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Three challenges/opportunities 

1. Re-classification of research variants that have already been 
returned 

2. Potential germline genetic findings from tumor sequencing results 
1. A “special” case of incidental/secondary findings 

3. Returning results to relatives of critically ill or deceased patients 



      
   

 
 
 
 
 
 
 
 

#1: Recontacting research participants when returned results 
are reclassified – what are researchers’ responsibilities? 



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2013 

“…because  the  depth of  coverage  for  an  exome  is 
not uniform, the  analytical sensitivity for exome 
sequencing  may  be  lower  than  the  sensitivity  for  

most targeted  gene panels, given that a 
substantial number  of exons in known disease- 

associated genes may lack sufficient coverage…”  



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2015 

“…the  ACMG  strongly  recommends  that  clinical  
molecular genetic testing should be performed  
in a Clinical  Laboratory Improvement  
Amendments–approved  laboratory,  with  results  
interpreted  by  a  board-certified  clinical  
molecular  geneticist  or  molecular  genetic  
pathologist  or  the  equivalent”  



    
 

 
 
 
 
 

     
 

 
     

 
 
 

  
 
 

   
 

   
 
 
 
 

       

ACMG/AMP/CAP variant interpretation guidelines 
(2015) 

99% certain association with disease 

90% certain association with disease 

Everything else! 

90% certain benign 

99% certain benign 

Richards et al. 2015, Genetics in Medicine 



 
 

    
   
   
    
     

 
  

    
      

 
 
 
 
 
 
 

      Strande et al. 2018, Genetics in Medicine 

Types of data used 
• Population data 
• Segregation data 
• Allelic data (phase) 
• Computational data/predicted impact on 

protein 
• ”Other” 

• Specificity of gene-phenotype association 
• Extent of known benign variation in gene 
• Etc… 



  Since 2015 



  
 

Since 2015 



  
 
 

 
 

      

Since 2016 

Credit: Daniel MacArthur and lab@Broad Institute 



     
 

        
 

 
         

    

 
          

 
 

                         

What does all this mean? 

• Reanalysis of exome data after short intervals significantly increases 
diagnostic yield 

• Estimates range from ~11% to ~200% increased diagnostic yield at 
reanalysis intervals as short as 12 months to six years 

• Diagnostic gains vary by phenotype and our knowledge of 
phenotypes 

Liu et al. NEJM 2019; Machini et al. AJHG 2019; Baker et al. J Mol Diag 2019; Ewans et al. GIM 2018; Wright et al. 2018….etc. 



        
 

               
   

 
 

            
 

      
 

           
 

What does this have to do with ethics? 

• It took a lot of work to convince research institutions that return of (high-
impact, health-related) results is the ethical thing to do (and good for 
science) 

• But what if we are returning incorrect information without realizing it? 

• (Most) researchers are not clinicians 

• Researchers (still) have duties to minimize harms and maximize the 
production of knowledge 



 
 

      
 

 

           
 

        
 

            
       

 
             

 

 
          

  
 
 

     

ASHG recontact guideline in a nutshell 

• Recontact is difficult and resource-intensive. It is a responsibility, not a duty. 

• No responsibility exists after project funding has ended. 

• The responsibility to recontact is stronger if there is compelling evidence for 
medical benefit (or harm) of NOT re-contacting. 

• The degree of relationship with a study participant is key to determining the
strength of a responsibility. 

• Whatever you do, leave a paper trail. Documentation/communication about the 
limitations of research results is key. 

Bombard et al. AJHG, 2019 



         
        

 
 
 
 
 
 
 
 
 
 
 
 
 

 

   
 

  
     

 
 
 
 
 
 
 
 
 
 

                           

#2: Tumor sequencing is an increasingly common method in 
cancer research and differs from germline sequencing in 
fundamental ways 

Tumor Testing strategies 

• Tumor-only 
• Paired normal and tumor 

Liu YL, Stadler ZK: The Future of Parallel Tumor and Germline Genetic Testing: Is There a Role for All Patients With Cancer? J Natl Compr Canc Netw 19:871-878, 2021 



          
 
 

                           

