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Overview

* The genetic basis of rare disease

 Why is it useful to know the genetic change that causes your rare
disease?

* The problems of traditional genetic testing

* What is genomic testing?

* Genomic testing for rare disease: a brief history

* The 100,000 Genomes Project

* Types of results from a genomic test

* Things to consider if taking part in a genomic study

* After the project: genomics in the NHS
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Genes and DNA

Genes are the instructions for
building our bodies and making
them work.

Each person has ~20,000 genes.

Chromosomes

Genes are encoded in the DNA of
the chromosomes in each cell.

There are two copies of each gene,
one inherited from each parent
(except for genes that lie on the X

| and Y chromosomes in males,

(e where there is only one copy).

DNA
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Genetic Basis of Rare Disease

Rare diseases: facts and figures

The UK defines arare disease’as one that ... 50, collectively, rare disease will affect 1in 17
affects 1in 2,000 or less of the population... of the population at some point in their life
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Genetics Basis of Rare Disease

50% of newly diagnosed cases
of rare diseases are in children

In total, that’s about 3 million people currently
in the UK who will be affected by a rare disease

= approx
500,000
people
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There are between 5,000 and

different rare diseases...

... and 80% of them have
a known genetic origin
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Genetics Basis of Rare Disease

50% of newly diagnosed cases

In total, that’s about 3 million people currently
of rare diseases are in children

in the UK who will be affected by a rare disease

= approx
500,000

o 50%

There are between 5,000 and

8,000

different rare diseases...

. ... and 80% of them have
’ a known genetic origin
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Genetic Testing for Rare Diseases

The goal of genetic testing is to make a molecular
genetic diagnosis, meaning to identify the change(s)
in the person’s DNA that is causing their condition

* If they don’t have a clinical diagnosis, genetic testing can
provide one

* If they do have a clinical diagnosis, genetic testing can

further clarify that diagnosis and/or provide information for
family members
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The Importance/Utility of a Diagnosis

To guide care (treatment, preventative)
To provide prognosis, anticipatory guidance
To put an end to unnecessary testing/treatment

* Psychologically and financially costly r\

To provide an answer, sense of closure ‘.;\ L
Family planning (for individual and/or family)

* Recurrence risk counseling

* Pre-natal testing

* Pre-implantation genetic diagnosis
Family member testing '—J
» At-risk relatives (early intervention)
* Carrier testing
Participation in more relevant support/advocacy groups
Participate in, and drive, research
* Participate in clinical trials
* Increasing availability of targeted therapies for rare diseases
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But...
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Genomics

* Genome: An individual's genetic information, made of DNA, contains
genes but lots of other DNA too

* Gene: a sequence of DNA in the genome that is required for the
production of a functional product (polypeptide/protein or RNA)

* We have >20,000 genes in our genome

* Exome: the combined regions of the genome that contain the genes
(only 1-2% of the genome), essentially the bit of the genome that we
can interpret

* Genetics: the study of a particular gene

* Genomics: the study of many genes -> all of a person’s DNA

* Micro-arrays, multi-gene panels, exomes, genomes

» Study made possible by development/advances in microarray technology and DNA
sequencing technology (Next Generation Sequencing, NGS)
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Genomics & Rare Disease: The Promise

gy,

The problems of traditional genetic testing:
* Many rare genetic disorders are difficult to recognize, even by experienced geneticists
* Many genetic disorders with clinical diagnosis are caused by many genes

« difficult to pin-down exact underlying genetic cause N

* e.g. Retinitis pigmentosa, Charcot-Marie Tooth - v
* Clinical genetic tests have not been developed for all genes that cause diseaseg

* not cost-effective to develop/maintain a test that is never ordered / 4

The promise of genomics for individuals with a rare disease:

* Interrogate the genome to immediately identify the genetic cause of a disorder
without the need for costly, time-consuming sequential genetic testing

* Do away with the “diagnostic odyssey”
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Genomics for Rare Disease: A Brief History

e 2010: First research showing exome sequencing could be used to identify new
rare disease genes



Genomics for Rare Disease: A Brief History

rarch showing exome sequencing could be used to identify new
Pnes




Genomics for Rare Disease: A Brief History

. rarch showing exome sequencing could be used to identify new
Pnes

e 2010: Lupski sequences his genome to identify molecular basis of his CMT



Genomics for Rare Disease: A Brief History
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Genomics for Rare Disease: A Brief History

