sindrome de Prader-Willi (SPW)
Genet Med 14(1):10-26, 2012

Genetics
inMEdlClne . GENETEST REVIEW ©American College of Medkal Genetics

sfaTests
Prader-Willi syndrome

Suzanne B. Cassidy, MD', Stuart Schwartz, PhD?, Jennifer L. Miller, MD?* and Daniel J. Driscoll, MD, PhD#*

Manejo
dietetico
adequado
apos
obesidade
morbida

ure 1 (a) An 8-month-old female with hypotonia, hypogonadism, and need for assisted feeding. (b) A 19-year-old male with inadequate dietary control
dy mass index (BMI) = 67; Z score = +3.49) showing typical body habitus of Prader-Willi syndrome (PWS) with fat distributed primarily in abdomen, hips,
i thighs. (c) A 34-year-old man in relatively good dietary control (BMI = 30; Z score = +1.66) living in a specialized PWS group home. Note the hanging skin
from his history of morbid obesity. Informed consent was obtained for publication of these photographs.




Sindrome de Prader-Willi (SPW)
Tratamento com hormonio do

crescimento
Genet Med 14(1):10-26, 2012

Tratamento com GH
muda a historia natural

Habitualmente ha
insuficiencia de GH
m Protocolo GH do MS?

m Nem sempre se
enquadram

m Ausencia de PCDT
especifico

m Judicializagao

Figure 2 (a and b) Seven- and 13-year-old children, respectively, not recewing
growth hormmone treatment. (¢ and d) Seven- and 13-year-Oid chiidren,
respectively, who have had growth hormone treatment and good wesght control.
Informed consent was obtained for publication of these photographs




DOENCA DA URINA DO XAROPE DO BORDO
-MSUD-

Letargia

Succao débil

Hipotonia de tronco
Hipertonia de membros

Odor caracteristico

Intoxicacao por leucina causada pela
Deficiéncia da enzima alfa cetoa acido

desidrogenase que degrada os aminoéacidos de
cadeia ramificada.
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J Pediatr (Rio J). 2014;300¢(0¢) 36 = XXX
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ORIGINAL ARTICLE

Maple Syrup Urine Disease in Brazil: a panorama of the
last two decades™ ™

Silvani Herber?, Ida Vanessa D. Schwartz"<%¢"* Tatiéle Nalin®',

Cristina Brinkmann Oliveira Netto®, José Simon Camelo Junior’®,

Mara Lucia Santos”", Erlane Marques Ribeiro™'-/, Lavinia Schiiler-Faccini®"J,
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"These may be associated with comorbidities such as epilepsy, cerebral
palsy or motor dysfunction, and/ or behavioral disturbances or
psychiatric diseases. Early identification is critical for specific
intervention to improve outcomes and reduce family burden”

"Given the rarity of these conditions, diagnosis is a challenge.
Awareness among clinicians is essential, and several tools are available
such as microarrays, genome-wide sequencing, and digital apps that
can facilitate diagnose”

“Despite the challenges, there have been many advances in the
development and implementation of “targeted” or “causal” treatments
for NDCs in recent years. Causal therapy constitutes interventions
targeting the pathophysiology at a cellular or molecular level with the
goal of treating underlying etiology to prevent or improve neurological
manifestations of disease.

These will be outlined in the context of currently available treatments
and practices, and some of the latest new and upcoming therapies will
be discussed”




Tratamentos em desenvolvimento clinico em
2016 para sindromes genéticas associadas a

retardo mental 89 condicOes genéticas trataveis

TABLE 1.
Overview of Treatable [EMs Presenting With [ntellectual Developmental Disordefn = 89 in 2015}

Biochemical Category  Disease Name MIM#  Major Pigptype Therapgftic Modalities Treatment Levels @ Clinical Practice

Effect Evideng
Amino acids Hyperornithinemia- 238970 1DD, epilepsy, Dietary protein BCDEFEG 4 Standard of care
hyperammonemia- psych, CP restriction, ornithine
homocitrullinuria syndrome supplement, sodium
benzoate,
phenylacetate
Nonketotic 605899 IDD, epilepsy, Glycine restriction; +/ B,D.E,F 4-5 Standard of care
hyperglycinemia (late onset) psych, CP —sodium benzoate,
NMDA receptor
antagonists, other
neuromodulating
agents
Phenylketonuria 261600 IDD, epilepsy, Dietary phenylalanine B, D E(C) 2a(4) Standard of care
psych, CP restriction +/— amino {individual basis)
acid supplements
(BH(4) supplement)
Phosphoglycerate 601815 IDD, epilepsy, CP L-serine & +/— glycine D.EF 4 Standard of care
dehydrogenase deficiency supplements
Phosphoserine 6510992 1DD, epilepsy, CP L-serine & +/— glycine D.EF 4 Standard of care
aminotransferase deficiency supplements
Phosphoserine phosphatase 614023 IDD, epilepsy, CP L-serine & +/— glycine D.EF 4 Standard of care
deficiency supplements
Tyrosinemia type Il 276600 I1DD Dietary phenylalanine D,G 4-5 Standard of care
& tyrosine restriction
Cholesterol SC4MOL deficiency 607545 1DD SC4MOL deficiency B.G 4-5 Standard of care
Smith-Lemli-Opitz 270400 IDD Cholesterol & BD 4-5 Individual basis
syndrome simvastatin
Cerebrotendinous 213700 IDD, psych, CP  Chenodeoxycholic BDEG 4 Standard of care
xanthomatosis acid, HMG reductase

inhihitar




Tratamentos em desenvolvimento clinico em
2016 para sindromes genéticas associadas a
retardo mental

