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WE ALWAYS
OVERESTIMATE THE
CHANGE THAT WILL

OCCUR IN THE NEXT
TWO YEARS AND
UNDERESTIMATE THE
CHANGE THAT WILL
OCCUR IN THE NEXT TEN.
DON'T LET YOURSELF BE
LULLED INTO INACTION.
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A tale of tyvo disciplines: @ SOCIETY
our talk will try to link the two
Genetics Implications for Insurance
* Brief science lesson « Consider various
« Recent scientific products
developments * Life
* The road from science to + Critical lliness
medicine » Longevity
. Cause « Consider various types of
+ Diagnosis Impact
e Treatment e Selection

 Anti-selection
« Claim rates

Ethical questions

Outstanding questions
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. . . ACTUARIAL
Starting with a quiz @ SOCILTY

Please raise your hand if you:
1. have had a genetic test?

2. know someone who has had a genetic test?

3. think you can use the results of genetic test
results to underwrite?

4. know what whole genome seguencing Is?
Know what a gene variant i1s?
6. have heard of www.23andme.com?

o

We’re not looking forward to questions from those

who put their hand up every time!
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http://www.23andme.com/

ACTUARIAL
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‘For decades knowledge of genetics has had a large role
In the healthcare of a few patients and a small role in the
healthcare of many. We have recently entered a transition
period in which specific genetic knowledge is becoming

critical to the delivery of health care for everyone.’
Guttmacher and Collins (2002)

New Engl J Med 347: 1512-1520
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Why Genetics?

Chromosome

Telomere
Centromere

Human cell

Mitochondria
Nucleus

Endoplasmic reticulum
Golgi apparatus

Telomere

Cell membrane

DNA (double helix)

Sugar phosphate backbone o\ W

Nucleotides —

Cytosine
virtualmedicalcentre.com

Thymine

One Gene — One Protein

ACTUARIAL
@ CILTY

|dentify differences
In the genome
that alter who we
are, how we function
and our risk for
disease
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Genetics in a Century -
A link with technology

Microscope and dyes

Chemical analysis

Chromosome Banding

Gene cloning
Sequence the DNA Code

Polymerase Chain Reaction
(PCR)

1886

1956

1973

1977

1983

1987

ACTUARIAL
SOCIETY

OF SOUTH AFRICA

Chromosomes

Role of DNA
DNA Double Helix

Chromosomes carry genes
Human chromosome abnormality

Study gene
DNA sequence

Automated DNA Sequences
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Genetic Disorders @ SOCIETY

OF SOUTH AFRI

e Chromosomal
 Biochemical

« Mendelian (single gene)
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Chromosomal Disorders @ SOCILTY
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46 chromosomes
+/- 1,000 genes per chromosome

DNA Sequencing | MLPA CGH FISH Chromosome Banding
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Single Gene Disorders @ SOCILTY

OF SOUTH AFRICA

* Clinical features
 Inheritance (population and family)

 Autosomal dominant

 e.g. Huntington disease or breast cancer

 Autosomal recessive

 e.g. Cystic fibrosis, sickle cell anaemia, albinism
« Xlinked
* e.g. Haemophilia

« Molecular diagnosis (DNA sequencing)
2012 CONVENTION 16 -17 OCTOBER
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Single Gene Disorders @ SOCILTY
. - Huntington Retinitis Cystic
Albinism Haemophilia u_t gto : ~YSte
Disease Pigmentosa Fibrosis
Population Biochemical Population : Commpn
- . - Inheritance population
specific specificity specific .
specificity
OCA2 and TYR F8 and F9 HD1 and HD2 >53 genes CFTR
0 0
100% detection ? 1.00/0. 30% Detection Commqn ElUv)
confirmation Unique
DNA Sequence DNA Sequence DNA Sequence
DNA Sequence and RNA DNA Sequence Microarray Microarray
Sequence NGS NGS
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Genetic Disorders @ SOCIETY

OF SOUTH AFRICA

“How many genetic disorders are there?”

SPECTRUM OF HUMAN DISEASE

/
MONOGENIC  INCOMPLETE \
MONOGENIC MULTIFACTORAL  ENVIRONMENT
| SUBTYPE PENETRANCE
|
HAEMOPHILIA FALCI;ITSERNV HV TB  SCURVY

o e e o o e o e e e e .

