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When evaluating the appropriate use of genetic
tests, clinicians must consider

the accuracy with which a test identifies a patient’s
clinical status (clinical validity)

the risks and benefits resulting from test use in the
clinical setting, as well as the potential do improve
health outcomes (clinical utility)

the accuracy and other test properties that may be
influenced by testing technology (analytic validity)

Burke W. Curr Protoc Hum Genet. ; 81: 9.15.1-9.15.8. (2015)
Holtzman, NA.; Watson, MS. Final report of the Task Force on Genetic Testing. Baltimore: Johns
Hopkins University Press; 1999. Promoting safe and effective genetic testing in the United States



Potential Benefits

Clarify the diagnosis
Provide information about prognosis
Changes 1n course of treatment

Save patient and family from expensive and
uncomfortable or invasive tests

Provid
caused

e an answer to the questions about what
| the disorder

Provid
can he

e information on risk of recurrence which
Ip with reproductive decisions
Ottman R, Hirose S, Jain S, Lerche H, Lopes-Cendes I, Noebels JL,

Serratosa J, Zara F, Scheffer IE.
Epilepsia. 2010 Apr;51(4):655-70.



Potential Risks

Psychological distress

Discrimination in health insurance, life insurance,
employment

Effects on family communication dynamics and social
relationships

Exacerbation of stigma (may extend to family members of
affected individual)

Phelan JC. J Health Soc Behav 2005;46:307-322.



Diagnostico molecular na era genomica




Human genetics becomes GENOMIC
(2001-2003)

- J. Craig Venter s genome

* Sanger technology
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Genomic Medicine
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Challenges in the Clinical Use of Genome Sequencing
Robert C. Green, Heidi L. Rehm, and Isaac S. Kohane



Chromossomal microarray

@ Reference DNA Test DNA
bridize to arrays
Oy Hy ay
Block repeatswith Block repeatswith
COT 1 DNA COT-l DNA
Cy3 ’D) CG“
y Cy3
Detect and quantify signals
Cy3:Cy5
Tast DA Duplication R Spurious signal Rafarance DNA

Deletion

Feuk et al., 2006



NEWS AND VIEWS

Exome sequencing makes medical genomics a reality

Leslie G Biesecker

d ORIGINAL ARTICLE
e Clinical application of exome sequencing in

s undiagnosed genetic conditions

Anna C Need,' Vandana Shashi,? Yuki Hitomi,' Kelly Schoch,?
Kevin V Shianna ' Marie T MeDonald 2 Miriam H Meisler ® David R Goldstein'*

Genetic diagnosis by whole exome capture
and massively parallel DNA sequencing

Mars Chot®, Ute L Scholl®. W eichen ¥*. Tiowen Lir*, Fna R Mﬂwhh:r‘
B~ g



EXOMA

1 — 2% do genoma humano

80 — 90% Variantes relevantes

Copyright © 2012 University of Washington




Discovering Disease-Causing Genetic
Variants (WES)

100,000 genetic variants

10,000 associated with
protein-coding genes

~ 5,000 possibly of /
" disease causing
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Bioinformatics workflow

Specific steps for vaiant
identification

Nucleotide detection -QC

FASTQ
files

SAM [ BAM
files

SAM /BAM
files

VCF
files



Bioinformatics: knowledge required

Pathways
Functions - Gene
Tissues

Phenotype

Population
Frequency

0 N Variant
Type

Impact on
Protein




ACMG Classification

Genetics
o aneen e esea s wa . ACIMIG STANDARDS AND GUIDELINES | inMedicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology

Sue Richards, PhD', Nazneen Aziz, PhD2'¢, Sherri Bale, PhD?, David Bick, MD*, Soma Das, PhD®,
Julie Gastier-Foster, PhD%7#, Wayne W. Grody, MD, PhD*'%!"" Madhuri Hegde, PhD?,

