Human Genomics and Public Health:
A Lot Has Happened in 20 Years

Muin J. Khoury, MD, PhD

Office of Public Health Genomics
Centers for Disease Control and Prevention

January 29, 2018

U.S. Department of

Health and Human Services
Centers for Disease
Control and Prevention




» 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

& Arnerican College of Medical Genetios and Genomic

Genetics
REVIEW | inMedicine

From public health genomics to precision public health:
a 20-year journey
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In this paper, we review the evolution of the field of public health
genomics in the United States in the past two decades. Public health
genomics focuses on effective and responsible teandation of
genomic science into population health benefits. We discus the
melationship of the field to the core public health functions and
essential services, review its evidentiary foundation, and provide
examples of curent US public health priorities and applications.
‘We cite examples of publications to Dlustrate how Genetis in
Medicine reflected the evolution of the field We also reflect on how

INTRODUCTION

Ower the 20-year history of Gemetics in Mediane (GIM),
public health has made important contributions toward
integrating penomics  into  chnical practice and disease
prevention. The Journal has published numercus public
health and health services stodies, systematic reviews, and
guiddines and recommendations that use public health and
epidemiclogical principles as a basis for clinical and
population action in genomics, The Journal's editorial board
has had a seat for “public health, epidemiology, and
personalized mediane” for almost two decades.

In this paper, we review the evolution of the field of public
health genomics and its reation to frameworks of core public
health functons and essential services in the United States,

public-health genomics is contributing to the emergence of
“predision public health” with nearterm opporunities offered by
the US Precidon Medicine (Allafls) Initiative.

Genet Med advance online publication 14 Decermber 2017
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responsible translation of genomic research into population
health benefits.! Over the past two decades, the Centers for
Disease Control and Prevention (CDC) and many other
groups have developed and implemented public health
genomics in the United States and globally, Examples of
CDC initiatives for integrating genomics into public health
are shown in Table 1.

Until recently, the role of public health in genomics has not
been wdl defined. The mission of public health is to improve
health on a population sale, and its unit of intervention is the
"pupulaliun."z Mevertheless, genomic medidne is practiced at
multiple levels of intervention including patient-provider
interactions, health-care organizations, families, communi ties,
and state and federal policies and prugrams.j Also, as the use




The Genomic Testing Landscape is Growing Rapidly

» Increasing Number of genetic tests

60K
. . 45K
» Whole-genome sequencing as tool in
clinical and public health practice 30K
. . . 15K
» Increasing public awareness and interest
0
2012 2014 2016 2018
> Proliferation of direct-to-consumer 2013 2015 2017

genetic tests B Tests

NIH Genetic Testing Registry Search January 25, 2018: 54334 tests, 10999 conditions, 16419 genes, and 509 labs




The U.S. Precision Medicine Initiative Promises a New Era of

Medicine and Public Health

What is precision medicine?

»Launched in 2015, includes two | «an emerging approach for disease

com ponents: prevention and treatment that takes into
account people’s individual variations in
genes, environment, and lifestyle.”

e A focus on molecularly targeted
treatment for cancer

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

The White House. The Precision Medicine Initiative. whitehouse.gov/precision-medicine
Collins FS, Varmus, H. N Engl J Med. 2015; 372:793-795.



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.

A Public Health Perspective on a National
Precision Medicine Cohort
Balancing Long-term Knowledge Generation

With Early Health Benefit

The new US precision medicine initiative' has been
made possible by improvement and price reduction in
genome sequencing, as well as advances in multiple sec-
tors of biotechnology. The initiative includes 2 compo-
nents: a focus on cancer intended to spur development
of new targeted cancer treatments, and a proposal for
establishing a national cohort of at least 1 million people
to explore genetic and environmental determinants of
health and disease. The success of this initiative re-
quires a public health perspective to help ensure gen-
eralizability, assess methods of implementation, focus
on prevention, and provide an appropriate balance be-
tween generation of long-term knowledge and short-
term health gains.

efit. For example, improving access to smoking cessa-
tion assistance is a component of the highly successful
public health efforts that have resulted in reductions in
smoking over the past few decades. Recent data sug-
gest that using genetically informed biomarkers of the
speed with which people metabolize nicotine? could lead
to personalized smoking cessation. Another example of
precision prevention is changes inrecommended screen-
ing schedules for people at increased risk of cancer, iden-
tified either by acquisition of family health history or
through detection of those individuals who carry patho-
genic mutations in high-risk cancer genes.

