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Improve treatments

Increase access

Opportunities for understa ntllng |'IL alth .mr.l disease are now mel ecedented, as advances in genomics are hamessed Lo
obtain robust foundational knowledge about the structure and function of the human genome and aboul the genetic
contributions o human health and disease. Here we articulate a 2011 vision for the future of genomics research and

There has been
describe the path towards an era of genomic medicine.
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ince the end of the Human Genome Project (HGP) iu 2003 and the

S become a mainstay of biomedical research. The sclentific commu
nity's foresight in launching this ambitioos project” is evident in the broad
range of scientific advances that the HGP has enabled, as shown in Fig 1
(see rollfold). Optimism about the potential contributions of genomics for
improving human health has been fuelled by new insights about cancer™™,

juence of the human genome was published.

quickly. Although genomics has already begun to improve diagnostics
and treatments in a few circumstances, profound improvements in the
effectiveness of healthcare cannot real istically be
(Fig
also on new policies, practices and other developments. We have illu
strated the kinds of achievements that can be .u:l[LLLp.L[rL. with a few

expected for many years
2). Achieving such progress will depend not only on research, but

examples (Box 2) where a confluence of need and opportunities should

Green ED, Guyer MS. Natfure 2011; 470:204-13.



NHGRI Genomic Medicine Definition
August 2012

Genomic Medicine: An emerging medical discipline that
Involves using genomic information about an individual as part
of their clinical care (e.g., for diagnostic or therapeutic
decision-making) and the other implications of that clinical use.

Purposefully narrow

By ‘genomic,” NHGRI means direct information about DNA
or RNA; downstream products outside immediate view

NHGRI recognizes dominant portion of its current portfolio
appropriately supports the foundational research that will
ultimately produce the discipline of genomic medicine

Fourth and fifth NHGRI strategic plan domains capture
research activities under umbrella of genomic medicine

Metaphorically viewed as key ‘destination’ for attaining
mission of improving health through genomics research



Genomic Medicine Working Group of National
Advisory Council on Human Genome Research

 Plan Genomic Medicine meetings, 2-3 per yr

 Provide guidance to NHGRI in other areas of
genomic medicine implementation, such as:

Outlining infrastructural needs for adoption
of genomic medicine

|dentifying related efforts for future
collaborations

Reviewing progress overall in genomic
medicine implementation
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Examples of Early Genomic Medicine
Implementation Projects (June 2011)

 Tumor-based genotype-driven treatment

* Risk/susceptibility testing in relatives of
mutation-bearing cancer patients (Lynch
syndrome, BRCA1/2, etc.)

 Family history collection for assessment
of individual risk

 Whole exome/genome sequencing for
unknown disease diagnosis

« Complex disease risk advice (MIl, T2DM)

Genet Med 2012; 15:258-67 .



Genomic Medicine Colloquium Report
June 2011, Chicago, IL

Genetics
REVIEW | inMedicine

© American College of Medical Genetics and Genomics

Describe ongoing projects and challenges
|ldentify common infrastructure and research

needs

Outline implementation framework for
iInvestigating and introducing similar programs g
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Although the potential for genomics to contribute to clinical care  relevant; lack of reimbursement for genomically driven interventions;
has long been anticipated, the pace of defining the risks and benefits  and burden to patients and clinicians of assaying, reporting, inter-
of incorporating genomic findings into medical practice has been  vening, and following up genomic findings. Key infrastructure needs

Genet Med 2012; 15:258-67 .



NHGRI’'s Genomic Medicine Research Program

‘ Program Goal 29M Years

Use biorepositories with EMRs and GWA data to

eMERGE Il . . " 304 FY11-14
incorporate genomics into clinical research and care
eMERGE-  Apply PGRN’s validated VIP array for discovery and
L : : 6.7 FY12-14
PGx clinical care in ~9,000 patients
CSER _Explore_lnfrastruct_ure, methodg, andlls_sues for 665 FEY12-16
integrating genomic sequence into clinical care
ROR Investigate whether/whe.n/how to return |nd|V|duaI' 57 FY11-13
research results to ppts in genomic research studies
CRVR Deyelop and dlssemln.at_e consensus information on 140 EY13-16
variants relevant for clinical care
GMPDP De\_/elop, and dls_sermn_ate r_nethods_ for_ mcorporatmg 248 FEY13-16
patients’ genomic findings into their clinical care
Newborn Explore possible uses of genomic sequence
: : L. : 10.0 FY13-16
Sequencing information in the newborn period
UDN* Diagnose both rare and new diseases by expanding 679 FEY13-17

