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Society and Ethics
Research

Empirical social science research exploring
the translation of genomics from bench to
bedside and beyond
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Sanger's super-sized sequencing scales new heights

We're celebrating: we've just read the same amount of DNA in one year as we

achieved in the previous 25 years combined. This dizzying speed offers

unprecedented possik 35 days,
By: Ali Cranage, science writc Total amount of DNA read 35 days
by the Welcome Sanger Institute /77 days
105 days,
Time taken to/zoa da
produce 1PB "
182 days
287 days
371 days
‘ =i'. wellcome 518 days
T iﬂn'.?ger 7,511 days
1 2 3 4 5 6 78910

Cumulative total of Petabases of DNA sequenced by the Wellcome Sanger Institute



DEMYSTIFIYING DATA UNITS
From the more familiar 'bit’ or 'megabyte’, larger units of measurement are more frequently
being used to explain the masses of data

Unit Value Size
2 5 3 < . : = , bit Oort 1/8 of a byte
The exponential growth of data is undisputed, but the numbers behind this explosion - fuelled by internet of things and
2 v £ b 8 bit 1byt
the use of connected devcies - are hard to comprehend, particularly when looked at in the context of one day iy = = of data will be created every day by 2025
kilobyte 1,000 bytes 1,000 bytes
oc
megabyte 1,000° bytes 1,000,000 bytes
gigabyte 1,000° bytes 1,000,000,000 bytes
terabyte 1,000 bytes 1,000,000,000,000 bytes
petabyte 1,000° bytes 1,000,000,000,000,000 bytes
exabyte 1,000 bytes 1,000,000,000,000,000,000 bytes
zettabyte 1,000’ bytes 1,000,000,000,000,000,000,000 bytes
of data created by yottabyte 1,000° bytes 1,000,000,000,000,000,000,000,000 bytes
Facebook, including
*Alowercase 5" s used as an for bits, whie = ts by :
photos and videos are
350m PhlDe shared on Instagram
tweets are sent
every day S~ hours of video %
100 M vatch time Instagram Business
Twitter
Facebook Research
— g ~
320bn /
= 4 - messages sent over WhatsApp and -
prnalie fo Lo sols L A two billion minutes of voice and
each day by 2021 Sy - video calls made
& b Facebook 4
L er—T—
4 suobn T e
emails to be sent F oS %
billion emails are sent each day by 2020 LT PR e
e LN T
4 I B Searches made a day 5bn
to be generated from wearable
devices by 2020
- of data produced by a connected car
people use emails o
Intel. tsta
Searches made
a day from Google 3.5bn
ACCUMULATED DIGITAL UNIVERSE OF DATA Smart Incghts
4.47ZB 4478

Pwc 2013 2020
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The promise of data-driven medicine

Diagnosis the same medicine -
‘ ‘ symptom driven 30-60% effective
Individual

England
Working at the cutting edge of science to improve patients’ lives I I (jhfrjfte:'ja(t'lf’?

Informed by genomics and other
clinical information

IMPROVING
OUTCOMES THROUGH
PERSONALISED
MEDICINE

Tailored treatment
to match an
individual’s makeup
and response — more
effective and fewer
side-effects

Do (= Do Do
A )
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nature

Convergence

biomedical engineering

Article | Published: 19 February 2018

In 2010, Eric Schmidt of Google said “The power of individual
targeting—the technology will be so good it will be very hard
for people to watch or consume something that has not in
some sense been tailored for them” (Jenkins, 2010). Although
referring to the capability of digital technology, we have now
reached a time of convergence of the digital and biologic do-
mains. It has been well established that 0 and 1 are interchange-

Prediction of cardiovascular risk factors

Individualized Medicine from retinal fundus photographs via deep
from Prewomb to Tomb learning
Eric J. Topol'~ A
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Sharing data

http:/ /www.gene.ucl.ac.uk/hugo/bermuda.htm Go

0 1 1 hll ]

29 captures
6 May 99 - 9 Jun 07

ree Y Jun Close %
£291g
2005 pIIdY 2007 Help 7

THE WELLCOME TRUST

Summary of principles agreed at the
International Strategy Meeting on Human Genome Sequencing

Bermuda, 25th-28th February 1996
Sponsored by the Wellcome Trust

The following principles were endorsed by all participants. These included officers from, and scientists supported by, the Wellcome Trust, the UK Medical Research Council, the NIH NCHGR
(National Center for Human Genome Research) , the DOE (U.S. Department of Energy), the German Human Genome P the Co ission, HUGO (Human Genome

Organisation) and the Human Genome Project of Japan. It was noted that some centres may find it difficult to implement these principles because of legal constraints and it was, therefore, important
that funding agencies were urged to foster these policies.