The proposed long-term investment in precision
medicine comes at atime of increasing fiscal restraint and




Challenges in Genomics and Precision Medicine Implementation

That Require Public Health Leadership

» Population health impact
» Evidence-based policy

Muin ). Khoury, MO,
PhD

Office of Public Heslth
Genamics, Centers for
Disease Control
and Preverition,
Atiznta, Georma.

> Health system implementation issues
> Laboratory quality

> Provider and public education

> Health disparities

Khoury MJ, JAMA, 2017

Opinion

No Shortcuts on the Long Road to Evidence-Based

Genomic Medicine

Rapld advances In genomics have led to a new era of
precision medicine, resultingin a substantialincreasein
the number of genetic tests available for research and
clinical practice. As of April 27, 2017, the Genetic Test-
ing Registry,’ maintained and updated by the Mational
Institutes of Health, contained information on 49 521
tests conducted at 492 laboratories for 10733 disease
conditions invalving 16 223 genes. These tests cover a
wide variety of diseases, rare and commen, for differ-
ent types of applications such as diagnosis, treatment,
and prevention.

For 2 decades, there have been ongoing discussions
of the importance of a strong evidentiary foundation for
genetic testing. Several advisory groups, induding the
Task Force on Genetic Testing” and the Secretary's Advi-
sory Committee on Genetic Testing,* made a number of
recommendations to strengthen the evidence base for ge-
nomic medicine. The key element of the discussionis the
need to have answers to a number of scientific ques-
tions that are relevant to establishing the analytic valid-
ity of genomic tests (the ahility of tests to be accurate),

With the recent proliferation of direct-
to-consumer genetic testing, the need
for evidence in genomic medicine is

more important than ever.

along with clinical validity (showing an association with
disease end points) and clinical utility (showing effective-
ness in improving health outcomes)

What Is the 5tatus of the Evidence Base
In Ganomic Medicine?

ence in genomic medicine. In 2014, 283 published ar-
ticles evaluated implementation of genomic medicine.
Most studies described uptake of penomic tests or pref-
erences for use by clinicians and patients. Key study
design elements, such as the racizl/ethnic composition
of study populations, were underreported in studies.
Few studiesincorporated implementation science theo-
retical frameworks, sustainability measures, or capacity-
Building measures. Maost studies focused on patient
factors associated with implementation rather than
macro-level factors (eg, health systems, paolicies, edu-
cation, financing). Only a few studies attempted to de-
velop and evaluate evidence-based strategies that can
improve implementation of genomic medicine. The au-
thors cencluded that “the current knowledge base
around implementation science to tum the promise of
genomic medicine into reality is severely limited™

Moving Forward: A New Evidence Framework?

In March 2017, the Mational Academies of Sdiences,
Engineering, and Medicine released a study report
titled "An Evidence Framework for
Genetic Testing™® A spedial committee
composed of a multidisciplinary group
of experts examined the scientific livera-
ture to evaluate the evidence base for
different types of genetic tests and "to
develop a framework for decision mak-
ing regarding the use of genetic tests
in clinical care ™ The committee focused on clinical
applications and wtility of genetic tests and examined
how evidence is generated, evaluated. and synthe-
sized. The committee reviewed several available meth-
ods for assessing the analytic validity, clinical validity,
and dlinical utility of genetic tests. These included the



A Crucial Public Health Role is to Assess and Assure

Population Health Impact of Genomics and Precision Medicine

» ldentifying applications that are supported by evidence for their use

> Assessing the population health impact of genomics and precision
medicine
e Quantifying burden of disease

e Assessing Impact of interventions in terms of lives saved, disease prevented or
detected earlier

e Quantifying and modeling healthcare costs and savings
e Assessing barriers and facilitators to implementation

e Documenting and addressing health disparities

e Assessing Laboratory practice



Public Health Genomics at CDC:

The Office of Public Health Genomics

~ Mission: Enable and promote CDC efforts
in integrating genomics and precision [ v ]+

medicine applications into public health
actions that prevent disease, save health

L]
. . Top 10 Hits for 2017! B ‘
care costs and reduce health disparities. il J

#1: The Public Health Genomics Knowledge Base: A continuously updated, searchable database of genomics and health impact

information
e |dentify evidence-based genomic ce o000 0 0 0
applications
e Inform and communicate Public Health L 7840
Genomics?

