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Genomic Medicine has arrived....
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Integration of Genomics into Healthcare is highly cost effective 18
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National Genomic-Medicine Initiatives (2019)
(Government Funded)

Stark, Z. et al. Integrating Genomics into Healthcare: A Global Responsibility. American journal of human genetics 104, 13-20 (2019)



How Does Genomic & Precision Medicine Work?

Case: 5 year old boy
Paroxysmal Dystonia - from 2 years

Episodes : most days 1-3 times/day Duration: minutes- 2 hours

Progressive: severity and frequency

Occasional increased tone in Ir limbs

- DTR diminished

- Difficulty tandem walking/ standing on one foot
- Mild intention tremor bilaterally

Neuro exam

T2 hyper-intensity in the globus pallidi

MRS- Normal

Contrast enhancement
in cauda equina nerve
roots



Diagnostic Odyssey

Nerve Conduction Studies
e 3 years-normal X2
e 5 years 10/12
- Generalised sensory and motor neuropathy
(Lower>Upper)
- Primarily demyelinative
- Chronic Inflammatory Demyelinative
Polyneuropathy (CIDP)

Biochemical

. Homocysteine

. Lactate 2.2 mmol/L (0.5-2.0)
. Pipecolic acid

. Biotinidase

. VLCFA

. UOA

. Purines and Pyrimidines
. ACP

. SAA- Alanine 622umol/L (148-475)
. CSF - AA/ NTs
-glucose 2.6 mmol/L (2.8-4.4)
-lactate 2.5 mmol/L
-protein 0.55g/1 (0.10-0.35)
. Muscle Biopsy- ETC Normal

Histology (muscle)

- fibre type grouping, suggestion of twig sprouting
- possible decrease the axons

- fibrosis in some of the nerve twigs

- no evidence of mitochondrial disease

Ultrastructural analysis
- Z-line abnormalities in the form of Z-line streaming
- Single filamentous body is demonstrated

- Alterations suggest a neurogenic process

Genetics
e DYT1gene/SLC2A1
e Array CGH normal
*  Mitochondrial genome
* Gene panels-
i) Dystonia panel (82 genes)
VUS - MAPT (present in 2.71% of 1000 genomes)
- (frontotemporal dementia, Parkinson’s
diseases, supranucelar palsy, Pick’s disease)
ii) Cellular Energetics Defect panel
VUS- NDUFB3 (Complex 1- Normal)
- ACSF3 (UOA Normal
iii) Mitochondrial panel

Diagnosis: Pyruvate Dehydrogenase Deficiency



Debray et al Neuropediatrics (2008) 39: 1-4



Trial with Thiamine
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Infectious Diseases



Poylgenic Risk Scores (measuring cumulative genetic burden)
correlate with severity in many common diseases

FinnGen; n=135,300 individuals Mars et al. Nature Med 2020 26(4):549-557
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An Example of Precision Medicine in Practice

Gaucher Disease

B—Glu?/sidase

Therapeutic options: Enzyme Replacement

Substrate Reduction

Substrate reduction Therapy dosing depends on CYP2D6 Genotype
(Metabolizer status):
Ultrarapid (Contraindicated)
Extensive
Intermediate
Poor

Pharmacogenomics

Recommendations for the use of eliglustat in the treatment of adults with Gaucher type 1 in the United States
Balwani et al Genet Metab. 2016 17(2):95-103. 2015 PMID: 26387627



Pharmacogenetics: 8 Gene Panel

CYP2C9
CYP2C19
CYP2D6
CYP3A5
DPYD
SCLO1B1
TPMT
VKORC1

95% people have at least 1
actionable variant

10% people have at least 4
actionable variants

Such gene panels will develop
into a “point of care test”

EMA recommendations on DPD testing prior to treatment with
fluorouracil, capecitabine, tegafur and flucytosine

Press release 30/04/2020

EMA has recommended that patients should be tested for the lack of the enzyme dihydropyrimidine
dehydrogenase (DPD) before starting cancer treatment with fluorouracil given by injection or infusion (drip) or
with the related medicines, capecitabine and tegafur.

Bank et al. Eur Journal of Human Genetics, 2019



Novel Treatments on the Way - Many will be Genotype Specific



Some other example of Precision Medicine

Therapies Influenced by Germline Genome Variants

o Chaperone Therapy - Fabry, Gaucher (Clinical trial)
o Cofactor Therapy - Phenylketonuria (PKU)

Pharmacogenomics

o CYP2DG6 - Substrate Reduction Therapy - Gaucher Disease
o M.1555A>G  Aminoglycosides may result in hearing loss

Gene Therapies in Development

o PKU
o Fabry
o OPA1/ nuclear mitochondrial

Genome Editing in Development

o CRISPR- PKU
o Zinc Finger Nuclease - Hunter Disease Clinical Trial

Reproductive options - Expansion when Genomic Variant is Known

o Pre-implantation Genetic Diagnosis
o Non-Invasive Prenatal Diagnosis



Precision Medicine

Expansion of Reproductive Options for patients with Genetic Disorders

Pre-Implantation Genetic Diagnosis Non-invasive Prenatal Testing

Mitochondrial Donation
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Challenges with Genomic Medicine:

Data Interpretation Data Reclassification

Large amount Data Generated = Large amount of Variants Generated



Genomic Medicine: Clinical Case

Incorrect variant interpretation following NGS

Polish woman in Ireland

Genetic testing in Poland - “mutation in breast cancer genes”

Referred for prophylactic mastectomy/oophorectomy

Referral to clinical genetics to discuss results and implications for family
members

Review of report — Variant was benign.... “over-interpreted report”



Challenges with Genomic Medicine:

Secondary/Incidental Findings

Laboratories carrying out clinical
exome sequencing should seek
out and report mutations in another
56 (now 73) , regardless of original
indication for test, or age.

