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Genetics and ethics
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Genetics and ethics

Reproductive decision making
Genetic manipulation

Privacy and confidentiality
Risk of stigmatisation or 22 ,_
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Incidental/additional findings
Testing of those without
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United Kingdom

Genomics England 2012-

100,000 Genomes: rare disease, CaNcar
E350M (USDS485M)

Scottish Genomes £6M (USDSEM)
Weish Genomics for Precision Medicine
£6.8M (USD3IOM)

Northem lreland Genomic Medicine
Centre £3,3M (USD$4 8M)

United States of America

National Human Genome Research
Institute 2007~

Infrastructisre and clinkesl cohorts
USDS427TM

Al of Us 2016-2025

Population cohort

USDSS500M (first two years)

Netherlands

RADICON-NL 2016-2025

Rare disease

Health Research Infrastructure

Qatar
Qatar Genome 2015-
Infrastructura, popuiation cohornt

Japan

Japan Genomic Medicine Program, 2015-
infrastructiure, clinical and populabon-basad
cohorts, drug tscovery

JPY10.28 (USDSS0.06M)

Genomics ==

Estonia
Estonian Genome Project 2000 -
Infrastructure and population-based

2017: €5M for 100,000 individuals

Finland

National Genome Strategy 2015-2020
Infrastructure

€50M ($USD 58M)

Denmark

Genome Denmark 2012-

DK 86M (USD$13.5M)

FarGen 2011- 2017

DK 10M (USD$1.6M)
Infrastruciure, population-based
cohort, pathogen project

Turkey
Turkish Genome Project 2017-2023
Infrastructure, dinical and population-

Australia

Australian Genomics 2016-2021
Infrastructure, rare diseasa and cancer
AUDS125M (USDS95M)

Genomics Health Futures Mission 2018.-2028
AUDSS00M (USDS3T2M)

england



Genomics and ethics

* Blurring of clinical care and research
 Obtaining valid consent

 Breadth and feedback of findings
 Responsible data stewardship

 Future use of samples and data

* Maintaining public trust and
confidence
* Justice and equity of access



Bioethics

* Moral reasoning
applied to the life
sciences

e Consequentialism
* Deontology

e Virtue ethics
* Principlism
* Feminist bioethics

Social science

* Sociology, anthropology, geography
applied to the sciences

 What are the potential social,
political, economic impacts of
genomics?

e How do and should societal concerns
and priorities shape science?

* W
et
* W
et

nich topics come to be seen as
nical concerns and why?

nat do ‘the public’ think about

nical questions and what are the

implications of this for science?
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Sanger’'s super-sized sequencing scales new heights

" May 1,2019 X 6n

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 possib

Total amount of DNA read
by the Welcome Sanger Institute

By: Ali Cranage, science write

Time taken to

=

35 days,

produce 1PB

.8
"8 =
- e * . institute 7,511 days

1 2 3

SCIERCE™"™

287 days
371 days
"= welicome 518 days
sanger

203 days

182 daysp

4 5 6 78910

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



Precision and data-driven medicine

a
“

IMPROVING
OUTCOMES THROUGH
PERSONALISED
MEDICINE

England

Working at the cutting edge of science to improve patients’ lives I I

Everybody receives
the same medicine -
30-60% effective

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

SRYEREETNG
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Collaborate. Innovate. Accelerate,

. 227 "via  Global Alliance
S h ar I n g d ata !’fi"i:! for Genomics & Health

INTERNET ARENIVE http:/ jwww.gene.ucl.ac.uk/hugo/bermuda.htm Go

res TN Jun Close %X
29 captures 812914
6 ay 5925 07 TR T T 2005 EE 2007 s

e NATIONAL CANCER INSTITUTE
GENOMIC DATA COMMONS

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 NITH NCHGR
(National Center for Human Genome Research) , the DOE (U.S. Department of Energy), the German Human Genome P the C 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

Access the Data

#NCIGDC

National Institutes of Health
Office of Seience Policy

It was agreed that all human genomic seq_
encourage research and development and

FHHDRUK

Health Data Research UK

4

SRYEREETNG
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Challenges of collecting, sharing
and linking genomic data

Consent

Privacy and harms
Justice and fairness
Trust

The problems of non-use

SRYEREETNG
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consent

Limits of consent in face of open-
ended data and sample storage and
use

Limits on autonomy in terms of
controlling use of samples

Unclear risks to privacy due to data
sharing

Acceptability of ‘broad consent’
Risks to individuals and to research

§QYEREEING
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Privacy and harms

Unintended and misuse of DNATESTING FORALL

An increasing number of people are having their DNA analysed by

data Iead|ng to consumer-genomics companies.

