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Use of Genetics in Insurance and
Direct-To-Consumer (DTC)
Genetic Testing

Genetics has always elicited a varied set of views
across stakeholders

DNA and Insurance, Fate and Risk
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Increasing levels of interest in Genetics! and Genomics?
for medical applications

High degree of promise Falling costs and increased availability

* Prevention of disease manifestation + The first human genome took $2.7 billion and
+ Motivate Lifestyle modification almost 15 years to complete

* Precision medicine - Now it costs about $1,000 and the sequencing

- Pharmacogenetics can be done in a few days
« Cancer treatment .
 In a few years it may only cost $100
+ Prenatal and Newborns screening

+ Accurate diagnosis of rare disease * Multiple providers of DTC testing

» More accurate disease prognosis

- Disease recurrence detection

. ing!
Everything! 289,
0 Institute
i S\ | and Faculty
s | of Actuaries
25 Noverber 2017 1: Genetics is the study of inherited traits and genes. (simplistic view) °

2: Genomics is the study of how a set of genes behave. (complex view)

Increasing levels of interest in Genetics and Genomics
from governments and regulators

First Session, Forty-second Parfiament,

AU LI U1 EUTUE OIS U1 IVTETIUET LU LU LG I IEUL LE 1 64-65-66 Elizabeth I, 2015-2016-2017
nsurance purposes

STATUTES OF CANADA 2017

An Act to prohibit and prevent genetic
discrimination

ASSENTED TO
MAY 4, 2017
BILL §-201
Council of Europe State of New York Canadian Genetic England CMO Annual
Recommendation Jan 2017 Non-discrimination Act Report
October 2017 May 2017 July 2017
=
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DTC genetic tests (DTC-GT)... spreading the genetics
dream or the Wild West?

- Companies selling genetic tests directly to the public
are proliferating in both number and diversity. Minimal
regulation in UK

+ A 2017 paper in the European Journal of Human
Genetics identified 65 DTC-GT companies advertising
their services online to consumers in the UK

+ A 2017 market report from Credence Research, Inc.

suggests that the annual revenue of the DTC-GT ‘We are going to have to explain to the public
. o . that there are cowboys out there giving you
market is expecteq 1_:0 grow to $340 million in 2022 data that they don’t understand and we won't be
(currently $70.2 million) able to explain’
(Prof Dame Sally Davies, 2017)
ﬁgg}%;\ Institute
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Example: 23andMe and disease risk

« 23andMe provide information about disease risk and susceptibility, carrier status, drug sensitivity,
traits and ancestry

+ New FDA approval from April this year allows 23andMe to tell US consumers about their risk for 10
conditions, including:

— Late-onset Alzheimer’s disease
— Celiac disease

— Parkinson’s disease

Peter Banthorpe
Parkinson's Disease (LRRK2- and GBA-Related)- ; Welcome to MyGeneRank

This app allows you to utilize your pre-
existing genetic data to understand

Does not have any of the variants associated with Parkinsoen's 4 i -
your estimated genetic risk for disease.

disease reported by 23andMe. May still have other mutations
associated with Parkinson's disease (not reported here). Other The app is for personal use and for participation

genetic and non-genetic factors can also influence risk. aifsseach smdygi::',g;sfi:llu Hesn frore bt Q‘%‘S X
2 Institute
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Scientific Background
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Genome wide association studies (‘GWASes’)

+ A GWAS compares SNPs across thousands of people with and without a particular
disease / phenotype

—~
) e
\ / S. t
Patients o y 1) Non-patients g TR,
Scpy d ') . °
= S o
Patient DNA Non-patient DNA —? i

Compare
differences
todiscover
SNPs associated
with diseases ‘ I T wow oo
Disease-specific SNPS Non-disease SNPS Chromosome -
4%,
299 = | Institute
é}&ﬂ»\ and Faculty
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Disease prediction using GWAS results

+ GWASes have been highly successful at identifying
genetic variants associated with disease

+ The first GWAS, conducted in 2005, compared 96
patients with age-related macular
degeneration with 50 healthy controls. It identified
two SNPs with significantly altered allele frequency
between the two groups

‘ Since the ﬁrSt landmark GWASGS, Sample sizes The National Human Genome Research Institute
have increased (Some in the range Of 200 000 (NHGRI) Catalog of Published GWAS provides a publicly
. L. . k ’ available manually curated collection of published

