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Outline: 4 Themes

> Biological and Social Determinants
of Disease Require Both Medical and
Public Health Interventions

>

Khoury MJ and Galea S, JAMA 2016.

Will Precision Medicine

Improve Population Health?

Announcement of the precision medicine initiative has
led to a variety of responses, ranging from enthusiastic
expectations' to explicit skepticism.? about potential
health benefits, limitations, and return on investment.
This Viewpoint discusses whether precision medicineis
unlikely or likely to improve population health, aiming
to forge a consensus that bridges disparate perspec-
tives on the issue. The potential of precision medicine
to improve the health of individuals or small groups of
individuals is not addressed here because it involves a
different guestion with different metrics.

Precision Medicine Is Unlikely

to Improve Population Health

There are 3 fundamental reasons why precision medi-
cine might notimprove the health of populations. First,
disease pathogenesis, especially for commoen noncom-
municable diseases, is extraordinarily complex. Abun-
dant evidence has demonstrated this for the associa-
tion between the multiplicity of specific genes and
conditions, including obesity, hypertension, or certain
cancers. Additionally, it is known that genetic associa-
tions have, in most instances, small effect sizes in con-
trast with more robust contributions of behavioral and
social factors.

First, the United States faces extraordinary challenges
to the health of its population. Over the past 30 years,
the United States has fallen behind other high-income
peer nations in health attainment on many metrics,
including life expectancy and infant mortality, and
there are persistent gaps in health outcomes by income
and race/ethnicity.* The solution to these challenges is
probably not an increased focus on the individual, but
rather involves focusing on the social, economic, and
structural drivers of population health that are ubiqui-
tous and inevitably linked to health achievement as a
country. The centrality of the precision medicine effort
to the US national health research agenda may distract
from efforts to remedy the foundational causes of ill
health such as poverty, obesity, and education. Without
addressing these causes, there will be little, if any, suc-
cess in reversing the trends of poor achievement in US
population health.

Second, precision medicine could (and to some ex-
tent has) led to a shift from which projects are funded
by health research agencies. Funding for grants with a
population health or public health goal has declined over
the past 10 years at the Mational Institutes of Health,
whereas funding for -omic research has increased sub-
stantially. This shift in funding may lead to an emerging




Nature vs. Nurture? Please, Not Again!

Are we products of nature or nurture?

Science answers age-old question Let's have stew not pie!

Twin studies collated over the past 50 years reveal human traits and disease
are almost equally determined by genetic and environmental factors
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I Researchers collated 2,748 studies involving more than

14.5 million pairs of twins and found the average
vanation for human traits and disease is 49% due to genetic factors and 51% due to environmental factors
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https://www.theguardian.com/science/2015/may/19/are-we-products-of-nature-or-nuture-science-answers-age-old-question
https://blogs.cdc.gov/genomics/2011/08/11/shall-we-have-pie-or-stew/

Human Diseases Result From Gene-Environment Interaction

Genetic Diseases: 7000+
conditions, individually rare but
collectively common

“Complex” Common Diseases:
heart disease, cancer, diabetes
Genetic Human Behavioral

variation Disease & Environmental Many Genomes Interact
Factors -Inherited (germ)

-Acquired (somatic)
(e.g. cancer)
-Symbiotic
(microbiome)
-Genomes of vectors




Interactions Are Getting More Complex
Epigenetics: Life Course and Intergenerational Effects

Genetic Behavioral
variation & Environmental

Human
) Factors
Disease

Epigenetic and
post-genomic

The Agouti Mouse and Impact of
modification Epigenetics



http://blogs.cdc.gov/genomics/2014/10/09/epigenetics/

Almost All Health Problems Require Population and Individual Level
Interventions Even Though Individual Interventions Have Less Impact