NIH’s Undiagnosed Diseases Program

Seven-year total = $225M; average ~ $32M/year; *Funded by Common Fund, managed by NHGRI




eMERGE Site-Specific Genomic Medicine

Implementation Pilots

Site Goal
CCHMC CYPZ2Dé6 variants and post-operative opioids
CHOP B-adrenergic agonists and SAR variants in asthma
Geisinger /IL28B variants and chronic hepatitis C treatment;
J WGS for undiagnosed diseases
Marshfield CFH and risk of age-related macular degeneration
Mavo RCT of 42 SNP-genomic risk score for CHD vs
y Framingham score alone for attitudes, behaviors
.. RCT of APOL 7 genotype vs clinical risk factors for
Mount Sinai : :
hypertensive nephropathy prevention, management
Effect of return of HFE and FVL risk variants on
Northwestern . . . .
physician and patient attitudes, behaviors
Vanderbilt Expanded PGx testing




Enhanced Partnership with
Pharmacogenomics Research Network

NIGMS Home > Research Funding > Featured Funding Programs

NIH Pharmacogenomics Research Network

The NIH Pharmacogenomics

Research Network (PGRN) is a PharmGks

network of scientists focused on The Pharmacogenomics Knowledge Base
understanding how a person’s (PharmGKB &) is an integrated knowledge

genes affect his or her response base for pharmacogenomics linking
to medicines. Funded since 2000, ohenotypes and genotypes.

the PGRN has a Vision and
Mission.

The following institutes contribute support to the Pharmacogenomics Research Network:
NIGMS, NHLEBI, NCI, NIDA, NICHD, NHGRI, NIMH, NIAMS, ORWH

2P| B NP7

http://www.nigms.nih.gov/Research/FeaturedPrograms/PGRN




CPIC Gene-Drug Guidelines
Clin Pharmacol Ther 2011-2013

Clinical Pharmacogenetics Implementation
Consortium Guidelines for Thiopurine I
Met Clinical Pharmacogenetics Implementation

Do¢ Consortium Guidelines for Cytochrome f—
wre P4% Clinical Pharmacogenetics Implementation

e anc¢ Consortium Guidelines for CYP2C9 and VKORCT

sases G€1 Clinical Pharmacogenetics Implementation
DME a1y Consortium (CPIC) Guidelines for Codeine

‘ MTM L

Ther Clinical Pharmacogenetics Implementation
(CYF Consortium Guidelines for HLA-B Genotype and

keceew ADA( The Clinical Pharmacogenomics Implementation

and TC S|

 MaMart Consortium: CPIC Guideline for SLCO1B1

and | Clinical Pharmacogenetics Implementation
rawid Consortium Guidelines for Human Leukocyte

DM Rod¢
Anti Clinical Pharmacogenetics Implementation
mskers Consortium Guideline for CYP2D6 and
o CYP2C19 Genotypes and Dosing of Tricyclic
Antidepressants

JK Hicks", JJ Swen?, CF Thorn?, K Sangkuhl?, ED Kharasch?, VL Ellingrod™®, TC Skaar’, D] Miiller®,
A Gaedigk® and JC Sting]'°




Collaborative NHGRI Pharmacogenomics
Project with PGRN in eMERGE Network

« PGRN'’s Very Important PGx (VIP) Gene
Sequencing: array developed to identify rare
sequence variants in 84 PGx genes

« eMERGE-PGx will apply validated VIP array for
discovery and clinical care in ~9,000 patients

« Can be exported to other CLIA-certified labs

* Permit genotyping of common and rare
variants and discovery of new ones

« Use PGRN’s Clinical PGx Implementation
guidelines and institutional approvals for
influencing clinical care



Drugs Proposed for Implementation in
eMERGE-PGX, by Site

Site abac carbam rclopid cod inter monte mor ome ranit [simva| thio | war
avir azepine | ogrel | eine feron lukast phine prazole idine | statin) purines| farin