& Likely pa‘thogenic variant Elaine Lyon, PhD", Elaine Spector, PhD™, Karl Voelkerding, MD' and Heidi L. Rehm, PhD'%;

on behalf of the ACMG Laboratory Quality Assurance Committee

Pathogenic variant

O Variant of uncertain significance (VUS) 2015
Likely benign variant

Benign variant
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227w Global Alliance

MiSSion %-',:. % tor Genomics & Health

To accelerate progress in human health

by helping to establish a common framework of
harmonized approaches to enable effective and
responsible sharing of genomic and clinical data, and by
catalyzing data sharing projects that drive and
demonstrate the value of data sharing

l

Developing documents, products and
supporting projects aiming to foster data-sharing



Framework for Responsible Sharing of
Genomic and Health-Related Data % 4 for Genomics & Health

i’i Global Alliance

The Framework is currently available in 12 languages. Thank you to all the volunteers!

* Arabic

* Chinese

* French

* Greek

* Japanese
—T—>Portuguese

e Spanish

* German

 Hindi
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Cadre pour un partage responsable des données genomiques et des données de
santé
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Framework para Compartilhamento Responsavel de Dados Gendmicos e
Relacionados a Satde

Marco de actuacion para el uso compartido responsable de datos
gendmicos y relativos a la salud

Rahmenkonzept fiir die verantwortungsvolle Datenweitergabe genomischer
und gesundheitsbezogener Daten
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Sociedade Brasileira
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Projeto Diretrizes g | SBGM

Testes Preditivos

Sociedade Brasileira de Genética Clinica

Elaboracao Final: 14 de setembro de 2007
Autoria: Lopes-Cendes |, Rocha JCC, Jardim LB

O Projeio Diretrizes, iniciativa conjunta da Associagdo Médica Brasileira e Conselho Federal
de Medicina, tem por objetivo conciliar informagdes da drea médica a fim de padronizar
condutas que auxiliem o raciocinio ¢ a tomada de decisdo do médico. As informagdes
contidas neste projeto devem ser submetidas & avaliagde e d critica do médico, responsivel
pela conduta a ser seguida, frente @ realidade ¢ ao estado clinico de cada paciente.

________________________ i
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CBGM 201 9 1 Sociedade Brasileira
XXXI Congresso Brasileiro de Genética Médica
de GENETICA MEDICA e Gendmica

DO SINGULAR AO PLURAL FILIADA A AM

PARECERTECNICO DA
SOCIEDADE BRASILEIRA DE
GENETICA
MEDICA E GENOMICA SOBRE

TESTES GENETICOS (2019)

Grupo de Trabalho SBGM
Sequenciamento de Nova Geracao (SNG) e Sanger
Eduardo Perrone

Médico Geneticista da Universidade Federal de Sao Paulo (UNIFESP)
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EXOMA:;
DESAFIOS DA GENOMICA

Achados Incidentais (Adicionais)

— “Medically actionab™

é@ Author Manuscript
Freps”

Reanalise
Interpretacao das va

yduasnuepy Joyiny Yd-HIN

Armazenar os dados”
Compartilhamento de

NIH Public Access

Published 1in final edited form as:
Genet Med 2013 July ; 15(7): 565-574. doi:10.1038/gim 2013.73.

ACMG Recommendations for Reporting of Incidental Findings in
Clinical Exome and Genome Sequencing

Robert C. Green, MD, MPH'-Z Jonathan S. Berg, MD, PhD? Wayne W. Grody, MD, PhD*.6
Sarah S. Kalia, ScM, CGC', Bruce R. Korf, MD, PhD7, Christa L. Martin, PhD, FACMG®, Amy
McGuire, JD, PhD?, Robert L. Nussbaum, MD'C, Julianne M. O’Daniel, MS, CGC'' Kelly E.
Ormond, MS, CGC'2 Heidi L. Rehm, PhD, FACMGZ2 '3 Michael S. Watson, MS, PhD,
FACMG'#, Marc S. Williams, MD, FACMG '3, and Leslie G. Biesecker, MD'6