Smallest
Impact

Largest
Impact

Counseling
& education

Healthcare
interventions

Long-lasting
protective interventions

Examples

Eat healthy, be physically
active

Medication for high blood
pressure, high cholesterol,
diabetes

Immunizations, brief
intervention, cessation of

treatment, colonoscopy

Changing the context

To make individuals’ default
decisions healthier

Fluoridation, Og trans fat,
iodization, smoke-free laws

Socioeconomic factors

Poverty, education,
housing, inequality




Precision Medicine vs Public Health: A False Dichotomy
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Public Health in the Precision-Medicine Era Precision Medicine vs. Public Health: a False Dichotomy:

Posted on September 28, 2015 by Ron Zimmern, PHG Foundation and Muin J. Khoury, Office of Public Health Genomics,
Ronald Bayer, Ph.D., and Sandro Galea, M.D., Dr.P.H.
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Khoury and Zimmern, 2015

Bayer and Galea, NEJM 2015




Outline: 4 Themes continues

» As Medicine Becomes More Precise
(or Personalized), We Need Public
Health to Ensure Its Population
Health Benefits

>

Khoury MJ and 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 changesin recommended 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 a time of increasing fiscal restraintand




The Genomic Testing Landscape is Growing Rapidly

» Increasing number of genetic tests

&
> Across lifespan (preconception to adults)
> Across continuum (prevention-treatment) 4«

> Whole-genome sequencing as tool in 20K
clinical and public health practice

» Increasing public awareness and interest

> Proliferation of direct-to-consumer 0
. 2012 2014 2016 2013
genetic tests 2013 2015 2017

» Adoption by some healthcare systems B Tests
> Precision Medicine Initiative (AllofUs)

OK

19K

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



https://allofus.nih.gov/

A Crucial Public Health Role is to Ensure

Population Health Benefits of Genomics and Precision Medicine

Opinion

~ ldentifying applications that are supported

m No Shortcuts on the Long Road to Evidence-Based
by evidence for their use

Genomic Medicine

Rapid advances In genomics have ledto aneweraof  ence in genomic medicine. In 2014, 283 published ar-

disease prevented or detected earlier

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 hawe answers to a number of sdentific ques-
tions that are relevant to establishing the analytic valid-
ity of genomic tests {the ahility of tests to be accurate),

MU 1. Khoury, MD,
° ° ° PhD precision medicine, resulting ina substantialincreasein - ticles evaluated implementation of genomic medicine.
> A n t h I t n h I t h m t f OfceofPublicHealth  the number of genetic tests available for researchand  Most studies described uptake of gernomic tests or pref-
S s e s S I g e p 0 p u a I o e a I p a c O maﬁ;‘w’smr clinical practice. As of April 27, 2017, the Genatic Test-  erences for use by clinicians and patients. Key study
and Preenticn, ing Registry,! maintained and updated by the Mational  design elements, such as the racial/ethnic compaosition
° ° ° ° ° Afianta, Georgla. Institutes of Health, contained information on 49521 of study populations, were underreported in studies.
tests conducted at 492 laboratories for 10 733 disezse  Fewstudiesincorparated implementation science theo-
ge n O m I cs a n d p re C I S I o n m e d I C I n e conditions imvolving 16 223 genes. These tests cover a  retical framewarks, sustainability measures, or capacity-
wide variety of diseases, rare and comman, for differ-  building measures. Most studies focused on patient
. . . ent types of applications such as diagnosis, treatment,  factors associzted with implementation rather than
and prevention. macro-level factors {eg, health systems, policies, edu-
. Qu a nt Ifyl n g b u rd e n Of p reve nta b I e d I Se a Se For 2 decades, there have been ongoing discussions  cation, financing). Only a few studies attempted to de-
of theimportance of a strong evidentiary foundationfor  velop and evaluate evidence-based strategies that can
H H H H H genetic testing. Several advisory groups, including the  improve implementation of genomic medicine. Theau-
] AsseSSIng I mpa Ct Of |ntervent|0ns In terms Of ||VeS Saved’ Task Force on Genetic Testing” and the Secretary's Advi-  thors concluded that “the current knowledge base

around implementaticn science to turn the promise of
genomic medicine into reality is severely limited ™

