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Outline

 Emergence and Promise of Genomics and 
Precision Medicine 

 Why We Need Public Health for Genomics 
and Precision Medicine to Succeed

 A Brief History of Public Health Genomics

 Human Genomics in Public Health Practice: 
What’s Next? 

Khoury MJ, et al. Genetics in Medicine, Dec 2017 
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The Genomic Testing Landscape is Growing Rapidly

 Increasing Number of genetic tests 

Whole-genome sequencing as tool in 
clinical and public health practice 

 Increasing public awareness and interest  

Proliferation of direct-to-consumer 
genetic tests

NIH Genetic Testing Registry Search January 25, 2018: 54334 tests, 10999 conditions, 16419 genes, and 509 labs
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The U.S. Precision Medicine Initiative Promises a New Era of 
Medicine and Public Health 

Launched in 2015, includes two 
components: 

● A focus on molecularly targeted 
treatment for cancer

● A national cohort of at least 1 million 
people (AllofUs)

What is precision medicine?

“An emerging approach for disease 
prevention and treatment that takes into 
account people’s individual variations in 
genes, environment, and lifestyle.”

The White House. The Precision Medicine Initiative. whitehouse.gov/precision-medicine  
Collins FS, Varmus, H. N Engl J Med. 2015; 372:793–795. 
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The Success of the Precision Medicine Initiative Requires Public 
Health Partnership

Inclusion and generalizability

Focus on prevention

Implementing what we know

Healthcare-public health partnerships 

Khoury MJ, Evans JP, JAMA, 2015. 
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Challenges in Genomics and Precision Medicine Implementation 
That Require Public Health Leadership 

Population health impact 
Evidence-based policy
Health system implementation issues 
Laboratory quality
Provider and public education   
Health disparities

Khoury MJ, JAMA, 2017 
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A Crucial Public Health Role is to Assess and Assure 
Population Health Impact of Genomics and Precision Medicine

Identifying applications that are supported by evidence for their use
Assessing the population health impact of genomics and precision 

medicine
● Quantifying burden of disease 
● Assessing Impact of interventions in terms of lives saved, disease prevented or 

detected earlier
● Quantifying and modeling healthcare costs and savings
● Assessing barriers and facilitators to implementation 
● Documenting and addressing health disparities
● Assessing Laboratory practice
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Public Health Genomics at CDC:
The Office of Public Health Genomics  

Mission: Enable and promote CDC efforts 
in integrating genomics and precision 
medicine applications into public health 
actions that prevent disease, save health 
care costs and reduce health disparities.

● Identify evidence-based genomic 
applications

● Inform and communicate
● Integrate into practice and programs

www.cdc.gov/genomics/
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Public Health Genomics at CDC: 
A Brief History 

 1997: CDC Strategic Plan/Creation of OPHG 
 1998: First of 4 National Conferences
 2001: Genomic Competencies for Public Health 
 2003: Model State Programs
 2004: Family Health History Initiative
 2004: EGAPP Initiative
 2006: Seed Funding to CDC Programs 
 2012: New Plan with focus on 3 Conditions
 2014: Advanced Molecular Detection 
 2014: Toolkit for Public Health, PHGKB
 2016: Concept of “Precision Public Health”

McBride C et al. Public Health Genomics, 2012
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Public Health Genomics at CDC: 
Publications 2012-2016 

Source: https://blogs.cdc.gov/genomics/2018/01/02/trends-in-cdc-publications/

https://blogs.cdc.gov/genomics/2018/01/02/trends-in-cdc-publications/
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EGAPP and Public Health Genomics: 
No Shortcuts to Evidence-based Genomics !

EGAPP Working Group, Genetics in Medicine, 2013
Khoury MJ, JAMA, 2017
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CDC Evidence-based Classification of Genomics and Precision 
Medicine Applications

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., newborn 
screening

e.g., many 
pharmacogenomic 

tests 

e.g., direct-to-
consumer personal 

genomic tests

Dotson WD, Douglas MP, Kolor K, et al. Clin Pharmacol Ther. 2014 Apr; 95(4): 394–402. 
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Evidence-based Genomic Tests Are Available in Practice and Can 
Save Lives Now!