Genetics
 Amarkcsn Calleg of Mol Gonetcs and Ganom ACMG STATEMENT | inMedicine

Recommendations for reporting of secondary findings
in clinical exome and genome sequencing, 2016 update
(ACMG SF v2.0): a policy statement of the American College
of Medical Genetics and Genomics
Sarah S. Kalia, ScM', Kathy Adelman?, Sherri J. Bale, PhD?, Wendy K. Chung, MD, PhD**,
Christine Eng, MD?®, James P. Evans, MD, PhD’, Gail E. Herman, MD, PhD?, Sophia B. Hufnagel, MD?,
Teri E. Klein, PhD', Bruce R. Korf, MD, PhD"", Kent D. McKelvey, MD'*", Kelly E. Ormond, M5,

C. Sue Richards, PhD", Christopher N. Vlangos, PhD", Michael Watson, PhD', Christa L. Martin, PhD",
David T. Miller, MD, PhD'; on behalf of the ACMG Secondary Findings Maintenance Working Group
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ACONSELHAMENTO GENETICO
PRE-TESTE

Beneficios e as limitacoes
Resultado dinamico
Achados adicionais
Complexidade dos dados
Opcao de saber
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DE CUSTO-EFEFTIVIDADE

MODELOS MATEMATICOS (ARVORE DE DECISAO)
COMPARACAO DE ESTRATEGIAS DIAGNOSTICAS
SUS

SAUDE SUPLEMENTAR




Aplicagao clinica do EXOMA

Dra. Joana Prota

09 pacientes divididos grupos

Interesse em saber dos resultados (diagnoésticos e adicionais)

80.000 — 100.000 variantes/paciente
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EXOMA: GRUPO NEUROLOGICO
(n=49)

27 DIAGNOSTICOS (55%)
29 VARIANTES (15 GENES)

11 VARIANTES INEDITAS

4 CASOS HETEROZIGOSE
COMPOSTA

6 SPG11
3 SPG7
2SRGT)
el N
s SR

2 WDR45
2 GRN
AN 2R

GBA2
GJB1
SPG26
TPP1
i
DDHDT
MECP2




EXOMA: GRUPO GENETICA CLINICA

=—21)
8 DIAGNOSTICO (38%)
KMT2D
10 VARIANTES (8 GENES)
§ ARIDTB
3 VARIANTES INEDITAS Sl
REASOSHE FEROZIGOSE
COMPOSTA el
GDEFE1/CERST
PRKCG (SPG14)
SLC4A77
GABRG?2
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Duas mutacoes como causa do fenotipo
3 pacientes

Citation: Human Genome Variation (2016) 3, 16042; doi:10.1038/hgv2016.42

N JLAR M N 5 12 6128-6132  OPEN
SOEECUTAR MEDIGINE REPORTSI12:6128:613 Official journal of the Japan Sodety of Human Genetics

www.nature.com/hgv

Two-gene mutation in a single patient: Bioc . .
analysis for a correct interpretation « Dyjgenjc mutations of human OCRL paralogs in Dent’s disease

Hearing loss features in GJR2 hiallelic mutations 1alformation

and GJB2/G)B6 digenic inht pytative digenic inheritance of heterozygous RP1LT
cohort and C2orf71 null mutations in syndromic retinal
dystrophy

Elona Cama, Salvatore Melchionda, Tere
Rosamaria Santarelli, Elisabetta Genove

ralante & Edoardo Arslon Yangfan P. Liu, Daniélle G. M. Bosch, Anna M. Siemiatkowska, Nanna Dahl

Rendtorff, F. Nienke Boonstra, Claes Mdller, Lisbeth Tranebjaerg, Nicholas
Katsanis & Frans P. M. Cremers

To cite this article: Elona Cama, Salvatore Melchic
Rosamaria Santarelli, Elisabetta Genovese, Filippo

Arslan (2009) Hearing loss features in GJB2 biallelit To cite this article: Yangfan P. Liu, Daniélle G. M. Bosch, Anna M. Siemiatkowska, Nanna