Primary Genomic Sequence Should be in the Publi

|
It was agreed that all human genomic sequence infol
encourage research and development and to maximi:

SRYEREEING

Global Alliance
for Genomics & Health

Collaborate. Innovate. Accelerate.

NATIONAL CANCER INSTITUTE
GENOMIC DATA COMMONS

ccess the Data

#NCIGDC

National Institutes of Health

Office of Seience Policy

DRAFT NIH Policy for Data Management and Sharing
November 2019

DRAFT NIH Policy for Data Management and Sharing
I. Purpose

The NIH Policy for Data Management and Sharing (herein referred to as the Policy) reinforces
NIH's longstanding commitment to making the results and outputs of the research that it funds
and conducts available to the public. Data sharing enables researchers to rigorously test the
validity of research findings, strengthen analyses through combined datasets, reuse hard-to-
generate data, and explore new frontiers of discovery. In addition, NIH emphasizes the 8



The challenges

Data misuse and the threat
to privacy

- Who is using data
- Trust and trustworthiness

Justice and equity

SRYEREEING



Data misuse

Unintended and misuse of
data leading to:

DNATESTING FORALL

An increasing number of people are having their DNA analysed by
consumer-genomics companies.

M Ancestry M 23andMe M Others

’é‘ Relatedness means that the
e genetic privacy of untested
E people is at risk now that
I — firms hold DNA data for
BreaCheS Of prlvacy B ~5% of the US population.
] wn
)
Stigma £
" " " " o
Discrimination 8
2013 2015 2017 2019
Moreau, Y. (2019) Nature
§RYPREEING
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Joanne Hinds and Adam N. Joinson, “What Demographic Attributes Do Our Digital Footprints
Reveal? A Systematic Review,” PLOS ONE 13, no. 11 (November 28, 2018): e0207112,

https://doi.org/10.1371/journal.pone.0207112.
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https://doi.org/10.1371/journal.pone.0207112
https://doi.org/10.1371/journal.pone.0207112

e Data from WebMD’s symptom
checker, and diagnoses
received, including “drug
overdose” shared with

Facebook.

e “Heart disease” and
“considering abortion” were
shared from sites like the
British Heart Foundation,
Bupa and Healthline

User data is sent to dozens of third parties from health websites

Flow of user data from BabyCenter.com, accessed from UK, Nov 7 2019
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AddThis

® Big tech advertising: Facebook and
Google, two of the biggest advertisers,
have their own marketplaces

B Programmatic advertising: this cluster
shows the large variety of companies
engaged in real-time bidding

A Contextual advertising: companies
that serve ads relevant to the subject
matter on the page
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o - 2 THE
Sharing with whom~* COMTON
THREAD

THE SUNDAY TIMES

Amazon ready to cash in on free
access to NHS data

%_— ¥ | Tl Patient data from GP surgeries sold to
= T7he 5 - US companies

Dealings with international pharma raise new fears about
American ambitions to access NHS

¢ WSJNEWS EXCLUSIVE | TECH

Google’s ‘Project Nightingale’ Gathers
Personal Health Data on Millions of
Americans

Search giant is amassing health records from Ascension facilities in 21
states; patients not yet informed

SRYEREEING
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Trust and trustworthiness

Use of data relies on all
stakeholders trusting in the
organisations responsible for
decision making

Where trust is absent, the
social license for data use
may be lost

SRYEREEING
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Justice The

y . . Belmont
Who ought to receive the benefits of Report
research and bear its burdens?” semont Ethical Principles
and Guidelines for
Report) the Protection of
Human Subjects

of Research

“Everyone has the right freely to i

fB dcal ch

participate in the cultural life of the
community, to enjoy the arts and to v
. . =g THE UNIVERSAL DECLARAT \
share in scientific advancement and | ,. ,/
. e 1 or Tluman gights ,
its benefits.” (article 27 UNDHR) ,.
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Sirugo et al. (2019)
https://doi.org/10.1016/j.cell.2019.02.048