CHOP X X X X X X

CCHMC X

Geisinger X X X

GHC/UW X

Marshfield X X X

Mayo X X (X) X (X) X (X)

LI X X X

Sinai

NU X (X) X

Vanderbilt X X X X

(X) = planned



Drugs Proposed for Implementation in
eMERGE-PGX, by Site

Site abac carbam clopid cod inter monte mor ome ranit simva thio war
avir azepine ogrel eine feron lukast phine prazole idine statin purines farin
CHOP X X X X X X X X X X X X
CCHMC X X X X X X X X X X X X
Geisinger X X X X X X X X X X X X
GHC/UW X X X X X X X X X X X X
Marshfield X X X X X X X X X X X X
Mayo X X (X) X X X X X X (X) X (X)
o X X X X X X X X X X X X
Sinai
NU X X X X X X X X X (X) X X
Vanderbilt X X X X X X X X X X X X

(X) = planned



NHGRI’'s Genomic Medicine Research Program

Program Goal 29M Years
Use biorepositories with EMRs and GWA data to

eMERGE Il . . " 304 FY11-14
incorporate genomics into clinical research and care

eMERGE-  Apply PGRN’s validated VIP array for discovery and

L : : 6.7 FY12-14

PGx clinical care in ~9,000 patients

CSER _Explore_lnfrastruct_ure, methodg, and_ls_sues for 665 FEY12-16
integrating genomic sequence into clinical care

ROR Investigate whether/whe.n/how to return |nd|V|duaI' 57 FY11-13
research results to ppts in genomic research studies

CRVR Develop and disseminate consensus information on 140 EY13-16

variants relevant for clinical care

Develop and disseminate methods for incorporating

GMPDP : : e o : T 24.8 FY13-16
patients’ genomic findings into their clinical care
Newborn Explore possible uses of genomic sequence
: : L. : 10.0 FY13-16
Sequencing information in the newborn period
UDN* Diagnose both rare and new diseases by expanding 679 FEY13-17

NIH’s Undiagnosed Diseases Program

Seven-year total = $225M; average ~ $32M/year; *Funded by Common Fund, managed by NHGRI



Published 2006 Wiley-Liss, Inc. American Journal of Medical Genetics Part A 140A:1033=1040 {2006
"This article is a UUS Government work and, as such, is in the
public domain in the United States of America.

Special Reports

Circ Cardiovasc Genet 2010; 3:574-80.
Ethical and Practical Guidelines for Reporting Genetic
Research Results to Study Participants
Updated Guidelines From a National Heart, Lung, and Blood Institute

“...an independent, national central advisory committee
should be established to review evidence for genetic risk
factors to offer guidance to investigators, research
institutions, and IRBs regarding when a genetic result is well
enough understood and has sufficiently serious clinical
implications to justify an obligation to return genetic research
results to study participants.”

Abstract—In Januvary 2009, the National Heart, Lung, and Blood Institute convened a 28-member multidisciplinary
Working Group to update the recommendations of a 2004 National Heart. Lung, and Blood Institute Working Group
focused on Guidelines to the Return of Genetic Research Results. Changes in the genetic and societal landscape over




Clinically Relevant Variants Resource
(CRVR): Purpose and Goals

Purpose: Identify and disseminate consensus information
on genetic variants relevant to clinical care

» |dentify genetic variants with likely implications for
clinical care and incorporate these variants and
evidence into a resource for practice guidelines

e Establish a process for transferring this information to
appropriate clinical organizations for development of
these guidelines

« Build upon existing programs, unify, reduce duplicative
efforts across research/clinical organizations



What We Mean by “Actionable’

Evidence not sufficient for unequivocal CU

Sufficient to determine how already available
information could be used in clinical context

Intermediate stage between CV and CU
(“If you had it, would you use it?”)

May allow consideration of ethics, law, and
policy in RoR to move to appropriate expertise

Allows more flexibility for clinicians, institutions
to tailor use of variant information to patient,
clinical setting, and local standards of practice



Clinical Sequencing Exploratory Research:
RFAs HG-12-008 and 12-009

Purpose: Investigate challenges to applying
genomic sequence data to the care of patients.

