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Agenda 

Science fiction?

Genetics vs. genomics

Science review

Survey of the technology 

Regulatory issues

 Implications for insurance

Will consider all in the 

context of mortality 

and morbidity, product 

development, 

underwriting, and 

claims.
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The World Today

Science 
Fiction

Science Reality
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Do you know the difference between 

genetics and genomics?
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Genomics vs. genetics 

 Genomics is the study of an individual’s 
entire DNA sequence (genome) and how  
genes behave and interact

 Genomic medicine is the use of genomics to 
guide medical decision-making and patient 
care

 Genomics is an essential component of 
“personalized or precision medicine”

Genomics vs. Genetics

• Genetics is the study of 

inherited traits and genes.  

(simplistic view)

• Genomics is the study of 

how a set of genes 

behave.  (complex view)
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Genomics “Basics”

40 trillion 

cells in the 

human body

23 

chromosome 

pairs (one from 

each parent)

2 meters of 

DNA in 

each 

nucleus = 

“genome”

3 billion 

(3x109) base 

pairs - TGCA

23,000 genes 

in 2% of the 

DNA = 

“exome”

Genes make 

RNA that 

make proteins

Non-coding 

areas act as 

regulators

Single-

nucleotide 

polymorphisms 

(SNP’s) = 

Variation of a 

single base pair
Whole Genome Sequencing

vs.

Whole Exome Sequencing
Basis of DTC Testing and 

Polygenic Risk Scores
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The Process:  DNA -> RNA-> Protein 

Genome

Transcriptome

Proteome
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Decreasing cost of genome sequencing
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Uses of Genomic Testing 

Family planning (pre-
conception)

Prenatal and newborn 
screening

Risk prediction (prior to 
disease)

Disease screening, 
diagnosis, and prognosis

Pre-clinical disease 
detection

Disease recurrence 
detection

“Liquid” biopsies

Designing targeted 
therapies
 Pharmacogenomics
 Nutrigenomics
 Precision cancer therapies

Gene “editing”
 CRISPR technology

Rare disease analysis
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Genomic Testing: Challenges

Tests may be difficult to 
interpret – clinical utility

False positive or false 
negatives

May cause anxiety, 
fatalistic views, undue 
optimism

Many genetic variations 
associated with small 
relative risks (RRs)

Privacy, confidentiality, 
data storage issues

Complex regulatory 
environment

Potential for anti-selection 
and non-disclosure

Need to understand 
difference between 
predictive vs. diagnostic
genetic test
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Genomics – Factors to Consider 
Regarding Test Results

 Monogenic disease = controlled by a single gene

 Polygenic disease (common complex) = controlled by many            

genes 

 Genomic results can be predictive or diagnostic
• Predictive = confers a probability of developing a condition

• Diagnostic = confirms a clinical suspicion or family history

 Multiple factors determine the manifestation of a gene
• Environment, lifestyle, family history
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Genomics – Factors to Consider 
Regarding Test Results

Factors to Consider
Analytical validity Is the test accurate in detecting a particular 

genetic variant or its absence?

Clinical validity What is the ability of a test to distinguish 

whether someone has, will, or will not 

develop a condition?

Clinical utility What is the likelihood that the test will 

significantly improve patient outcomes?  

Is the result “actionable”?

Insurers must take these factors into account when assessing any genomic testing!
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Have any of you taken direct to 

consumer (DTC) genetic testing? 
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Direct to Consumer (DTC) 
Genetic/Genomic Testing 

Regulated by individual countries

Can test for…

 Disease risk and susceptibility

 Traits or carrier status

 Drug sensitivity

 Ancestry and paternity Approved 23andMe Testing

Parkinson’s Late-onset Alzheimer’s

Celiac disease Alpha-1 antitrypsin deficiency

Early-onset primary dystonia Factor XI deficiency

Gaucher disease type 1 G6PD deficiency

Hemochromatosis Hereditary thrombophilia

http://www.nbcnews.com/health/health-news/fda-approves-23andme-s-home-dna-tests-10-diseases-n743416
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Does knowing your genomic 
profile influence behavior?