Ancestry category distribution
of studies in GWAS catalog

Multiple
2.36%

European

Multiple, 52.27%

including
European
1.88%

Not reported
Non- 6.71%
European
Non-Asian
17.98%

East Asian
Multiple, 15.91%
non-European
0.47%

Hispanic
or Latin
American
5.12%

Other Asian Other and Greater Middle Eastern/
4.77%  other admixed Native American/Oceanian
2.06% 1.24%

Ancestry category distribution
of individuals in GWAS catalog

Multiple
2.48%

European
78.39%

Non-
European
Non-Asian

3.31%
Multiple,
including
European
246% Multiple, Other Asian African Hispanic or
non-European 2.01% 2.03% Latin American

0.01% 1.13%

Other and Greater Middle Eastern/
other admixed Native American/Oceanian
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https://doi.org/10.1016/j.cell.2019.02.048

Prediction accuracy
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Prediction accuracy relative to European-ancestry individuals across 17 quantitative traits and 5
continental populations in the UKBB.

Martin, A. et al., Nature Genetics (2019):,
https://doi.org/10.1038/s41588-019-0379-x

“This book is dewaright scary—Ddut...you will em er and

erge smart
more empowered to demand justice.” —NAOMI KLEIN

AUTOMATING
INEQUALITY

HOW HIGH-TECH TOOLS PROFILE,
POLICE, AND PUNISH THE POOR

RESEARCH ARTICLE

ECONOMICS

Dissecting racial bias in an algorithm used to manage |
the health of populations

Ziad Obermeyer'%*, Brian Powers®, Christine Vogeli*, Sendhil Mullainathan®*

Obermeyer et al., Science (October 25,

z = 2019)https://doi.org/10.1126/science.aax234
The PRS derived from European subjects 2,
cannot be applied to non-Europeans, limiting its potential
usefulness in clinical settings and raising issues of inequity
in health provision.
B~ T —— Curtis, D. Psychiatric Genetics 28, no. 5 17
(2018)https://doi.org/10.1097/YPG.0000000000000206.



https://doi.org/10.1097/YPG.0000000000000206
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1126/science.aax2342
https://doi.org/10.1126/science.aax2342
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The
Precision
Medicine
Initiative®
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Achieving a balance

Recognition of common
interest

How to maximise societal
benefit from scientific
research

How to realise collective
benefits by protecting
Individuals

Protection of private interests

How to protect individuals
from misuse of data about
them (privacy, discrimination,
stigma)

How to help individuals
benefit from collective action

SRYEREEING



Socially Responsible Research

Realising collective benefits from data involves
ensuring that data collection sharing and use are
done in a manner that ensures

- respect for persons
- respect for human rights
- participation

The Ilectonl nkin g

- accounting for decisions e .fg.,a &

SRYEREEING
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Multiple stakeholders

“decision makers should not merely imagine how people
ought to expect their data to be used, but should take
steps to discover how people do, in fact, expect their
data to be used, and engage with those expectations.” The collecton, lnking

biomedical research S
and health care: CovnciLe

(Nuffield Council on Bioethics, 2015) . LRIl S
e e “Facilitate deliberation about the wider societal

Framework for responsible sharing of genomic Imp|lcatIOnS Of gen0m|c and health'relatEd data

and health-related data

-sharing among all stakeholders, especially

CRYPRELING citizens.” (Knoppers 2016) )1



Society and Ethics Research

C
: - oooo
Embedded in clinic 000l D 500
| '\|:| il
... And with science —

... Conducting research on stakeholder
perspectives on genomics, data and
society

SRYEREEING
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& 3’: Global Alliance
A for Genomics & Health

SRYEREEING

Collaborate. Innovate. Accelerate.



Global public survey

Sample size: 37,000 completed samples, ‘representative’
public recruited via Dynata (global market research

company)

SRYEREEING
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Willingness to donate DNA and
health data
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Willingness to donate (overall)

Mexico
Russian Federation
Italy

Portugal
India

Brazil

Poland
United States
Germany
Switzerland
France
Pakistan
Argentina
Canada
Australia
Sweden
Belgium
Spain

United Kingdom
Egypt

Japan

G 0%

B ves

25%

Unsure

50%

No

75%

100%
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What is being donated?
With whom?
Why?

- Familiarity with genomics
- Is there is something special
about genomic data?

SRYEREEING
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Familiarity

“Are you familiar with DNA, genetics or genomics?”