Goals:

1. Generate clinically valid genomic sequence
data relevant to individual patient’s care

2. Interpret and translate these data for the
physician and communicate to the patient

3. Examine the ethical and psychosocial
implications of bringing broad genomic data
Into the clinic



Clinical Sequencing Exploratory Research:
RFAs HG-12-008 and 12-009

Site Disease Highlights
Bavlor* Pediatric Web-based platform with graphical display to
y Cancer facilitate physician disclosure of data to parents
: Healthy Pts, RCT of WGS information vs. current standard
Brigham
HCM of care
Pediatric Tools for identifying and consenting patients,
CHOP Diseases determine how patients should be counseled
before testing, what results should be returned
Dana- : Incorporate genomic information into
Solid tumors
Farber management plans
Cardiomyo- WES as diagnostic tool, including under-
UNC :
pathy, cancer represented populations
UW* CRC and RCT of usual care vs. addition of exome
Polyposis analysis

*Co-funded by NCI.



Genomic Medicine Pilot Demonstration
Projects: RFAs HG-12-006 and HG-12-007

Purpose: Demonstrate feasibility of, and develop
methods for, incorporating patients’ genomic
findings into their clinical care

Goals:

1. Expand existing GM efforts and develop new
projects and methods, in diverse settings

2. Contribute to evidence base regarding
outcomes of implementing GM

3. Define and disseminate processes of GM
Implementation, diffusion, and sustainabillity in
diverse clinical settings



Genomic Sequencing and Newborn
Screening Disorders: RFA HD-13-010

Purpose: Explore the possible use of genomic
sequence information in the newborn period

Goals:

1. Acquire and analyze genomic datasets in the
newborn period;

2. Advance understanding of specific disorders
identifiable via newborn screening through
promising new DNA-based analysis

3. Examine ethical, legal and social implications
of possible implementation of genomic
sequencing of newborns
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Larson, G. T7The Complete Far Side. 2003.



Selected NHGRI Genomic Medicine Activities

eMERGE CSER Fnen GM .our gmpp Newborn .

X Mtgs | Seq

Vgriant/Assoc . N .

Discovery |

Transportable o .

Phenotypes |

EVidenC_e ++ ++ i ++ + +

Generation |

Varignt F)Iinical o . N oy N

Implications |

Consent, ++ ++ i + ++ +

Concerns |

Methods Dissem ++ + + ++ ++

Variant Reporting N . N N

and Use in Care |

Clinician/Pt Educ ++ + + o 4 4

Decision Support + + + + +

Policy Devel + + +

eMERGE, Electronic Medical Records and Genomics Network; CSER, Clinical Sequencing Exploratory Research;
PhenX, Phenotype and Exposure Toolkit; CRVR, Clinically Relevant Variants Resource; GMDP, Genomic Medicine
Demonstration Projects; FHx, Family History Implementation



Components of GM Implementation Strategies

UK

Canada

Italy

ESF

CAP

IOM

AMA

Service delivery infrastructure for requesting and
receiving genomic results

Provider- and patient friendly, model genomic interpretive
test reports and patient consultations

Bioinformatics infrastructure for relating clinical
characteristics to variants

Data sharing in accessible research databases

Standardized phenotypic, patient, variant, and reference
information

Assessment of health economics and cost-effectiveness
Evidence of clinical validity and utility

Consent model

Training/workforce development

Ethical and legal framework to protect against potential
abuses

Engaging public and building awareness
Genomics-based risk stratification and communication
Genomics-based drug development, selection, and
repurposing

Genetic test regulation or registration

Regulatory frameworks adapted to changes in disease
taxonomy and new diagnostic categories

Use of patented medical information and conflict of
interest in medical innovation

Reimbursement for genomic testing, interpretations and
consultations

X X XXX X X X X

X

X X X X

X X X X

X X X X X X

X X

X

X X X X X X

X






Implementation Roadmap

Scientific Evidence, Experience,
Unmet Need

Literature Successful
Review External Projects

Local
Champions
or Ready
Adopters

Available
Policy or
Suitable

Guidelines

J

J

d

Select Pilot Project

J

Identify and Engage
Stakeholders

Engage Institutional
Leadership

3

J

Publicize, Educate Patients, Clinicians

Develop, Pilot Clinical Workflow

Launch; Monitor Initial Cases for Problems

Collect Outcome Data, Modify Protocol

Disseminate, Expand to Partner Sites

Genet Med 2012; 15:258-67.