1 BRCA1/2 DIABETES

\ Autism ,

\\ Schizophrenia Y
S e e e e m == Burden of Disease |= = = = = = = = = -
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Human Genome Project @ SOCIETY

Decode all 3 billion DNA base-pairs in a human cell
« Understanding cause and process of disease
« Reveal genetic predisposition to disease
- New diagnostic tools

* New therapy options

I Yoy & U.5. Department of Energy Human Genome
° Persona“sed medICIne Frogram: http:/fwww.ornl.gov/hgmis/home shitmi

CARE = INTERVENTION =™ PREVENTION
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Human Genome Project @ SOCIETY

"Humankind is on the verge of gaining immense, new power to
heal... It will revolutionize the diagnostic, prevention, and treatment
of most, if not all, human disease“...

"We'll go from knowing almost
nothing about how our genes
work to enlisting genes in the
struggle to prevent and cure
iliness. This will be the scientific
breakthrough of the century,
perhaps of all time.”

Bill Clinton, 2000
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Whole Genome Sequencing
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January 2008: Transition to

‘next generation’
$100 000 000 - .__'_' sequencing[chnologies
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Year
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Knome $39,500
Complete Genomics $10,000
lllumina $ 5,000
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Whole Genome Sequencing @ SOCILTY

OF SOUTH AFRICA

*Craig Venter «James Watson

«2004 «2008

«Capillary sequencing *Next Generation sequencinn
10 years *4 months

*US$ 17 million *US$ 1,5 million

TH K * | The Human Genome
I" nome Interpretation Compary™
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No. of papers

ACTUARIAL

Genome Wide Association Studies @ SOCILTY
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OF SOUTH AFRICA

Number of papers published in each year

Percentage of GWAS

Populations

. N
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1300 Loci and ~200 diseases or traits
Variant disease effects 1.2x
Unknown: Rare causal and heredity

Percentage of GWAS Publication

Topics
Diseases Chemical and Drugs Psyhiatric and

Psychology
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Limitation to Whole Genome Studies @) SOCIETY

Low predictive power
Population variance
Environment
Complex cell and

molecular
biology

NGS Publications
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Solution:

High-throughput next
generation sequencing
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Clinical Translation @ SOCIETY

OF SOUTH AFRICA

s
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Pharmacogenomics @ SOCIETY

OF SOUTH AFRICA

Effect of many genes on drug response and efficacy

VKORC1, CYP2C9,

Maintenance Dose CYP4F2, CYP2C18

Anti-platelet effect CYP2C19
Toxicity — chll_dhood SLC101B1
leukaemia
Induced myopathy SLC101B1
Increased toxicity UGT1Al
Chemotherapy

yielded ineffective KRAS
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Gene Expression Profiles @ SOCIETY

OF SOUTH AFRICA

Gene expression tumours
Uses:
« Pathological classification of tumour

« Rate of recurrence (10 years) no relapse _ "elapse

IIllllllllllllllllllll***l**i**l**l**

« Treatment protocols
Intervention:
» Chemotherapy or not

Breast Cancer, Melanomas and

sauab Buneuiwuosip

Colon Cancer

sg3za4gB3ReaRaRaRAR2345aE
3533008438 S8RRE8EIT 20T
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Biology Systems @ SOCIETY
A Horizontal genomic meta-analysis B Vertical genamic integrative analysis
Mlcroarray studies . PO
Combine § GWAS i‘éﬁ ¥$S@ goes
CA..TTC
Class1 Class 2 Class1 Class 2
I I I dem xmc vamble.'
emical tralt:,
Study 1 Study 2 Study K °“'““' variables
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1000 Genomes

A Deep Catalog of Human Genetic Variation

Research | Threads

Personal e
Genome
Project

ENCOD

| Additional Research | News and Comment | About | Sponsor

ENCODE

b ENCODE?

NIH HUMAN , miRBase
MICROBIOME = | e

PROJECT
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NGS Exomes and Genomes @ SOCILTY

« Data acquisition
« 3 million variants per run

« Computing power

« Variant interpretation

« Clinical interpretations and translation

* Improved prediction
* Management and preventative options

e Treatment
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African Populations @ SOCIETY

OF SOUTH AFRICA

Exposure to infection Diet Socioeconomic status Exercise Lifestyle choices
HOST FACTORS

EPIGENOME GENOME p—

Early development Lifestyle
Differentiation : Physiology
Response to environment Pathology

Ageing S
Pathology Demaographic < %
History

\ Human

AFRICAN POPULATIONS Microbiome
High genetic diversity

High population structure

Low linkage disequilibrium Metabolism

‘ ‘ Immune response ‘

Mediators of the Phenotype

1

“Genomic medicine premised on role of ancestral variants
in disease processes” prof Michele Ramsay