IndIVIdua|S!). This means SNPs with smaller odds GWAS assaying over 38,000 SNP-trait associations from

ratios and lower frequency can be identified more than 2,800 publications as of May 2017.
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Prevalence vs. penetrance

Highly
Mendelian unusual for
disease common
diseases
Low-
frequency:
variants with
Penetrance intermediate
penetrance o
Hard to variants
identify identified
genetically by GWAS
Low
>
I~
Prevalence %@g Institute
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Polygenic Risk Scores (PRS)
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A central point of debate on GWASes is that most SNPs are
associated with only a small increased risk of the disease, and
have only a small predictive value (especially when compared
to classical risk factors such as family history or cholesterol)

The finding that multiple DNA variants are associated with
common disorders is leading to disorders being thought of in
quantitative terms

As multiple DNA variants are identified, they can be
aggregated into composites that represent the polygenic
liability that underlies common disorders

Polygenic risk scores (PRS) capture much more information
by looking at a much larger number of variants genome wide
(not just the highly significant SNPs)

23 November 2017
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PRS are based on the selection of SNPs which, individually, do not have to

achieve significance in large-scale GWAS

The score is typically calculated by adding the number of risk alleles (0, 1, or
2) carried by each individual weighted by the effect size () of the SNP-trait

association:

PRS = f,-snp,+ [, -snp, + -+ B, - snpn

Since even large GWASes achieve only marginal evidence for association
for many causal variants, PRS are usually calculated for a set of P-value

thresholds (e.g., P = 1x10-%, 1x10+4, ..., 0.05, 0.1, ..., 0.5)

23 November 2017
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Sample of PRS in literature (1)
Condition Genetic iants Difference in Risk
Coronary Artery Disease 60 2x (top to bottom 20%)
Coronary Heart Disease 49,310 1.8 to 4.5x (top to bottom 20%; depending on cohort tested in)
Type 2 Diabetes 1000 3.5x (top to bottom 20%; after adjustment for standard risk factors)
Ischemic Stroke 10 1.2x to 2x (top to bottom 20%)
Breast Cancer 77 (from 1 PRS) 3x (top to bottom 20%)
Breast Cancer (in women of 44 (from 1 PRS) 2.9x (top to bottom 20%) — impressive given majority of SNPs
East Asian ancestry) associated with breast cancer risk have been conducted with
European descendants
Prostate Cancer 77 (from 1 PRS) 4x (top to bottom 20%)
Lung cancer 38 4.6x (top to bottom 25%)
4
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and Faculty
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Sample of PRS in literature (2)

Condition Genetic Variants Difference in Risk

Sporadic early-onset Alzheimer's 21 (not including APOE alleles)  2.27 [6.44 when including APOE alleles] (top to bottom tertiles)

disease
Alzheimer’s disease 31 (not including APOE alleles) 3.34 (top to bottom deciles; in normal APOE [£3/3] individuals)
_ o - ) ) )
Alzheimer's disease 356,033 AUC. 78.2% (logistic regression model with APOE, the polygenic score, sex and age as
predictors)
IBD 2,986 5.69 for Crohn’s disease and 3.35 for Ulcerative Colities [top to bottom deciles]
Colorectal cancer (in Japanese men) 6 Including PSR significantly improved c-stat for classification from 0.6 to 0.66
Higher polygenic scores predicted a greater number of alcohol problems (range of Pearson partial
Alcohol problems 1,115,557 correlations 0.07-0.08, all p-values < 0.01).
Migraine 21 Odds ratio equal to 1.6x (case vs. control; 2x for migraine without aura)
Psoriasis 16 12.3x (top to bottom 25%)
SsgngaDsCular mortality in patiens 32 Hazard ratio of 1.5 (top to bottom 50%), after adjustment for classical risk factors)
Recurrent cardiovascular events in . o
patients with CAD 45 Hazard ratio of 1.5 (top to bottom 50%)
Venous thromboembolism 16 1.5x (top to bottom tertile)
Melanoma risk 15 2.6x (top to bottom quintile)
23 November 2017 18
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PRS for coronary heart disease increases predictive
power, even after adjustment for clinical risk factors
« This study tested the clinical utility of a PRS for coronary heart F o FHS men
disease (CHD), in terms of lifetime CHD risk and relative to a @7
traditional clinical risk 5 2
+ PRS tested in independent cohorts (combined n = 16,802 with E =
1,344 incident CHD events) and contrasted with the B
Framingham Risk Score (FRS) 5 81
-
* The HR for CHD from the PRS was 1.74 and 1.28 for the 'E &
FRS. Further, the PRS was largely unchanged by ;E =
adjustment for known risk factors, including family E S
hlStOI’y (3 h I 1 I I T I I I
 Integration of the PRS with the FRS significantly improved 10 40 45 50 55 €0 65 70 75
year risk prediction Age (years)
?ggg%; Institute
B | atene,
23 November 2017 19