 68 Tier 1 tests, more than half are cancer related
 107 Tier 2 tests, many pharmacogenomics
 Information on guidelines, programs, publications 

and tools can be searched using the Public Health 
Genomics Knowledge Base (PHGKB)   

 Intended uses across the lifespan include screening, 
diagnosis, treatment, prognosis and risk assessment

Weekly Update reaches ~70,000 subscribers

https://phgkb.cdc.gov/PHGKB/phgHome.action?action=home

https://phgkb.cdc.gov/PHGKB/phgHome.action?action=home
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Newborn Screening Remains 
the Largest Public Health Genetics Program in the World

 More than 5 decades in the US started with PKU
 State run public health program that screens 4 million 

newborns every year 
 Identifies more than 10,000 babies with 30+  genetic, 

metabolic & other disorders 
 Complex system & policy issues (public health, healthcare, 

laboratories, costs, etc…)
 Residual blood spots have been used for other purposes

https://www.cdc.gov/newbornscreening/index.html

https://www.cdc.gov/newbornscreening/index.html
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Selected Tier 1 Genomic Applications Beyond Newborn Screening 

2012

 Hereditary Breast and Ovarian Cancer (BRCA1/2) 
 Hereditary Nonpolyposis Colorectal Cancer (Lynch 

Syndrome) 
 Familial Hypercholesterolemia
 Collectively Affect ~2 Million People in US and Most Don’t 

know it.  
 Implementation of existing evidence-based guidelines 

can prevent cancer & heart disease, & save thousands of 
lives every year!

 Toolkit for public health departments
 Working with CDC programs and external partners
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Selected Cancers Associated with Hereditary Cancer Syndromes

HBOC Syndrome

5% or approximately 
22,000 cases of 

breast cancer each year

10% or approximately 
2,000 cases of 

ovarian cancer each year

Lynch Syndrome

3% or approximately
4,000 cases of 

colorectal cancer each year

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. 
Kaz AM, Brentnall TA.  Nature Clinical Practice Gastroenterology & Hepatology (2006); 3:670-679. 
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Evidence-based Recommendations for Selected Hereditary Cancers 

U.S. Preventive Services Task Force 
recommendation on BRCA-related cancer:
● Screening to identify family history associated 

with BRCA1 or BRCA2, genetic counseling and 
BRCA testing

 Evaluation of Genomic Applications in Practice 
and Prevention (EGAPP) Working Group 
recommendation for people with newly 
diagnosed colorectal cancer
● Access to genetic testing to identify Lynch 

syndrome to prevent cancer in their close 
relatives

Georgia Hurst, Lynch syndrome 
patient advocate and her son

Moyer VA. Ann Intern Med. 2014; 160(4):271–281.
Evaluation of Genomic Applications in Practice and Prevention Working Group. Genet Med. 2009 Jan;11(1):35–41.
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CDC Public Health Cancer Genomics Program

Provides leadership and builds capacity for cancer genomics 
activities in state public health departments
● Implement education, surveillance, and policy or systems change activities that 

will translate and implement national recommendations for cancer genomics
Funded programs currently in five U.S. states

● Colorado 
● Connecticut
● Michigan
● Oregon
● Utah

Trivers KF, Rodriguez JL, Cox SL, et al. Healthcare. 2015, 3(4), 948–963.
CDC Awards Funding to Support Cancer Genomics. cdc.gov/cancer/breast/what_cdc_is_doing/genomics_foa.htm
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Michigan Illustrates State Public Health Activities in Cancer 
Genomics 

Improved health outcomes and an enhanced 
quality of life for the people of Michigan 
through appropriate use of genetic 
information, technology, and services
Increase availability of cancer-related genetic 

information to the Michigan public and 
decrease barriers to risk-appropriate services

Deb Duquette, CDC Grand Rounds, April 2016
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Michigan Successes Related 
to BRCA Counseling Access and Referrals

Pa
tie

nt
s

Fiscal Year

(164) (126) (160) (191) (270) (282)

0

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5 6

Series1 Series2

Series3

(number)

Racial/ethnic 
and geographic 
disparities were 
present  

Michigan Department of Health and Human Services.
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Public Health Genomics and Health Disparities: 
Disparities by Race/Ethnicity 