SRYEREETNG
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Familiarity with genomics

Personal M Familiar

100

75

50

25

R @ &N > R
Q W Q O Q&
Q}\o a,éfb Q}@\) Q)@ 0@ C(\\
?SQO w9
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Source of familiarity with DNA/genetics/genomics - USA only

Biobank participant

DTC customer
Genetic health
professional

Genetic researcher or
student

Other health professional

Other researcher or
student

Other

Interested in
ancestry/genealogy

Person with genetic
condition or family history

Genetic research
participant

0% 20% 40% 60% 80%

United States



Argentina
Australia
Belgium
Brazil
Canada
China
Egypt
France
Germany
India
Italy
Japan
Mexico
Pakistan
Poland
Portugal

Russian Federation

Spain
Sweden

Switzerland
United Kingdom
United States

1.47 [1.07
1.60[1.22
1.69[1.11
2.16 [1.61
1.77 [1.50
2.42[1.89
1.96 [1.53
1.56 [1.12
1.70[1.26
2.23[1.00
1.45[1.12
2.20 [1.81
1.81[1.39
1.56 [1.06
1.80 [1.52
1.50[1.23
2.35[1.78
1.62[1.22
1.75[1.28
1.47 [0.89
2.13[1.81
2.61[2.10

© 2.02]
© 2.08]
. 2.57]
© 2.90]
© 2.09]
© 3.11]
. 2.51]
§ 550
© 2.30]
© 4.97]
© 1.87]
. 2.68]
- 2371
© 2.28]
= 2 49
- 1.82]
- 3.10]
© 2.16]
© 2.38]
© 2.41]
© 2.50]
. 3.25]

o__++#+*-++,*_++¢*-++++

Argentina
Australia
Belgium
Brazil
Canada
China
Egypt
France
Germany
India
Italy
Japan
Mexico
Pakistan
Poland
Portugal

Russian Federation

Spain
Sweden
Switzerland

United Kingdom
United States

2.95[1.91
250 [1.73
254 [1.23
247 [1.72
274215
3.65[2.87
3.29[2.19
3.08 [1.61
4.60 [2.56
3.88 [2.13
1.68 [1.21
2.97[1.90
228 [1.53
212 [1.46
3.13[2.28
1.75[1.29
347 [2.14
1.51[1.00
1.79[1.10
3.60 [1.25
3.05 [2.36
416 [3.17

. 4.56]
o 3.61]
. 5.26]
= 3:50]
=301}
. 4.64]
. 4.96]
TSN E
. 8.24]
. 7.06]
=2 32]
. 4.64]
23:39])
» 3.10]
o 4.31]
= 2-38]
. 5.64]
1220
. 2.90]
- 10.39]
» 3.99]
., 5.47]

[
0.1

0.5
Willingness to donate: OR (95% CI)
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The importance of familiarity

Overall familiarity with genomics is low

Those people who are most familiar with DNA are more
willing to donate

Those with personal familiarity are most willing to donate

SRYEREEING

35



Are genomic data different?
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Exceptionalism

“For me DNA information is different to other medical
Information”

SRYEREEING
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Overall

"For Me DNA Information is Different to Other Medical Information"

100%

75%

50%

25%

O
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Overall

"For Me DNA Information is Different to Other Medical Information"
100%

75%

39



Overall

"For Me DNA Information is Different to Other Medical Information"
100%

75%

50%

25%

40



0.308

N 0.7

SRYEREETNG
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% of those who see DNA information as same/different to other medical information who are
willing to donate DNA data

®5zame/unsure ®Different
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Source

Argentina
Australia
Belgium
Brazil
Canada
China
Egypt
France
Germany
India
Italy
Japan
Mexico
Pakistan
Poland
Portugal

Russian Federation

Spain

Sweden
Switzerland
United Kingdom
United States

OR (95% Cl)

1.51[1.13; 2.01]
1.32 [1.05; 1.67]
1.15[0.79; 1.66]
2.15 [1.72; 2.69)
1.57 [1.36; 1.83]
2.01[1.72; 2.35]
1.35 [1.07; 1.71]
1.62[1.20; 2.17]
1.36 [1.07; 1.72]
3.19 [2.10; 4.85]
1.20 [0.94; 1.53]
1.78 [1.56; 2.02]
1.87 [1.46; 2.38]
2.30 [1.75; 3.03]
1.40 [1.21; 1.63]
1.41[1.19; 1.69]
1.19[0.91; 1.55]
1.40 [1.12; 1.76]
1.39 [1.05; 1.85]
1.64 [1.02; 2.63]
1.77 [1.54; 2.04]
1.99 [1.64; 2.42]

