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 (Genetics, genomics, personalized medicine,
precision health etc. Is not going away...



Outline

 The scope of genetic screening/genomics in
clinical (primary) care.

 Roles, responsibilities, and appropriate use
— what do we know about genome
sequencing In the healthy clinic patient?

« Emerging models/next steps.
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Seven questions. ..

Does the Human Genome Contribute to
Disease Risk Prediction?

What Kinds of Studies Should Be Mounted
In Personalized Medicine?

How Will Personalized Medicine Affect the
Costs of Medical Care?

Where Is the Public Health Benefit?

Joyner and Paneth, JAMA September 8, 2015 Volume 314, Number 10



Scope of Genomics?

What are you “screening” for?
- Disease risk?
- Pharmacologic risk or benefit?
- Reproductive risk?
- Risk to family members?



Scope of Genomics?

What 1s a “screening” test 1n the
context of genomics/precision
health?

- Is It a family history?

- A bilochemical assay?

- A single genetic test?

- A panel of genetic tests?
- The entire genome?



Scope of Genomics?

What 1s the context of “screening™?
- Primary, population based?
- Primary, clinic based?
- Targeted, clinic based?
- Secondary, clinic based?
- Opportunistic (e.g. DTC)?



Scope of Genomics?

What Is the desired benefit/value
from *“‘screening”?

- Mortality decrease?
- Morbidity decrease?
- Decreased cost?

- Knowledge gain?

- Increased income?



Scope of Genomics?

Who derives benefit/value from
“screening’?

- Individual?

- Family?

- Clinical entity?

- Biotech industry? (2% GDP in 2012* )
- Insurer?

- Employer?

- Soclety?
Carlson R. Nature Biotechnology 34, 247-255 (2016)



Scope of Genomics?

In genomics, one person’s
overdiagnosis may be another
person’s 1dea of an “actionable
variant”...



Scope of Genomics?

1) An EBM-oriented perspective...

... Where genomic screening might
stand alone.
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ARTICLE

The Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) initiative: methods of the EGAPP
Working Group
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Genet Med. 2009 Jan;11(1):3-14.



AN EVIDENCE
FRAMEWORK FOR
GENETIC TESTING

Commuttee on the Evidence Base for Genetic Testing
Board on the Health of Select Populations
Board on Health Care Services

Health and Medicine Drazion

A Report of

The Natimal Acadenies of

SCIENCES « ENGINEERING + MEDICINE

ooy gt © Nations Acadermy of Schences. Al AgNS Ieserved

Released March 27, 2017
http://www.nationalacademies.org/hmd/Reports/2017/an-evidence-framework-for-genetic-
testing.aspx
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Author manuscript
Clin Pharmacol Ther. Aunthor mammscnpt; available in PAMC 2015 December 23.

Published m final edited form as:
Clin Pharmacel! Ther. 2014 Apnl ; 95(4): 394—302_ doa: 101038/ clpt 2013 226

Prioritizing Genomic Applications for Action by Level of
Evidence: A Horizon-Scanning Method

WD Dotson', MP Douglas’2, K Kolor!, AC Stewart”™2, MS Bowen', M Gwinn1-2Z, & Wulf!-2,
HM Anders!-2, CQ Chang® M Clyne*?, TK Lam*, SD Schully®, M Marrone®, WG Feero’, and
MJ Khouryl4

1office of Public Health Genomics, Centers for Disease Confrol and Prevention, Atlanta, Georgia,
Usa

McKing Consulting Corporation, Atlanta, Georgia, USA
ICcadence Group, Atlanta, Georgia, USA

“Epidemiclogy and Genomics Research Program, Mational Cancer Institute, Bethesda, Maryland,
Usa

SKelly Services, Troy, Michigan, USA
SJohns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USaA

