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Will Precision Medicine Improve Population 
Health?

Yes, But…. 



Precision Medicine and Public Health

4 Themes
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What is Precision Medicine?

An emerging approach for disease 
prevention and treatment that takes 
into account variations in genes, 
environment, and lifestyle



Fielding, J. E. et al. JAMA 2011;305:2110-2111

Spectrum of Health & Strategies to Improve It: Individual 
and Population Approaches



The Health Impact Pyramid

Frieden TR. N Engl J Med 2015;373:1748-1754.



Precision Medicine and Public Health: We Need Both!

JAMA, May 2015



Precision Medicine and Public Health: 
Theme II. Implementing What We Already Know
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JAMA 2015



CDC Evidence-based Classification of Genomic Tests

Dotson WD, Douglas  MP, Kolor K, et al. Clin Pharmacol Ther. 2014 Apr; 95(4): 394–402. 
List of applications by level of evidence  on CDC Public Health Genomics Knowledge Base website:
https://phgkb.cdc.gov/GAPPKB/topicStartPage.do

Supported by a base of synthesized evidence for 
implementation in practice

Synthesized evidence is insufficient to support 
routine implementation in practice; may provide 

information for informed decision making

Evidence-based recommendations against use, or 
no relevant synthesized evidence identified; not 

ready for routine implementation in practice

Tier 1

Tier 2

Tier 3

e.g., HBOC, Lynch 
syndrome, newborn 

screening

e.g., many 
pharmacogenomic 

tests 

e.g., direct-to-
consumer personal 

genomic tests

https://phgkb.cdc.gov/GAPPKB/topicStartPage.do


Selected Cancers Associated with Hereditary Syndromes

Campeau PM, Foulkes WD, Tischkowitz MD. Human Genetics 2008; 124(1):31–42. 
Pal T, Permuth-Wey J, Betts JA, et al. Cancer 2005; 104(12):2807–16. 
Hampel H, Frankel WL, Martin E, et al.  J Clin Oncol 2008; 26 (35): 5783-8.



Selected Tier 1 Cancer Genomic Applications:

• Autosomal dominant disorders with 
adult onset

• Relatively common (collectively >1 
million people in the US)  

• Most people not ascertained or 
managed by health care

• Evidence of disparities
• Effective interventions that reduce 

mortality
• Involves family history and 

cascading interventions
• Can be integrated into public health 

programs with strong healthcare 
collaborations



Levy DE, Byfield SD, Comstock CB, et al. Genet Med. 2011 Apr;13(4):349-55.
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Precision Medicine and Public Health: 
Theme III. Role of Public Health Sciences in 

Developing and Implementing New Knowledge 
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A Vision for the Future of Medicine 
Why We Need Public Health Sciences? 

Where do we get these numbers? (hint, epidemiology)
What do we do with these numbers? 

Collins FC, NEJM 1999

A 23 year old man named John

http://content.nejm.org/content/vol341/issue1/images/large/06t1.jpeg
http://content.nejm.org/content/vol341/issue1/images/large/06t1.jpeg


For Example 



Can We Use Age and Polygenic Score in Breast Cancer 
Screening?
10-year absolute risk of developing breast cancer for women 
with and without family history by polygenic risk percentiles

Mavaddat et al. JNCI 2015: 107(5): djv036 From N Pashayan
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Reference: 2.5% 10-year absolute risk for developing breast cancer corresponds to risk of UK women aged 47 , i.e. 
age of invitation to the UK NHS Breast Screening programme 



Public Health Sciences Needed to Fulfill 
Promise of Precision Medicine

 Epidemiology

 Behavioral, Communication and Social Sciences

 Health Care Delivery Research

 Implementation Science  

 Economic Analysis: Cost Effectiveness & Beyond

 ELSI

 And many  others



Investments in Public Health Genomic Sciences 
Beyond “Bench to Bedside” Are Limited 

Clyne, M et al,  2014  

<1% of published genomics research is beyond 
“bench to bedside” and half of it is in cancer