. rarch showing exome sequencing could be used to identify new
Pnes

e 12010: Lupski sequences his genome to identify molecular b

* March 2011: First paper published using exome sequencing to make a diagnosis,
Nicholas Volkner
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Genomics for Rare Disease: A Brief History

. rarch showing exome sequencing could be used to identify new
Pnes

e 12010: Lupski sequences his genome to identify molecular b

. iper published using exome sequencing to make a diagnosis,

e April 2011: Launch of Deciphering Developmental Disorders (DDD) Study in UK
* Sept 2011: Clinical exome sequencing test available in US (Ambry Genetics)

e 2012: ACMG guidelines for exome/genome sequencing

e December 2012: 100,000 Genomes Project announced

e July 2013: Rare Disease focus for 100,000 Genomes Project announced

e 2015: ~12 US labs offering clinical exome sequencing for rare disease diagnosis
e >>10,000 patients sequenced, considered standard of care in US



The 100,000 Genomes Project

Announced by the
Prime Minister in
December 2012.

Genomics is one of
the Prime Minister’s
19 priorities.

1. To bring
benefit to NHS
patients

3. To enable
new scientific
discovery and

medical insights

2. To create an
ethical and
transparent
programme

based on consent

4. To kickstart the
development of a
UK genomics
industry
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NHS Genomic

P England
Medicine Centres
Creating a lasting legacy for genomic medicine
@ Lead organnation North East and North
Cumbiia NHS GMC
Greater Manchester
NHS GMC Yorkshire and
Humber NHS GMC
East of England
North West Coast NHS GMC
NHS GMC
West Midlands
NHS GMC .
Oxford NHS GMC
West of England
NHS GMC

Notth Thames
NHS GMC
South London
South West NHS GMC West London NHS GMC
NHS GMC
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Who can take part?

Rare disease Cancer
! _ J h‘ 4 *I
" Q* e
‘.. .’-~ L
\_Q”:'
Blood sample required from the patient Blood sample required from patient,
and, in some cases, from their close relatives and tissue sample from their tumour
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What happens if you take part?
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ow do you sequence a genome?
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Be research-aware: Use of your

data

* “If you consent to take

part, you will need to
agree that: Researchers
and organisations
approved by Genomics
England can look at your
data in a way which
protects your identity,
Including for-profit
healthcare companies like
those developing
medicines or diagnhostic
tests” (Introduction to the
100,000 Genomes Project
Leaflet)
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Be research-aware: Who
looks at the data and why?

* “The data will be de-identified (that’s where everything
that might identify you has been removed) and stored
in the Genomics England data centre along with data
from tens of thousands of other people. Approved
researchers can then look at the de-identified data, but
they can’t take any of it away.”

e “Comparing data from many people can give new

understanding about the cause of a disease and how to
treat it. “

* “Drugs have never been developed by the NHS — this is
done by for-profit companies.” (Introduction to the
100,000 Genomes Project Leaflet)
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Be research aware: Privacy

* “We make it as hard as possible
to identify you from your data,
but we can’t rule it out. Trying
to find out who data belongs to
is illegal and could lead to a
prison sentence. Genomics
England monitors and records
everything scientists do with
the data, so re-idenfication is
very unlikely.” (Introduction to
the 100,000 Genomes Project
Leaflet)
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Be research-aware: results

* Some research projects won’t return any results

e Other research projects will return results of
various levels — this could be anything from a
summary report to results which relate directly to
you (could be genetic, or other measurements such
as your blood cholesterol level, a summary of a
psychological test etc.)

* You should always find information about any
results returned to you in the information leaflet
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Results about the main condition

* There may not be any results which relate to the
participant’s condition.

e At the moment it takes over a year to receive
results.

e Results will be returned to the participant’s
referring clinician who can discuss the findings with

the participant.

* |f no results are found, the data will continue to be
part of the project, so results could be returned in
the future.
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What your doctor should do on
making a molecular diagnhosis

For the person with the condition:

* Tell them, and give them a copy of the genetic/genomic test report

* Determine management for disease and make appropriate referrals

» Refer to Clinical Genetics to further discuss condition/provide genetic
counselling as necessary

* Provide information on patient support group for condition

For their family:

* Ask about plans to extend the family. If the person, the person’s parents,
or the person’s siblings plan to have children, refer them for Genetic
Counselling

* Consider whether anyone else in the family should be offered genetic
testing to determine whether they could be affected, at-risk, or a carrier
for the condition. If in doubt, call or refer to Clinical Genetics.
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What if the results are uncertain?

