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Background
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Three approaches to genetic testing

Compliance Rules

Regulations Guidelines
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Portugal Poland Canada

Genetic Information Act (2005) Insurance Act (2015) Genetic Non-Discrimination Act
(2016)
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USA Netherlands Switzerland Germany

Genetic Information Non- The Act on Medical Genetic Investigations in Human Genetic
discrimination Act (2008) Examinations (1998) Humans (2004) Examination
Act (2009)
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Japan China UK Australia

Life insurers impose No restrictions for insurance Concordat & Moratorium Insurers allowed to use
self-restrictions companies asking for genetic (2001) genetic test results (but
tests or results changes are afoot)
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Discrimination?

Amic T, Hianw, Ganiet. 5;;.-4?.543

Discrimination as a Consequence of Genetic Testing

Paul R. Billings,* Mel A. Kohn,t Margaret de Cuevas,t Jonathan Beckwith,} Joseph S. Alper,|l
and Marvin R. Matowicz§'§'**

* Division of Genetic Medicine, Department of Medicine, California Pacific Medical Center, 5an Francisco, Departments of tMedicine,
{Microbiclogy and Molecular Genetics, and §Pathology, Harvard Medical School, lD-uprtmem of Chemistry, University of Massachusetts, and
#Department of Pathology, Massachusetts General Hospital, Boston; and * *Division of Medical Genetics, Shriver Center for Mental Retardation,
Waltham, MA

“Stigmatization, and denial of services or
entitlements to individuals who have a genetic
diagnosis but who are asymptomatic or who will
never become significantly impaired, is noted.”
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& Psychiatry
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® Predictive Testing for Huntington’s
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Share

Author affiliations +

Avoidance of
discrimination
through refusing
testing/

Joly & ol BMC Medicine 2013, 1125
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GI\;: Medicine

RESEARCH ARTICLE Open Access

Genetic discrimination and life insurance:
a systematic review of the evidence

Yann Joly'”, Ida Ngueng Feze' and Jacques Simard”

Lack of evidence that
discrimination
occurs but fear

exists

Author manuscript
o Gerat Couns Author masscngt. available m PMC 2016 June 01

Prablrbied m il edvied form a.
J Gumet Conms 2015 Jume | 243} S12=521. dou'10. 10051 0857.054-97 71y,

’g HHS Public Access

Public A of ic Nondiscrimination Laws in Four
States and Perceived Importance of Life Insurance Protections

Adicka A Parkman,

Genetics Program, Oregon Public: Health Devision, 500 NE Oregon 51, Se 370, Portland, OR
91232, USA

Joan Foland,

Genomics Ofce, Connectiout Department of Public Health, Hartlord, CT, USA

Baih Anderson

Cancer Genomics, Mechigan Department of Community Healh, Lansing, MI, USA

Diebra Duguatte.

Cancer Genomics, Michgan Depariment of Community Health, Lanmsing, M, USA

Holly Sobotka,

Chronic Disease E Program, of Health, Columbues

OH, Usa

Mary Lynn,

Comgeehensave Cancer Control Program, Ohio Department of Health, Columibus, OH, USA
Shelley Nomtingham

Genetics Program, Ohso Department of Health, Columbus, OH, USA.

William David Dotson,

Oce of Puble Heakh Genomics, Centers for Drease Control and Prevertion, Atlanta, GA, USA
Katherine Kolor, and

Cfice of Public Health Genomics, Centers for Disease Control and Prevention, Atianta, GA, USA

Summer L Cox
Genotics Program, Oregon Publc Health Devision, 500 NE Oregan St, Ste 370, Portiand, OR
T332, UsSA

A2 A Parkman aboa 3 parkmand siate o s

Low public awareness of
legislation
High levels of concern
Limited physician
awareness of legislation
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Self-selection by policyholders
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Insurers versus policyholders?