Moving Forward: A New Evidence Framework?
In March 2017, the National Academies of Sciences,
Engineering, and Medicine released z study report

— titled "An Evidence Framework for

e Quantifying and modeling healthcare costs and savings
. . - . . . . . . _ Genetic Testing ™ A special committee
e Assessing barriers and facilitators to implementation o conamer gemetc tocting, thened e o ke gou

of experts examined the scientific litera-
for evidence in genomic medicine is ture to evaluate the evidence base for

e Documenting and addressing health disparities more important than ever. oo Pt o s

ing regarding the use of genetic tests
along with clinical walidity (showing an association with  in clinical care.™® The committee focused on clinical

e Assessing Laboratory practice s e pnes) nclrical sty g Fective.  alcatons and ity of genetc ests and examid

ness inimproving health cutcomes) ? how avideance is genarated, avaluated, and synthe-

sized. The committes reviewsd several available meth-
What Is the Status of the Evidence Base ods for assessing the analytic validity, clinical validity,
In Ganomic Madicine? and dlinical utility of genetic tests. These included the

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 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

""" Dotson WD, et al. Clin Pharmacol Ther. 2014



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

Selected Tier 1 Genomic Applications Beyond Newborn

Screening

New Sfmt{eﬁies mn
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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


https://www.cdc.gov/genomics/implementation/toolkit/index.htm

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

Moyer VA. Ann Intern Med. 2014; 160(4):271-281.

.2 Evaluation of Genomic Applications in Practice and Prevention Working Group. Genet Med. 2009 Jan;11(1):35-41.



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, et al. Human Genetics. 2008.

Pal T, et al. Cancer. 2005
15 Kaz AM, Brentnall TA. Nature Clin Pract Gastro & Hepa 2006.




CDC Public Health Genomics Activities in Cancer Control

» Builds capacity for cancer genomics activities Box 1. Program Activities
- - Supported by Cooperative
in state pUbIIC health dePartments Agreements in Public Health
e Implement education, surveillance, and Genomics Through the Centers for

Disease Control and Prevention,

policy or systems change activities 2003-2008

[

* Develop or expand leadership capacity in public
» Currently funding programs in five states health genomics.

* Develop and implement population-based

® COIOradO assessments and incorporate genomics into disease-

. specific data collection through surveillance and

e Connecticut reqistries,

o M |Ch|ga N * Implement or expand the use of genomics in
program activities.

® Oregon * Educate the health care workforce, policy makers,
and the public about the importance and role of

® Utah family health history and genetic risk factors in

disease etiology and prevention.
* Prepare the chronic disease workforce for using

CDC Awards Funding to Support Cancer Genomics. genomic tools to reduce the burden of specific
cdc.gov/cancer/breast/what_cdc_is_doing/genomics_foa.htm diseases, and teach them the benefits and limitations
St Pierre J, et al, Prev Chron Disease, 2014 of genetic tests,




Public Health Genomics: BRCA Testing in Michigan

L e e R A

Genetics Through the Life Cycle:

3500 _ Improving Health and
A Preventing Disease
3000 2003

2004
m Seriesl © Series2 . 2099
2500

2000 ar | —a
1500 m Series3 = et
(number) i go®
1000 s
500 Car shve Cancer Control Plan for Michigan
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1 2 3 4 5 6

D Duquette, CDC Public Health Grand Rounds, April 2016

State of Michigan Cancer and Genetics Plans
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Public Health Genomics and Health Disparities:

BRCA Testing

BRCA testing in young women with breast cancer:

] ] ] ] Any BRCA tests
12 underutilization in Black and Hispanic women = i
'D T
~ — Metropolitan
= 250 :
§_ == == Nonmetropolitan
3 200 -
S 150 4
7 — =
a 50 =
&y
ﬂ 0 ] L] L | ] | ] | ]
_ e _ 2009 2010 2011 2012 2013 2014
White Black Hispanic Asian Other/unknown
Race/ethnicity Year
Racial/Ethnic Differences Rural-Urban Differences

