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Mapping completed in 2002. 
Took 10 Years and ~$1B 
 
Has been largely a research 
tool.  
 
Has started to enter clinical 
medicine for cancer, 
pharmacogenomics and rare/
undiagnosed disease. 
 
It has the potential to impact 
force readiness 

Overview 



Tac$cal	Assault	Light	Operator	Suit	(TALOS)		



You Have No Blueprint for Your Patient!

Healthcare is about 
taking averages!

!
Adults: Take 2 aspirin!

!
Shaq = 4 aspirin!

Danica = 1 aspirin!
Out of 6 billion chemical units in their DNA !

They differ at only 4M to 6M places!



WHAT WOULD BE THE VALUE OF A 
BLUE PRINT FOR THE SOLDIER?!



Special Forces Green Beret: $350,000 to $500,000 training (non-medic)  
Deployment cost $1,000,000 to $2,000,000 per year 
 
Average US solider cots ~$17,500 to equip 
 
“The least important part really of the cost of a soldier, sailor, airman or woman is the 
equipment, helmets, boots, even airplanes and tanks and things like that,” says Daniel 
Goure of the Lexington Institute. “The real costs are the personnel costs, we’re talking 
about training, we’re talking about housing, we’re talking about dependent care for families, 
daycare for children, we’re talking about health care, which is a huge issue.” By Diana 
OlickCNBC updated 10/21/2002 10:39:34 AM ET 
 
February 28th, 2012 05:50 PM ET 
One soldier, one year: $850,000 and rising 
By Larry Shaughnessy 
Keeping one American service member in Afghanistan costs between $850,000 and $1.4 
million a year, depending on who you ask. But one matter is clear, that cost is going up. 
During a budget hearing today on Capitol Hill, Sen. Kent Conrad, D-North Dakota, asked 
Department of Defense leaders, "What is the cost per soldier, to maintain a soldier for a 
year in Afghanistan?" Under Secretary Robert Hale, the Pentagon comptroller, responded 
"Right now about $850,000 per soldier." 
 
 
 

Costs to Train & Maintain 



Video 
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US genomic 
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launched 
 
 
 
 
 

International 
genomic medicine 
initiatives launched 

 
 
 

2013 

Genomic medicine 
hits mainstream 
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Innovation in 
technology support 
first rapid human 
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First clinical 
genomics patient 

diagnosed & 
cured 

2014  
100’s companies 

offering a variety of 
sequencing 

technologies (few to 
none in clinical 
whole genome) 

2016  
 
 
 
 
 

Clinical 
genomics is 

standard of care 
in many rare 

disease settings 

5% 35% 45% 
5% 

2012 

Evolution of Genomics & Genomic Medicine 

25% 



Rare & Undiagnosed Disease- Immense Reach 

8 
 

 
Average # of 
diagnostic 

attempts 

>7 yrs 
 

 
Average time  
until diagnosis 

3 
 

 
Average # of 

misdiagnoses/ 
patient 

30% of children with a 
rare disease will not live 
to see their 5th birthday!

>7,500 
 

 
Types of rare 
disease are 

known 

10% (350m 
people) 

 

 
Pop. has rare or 

rare form of 
disease 

35% 
 
 

 

Deaths in 1st year 
are due to rare 

disease 

A rare disease is defined in the U.S. as one affecting fewer than 
200,000 patients!

!
!
!

                               !

Up to 28% of healthcare $ in Peds!





The UDN will compare EXOME and GENOME sequencing!
Hypothesis: Genome increases diagnosis rate 25% !
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Clinical Sequencing Exploratory Research!

Using next generation sequencing to genetically diagnosis children with Developmental Delay/
Intellectual Disability (DD/ID) : 1-2% of children!

Genomic data 
generation and 

analysis!

Patient recruitment, 
consent, phenotyping, 

and return of results!

North Alabama 
Children’s 

Specialists (Dr. 
Martina Bebin)!

Univ of Louisville!
(Dr. Kyle Brothers)!

Effects of genomic 
results on study 

participants!

HudsonAlpha!
Institute!

150 solved cases for 
Intellectual disability!



www.smithfamilyclinic.org!



For Rare Disease MDx the Future is Here! 
These are rare diseases patients in whom genome wide sequencing was 

attempted 







So…Why aren’t care providers doing this? 



Why Rare Disease Matters to Your Clinic (1/2)!
•  Institute of Medicine just reported 5% of Diagnoses are errors = on average physician 

makes 62 misdiagnoses per year!!
•  “Five steps to diagnosis: pre-pre-analytic, pre-analytic, analytic, post-analytic, and 

post-post-analytic phases.” !
•  “The pre-pre-analytic phase, which involves clinician test selection and ordering, has 

been identified as a key point of vulnerability in the work process due to the large 
number and variety of available tests, which makes it difficult for non-specialist 
clinicians to accurately select the correct test or series of tests (Hickner et al., 2014; 
Laposata and Dighe, 2007)”.!