TMaine Dartmouth Family Medicine Residency Program, Augusta, Maine, USA

Abstract

Az evidence accumulates on the use of genomic tests and other health-related applications of

genomic technologies, decision makers may increasingly seek support in idenftifiing whach
applications have sufficiently robust evidence to suggest they might be considered for action. As
an internim working process to provide such support, we developed a honzon-scanmng method that
assigns genomic applications to tiers defined by availabality of synthesized evidence. We illustrate
an application of the method to pharmacogenomics tests.
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'- c Centers for Disease Control and Prevention
| CDC 24/7: Saving Lives. Profecting People.™

CDCA-ZINDEX v

Public Health Genomics Knowledge Base (v2.0)

PHGKB

About Tier Table Database

MyPHGKB Hreconmend | W Tweet Share

Specialized PHGKB

Last data update: Jun 06, 2017 (Total: 160 Documents)
Genomics (A-Z) _
Tier 1 Search
Office of Public Health
Genomics

Al AlTier1 AlTier2 Al Tier3
State Implementation Map

Genomics & Health Impact

?gﬁfrkrmﬁ?tion} Filtered By: Selectto fine-tune your search v/|

Advanced Molecular

https://phgkb.cdc.gov/PHGKB/topicFinder.action?query=Tier+1&Mysubmit=init




Scope of Genomics?

49 genetic “tests” on current Tier 1 list

“Tier 1/Green genomic applications have a
base of synthesized evidence that supports
Implementation in practice.”

Referenced by those interested in genomics
and population health



Scope of Genomics?

« Dominated by cancer pharmacogenomic
testing — not screening!

 Cancer applications and PCPs
— Family history for HBOC and breast cancer

— Universal screening/cascade screening for
Lynch syndrome (not really population
screening)



Scope of Genomics?

e Also

— 31 disorder newborn screening panel
(pediatrics)

— Family history of osteoporosis (women’s

health)

— Cascade screening for familial hyperlipidemia
(internal medicine)

— HLA B*1502 testing for carbamazepine
(internal medicine)

* This Is a fair diversity!



Scope of Genomics?

2) An evidence-oriented approach...

...to secondary findings.



Scope of Genomics

American College of Medical
Genetics and Genomics
Translating Genes Into Health®
For Immediate Release
Contact: Kathy Beal, MBA
Kbeal@acmg.net

ACMG Releases New Recommendations for Reporting of Secondary Findings
in Clinical Exome and Genome Sequencing:
Four Genes Added and One Removed in ACMG SF v2.0

BETHESDA, MD — November 17, 2016 | In order to promote standardized reporting of medically
actionable information from clinical genomic sequencing, the American College of Medical Genetics and
Genomics (ACMG) in 2013, published a minimum list of genes to be reported as secondary findings
during exome or genome sequencing. The goal was to identify and manage risks for selected highly
penetrant genetic disorders through established interventions aimed at preventing or significantly
reducing morbidity and mortality. Subsequently, in 2014, the ACMG established the Secondary Findings
Maintenance Working Group (SFWG) to develop a process for curating and updating the list of
recommended genes periodically.

Now, the ACMG has released a highly-anticipated Updated Policy Statement, “Recommendations for
Reporting of Secondary Findings in Clinical Exome and Genome Sequencing, 2016 Update: a Policy
Statement of the American College of Medical Genetics and Genomics,” with four new genes added to the

| - i~ 11 i | ' s Ll P . | 1= . N i Ful | |

https://www.acmg.net/docs/SecondaryFindingsFinal.pdf
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http://www.nature.com/gim/journal/v19/n2/pdf/gim2016190a.




Scope of Genomics

Does not include PGX related variants
Disease predisposition, some cancer
Examples of genes added (4) and removed

(1)

— BMPR1A, SMAD4/juvenile polyposis

— ATP7B/ Wilsons disease

— OTC/ornithine transcarbamylase deficiency
/ familial thoracic aortic aneurysm

Extensive, often esoteric waterfront....
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3) The “Fully Monty”...

