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Clinical Sequencing Exploratory Research
(CSER) Phase 1 (2011-2016): Motivation 
• Explore, within an active clinical setting, the 

application of genomic sequence data to the care of 
patients 

• Generation of genomic sequence data 
• Interpretation and translation of data for the 

physician 
• Communication to the patient 



       
    

      
   

   
           

 
   

  

  CSER Phase 1: Programmatic and 
Scientific Goals 
• Best practices in moving genome sequencing from medical 

science to the clinical practice 
• Patient characteristics that signal potential utility (or lack thereof) 

for applying genome-scale sequencing 
• Best approaches to analyzing data 
• Guide to which results should be returned (and how) to the patient 

and physician 
• Plethora of highly heterogeneous “non-target” data generated 

when performing sequencing 
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CSER Phase 1: 
structure and 
sites awarded 
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Clinical Sequencing Evidence-generating 
Research (CSER) Phase 2 (2017-2023):
motivation 
• Aim: generate evidence to determine clinical utility 

of genome sequencing 
• Moving from “Exploratory” to “Evidence-generating” 
• Focus on clinical utility: likelihood that genomic 

intervention leads to improved health outcomes 
• Expand to diverse populations and care settings 



 

   
   

  
   

    
   

   

   
 

     

  

   

  
  

    
  

  
  

   
   

 

CSER Phase 2: Programmatic and 
Scientific goals 
• Clinical Genomics 

• Systems to integrate genomics into 
everyday clinical and public health 
practice 

• Knowledge bases for genomic 
medicine in diverse populations 

• Evaluation and assessment of 
strategies for returning results and 
capturing recommended medical 
actions 

• Ensuring genomic health information 
has utility for all 

• Training of providers to adopt clinical 

• Embedded ELSI, diversity and 
engagement 

• Informed, empowered decision-
making about genomics 

• Broadening of clinical utility to 
include perceived utility 

• Equity in genomic research, 
medicine, and training 

• Appropriate engagement to 
include underserved and 
vulnerable communities 

genomics 6 



   CSER Phase 2: Structure and Sites 
awarded 
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NHGRI Intramural ClinSeq® Study 
• Phenotype-agnostic study 
• Began in 2006 

• Demonstrated feasibility and 
potential value of CSER 

• Sequencing and phenotype data on 
1,500 participants, including 500 
African ancestry participants 

• Contributions to key consortium 
Amendola, et al. 2016. PMID 27181684 

papers 

Biesecker, et al. 2009 PMID 19602640 
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First phase of CSER: 
E is for Exploratory
2011-2016 
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  Tools and resources 

https://anvilproject.org/consortia/cser/research-materials 

https://anvilproject.org/consortia/cser/resources 

https://calculator.clinicalgenome.org https://www.genome.gov/sites/default/files/media/files/2020-
/site/cg-calculator 04/Guide_to_Interpreting_Genomic_Reports_Toolkit.pdf 
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https://www.genome.gov/sites/default/files/media/files/2020
https://calculator.clinicalgenome.org
https://anvilproject.org/consortia/cser/resources
https://anvilproject.org/consortia/cser/research-materials
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Prevalence of SFs: 1.7% 

Investigating additional (secondary) findings 

Family history 

• Pre-disclosure of SFs: 32% had positive 
family history 

• Post-disclosure: 48% had positive family 
history 

Modest near-term induced costs 

• Average recommended: $421 (range
$141-$1114) 

• Average observed: $128 (range $0-
$678) 

Dorschner, et al. 2013. PMID 24055113., n=1000; 3.4% EU, 1.2% AF Hart, et al. 2019. PMID 30287922 Amendola, et al. 2015. PMID 25637381. n=6503, 2.0% EU, 1.2% AF 



 

   
   

   
 

    
  
    

   
   

   

 

      
  

Discordant

66%
29%

Testing and clarifying new ACMG/AMP guidelines for 
variant pathogenicity classification (2015 CSER 
“bake-off”) 

70 

34% 

71% 

Before consensus work the 
60 

ACMG/AMP guidelines did not 50 

40 increase concordance across 9 
30 CSER labs (34%) 
20 

10 Discussion and clarification of 
Lab Class 0 ACMG/AMP rules increased ACMG Class 

Consensus concordance from 34% to 71%. 
Concordant 

ACMG 

Paper describes rule refinement 
and clarification, and highlights 
need for training on new guideline 

Amendola, et al. 2016. PMID 27181684 



  

     

  
 

   
  

   

  
    

  

  
   

  
    

  

  
   

  
  

  

Participants should have 
the option to refuse 

research genomic test 
results 

Building policy consensus, including 
ROR to reach participants 

Ethical and scientific 
justification in returning 
all genomic information 

in some format; any level Jarvik, et al. 2014. PMID 24814192 of information between 
“floor” and “ceiling” 

“Floor” – individual 
genomic research 

results that are valid, 
medically important, and 
actionable. No “duty to 

hunt” 

Additional research 
required that examine
benefits and harms of 
receiving results and 
evaluate practices for 

return 

13 



   

    
 

    

   
  

Yu, et al. 2019. 