Dahl Rendtorff, F. Nienke Boonstra, Claes Mdller, Lisbeth Tranebjaerg, Nicholas Katsanis &
Frans P. M. Cremers (2017) Putative digenic inheritance of heterozygous RP1L1 and C2orf71
null mutations in syndromic retinal dystrophy, Ophthalmic Genetics, 38:2, 127-132, DOI:
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Beneficio imbpondera
ICLINICAL R

Molecular and

Personalized Medicine
Clin Genet 2016: 89: 700-707 © 2016 John Wiley & Sons A/S.
Printed in Singapore. All rights reserved Published by Johm Wiley & Sons Ltd
CLINICAL GENETICS o
doi: 10.1111 /cge.12732 » Medicine

Original Article
© American College ¢ m

3 Diagnostic odyssey in severe
‘ neurodevelopmental disorders: toward clinical
whole-exome sequencing as a first-line

Peter

diagnostic test

WILEY ICLINII.‘.AL
Purpose: Th
Thevenon J., Duffourd Y., Masurel-Paulet A., Lefebvre M., Feillet F., El J. Thevenon®b«, Y.Euffourd"-", » causes of
Chehadeh-Djebbar S., St-Onge J., Steinmetz A., Huet F., Chouchane M., A. Masurel-Paulet™®, clinical units

S e e o2

and 216 patiéhfs
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T. Billette de Villemeur®'! | M.-L. Moutard®® | A. Guét'! | J. Xavier'>!® | D. Périsse!? |

~ne,a 12130 o 4 A s pan B E o 3140~ o~ 6~ s 314

T Ly e I Loy oy 3 0 e o - o o P e i e i




©

Sequenciamento do
exoma —iagnostico
etiologico de deficiencia

intelectual de causa
indeterminada

>

752, Reuniao Ordinaria
CONITEC
Brasilia, 14 de marco de 2019
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Analise d to-minimizaca
Arvore de decisdo para comparacdo de duas estratégias diagndsticas: Exoma seguido
de Array X Array seguido de Exoma
Sim q 23 casos S
Exoma diagnosticados diagnosticados
Diagnostico esclarecido? Sim <]
Nao ——> Chromosomal Diagnés.tico
Tmicroarray esclarecido?
Que exame fazer Nio
primeiro? Sim q 10 casos <]
diagnosticados
Diagnostico Sim < 20 casos
esclarecido? diagnosticados
Diagnéstico
x 5 Exoma g
Chromosomal Nao esclarecido?
microarray
Nio <
Premissas do modelo:
*Coorte hipotética de 100 pacientes com deficiéncia intelectual de causa indeterminada
*Rendimento diagndstico do Exoma: 23% (Ref. PTC)
*Rendimento diagndstico do Chromosomal microarray: 10% (Ref. Sagoo, 2009)
(=
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ANALISE DE CUSTO-EFETIVIDADE

Sim 4 23 casos

diagnosticados S
Exoma g dia_gnosticados
100x R$ 2.500.00 =250.000.00 Diagnéstico esclarecido? Sim <]
. 77xR$ 800,00 = 61.600,00 SRR
Nio ——> Chromosomal Dlag‘ﬂOS_thO
esclarecido?

microarray

Que exame fazer

Nio
primeiro? Sim q 10 casos
diagnosticados
SN Sim
Dmgnos_ttco < SR
100x RS 800.00 =80.000.00 eSC]al‘f:CldO? diagnosticados

3 Exorna Diagnostico

Nao \
Chrpmosomal — esclarecido?

s A microarray 90 x R$2.500,00 =225.000.00
Premissas do modelo: Niio

*Coorte hipotética de 100 pacientes com deficiéncia intelectual de causa indeterminada
*Custo do Exoma: RS 2.500,00

*Custo do Chromosomal microarray: RS 800,00

*Rendimento diagndstico do Exoma: 23% (Ref. PTC)

*Rendimento diagndstico do Chromosomal microarray: 10% (Ref. Sagoo, 2009)
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Abordagem 1: Exoma + Chromosomal Microarray (REVISADO EM 2018)
Custo do caso diagnosticado: RS 6.708,52 (RS 2.992.000,00 / 446 casos
diagnosticados)

Que exame fazer
primeiro?