Levy DE, et al. Genet Med. 2011

Kolor K et al, MMWR, 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

» Highly underdiagnosed and
undertreated

» Racial and ethnic disparities in
diagnosis and management

» Missed opportunities for public
health-health care partnerships

19 Knowles J et al, JAMA, 2017


http://www.medped.org/index.html

Familial Hypercholesterolemia is Common and Undertreated in the

United States

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

100 p=0.001
1 M d
80 I_ l .
o patients are at
— p=0.001
2:}:_‘ 1 . .
= & p=0043 the highest risk
§ 50
=0.005
g . D000 for under
p=0.739
30 1
- treatment
= =) =
10 =
G 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. Circulation (in press)




> There is an Important Role for Public

>

Outline: 4 Themes continued

Health Sciences to Develop and
Implement New Knowledge

Khoury MJ et al, AJPH, 2011.

Beyond Base Pairs to Bedside: A Population Perspective on
How Genomics Can Improve Health

Muin L Khoury, MD, PhD, Mara Gwinn, MD, MPH, M. Scolt Bowen, MPH, and W. David Dotson, PhD

IT HAS BEEN MORE THAN 20
years since the Magonal Human
Genome Research Institute and
the Department of Energy
lunched the Human Cenome
Project and 10 years smee the
completion of the mitial drafi of
the human genome sequence. On
February 10, 2011, the institute
announced i ambitious plian
“charting a course for genomic
mechaine from base pairs 10 bed-
side """ The plan is organized
around svernl domans, extend-

g from basic researdh o bedsde
spphcabons: (1) understanding the
strudure and biology of genomes,

(2) undersandmg the biology of
disease, (3) advanang the science

of medhcme, and (4) improving the

effectiveness of health care. The

emvironmental determmants of
disesse,” evaluate promising ge-
nomec applations for ther po-
tential to improve health and
health care, dessgn appropriate
implementation stratejges for in-
legrating penomics nto clmicasl
and pubbe health practos, and
mensure the population health
impact of new technologies. A
populaton approsch (o genomics
should be informed by the public
health code of ethics, which ad-
dresses fundamental EnRons be-
tween the rights of mdividuals and
lh:' guul of I‘Ill' 1'umr||.m|r.'_|.- B
An expanded resesrch agenda
should forus not ulﬂ}' on the
bench-to-bedside translation
|IhlL\4' bt mlsy on whst s often
called the second phase of tmns

National Health and Nutrition
Examinanon Survey, a large
multiethnc representative sam-
ple of the population with phe-
notypec, genotypic, and disease
rsk factor data on thoussnds of
individuals, "

A populition perspedive is also
needed to asess how genomics
fits in an overall ecologcl mode
of health and disesse thal oon-
siders the interaction of individ-
uak’ genes and other dinical and
behavioral charactensics with fa-
makal. socinl, environmental, and
health system determinants e
The study of genetic varinbion m
relation (o the efects of inkcbons
and environmental, behavioral,
socnl, and other modifiable faee

tors pcriss the life span can con-




Genomics Translation: Bench to Bedside

Bench Bedside

(base pairs, etc) (Diagnostics and
Therapeutics)

; . - Implementing genomic medicine in the clinic:
Charting a course for genomic medicine the future is here

from base pair S tO bEdSide Teri A. Manolio, MD, PhD', Rex L. Chisholm, PhD?, Brad Ozenberger, PhD', Dan M. Roden, MD’,

iric D. Green', Mark S. Guyer' & National Human Genome Research Institute® Marc 5. Williams, MD**, Richard Wilson, PhD", David Bick, MD’, Erwin P. Bnttinger, MD*,
Murray H. Brilliant, PhD®, Charis Eng, MD, PhD™, Kelly A. Frazer, PhD", Bruce Korf, MD, PhD",
David H. Ledbetter, PhD®, James R. Lupski, MD, PhD", Clay Marsh, MD*, David Mrazek, MD",