é Differential gene
: expression
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South African Genetic Services @ SOCIETY

OF SOUTH AFRICA

To help people S —
understand how genetics

Private 0 5

effects their lives and Cytogenetics

Types Serogenetics
Genetic
health Test _ Molecular
(including NGS)
Detect the genetic basis  Number of ” 200

Test

Predict risk of event

Diagnostic Genetic Test 2008

NHLS 16,073
management Private 3,392

Prevention and
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International Genomic Profiling @ SOCIETY

OF SOUTH AFRICA

™ © deCODEMe
y m n How deCODEme Works Health Genetics Explained Store

4 About deCODEme  Customer stories  Scientific leadership Editorial team  Privacy and secuity  Video gallery

ancestry health how it works store help

deCODE | deCODE e
Your | YOUR
HEALTH | | HEALTH E

BUY NOW

Know you genetic risk for 47 diseases and conditions. $1 ! 1 00

deCODEme is a personalized test that will tell you about yourself. It can help you personally manage certain =D -

aspects of your health and can motivate you to apply lifestyle changes to help you live longer and better. It
can also help you and your doctor tailor a preventive medicine program. The results of the deCODEme test
become a resource for you and your physician at different time points of your life.

P DNA AND HEALTH

23andMe helps you
explore your DNA.

Learn about your ancestry,
health, traits, and more.

One price. No subscriptions.

HERE’S HOW IT WORKS

| want Add to Cart

to learn about

my health. ©

o Visit our store o Collect your sample e ‘Your DNA is analyzed o View your results
- g TR v \ 5 e ez ve
e D s ®%  acome sy QNN towitwods s r s nop |
Take a more active role Z3ardMe sstmales your genetic chances o getig
Joxmomt wecsowy. Yerdmans in managing your health Type 2 Diabetes

The Most Comprehensive DNA e i T

Ancestry Service in the World. ) ASLOWAS  ASHIGHAS o
8% | 623 Be part of a 10,000 person movement to power

genetic research for African Americans

Be o the lookout now
& Koowng your heatn rsonaize y
risks il help you and incare by knowng
 doctor ] i acvance how you wi
respond o certan
R por

ions ke
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South African Genomic Profiling @ SOCIETY

OF SOUTH AFRICA

aaaaaaaaaaaaa

Home About Products Step by Step News Downloads FAQ Blog Practitioner Site Contact

(S
gknowmix

genetic knowledge integration

T GENEAiAngchs
POWER THROUGH KNOWLEDGE™

¢ dna

- Genetic insights for health and nutrition

i Genetic Testing Empowers You
DNA Diet is a new approach to nutrition and health. By purchasing one of our products you will receive insight into I have my klt
your genetic makeup. We provide you with a personalised nutrition and lifestyle plan. Click here to get started

dna diet dna health dna diet
8 genes 20 genes 12 genes
R1,350 R2,700 R2,950
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Search 23andie Go Login Register Your Kit | Blog  Help = | Cart
23andMe genetics just got personal.

welcome ancestry how it works

Personal Genome Service™
Get to know your DNA. All it takes is a little bit of spit.

Here's what you do: stm

o

1. Order a kit from our online 2. Register your kit, spitintothe 3. Our CLIA-certified lab analyzes 4. Log in and start exploring your
store. tube, and send it to the lab. your DNA in 6-8 weeks. genome.

Frequently Asked Questions

visit the store
* Howdoes 23andie genotype myDNA? 1 po ) ww 03ANDMECOMHOWITWORKSY

+ Why cant 23andMe diagnose me? try a demo


https://www.23andme.com/howitworks/

23andMe

Search

Greqg Becker  Account

Help Blog  Logowt  Cart

Atemporary password has been sent to your email. Please check your email for instructions. Order your Fersonal Genome Serice no.

health overview

My Home
Inbox

k Iy Health
Dizease Risk
Carrier Status
Drug Respaonse
Traits
Health Labs

My Ancestry
Maternal Line
Paternal Line
Felative Finder
Ancestry Painting
Global Sirmilarity
Ancestry Labs

Sharing & Community
Zompare Genes
Family Inheritance
23andMe Cormmunity

Genome Sharing

23anidWe
Fesearch Surveys (31)
Research Snippets

Fesearch Initiatives

Show results for Greg Mendel (Dad) v|

e 23andwie Discoveries were made possible by 23andme members who took sureys.

