
Introduction

As exome and genome sequencing are 

increasingly applied in clinical 

scenarios, incidental findings (IFs) are 

discovered as a matter of course. 

Debate about the most appropriate 

handling of such findings is ongoing, 

but it is widely recognized that IFs 

vary in their clinical utility or 

actionability. Evaluating actionability is 

critical to identifying genes for routine 

return of results and enabling informed 

decisionmaking by patients. The 

NCGENES (North Carolina Clinical 

Genomic Evaluation by NextGen Exome 

Sequencing) study returns clinically 

actionable IFs to patientparticipants 

undergoing exome sequencing.

In defining the set of genephenotype 

pairs to be returned routinely as IFs in 

NCGENES, we recognized that a 

consensusbased approach lacking a 

clear definition and framework for 

adjudicating actionability could lead 

to inconsistent and contentious 

results. We thus developed a semi

quantitative metric to assist in defining 

the actionability of genephenotype 

pairs (figure 1). This metric explicitly 

recognizes that actionability is not a 

binary state, but a continuum (Lindor 

et al. 2013; Berg et al. 2013). 
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Application of the Metric in Over 1200 Genes

The following relationship(s) exist related to this presentation: No 

relationships to disclose. 

Discussion

We initially scored 161 genes selected 

from OMIM as plausible candidates for 

routine return as medically actionable IFs 

(the NCGENES “provisionally actionable” 

set). To investigate the robustness of the 

metric, we then scored a random sample 

of 1000 genes in RefSeq. The majority of 

those genes scored 0 by default because 

an associated phenotype either did not 

exist in OMIM or OrphaNet, was caused 

by somatic mutation, or was a modest 

influence on disease risk based on GWAS. 

The remaining 111 genes were 

formally scored using the metric. We 

also scored the 57 genes (56 after 

removal of NTRK1) recommended by 

the ACMG for routine return when 

discovered as IFs (Green et al. 2013).

Overlap between these lists is depicted 

in figure 2. Score distributions by list 

are presented in figures 3 and 4, and 

table 1.
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Our presented framework explicitly 

defines five critical aspects of clinical 

actionability, each of which are 

evaluated qualitatively.  The resulting 

scores establish a semiquantitative 

metric that effectively distinguishes 

between lists of genes deemed to be 

potentially actionable by expert 

opinion and a randomly selected list 

of genes.

The framework provides a way to 

rationally compare the clinical 

actionability of disclosing IFs in genes 

with disparate phenotypes.  It is 

highly flexible and can be adapted to 

different contexts by differential 

weighting of selected components.  

The inherent transparency allows for 

comparison among different efforts, 

critical evaluation, and updating of 

the scores as new knowledge 

accumulates.  In the future, this 

metric, or one like it, could be used 

to evaluate all human disease genes  

to guide the application of genomic 

medicine. See poster 2586M for use 

of this metric for selection of 

newborn screening targets.
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The semiquantitative metric was able to 

distinguish between lists selected for high 

suspicion of actionability and a random list of 

genes.  Inflection points on the graph may 

suggest a natural cutoff for separating gene

phenotype pairs appropriate for routine return 

from those that may be considered for return 

based on patient preference.

The Scoring Framework

Figure 1: The semiquantitative metric 

incorporates five aspects of clinical 

utility to assign genephenotype pairs 

an “actionability score” of 015. Higher 

scores suggest greater actionability.

Weighting and Customization

Figure 2 Overlap between lists of genephenotype pairs 

scored. The greatest overlap is between the 

two lists intended to contain genephenotype 

pairs with high actionability.
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Table 2: Selected genephenotype pairs from ACMG and NCGENES

Knowledge

What is the nature of the threat to health for 

individuals with a deleterious mutation(s) in this gene?

Sudden death (3), possible death (2), serious morbidity (1), 

modest or no morbidity (0).

Severity

How effective are interventions for preventing 

the anticipated harm?

Highly effective (3), moderately effective (2), minimally effective 

(1), ineffective (0).

Efficacy

How acceptable are the interventions in terms of 

burdens or risks placed on the individual?

Little burden / highly acceptable (3), moderate burden (2), high 

burden (1), very high burden / minimally acceptable (0).

How much is known about the gene, condition, 

and intervention to allow scoring of each category?

Substantial evidence (3), moderate evidence (2), minimal 

evidence (1), controversial or poor evidence (0).

Burden

Knowledge

What is the chance the threat will materialize?

Essentially equivalent to the penetrance of the phenotype.

>50% (3), 549% (2), 14% (1), <1% (0).

Likelihood

NCGENES

Figure 5: Depending on the application, the metric can be customized by 

weighting certain components more heavily. For example, for identifying 

targets for routine return as IFs, knowledge and/or efficacy may be seen as 

more critical. In this screenshot of our online weighting tool, efficacy and 

knowledge are preferentially weighted. Gene                  Unweighted             Weighted

Note: Components of the unweighted 

score are represented by the relative 

sizes of the colored boxes. Red is 

severity, orange is likelihood, yellow is 

efficacy, light blue is burden, and dark 

blue is knowledge. 

NCGENES

Figure 4

ACMG Random