. L] ‘
. I nteg rate I nto p ra Ct I Ce a n d p rog ra m S PUBLIC HEALTH GENOMICS AT PRECISION PUBLIC HEALTH AND ROLE OF PUBLICHEALTH IN PATHOGEN GENOMICS AND
-A-GLANCE PRECISION MEDICINE IMPLEMENTING GENOMICS PUBLIC HEALTH

www.cdc.gov/genomics/




Public Health Genomics at CDC:

A Brief History
> 1997: CDC Strategic Plan/Creation of OPHG TR W fpy Een
» 1998: First of 4 National Conferences
» 2001: Genomic Competencies for Public Health PUblIC Hea|th
> 2003: Model State Programs Genomics
» 2004: Family Health History Initiative B
> 2004: EGAPP Initiative o e s
» 2006: Seed Funding to CDC Programs mﬁ;:‘:m"h e
» 2012: New Plan with focus on 3 Conditions s NotoalCofeence o

Genomics and Public Health:
United States 2010

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

EGAPP and Public Health Genomics:

="/ GA PP\

Evaluabion of Genomic Applcabions,
in Practce and Preventon

No Shortcuts to Evidence-based Genomics !
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The EGAPP initiative: lessons learned

Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group®

The Evaluation of Genomic Applications in Practice and Prevention
‘Working Group was first convened in 2005 to develop and test
evidence-based methods for the evaluation of genomic tests in
transition from research to dinical and public health practice.
Over the ensuing years, the Working Group has met 26 times, pub-
lishing eight recommendation statements, two methods papers,
and one outcomes paper, as well as planning and serving as techni-
cal experts on numerous associated systematic reviews. Evaluation
of Genomic Applications in Practice and Prevention methods have
evolved to address implications of the proliferation of genome-
wide association studies and are currently expanding to face chal-
lenges expected from clinical implementation of whole-genome

The completion of the human genome project was heralded as
the dawn of the era of genomic-based personalized medicine.
Numerous factors, however, have complicated the translation
of scientific findings into clinical genomic testing with measur-
able health outcomes. The responsible integration of genomic
technologies into medical care poses challenges to health-care
providers, consumers, and other stakeholders. These emerging
genomic applications to health care have been discovered by a

sequencing tests. In this article, we review the work of the Evalua-
tion of Genomic Applications in Practice and Prevention Working
Group over the first 8 years of its existence with an emphasis on
lessons learned throughout the process. It is hoped that in addition
to the published methods of the Working Group, the lessons we
have learned along the way will be informative to others who are
producers and consumers of evidence-based guidelines in the field
of genomic medicine.

Genet Med advance online publication 8 August 2013

Key Words: evidence-based medicine; genetics; guiddine develop-
ment; public health penomics; systematic review methods

of their predisposition to diseases or response to treatment
remains an inspiring goal of genomic medicine, and novel
genomic diagnostics are allowing molecular targeting of thera-
pies. As in any translation of new technology to health care,
critical issues in genomic testing are now being defined. Little
consensus exists among key stakeholders regarding the frame-
work for developing, implementing, and evaluating genomic
testing, and there are often sparse clinical data supporting the

No Shortcuts on the Long Road to Evidence-Based

Genomic Medicine

Rapld advances In genomics have led to 2 new era of
precision medicine, resulting in a substantial increasein
the number of genetic tests available for research and
clinical practice. As of April 27. 2017, the Genetic Tast-
ing Ragistry,’ maintzined and updated by the Mational
Institutes of Health, contained information on 49521
tests conducted at 492 laboratories for 10733 disease
conditions involving 16 223 genes. These tests cover a
wide variety of diseases, rare and commaon, for differ-
ent types of applications such as diagnosis, treatment,
and prevention.