How could PRS be adopted into clinical medicine —
cancer screening

+ Individuals with the highest 1% or 5% of PRS values D Al breast cancers
could be offered: L "
—a5-59%
— Regular screening 010 an.as -
—H0-50% .
. P : : ] —coe0% _/‘/\ -
— Encouraged to participate in lifestyle modifications PILL R —— e
— Prescribed therapeutic interventions § - o
™ —10
« For example, in the UK, mammogram screening is E o ////\
initiated at age 47, based on a 10-year risk of breast Trreshalt _
. e e
cancer in the average woman, but: oo P — ——
— Women in the top 5% of PRS-risk reach the average o0
w0 5 30 35 490 45 50 55 &0 &5
level at age 37 Age.y
— Women in the lowest 20% of PRS-risk will never reach __Sour_ce: Mavaddat et a_I: Pre_diction of breast cancer risk based on
the average level profiling with common genetic variants. J Natl Cancer Inst 2015, 107(5)
=
Source: Prospects for using risk scores in polygenic medicine. Forthcoming. Cathryn ﬁf‘i?\ Iannséltlgatiulty
M. Lewis, Evangelos Vassos e‘* 217 | of Actuaries
23 November 2017 20
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How do PRS interact with lifestyle?

* A genetic predisposition to coronary artery disease is not deterministic but attenuated by a favorable
lifestyle. Khera et al. 2017 (NEJM):

M Favorable lifestyle B fiate Iifestyle B Unfavorable lifestyle

A Atherosclerosis Risk in Communities B Women's Genome Health Study € Malmé Diet and Cancer Study
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Offspring PRS for education and parental longevity

 Individuals with more education-linked genetic variants had longer-living parents. Marioni et al. 2016
(PNAS):

Generation Scotland UK Biobank Estonian Biobank
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Genetics a
selection

nd Risks of Anti-

23

Canadian Institute of Actuaries Report, July 2014

+ Considered 13 genetic conditions with known
impact on mortality

+ Concluded mortality experience in the long-

run would increas
— 35% for Males

— 60% for Female

e by:

S

+ January 16 paper considered 6 conditions
impacting Critical lllness — showed lower

Senng eyt . Camochon ittt
insicie ot

anasan

Report lo
CIA Research Commitiee

- &

Genelic Testing Model:

o
If Underwriters Had tommittes
No Access to Known Results
Wodel for CI:
#ividual Critical
d No Access fo

impact
X
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Canadian Institute of Actuaries Report, July 2014

Assumptions

Genetic Risk Assumptions

Condition  Prevalence Penetrance Predicted Tested  Male Standard G

BRCAlor2 500 5% 200% S0% 30 % o 15 * Testlng Rate
HTCM 500 % am 5% 5 S0 o o . .
i) 2700 T Qo4 2% 35 W 0 10 *  Seeking insurance
ARVEM 1250 TN oo 5% 5 50 o o
Long QT 3000 5% o.0m 5% 0 S0% o o H
i o I B T e e g W . . Dech.n‘ed (due to other
Muntington 2000 9O%  1000%  SO% 25 50% 5 10 conditions)
PED 1000 100% S00% 5% 0 50% .1} 15
DM1ar2 B000 el S00% 0% 5 50% 15 10 . Face amount
ADEQ T 100% 1000% S0% 0 S0%. 15 0
HNPCC 500 50% 300% 50 0 50% o 15
Marfan 5000 S% | so% | So% | 20 s0% [ 0 Lapse
CPVT 10000 5% 1000% 5% x 50% 0 5
Conversion

Source: Genetic Testing Model: If Underwriters
Had No Access to Known Results. Robert Howard.
Canadian Institute of Actuaries, July 2014

Policy modelled

Insurance Assumptions

1/30 p.a.