Sim 385 casos
X < 61 casos
diagnosticados 4 :
Exoma diagnosticados
1000 x R$ 2.500,00 = Diagnostico esclarecido? Sim <
2.500.000,
615 x RS 800,00 = Di et
g 1agnostico
CH200050Mal g 8
T esclarecido?
4
£ Nio 22N
Sim 5 100 casos DR
diagnosticados
) Y Sim
Diagnostico 6346 casos
1000 x R$ 800,00 = 800.000,00 esclarecido? Dinamia P T
1agnostico
Nia > Exoma ]
Chrpmosomal esclarecido?
microarray 900 x R$ 2.500,00 =2.250.000,00

N3g ﬂ

Abordagem 2: Chromosomal Microarray + Exoma
Custo do caso diagnosticado: RS 6.838,56 (RS 3.050.000,00 / 446 casos

diagnosticados)

*Coorte hipotética de 1000 pacientes com deficiéncia intelectual de causa indeterminada
*Custo do Exoma: RS 2.500,00

*Custo do Chromosomal microarray: RS 800,00

*Rendimento diagndstico do Exoma: 38,5% (Ref. PTC)

*Rendimento diagndstico do Chromosomal microarray: 10% (Ref. Sagoo, 2009) @)
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ANALISE DE CUSTO-MINIMIZACAO

Cenario de incertezas (melhor evidéncia disponivel)

Simulacao

Custo — Conjuntural
* Reagentes importados

* Servicos quantidade-dependente

Pouco comparavel

Arvore simples (Tempo, preferéncia, consulta, transporte...)

RECOMENDACAO FAVORAVEL A INCORPORACAO
DO EXOMA NO SUS NO AMBITO DA INVESTIGAGAO DE b
o PACIENTES COM DEFICIENCIA N




SECRETARIA DE CIENCIA, TECNOLOGIA E INSUMOS ESTRATEGICOS
PORTARIA N2 18, DE 27 DE MARCO DE 2019

Torna publica a decisio de incorporar o
sequenciamento completo do exoma para
investigacdo etiologica de deficiéncia intelectual de
causa indeterminada no ambito do Sistema Unico de
Saade - SUS.

O SECRETARIO DE CIENCIA, TECNOLOGIA E INSUMOS ESTRATEGICOS DO
MINISTERIO DA SAUDE, no uso de suas atribui¢des legais e com base nos termos dos art.
20 e art. 23 do Decreto 7.646, de 21 de dezembro de 2011, resolve:

Art. 12 Incorporar o sequenciamento do exoma para investigacdo etiologica de
deficiéncia intelectual da causa indeterminada como procedimento ambulatorial de alta
complexidade ndo valorado na Tabela de Procedimentos, Medicamentos, Orteses, Préoteses
e Materiais Especiais do SUS, secunddario ao procedimento 03.01.01.020-0-Avaliagdo clinica
para diagndstico de doengas raras-Eixo |:2-Deficiéncia intelectual, com vistas ao
aconselhamento genético, em conformidade com o que estabelece a Portaria GM/MS n®
199/2014(*) e mediante protocolo estabelecido pelo Ministério da Salde.

Art. 22 Conforme determina o art. 25 do Decreto 7.646/2011, o prazo maximo
para efetivar a oferta ao SUS é de cento e oitenta dias.

Art. 32 O relatdrio de recomendacao da Comissdao Nacional de Incorporacado de
Tecnologias no SUS (CONITEC) sobre essa tecnologia estara disponivel no endereco
eletrénico: http://conitec.gov.br/.

Art. 42 Esta Portaria entra em vigor na data de sua publicagdo.

DENIZAR VIANNA ARAUJO



Indo além da classificacao da ACMG.