Disease Risks (115)
4 Elevated Risks

Atrial Fikrillation
Prostate Cancer
Alzheimer's Disease
Colorectal Cancer

Restless Legs Syndrame

Traits (52}

Alcohol Flush Reaction
Bitter Taste Perception
Earwax Type

Eve Color

Carrier Status (25)

Your Risk Average Risk Hemochromatosis
33.9% 27.2% Alpha-1 Antitrepsin Deficiency
29.3% 17.8% Bloom's Syndraome
14.2% 7.2% BRCA Cancer Mutations (Selected)
7.8% 5.6% Canavan Disease
2.5% 2.0% Cystic Fibrosis
See all 1145 risk reports. . Farnilial Dysautonomia

Factor ¥l Deficiency

Drug Response (20)
Does kot Fluzh Clopidogrel (Flavikgn Efficacy

Inlikely to Taste Wiarfarin (Coumadingl Sensitivity

Wiet Abacavir Hypersensitivity

Likely Blue Alcohol Consumption, Smaoking and Risk of

Eszonhadeal Cancer

Print rmy health overiew

See new and recently updated reports »

“Yariant Present

“ariant Absent

“Yariant Abzent

“Yariant Abzent

“Yariant Abzent

“Yariant Abzent

“ariant Abzent

“ariant Abzent

See all 23 carrier status...

Feduced
Increased

Typical

Twpical
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Medical Conclusions-ActuariaI Questions ACTUARIAL
SOCIETY

OF SOUTH AFRICA

New genetic testing will continue to increase in power and reduce In cost
Technical problems of accuracy and interpretation can be resolved

Some overestimated the role of genetics — genetic determinism

Genetic testing is and will lead to improved medical diagnosis and treatment

This could reduce the cost and improve the effectiveness of healthcare -
health providers may encourage it's use

Good for health and longevity

Life style improvements have already helped to increase life expectancy but
newer preventive therapies will be developed

How much could this improve life expectancy in next 40 years?

Direct consumer testing by Google is a disruptor in innovation and users will
Increase exponentially outside any national control

If the customer has risk information that the insurance company does not
have or cannot use — will selective insurance survive, or how will it adapt?
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Current UK Status: Moratorium ACTUARIAL
SOCIETY

until 2017, to be reviewed in 2014 @77

« Moratorium is the starting
point
* In 2014 we’ll be making
decisions relating to 2017+

* European law can trump
|Oca| In Itlatlves "The Concordat and Maoratorium on the use of predictive genetic test results
= wiarks wvell for consumers. kK means people can insure themselves and their
® Th e I'e are al re ady WI d e familiez, even if they have had an adwverse result from a predictive genetic test.

The maratorium has proved effective since itz introduction in 2001 and has

differences across Europe now boen exterded o 2017
° LOO k Wh at h ap pe n ed W|th th e The moratorium means the results of a predictive genetic test will not affect a consumer's ability to

take out any type of insurance ather than life insurance over £200,000, Above this amount,

G en d er D | reCtlve inzurers will not use adverse predictive genetic test results unless the test has been specifically

approved by the Governmert. Only around 3% of all policies sold are above these limits, The anly
test that iz approved iz for Huntington's Dizease.

ABI News Release

Tuesday, 05 April 2011 Ref: 17511

Insurance Genetics Moratorium extended to 2017

The AB| haz today announced that the long-standing Corcordat and Moratoriom on Genetics,
agreed yyith the Department of Health has been extended to 2017,

Mick Starling, the ABI's Directar of General Insurance and Health, said:

Health Minister Anne Miton said;

"Thiz iz an excellert agreemert that has benefited both patients and
consumers. The extension of the moaratorium will ensure that the public
continue to have confidence in using predictive genetic tests and being
insured.”

To provide ongoing cettainty for consumers, the ABl and the Departtnent of Health undertake
planned reviewes three years before the end of each extenzion. Thiz announcement followes the
2011 reviewy; the next reviesy will take place in 2014,

HTTPZ/WWW.ABLOR G.UK/MEDIA/R ELEASES20I/04/INSUR ANCE_GENETICS MORATORIUM_EXTENDED TO 2017.ASPX



http://www.abi.org.uk/Media/Releases/2011/04/Insurance_Genetics_Moratorium_extended_to_2017.aspx

SOl_Jth Afrlcan Legislation and ACTUARTAL
Guidelines @ SOCIETY

Long-term Insurance Act
* Legal framework

Association for Savings and Investment
South Africa (ASISA)

* Interests and concerns of life
Insurance industry and insured
public

* LOA Incorporated into the
(ASISA), 2008.