[
0.5

Willingness to donate: OR (95% ClI)
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European Journal of _
Human Genetics

Article | Open Access | Published: 29 November 2019

Members of the public in the USA, UK,
Canada and Australia expressing genetic
exceptionalism say they are more willing
to donate genomic data

Anna Middleton &, Richard Milne, Heidi Howard, Emilia Niemiec, Lauren Robarts,
Christine Critchley, Dianne Nicol, Barbara Prainsack, Jerome Atutornu, Danya F. Vears,
James Smith, Claire Steed, Paul Bevan, Erick R. Scott, Jason Bobe, Peter Goodhand,
Erika Kleiderman, Adrian Thorogood, Katherine I. Morley & on behalf of the

Participant Values Work Stream of the Global Alliance for Genomics and Health

SRYEREEING

Those who saw genomic data as different
were:

more likely to be familiar with or have
personal experience with genomics

more likely to see genomic information as
having personal and economic value.
more likely to make decisions about
donation based on whether they could

obtain a copy of their own raw data
Ruiz-Canela et al, 2011)

Those with personal experience + genetic
exceptionalist views were far more likely
to be willing to donate their anonymous
DNA and medical information for research
than those without

44



What is being shared?
With whom?
Why?

Familiarity with genomics
Is there Is something special
about genomic data”?

Who the recipient is
Trust in the recipient

SRYEREEING

45



Who are data donated to?
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Would you donate your anonymous
DNA information and medical
information for use by:

e Medical doctors
e Non-profit researchers
e For-profit researchers
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Willingness to donate DNA and medical information
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Willingness to donate DNA and medical information

100%
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100%

75%

50%
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Willingness to donate DNA and medical information

B Donate foruseby Dr [l Donate for use by non-profit researcher [l Donate for use by for-profit researcher
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Trust
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Total percentage trusting each organisation or individual with DNA and health information

B Own doctor B Any doctor in country B Non-profit researcher in my country = Company researcher in my country & My government
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Source

Argentina
Australia
Belgium
Brazil
Canada
China
Egypt
France
Germany
India
Italy
Japan
Mexico
Pakistan
Poland
Portugal

Russian Federation

Spain

Sweden
Switzerland
United Kingdom
United States

OR (95% Cl)

4.81[3.54; 6.54]
4.34 [3.39; 5.55]
6.17 [4.18: 9.11]
3.34 [2.62; 4.27]
4.87 [4.16; 5.71]
3.22 [2.74; 3.77]
2.59 [1.95: 3.46]
4.32[3.15: 5.91]
6.78 [5.05: 9.12]
0.73[0.47: 1.14]
4.36 [3.37; 5.64]
2.80 [2.45; 3.21]
4.53[3.51; 5.85]
2.06 [1.58; 2.70]
5.00 [4.18; 5.98]
3.41 [2.84: 4.10]
3.68 [2.72: 4.97]
4.29 [3.37; 5.47]
3.97 [2.94: 5.36]
4.96 [3.03; 8.14]
4.43[3.80: 5.15]
5.92 [4.82; 7.27]
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Willingness to donate: OR (95% CI)




Trust
Analysis using UK/USA/Canada/Australia only

Human Genetics
https://doi.org/10.1007/500439-019-02062-0

ORIGINAL INVESTIGATION q

Check for
updates

Trust in genomic data sharing among members of the general public
in the UK, USA, Canada and Australia

Richard Milne' . Katherine I. Morley>*® . Heidi Howard® - Emilia Niemiec® - Dianne Nicol” - Christine Critchley”® .
Barbara Prainsack®'? - Danya Vears'"'%'314. James Smith'® - Claire Steed'* - Paul Bevan'® - Jerome Atutornu’'¢.
Lauren Farley' - Peter Goodhand'” - Adrian Thorogood'® - Erika Kleiderman'® - Anna Middleton''°® . on behalf of
ggy E E EE ING the Participant Values Work Stream of the Global Alliance for Genomics and Health
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‘Trusting participants’

Class

~~ High
=e= Variable
wos Low

More likely to be
- under 50, =
- male, oo
- with children, :
- have personal experience o= % ki
of genetics Y|
- hold religious beliefs e S ——
- be from the USA. g &£ & &£ &
(USA, Canada, Australia, UK only) ‘ Variable i
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Willingness to donate strongly associated with high trust group

Compared with Low Trust group, High trust group less likely to be
concerned about government, police, marketingand insurance uses
of data

Negative experiences with data access online most associated with
high trust group

High and variable trust groups most likely to be reassured by laws
around donation
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What is being shared?
With whom?
Why?