•  “The task of selecting the appropriate diagnostic testing is challenging for clinicians, 
in part because of the sheer volume of choices.” There at 70,000 gene tests in the 
market!

•  “Choosing the appropriate test requires understanding the patient’s history and 
current signs and symptoms, as well as having a sufficient suspicion or pre-test 
probability of disease or a condition (see section on probabilistic reasoning) (Pauker 
and Kassirer, 1975, 1980; Sox, 1986).”!

•  10% of deaths and 6% to 17% of admissions due to misdiagnosis.!
•  Leading reason for malpractice claims.!

Improving Diagnosis in Health Care. Erin P. Balogh, Bryan T. Miller, and John R. Ball, Editors; Committee on Diagnostic Error in Health 
Care; Board on Health Care Services; Institute of Medicine; The National Academies of Sciences, Engineering, and Medicine. ISBN 

978-0-309-37769-0. June 2015.  http://www.nap.edu/21794!
!
!



Why Rare Disease Matters to Your Clinic (2/2)!
“Molecular diagnostic testing is expected to improve patient management 
and outcomes. The potential advantages of molecular diagnostics include: (1) 
providing earlier and more accurate diagnostic methods, (2) offering 
information about disease that will better tailor treatments to patients (3) 
reducing the occurrence of side effects from unnecessary treatments, (4) 
providing better tools to for the monitoring of patients for treatment success or 
disease recurrence, and (5) improving patient outcomes and quality of life.” !
!
Idiopathic nature: masks the prevalence of rare disease. As each differential 
diagnosis goes down a different path and often settles on the closest match—
masking the real diagnosis. Colleagues will not have seen this type of case 
either—creates a gap in knowledge to make the correct diagnosis.!
!
IOM definition of Diagnostic Error: the failure to (a) establish an accurate and 
timely explanation of the patient’s health problem(s) or (b) communicate that 
explanation to the patient. !

Improving Diagnosis in Health Care. Erin P. Balogh, Bryan T. Miller, and John R. Ball, Editors; Committee on Diagnostic Error in Health 
Care; Board on Health Care Services; Institute of Medicine; The National Academies of Sciences, Engineering, and Medicine. ISBN 

978-0-309-37769-0. June 2015.  http://www.nap.edu/21794!



Improving Diagnosis in Health Care. Erin P. Balogh, Bryan T. Miller, and John R. Ball, Editors; Committee on Diagnostic Error 
in Health Care; Board on Health Care Services; Institute of Medicine; The National Academies of Sciences, Engineering, and 

Medicine. ISBN 978-0-309-37769-0. June 2015.  http://www.nap.edu/21794!



Sam Herrin misdiagnosed for years! 

•  Misdiagnosed in 
2001  

•  Diagnosed in 
2013 

•  $3M wasted 
•  Made him sicker. 

 





Better Patient Care and Lower Costs  
1.  End a Diagnostic Odyssey 

§  Would have saved $7M 
 
2.  Informed Treatment Decisions/Avoid Wrong Treatment 

§  Avoided a liver transplant going to a patient that would have died; enabled the 
liver to go to another child. Minimal savings $500,000. Improved care outcome. 

 
3.  Avoid Inappropriate Therapeutic Treatment 

§  Family of three NOT put on Eculizumab, which costs $600,000 per patient per year. 
Avoided high costs and improved care. Savings of $1.8M in first year! 

 
4.  Preventative Care 

§  Patient put on chronic monitoring device during sleep to detect respiratory 
failure. This was a secondary finding —that was more relevant than the 
diagnosis 

5.  Delayed Treatment, Missed Chance to Cure 
§  Metabolic disease had unusal presentation. Took 3 years to figure out. 

Permanent brain damage resulted--completely avoidable. 
 
These 5 examples would have saved at least $9.3M and occured in the first 200 cases 
for an ROI of $7.75M or 6.5X 



Common Tests/Medicines/ Procedures Cost 
Crestor 1 year supply $3,200 
Xarelto 1 year supply $4,500 

3 Pharmacogenetic tests Quest (3 Variants) $975 
Pediatric echocardiogram $4,050 

Pediatric MRI $4,400 
CT Abdomen & Pelvis with contrast $3,900 

Adalimumab, two weekly, 1 year supply $24,800 
Clinical WGS with Sanger Confirmation $6,500 

Prices for single tests and common drugs 



Approac
h ! Disorder! n! MDx rate! Site! Ref!