Results can be uncertain for different reasons:
1) The suspected condition is recessive and it is not clear whether the two

variants found are on the same or different copies of the chromosome.
* Follow-up testing of family members (usually parents) is needed to clarify this result.

2) One or more of the genetic changes identified was reported as a

“Variant of Uncertain Significance”, (VUS):

* There is currently not enough information to know whether this genetic change can
cause a genetic disorder or not. It may be helpful to test for this variant in other
family members to help with the interpretation.

* IMPORTANT: Variants of Uncertain Significance DO NOT provide a diagnosis and
should not be acted on clinically.

e Variants of Uncertain Significance are reported because their status may change in
the future. Your doctor can check in with the lab in a year or two to see if there is
any new information about the variant.

If in doubt, call the lab or refer to Clinical Genetics.
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Why the report could be negative

A “negative” genetic test report, even from whole genome sequencing,
doesn’t mean that person doesn’t have a genetic condition, it just means
that we haven’t identified a genetic cause for their condition at this time.

Reasons that a genetic test can be “negative”:
The person DOES NOT have a meaningful variant in the gene(s) that were tested

* However, there may be other genes that can cause the person’s disorder that
have not been examined because they weren’t included in the test, or they are
not yet known to cause a genetic disorder.

The person DOES have a meaningful variant(s) in the gene(s) that were tested

e But it could not be detected by the test method that was used: no method is
perfect.

NHS|

East of England |

NHS Genomic Medicine Centre =




What your doctor can do if the
test report Is negative

If a doctor is sure that the person’s condition is genetic, they can consider:

* Referring to Clinical Genetics who may be able to recommend further or different
testing

e Checking back in with the lab or Clinical Genetics down the line to see if there is
scope for re-analysis of the person’s data, or further clinical testing to offer
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Optional — results about additional
genetic conditions

* When signing the consent form, participants can decide if they would
like to know about other genetic conditions which are not linked to their
current condition.

* Not a full health MOT, but looking for pre-defined, serious conditions for
which there is an intervention (treatment, screening etc.)

. ]Qntljy about 1% of participants are expected to have an additional
inding.

* Will identify individuals with a higher risk for certain conditions, but
cannot exclude the risk of having one of the conditions even if no
additional results are identified

* The list of conditions is likely to change in the future

e Part of the purpose of offering this information about additional
findings is provide information about this information should become
part of NHS standard clinical care.

NHSPS

East of England

NHS Genomic Medicine Centre S




Optional — carrier status

* “a test to look for conditions that don’t affect you, but
which might be a problem for your baby if you were
found to be carrying them in your genome”
(Introduction to the 100,000 Genomes Project Leaflet)

* “If you are joining the Project with your partner and
you both ask us to look for carrier test results, we will
look for these diseases which you both need to carry to
affect your future children.” (100,000 Genomes Project
Rare Disease Participant Information Leaflet)

* “Some of the diseases we will look for are only carried
by one parent, but can still affect future children.”
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Public attitude to additional findings

* 6944 people from 75
different countries

* 5628 0f 6370
respondees thought
that incidental findings
should be made
available to research
participants

e 1741 of 5653
participants expected
genomic researchers
to actively search for
incidental findings not
relevant to their
research.

Middleton et al. Lancet vol 385, 2015
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Public attitude to additional findings

Middleton et al. (2016), EJHG 24,21-29 NHS FW_O
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Return of genetic results

 All results from the 100,000 Genomes Project are
returned to the participant’s clinical care team who
can provide further information

* These days many companies offer interpretation
services for genomic data — changes in the data
protection regulations will soon allow requests to
be made for data held by researchers, and this
could include your whole genome sequence.
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Return of genetic results

Middleton et al. (2015) J Med Genet 52
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Additional aspects of the 100,000
(Genomes project

* There are other aspects of the 100,000 Genomes
project in addition to directly trying to identify the
genetic changes linked to genetic conditions

* Working groups for improving the current genetic
reports

* Education of healthcare professionals

 Participant panel feeding into the project design,
results, public documents, equity of access etc.
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NHS Vision: Personalised Medicine

O

Precision Medicine (4P Medicine):
- Predictive
- Preventative

Personalised
Participatory
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Generation Genome

* NHS CMO’s Annual Report
focused on Genomics

* How it will impact the way
care is delivered in the NHS

 How this transformation in
delivery of care can be
achieved
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Find out more...

* https://www.genomicsengland.co.uk/

* https://www.genomicseducation.hee.nhs.uk/
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