Source:  Hollands GJ, et al.  BMJ 2016;352:i1102

 Study to assess impact of communicating DNA based 

disease risk  on risk-reducing health behaviors

 Looked at behaviors such as smoking cessation, diet, 

and physical activity

 Meta-analysis showed no impact on behavior when 

risk is known
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Genome Wide Association Studies (GWAS)

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

 By tallying which SNPs are 
common to those people who have 
the disease, researchers can 
determine which sections of the 
genome are associated with the 
disease and how much increased 
risk is associated with each SNP.
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Genome Wide Association Studies (GWAS)

 Identifies single nucleotide 
polymorphisms (SNPs) in the DNA 
and correlates with statistical 
probability for disease 

 GWASs have been successful at 
identifying genetic variants 
associated with disease

• 10 million SNP’s discovered

• 21,000 SNP’s associated with 600 
diseases and traits

 Predictive ability is low

Kalf RR et al, Genet Med. 2014 Jan;16(1):85-91

Polygenic Risk Scores
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Polygenic Risk Scores (PRS)

 Independent studies have developed PRS for:

• Cardiovascular disease, diabetes, stroke, dementia, Alzheimer’s disease, breast 
cancer, prostate cancer, colorectal cancer, schizophrenia (with mortality and suicidal 
behaviour), rheumatoid arthritis, obesity, depression, atherosclerosis, bipolar disorder, 
alcohol consumption, major depressive disorder, and many more!

 Many conclude that PRS can significantly improve the 
accuracy of disease risk prediction, even when added to 
the currently used set of predictors.

Is there a risk of anti-selection with PRS or with any genomic testing for that matter?
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Genes are Not Fate

 Genetics and lifestyle factors are independent risk factors for 
coronary heart disease; High Genetic Risk : Low Genetic Risk HR 
1.91

 In high genetic risk group, those with favorable lifestyle factors  had a 
relative risk 46% lower than those with unfavorable lifestyle factors

Khera A et al. NEJM 2016;375:2349-58



22

Have you heard of the term 

“liquid biopsy”?
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Liquid Biopsy 
• A primary solid tumor can 

shed whole cells or parts of 

DNA into the bloodstream 

and these are known as:

• Circulating tumor DNA 

(ctDNA)

• Circulating tumor cells 

(CTCs)

• A “liquid” biopsy is a blood 

test which can detect ctDNA 

or CTCs

Friedrich, MJ JAMA 8 Sept 2017
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Potential Liquid Biopsy Applications 

How might liquid biopsies impact disease incidence rates and pricing assumptions?

• Cancer screening

• Detection of recurrence

• Treatment selection, monitoring of response

• Identification of resistance mechanisms
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Are you familiar with the term 

precision medicine?
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Precision Medicine

• “Personalized” medical care based on an 
individual’s genomics + lifestyle + environment

• Provides more accurate risk assessment and 
disease management

• Creates individualized therapies: “Give the right 
drug, at correct dose, aimed at specific targets”

• Cancer is the ideal disease for precision 
medicine!  Why?  
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Precision Cancer Treatment

 Tumor sequencing

 Tumor sequencing may become the “standard of 
care” in oncology in the (near?) future

 The value of this testing remains controversial

Tumor specimen 
sent for genome or 
exome sequencing 

and compared 
with normal cells 

Mutations and 
variants can be 

detected

Results can 
determine the best 
type of treatment 
and impact long 
term outcomes

Could be offered 

as a benefit for CI, 

cancer, and health 

policies.  

