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Discovery 
Research

Clinical 
Validation

Clinical 
Implementation

Assess genotype-
phenotype associations

Assess outcomes after 
using genetics to direct 

therapy

Develop processes for 
performing genetic testing 
and using results in care

• Identify persons at 
increased risk of disease 
based on their genetic 
variants

• Assess impact on health 
outcomes and care 
utilization of reporting 
genomic findings

• Develop clinical 
informatics systems for 
reporting genomic results 
and decision support

• Find all variants related 
to given phenotype or 
disease 

• Identify causes of rare or 
undiagnosed diseases

• Educate clinicians and 
patients in clinical use of 
genomic results

• Characterize variation in 
genes known to be 
related to disease or 
treatment response

• Validate drug targets and 
develop improved 
therapeutic agents

• Define and disseminate 
information on actionable 
clinical variants and 
relevant evidence base 

Spectrum of Disease-Related 
Genomics Research



Genomic Medicine Working Group - Charge
Assist in advising NHGRI on research needed to 
evaluate and implement genomic medicine
• Review current progress, identify research gaps 

and approaches for filling them
• Identify and publicize key advances
• Plan genomic medicine meetings on timely themes
• Facilitate collaborations, coordination  
• Explore models for long-term infrastructure and 

sustainability of resulting efforts



Notable Accomplishments in Genomic Medicine

since 2011.                    

Tan-Koi W et al., 2017; 18:881-90.



GM VI: Global Leaders, Jan 2014

Genomic Medicine Colloquium, June 2011 GM II: Forming Collaborations, Dec 2011

GM III: Stakeholders, May 2012

GM IV: Physician Education, Jan 2013GM V: Federal Strategies, May 2013

GM VIII: NHGRI’s Genomic Medicine 
Programs, June 2015

GM VII: Genomic CDS, Oct 2014 GM IX: Bedside Back to Bench, 
April  2016

Research directions in the clinical implementation of pharmacogenomics

Research Directions in the Clinical 
Implementation of Pharmacogenomics



Genomic Medicine Meetings



GMWG Publications

Genet Med 2012; 15:258-67.
Am J Med Genet 2014; 166C:93-104.

Genet Med 2014; 16:571-727.Sci Transl Med 2015; 7:290ps13.

Cell 2017; 169:6-12.



Clin
Action

2

3

Payers

4
5

6
7

G2MC

SJS/TEN

1

   

8

ISCC

DIGITizE
NATIONAL ACADEMY

OF MEDICINE 

Serious ADRs

9

Cohort 
Summit



GM IX Recommendations: Bedside Back 
to Bench

• Identify clinically relevant genes as priorities for 
functional studies

• Encourage development of high-throughput 
assays and animal models for these genes

AJHG 2017; 101:315–25.

Multiplex assays of variant effect (MAVE)
Goal: A MAVE-data-driven prediction for every variant.



GM IX Recommendations: Bedside Back 
to Bench

• Identify clinically relevant genes as priorities for 
functional studies

• Encourage development of high-throughput 
assays and animal models for these genes

• Develop larger reference variant databases 
linking to phenotypes

• Develop and adopt standards for phenotype 
description and data sharing

• Promote cross-disciplinary understanding and 
opportunities for interaction



Genomic Medicine X:
Research Directions in PGx Implementation

May 2-3, 2017, Silver Spring MD

• Survey national and international landscape of 
research programs in PGx implementation

• Review current advances and clinical applications 
of PGx implementation 

• Discuss limitations and obstacles to PGx clinical 
implementation 

• Identify evidence gaps and studies that are needed 
to address them 

• Discuss strategies for large-scale evaluation and 
implementation of PGx in clinical care in the US 



Prominent GM X Recommendations

• Identify minimum quality 
standards (coverage, variants) 
for PGx testing in clinical use 

• Develop improved coding 
system for genetic testing to 
augment or replace CPT 
codes, based on NCBI’s GTR

• Encourage development of 
“plug in” EMR modules for 
PGx drug-gene interactions 
built on CPIC guidelines



Prominent GM X Recommendations
• Leverage opportunities for data re-use by re-

analyzing existing genotype data in prior trials
• Create registries for patients who’ve undergone 

PGx testing that allow follow-up for outcomes
• Convene PGx skeptics to examine large-scale 

trials that include randomization to no PGx testing
• Consider research approaches such as staggered 

roll-out with later groups serving as controls for 
early implementing groups



GMWG irons in the fire….



Collaborating with Payers 
• Develop collaborative evidence generation project

• Facilitate development of revised genetic testing 
coding system

• Promote genomic medicine through common policy 
and public engagement opportunities

• Access Optum data for assessing outcomes of 
genetic testing 

• Obtain advice on compelling outcomes and other 
aspects of design of implementation studies



Defining Quality Measures with National 
Quality Forum (NQF) 

• Tumor-based screening for Lynch 
syndrome followed by cascade 
screening in relatives

• BRCA1/2 testing in all ovarian 
cancer patients and breast cancer 
pts meeting criteria, followed by 
cascade screening in relatives 

• Genetic testing in patients with 
sustained elevated cholesterol 
levels, followed by cascade 
screening in relatives

• PGx testing (abacavir, clopidogrel)  



Potential Evidence Generation Projects in NHS 
England Implementation

Build evidence-generating 
research on top of NHS’s 
implementation of the 
CMO report
• Clinical impact
• Public engagement and 

education
• Provider education and 

feedback
• Policy and regulatory 

strategies

NHS roll-out of genomic 
medicine services 
planned for early 2019
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Timeline of NHGRI Genomic Medicine 
Programs

Program   
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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 



NHGRI’s Genomic Medicine Research Program
Program Goal Σ$M Years

UDN1 Diagnose rare and new diseases by expanding
NIH’s Undiagnosed Diseases Program 121 FY13-17

NSIGHT2 Explore possible uses of genomic sequence 
information in the newborn period 25 FY13-17

CSER3 Explore infrastructure, methods, and issues for 
integrating genomic sequence into clinical care 83 FY12-16

eMERGE4
Use biorepositories with EMRs for genomics; (III)
assess penetrance of 106 clinically relevant genes 
in 25,000 individuals, develop e-phenotypes, CDS

135 FY07-18

IGNITE3 Develop and disseminate methods for incorporating 
patients’ genomic findings into their clinical care 28 FY13-17

ClinGen4 Develop and disseminate consensus information on 
genes and variants relevant to clinical care 28 FY13-16

1NIH Common Fund; 2Co-Funded by NICHD; 3Co-Funded by NCI; 4Co-Funded by OD.



Emphasis Areas of Genomic Medicine Programs

Variant Curation

Estimating Penetrance

Establishing Clinical Utility

Primary High Medium Low

Dissemination and Clinical 
Decision Support

Clinical Evaluation and Deep 
Phenotyping

Prenatal, Newborn and 
Pediatric Care

UDN                 CSER2               IGNITE ClinGenNSIGHT eMERGE



Green et al. 2011

Five Domains of Genomics Research
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