For 2 decades, there have been ongoing discussions
of the importance of a strong evidentiary foundation for
genetic testing. Several advisory groups, incuding the
Task Force on Genetic Testing” and the Secretarny's Advi-
sory Committee on Genetic Testing, made a number of
recommendations tostrengthen the evidence base for ge-
nomic medicine. The key element of the discussionis the
need to have answers to a number of scientific ques-
tions that are relevant to establishing the analytic valid-
ity of genomic tests (the ability of tests to be acourate),

With the recent proliferation of direct-
to-consumer genetic testing, the need
for evidence in genomic medicine is

more important than ever.

along with clinical validity (showing an association with
disease end points) and dinical utility {showing efective-

ness in improving health outcomes) 2

ence in genomic medicine. In 2014, 283 published ar-
ticles evaluated implementation of genomic medicine.
Mast studies described uptake of genomic tests or pref-
erences for use by clinicians and patients. Key study
design elements, such as the racialfethnic composition
of study populations, were underreparted in studies.
Few studies incorporated implementation science theo-
retical frameworks, sustainability measures, or capacity-
building measures. Most studies focused on patient
factors associated with implementation rather than
macra-level factors (eg, health systems, palicies, edu-
cation, financing). Only a few studies attempted to de-
velop and evaluate evidence-based strategies that can
improveimplementation of genomic medicine. Theau-
thors concluded that “the current knowledze base
around implemientation science to turn the promise of
genomic medicing into reality is severely limited ™

Moving Forward: A New Evidence Framework?

In March 2017, the National Academies of Sciences,
Engineering, and Medicine released a study report
titled “An Evidence Framework for
Genetic Testing.™® A special committee
composed of 2 multidisciplinary group
of experts examined the scientific litera-
ture to evaluate the evidence base for
differant types of genetic tests and "to
develop a framework for decision mak-
ing regarding the use of genetic tests
in clinical care.® The committee focused on clinical
applications and utility of genetic tests and examined
how evidence is generated, evaluated, and synthe-

rimmed The cmemeitbee ces s meameel aomilabla metb

EGAPP Working Group, Genetics in Medicine, 2013

Khoury MJ, JAMA, 2017




CDC Evidence-based Classification of Genomics and Precision
Medicine Applications

Supported by a base of synthesized evidence for e.g., newborn
implementation in practice screening

Evidence-based recommendations against use, e.g., direct-to-
or no relevant synthesized evidence identified; | consumer personal
not ready for routine implementation in practice genomic tests

[2 Dotson WD, Douglas MP, Kolor K, et al. Clin Pharmacol Ther. 2014 Apr; 95(4): 394-402.



Evidence-based Genomic Tests Are Available in Practice and Can

Save Lives Now!

> 68 Tier 1 tests, more than half are cancer related |
. . o g My Topics (%" W8
» 107 Tier 2 tests, many pharmacogenomics

—

MyPHGKB: A New Search Tool for Genomics
» Information on guidelines, programs, publications and Population Health Impact Information

Public Health Genomics Knowledge Base (v2.0)

and tools can be searched using the Public Health

' Hot Topics of the Day
Genomics Knowledge Base (PHGKB)

‘osted: Sep-01-2017 5PM

—== o | [T,
mmmmmmm AL g y Topi = Databases

» Intended uses across the lifespan include screening, = = J——
diagnosis, treatment, prognosis and risk assessment . 3= ceew i o i s,
- J S froemeend ——
» Weekly Update reaches ~70,000 subscribers 3



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

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

= |dentifies 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

Selected Tier 1 Genomic Applications Beyond Newborn Screening

= Hereditary Breast and Ovarian Cancer (BRCA1/2)
= ] pisg = Hereditary Nonpolyposis Colorectal Cancer (Lynch
s 7 oy e’ Syndrome)

T PR = 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




Selected Cancers Associated with Hereditary Cancer Syndromes

HBOC Syndrome Lynch Syndrome

4 R 4 R

or approximately 10% or approximately 3% or approximately
cases of 2,000 cases of 4,000 cases of
breast cancer each year ovarian cancer each year 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.

16



Evidence-based Recommendations for Selected Hereditary Cancers

» U.S. Preventive Services Task Force
recommendation on BRCA-related cancer:

e 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

e Access to genetic testing to identify Lynch
syndrome to prevent cancer in their close
relatives

Georgia Hurst, Lynch syndrome
patient advocate and her son

Movyer 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.

17



CDC Public Health Cancer Genomics Program

» Provides leadership and builds capacity for cancer genomics

activities in state public health departments

e 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

e Colorado

e Connecticut

e Michigan

e Oregon

e 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




Michigan lllustrates State Public Health Activities in Cancer

Genomics

Genetics Throngh the Life yce: » Improved health outcomes and an enhanced

Improving Health and quality of life for the people of Michigan

“
. Preventing Dseas 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




Michigan Successes Related

to BRCA Counseling Access and Referrals

3500
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2500 mSeriesl - Series2 Racial/ethnic
g L and geographic
5 a Series3 disparities were
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20 Michigan Department of Health and Human Services.



