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Genetic Testing in Healthcare
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Genetic Testing in Direct-to- 9
Consumer (DTC) Context —

* Ancestry -
* Traits \
* Health Predisposition

* Monogenic and common diseases [ |

A bitter warning

Scientists believe the bitter taste sense developed to help animals detect toxins or poisons in
. ‘ a r ri e r 5 ta t l l S food. But not everyone can taste the same things.

Celiac Disease

found in wheat, barley, and Your Traits Result
nd non-digestive
svelog

Jamie, your genetics make you
04

Of 23andMe research participants with genetics like yours:

* Pharmacogenetics e

Overview  Scientific Details Frequently Asked Questions

Jamie, you do not have the two genetic variants we tested.

You are not likely at risk of developing celiac disease based on your genetic result are unlikely to taste

EEE XX ' 0 variants detected

nthe HLA-DOA1 and HLA-DQB1genes 4 7 00000000000000

Do raw broccoli or brussels sprouts taste bitter to you?



Ancestry testing in DTC Testing — Connecting
Individuals

The lDaﬁl]iugton Post

To find alleged Golden State Killer, investigators
first found his great-great-great-grandparents

By Justin Jouvenal

April 30, 2018 at 6:22 p.m. EDT



Genetic Testing in Healthcare

Purpose of genetic testing

l

Technologies used

l

Information generated



RARE DISEASES: Individually Rare, Collectively Common

Post-
Symptomatic The medical costs

Individual medical i Yearly direct
costs for people with of rare diseases medical costs

1 1 rare disease ar have been timated at around
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Rare diseases are collectively
common, affecting an estimated

25-30

Identify the genetic cause of a MILLION

Source: The IDea5 |nitiative: Pilot Study
to 5

rare genetic disorder peoptein theUnited Sates: S e




e Dominant or recessive
* |Inherited or de novo

Genetic Technologies for
Indication-based Testing
* Chromosomal testing
* Karyotype, FISH
* Chromosomal microarrays (CMA)
e Structural rearrangements, aneuploidy, Deletion Duplication
copy number variants (CNVs) B E— e —
* Molecular testing
* Genomic sequencing
* Monogenic findings in genes related to
the phenotype
e Autosomal or X-linked

* (Gene expression, epigenetics



Genomic Sequencing

Targeted panel sequencing
» (Categorical genetic disorders
* Upto thousands of genes

* High coverage and depth
* Lowest cost

— 00009000

— R R —

l capture

High accuracy

Han and Lee, Clin Exp Pediatr, 2020




Genomic Sequencing Generates a Mountain of Data

o

Exome sequencing
~40 million bases

~3,500, 000
variants




What we don’t understand
about the genome

* Many genes — some genes are known to cause disease
* BUT
* Many known genes are not known to cause disease
* Many genes are not known

* The clinical implications of variants in many genes

* Incomplete penetrance
* Variable expressivity
* Gene-environment interactions

* The impact of many variants on gene function

Rehm, et. al., ClinGen — The Clinical Genome Res(
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(Richards, et.
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Although there is much we don’t
understand about the genome...

there are some genes associated
with disease that we know a fair
amount about



I COMMENTARY

The Incidentalome

CLINICIAN'S CORNER

A Threat to Genomic Medicine

Izaac 5. Kohane, M1, Phid

Damniel K. Masys, MI}

Russ B Altman, MDD, Phi»

ENOMIC MEDICNE IS POISED TO OFFER A BROAD AR-
ray of new genome-scale screening tests. How-
ever, these tests may lead o a phenomenon in
which multiple abnormal genomic Andings are
discoversd, analogous to the “incidentalomas™ that are of-
ten discovered in radiological studies. If practittoners pur-
sue these unexpected genomic findings without thought,
there may be disastrous consequences. First, physicians will
be overwhelmed by the complexity of pursuing unex-
pected genomic measurements. Second, patients will be sub-
jected to unnecessary follow-up tests, causing addidonal mor-

There is a rich literature in radiology on the “incidenta-
lomia,” which 1s a finding (most commonly a mass) found
on computed tomography or magnetic resonance iImaging
studies ordered for symptoms or concerns totally unre-
kated to the gland tn which the mass s found. The workup
of an incidentaloma is complicated by concerns that it may
be associated with malignant disease and, at least tnitially,
the lack of good data on the prevalence of malignant dis-
ease in the general population. Incikdentalomas occur be-
cause imaging modes do not only report on the areas of di-
rect clinical concern but, incidentally, report on all organs
in the field of view.!

