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What is a gene?

W

Start
| rommr | | e |
R PSP B R SR e B E B RS RS R B R e L
ATGk GGATCAGCCGCAAGCGGAATTGGCGA 4TAA

TACTG

TAGTCGGCGTTCGCCTTAACCGCTGTATT




Genetic influences on the heart

Disease threshold
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Clinical applications of genetic testing

Table 5 Impact of genetic testing for the proband

For the patient Disesse Diagnosic Prognosic Therapeuti
2 2 Arrhythmia syndromes
° dlagnOStlc Long QT syndrome +++ +++ +++
H CPVT e + +
° p rog n OSt | c Brugada syndrome + + +
. Progressive cardiac + + +
* therapeutic conduction disease
Short QT syndrome + + s
Sinus node disease - + -
Aurial fibrillation - + - +++ is indicated / useful
Early repolarization - - -
syndrome ++ can be useful
Cardiomyopathies + may be considered
Fyperrophic A o - not recommended
cardiomyopathy
Dilated cardiomyopathy ++ +++ ++
Arrhythmogenic bt ++ ++
cardiomyopathy
Left ventricular - + -
non-compaction
Restrictive - + +
cardiomyopathy
Congenital heart disease
Syndromic CHD o + —
Non-syndromic CHD + - -
Familial CHD R - -

2022 consensus statement on genetic testing for cardiovascular diseases



Precision diagnosis
== Precision therapy

Fabry Hypertrophic
Cardiomyopathy
Amyloid
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Cleveland Clinic Performs World’s First In-Human Gene Therapy

P re C i S i O n d i a g n O S i S for Hypertrophic Cardiomyopathy

Patient is first person dosed in clinical trial

—) PreCiSion thera py Media Contact

Shannon Kelley ~ 216.318.8067
Hope Buggey 216.213.6192

Fa bry Hypertroph ic Cleveland Clinic has infused a new gene —

therapy to deliver a working gene to address
the leading cause of hypertrophic
cardiomyopathy (HCM) in the first patient in the

Cardiomyopathy

Myosin binding protein C3 (MYBPC3) gene

mutations are the most common genetic cause
Amyloid of HCM. The gene therapy is designed to

deliver a working MYBPC3 to the heart muscle
through a one-time infusion of TN-201, which is
a first-in-class adeno-associated virus-based
gene therapy. The hope is that this new gene

Resoarc

will restore normal levels of the protein, which
regulates the contraction and relaxation of the
heart muscle. In preclinical studies, a single

dose restored normal levels of the protein which led to disease reversal

of
m loi Amra”“disin
'€ ATTR L Car io"‘\'opa(h
M Trial y

ESC Congress.
Amsterdam & Online



Genetics for screening of family members

Evaluation of a healthy relative
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Evidence of heart disease
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No heart disease

Genetic testing of a healthy relative
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Early detection or prevention?
reproductive counselling and prenatal genetics

A genetic diagnosis allows us to evaluate
* risk of recurrence (siblings)
* risk to future generations

for pre-conception counselling

Allows for pre-natal diagnosis or assisted reproduction
* pre-implantation genetic diagnosis
* donor gametes




Genetics for population screening

population sequencing — secondary findings — recreational genomics
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100,000 newborn babies will have their
genomes sequenced in the UK. It could have
big implications for child medicine

(CNN) — The UK i set to begin sequencing the genomes of 100,000
Pewbaen Dacies later this year. | wil be the largest study of its Kind, mapping
the bables’ complets St of GENeSE IMBINLCHons, with potsntisly profound
Impications Sor chikd medicna

The £10% milon ($126 milon) Nawborn Genomes Programme wil screen for
around 200 rare bus treatable Gen
untcid pain and anety for babies and their tamies, who somets
10 FOCHIVD & GGNOSE thrcugh ComnEonal testing. By acce
BAGNISHIC PrOCESS, earer reatmant of INfants Cous Prevent many severs
conditions from ever developing.

The study would soe roughly 0ne In 12 newbom bables in England scroensd
©n 3 Voluntary basis over TWO yOars. It will OpErate as an extonsion of Current
PWEEN TEAING, WA The TEENgs Mended 10 INOM PO MANSS, Aho
COukS Pave the Way for SEQUIRCInG 10 DECOME MONe COMMONERICE.
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23andMe+ Total Health
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EXOME SEQUENCING ***

Early detection and
prevention powered by
clinical-grade sequencing.
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Genetics for population screening

population sequencing — secondary findings — recreational genomics

‘th m $99/month

100,000 newborn babies will have their
genomes sequenced in the UK. It could have
big implications for child medicine
nvas Benefits?
= - | |

Hereditary
Cardiovascular Disease

Harms

Cost-effectiveness?

» Hereditary Cancer l ' )

» Hereditary Neurological
Disease




Genetic testing in inherited conditions

e Useful for care of families » Still expensive from global
can be cost effective, even cost perspective
saving * Requires high level of training
(medical, counselling, laboratory,
* Increasingly useful for prognostication computational)
& targeted therapies in patients with * Research bias to European ancestry
rare disease Inequality in genome interpretation
* Knowledge gaps:
*  Wider opportunity for screening? Natural history

Incomplete penetrance
Variable severity



Genetic influences on the heart

Disease threshold

AN

Disease liability

Large effect variants (rare)
Intermediate effect variants
Common variants
Environment

Monogenic Oligogenic Polygenic

| L Polygenic scores

Single gene tests <«



Genomic Risk Scores

Individual RFs Combined score
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Genomic Risk Scores

C-Index (95% Confidence Interval)
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Screening
threshold
Coronary artery disease
——— Unaffected
Affected
Detection rate
=12%
False positive

0 048

LOW Genomic risk score

HIGH

Poor performance for individual prediction

Hingorani et al BMJ Med. 2023



Genomic Risk Scores

Pros

better than any one conventional risk
factor (RF)
combine with conventional RFs
lifetime risk estimate
measure from birth =
early interventions including
lifestyle

Cons

Population stratification # individual

prediction
prescribe statin if 10 year risk of CVD >10%

Number needed to genotype > 5000
unlikely cost effective?

Inequality: ancestry affects

performance

Pathways to implementation

* GRS may explain variable penetrance in monogenic diseases (FH, CM, ...)
* Genotyping enables pharmacogenomic prediction



Patients

e
e

Population

iLd

Conclusions

Genetic testing (for variants causing rarer single-gene diseases)
e Precise diagnosis of individuals with ICCs
e Early detection in at-risk family members
* Opportunity for population screening ?

Genomic Risk Scores (derived from common genetic variants)

* |Improve risk stratification for CVD
* Unlikely cost effective in isolation ?
* Introduce inequality by ancestry ?
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