Precision Medicine and Public Health: 
Theme IV. A New Era of “Precision Public Health” 
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Multi Level Determinants of Health



Human  
Disease

Genes, Behavior, Environment
and Human Disease

Genetic Diseases: Mendelian disorders-PKU Example, 5000+ conditions, 
5%-10% of human disease

“Complex” Diseases: heart disease, cancer, diabetes, 
environmental , behavioral & infectious agents – 90%-95% of human 
disease

Behavioral
& Environmental

Factors

Genetic 
variation



Interactions Getting More Complex
What Genomes?
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Interaction Getting Even More Complex
Epigenetics: Life Course & Intergenerational
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From Personalized Medicine to Precision Medicine
& Precision Public Health: Words Matter 

• Personalized Medicine: individualized but can be imprecise (e.g
DTC genetic tests)

• Precision Medicine: provides biological & Environmental 
insights but its applications may be population-wide (e.g. 
statins)

• Can we use ALL determinants of health (from the micro to the 
macro) to develop analytic approaches to population health?  

Google Trend search
Blue: “Precision medicine
Red: “Personalized medicine”



Can We Conduct Public Health Functions with
More “Precision”?

3 Core Public Health 
Functions
• Assessment

– More “precision” in 
measuring population 
health problems

• Policy Development

– Developing the right 
intervention for the right  
population

• Assurance

– More “precision” in 
delivering interventions Khoury & Ioannidis, Science 2014



Precision Public Health: 
Examples of Immediate Applications to Improve 

Population Health 

Pathogen Genomics

Modernizing 
Surveillance, 
Informatics,    
Tracking  (Data 
Science)

Targeting Prevention 
Efforts (beyond 
Genomics)

Khoury MJ, et al. AJPM, December 2015 



Pathogen Genomics: Precision Medicine for 
Public Health  



Listeria Cluster Metrics Pre/Post WGS
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From WGS to GPS

“As cholera swept through London in the 
mid-19th century, a physician named John 
Snow painstakingly drew a paper map 
indicating clusters of homes where the 
deadly waterborne infection had struck. In 
an iconic feat in public health history, he 
implicated the Broad Street pump as the 
source of the scourge—a founding event in 
modern epidemiology.  Today, Snow might 
have crunched GPS information and disease 
prevalence data and solved the problem 
within hours”

http://www.hsph.harvard.edu/news/magazine/big-datas-big-
visionary/?utm_source=SilverpopMailing&utm_medium=email&utm_
campaign=Kiosk%2009.25.14_academic%20(1)&utm_content

http://www.hsph.harvard.edu/news/topic/epidemiology/
http://www.hsph.harvard.edu/news/topic/big-data/
http://www.hsph.harvard.edu/news/magazine/big-datas-big-visionary/?utm_source=SilverpopMailing&utm_medium=email&utm_campaign=Kiosk%2009.25.14_academic%20(1)&utm_content


What is Precision Public Health? 

 “As a cancer doctor, I was part of 
this new targeted therapy, getting 
the right medicine to the right 
patient. So today, I’m interested in 
something I’d call precision public 
health. Can we bring that same 
innovation, that speed, that ability 
to use big data to the problems 
we’re trying to solve? That is not a 
one-cause passion. That is my 
wish: To bring all of this intellectual 
data, understanding and tracking 
of diseases to bear for things that 
affect the poor every bit as much 
as we have traditionally done for 
the rich.” S. Desmond-Hellman, CEO Gates 

Foundation, Aspen Institute, December 2015



Conclusions 
Precision Medicine and Precision Public Health-

Two Peas in a Pod!

• We need both (precision) medicine and public health to 
improve population health 

• Public health-medicine partnerships are needed to implement 
what we already know in precision medicine to save lives and 
reduce health disparities 

• Public health sciences are needed to generate and implement 
new knowledge in precision medicine 

• We are entering a new era of precision public health that is 
not just about  “genes, drugs, and diseases”  
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