There has been much progress in genomics in the ten years since a draft sequence of the human genome was published. Michael F. Murray, MD", Peter H. O'Donnell, MD", Daniel J. Rader, MD", Mary V. Relling, PharmD",

Opportunities for understanding health and disease are now unprecedented, as advances in genomics are harnessed to - Alan R, Shuldiner, MD?, David Valle, MD*', Richard Weinshilboum, MD#, Eric D. Green, MD, PhD'
obtain robust foundational knowledge about the structure and function of the human genome and about the genetic d Geoffrev 5. Ginsh MD. PhD%!

contributions to human health and disease. Here we articulate a 2011 vision for the future of genomics research and and Geotirey 5. GINsourg, '

describe the path towards an era of genomic medicine.

-

Nature, 2011; Genetics in Medicine, 2013




Genomics Translation: Beyond Bench to Bedside
(“The Road Less Traveled”)

Development

T1
. Discovery
TO /
/ f.

Sonulat Knowledge
opuiation Integration
Health -

Outcomes

T4
Health care

& Prevention
Programs

Bedside
Application

N\ Evaluation
N\

T2
AN
AN

S

Evidence based
Recommendation
or Policy

J_ﬁ_;.f--""Tmplementetien

e
-
e
-
=
-

Translational
Research

T2 and Beyond
Involves
multiple
Clinical and

population
disciplines but
Is <2% total
genomic
publications

Khoury MJ, et al, AJPH, 2012
Schully S et al, PHG, 2010



Tier 1 Genomic Applications:

Health Systems and Implementation Science

150,000+

PARTICIPANTS

MyCode*® results returned

533 patient-participants have received resulis*

Geisinger
Pmycode

@ American College of Medical Genetics and Genomics

Genetics

SYSTEMATIC REVIEW ‘ inMedicine

For the latest resulis, see go.geisinger.org/results.

December 1, 2017

Risk condition Patients per Gene Patients per
risk condition W gene
The current state of implementation science e000 @000
i i PO it : CDC tier 1 conditions (click link
in genomic medicine: opportunities for improvement - :
Hereditary breast and ovarian 203 BRCA1 68
Megan C. Roberts, PhD', Amy E. Kennedy, PhD, MPH', David A. Chambers, DPhil' and cancer
Muin J. Khoury, MD, PhD'? (early breast, ovarian, prostate and BRCA2 135
other cancers)
Familial hypercholesterolemia 86 APOB ]|
iy heart attacks and strokes
Purpose: The objective of this study was to identify trends and gaps  particularly oncology (35%, n = 99). Key study design elements, such Aty esir ek iy okes) LDLR 55
in the field of implementation science in genomic medicine. as racialfethnic composition of study populations, were underre-
. o - o rted in studies. Few studies incorporated implementation science
Methods: We conducted a literature review using the Centers for ported | R B .
Disease Control and Prevention’s Public Health Genomics Knowl- B {I’_amcl;o?gr:du[;m:a niothier 50 PMS2 18
edge Base to examine the current literature in the field of implemen-  Concluslon: Although genomic discovery provides the potential for Y 2 i MSH&6 23
tation science in genomic medicine. We selected original research  population health benefit, the current knowledge base around imple- cancers)
articles based on specific inclusion criteria and then abstracted infor- ~ mentation to turn this promise into a reality is severely limited. Cur- MSH2 6
mation about study design, genomic medicine, and implementation  rent gaps in the literature demonstrate a need to apply implementa-
outcomes. Data were aggregated, and trends and gaps in the literature  tion science principles to genomic medicine in order to deliver on the MLH1 3

were discussed.