* Long-term Insurance Ombudsman
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ASISA Standard on Genetic Testing @ SOCILTY

OF SOUTH AFRICA

« Genetic test results (prior application) — underwritten risk information

« Genetic tests may not be requested

« Genetic test performed after policy commenced may not be requested
* No premiums lower than standard rates for negative genetic test

* Review policy terms based on predictive genetic test result

« Consider specialist screening, medical intervention and treatment

ASISA’s view that in this area the insurance industry should follow rather
than lead common medical practice and consumer attitudes

(ASISA, 2009)
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Life Insurance @ SOCIETY
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 Anti-selection

« impact on 'quality of business' -

_ Sometimes forget you can’t park there?
people get tests and if the tests & Buy PARKING TICKET insurance?

say they're sub-standard, they'll ! We'll pay for all your fines!
~ Only S5 monthly premium. Call **%******

take out policies
« selective lapses I E
* Reducing Medical Errors

o Life settlements and viaticals

Could 23andME help to reduce the 100,000

prescription drug related deaths (pa) in the US? 3

HTTP/WWW.CANCUREORG/MEDICAL ERRORSHTM



http://www.cancure.org/medical_errors.htm

ACTUARIAL

Critical lliness @ SOCIETY

What is a diagnosis?
« Can it be based on genetic analysis?
When is a payout due?
e Symptomatic?
 If it is in your genes, is it from birth?
Is an iliness with a genetic causes a pre-existing condition?

What does earlier diagnosis on a policy with a limited term
doto

« Claim rates
« Anti-selection rates
Anti-selection of those who know their genetic future

3
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Annuity/longevity products @ SOCILTY

* Impaired annuities

« genetic readout’: could it be used to demonstrate ill-
health

e Standard annuity

 anti-selection where only 'high quality' lives take out
the product

e All annuities

« medical advances and improved life expectancy due
to early diagnosis and improved treatment

Random clinical trial of those who had a genetics test to see if insurance

product purchasing behaviour was special: for LTC products it was!

3
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Factors that can have a big effect @ SOCILTY

OF SOUTH AFRICA

« Take-up within society

« Can be quick or slow
 Influenced by cost, reputation, benefits

 Differences by socio-economic groups
* Incremental changes vs Seismic shift

* e.g. Smoking, ARVs, Viagra

7

2004 2005 2006 2007 2008 2009
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Ethical questions
Closing comments

Outstanding questions
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Outstanding questions, outstanding  ACTUARIAL

because they’re good or unanswered? @

 What is a pre-existing condition?

« Information asymmetry: when is it good/bad - because the use of the
Information means that someone will get a higher price for their life
Insurance/annuity

* but what if the higher price is the more accurate price?

 If you have a test, should the information be made available? (will
that discourage or encourage testing? Is that a permissible side
effect)

 If you have not had a test, could having a test be mandatory?

 What is the accuracy of these tests: if they are inaccurate, is their
use like that of a 'generalisation’?

* Proactive use of the data by individuals - should this be encouraged?

* e.g. people presenting at ill-nealth annuity application or to show
that they are healthier than their family history suggests?

 Is there a difference in mandatory or optional use? 4
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Outstanding questions, outstanding  ACTUARIAL

SOCIETY

because they’re good or unanswered?

Should/will companies take advantage of the genetic information and the
asymmetry?

What does this mean for the cost of underwriting when each has many
complex predictors of disease and each is different?

What would it mean if the predictors of early death or longevity were
comprehensive and more accurate than existing processes and
calculations?

Will clients ever go to a PGA (a Personal Genetic Advisor) to get an
estimate of their longevity, and plan savings according to this, or even
bet against the insurance providers?

« Will a traded life settlements market emerge to take the bets?

Should pension schemes ask those predicted to be centenarians to
retire later and encourage the members to build up a large enough pot
to cover their predicted life span?

What will 2020 look like?

| Id, should ...
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En_dmg with a quiZ ACTUARTAL
Raise your hand If you: @ SOCIETY

know what whole genome sequencing is?

know what a gene variant is?

have you heard of www.23andme.com?

think that we have all the answers relating to genetic testing?

4
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http://www.23andme.com/

ACTUARIAL

Any questions or comments? @SOCIETY
 Greg Becker gbecker@rgare.com
* Noelene Kinsley noelene@geneticcounselling.co.za
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