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 98 -
BRCA testing

0.6 -

(Hazard
Ratio) 0.4 -
0.2 -
0 .

White Black Hispanic Asian Other/unknown
Race/ethnicity

Levy DE, Byfield SD, Comstock CB, et al. Genet Med. 2011 Apr;13(4):349-55.




Public Health Genomics and Health Disparities:

Rural-Urban Disparities

Any BRCA tests :
y BRCA Genetic
.E o _ Testing Among
2 250 s— Metropolitan Women Aged 18-64
4 == == Nonmetropolitan th
Probability of 2 200 \E(earf wit
: mployer-
BR(CHAatzzsrt(;ng § - Spopnszred Health
Ratio) 2 100 o Insurance in
g 50 —— Nonmetropolitan
& - and Metropolitan
- : y . y ' ' Areas - United
2009 2010 2011 2012 2013 2014 States. 2009-2014

Year

Kolor K et al, MMWR, September 2017.




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

Katherine Wilemon,

> H|gh|y underdiagnosed and President of Under-Detection and Under-Treatment of FH is High
The FH Foundation
undertreatEd and her daughter aap o,
. o 00-99% i @) 20"
» Racial and ethnic disparities in e -
diagnosis and management e ndingosed B o
» Missed opportunities for public i‘ ﬁ 50% — r-osoe A8 s
health-health care partnerships RS R |

s Knowles J et al, JAMA, 2017



Familial Hypercholesterolemia is Common and Undertreated in the

United States

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

Young and
1
100 p=0.001
1 M d
80 I_ l .
o patients are at
— p=0.001
‘é‘_‘_; 1 . .
= & p=0043 the highest risk
§ 50
=0.005
g . D000 for under
p=0.739
30 1
N treatment
= =) =
10 =
0]
Currently on a Self-reported Lipid- Documented Higher- Documented Lower-
Documented Statin Lowering Medication Intensity Statin Intensity Statin
m Definite/Probable FH m Severe Dyslipidemia General Population

Bucholz, EM et al. Prevalence and predictors of cholesterol screening, awareness, and statin treatment among U.S. adults with familial

24 hypercholesterolemia or other forms of severe dyslipidemia (1999-2014). Submitted.



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 Epidemiology and Research

» Exploring genomics as a tool for risk assessment |‘
and stratification to enhance screening and

#
\r/
prevention for a wide variety of common diseases | Public Health Practice

> Developing a public health approach to rare a
diseases

» Preparing the workforce and the public




Ascertaining Persons with BRCA mutations and Lynch Syndrome using Current

Evidence-based Guidelines Will Miss Most Cases Even with Cascade Testing

U.S. Population Estimated Number with % |dentified
Estimates (2014) BRCA or Lynch by Guidelines
~ 82 Million 200,000 < 50%
BRCA women ages j‘> estimate.d j‘> idel?tifi?d by
30-69 years BRCA carriers family history
~ 200
450,000 <10%
Lynch illi ' -
yd Million | | timatedw/ | 5> | Identified by
syndarome people ages Lynch syndrome cascading
20-69 years