WES! Various ! 250! 24.8%! Baylor College Medicine! 24088041!
Various ! 2,000! 25.2%! Baylor College Medicine! 25326635!

Intellectual disability! 100! 27%! Radboud, Nijmegen! 24896178!
Intellectual disability! 1,133! 27%! DDD STUDY, UK! 25529582!

Various ! 3,040! 28.8%! GeneDx! 26633542!
WGS! Various - Pediatric! 100! 34%! Toronto! Stavropoulos 2016!

ID – CSER! 240! 40%! HudsonAlpha! -!
Intellectual disability! 50! 42-62%! Radboud, Nijmegen! 24896178!

Autism spectrum 
disorder! 170! 42.4%! HSC, Toronto! 27525107!

Hereditary spastic 
paraplegia! 9! 44%! Garvan Institute! 27679996!

Various – genetics! 190! 46%! HudsonAlpha! -!

Various - NICU! 35! 57%! Children’s Mercy, Kansas 
City! 25937001!

neurodevelopmental 
disorders! 15! 73%! Children’s Mercy, Kansas 

City! 25473036 !

AD Polycystic kidney 
disease! 28! 86%! Garvan Institute! 27165007!

Others Find the Same Benefits 



One genetic test for a lifetime 
RE-ANALYSIS 
 
• CSER Research Program at HudsonAlpha 

– Previously undiagnosed genomes: 
• New analytical methods, newly published information 
• Whole genome sequencing 11% provided a diagnosis 

when reanalyzed one year later 
 

• Undiagnosed Disease Network (UDN) 
– Baylor using Exomes 5% increase in diagnoses when re-

analyzed a year later. 
– HudsonAlpha—redoing whole genome on previous 

exomes – 16% increase in diagnosis 

• Pharmacogenomics 
– Available for the rest of the patient’s life 
– Better Quality by the right drug at the right dose at the right 

time. 
– Real-time always up to date 



VUS 
•  Everyone worries about having too many VUSs with 

WGS!
•  It is critical to define a VUS:!

•  In research there are millions of VUSs with WGS and 
thousands with WES.!

•  Clinically, VUSs are believed to be causally related 
based on the Lab Director’s interpretation. Does not 
match ACMG guidelines.!

•  The number of VUSs will be slightly higher, but also 
increases the rate of diagnosis.!



Clinical Report!
Primary! Secondary! PGx!



Insurance)Coverage)for)WES/WGS)
Summary:!
-! Over+30+million+lives+total+now+have+coverage+for+

exome++~10%+of+the+US+population.+
+

-! All+policies+above+covered+WES+in+some!“medically!
necessary”+cases,+but+considered+WGS+“experimental!
or!investigational”+in+all+cases.+++

+
-! “Experimental!or!investigational”+is+defined:+“The+

evidence+is+insufficient+to+determine+the+effects+of+the+
technology+on+health+outcomes”+

+
-! Many+policies+cite+several+references+showing+the+efficacy+getting+a+diagnosis.++Most+papers+

used+exomes.+++
 

Name! Covered+Lives!
Cigna! 15,092,684+
BCBS!Florida! 3,358,367+
Horizon!New!Jersey! 3,638,296+
BCBS!North!Carolina! 2,610,735+
Premera! 2,144,908+
BCBS!Louisiana! 1,513,254+
Medica!Health!Plans! 1,735,767+

 



Summary 
 Whole Genome Sequencing has utility for Exceptional Family Member 

Program!
•  Help predict risk, enabling correct medical care is ready!
•  Change in care 50%!
•  More effective care!
!
It is economical—Cancer, Undiagnosed, high end patients AND fewer 
misdiagnoses!!
!
!



SCREENING FOR CANCER!



What if we screened all 
30-year old women (& 

men) for free? 





0%!

25%!

50%!

75%!

100%!

no reported fhx some fhx strong fhx unknown fhx 

(26%) 
BRCA2!
CHEK2!
RAD50!
PMS2!

BRCA1!
BRCA2!
BRIP1!
CHEK2!
PMS2!

RAD51C!

Positive Results 

(31%) 

(41%) 

(2%) 

TP53!
CHEK2!
BRCA2!
PALB2!
PMS2!
BRIP1!



59% WOULD DISCOVER THEY ARE 
AT RISK FOR BREAST/OVARIAN 
CANCER WHEN THEY GET IT! 
 
 



Debra Jenkins 

“my	daughter,	thankfully,	was	
nega$ve” !



Cost of Treatment for Breast Cancer!