Information
asymmetry

Non-
disclosure

Family
History

500C 9000

500¢ 9000
500¢ 0000

Lack of
professional
counselling

Anti-
selection
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Case study: testing for Alzheimer’s

2% NIH Public Access
‘iéa Author Manuscript
Fens®
Publiched m final edited form as-
Health AfF (Milhwood). 2003 ; 24(2): 483490,

Genetic Testing for Alzheimer's Disease and its Impact on

Insurance Purchasing Behavior

Cathleen D. Zick, PhD,
Professor and Department Chair, Family and Consumer Studies, 225 South 1400 East, Rm. 228,
University of Utah Salt Lake City, UT 84112 Phone: 801-581-T712, Fax: 801-581-5156 Emall:
zick@fes. utah.edu

Charles Mathews, MPP,
Associate, Boston Healthcare Associates, 73 Federal 5t 9th Floor, Boston, MA 02110 Phone: (617)
482-4004 fax: (617) 482-4005, E-mail: cmathews@bostonheaithcares.com

. Scott Roberts, PhD,
Assistant Professor, Department of Neurology Boston University School of Medicins, 715 Albany
St. B-7800, Boston, MA 02118 Phone: 617-414-1195, Fax: 617-414-1197 E-mail: jscottr@bu.sdu

Robert Cook-Deegan, MD,
Director, Center for Genome Ethics, Law, and Policy Institute for Genome Sciences and Policy Duke
University Box 96141 Durham, NC 27708-0141 Phone: 919-668-0793, Fax" 919-668-0799 Email-
bob ca@duke edu

Robert J. Pokorski, MD, MBA, and

Vice President, Worldwide Medical Research & Development, Gen Re LifeHealth Financial Center,
PO Box 300, 695 East Main Street, Stamford, CT 06904-0300 Phone: 203-352-3001, Fax:
203-328-5923 Email: pokorski@genre.com

Robert C. Green, MD, MPH

Professor of Neuralogy, Genetics and Epidemiology, Beston University Schools of Medicine and
Public Heaith 715 Albany Sireet, L-320, Boston, MA 02118 Phone: 617-638-5362; Fax.
617-638-4275 Email: regreeni@bu edu

for the REVEAL Study Group*
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Knowledge of family history

KITS SOLD
<DlancestryDNA
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Level of interest across types of personal genetic information

g o N o
o o o o

Percent of Sample Endorsing
SN
o

30
20
10
0
Ancestry Traits Disease Risk Drug response Carrier Status
m Not Interested Somewhat Interested  mVery Interested

Roberts J et al (2017) Direct-to-Consumer Genetic Testing: User Motivations, Decision Making, and Perceived
Utility of Results Public Health Genomics 2017;20:36-45
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Further research

Report to
CIA Research Committee

Genetic Testing Model for CI:
If Underwriters of Individual Critical
lliness Insurance Had No Access to
Known Results of Genetic Tests

hhhhhh

Genetic Testing Model:

If Underwriters Had
No Access to Known Results

Hepuray

Suty 2004

Material impact on insurer, average Cl claim overall
iIncrease of 26% and concomitant increase in Cl premium
rates

Valuation strain (pricing loss) for the industry from those
who test positive in a single year (based on the
assumptions) would be about 12% of the total death
claims for the year. There may be a concomitant increase
in term insurance premium rates

willistowerswatson.com
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Case study — UK BioBank & KCL
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DNA, chromosomes and single nucleotide polymorphisms (SNPs)

Base pairs

—— =Adenine
=1 = Thymine
3 = Cytosine

= = Guanine

D = Phosphate

backbone

DNA is composed of four ‘building
blocks’ (nucleotides) :

adenine (A), cytosine (C),
guanine (G) and thymine (T)

willistowerswatson.com

SNP
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Chromosome
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y o ‘.
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A single nucleotide polymorphism
(SNP) describes variation in a
single nucleotide position. E.g.,
here, a Thymine nucleotide exists
instead of Cytosine, which is most
commonly observed.