Liquid biopsy may 

allow for frequent 

sequencing of a 

primary tumor. 
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Precision Cancer Treatment

https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiJ6dXfju3NAhVW2mMKHXRcAnQQjRwIBw&url=https://pct.mdanderson.org/&psig=AFQjCNFW9daxiG0aJxRY7t2V7lv0EOmR8g&ust=1468385029704795
https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiJ6dXfju3NAhVW2mMKHXRcAnQQjRwIBw&url=https://pct.mdanderson.org/&psig=AFQjCNFW9daxiG0aJxRY7t2V7lv0EOmR8g&ust=1468385029704795
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Precision Medicine:  Immunotherapy 

Sources:  Clinical Cancer Advances 2016 and http://www.asco.org/research-progress/reports-studies/clinical-cancer-advances  

2016

Immunotherapy 2.0
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Immunotherapy

Full access:  http://www.rgare.com/knowledge-center/media/articles/cancer-immunotherapy

• No longer only chemo, radiation, and 

surgery

• Adoptive T-cell therapies (CAR T)

• Checkpoint inhibitors

• Vaccines and oncolytic viruses



31

Have you heard of pharmacogenomics?
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Pharmacogenomics

 Individualized drug therapies based on an 
patient’s genomic profile

• Avoid drug side effects

• Assist in the best selection of a drug at the right 
dose

• More than 100 FDA-approved drugs have 
pharmocogenomic information in their labelling

Source:  http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm

Now offered as an 

employee wellness 

benefit

May have 

increased upfront 

costs but overall 

savings
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Prenetics

Drug recommendations 
based on genotype

Source:  http://www.prenetics.com/igenes-physicians/ 

$600 and takes 48 hours Also offer Nutrigenomic testing
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How much do you know about gene 

“editing” and CRISPR technology?
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Gene “Editing” 

 Not a new concept 

 Genes have been 

manipulated for 

decades

 But now there is 

CRISPR

National 

Geographic

The

DNA
Revolution

August 2016 
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What is CRISPR? 

 Clustered Regularly 

Inter-Spaced 

Palindromic Repeats 

 Discovered in bacteria

 CRISPR allows genes 

to be edited with 

unprecedented

precision, efficiency, 

and flexibility
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What are the potential benefits 
of CRISPR?

 Preventing or curing any 

disease with a genetic basis

 Eradicating HIV from T-cells

 Modifying mosquitoes so 

they cannot transmit disease

 Eliminating disease in 

embryos

 Creating “designer babies”?

 The possibilities are 

endless….

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiMrejD_b7OAhWF4CYKHaOLD_0QjRwIBw&url=https://sites.google.com/a/jeffcoschools.us/designer-babies/history-of-designer-babies&psig=AFQjCNE7oLtvYHBKIZqocULkpIYYln8Yhg&ust=1471197863884269
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiMrejD_b7OAhWF4CYKHaOLD_0QjRwIBw&url=https://sites.google.com/a/jeffcoschools.us/designer-babies/history-of-designer-babies&psig=AFQjCNE7oLtvYHBKIZqocULkpIYYln8Yhg&ust=1471197863884269
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In your day to day work have you seen?

o DTC tests declared on applications

o Increasing number of genetic test results in APSs

How do you handle results when seen? 



39

Genetics and Insurance 

 Why is this issue important to discuss?

 The technology is advancing rapidly

 Genetic testing is becoming more 
common

 The regulatory environment is very 
complex

 Need to think about anti-selection

 New insurance products are being 
developed which may use genetic 
information   

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFwpyjl5HNAhVD5iYKHfBgDtoQjRwIBw&url=http://bigthink.com/videos/discovering-the-double-helix&psig=AFQjCNHkcZMZlSybI7IvJSabnaTKTO8Bcw&ust=1465226235158085
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFwpyjl5HNAhVD5iYKHfBgDtoQjRwIBw&url=http://bigthink.com/videos/discovering-the-double-helix&psig=AFQjCNHkcZMZlSybI7IvJSabnaTKTO8Bcw&ust=1465226235158085
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Genetics has always elicited a varied set of views 
across stakeholders