Results: Our final review encompassed 283 articles published
in 2014, the majority of which described uptake (35.7%, n = 101)

promise of precision medicine.
Genet Med advance online publication 12 January 2017
Key Words: dissemination; genomic medicine; implementation;

Cardiovascular risk

and preferences (36.4%, n = 103) regarding genomic technologies,  precision medicine; translational research Cardiomyopathy 52 MYH7 =
(diseases of the heart muscle with
dangerous complications) MYBPC3 29
TPM1 2
Robert M et al, Genetics in Medicine, 2017 TNNI3 3
Geisinger, MyCode project TNNT2 5
24 MYL3 4
LMNA 1



https://www.geisinger.org/mycode

JAMA | Original Investigation

Tier 2 Genomic Applications: Pharmacogenomics

Effect of Genotype-Guided Warfarin Dosing on Clinical Events
and Anticoagulation Control Among Patients Undergoing Hip

or Knee Arthroplasty

The GIFT Randomized Clinical Trial

Brian F. Gage, M0 M5C; Anne R. Bass, MD; Harnah Lin, BA; Scott C Woller, MD; Scott M. Stevers, MD:; Noor Al-Hammadl, MEChE, MPH; Juan LL MPH;
Tomds Rodrigues Jr, MS; J. Phillp Miller. AE; Gwendalyn A. McMilin, PhD; Robert C. Pendleton, MD; Amir K. txffer, MO, MBA: Cristi R, King, BS;

Brandl Deviore Whipple, B5; Rhonda Porche-Sorbet, MS; Lynnae Napoll, BS: Kerrl
Wesley Holloman, MD. MEA; Robert L. Baack, MD: Ryan M. Munley. MD: Gerard

IMPORTANCE Warfarin use accounts for more medication-relzted en
visits among older patients than any other drug. Whether genotype
«can prevent these adverse events is unknown.

OBJECTIVE To determine whether genotype-guided dosing improve
initiation.

DESIGN, SETTING, AND PATIENTS The randomized clinical GeneticInf
Warfarin to Prevent Deep Vein Thrombosis included patients aged £
warfarin for elective hip or knes arthroplasty and was conducted at/
Enroliment began in April 201 and follow-up condluded in October

INTERVENTIONS Patients were genotyped for the following polymo
VKORCT-I539G A, CYP2C9*2, CYP2C9"3, and CYP4FZ V433M. Ina 2 »
patients were randomized to genotype-guided {n - 831) or clinically
dosing on days 1 through 11 of therapy and to a target international r
gither 1.8 ar 2.5. The recommended doses of warfarin were open b
clinicians were blinded to study group assignment.

Pockets of Success but Not Ready for Large Scale Implementation

Polygenic Risk Score Identifies Subgroup With
Higher Burden of Atherosclerosis and Greater
Relative Benefit From Statin Therapy in the

Primary Prevention Setting

Editorial, see p 2102

BACKGROUND: Relative risk reduction with statin therapy has been consistent
across nearly all subgroups studied to date. However, in analyses of 2 randomized
controlled primary prevention trials (ASCOT [Anglo-Scandinavian Cardiac Outcomes
Tria-LipidLowering Arm] and JUPITER [Justification for the Use of Statins in
Prevention: An Intervention Trial Evaluating Rosuvastatin]), statin therapy led to

a greater relative risk reduction among a subgroup at high genetic risk. Here,

we aimed to confirm this observation in a third primary prevention randomized
controlled trial. In addition, we assessed whether those at high genetic risk had a
greater burden of subclinical coronary atherosclerosis.

METHODS: We studied participants from a randomized controlled trial of primary
prevention with statin therapy (WOSCOPS [West of Scotland Coronary Prevention
Study]; n=4910) and 2 observational cohort studies (CARDIA [Coronary Artery Risk
Development in Young Adults] and Biclmage; n=1154 and 4392, respectively).