K7/

Human DNA is packaged into 23
pairs of chromosomes

Adapted with permission from RGA presentation materials (see slide 30)
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Genome wide association studies ((GWASes’)

Cases Controls
(people with disease) (people without disease)

feedd  CoO0U

Compare DNA using DNA chip

Disease- Non-disease
specific SNPS SNPS

willistowerswatson.com
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(with high significance)
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PRS: Polygenic Risk Scores

Cases Controls
(people with disease) (people without disease) Polygenic risk scores (PRSs) add
£ together the genetic risk from all
nnononon nononon o . SNPs associated with the disease

PRS = B, -snp,+ B, -snp,+ - B, -snp,

B ;
E 5
>, .
Compare DNA using DNA chip o : )
1 A5 B . ) . . 2, LI - = o
e e Ttooale o+ increase (relax)) prvalue
24 S T I R

I'4 N

Disease- Non-disease
specific SNPS SNPS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Chromosome
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Potential for anti-selection in breast cancer

In Canada and the UK, about 1 Only 5-10% of breast cancer
in 8 women will be diagnosed cancers is attributed to mutations in
with breast cancer in their high- or moderate-penetrant genes "y
lifetime (including BRCA1, BRCA2, TP53, . 3
© 09 o O PTEN, STK11, CDH1, CHEK2, o
g D [J PALB2, ATM, NBN and BARD1)

0 O O O

G G ﬂ {[] e IcBC e Roughly only 10% of women with a
ﬁ @ E?] @ lé‘ family history of breast cancer test

O 0 0O 0 O positive for a hereditary cancer
Prevalence of BRCA1/2 @ @ @ @ @ mutation... what explains the ‘missing
mutation in the general genetic component’?
population: 0.2 to 0.3% Prevalence of BRCA1/2
High — mutations in women with
penetrance breast cancer: 3%

willistowerswatson.com . . . . .
Adapted with permission from RGA presentation materials (see slide 30)



Origins of research

Collere

Approved project: 23203

LONDON

RGA Research
Collaboration with King’s
College London

£ R

Prof, Cathryn Dr Paul O'Reilly Miss Jessye BrBeamce
3 {Senior Lacturer) Maxwell Wu
I_SeanEEiiEm Co-Principal Investigator _ (PhD Student) [Postdocionl
o hwestibatnr Project Research Assistant Ressarcher)
ncipal Project Research
Assoriate

RGA
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Why UK Biobank?

Breadth and Depth Long-term follow up of Genotyping on all 500k

multiple outcomes participants

Data on UK Biobank participants

Gognitive function and
hearing tests

Lifestyle, medical
history,
sociodemographic

Health outcome data

Physical measures Genotyping & imputation

(n = 500,000)
Environmental
measures Web-based
questionnaire data
(~200,000)

Urinary biomarkers

Physical activity
Genetic data via the monitor (100,000)
EGA (500,000)

C Jo CJoC JoCJo
0o cJo &Je Co
o) B dl] ol ol [
CJo cJoCJo CJo
ClJo cJocJo cJo
CJo cJo cJo cJo
CJo cJo cJo cJo

Imaging (15,000+)

https ://www.ebi.ac.uk/about/news/feature-story/biobanks-genetic-data-
demand.Accessed 12 May 2018

willistowerswatson.com
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Other insights from UK BioBank

JobLE

UK Longevity Explorer

Including yourself, how many people are living together in your household?

(Include those who usually live in the house such as students living away from home during term, partners in the armed forces or professions
such as pilots)

e for use, by you or members of your

[ ] individuals

None
One
Two
Three

Four or more

2ot WillisTowersWatson LiI'I'll 23
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Other insights from UK BioBank (2)

.JbbLE

UK Longevity Explorer

Risk prediction in men | women

@ Getting started: User guide for the Association Explorer

More predictive

070
” 070 &
3
2 L]
S 069 e
]
=
)
£
& 069
H
S
bS]
= 069
&
&
3
£

068 ®

068

Less predictive

Less 0.0000001 0.000001 0.00001 0.0001 0.001 0.01

associated
with age

Association with age (R3)™

Home About Contact Lay Summary FAQ Association Exp

Blood assays 9
Cognitive function 0

I:] Lifestyle and environment 9
Physical measures e
Psychosocial factors 9
Sex-specific factors 0
Sociodemographics 9