Source: New York Times, April 14 2014. Accessed 4 October 2017

https://www.nytimes.com/roomfordebate/2014/04/14/dna-and-insurance-fate-and-risk
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ACLI Activity 

 Topics:

 Genetics 101

 Personalized medicine

 DTC testing

 Genetics and anti-selection

 Insurance regulation

 Canadian experience

 Public opinion

 Ethical considerations

American Council of Life Insurers 
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New Challenge:  Florida HB 855/SB 1106 

 Defines genetic information

 In the absence of a diagnosis, no health, life, 

disability, or LTC insurer may cancel, limit, deny 

coverage, or establish differential premiums based 

on genetic information 

 May not solicit genetic information, use genetic 

test results, or consider a person’s decisions or 

actions relating to genetic testing in any manner 

for any insurance purpose   

• ACLI is actively opposing

• Multiple company medical 

directors testified

• Close, but did not pass

• Domino-effect?
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Genetics Regulatory Experience - Canada

 Bill S-201 passed to become Canadian Genetic Non-

discrimination Act in 2017

 Prohibits any person to undergo a genetic test as a 

condition of:

 providing goods or services

 entering into a contract

 offering or continuing specific terms or conditions in a contract

 Prohibits requiring disclosure of genetic test results

 Written consent can be obtained to utilize favourable 

genetic info
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Canadian Non-discrimination Act
 Clients are modifying 

application questions

 APS forms request that 

doctors not include genetic 

information

 If genetic information is 

received, must document 

that it is not being used

 Assist with specific 

authorization to use genetic 

information if favourable to 

the client

 Client company informed 

RGA that several prior CI 

declines have now reapplied 

knowing genetic information 

cannot be used

 Family history is still usable

 Overall pricing has not yet 

been adjusted 

 Closely being monitored

 May be further judicial 

challenges to the law
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RGA Genetics Initiatives 

 Formed a Genetic Testing Work Group

 Given internal and external presentations

 Representation to insurance industry 
associations and genetics sub-committees

 CLHIA (Canada) and ACLI (USA)

 Addressing challenges to limitations on 
the use of genetic information in 
underwriting

 Developed white paper – to be updated 
Q1-2, 2018 (will also address liquid 
biopsies)

 Product ideas incorporating genetic 
testing post-policy issue or at claim time
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Impact of genomics and precision 
medicine on the insurance industry...  

 Underwriting (where allowed)
 Enhanced risk stratification
 High net worth, dynamic underwriting, attract healthier applicants, 

reduce lapses

 Post-issue 
 Wellness benefit – offer testing – motivate behavior?
 Employee benefit

 Claims
 Offer tumor genomic testing for cancer claim

 Health reimbursement
 Pharmacogenomic testing could reduce costs
 Cancer screening/tumor testing
 Increased upfront cost but perhaps decreased long-term cost
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Takeaways 
 Patient/client confidentiality with regard to genomic 

data is very important

 Regulatory issues are going to be complex and 

demanding

 Research is progressing very rapidly

 Genomics will have huge impact on clinical medicine 

in the next 10 years

 Genomics will change how we classify and think 

about disease including cancer

 Genomic developments will clearly impact all lines of 

insurance
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Summary

 Genomics and precision medicine are 

changing the face of clinical medicine and 

will have multiple impacts on insurance and 

insurance products.

 Be open-minded, prepared, and ready for a 

whole new world!
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Thank You!

Questions?

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjSweyth-LOAhXNdSYKHbpjB8wQjRwIBw&url=http://www.planetware.com/tourist-attractions-/st-louis-us-mo-sl.htm&psig=AFQjCNEa1Uo4OPF5sUO0WHeWij0QI3PR9g&ust=1472403146221683
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©2015 RGA. All rights reserved.

No part of this publication may be reproduced in any form without the prior permission of RGA. 

The information in this publication is for the exclusive, internal use of the recipient and may not be relied upon by any other party other than the recipient and its affiliates, or 

published, quoted or disseminated to any party other than the recipient without the prior written consent of RGA.