75%

5%

$900,000

0.5% or 3% p.a.
50%-100%

Convertible Term to
65

-
Policies Purchased = Population * Prevalence * Tested % * Not declined * (1 — Predicted) ;z‘i"% Institute
4@)«.\ and Faculty
s | of Actuaries
23 November 2017 25
Society of Actuaries analysis, October 2017
=
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Thinking about life insurance through a genetic lens,
May 2017

+ Discussed the concept of polygenic risk scores St [ 2 e
+ Considered Trauma (Serious lllness) Insurance kit e ronce v
+ Allowed for purchasing behavior ahead of genetic testing
* Model considered 3 conditions

+ Only presented as “illustrative”

+ Impact of 1.8% on claims costs (does not appear to
consider larger insured pool to offset)

» Noted many the current research findings are based on
studies of Europeans

=
’ %525 Institute
i&ﬂu\ and Faculty
S22 | of Actuaries
23 November 2017 ”

Thinking about Life Insurance through a genetic lens,
May 2017: Assumptions

L , Prop. trauma claims » Insured already 8%
Increase in risk relative to due to condition
Top 3 diseases Prop. high risk the ‘low risk’ group® loges 35 to 65)** L ; ; 0 o,
ow Risk Policy Lapses 20% (+5% to base
CAD 20% 45% 12% yLap b (+8% )
Breast cancer 0% % 12% *  Purchasing insurance E
Prostate cancer 1% 1% 10% prior to test veryone
Total 28% L_31% %
*For this analysis, ‘low risk’ means ‘nat high risk”. *  Keep insurance post test  Only high risk
**Based on the survey by FSC & KPMG [2017]. However, the survey provided cancer claims as a whole: the
further breakdown info breast and prosiote concer provided here was cbioined from AIHW (2017). Face amount (implicit) Average
* Proportion tested 0.5%
* Increase in risk 1% |7
X
2‘59 Institute
;zk.\ and Faculty
o520 | of Actuaries
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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
Preventative or mitigating actions, such as:

Screening programs based on PRS may limit mortality impact

Impact of preventative lifestyle actions unknown

Pharmacogenomics

Application of PRS to non-Caucasian populations

Institute
and Faculty
of Actuaries

23 November 2017

29
Input data
Input data based on the Khera et al. paper:

50 SNP PRS for CAD
Inter-quintile range between 1.75 - 1.98 The NEW ENGLAND
. JOURNAL of MEDICINE

4 Lifestyle factors
Smoking
Healthy BMI Genetic Risk, Adherence to a Healthy Lifestyle, and Coronary

Disease

Physical Activity once a week Col Com, P . gsman bt WD, R s, M, D e, 1O\
Healthy Dlet J.I.. g 2364 December 15, 2016] DOI 10 105ANEIMoa 1605085

End points
MI, Revascularization, Death from CHD Institute

and Faculty

of Actuaries

23 November 2017 30
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Potential for anti-selection — example based on PRS for
CAD: Simple Model
Assumed Proportion : :
in Standard Insured Relative Risk across
Population group
. |High 0
5 |(osre-on| 182 0% n/a
‘_4C3 Intermediate
g (Score =2) 1.16 154 70% 1.6
c
.g Low
5 |(Score=3) 1 1.33 1.90 30% 1.38
Low Intermediate | High
(bottom 20%) | (mid 60%) | (highest 20%) 100% 1.54
Genetic risk ‘
Twice as likely oS | mstitute
obuy [ _L1eacesw) | AU et
23 November 2017 31
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Huge ongoing interest in genomics and genetics

Insurance industry benefits society and in a non-compulsory market needs to limit information
asymmetry to remain viable

Widespread adoption of polygenic risk scores would increase anti-selection risk over
consideration of high penetrance genes only, if insurers were not able to assess the same
genetic information

The commensurate increase in premiums might be in the range 3%-10% based on very simple
modelling and accepting the large degree of uncertainty in how PRS will emerge into clinical
usage

Additional research is needed to understand both the science and the interaction with
insurance buying behavior
Institute

and Faculty
of Actuaries
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Questions

The views expressed in this presentation are those of invited contributors and not necessarily those of the IFoA. The IFoA do not endorse any of the views
stated, nor any claims or representations made in this [publication/presentation] and accept no responsibility or liability to any person for loss or damage suffered
as a consequence of their placing reliance upon any view, claim or representation made in this presentation.

The information and expressions of opinion contained in this publication are not intended to be a comprehensive study, nor to provide actuarial advice or advice
of any nature and should not be treated as a substitute for specific advice concerning individual situations. On no account may any part of this presentation be
reproduced without the written permission of the authors.
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