Implementation of Genomic Medicine:

A Public Health Approach

Muin J. Khoury MD, PhD

Office of Public Health Genomics, CDC



Outline

m What's public health got to do with genomic
medicine?

m Public health genomics: 15 years on

m \WWhat are the priorities for public health
genomics, 2012-20177



What is Public Health?

m “An effort organized by
soclety to protect,
promote, and restore the
people’s health”

m 3 Essential Functions

TuaE FUTURE OF

THE PuBLIC’s HEALTH

m Assessment

in the 21st Century

m Policy Development

m Assurance



CDC Priorities

m Improving health
security at home
and around the
"elgle

m Better preventing
the leading
causes of illness,
injury, disability,
and death

m Strengthening
public health —
health care
collaboration



CDC “Winnable Battles”: 6 key areas where public
health can have a substantial impact
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Public Health Assessment Function

“The single most important thing that Public Health
can do is to increase the degree to which decisions
are made using good data” Tom Frieden, Jan 1, 2010



Public Health Assurance Function

“The best research will not save lives if it’s
not used...we have to invest in programs”

Tom Frieden, CDC Director, May 2013
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CDC Public Health Genomics Movement
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Office of Public Health Genomics

First National Conference

Genomic Competencies for Public Health
“Model” State Public Health Programs
Family History Public Health Initiative
NHANES Genomics initiative

EGAPP Initiative

GRaPHInt global public health genomics
Model Translation Research and Programs
GAPPNet collaboration

Fourth National Conference

A New Beginning



The Public Health Genomics Model
for Genomics Implementation
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Khoury MJ et al, AJPH, 2012



Limited Translational Research in Genomics
Beyond Bench to Bedside

TO <> T1 <> T2 <> T3 <> T4

Discovery to  Application  Guideline to  Practice to

Application  to Guideline Practice Population
Health

Impact

2% of published genomics research in
T2 - T4

Multiple clinical and population
scientific disciplines involved

Amount of Funding, Interest, & Activities

Khoury M]J et al, Genet Med 2007;9:665



Genomics Research
The Road Less Traveled



Population Data Needed!

Predictors of Use: Affiliation with academic center,
participation in NCI cooperative group, metropolitan
county, education, income



- Knowledge Integration:

EGAPP Working Group
-

* Independent, multidisciplinary, non-federal panel
established by CDC in 2004

e Established a systematic, evidence-based process to
assess validity & utility of genomic tests & family health

history applications.
e New methods for evidence synthesis and modeling in 2013,
including next generation sequencing and stratified screening
« Six recommendation statements to date:
e Colorectal cancer, breast cancer, heart disease, clotting
disorders, depression
e New recommendations in 2013
* Prostate cancer, diabetes, and more
e Uncovering major knowledge gaps
e Setting a translational research agenda



What is GAPPNet?

m Collaboration of individuals
and organizations interested In
validating and translating
genome-based applications
Into practice and prevention

m Vision: to realize the promise
of genomics In treating and
preventing disease, improving
health and reducing health
disparities



GAPPNet Meeting

, Michigan

Ann Arbor

, 2009 -

30

October 29




4 Domains of GAPPNet

Evidence-based
Recommendations

Knowledge .
Synthesis Implementation

& Programs
Dissemination

Translation
Research
(T2-T4)




Linking evidence to practice
In a credible and transparent way

Evidence-based
Recommendations

Knowledge .
Synthesis Implementation

& Programs
Dissemination

. ' Integrate into
Determining and sharing li ig ] and
clinical an

public health

what we know and

what we don’t know Translation i =
and How we know it Research Education
(T2-T4) policy

surveillance &
Research to fill gaps evaluation
and how to implement
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Public Health Genomics Priorities
2012-2017

2011 2012



CDC Advanced Molecular Detection Initiative

Improve pathogen
identification
&detection

Adapt new
diagnostics to meet
public health needs

Help states meet
future reference
testing needs

Implement enhanced
& integrated lab
Information systems

Develop prediction,
modeling, and better
surveillance tools



- CDC Evidence-based Classification of
Genomic Tests and Family History to Inform
Policy and Practice

Tier 1: Recommended for clinical use by evidence-based
panels, based on systematic review of evidence of validity
and utility.

Tier 2: May be useful for informed decision making, based
on demonstrated validity, and promising utility.

Tier 3: Not ready for clinical use, due to validity or utility
not demonstrated, or systematic assessment finding harms
outweigh benefits.

http://www.cdc.gov/genomics/gtesting/tier.nhtm



Genomic Applications in Research and Practice, by Tier of Evidence

Genomic

Applications

Definition Established validity = Established Validity =~ Unclear Validity &
utility +evidence Rx  + promising utility Utility

Examples Lynch, BRCA, FH, FDA pharmaco- Whole Genome
Newborn Screening  genomic drug labels; Sequence, personal
genomic tests

Actions Implement in Informed decision Do not implement in
general practice making in practice general practice
Research Implementation & Comp Effectiveness  Validity & efficacy
outcomes research Res, Patient- research (T1-T2)
(T3-T4) centered OR, Trials
(T2-T4)
Potential for High for disparities High for both High for research
disparities in implementation research & disparities

implementation



Selected Emerging Tier 1 Genomic
Applications

m Hereditary Breast and Ovarian Cancer (BRCA)

m Hereditary Nonpolyposis Colorectal Cancer (Lynch
Syndrome)

m Familial Hypercholesterolemia



Selected Tier 1 Genomic Applications:
What’s In Common?