...screening with the “whole”
genome In the well individual
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Personalized genomic disease risk of volunteers

Manuel L. Gonzalez-Garay™', Amy L. McGuire®, Stacey Pereira®, and C. Thomas Caskey®’

ACenter for Molecular Imaging, Division of Genomic and Bioinformatic, The Brown Foundation Institute of Molecular Medicine, University of Texas Health
Sdence Center, Houston, TX 77030; and "Center for Medical Ethics and Health Policy, Department of Medicine and Medical Ethics, and “Department of
Molecular and Human Genetics, Baylor College of Medicine, Houston, TX 77030

Contributed by C. Thomas Caskey, August 27, 2013 (sent for review July 11, 2013)

Mext-generation sequencing (NGS) is commonly used for
researching the causes of genetic disorders. However, its useful-
ness in dinical practice for medical diagnosis is in early de-
velopment. In this report, we demonstrate the value of NG5 for
genetic risk assessment and evaluate the limitations and barrers
for the adoption of this technology into medical practice. We
performed whole exome sequencing (WES) on 81 volunteers, and
for each volunteer, we requested personal medical histories,
constructed a three-generation pedigree, and required their
participation in a comprehensive educational program. We lim-
ited our dinical reporting to disease risks based on only rare
damaging mutations and known pathogenic variations in genes
previously reported to be assodated with human disorders. We
identified 271 recessive risk alleles (214 genes), 126 dominant risk
alleles (101 genes), and 3 X-recessive risk alleles (3 genes). We
linked personal disease histories with causative disease genes in
18 volunteers. Furthermore, by incorporating family histories into
our genetic analyses, we identified an additional five heritable
diseases. Traditional genetic counseling and disease education
were provided in verbal and written reports to all volunteers. Our
report demonstrates that when genome results are carefully
interpreted and integrated with an individual’s medical records
and pedigree data, NGS is a valuable diagnostic tool for genetic

Gonzalez- Garay M. et al. PNAS October 15, 2013 vol. 110 no. 42 16957-16962

Results

Categores of Variants to Report to Patients. Variants obtained
from our workflow (described in Fig. 1) were reported using
three categories. Our first variant category consists of variants
identified in an individual where the alleles are found in Human
Genome Mutation Database (HGMD) (13, 14) and labeled
disease-causing mutations (DM). These alleles ako were re-
quired to be rare [<1% allele frequency in 6,500 exomes from
the National Heart, Lung, and Blood Institute (NHLBT) Exome
Sequencing Project (15) and the 1000 Genomes Project
Genomes (16, 17)] and predicted to be damaging to protein
function by two of three predictions algorithms [Polvphen 2.0
(18), Sift (19-24), and MutationTaster (25)] using Database of
Human Non-synonvmous SNVs and their functional predictions
and annotations (dbNSFP) (26) as described in Fig. 2. The genome
sequence data of each volunteer were reviewed and interpreted,
taking into account personal medical history, a three-generation
pedigree with family history of diseases, and bicinformatics
analysis. The medical history of each volunteer in this cohort was
rich with detail because each had a private physician used for
annual examinations, and in some cases, disease therapy. Fig. 3
summarizes the results of our pipeline: we recruited 81 non-
related volunteers and sequenced their genomic DNA using
i ' st mr b 5 SR T » »
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TheScientist

JRING LIFE, INSPIRING INNOVATION

Large inventory of primary blood cells
from individual donors

TheScientistExpo

Should Healthy People Have Their A FIRST OF
Exomes Sequenced? ITS KIND EVENT

With its announced launch of a whole-exome sequencing service for apparently healthy
individuals, Ambry Genetics is the latest company to enter this growing market. But whether
these services are useful for most people remains up for debate.

By Ruth Williams | March 24, 2017

H-0E -0 -

THE DIFFERENTE Or

BD GENOMIGCS
< BD

One Assay All Variants

http://www.the-scientist.com/?articles.view/articleNo/48974/title/Should-Healthy-People-Have-Their-Exomes-Sequenced-/
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Multiple reputable companies now offering
exome sequencing to healthy individuals

Low cost ($500-$2K)

Essentially available direct to consumer
Minimal quality oversight

NO standard approach to interpretation
Really the Wild West...

http://www.the-scientist.com/?articles.view/articleNo/48974/title/Should-Healthy-People-Have-Their-Exomes-Sequenced-/



Roles?