Original 2013 ACMG guidelines did
not mention anything about patient
consent or patient choice in
reporting incidentals.

Statement 09: The analysis pipeline of
diagnostic laboratories should focus on
the gene panel under investigation in
order to avoid the chance of secondary
findings, and be validated accordingly.

From Statement 10: the clinical (genetic)
center needs to set up an ‘unsolicited and
secondary findings protocol’ that has to be
in accordance with the decisions of an
ethical committee.

The laboratory has to make sure that it
can manage the different options that are
offered.



Challenges with Genomic Medicine:

Data Privacy

Is Genomic Data Identifiable ?



Direct-to-Consumer Genetic testing

Genetic genealogy caught the Golden
State Killer - but is it ethical?

Looking for long-lost family on an ancestry website could turn you into a genetic informant. And while police
in the US and Europe have caught killers using genealogy databases, this controversial practice has yet to be
used in Britain.



Where is Ireland at?
Wide Disparity of Clinical Genetics Services Across Europe

Clinical Genetics Consultants per capita
(14 Countries)

Clinical Genetic staff (non-laboratory)
including clinical researchers and Genetic
counsellors per capita

(13 European countries)

Lynch et al, ] Community Genet. 2016 Apr; 7(2): 119-126



What is Required: Education/ Up-Skilling of Professionals
(for this MDT & Beyond)

Clinical Geneticist Other Clinicians

Bioinformation

Genetic Counsellor
Clinical Scientist

Researcher

Lab Geneticist
Admin

Education to help create an informed society



To register: https://reg.eshgprecisionmedicine.com/



What is Required: Infrastructure that is Networked
(National and Global)



Patient Journey is Changing

“Traditional Model”

No Diagnosis

P

Patient —>

e History& Examination
* Differential Diagnosis
* I|nvestigations

“Future Model”

Targeted Gene Testing

Confirmed Diagnosis

!

Management

No Diagnosis

Patient ———>| °*

Preliminary Clinical
Contact

I Exome/Genome

Sequencing

Genomic Testing is becoming a First Tier Test

Health Records
“Wearables”
Lifestyle

!

Integration of data

3 Health

Social
Lifestyle

Confirmed Diagnosis




Genomic Medicine ...in year 2041

“Genomic” Medicine —_—> “Multi-omic” Medicine

Mainstreaming — All specialties will be sending genomic tests.

Rapid Turnaround / Affordable
o Prenatal genomics ++
o Pharmacogenomics++
o Direct-to-Consumer testing ++
o Polygenic Risk Scores++

Big Data - All the “Omics” involved
o Centres for Big Data Storage
o Atrtificial Intelligence for Data Interpretation/ Reinterpretation

International Networks
o Non-European Populations better represented

Treatments & Precision Medicine - Gene &/or Genotype specific ++
o Metabolics / Biochemical Genetics ++



Genomic Medicine Tackling COVID-19

0 0 . 0 1
Rapid Diagnosis & Tracing Viral-Host Interactome?

Cell Receptor:

SARS-CoV-2 ACE2

i N

. Pharmacogenomics*
Vaccine

Susceptibility3

1 Meredith LW et al. Rapid implementation of SARS-CoV-2 sequencing to investigate cases of

health-care associated COVID-19: a prospective surveillance study. Lancet Infect Dis; 1473-

3099(20)30562-4 (2020)

2Messina et al. COVID-19: viral-host interactome analyzed by network based-approach model
Susceptibi]ity Loci for Severe Covid-19 with Respiratory Fai'ure3 to study pathogenesis of SARS-CoV-2 infection J Trans| Med 18:233 (2020)

3The Severe COVID 19 GWAS GROUP, NEJM, 2020

4 Takahashi, T. et al. Pharmacogenomics of COVID-19 therapies. npj Genom.

Med. 5. 35 (2020)



Genomic Medicine is a Game Changer

-------- Throughout the Human Lifecycle Establishing Difficult/Novel Diagnoses

. Increased Diagnostic Yield & Rewriting
Medical Text Books

. Precision Medicine
. Mainstreaming

. Change perspective in health from
reactive to proactive

. Large Data Sets

. Challenges with interpretation
of data (& reinterpretation) Al

. Incidental/Secondary Findings
=$+  Ethics

. Education
Shendure et al, Cell. 2019 177(1):45-57



Thanks for listening

jamesobyrne@mater.ie
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