Kolor K et al, in preparation

26



Health Systems Partnerships for Appropriate Use of Population Wide

Genome Sequencing and Measuring its Public Health Impact

Geisinger
$mycode

150,000+

PARTICIPANTS

MyCode® results returned

533 patient-participants have received results*

Genetics
inMedicine ‘ COMMENTARY

© American College of Medical Genetics and Genomics

For the latest results, see go.geisinger.org/results. December 1, 2017

Risk condition Patients per Gene Patients per
I . risk condition gene
We screen newborns, don’t we?: 0000 DM 0000
realizing the promise of public health genomics _ =
CDC tier 1 conditions (click link)
1 1 2
James P. Evans, MD, PhD', Jonathan15. Berg, MD, PhD : Andrew F3 Olshan, PhD?, Hereditary breast and ovarian 203 BRCA1 68
Terry Magnuson, PhD' and Barbara K. Rimer, DrPH cancer
(early breast, ovarian, prostate and BRCA2 135
other cancers)
Genomics and public health have been uneasy bedfellows for  population health risks;* medical interventions are usually most | = ;
some time. Most efforts to improve population health through  beneficial when identified disease risks and potential benefits Familial hypercholesterolemia 86 APOB 31
genomic approaches have focused on the assessment of risks for  are high. Finally, efforts that aim for genomic risk stratification (early heart attacks and strokes) LDLR 55
common diseases, with the aim of tailoring interventions and  often are justified by the hope that simply informing individu-
screening.! However, the improvement of population health  als of their genetic risks for disease will induce beneficial behav- |
through such an approach has remained elusive. Now, rapid  ioral changes.® Thus far, this notion is largely contradicted by Lynch Syndrome 50 PMS2 18
progress in affordable, robust DNA sequencing offers a promis-  available evidence.” Although we already know how to lower {czfgly‘;;:fgion. Ulesinic: anek Dk e MSH6 23
ing opportunity. By expanding the fields focus from common  risks for most common diseases, getting populations to eat i
to rare diseases, it may be possible to realize the promise of pub-  properly, exercise, and give up unhealthy behaviors, especially MSH2 6
lic health genomics by identifying those millions of individuals ~ without major policy changes, is challenging, and there is little MLH1 3

who unknowingly carry mutations that confer a dramatic pre-
disposition to preventable diseases.

evidence to suggest that genetic tweaking of risk will meaning-
fully augment these efforts.™

Cardiovascular risk

Cardiomyopathy B2 MYH7 -]
(diseases of the heart muscle with

dangerous complications) MYBPC3 29

TPM1 2

TNNI3 3

Evans J et al, Genetics in Medicine, 2013 TNNT2 5

,7  Trivedi BP, Science, October 2017 MYL3 4
LMNA 1




Progress in Pharmacogenomics for Public Health Impact:

Pockets of Success but Not Ready for Large Scale Implementation

Contents lists aveilable st Sdencelirect

Journal of Pharmaceutical Sciences

journal homepage: www.jpharmsci.org R —
Review
Clinical Implementation of Pharmacogenomics for @ -
Personalized Precision Medicine: Barriers and Solutions
Michelle E. Klein ', Md Masud Parvez ', Jae-Gook Shin = °
! Department of Pharmam logy and PharmamCenamics Bessarch Center, Inje Lniversity Collage of Medisng Bucan, fepubbic of Korea
2 Depantment of Clinical Pharmacology, inje University Busan Paik Hospitl, Busan, Repub bic of Konm
ARTICLE INFO ABSTRACT
Article history: Clinical implementation of pharmacogenonics (PGx) leads to personalized medicine, which improves
Received 14 Pebnary 2017 the efficacy, safety, and cost-effectiveness of treatments Although PGx-based research has been con-
Revised 14 Agril 2017 ducted for more than a decade, several bamriers have siowed down its widespread implementation in
Amepted 24 Aprl 213 clinical practice. Glebally, there is an imbalance in programs and selutions required o empower the

clinical implementation of PGx between countries. Therefore, we aimed o review these issues
compre e s ve ly, dete rmdme the major barriers, and find the best solutions. Throegh an exte nsive review

dinial nl.-rplen-ern'rnn of ongoing clinical implementation programs scientific, educational ethical, legal, and social issues,
pharmamgenamics information technology, and reimbumsement were identified a5 the ey bamiers. The pace of global
pharmam genetics i muple mentatien of genomic medicine coincided with the resownce limitatiens of each country. The key

perzandlized medicine solutions identified for the earlier mentioned bamiers are as follows: building of secure and suitable

information technology infrastrocture with integrated clinical decsion support systems abong with
increasing PGx evidence, more regulations, reimbusement strategies for stakeholders acceptance,
incorporation of PGy education in all institutions and clinics, and PGy promotion to all health care
professonals and patients. In conclusion, this review will be helpful for the better understanding of
comuman barriers and solutions pertaining to the clinical application of PG

& 207 American Phamacksts Assoclaton®. Published by Elsevier Inc. All dghts reserved.

J Abbasi, JAMA, 2016

Klein ME et al, J Pharma Sci, 2017.




Example of Genetic Risk Stratification:

Can We Use Age and “Genetic Risk Scores” in Breast Cancer Screening?