 Active seeking of appropriate genomic data
for health care?

» Passive/reactive use of genomic data for
health care?

e Both?



Responsibilities?

Selection of testing?
Consent for testing?
Interpretation of testing?
Management?
Stewardship of data?
Communication of data?



Roles/Responsibilities?
SR St jonneent v i \R TRIALS

STUDY PROTOCOL Open Access

The MedSeq Project: a randomized trial of
integrating whole genome sequencing into
clinical medicine

Heathar M Mcl

physician 2
Discussion: The

" £
Pe 1 F i

Vassy et al. Trials 2014, 15:85
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Author manuscript
Clin Genet. Author manuscript; available in PMC 2017 February 01.

Published in final edited form as:
Clin Genet. 2016 February ; 8%(2): 228234 do1:10.1111/cge. 12626.

Are Physicians Prepared for Whole Genome Sequencing? A
Qualitative Analysis

yduosnuely Joyiny

Kurt D. Christensen', Jason L. Vassy'-2, Leila Jamal®, Lisa Soleymani Lehmann', Melody
J. Slashinski4, Denise L. Perry!, Jill 0. Robinson?, Jennifer Blumenthal-Barby>, Lindsay Z.
Feuerman?, Michael F. Murray®, Robert C. Green!®, and Amy L. McGuire? for the MedSeq
Project Team

Department of Medicine, Brigham and Women's Hospital and Harvard Medical School, Boston,
MA

2Section of General Internal Medicine, VA Boston Healthcare System, Boston, MA
3Center for Medical Ethics and Health Palicy Baylor College of Medicine, Houston, TX

4School of Public Health & Health Sciences, University of Massachusetts, Amherst, MA

ydussnueyy Joyiny

SGeisinger Health System, Danville, PA

EPartners Personalized Medicine, Boston, MA

Abstract

Background—Although the integration of whole genome sequencing (WGS) into standard
medical practice is rapidly becoming feasible, physicians may be unprepared to use it.

Christensen K. et al. Clin Genet. 2016 February ; 89(2): 228-234.
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Annals of Internal Medicine ORIGINAL RE

The Impact of Whole-Genome Sequencing on the Primary Care and
Outcomes of Healthy Adult Patients

A Pilot Randomized Trial

2asom L. Vassy MD AMPH, SM: Kurt D. Christanson, PhD, MPH: Ersca F. Schonman, MPH: Cormie L ESowt MS, OGS

Jam ©. Robinsom,. MAC Jood B. Krior, MD: Pasnols M. Diammond, PhD; Matthow Labo, PhD: Kalotina Machans, PhiD:

Daniclle B AZzowritS MS, OGO Dmitry Dokhowny, MD, MPH: Dawvid W. BEastos, MDD, MScC: Calum A MacRae, MD, PhD:

MEchacl F. Mustay, MD: Hoidl L. Rohan, PhD: Amy L McocGuire, JD. PhD: and Robeort C. Greoan,. MDD, MPH, for tho ModSoq Projoct™

Limatatiomc Lame
nomic divarsty,

Vassay J. et al. Ann Intern Med. 2017;167(3):159-169.




What 1S next?

The cart Is pretty far out In front of
the horse...



Emerging models

PROJECTS
PUBLICATIONS

IMPACT

The Clinical Sequencing Exploratory Research (CSER) Consortium, a national multi-
site research program funded jointly by the National Human Genome Research
Institute (NHGRI) and National Cancer Institute (NCl), conducts multidimensional,
translational research to evaluate the integration of genome and exome
sequencing into clinical care, Comprising of over 300 clinicians, scientists, ethicists,
bioinformaticians, economists, and legal scholars, and recruiting over 5000 patients

across diverse clinical indications, backgrounds, and age groups, CSER is well

positioned to study the impacts and effectiveness of using genomic sequencing in

dinical care. Through this expertise and research, CSER has and continues to
develop and share innovations and best practices in areas such as variant
dlassification, return of results, additional (incidental) findings, informed consent,

and ethical, legal and social implications of sequencing,

CSER Tools for Genomic Medicine

(SER developed tools and resources to support the genomic medicine process.