More
associated
with age

willistowerswatson.com
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‘Underwriting’ UKB participants and predicting disease incidence

UKB:

c. %2 million individuals

o]

@fleCJocJom@ile )
CJo@fleCJoJoCJo
@fe CJocJocJo =@

willistowerswatson.com

=

‘Underwriting’
Process

~+  Prevalent

disease in
hospital
records

+

Self-reported
illness at
baseline verbal
interview (with
Aurse)

‘Standard’ Risk (disease-
free at baseline)
c. 340k individuals

cJocTJo
CJocJo
CJocJo
CJocJo
CJoc Jo

Non-Standard Risk

(c. 160k individuals)
(]

Adapted with permission from RGA presentation materials (see slide 30)

—s

Prediction
Model

Phenotypic risk

factors (age,
gender,
smoking, family
history, BMI,
BP, etc.)

+

Genetics (PRS
fordisease)
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PRS to predict incidence of breast cancer
(RGA-KCL study results)

Decreased risk

v
Increased risk

willistowerswatson.com

Total Participants: 199,517 Total Participants: 143,958
Number of breast cancers: 3,882 (1.95%) Number of breast cancers: 2,684 (1.86%)

0@ v 00

p il Full cohort: P il Standard cohort:
ercentiie Hazard ratio (95% ClI) ercentiie Hazard ratio (95% ClI)

0-1 0.36 (0.21 - 0.63) 0-1 0.41 (0.22 - 0.76)
1-5 0.56 (0.44 - 0.7) 1-5 0.56 (0.42 - 0.74)
5-10 0.56 (0.46 - 0.69) 5-10 0.6 (0.47 - 0.77)
10-20 0.7 (0.6 - 0.8) 10-20 0.71 (0.59 - 0.84)
20-40 0.84 (0.76 - 0.94) 20-40 0.84 (0.74 - 0.95)
40-60 1 (reference group) ——— 0-60 1 (reference group)
60-80 1.21 (1.09 - 1.33) 60-80 1.22 (1.09 - 1.38)
80-90 1.4 (1.25- 1.57) 80-90 1.41(1.23-1.61)
90-95 1.86 (1.63-2.12) 90-95 1.87 (1.6 - 2.18)
95-99 1.97 (1.72 - 2.26) 95-99 1.96 (1.66- 2.31)
99-100 2.51(2.02-3.13) 99-100 2.61(2.02 - 3.38)

Adapted with permission from RGA presentation materials (see slide 30)

Decreased risk

v
Increased risk
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Predicting impact of PRSs is still early

® Genetic loci associated with disease will continue to be found and could confer
additional predictive power

= Correlations with other health and lifestyle factors could be more significant than high
penetrance genes

" Correlations between PRS for different conditions
" Risk of developing a disease may be correlated with severity of disease
= Application of PRS to non-Caucasian populations
" Preventative or mitigating actions, such as:
" Screening programs based on PRS may limit mortality impact

" |mpact of preventative lifestyle actions unknown
" Pharmacogenomics, precision medicine etc.

willistowerswatson.com . L. . ) )
Adapted with permission from RGA presentation materials (see slide 30)
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Research into anti-selection risk from genetics: Assumptions

Genetic Risk Assumptions I Insurance Assumptions

* Prevalence of disease variants * Testing Rate

* Penetrance of disease variants * Seeking insurance etc.
Strengthgn _ Still great uncertainty
assumptlons using and more research is
UK Biobank results needed

willistowerswatson.com . L. . ) )
Adapted with permission from RGA presentation materials (see slide 30)



Potential for anti-selection — example in breast cancer
(Central of three scenarios)

g
Percentile % in Hazard ratio Probability of % in new 8 g 88
general for breast purchasing risk pool ﬁg 2889
population cancer insurance * g Y ﬁggggi
¥ 8@5 iy
#9 Unﬁgﬁﬂﬁﬂgi
0-1 1% 0.41 0.71x 0.7% igo ggﬁ gggﬁgg
1-5 4% 0.56 0.78x 3.0% i%@ﬁ@@ﬁ%gﬁgﬁgiﬁ * +7% increasein
incidence