Familiarity with genomics
Is there Is something special
about genomic data?

Who the recipient is
Trust in the recipient

Building trustworthiness

SRYEREEING
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Building trustworthy data
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"What information would help you to trust the people asking you to donate DNA and/or medical information?"

e ® Argentina

® Australia
51.6% ® Belgium
® Brazil
® Canada

® Egypt
® France

75

46.5%
39.6% 40.2%

® Germany
0 4 ® India

Italy

ax >

@ Japan
@ Mexico

25 Pakistan

Poland
Portugal

¥

)
@B C
@

D
€

Russia

0 Spain
(\0(\ é{\\fv Sweden
o \00(\ Switzerland
O
o & & N\ UK
NG © oo N USA
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Across 22 countries, there’s variation in who is trusted with data ( )MESSAGE
but the most trusted is a person’'s own doctor

Doctors play a gatekeeping role
in supporting the development of
large-scale data sharing
initiatives

Trust may be increased by
clarity about who will use the
data, for what purpose, who

will benefit & how
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- 2 port 2010 !
Who benefits :
. 9
Who does and who should benefit?
| i’v."' ‘; SEE: % and Innova tion
6 ) P K@ X
The "social contract SN
- Reciprocity .

- Solidarity

- Altruism Creating the right framework to realise

Guidance

the benefits for patients and the NHS
where data underpins innovation

Published 15 July 2019
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“participants’ preference was
clearly for the widest possible ——

public benefit to be felt by all, but T S
they also acknowledged the value expectations of public benefits from
in research aiming to primarily data-intensive health research
beneflt VUInerable groups Wlthln Mhairi Aitken, Carol Porteous, Emily Creamer and
SOCIety” Sarah Cunningham-Burley

Mhairi Aitken et al., “Who Benefits and How? Public Expectations of Public Benefits from
QBQEESEI NG Data-Intensive Health Research,” Big Data & Society 5, no. 2 (July 1, 2018):
2053951718816724, https://doi.org/10.1177/2053951718816724. 63



https://doi.org/10.1177/2053951718816724

Conclusions

Attitudes towards genomic data sharing are relatively consistent across the
sample
- But DNA/genomes are not the same for all people

What shapes attitudes towards sharing genomic data?
- familiarity
- how we see DNA
- who is using data
- their trust in these users

What influences trust?
- clear and defined benefits
- ethical and legal protections

SRYEREEING
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Key challenges relate to:

Discussing the purpose of partnership between
medicine, non-profit & for-profit researchers and

industries
Making clear who benefits and how from the use of

data
- and who is excluded and why

And who is making these decisions
Addressing the role of local, trusted actors (own
doctor) in global genomic and data-driven medicine

SRYEREEING
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“Data are cultural artefacts”

TS “Building robust records of the judgements baked into
R N data systems, supplemented by explicit reflections on
whom they represent, include or exclude will enhance
the accountability of future uses of data. It also helps to
bring questions of value to the heart of research, rather
than pretending that they are external to the scientific
process” (Leonelli 2019)

- 2 >
Data — from objects to assets

How did data get so big? Through political, social and economic interests, shows Sabina
Leonelli, in the fourth essay of a series on how the past 150 years have shaped science.

ING Sabina Leonelli, “Data — from Objects to Assets,” Nature 574, no. 7778
g8§ E EEE (October 2019): 317-20, https://doi.org/10.1038/d41586-01 9-0308%—w.



https://doi.org/10.1038/d41586-019-03062-w

Next steps

e |mplications for policy and genomic
medicine

e Understanding data in context

e |earning from/for genomics

SRYEREEING
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S I AC E (Stakeholder Perspectives on social and ethical Aspects of digital Cognitive Evaluation)

e \Work with
scientists/clinicians/tech
developers

e \Work with older adults

o How do older adults relate to
data in everyday life

o How does their everyday life
become data?
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