10-year absolute risk of developing breast cancer for women with
and without family history by polygenic risk percentiles

Women without Family History Women with Family History
0.10 0.10
—=B0% —=B0%
o0.09 0.09
B0-80%% 60-80%
0.08 0.08
A0-60%: 40-60%:
5 9% ——o2040% 007 1 ——30-20%
- D08 <20% W 0.06 <20%
E =
> (005 | =——Reference % 0.05 ——— Reference
= 5,
0.04 2 004
0.03 0.03 e —

0.02 0.02 ;
0.01 0.01
0.00 0.00 :
20 25 30 35 40 45 S0 55 60 &S 20 25 30 35 40 45 50 55 &0 &5
Age (years) Age (years)

Mavaddat et al. JNCI 2015: 107(5)




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

& American College of Medical Genetics and Genomics

Genetics
COMMENTARY | inMedicine

The need for a next-generation public health
response to rare diseases

Rodolfo Valdez, MSc, PhD’, Scott D. Grosse, PhD' and Muin J. Khoury, MD, PhD?

Few public health research activities trigger stronger calls
to public health action than research into the burden of dis-
ease. This research uses standard measures to quantify actual
or potential losses that populations may experience due to the
presence of diseases and injuries. Standard measures range from
simple (e.g., mortality) to complex (e.g., disability-adjusted life
years). Despite certain deficiencies in quantity and quality of
data at a global scale, the burden of disease has been estimated
for approximately 300 conditions that affect millions of peo-
ple around the world, with the intent of informing the design
of health systems and development of public health policy."
However, such efforts have been dedicated mostly to relatively
common conditions and include only a handful of rare diseases
under the label “congenital anomalies”

There is no standard definition of rare disease, but, overall, a
disease is considered rare when it affects fewer than 7 people out
of 10,000 in a given population.” Between 5,000 and 8,000 rare
diseases have been identified in the world, and approximately
80% of them have a genetic origin® (more on that later). Despite
the suspected large number of adults and children affected by

refer to relatively benign conditions, such as heterozygosity for
the hemoglobin S variant of the B-globin gene (i.e., sickle cell
trait), and other codes refer to transient conditions (e.g., certain
congenital heart abnormalities) that are particularly common
among infants born preterm.

Walker et al.® also calculated the impact of rare diseases on
the health-care system in Western Australia; hospital stays
related to rare disease were, on average, approximately 3 days
longer than stays for the general population. The 2% of the
population affected by rare diseases accounted for 4.6 to 10.5%
of total hospitalization expenditures.® These results affirm pre-
vious findings. Using codes that largely overlap with the codes
used by Walker et al.,” Yoon et al.® reported that, in a pediat-
ric population from two states in the United States comprising
patients with hospital codes for birth defects and genetic dis-
eases, approximately 2.5% accounted for 9 to 12% of pediatric
hospital admissions and 16 to 28% of total costs. Rare diseases
may account for a greater share of hospital admissions and costs
for children than for adults. The data from Walker et al.” enable
investigators to test this hypothesis.




Preparedness, Preparedness, Preparedness!!

Genomic Workforce Competencies 2001

Genomic competencies for the public health workforce at any
level in any program

A public health worker is able to:

» Demonstrate basic knowledge of the role that genomics plays in the
development of disease
¢ Identify the limits of his/her genomic expertise

o Make appropriate referrals to those with more genomic expertise

THANK YOU!

On This Page

e ALl Public Health Workforce

e ALL Public Health
Professionals

e |eaders/Administrators

e Clinicians

e Epidemiologists

o Health Educators

e |aboratorians

e Environmental Health

Workers

WEFKLY UPDATE
Weekly summary of genomics and health impact

information

PHGKB
Online searchable knowledge base on genomics and
health impact information

REPORTS AND PUBLICATIONS
Scientific reports and publications in public health

EENOMICS

GENOMICS & HEALTH IMPACT BLOG
A blog devoted to genomic issues in research, policy and
practice

REAL STORIES
The power of personal stories for communicating

genomic information

EVENTS AND MULTIMEDIA,
Podcasts, videos, slides and other CDC events

information relevant to genomics and public health

GEMETICS 101
Genetics basics explained including a giossary of genetic

terms

FAMILY HEALTH HISTORY
Family health history is known to be a risk factor for
mast diseases

GENOMICS AND DISEASES
Genomics is important for many diseases of public health
significance

GEMETIC COUNSELING
Helping to inform individuals and families about genetic
risks, testing and interventions

GENOMICTESTING
Genomic tests are available for mamy diseases across the

lifespan

EPIDEMIOLOGY
Epidemiclogy is a scientific foundation for public health

EENCMICS

U.S. Department of
Health and Human Services

Centers for Disease
Control and Prevention



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