This phenomenon of possible incidental genomic find-
ings—ithe incidemialome—threatens (o undermine the prom-
i=e of molecular medicine. In particular, the application of
compre hensive genotvoe and functional senomic measure-

JAMA, July 12, 2006—Vol 296, No. 2



Classification of Findings from
Indication-based Genomic
Sequencing

* Primary finding — Related to the indication for
segquencing

* Unexpected finding — Unrelated to the
indication for sequencing
» Secondary findings — Finding is sought
* Incidental findings — Arise without being
sought



Q Variant Reporting for Primary and
Unexpected Findings

7
|ke_,ly Uncertain
enign
\_

Primary finding — genes
related to the phenotype

—

Unexpected finding
«— -—genesunrelated ——
to the phenotype



What unexpected genetic
findings are important for
individuals undergoing genomic
sequencing to know?



“Highly

Actionable” . !-Iigh cIini.caI u.tility — the test and subsequent
: interventions improve health outcome, and

Genetic the risks of testing are low

Findings  High clinical validity — test accurately

identifies a patient’s clinical status

* High penetrance — degree of risk conferred
by the finding

* Examples: some hereditary cancer
syndromes, arrythmias, metabolic disorders




Determining what is, and is not, a “highly
actionable” genetic finding

 ACMG recommendations on the return of secondary / incidental
genetic findings in the clinical, indication-based sequencing

* To be discussed in detail later....



Pre-symptomatic Predictive Genetic
Testing




Predictive genomic testingto  [fgaNtvs

determine disease risk

Monogenic disease risk

e Genomic sequencing
e Rare diseases

Complex disease risk stratification

e Polygenic risk score (PRS)
e Common diseases

Implementing

Genomics in
Practice (IGNITE)

The IGNITE Consortium was created to enhance the use of genomic medicine by
supporting the development of methods for incorporating genomic information into
clinical care and exploration of the methods for effective implementation, diffusion
and sustainability in diverse clinical settings.

LOGIN TO EMERGE

m =
- m
= =
o
o m
=

emerge network

m ABOUT COLLABORATE PROJECTS

eMERGE is a national network organized and funded by the National Human
Genome Research Institute (NHGRI) that combines DNA biorepositories with
electronic medical record (EMR) systems for large scale, high-throughput genetic
research in support of implementing genomic medicine.



Classification of Genomic Sequencing Findings
in Predictive Genomic Testing

Primary finding — None as there is no
indication for sequencing

Secondary findings — All findings

What secondary genetic findings are
important for individuals to know?




The Same Criteria as in Indication-
based Testing

“Highly Actionability”
* High clinical utility
* High clinical validity
* High penetrance
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Polygenic Risk Score
(PRS) and Common,
Complex Traits

Stratified Medicine Precision Medicine
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PRS based on Genome-

Wide Association Studies T\ P
(GWAS) AL, At

¥

* Single nucleotide polymorphisms (SNP) i % dierees
;i st to discover
* GWAS — Case-control association of common R ~hiseaadat g

with diseases

SNPs (=1% of the population) with disease

Disease-specific SNPS Non-disease SNPS
° Technology http://mmg-233-2014-genetics-genomics.wikia.com/wiki/File:GWAS.jpg)
* SNP arrays
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Distribution Predictive Ability
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PRS — Modest Prediction
for Common Diseases

 Limitations in risk prediction
* Multifactorial conditions
* Imperfect measurement of the full
genetic signal
 Dependent on genetic ancestry

 Most PRS derived from white,
European populations — limits use
in other ancestries

* Potential addition to clinically-based
risk prediction models that consider
clinical risk factors

Racial breakdown of participants in
genome-wide association studies

Compared to the
global population
v
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Take home messages

The technology used determines the result possible

Sequencing the genome — assess CNVs, rare monogenic disease,
common SNPs

Genetic results to be returned in a screening context should be “highly
actionable” — high clinical utility, clinical validity, and penetrance

Clinical utility for return of “highly actionable” monogenic findings is
better established than for PRS



Thanks for

your
attention!
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