Pros and Cons of tumor-only vs paired tumor/normal genetic testing 

Liu YL, Stadler ZK: The Future of Parallel Tumor and Germline Genetic Testing: Is There a Role for All Patients With Cancer? J Natl Compr Canc Netw 19:871-878, 2021 



      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

             
 

Tumor-normal paired testing and possible outcomes 

Mandelker D, Zhang L: The emerging significance of secondary germline testing in cancer 
genomics. J Pathol 244:610-615, 2018 



 
 
 
 
 

 

    Picture credit: FORCE, https://www.facingourrisk.org/ 

http://www.facingourrisk.org/


        
 

      
 

                
 

     
 

  
   

  
 

          
 

     
 
 

     

In tumor testing, when might we suspect a germline 
result? 

• Well-characterized genes associated with hereditary syndromes 

• If tumor is highly specific to a syndrome, it is more likely that the patient carries a 
germline variant in the associated gene. 

• Eg. Adrenocortical carcinoma/TP53; uveal melanoma/BAP1 

• Founder mutations 
• Eg. BRCA c.68_69delAG 
• MSH2 inversion 

• Variant allele frequency (VAF) of germline variants (presumed to be
heterozygous) is roughly 40%-60% but can fall outside this range. 

• NO HARD AND FAST CUTOFFS 

Li et al. Genetics in Medicine, 2020 



 



           
 

        
          

 
           

 
 

        
 

            
      

Why do we care about germline variants that crop up in 
tumor testing? 

• Your patient’s treatment + management could change 
• Eg. parp inhibitors for people with BRCA1-related ovarian cancer 

• Risk of additional cancers, cancer recurrence might be much higher than 
previously appreciated 

• Benefits to relatives – prevention and screening! 

• Expand our clinical knowledge of cancer syndromes in patients who don’t 
meet current criteria for germline testing 



    
 

          
 

 
         

   
 

           
 

Implications for Informed Consent 

• Patients should be informed that tumor testing could detect germline 
(heritable) genetic changes 

• Germline results should be disclosed because they could influence treatment 
decisions in patient and risk management in relatives 

• Current guidelines suggest that patients should be allowed to opt-out of
learning germline results 



       
 

 

#3: Returning research results to relatives – when 
and how? 



 
 

          
   

 
             

 
 
 
 
 
 

Questions 

• To what extent do researchers have responsibilities to notify at-risk 
relatives of critically ill or deceased cancer patients? 

• What is the most efficient way of doing this in a research setting? 



 
 

    
 

    
 

 

Case 

• 6 yo w/bilateral Wilms 
Tumor 

- Histology: Epithelial highly
anaplastic 



  
 
 
 
 
 
 
 

Tumor results 



  

   
     

 

Germline results 

• NGS Germline 
- MSH6 R1176* Lynch Syndrome 



    
            

 
 

        
 

              
          

 

           
    

Dominant model: Proband-directed disclosure 
• Risk to relatives is disclosed to the proband; who is responsible for 

informing at-risk relatives 

• Relatives must voluntarily seek follow-up risk assessment 

• Numerous studies show that this is not very effective (Sermijn et al. 2004; 
Marks et al. 2006; Montgomery et al. 2013; Hampel 2016) 

• Family letters do not increase uptake of cascade risk assessment 
(Dheensa et al. 2017) 



      
 

Barriers to communication about disease risk 



     
 

          
 

           

 
             

 
         

  
 
 

            

Alternative model: Direct contact w/proband 
opt-in or out 

• Research programs contact relatives directly to notify them about 
their increased risk and test options

• Via letters, phone, or an invitation to join a research registry 

• Probands usually opt in or out of allowing relatives to be contacted 

• Cost-effective; identifies more patients at-risk; access to treatment, 
and helps avoid unnecessary testing 

Nordestegaard et al. 2013; Kerr et al. 2017; Costland et al. 2018 



 



        
 
 
 
 

 
      

In summary, a new riff on a familiar theme… 

Courtesy Howard Levy + Yvonne Bombard 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

 
 
 
 
 
 
 
 

 

Thank you 
leila.jamal@nih.gov 
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