Guidance on informed consent documents 

PMID 31313633 

Brothers, et al. 2016. 
PMID 2647786 

Henderson, et al. 2014. 
PMID 25264092 

Bernhardt, et al. 2015. PMID 26198374 
14 



  

     

Developing best practices for 
responsible results return 

Robinson, et al. 2019. PMID 31189963 15 



Second phase of CSER:
E is for Evidence-generating
2017-2023 

2011 2017 
16 



    Harmonized measures for clinical utility 

https://anvilproject.org/consortia/cser/resources 

Goddard, et al. 2020 PMID: 33948230 
17 

https://anvilproject.org/consortia/cser/resources


        

        

          

       

Participant inclusion and diversity 

• Access to care (Gutierrez, et al. 2021. PMID: 34888063) 

• Accessible Spanish language materials (Lindberg, et al. 2021. PMID: 34448595) 

• Models of inclusive genetic counseling (Joseph G, et al. 2022. PMID: 36053287) 

• Strategies for results disclosure (Suckiel, et al. 2021. PMID 33805616) 
18 



       

Participant inclusion and diversity 

• Strategies for results disclosure (Suckiel, et al. 2021. PMID 33805616) 
19 



  

Stakeholder engagement 

Stakeholder pre-meeting, 2018 

O'Daniel, et al. 2022. PMID 35227608 

20 



     

Perceived utility 

Stevens Smith, et al. 2022. PMID: 34658003 21 



     

  
  

  

 

 

   
   
 

 
   

        

Parent-reported clinical utility 
Up to 1187 responses from 5 sites 

• Positive result: 39% 
• Inconclusive result: 12% 
• Negative result: 12% 

Clinicians made 
recommendations 

to care 

• Change in diet (74%) 
• Change in exercise (3.8%) 
• Starting vitamins or 

supplements (3.1%) 

Parents initiating 
health or lifestyle

changes 

Stevens Smith, et al. 2023. PMID 37470118. Video abstract available 22 



   
 

Underserved framework 

Brothers, et al. 
Under review. 
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Use of diversity measures – genetics survey 
Of 217 participants who order clinical genetic tests, % indicating important or very 
important: 

Race of the patient, 21% 

Ethnicity of the patient, 30% 

Ancestry of the patient, 37% 

Geographic origin of patient/family, 36% 

Disease prevalence in population, 69% 

Popejoy A, et al. 2020. PMID: 32504544 



 
 

     

        
      

 
        

  
     
    

    
  

 
 

      

   

Continuing to improve consistency in variant
classification across labs (2019 “bake-off”) 
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All Labs Agree 

White/European American 

• “Agree” = all P, all LP, all VUS etc. = 52% 

42 

35 

• Agreement does not vary by ancestry 
(p=0.5) 

• 48.5% (33/88) White/EA 
54.3% (50/92) non-EA 

• 21%, 33, of all variants have a 
discordance that impacts patient 
recommendations 

• 24/33 are LP vs VUS 
• 9/33 are P vs VUS 

All Labs Do Not Agree • Highlights sources of discordance and 
Not White/European American considerations for LP 

Amendola, et al. 2020. PMID 33108757 25 



  

     

     

   

    
  

   

  

 

   

Frameworks and data for payers 

Phillips, et al. 

• Group interview of 12 payers 
• Opportunities to advance coverage 

Phillips, et al. 2022. PMID 34906461 
• Genome vs. exome sequencing 

• Methods for evidence generation 

• Consistency among labs 

• Implementation and care delivery 

Ferket, et al. 2022. PMID 35833928 
26 



      

      

    
 

      

Site-specific papers 

Scollon, et al. 2022. PMID 35713195 

Sparks, et al. 2020. PMID 33027564 

327 site-specific papers 
(84% of all “U” grant papers) Hiatt, et al. 2021. PMID 33937879 27 



Influential work and lasting 
legacy 

28 



  

     

     

CSER contributions to ACMG guidelines 

Dorschner, et al. 2013. PMID 24055113 Amendola, et al. 2016. PMID 27392081 

Green, et al. 2013. PMID 23788249 Richards, et al. 2015. PMID 25741868 29 



 
  

  
   
 

    

   
 

    

 
 

    

   
  

     

Participant and institutional level diversity 

Participants/probands recruited in CSER Phase 2 

Does not fit CSER 
definition of 
diversity, N = 1291 
(25%) 

Fits CSER 
definition of 
diversity, N = 3972 
(75%) 

Diversity defined according to 
race/ethnicity, medically underserved, 
or at risk for poorer health outcomes 

Institutions represented 

• Academic medical centers 
• Clinical genome centers 
• Community hospitals 
• Federally qualified health center 
• Managed care organizations / 

healthcare systems 

30 



   

             

Focus of CSER Phase 2 papers 

31 

6 17 11 61 

564 

34 

Number of papers for each box shown in red Bly, Korf, Hindorff, et al. In progress 31 