Genomic Medicine Funding Opportunities

Part I Overview Information

- Department of Health and Human Services

D Part 1. Overview Information
p | P Department of Health and Human Services

Part 1. Overview Information
Department of Health and Human Services

Part 1. Overview Information
' Department of Health and Human Services

_1; Part 1. Overview Information
‘T{ Department of Health and Human Services

K Part 1. Overview Information
| ¢
F

j_p Department of Health and Human Services

Part 1. Overview Information
F Department of Health and Human Services

Part 1. Overview Information

Participating Organization(s) National Institutes of Health (MIH)

alnlwnl=mlAan

Components of Participating This Funding 2ppartunity Announcement (FOA} is developed as a Commaon Fund initiative
Grganizations (http:fcommenfund. nih.gew) through the MIH Office of the MNIH Director, Office of Strategic Coordination
(http:'"dpepsinih.goviosc’). The FOA will be administered by the Mational Human Genome Research Institute
(MHGRIMIHY, (http:faencme.qov) on kehalf of the MNIH.

| |

Funding Opportunity Title Clinical Sites for an Undiagnosed Diseases Network
(UDN) (Uo1)

Activity Code U041 Research Project — Cooperative Agreements

Announcement Type Mew

Funding Opportunity RFA-RM-13-004

Announcement (FOA) Number

http://www.christusrex.org/www1/sistine/28b-Abias.jpg




eMERGE-PGRN Partnership

D

PGRN

State of art PGx
array

ADbility to update

Gene-drug
guidelines

CLIA standards
and QC

Pharmacogenomics
Research Network

electronic Medical Records & Genomics

AAL

Privacy
concerns

Electronic
phenotyping

Large pt base

Less PGx-
focused labs



“The more we find, the more we see,
the more we come to learn.

The more that we explore, the more
we shall return.”

Sir Tim Rice, Aida, 2000



Genomic Medicine 1V, Jan 28-29, 2013

Accreditation Council for Graduate Medical Education

Accreditation Council for Continuing Medical Education

American Academy of Pediatrics

American Co
American Co
American Co

ege of Cardiology
ege of Medical Genetics and Genomics
ege of Physicians

American Congress of Obstetrics and Gynecology

American Heart Association

American Society of Clinical Oncology

Association of Professors of Human Medical Genetics



Proposed Specific Activities of ISCC

Review and assess maturation of genomic sciences from
lab to clinic and bedside

Commission working groups to provide guidance on
trans-professional society issues

Review professional society guidance on request

|dentify and disseminate metrics for monitoring success of
physician educational programs

Provide venue for sharing effective genomic education
materials and practices across professional societies

Collaborate with groups leading education efforts for other
health providers

Assist ACGME and ACCME in programs to support
physician education throughout their careers



NHGRI Genomic Medicine Meetings, 2013

« GM V, May 28-29, 2013, Bethesda MD

— Engage federal agencies to discuss potential
overall US strategies for gm implementation

— Explore current activities, needs, obstacles

— ldentify common interests and opportunities,
plans for collaboration and strategy development

 GM VI, Sept 2013, Washington area
— Explore current activities, needs, obstacles

— ldentify common research gaps to ensure
evidence only need be generated once

— Develop plans international collaboration



Avoiding Meeting Hell

......
s

“Oh, man! The coffee’s cold! They thought of everything!

Larson, G. The Complete Far Side. 2003.



Clinical Utility and “Actionability”

CU: “...evidence of improved measurable clinical
outcomes, and its usefulness and added value to
pt management decision-making” (EGAPP 2009)

Typically net, concrete benefit to patient
Must meet very high evidentiary bar (even RCT?)

Perspectives differ widely on importance and
“clinical nature” of outcomes; varies by context

Thresholds may need tailoring to cost, burden,
and risk of proposed intervention

Addressing such nuances requires careful,
considerate, /ocal deliberation

Can be informed by expert consensus
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