
  By default, all patients undergoing DES will receive a secondary report 
with analysis of the ACMG minimum gene list.  

  For the Clinical Diagnostic Exome (CDE) orders only, patients may 
consent to a patient-driven secondary findings report which includes 
the ACMG minimum list of genes in addition to options from the 
following four disease categories: 

A)  Recessive disease carrier status 
B)  Cancer predisposition 
C)  Early-onset disease  
D)  Late-onset disease predisposition 

 All patients have the option to opt-out of all secondary findings 
 Only alterations classified as “mutation” are reported 
  Report issued for proband only.. 
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Strategy for reporting secondary findings for diagnostic exome sequencing (DES).  
Background 

  Diagnostic exome sequencing (DES) results in the identification of thousands of variants unrelated to the indication for 
testing, often referred to as “incidental” or “secondary findings” (SFs). While the vast majority of these are likely benign 
polymorphisms or within genes whose function or pathogenicity remains obscure, a small number are well-described 
disease-associated mutations that may have important clinical and medical significance for the patient.  For example, 
nonbiased massively parallel sequencing-based carrier-screening assays show that every individual carries an average  
of 2.8 mutations among genes known to cause severe pediatric disease in the recessive form.  Among 37 well-described 
cancer predisposition genes, ~1% of individuals manifest a likely pathogenic cancer predisposition (Bell et al., 2011). 

  The program director of the NHGRI’s Ethical, Legal, and social Implications Research Program likened the topic to 
“arguably the most pressing issue in genetics today.” (Couzin-Frankel et al., 2011). 

  Recently, the ACMG set forth recommendations for reporting secondary findings from a list of  57 previously defined 
genes for all patients undergoing exome sequencing (Figure 2)(Green et al., 2013).  

  Herein, we provide a strategy for reporting secondary findings results, based on recent ACMG recommendations, 
empirical data from the preferences of the first 200 families undergoing DES at Ambry Genetics, and recent literature 
regarding disclosure of secondary findings in both children and adults (including Wolf et al., 2012; Fabstitz et al., 2010; 
Berg et al., 2012) (Table 1). 
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Conclusions 
	
  
	
  

  This strategy supports the recommendations 
set forth by ACMG, while preserving the 
autonomy of the patient. 
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Results 

Figure 3. Patient-Driven 
Secondary Findings Report 
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Table 1.  Delivery of Secondary Findings in Minors 

Reference	
   Conclusion	
  

ACMG Points to consider in clinical application of genomic 
sequencing . (Policy Statement, 2012) 

1.  Recommend disclosing the SF policy to patients and 
giving patients the option of not receiving certain or SFs. 

ACMG Recommendations  for reporting SFs. (Green et al., 
2013) 

 

1.  Recommended list of 57 genes to report 
2.  Report SFs for all patients regardless of age or 

preference for findings. 

Retrospective study of patient preferences for SF results 
(Shahmirzadi et al, in press). 

1.  Study concluded that majority of patients chose to 
receive all available SF results including carrier status, 
cancer predisposition, adult-onset, and early-onset 
disease.   

2.  Provide patients with option to receive an expanded SF 
report with list of genes beyond the ACMG minimum.  

Ethical Considerations 1.  Based on the basic ethical principles and the discussion 
of delivery of secondary findings in minors, all strategies 
were developed to allow patients to opt out of receiving 
secondary findings.  

2.  Medical ethics consultations with bioethicists , genetic 
counselors, and geneticists. 

General points: Reference 

•  Testing in minors has been discouraged when the benefits of the test will not accrue until 
adulthood such as with late-onset diseases or conditions without medical management guidelines 

and is only recommended when the current potential benefits outweigh the harms. 

Abdul-Karin et al., 2013; 
Wolf et al.,I 2008  

•   A recent chronological review of the ethical arguments for predictive genetic testing in minors 
describes a gradual shift toward ethical arguments in favor of testing. Mand et al., 2012   

•    Cognitive impairment has been discussed among the limited circumstances in which predictive 
genetic testing in minors may be appropriate. Ross et al., 2013 

Arguments against disclosure of predictive test 
results in minors 

(Abdul-Karin R, et al., 2013; Mand C, et al. 2012) 

Arguments in favor of disclosure of predictive test results in minors	
  
(Duncan RE, et al.,2005; Duncan RE, et al., 2008; Mand C, et al. 2012; Murphy J, et al., 2008; 

Ross LF, et al., 2013) 

•  Hindrance of confidentiality •  Avoidance of paternalism 

•  Respect for patient autonomy (in reference to the 
child's future choice as an adult)  

•  Multiple studies cite that few patients have  
regretted receiving results as a child 

  •  Psychological benefits including reduction of anxiety 

  •  Increase patient autonomy (in reference to the child's current choice) 
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Figure 2. ACMG 
Minimum List of Genes 

Figure 1. Secondary Findings 
Report Options 

Table 2. Reportable Mutations 
Reportable	
  Muta3ons	
  

Mutations with: 
•  HGMD/OMIM mutation record  – or- 
•  Classification as mutation based on ACMG-

guidelines No variants of uncertain significance 
Variants of uncertain significance (VUS) and 
benign alterations not reported 

SFs report issued for proband only 