* Propostas de flexibilizacao

 Critérios dlferentes (valonzacao a interpretacao
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Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria

Keith Nykamp, PhD’, Michael Anderson, PhD', Martin Powers, MD', John Garcia, PhD',
Blanca Herrera, PhD', Yuan-Yuan Ho, PhD', Yuya Kobayashi, PhD', Nila Patil, PhD’,
Janita Thusberg, PhD', Marjorie Westbrook, PhD', The Invitae Clinical Genomics Group? and
Scott Topper, PhD, FACMG'

Purpose: The 2015 American College of Medical Genetics and
Genomics-Association for Molecular Pathology (ACMG-AMP)
guidelines were a major step toward establishing a common
framework for variant classification. In practice, however, several
aspects of the guidelines lack specificity, are subject to varied
interpretations, or fail to capture relevant aspects of clinical
molecular genetics. A simple implementation of the guidelines in
their current form is insufficient for consistent and comprehensive
variant classification.

Results: Our implementation: (i) separated ambiguous ACMG-AMP
criteria into a set of discrete but related rules with refined weights;
(ii) grouped certain criteria to protect against the overcounting of
conceptually related evidence; and (iii) replaced the “clinical criteria”
style of the guidelines with additive, semiquantitative criteria.

Condusion: Sherloc builds on the strong framework of 33 rules
established by the ACMG-AMP guidelines and introduces 108
detailed reﬁnamnls. whn.h support a more consistent and transparent

Patel ¢ i Carwwrse Mo (2077
XN 10 1 TN 0 730160991

Genome Medicine

\!) Coomitch

ClinGen Pathogenicity Calculator: a
configurable system for assessing
pathogenlaty of genetlc varlants

Background: The sucress of T clnical use of saquencang based was
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‘ frontlers published: 28 March 2019

in Neu rolog Yy doi: 10.3380/ineur.2019.00289
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Check for
vpdates

Multimodal Analysis of SCN1A
Missense Variants Improves
Interpretation of Clinically Relevant
Variants in Dravet Syndrome

Marina C. Gonsales ', Maria Augusta Montenegro?, Paula Preto?, Marilisa M. Guerreiro?,
Ana Carolina Coan?, Monica Paiva Quast?, Benilton S. Carvalho® and
Iscia Lopes-Cendes ™

' Dapartment of Mediical Genetics and Genomic Medicine, School of Medical Sciences, The Brazilian instituto of
Neuroscience and Neurofecnology, University of Campinas, Campinas, Braal, ? Dgpartment of Neuralogy, School of Medical
Sciences, The Brazifian Institute of Neuroscience and Neurofecnology, University of Campinas, Campinas, Brazi,

i Department of Statistics, Instifute of Mathematics, Statistics and Scientific Computing, The Brazian institute of
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Aconselhamento Genético

Processo de comunicacao a respeito do risco de

ocorréncia ou recorréncia familial de anomalias
genetica, feito com a finalidade de fornecer a
individuos ou familias:

uma ampla compreensao a respeito de todas as
implicagoes relacionadas com essas doencgas.
opcoes que sao oferecidas pela medicina atual para a

terapéutica ou para a profilaxia dessas doencas.

eventual apoio psicoterapéutico (Beiguelman B. O
aconselhamento genético. Ciéncia e Cultura 1979;31:136-146.




O que nao ¢

Simples esclarecimento do risco de ocorréncia ou

recorréncia de uma doenca.
“Recomendacao” ou nao da reproducao.

“Eliminacao” das doencas hereditarias

“melhoramento genetico” da populacao.

Responsabilidade exclusiva do médico geneticista.




Regras Basicas

\SGELE
Sigilo
Nao diretivo

Respeito pela decisao do consulente




Genetic Testing: important recommendation

* No genetic test should be ordered without the
patient’s informed consent. Since genetic
information can be complex, it 1s important to
make sure the patient understands the
ramifications of testing in order to make an
informed choice
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