M Ancestry M 23andMe M Others
Breaches of privacy
Stigma
Discrimination

Relatedness means that the
genetic privacy of untested
people is at risk now that
firms hold DNA data for
~5% of the US population.

People tested (millions)

2013 2015 2017 2019
GRYPRELING Moreau, Y. (2019) Nature ST



Justice The

. . . Belmont
Who ought to receive the benefits of Report
research and bear its burdens?” eimont Eihical Principles
Report) agae P;](;t;:irfrf O(Er
Human Subjects

of Research
"Everyone has the right freely to

participate in the cultural life of the

community, to enjoy the arts and to \
share in scientific advancement and . N
. o or Human gights
Its benefits.” (article 27 UNDHR)

SRYEREETNG
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Sirugo et al. (2019)
https://doi.org/10.1016/j.cell.2019.02.048

Ancestry category distribution

Ancestry category distribution
of studies in GWAS catalog |

of individuals in GWAS catalog

Multiple \ Multiple
2.36% 2.48%

European
52.27%

European

Multiple, 78.39%

including
European
1.88%

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

Non-
European

East Asian Non-Asian
Multiple, 15.91% Hispanic 3.91%
non-European or Latin
0.47% American :
5.12% Multiple,
including
European
2.46% .
Other Asian Other and Greater Middle Eastern/ Multiple, Other Asian African Hispanic or
4.77%  other admixed Native American/Oceanian non-European 2.01% 2.03%  Latin American
2.06% 1.24% 0.01% 1.13%

Other and Greater Middle Eastern/
other admixed Native American/Oceanian

SRYEREETNG



https://doi.org/10.1016/j.cell.2019.02.048

1.00 - -

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

o

-u.,J

ol
|

interpreted. The PRS derived from European subjects
cannot be applied to non-Europeans, limiting its potential
usefulness in clinical settings and raising issues of inequity
in health provision. Previous studies that have used the PRS
should be re-examined in the light of these findings.

Prediction accuracy
(relative to Europeans)
o
o
o

0.00 -
N o o o o
z?.'r {s_*;b- '-::?‘r& &3{& Q\dﬁ-
&QQ & *‘S‘? c}‘?* =
< \'s cg@} @‘?}
Population

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

Curtis, D. Psychiatric Genetics 28, no. 5
(2018)https://doi.org/10.1097/YPG.0000000000000206.

RESEARCH ARTICLE

ECONOMICS

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

Ziad Obermeyer'2*, Brian Powers®, Christine Vogeli®, Sendhil Mullainathan®*

Obermeyer et al., Science (October 25,
2019)https://doi.org/10.1126/science.aax234
2.

SRYEREETNG
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https://doi.org/10.1097/YPG.0000000000000206
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1126/science.aax2342
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nature
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THE FUTURE OF HEALTH BEGINS WITH YOU

The
Precision
Medicine
Initiativee
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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

Potentially problematic in contexts of private sector
iInvolvement

SRYEREETNG
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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

% ~

NLL Patient data from GP surgeries sold to

NEORRG, | /
iy fErimy el b

%3 t e bg‘.ﬁ . 7 \ .
neans e Observer US companies
General election 2019

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

LT

THE SUNDAY TIMES

Amazon ready to cash in on free
access to NHS data

o) \ . I I . ’
[ ] TR
| ] | | BN |

” ¢ \
Rk e L

SRYEREETNG
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Achieving a balance

Pursuit of public interest Protection of private interests
How to maximise societal How to protect individuals
benefit from scientific from misuse of data about
research them

How to realise collective «—- How to help individuals
benefits by protecting benefit from collective action
iIndividuals

SRYEREETNG
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“what Is the set of morally reasonable
expectations about the use of data and what
conditions are required to give sufficient
confidence that those expectations will be
satisfied?”

