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G2P or “Genomes to People”  
are  

Research Studies in Translational Genomics and 
Health Outcomes 

 
Genomes to Patients 

Genomes to Physicians 
Genomes in Public Health 

 
 



The Path to Genomic Medicine 



The REVEAL Study  
NHGRI-funded (2000-2014) 



APOE Genotypes  
in the General Population 
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The Danger of Disclosure 
Is Genetic Information Harmful? 



Follow Up at: 
Six Weeks 
Six Months 

Twelve Months 

REVEAL I 
 

301 Participated in  
Informational Phone 

Interview  

51 Assigned to Receive Risk 
Assessment  

Without Genotype Disclosure 

111 Assigned to Receive Risk 
Assessment  

With Genotype Disclosure 

218 Participated in 
Education Session 

183 Participated in Private 
Counseling and Blood Draw  

162 Randomized 

Green et al., NEJM,  2009 



Persons Agreeing to Participate in 
the REVEAL Study 

64%!

24%!

Roberts, et al. Genetics in Medicine, 2004 



Diluting the Disclosure: 
Adding an Incidental Result 



During genetic risk assessment for 
Alzheimer’s disease…what happens when one 
learns a surprise finding? 



Follow Up at: 
Six Weeks 
Six Months 

Twelve Months 

REVEAL III 
Randomization 

(n = 291) 

AD Risk Assessment  
Disclosure (n = 138) 

(n = 153) 
Educational Brochure 

Informed Consent 
Q&A , Blood Draw 

AD Risk Assessment +  
CVD Risk Disclosure (n = 119) 

(n = 138) 
Educational Brochure 

Informed Consent 
Q&A , Blood Draw 

Phone Interview 
(n = 344) 







Direct-to-Consumer Genetic Testing 
A Naturalistic Experiment in Incidental Findings 



Impact of Personal 
Genomics (PGen) Study 
 
(Green-Roberts, PIs) 
 

NHGRI R01 HG005092 



Plans to Share Results and Reported  
Sharing after 6 months 
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Intention at baseline 

Sharing w/in 6 months 



PGen Healthcare Utilization within 6 months 

Self-report at 6 months Number (%) of N = 986 
Discussed results w/ PCP 256 (27.7%) 

Discussed results w/genetics 
specialist 

25 (2.7%) 

Results prompted me to make 
appt w/ medical professional 

Already made appt: 105 (10.8%) 
Plan to make appt: 100 (10.3%) 

Had tests, exams, or 
procedures due to genetic info 

104 (10.7%) 

Genetic info will influence how 
I manage my health in future 

Somewhat or Strongly Agree:   
567 (59.2%) 



Using Whole Genome Sequencing 
In the Practice of Medicine 



Interpretation of Sequences in 
Affected Patients 

2 – 5 Million Variants 

Truncating GeneTests 
Genes 

Predicted Impact  
(Tool Specific) 

Pathogenic Annotation 
(DB Specific) 

Familial 
Segregation Other Bins Frequency  

<1% 

10-50 Variants to Be Manually Assessed 

0-2 Causative Variants 
Slide courtesy of Sandy Aronson 



Next generation sequencing covering 95% of genome at ≥ 8X 

3-5 M variants 

80-100 variants 

GGR	
  Filter	
  
MAF	
  <	
  5%	
  
HGMD	
  DM	
  
LOF	
  in	
  medical	
  exome	
  
 

~20,000 variants in genes 

Variant Assessment 

Pathogenic 

GGR 

GGR Filter 

Likely 
Pathogenic VUS Likely  

Benign  Benign 

Slide courtesy of Heidi Rehm 



Concordance Patterns for  
Incidental Return – Adult Patient 
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Specialists 

Known Truncating Missense 

* out of a total of 72 conditions/genes (excluding repeat 
expansion, chromosomal, and deletion conditions)  

Green et al. Genetics in Medicine, 2012 



Concordance Patterns for  
Incidental Return – Patient < 18 
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* out of a total of 72 conditions/genes (excluding repeat 
expansion, chromosomal, and deletion conditions)  

Green et al. Genetics in Medicine, 2012 



Robert Green’s Sequence 



Robert Green’s Sequence 



The MedSeq Project  
U01 HG006500 

Clinical Sequencing Exploratory Research  

 Teams from: 
 Brigham and Women’s Hospital/Harvard Medical School 
 Boston Children’s Hospital 
 Baylor College of Medicine 
 Duke University School of Medicine 

 
 

 
Exploring the integration of whole genome 

sequencing into the practice of clinical medicine.  