Year 1 cost Year 2 Cost total freq of stage 
Stage 0 $60,637 $13,523 $74,160 0.275 
Stage I/II $82,121 $18,514 $100,635 0.529 
Stage III $129,387 $35,801 $165,188 0.136 
Stage IV $134,682 $69,464 $204,146 0.06 

Average cost difference for finding stage 0 vs. Stage I/II $26,475 

Average cost difference for finding stage 0 vs. Stage III $91,028 

Average cost difference for finding stage 0 vs. Stage IV $129,986 



Predicted Cost of Treatment for 66 
Women Found!

66 postive *85% get cancer freq of stage # by stage Predicted Cost Cost 
Stage 0 0.275 15 $1,144,103.40 $4,894,560 
Stage I/II 0.529 30 $2,986,534.83 
Stage III 0.136 8 $1,260,318.36 
Stage IV 0.06 3 $687,155.44 
Total $6,078,112 

Estimate of Total Money Saved:         $1,183,552 

These 66 women were found by screening 2,100 women; money saved 
would pay for 5,900 women screened!



Defense Health Program 
Department of Defense Breast Cancer Research Program 
Anticipated Funding Opportunities for Fiscal Year 2017 (FY17) 
 
Applications submitted to the FY17 BCRP must address one or more of the following overarching 
challenges: 
Ø  Prevent breast cancer (primary prevention) 
Ø  Identify determinants of breast cancer initiation, risk, or susceptibility 
Ø  Distinguish deadly from non-deadly breast cancers 
Ø  Conquer the problems of overdiagnosis and overtreatment 
Ø  Identify what drives breast cancer growth; determine how to stop it 
Ø  Identify why some breast cancers become metastatic 
Ø  Determine why/how breast cancer cells lay dormant for years and then re-emerge (recurrence); 

determine how to prevent recurrence 
Ø  Revolutionize treatment regimens by replacing them with ones that are more effective, less toxic, 

and impact survival 
Ø  Eliminate the mortality associated with metastatic breast cancer 
 

Breast Cancer Screening 

Do all women (Active Duty, Dependent, Retired) get a genetic test when 
they get breast cancer? Cancer panels a start!!



Pharmacogenomics 







Nature (2015) 

Nature (2016)!

Carol	Aiken,	CMM	
CPAR	
Clinical	Opera$ons		
Administrator	for	
Smith	Family	Clinic	

	Leslie	Conway,	Vice	
President	of	Global	
Marke$ng	at	
Digium,	Inc.	
	





Family Medical History!

Do you think it is important?!



CAN SALT CAUSE 
HYPERTENSION? 



4
7 

Copyright © 2012 by ASCP 

As an analogy, on a population level, NaCl has smaller 
effect than the SNPs associated with hypertension do! 











Genes Contributing to Performance & Health-Related 
Fitness Phenotypes!







1000’s of variants from research studies 



LIPIDS 







Combat is a stressful situation, and mental illness among 
troops is common. Many soldiers struggle with issues 
like anxiety, depression, insomnia and post-traumatic stress 
disorder. Even before deployment, many soldiers struggle 
with anxiety and depression, so addressing mental health is 
an important issue for Army doctors. 
 
Doctors use a combination of talk and drug therapy, both 
pre- and post-deployment, to try to help soldiers cope. 
Common medications include antidepressants like Paxil, 
antianxiety medications like Xanax and Klonopin, and 
antipsychotic medicines like Thorazine.  

Are your warriors getting the best drug at the right dose? 





Pain treatments can help injured troops or soldiers suffering 
from "deployment aches," the general aches and pains that 
come with heavy lifting in the field. Whether they're suffering 
from illness or injury, pain management is an important issue 
for military doctors. Managing pain can help reduce an injured 
person's stress levels and help him heal more quickly. 
 
Just like in Civil War days, morphine is still the most popular 
pain treatment, but there are some new innovations in pain 
management that are much safer and less addictive.  

I am a triple metabolizer of Morphine!!



The Military has a large healthcare economy and frequently 40 to 50 years of care for a patient. Adding 
genomics would increase cost less than $200 over a lifetime and likely to save significant costs and 
improve readiness and healthcare across the soldiers continuum. 



Conclusion 
 

Whole Genome Sequencing has utility for Exceptional Family 
Member Program 
•  Help predict risk, enabling correct medical care is ready 
•  Change in care 50% 
•  More effective care 
 
It is economical—Cancer, Undiagnosed, high end patients AND fewer 
misdiagnoses! 
 
Could play a role if force readiness and preparedness; Genomic 
information is a fraction of the cost and offers the prospects of 
building a blue print for the warrior and reducing health/injury 
issues that limit deployment.  
 
Provides value across the entire Military Health System & VA 
 
Requires development 
!


