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Is WGS/WES fundamentally 
different than other kinds genetic 

research? How? 



Yes. More data. 
A lot more data. 



More Data are Good… 



Or are More Data Bad? 



Is WGS/WES fundamentally 
ETHICALLY different than other 
kinds genetic research? How? 



Ethical Challenges of More Data 

•  Are there different obligations: 
– To look for clinically important and actionable 

findings? 
(and does this definition change in this context) 

– To return these results? 



Ethical Challenges of More Data 

•  Return of Results 
–  Increases likelihood of finding causative 

changes: greater potential benefit 
– Substantially increases likelihood of finding 

important “incidental” results 
– Substantially increases likelihood of finding 

results of unknown significance 



When to return results? 

•  Results should be offered if of sufficient clinical validity and utility 
and if clinical outcome safe and effective 

•  Threshold of clinical validity and utility lower than for general 
clinical practice 

•  Clinical utility should include broader personal benefit (e.g., life 
planning) 

•  Contextual considerations 
–  Investigator capability 
–  Investigator-participant relationship 
–  Population (eg at risk?) 
–  Participants’ preferences 

Ravitsky V and Wilfond BS. Am J Bioeth. 2006 Nov-Dec;6(6):8-17. Disclosing 
individual genetic results to research participants. 



ESP is breaking new ground 

•  First exome data on large numbers of 
samples from affected individuals 

•  Different primary foci of study (CF, ALI, 
COPD, PAH, asthma) 

•  Different populations (kids, ICU, 
communities) 

•  Different study contexts (recruitment, 
relationships, duration, consent forms) 



What could go wrong? 



What to return and  
how to decide? 

•  Clinically significant? Actionable? Personally meaningful? Now or 
later? Who decides? 

•  All known genetic tests? Tests only related to specific diseases? 
Research findings validated in at least 2 studies? In the same racial/
ethnic/geographic population? 

•  Carrier status? 
•  What to do with kids? 
•  How to evaluate results over time? 
•  If a participant requests a specific result, do we need to give it to 

them? 
•  Incidental results vs. primary findings 



Possible Benefits 
•  Prevention and treatment 
•  Increased screening 
•  Avoidance of interacting environmental factors 
•  Targeted mutation testing for family members 
•  Personal meaning (explanation for disease, satisfaction 

for study participation) 
•  Reproductive decision-making 
•  Life planning (e.g. ApoE4 studies) 



Possible Harms 
•  Misunderstanding and unnecessary medical odysseys, 

incomplete translation 
•  Psychological harms: guilt, anxiety, depression 
•  Social harms: stigmatization of groups in society or 

individuals within families and communities 
•  Raiding the medical commons 
•  Unintended fostering of genetic determinism and 

exceptionalism 



Pilot Study of First Exomes 

•  For the first 65 exomes from LungGo (all 
cystic fibrosis samples from two cohorts, 
almost all minors) 

•  Goal: look at known disease-causing or 
risk-influencing variants as well as novel 
nonsynonymous variants in a subset of 
genes 



Genes 
All nonsynonymous changes 

•  CFTR (compare to 
genotyping panel) 

Disease-causing (OMIM) and 
novel nonsynonymous 
•  Factor 5 (Factor V Leiden 

DVT) 
•  GALT (Galactosemia) 
•  SERPINA1 (Alpha1 antitrypsin 

deficiency) 
•  HFE (Hemochromatosis) 
•  CFH (Age-related macular 

degeneration) 
•  VKORC1 (Warfarin met) 
•  CYP2C9 (Warfarin met) 



What we found 

•  20 (31%) participants had no variants in any of 
the genes we looked at (except CFTR) 

•  45 (69%) participants had at least one variant in 
a gene other than CFTR 

•  12 (18%) participants had variants in 2 genes 
•  1 participant had a variant in 3 genes (including 

2 novel variants) 



CFTR 

•  Majority of results confirmed 
•  Sample 1: genotyping panel missed a mutation 

that was called in exome sequencing 
•  Sample 2: genotyping panel identified a mutation 

that was not called exome sequencing 
(borderline) 