For each participant, we calculated a polygenic risk score derived from up to

57 common DNA sequence variants previously associated with coronary heart
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Tier 2 Genomic Applications: Genetic Risk Scores

Example of 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
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Mavaddat et al. JNCI 2015: 107(5)




Tier 3 Genomic Applications

Personal Direct to Consumer Genetic Tests

Total number of people tested by consumer genetics companies, in milions.

12M

Think Before You Spit, 2017 Edition!
10M
a8m

The scientific foundation for personal genomics:
recommendations from an National Institutes of
B6M Health-Centers for Disease Control and Prevention
Multidisciplinary Workshop
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Regalado A, MIT Technology Review, Feb 2018
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Outline: 4 Themes cont.

> The Era of “Precision Public Health”
is Upon Us!

Khoury MJ et al, AJPM, 2016.

Precision Public Health for the Era of
Precision Medicine

Muin J. Khoury, MD, PhD,>? Michael F. lademarco, MD, MPH,>* William T. Riley, PhD?

healthcare era. A proposed 1 million—person
cohort could create a deeper understanding of
disease causation. Improvements in quality of sequenc-
ing, reduction in price, and advances in “omic” fields and
biotechnology promise a new era, variably labeled
personalized or precision medicine. Although genomics
is one driver of precision health care, other factors may
be as important (e.g., health information technology).
Both excitement and skepticism met the announce-
ment.” Public health experts are concerned about the
disproportionate emphasis on genes, drugs, and disease,
while neglecting strategies to address social determinants

~

T he Precision Medicine Initiative' promises a new

evidentiary foundation for use. The following are exam-
ples of priority areas.

Role of Multidisciplinary Public Health
Sciences

Though precision medicine focuses on individualized
care, its success truly requires a population-based
approach. To learn what interventions work for whom,
data on each individual need to be compared with data
from large, diverse numbers of people to identify
population subgroups likely to respond differently to
interventions. In addition, collecting information from




“Delivering the Right Intervention to the Right

Population at the Right Time”

3 Core Public Health Functions
Assessment

More “precision” in measuring population
health (surveillance/monitoring/ tracking)

Policy Development

More “precision” in developing
appropriate policies and

Assurance

More “precision” in delivering
interventions & addressing health
disparities

Dowell SF et al, Nature, 2016.

STRATEGIC DEFENCE

Ninety per cent of the disease burden can be addressed by focusing on just 14%
of the total area in which the mosquito Aedes aegypti transmits chikungunya,
dengue, yellow fever and Zika.

-
.

! Jw.‘_
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ST population in ~1% o

® Range of diseases spread by A. aegypti
® 90% of the total disability adjusted life years (DALYs) lost onature




Using More “Precision” in Public Health

Surveillance (e.g., Cancer SEER Program)

A B C D
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Annual Report to the Nation on the Status of Cancer, 1975-2011,, JNCI, 2015



CDC Advanced Molecular Detection Initiative

Using Whole Genome Sequencing in Tracking Listeria Outbreaks In
the United States

] 93
] B Pre-WGS (09/12--08/13) -

21
. 19 m WGS Year 1 (09/13--08/14) | -

W WGS Year 2 (09/14-08/15)

No. of clusters No. of clusters  No. of outbreaks = Median no. of No. of cases linked
detected detected sooneror  solved (food cases per cluster to food source
only by WGS source identified)

Gwinn M et al, J Clin Microbiol 2017 Courtesy: Brendan Jackson, Enteric Diseases Epidemiology Branch
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From Precision Medicine to Precision Public Health

» Biological and Social Determinants
of Disease Require Both Medical and
Public Health Interventions

» As Medicine Becomes More Precise
(or Personalized), We Need Public
Health to Ensure Its Population

Health Benefits

» There is an Important Role for Public
Health Sciences to Develop and
Implement New Knowledge

> The Era of “Precision Public Health”
is Upon Us!

Medicine

Genomic
Medicine

Precision
Medicine

Public Health

Public Health
Genomics

Precision
Public Health
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