Exploring WGS in 2 Contexts 

Patients with Disease Healthy Patients 

10 cardiologists & 
100 of their patients with 

familial hypertrophic or dilated 
cardiomyopathy 

10 primary care physicians & 
100 of their generally healthy 

adult patients 



Physician disclosure to patients 

Medical Record Review 

Collect physician, patient, health and economic outcome variables 
Baseline (prior to disclosure), 6 weeks, and 6 months post-disclosure  

Collect data on physician experience and clinical flow: Disclosure preferences, use of GRC, decision-making 

Collect data on 
physician and 

patient 
preferences, 

motivations, risk 
perceptions, 

intentions 

Recruit and enroll cardiologists and their 
patients with familial HCM or DCM 

Randomize physicians and patients 

Disease-Specific Genomic Medicine 

Recruit and enroll primary care physicians 
and their healthy middle-aged patients 

Randomize physicians and patients 

General Genomic Medicine 

Standard of Care 
Targeted Genetic 

Testing  
Family History 

Standard of Care 
Targeted Genetic 

Testing 
 Family History 

+ 
WGS  

 

Standard of Care 
Family History 

+ 
WGS 

Standard of Care 
Family History 

Genome Resource Center 



•  1 Page Summary! 
 
•  Additional Pages…  

•  Structured variant data 
•  Variant interpretation 
• Disease/inheritance  
•  Supporting references  

 

MedSeq Project  
“Genome Report” 













Parents Want Predictive Information  
About their Children 



Survey of Parents in a DNA Biobank 
N = 1126!

Parent 
enrolling self

Parent 
enrolling child

MORE LIKELY 61.3% 68.8%

NO DIFFERENCE 35.0% 27.6%
LESS LIKELY 3.7% 3.6%

Parents' 
results

Childs' 
results

Want ALL research results. 78.6% 84.0%
Want to CHOOSE research results to receive 21.4% 16.1%

Green et al, 2011 
RC1 HG005492 (Holm) 



Newborn Genomic Screening 



How interested would you be in 
genome screening for your baby? 
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Parent Interest in Newborn Genome Screening: 
3 months after birth 
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Parent Interest in Newborn Genome Screening: 
after Mock Results at 3 months 



Would you want to know if your baby had a gene 
mutation related to these conditions? 
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The Problem of  
Incidental Findings  

in 
Clinical Sequencing 

 



Incidental Findings: 
 

What is the  
right analogy? 

 
How can reports be 

generated and 
scaled? 



 
Population Screening 

vs 
Opportunistic Screening 

 



Setting Professional Standards for 
Incidental Findings in Clinical Sequencing 



Principles: creating a list… 

• Generate a specific list. 

• Generate a minimum list of variants/
conditions that laboratories should seek and 
report to ordering clinician. 

• Known or Expected Pathogenic only. 

• Revise the list at least annually. 



Principles: creating a minimum list… 

•  High penetrance. 
 
•  Long asymptomatic period. 
 
•  Highly efficacious treatment available. 
 
•  Not part of newborn screening. 



ACMG List of IFs 
Inherited Cancer Disorders 
Hereditary Breast and Ovarian Cancer 
Li-Fraumeni Syndrome 
Peutz-Jeghers Syndrome 
Lynch Syndrome 
Familial adenomatous polyposis 
MYH-Associated Polyposis; Adenomas, multiple colorectal, FAP type 2; Colorectal 
adenomatous polyposis, autosomal recessive, with pilomatricomas 
Von Hippel Lindau syndrome 
Multiple Endocrine Neoplasia Type 1 
Multiple Endocrine Neoplasia Type 2 
Familial Medullary Thyroid Cancer (FMTC) 
PTEN Hamartoma Tumor Syndrome 
Retinoblastoma 
Hereditary Paraganglioma-Pheochromocytoma Syndrome 
WT1-related Wilms tumor 
Neurofibromatosis type 2 
Tuberous Sclerosis Complex 
  
Cardiac Disorders 
EDS - vascular type 
Marfan Syndrome, Loeys-Dietz Syndromes, and Familial Thoracic Aortic Aneurysms 
and Dissections 
Hypertrophic cardiomyopathy, 
Dilated cardiomyopathy 
Catecholaminergic polymorphic ventricular tachycardia 
Arrhythmogenic right ventricular cardiomyopathy 
Romano-Ward Long QT Syndromes Types 1, 2, and 3, Brugada Syndrome  
Familial hypercholesterolemia 
  
Other: Malignant hyperthermia susceptibility 



ACMG Recommendations 
Divergence from Current Genetics Practice 

•  Systematically include positive findings in the 
report returned to clinicians for exome and 
genome sequencing. 

•  Return same findings regardless of the age of the 
patient. 

Convergence with Current 
Medical Practice! 



 
Population Screening 

vs 
Opportunistic Screening 

vs 
Resource to be Periodically Interrogated 

 



Genomics & Epigenomics as a Reference 



“…even though evidence is insufficient, the 
clinician must still provide advice, patients must 
make choices, and policymakers must establish 
policies” 
 

US Preventive Services Task Force, 2009 
!



chapter in Ginsburg and Willard (eds) 
Genomic and Personalized Medicine, 2nd Edition, 2013, in press 

genomes2people.org 



REVEAL Study Collaborators 
External Advisory Board 
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Thank You !!! 

Email:    rcgreen@genetics.med.harvard.edu!
Web:     genomes2people.org!
Twitter:  genomes2people!
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