BRCA testing in young women with breast cancer: 
underutilization in Black and Hispanic women

Probability of 
BRCA testing 

(Hazard
Ratio)

Race/ethnicity

Levy DE, Byfield SD, Comstock CB, et al. Genet Med. 2011 Apr;13(4):349–55.
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Public Health Genomics and Health Disparities: 
Rural-Urban Disparities 

Probability of 
BRCA testing 

(Hazard
Ratio)

BRCA Genetic 
Testing Among 
Women Aged 18-64 
Years with 
Employer-
Sponsored Health 
Insurance in 
Nonmetropolitan 
and Metropolitan 
Areas - United 
States, 2009-2014.

Kolor K et al, MMWR, September 2017.
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Familial Hypercholesterolemia: A Missed Opportunity for 
Preventing Early Heart Attacks

 Common autosomal dominant 
condition (1/250) associated with 
premature death from heart disease

 Evidence-based recommendation 
for aggressive cholesterol reduction 
and cascade screening in relatives

Highly underdiagnosed and 
undertreated

 Racial and ethnic disparities in 
diagnosis and management

Missed opportunities for public 
health-health care partnerships 

Katherine Wilemon,
President of 
The FH Foundation
and her daughter

Knowles J et al, JAMA, 2017 
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Familial Hypercholesterolemia is Common and Undertreated in the 
United States

Prevalence of documented statin and 
self-reported lipid lowering medication use

Young and 
uninsured 
patients are at 
the highest risk 
for under 
treatment

Bucholz, EM et al. Prevalence and predictors of cholesterol screening, awareness, and statin treatment among U.S. adults with familial 
hypercholesterolemia or other forms of severe dyslipidemia (1999-2014). Submitted.
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Priority Areas For Human Genomics in Public Health Practice 
for the Coming 5 Years

 Expanding and integrating the CDC tier 1 List
 Developing an evidence-based approach to 

genome sequencing in health systems
 Exploring pharmacogenomics as a tool for public 

health 
 Exploring genomics as a tool for risk assessment 

and stratification to enhance screening and 
prevention for a wide variety of common diseases 

 Developing a public health approach to rare 
diseases

 Preparing the workforce and the public    
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Ascertaining Persons with BRCA mutations and Lynch Syndrome using Current 
Evidence-based Guidelines Will Miss Most Cases Even with Cascade Testing 

BRCA

U.S. Population 
Estimates (2014)

~ 82 Million
women ages 
30-69 years

Estimated Number with 
BRCA or Lynch

200,000 
estimated 

BRCA carriers

% Identified 
by Guidelines

< 50% 
identified by 
family history

Lynch 
syndrome

~ 200 
Million

people ages 
20-69 years

450,000
estimated w/ 

Lynch syndrome

< 10% 
Identified by 

cascading

Kolor K et al, in preparation
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Health Systems Partnerships for Appropriate Use of Population Wide 
Genome Sequencing and Measuring its Public Health Impact

Evans J et al, Genetics in Medicine, 2013
Trivedi BP, Science, October 2017
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Progress in Pharmacogenomics for Public Health Impact:
Pockets of Success but Not Ready for Large Scale Implementation 

J Abbasi, JAMA, 2016
Klein ME et al, J Pharma Sci, 2017.  
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Example of Genetic Risk Stratification:
Can We Use Age and “Genetic Risk Scores” in Breast Cancer Screening?

Mavaddat et al. JNCI 2015: 107(5)
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Rare Diseases, Genomics and Public Health:
A Growing Intersection 

 A rare disease affects < 200,000 people
 > 7000 rare diseases; 25 million people in 

the US
 4300 “genetic” conditions with known 

molecular basis
 The “diagnostic odyssey”: Genome 

sequencing yield 25-50%
More and more therapies found
 Assessing population burden of disease 
 Assurance of health care and prevention 

needs

Valdez R et al, Genetics in Medicine, 2017
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Preparedness, Preparedness, Preparedness!! 

THANK YOU!

https://www.cdc.gov/genomics/translation/competencies/index.htm

https://www.cdc.gov/genomics/translation/competencies/index.htm
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