- respect for persons The collection linking

- respect for human rights e e

- participation of those with morally relevant °
Interests

- accounting for decisions

SRYEREETNG



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 olcton ki

biomedical research NUPrictn
and health care: ColmRcIS

(Nuffield Council on Bioethics, 2015) “ s s BRSBNHE

@ The HUGO Journa

| “Facilitate deliberation about the wider societal

REPORT Open Access

Framework for responsibl sharing of genoric implications of genomic and health-related data
- sharing among all stakeholders, especially

GRYFREEING citizens.” (Knoppers 2016) 23



Your DNA, Your Say
Global public views on sharing genomic data

e, ,
227w Global Alliance
SRYEREEING !‘E,. ._:; for Genomics & Health

Collaborate. Innovate. Accelerate,



Global public survey

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

22 countries, 15 languages

Data collected 2017-2019

SRYEREETNG
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Pogugal—;
Spai

Currently available
Coming soon



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

:
S

Willingness to donate DNA and health information

10%

20%

30%

mYes

40%

Unsure ®mNo

50%

60%

70%

80%

90%

100%

27



The importance of familiarity

Familiarity with genomics is low (<50% in 20/22 countries)

Those people who are most familiar with DNA are more
willing to donate (Overall OR 1.85, 95% CI 1.71-2.00)

Those with personal familiarity are most willing to donate
(Overall OR 2.7, 95% CI 2.37-3.09)

SRYEREETNG
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Total percentage trusting each organisation or individual with DNA and health information

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

100

75

50

25

& o & A o 4 & & & (<3 &> £ T & & & &
& & & & & R ¢ & & & @""o &£ & & & &
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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
4.34 [3.39
6.17[4.18
3.34 [2.62
4.87[4.16
3.22[2.74
2.59[1.95
4.32[3.15
6.78 [5.05
0.73[047
4.36 [3.37
280[245
453 [3.51
2.06 [1.58
5.00[4.18
3.41[2.84
3.68 [2.72
429 [3.37
3.97 [2.94
496 [3.03
443[3.80
592 [4.82

- 6.54]
- 5.55]
- 9.11]
-4 27]
- 5.71]
- 3.77]
©3.46]
- 5.91]
- 9.12]
- 1.14]
- 5.64]
- 3.21]
-5 85]
- 2.70]
- 5.08]
- 4.10]
- 4.97]
- 5.47]
- 5.36]
- 8.14]
- 5.15]
- 7.27]

"
4 ++ i+ +#+

!

0.2 0.5 2
Willingness to donate: OR (95% CI)

o °—H++*+‘.
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What information would help you decide whether or not to
donate? (UK only)

Who controls access to my information
Link to identifying personal information
Risks and benefits

What sort of research will data be used for
How would researchers benefit

What commercial profits may be made
What sort of researcher will access
Would not donate

Assistance if data breach

Access to DNA readout

None of this information would help
Acknowledgment for contribution
Participate in data governance

Other

If researchers will make money

SRYEREETNG
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What would help trust (UK only)

=1
=+
o
=
3
Q
=
o)
-
Q
oy
o
c
~
L
o
=
o
m
P
m
L
—

The option to withdraw

Information about HOW others will benefit

Knowing who is USING information, and for what purpose
The option to opt out of having information accessed
Website explaining pros and cons of data access

The ability to access own data

Details about the sanctions for data misuse

Communicate directly with gatekeepers

Biographies and photos of researchers

S
N

=
o
X

20%

30%

N
Q
X

50%

60%



“Building robust records of the

judgements baked into 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

Pata — from objectstoassets - rasearch, rather than pretending that

T they are external to the scientific
process” (Leonelli 2019)




Conclusions

* Genomic research raises distinctive socio-ethical questions

* These cover research findings, research practice and the
products of genomic research

* Researchers should consider what makes their research
‘ethical’ and anticipate consequences of their research —
both positive and negative, drawing on other expertise
where necessary

* For data, questions of who controls and who benefits are
Important
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