•  3 mutations identified by the genotyping panel 
were outside the exomes and not detected with 
exome sequencing 



CFTR 

•  Five samples called as het for df508 by 
genotyping panel, but the other variant was not 
identified 
–  3 known variants identified by exome sequencing that 

were not on the genotyping panel 
–  2 novel variants identified by exome sequencing 



Disease-Causing Variants 

•  Factor V: 1 het, note refseq is minor allele 
•  CFH: 15 hom, 13 het for allele 

predisposing to age-related macular 
degeneration 

•  GALT: 8 with Duarte allele (1 hom) 
•  SERPINA1: no known variants 
•  HFE: none 



Pharmacogenomic Variants 

•  CYP2C9: 16 ppts with one of two variants 
associated with warfarin metabolism (3 
homozygotes) 

•  VKORC1: none 



Rare Variants 

•  CFTR: 2 (1 splice site, 1 nonsynonymous) 
•  F5: 2 (nonsynonymous)  
•  GALT: 1 (nonsynonymous) 
•  SERPINA1: 2 (nonsynonymous, 1 in 

1000genomes) 



What do these data say about 
our challenges? 



Exome Sequencing 

•  Will identify important variants that perhaps 
should be returned 

•  Will not identify all functional variants in any 
given gene: cannot give the impression to 
participants that all possible clinically important 
known variants can be found 

•  Will identify novel nonsynonymous and splice 
changes of unknown significance 

•  Some variants may be more important for family 
members than study participants themselves 



Two Options for Approaching 
Return of Results for ESP 



Option 1 
•  Plan to return some individual results 

–  Allow for flexible preferences and options 
–  Have a plan in place for review and return of genetic and non-

genetic results for the duration of the study and beyond, and a 
mechanism for modifying the plan as needed 

–  Allocation of resources to implement the plan 
–  Requirement of ongoing engagement with participants 
–  Respect autonomy of all participants: adults, kids, those with 

impaired capacity 
–  Empirical study of the process and the psychosocial impact of 

return of results in WGS/WES context is CRITICAL 
–  Need for centralization of services for engagement, return of 

results and translation (perhaps through CTSAs) 



Option 2 
•  Plan to NOT return individual results 

–  Preserve option to recontact in case there is a need to change 
plans 

–  Plan instead to return aggregate results and facilitate translation, 
ability to obtain tests in a clinical setting 

–  Still requires resources, planning, ongoing engagement 
•  Why? 

–  Another way of respecting participant autonomy 
–  Minimizes some harms, avoids raiding the medical commons or 

falling into the translational gap 
–  Distinguishes clearly between goals of research and clinical care 



Which Option and Why? 
•  Resources of the research team/institution (Wilfond and Ravitsky) 

–  Expertise to review the data (statistically and clinically) 
–  Expertise and resources to return the data appropriately and engage with 

participants over time 
–  Expertise and resources to study the process 

•  Relationship with the research participants 
•  Could have multiple options within a study or across studies 
•  Both options require more planning, process and resources than the 

status quo: this requires a paradigm shift in funding and design, 
and may not always be possible 

•  This planning may need to take place at an institutional level, 
rather than at a study/researcher level 



Where do we go from here? 
•  There is a critical need for more empirical data about 

ethical issues in WGS/WES, including return of results 
•  There is also a need for policy development  and 

discussion on all these issues 
•  ESP cohorts are all taking different approaches to return 

of results 
•  Each cohort may need to develop a plan for what they 

may or may not look for, or return 
•  ESP ELSI WG will convene a panel to review and advise 

on possible results, whether they should be returned, 
and how 



Where do we go from here? 

• It is not clear that WGS/WES changes our 
ethical obligations regarding return of 
results, but it may require modifications in 
our approach, resources and structures. 



ESP ELSI Working Group 

•  Review of consent forms for language 
about return of results (genetic and non-
genetic) 

•  Review of consent forms for language 
about data sharing 

•  Review of all dbGAP certification 
documents 

•  Report in May 



“Returning ESP results is  
(or could be) a Big F-in Deal!” 