TABLE 2.
Targeted Treatments in Clinical Development by 2016 for Genetically Defined NDCs
NDC Treatment Target From Animal/Cellular Models Development Phase
Fragile X syndrome Lithium Inhibits excessive GSK3B signaling and PI 1
turnover
AFQO56 mGluR5 NAM, reduces mGIluR5- 2b
regulated activation of dendritic
translation
RO4917523 mGluR5 NAM, reduces mGluR5- 2b
regulated activation of dendritic
translation
Arbaclofen GABA-B agonist, reduces presynaptic 3
glutamate release
Minocycline Reduces excessive activity of MMP-9 due 2
to dysregulation in absence of FMRP
Ganaxolone GABA-A agonist, increases deficient 2
GABA signaling
Acamprosate GABA-A[B agonist 2
NNZ-2566 Inhibits excessive ERK/Akt signaling 2
Metadoxine Inhibits excessive ERK/Akt signaling 2
Lovastatin Inhibits ERK pathway 1
Down syndrome RG1662 GABAA a5 receptor subunit inverse 2b
agonist, reduces excessive GABA
signaling
Rett syndrome Mecasermin (rhIGF-1) Activation of Akt pathway 1
NNZ-2566 Akt pathway effects, reversal of LTP/ 2
dendritic spine deficits
Fingolimod Increases BDNF through binding of S1P 1
receptors
Glatiramer acetate Increases BDNF 2
Tuberous sclerosis complex Everolimus Inhibits excessive mTOR activity 2
Neurofibromatosis Everolimus Inhibits excessive mTOR activity 2
Lovastatin Inhibits ERK pathway 2
Phelan—McDermid syndrome IGF-1 (Increlex) Activation of Akt pathway 2
Angelman syndrome Minocycline Increase LTP 2
Prader—Willi syndrome Oxytocin Deficit in oxytocin neurons 2

Abbreviations:

BDNF = Brain-derived neurotrophic factor

GABA = y-Aminobutyric acid

FMRP = Fragile mental retardation protein
LTPF = Long-term potentiation
mTOR = Mammalian target of rapamycin

MMP = matrix metalloproteinase




Como estamos?

Planejamento a médio e
longo prazo para absorver
estes avancos tanto em
relacao ao
estabelecimento de
politicas publicas como
estudos de custo beneficio
em relacao ao tratamento

Avancos no
diagnostico e
tratamento das
doencas genéticas




Quais sao os desafios?

Doencas raras com tratamento medicamentoso
disponivel: apenas uma pequena fracao

Outros tratamentos: Doencas Raras
» Vitaminas 100

> Suplementos

> Cofatores

> Amido cru....

» Transplante

] Tratgmento 7900
medicamentoso
especifico




Processo de desenvolvimento de uma nova

medicagdo
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Clinical development
for the rare disease

Fischer et al. The Europen rare disease theraputic initiative




Incentives Map
Orphan drug legislation around the world

Incentive-Benefit Government Industry Patients | Scientific/Medical
community
Market exclusivity m
Goverment financing / X \
“Grants” for research X \ X
Application cost Exemption X \
Protocol design support ,| X “
Fast track approval X X
Minimal commercial structure X
(sales and marketing
mercadotecnia)
Government support for X X
medical education
International Registries X \)y X X

Most of the incentives are directed to the Industry to encourage
the development of new products.
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Estamos pensando em
prevencao?

Acoes de prevencao

m Triagem neonatal

m Aconselhamento genético
m Planejamento familiar

m Diagnostico pre-natal

m Opcoes reprodutivas

Reproducao assistida com selecao de

embrioes [ /@&/
1%

m Custo-efetiva

VW |




Voltando ao caso da Lara?

E ético o médico geneticista disponibilizar ao
paciente todas as alternativas terapéuticas
cientificamente comprovadas disponiveis e
aprovadas pelos 6rgao reguladores.

E ético o médico geneticista informar a familia
sobre todas as pesquisas clinicas disponiveis no
planeta, cientificamente aceitas e
regulamentadas.

E ético o médico geneticista disponibilizar aos
jovens pais da Lara todas as possibilidades de
diagnostico pre natal e pre-concepcional, tendo
em vista que o risco de ter um outro filho com a
mesma doenca € de 25%.




O Horizonte é vasto e temos um longo
caminho a percorrer
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