      

  
     

   

     
   

 

 Consortium best practices 
• Resilience during COVID: Kraft SA, et al. -

https://pubmed.ncbi.nlm.nih.gov/36341765/ 

• Starting multi-institutional genetics 
research in diverse populations: Russell 
HV, et al. 
https://pubmed.ncbi.nlm.nih.gov/36567057 

• Data coordination in collaborative research: 
Muenzen, et al. 
https://pubmed.ncbi.nlm.nih.gov/35707062/ 

32 

https://pubmed.ncbi.nlm.nih.gov/36341765/
https://pubmed.ncbi.nlm.nih.gov/36567057
https://pubmed.ncbi.nlm.nih.gov/35707062/


     
     

    
    

     
 

  
       

 

 Expanded Role of Genetic Counselors in
Consortia 
• CSER Working Group Chairs: Laura 

Amendola, Carrie Blout, Kate Bonini, 
Lauren Desrosiers, Kelly East, Denise 
Lautenbach, Billie Lianglou, Julianne 
O’Daniel, Sarah Scollon, Sabrina Suckiel, 
Julia Wynn 

• 49 publications with genetic counselors 
as first or last authors (13% of all “U” 
grant papers) 

33 



      
         

           
        
           

          
      

    

          

      

  
 

Design of CSER policies and practices to 
promote junior trainees/investigators 
• WG Chairs: Sarah Ackerman, Laura Amendola, Kevin Bowling, Laura Conlin, Kurt 

Christensen, Matt Deardorff, Lauren Desrosiers, Kelly East, Bart Ferket, Stacy Gray, 
Amanda Gutierrez, Julie Harris-Wai, Ragan Hart, Adam Hott, Sarah Kalla, Stephanie 
Kraft, Denise Lautenbach, Billie Lianglou, Kathleen Muenzen, Julianne O’Daniel, 
Simon Outram, Bradford Powell, Christine Rini, Dan Robinson, Jill Robinson, Sarah 
Scollon, Brian Shirts, Hadley Stevens Smith, Sabrina Suckiel, Eli Van Allen, Jessica 
Van Ziffle, Jason Vassy, Nic Wagle, Joon-Ho Yu 

• Leadership of key consortium papers (shown throughout) 

• 149 publications with junior investigators as first or last authors (38% of “U” grant 
papers) 

• Designated presentations at CSER consortium and national meetings 

34 



        
      

   

        
    

          
        

         
     

           
      

   Most highly cited papers – Phase 1 
• Amendola, et al. 2016. Performance of ACMG-AMP Variant-Interpretation 

Guidelines among Nine Laboratories in the Clinical Sequencing Exploratory 
Research Consortium. PMID 27181684. 

• Dorschner, et al. 2013. Actionable, pathogenic incidental findings in 1,000 
participants' exomes. PMID 24055113. 

• Jarvik, et al. 2014. Return of genomic results to research participants: the 
floor, the ceiling, and the choices in between. PMID 24814192. 

• Amendola, et al. 2015. Actionable exomic incidental findings in 6503 
participants: challenges of variant classification. PMID 25637381. 

• Mody, et al. 2015. Integrative clinical sequencing in the management of 
refractory or relapsed cancer in youth. PMID 26325560. 
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   Most highly cited papers – Phase 2 
• Popejoy, et al. 2020. Clinical Genetics Lacks Standard Definitions and Protocols for the 

Collection and Use of Diversity Measures. PMID 32504544 

• Trosman, et al. 2020. Perspectives of US private payers on insurance coverage for pediatric 
and prenatal exome sequencing: Results of a study from the Program in Prenatal and 
Pediatric Genomic Sequencing (P3EGS). PMID 31501586 

• Amendola, et al. 2020. Variant classification concordance using the ACMG-AMP variant 
interpretation guidelines across nine genomic implementation research studies. PMID 
33108757 

• Horowitz, et al. 2019. The genomic medicine integrative research framework: a conceptual 
framework for conducting genomic medicine research. PMID 31104772. 

• Kraft, et al. 2018. Engaging populations underrepresented in research through novel 
approaches to consent. PMID 29512940. 

36 



   
   

      
     

   
  

       
 

     
     

Conclusion/summary 
In moving from “exploratory” to “evidence-generating,” 
CSER has improved the practice of genomic medicine 

• In a highly interdisciplinary way, 
embedding multiple disciplines including 
ELSI 

• With attention to the clinical workflow 
and the need for thoughtful study design 

• By engaging diverse populations and 
clinical care settings 

• In support of team science and junior 
investigators 

37 



    
     

 
     

    
       

    

   Key evidence generated by CSER 

• Rates of concordance/discordance in variant interpretation 
• Frequency of changes to clinical management after 

receiving genomic results 
• Readiness of patients/parents to follow up on genomic 

results with little evidence of harm 
• Need to adapt genomic medicine research to integrate 

diverse populations and diverse care settings 

38 
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