5-10 5% 0.6 0.80x 3.8% ¢ « +8% increase if
10-20 10% 0.71 0.86x 8.2% include
20-40 20% 0.84 0.92x 17.7% gg BROALZ
40-60 20% 1 1x 19.2% 904 [ji‘}@ﬁ assuming 0.2%

- - g@gf}ggui E)rev alen cge an do
60-80 20% 1.22 1.11x 21.4% ﬁ%@@%ﬁ 14 by odds ratio)
80-90 10% 1.41 1.21x 11.6% gﬁggggﬁgggilzt

y

90-95 5% 1.87 1.44x 6.9% @ggﬁ gﬁ%ﬁ%gi;‘
95-99 4% 1.96 1.48x 5.7% L L
99-100 1% 2.61 1.81x 1.7%

willistowerswatson.com . L. . i )
Adapted with permission from RGA presentation materials (see slide 30) 29



Further information

Approved project: 23203

RGA Research
Collaboration with King’s
College London

ﬁﬂ

Prof, Cathryn Dr Paul O'Rellly Miss Jessye Dr.Bcaice
Lewis (Serior Loonirey Waxwell
\'E'leﬂ r Lecturer}

(PO Student)
Co-Principal Investigator Project Research Assistant

Project Research

Peter Banthorpe, Senior Vice President and
Head, Global Research and Data Analytics

protection-business-from-advances-in-statistical-genetics

risk-in-the-presence-of _6dcc60cd6.html

Peter.pptx

willistowerswatson.com
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https://www.rgare.com/knowledge-center/media/articles/the-risk-of-anti-selection-in
https://www.actuarial-center.org/the-importance-of-genetics-on-mortality-and-morbidity-
https://www.cass.city.ac.uk/__data/assets/powerpoint_doc/0009/437463/BANTHORPE-

Pooling, trends, catastrophes
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Pooling —to what extent do we want to pool varying risks?

Thinking about life Potential lapse of in-force policies
Insurance through a

genetic lens, Dr Damjan o _ _
Vukcevic & Jessica Chen Potential increase in claim cost

a4 B

Restrictions on factors

More-tailored Much larger pools and that are allowed to be
premiums, based on restrictions on = used for pricing
smaller pools B~ ‘tailorability’ premiums and setting
exclusions

A 4R

21-23 May 2017

- <
' Grand Hyatt Melbourne

Actuaries
Summit

Think Differently

willistowerswatson.com WillisTowers Watson Li'1"l:l
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Trends

What are the likely impacts of personalised medicine on mortality trends?
" Negative contribution to trend from gradual impact of anti-selection

" Positive contribution from improving care following personalised treatment
" Impact currently still relatively minor
" Medium-term impact limited to a range of cancers?
= Longer-term impact: ?
" Positive contribution from improving ‘self care’ following personal test results?
= Likely to vary strongly by socio-economic class
® Qverall impact will depend on culture, attitudes and health provision in different countries

What are the likely impacts of personalised medicine on CI trends?
" Negative trend from gradual impact of antiselection

" Negative trend from earlier / more reliable claim diagnostics
= ... butearlier screening (from better diagnosis) could reduce emergence ‘full’ condition

‘Negative’ = negative improvements, ie a worsening of the claims impact

willistowerswatson.com WillisTowers Watson Li'I"Ll 33
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Catastrophes

Life insurers need to consider capital
requirements in the event of a 1-in-
200 mortality catastrophe

" Generally relate to heavy pandemic and/or
terrorist (or similar) incident

= Availability of technology to ‘make your
own genes’ could allow feasible scenario of
easily bio-engineered super-pathogen?
" Probability? — fits 1-in-200
" Impact? — much worse than Spanish flu

willistowerswatson.com
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