Genetic autosomal dominant disorders with adult onset

Relatively common (collectively 2 million people in the
USA)

Most not ascertained or managed by health care system

Effective interventions that reduce morbidity and
mortality

Evidence based recommendations
Involves family history and cascading interventions

Can be integrated into public health programs (Cancer
and Heart Disease Programs)

Could serve as models for similar genomic applications
Only the tip of the iceberg






Public Health Approach to BRCA

Surveillance
Education
Policy



EGAPP Lynch Syndrome Recommendation
Genetics in Medicine Jan 2009

“The Evaluation of Genomic
Applications in Practice and
Prevention (EGAPP) Working
Group found sufficient
evidence to recommend
offering genetic testing for
Lynch syndrome to individuals
with newly diagnosed
colorectal cancer (CRC) to
reduce morbidity and mortality
In relatives.




Lynch Syndrome Screening Implementation?

Practice: Survey: Of 24 NClI-designated comprehensive
cancer centers, 71 percent reported that they routinely screened
tumor samples from colorectal cancer patients. Only 15 percent
of smaller community-based cancer programs reported doing
SO.



Lynch Syndrome Screening Network

1@ Centers for Disease Control and Prevention
e CDC 247 Saving lives, protecting people. reducing health costs |

Genomics and Health Impact Blog

& blog devoted to discussing best practices and questions about the role of genomics in disease prevention, health
promotion and healthcarea,

Fublic Health Genornics = Genormnics and Health Irpact Blog Text size: B M| L| =L

I_E Email page

Making Universal Screening for Lynch Syndrome a & Frint page
Reality: The Lynch Syndrome Screening Network © Bookmark and shars
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gl Approximately twelve of them have Lynch X . T nersonalized
syndrame, a hereditary condition that | L : ] medicine
increases the risk of colorectal cancer and
other cancers. Identifying people with Lynch

pharmacogenomics




- HHS Healthy People 2020

Genomics ODbjectives

G-1: Increase the proportion of women with a family
history of breast and/or ovarian cancer who receive
genetic counseling

=» U.S. Preventive Services Task Force Recommendation

G-2: Increase the proportion of persons with newly
diagnosed colorectal cancer who receive genetic testing
to identify Lynch syndrome

=» Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) Working Group Recommendation



- Realizing HP 2020 Objectives:

State Genomics Programs
EEE—

e Since 2008, CDC has supported state genomics
programs in Michigan, Oregon, and more recently
Georgia, to implement the evidence-based genomics
recommendations underpinning the HP objectives.

States are:

e I|dentifying people targeted by the HP 2020 genomics
objectives using cancer registries and educating health
providers about evidence-based recommendations

 Implementing model payer policies to facilitate coverage
consistent with the breast/ovarian cancer objective

e Developing and evaluating new data sources to measure
progress toward these objectives



- Cancer Registries for Case

Finding and Provider Education

I
Cancer registry bidirectional reporting

e |dentify relevant breast, ovarian, colorectal and other
cancer cases reported to state cancer registry

e Inform reporting institutions of relevant cancer cases
with informational materials about hereditary breast
and ovarian cancer and Lynch syndrome

 Michigan reported back over 15,000 cases of cancer
relevant to HP 2020 objectives (2007-2008 data).

e Connecticut reported back over 5000 cases of cancer
through a Healthy People 2020 Action Award (2008-
2009 data).



- Current CDC OPHG Activities for

Implementing Genomic Medicine

e Public health Genomics Implementation Tool Kit

e Clickable State Map of Genomics Activities
 Population Level Surveillance Indicators

* Refining Tier 1-3 Evidence Classification

e Online Genomics & Health Impact Weekly Update

* Training and Technical Assistance



How about Whole Genome
Sequencing?



A Systematic Approach to WGS

Whole Genome Sequencing is now being applied in
research and has begun to permeate clinical medicine

Traditional models of test interpretation, reporting and
patient counseling may be no longer feasible

Given the large amount and heterogeneous nature of
data with which we must deal, a categorical approach
represents a promising way forward

By categorizing genomic data within an a priori “binning”
structure based upon current clinical knowledge and
standards of care we can facilitate its use in practice



Proposal for “Binning” the Whole Genome
Sequence (Berg et all, GIM 2011)

Clinical Utility Clinical Validity Un;kmn:;:;;:g;mf

Bin1 Bin 2A Bin 2B Bin 2C
Medically Low risk Medium risk High risk
actionable incidental incidental incidental
incidental information information information

information

Examples: BRCA1/2 PGx variants APOE Huntington
MLHI1, MSH2 and common Carrier status for Prion diseases
FBN1 risk SNPs recessive ALS (SOD1)
NF1 Mendelian
disorders

Bin 3

All other loci

Estimated 10s
number of 10s {eventually
genes/loci: 100s — 1000s)
Alleles that would be reportable (YES) or not reportable (NO) in a clinical context
Kn::-wn
v | vemo [ vesmo | veso!

Premmed
e | eS| eSOt | YESNO®
NIAa NO NO

Presumed
benign
Known
benign

Variants

N/A® NO NO

NO NO NO




Evidentiary and Ethical Issues around
Return of Results in WGS Analysis



Evidentiary and Ethical Issues around Return
of Results in WGS Analysis:
The Response to ACMG

Genetic testing guidelines under fire




Evidentiary and Ethical Issues around Return
of Results in WGS Analysis:
EGAPP Approach



A Public Health Approach to WGS?
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