Achievements [+]

Login

News and Updates
Clinical Sequencing Evidence-Generating Research (CSER2) sites announced!
Six sites and one coordinating center are funded as part of CSER2. Focusing on

diverse populations, sites seek to generate evidence supporting use of genomic
sequencing in medical care. Read more »

CSER at ELSI Congress 2017

(CSER's Ethical, Legal & Social Implications (ELSI) research will be presented at ELSI
Congress 2017 Read more »

CSER Invited Science Session @ PAS 2017

(CSER investigators are presenting in an invited science session (5/6 @ 1pm) at the
Pediatrics Academic Sacieties (PAS) 2017 Meeting, highlighting cutting-edge CSER
research in pediatric practice. Read more »

More news »

CSER Guide to Interpreting Genomic Reports

https://cser-consortium.org/
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¢ U.S. Department of Health & Human Services = National Institutes of Health
NIH Nationa titu f Hea ABOUT v~ FUNDING~ NEWS, EVENTS, & MEDIA ‘ JoinAllofUs.org ’ Search

The future of
health begins with

All-rUs

The All of Us Research Program is a historic effort
to gather data from one million or more people
living in the United States to accelerate research
and improve health. By taking into account
individual differences in lifestyle, environment, and
biology, researchers will uncover paths toward
delivering precision medicine.

WATCH VIDEO (»)

https://allofus.nih.gov/
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Genomics

About Us 100,000 Genomes Project Taking Part For Healthcare Research Industry Partnerships News & Events
Professionals

Latest on progress and results for participants

https://www.genomicsengland.co.uk//
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Independent report
Chief Medical Officer annual report

2016: Generation Genome

From: Department of Health
Published: 4 July 2017
Last updated: 20 July 2017, see all updates

Professor Dame Sally Davies's eighth independent report to

government as CMO looks at how genomics can improve health and
prevent ill-health.

Documents Annual report of the Chief Medical Officer
2016: Generation Genome

PDF, 11.5MB, 256 pages

This file may not be suitable for users of assistive technology. Reguest an
accessible format.

https://www.gov.uk/government/publications/chief-medical-officer-annual-report-2016-generation-genome
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Autism & Developmental Medicine
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Biomedical and Translational Informatics |nlt| ative
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Department of Epidemiology and Health
Services
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https://www.geisinger.edu/en/research/departments-and-centers/genomic-medicine-institute/mycode-health-initiative
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Augusta’s cancer center hosts genomics research
initiative

The program, directed by two headed from the Jackson Laboratory, will allow oncologists
throughout the state to share technology, information.
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¢ ory's name has been added to the sign, seen Wednesday, at the Harold Alfond

http://www.centralmaine.com/2017/03/11/augustas-cancer-center-hosts-genomics-
research-component/
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* No single program will have the power to
fully investigate the consequences of rare
variations.

* There Is no consensus approach for
Interpretation and action.

 There are no shared outcomes and metrics
across US programs.
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Enabling Precision
Medicine: The Role

Genetics in Clinical Drug

Roundtable on Genomics and Precision Health
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View All Publications from this

ieve its objectives, the Roundtable conducts structured dis ions, public workshops, and symposia and
into information-gathering activities, develops authored perspectives, onganizes collal wes, and

== View Full Roundiable R

http://www.nationalacademies.org/hmd/Activities/Research/GenomicBasedResearch.aspx



Three take home points

* |ntegration of genomics Into primary care practice
has largely been explored through the lens of a
few tests at a time. This Is a problem!

* The net value of genomics in primary care remains
undefined. Overdiagnosis>underdiagnosis.

« What Is happening at your institution? The
genomics community needs you as a constructive
partner in getting it right!



