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• Following ClinGen SVI guidance by Brnich et al., experimental functional 

assays may provide evidence towards pathogenicity (PS3) or benignity (BS3) 

based on their ability to discriminate between validation variant sets of 

clinical pathogenic and benign variants

• PS3 evidence is primarily driven by the number of benign truthset variants

• For loss-of-function genes, most clinically classified pathogenic variants are 

truncating, and most benign variants are synonymous

− These are also the most common variant types used for assay threshold 

calibration

• However, most clinical VUSs are missense variants

− Missense variant impact is more likely to lie away from the extreme ends of 

assay readout

− Accurate quantification of assay performance should be conducted using 

validation variant sets comprising missense variants

− Clinically classified missense variants are scarce for most genes of 

clinical interest

• We thus sought to:

− Quantify the availability of clinically classified missense variants in key 

genes of clinical interest

− Develop a novel approach for construction of benign missense truthsets 

in the absence of existing classifications

We devised a gene-specific 
systematic approach for 
generation of benign missense 
truthsets, as benign truthset 
size is the primary driver of 
applicable PS3 strength.

All possible missense variants 
in a gene of interest are 
filtered to remove any with 
indicators of potential 
pathogenicity based on 
existing classifications, case-
control signal or in silico 
predictions.

Remaining variants can then 
be assigned to benign 
truthsets if their population 
frequency exceeds gene-
specific thresholds and have 
in silico scores indicative of 
benignity, in accordance with 
ACMG/AMP combining criteria 
for benignity.

• We derived gene-specific population frequency thresholds and used our 

systematic approach to construct benign missense validation variant sets for 

our eight selected hereditary breast and ovarian cancer (HBOC) genes of 

clinical interest. 

• We then converted using 
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BRCA1 302 7.80 STR 183 7.11 STR 37 4.93 STR

BRCA2 320 7.88 STR 201 7.24 STR 190 7.16 STR

PALB2 25 4.40 STR 11 3.27 MOD 106 6.37 STR

ATM 51 5.37 STR 25 4.40 STR 159 6.92 STR

CHEK2 5 2.20 MOD 1 0 None 13 3.50 MOD

RAD51C 4 1.89 SUP 2 0.95 None 38 4.97 STR

RAD51D 4 1.89 SUP 3 1.50 SUP 37 4.93 STR

BRIP1 24 4.34 STR 5 2.20 MOD 44 5.17 STR

• We collated available ClinVar benign missense classifications (≥1* and ≥2*) 

in 116 inherited cancer susceptibility genes (CSGs)

• We quantified the maximum PS3 strength attainable if using these variants 

as a truthset

− In this analysis we assumed perfect concordance of truthset 

classifications with assay output and that all identified variants were 

present in assay output.

• We observed that these truthsets were sufficiently large to allow application of 

PS3 at a maximum strength of “strong” for:

− 42/116 (36.2%) of genes when based on ClinVar ≥1* classifications

− Only 23/116 (19.8%) when restricting to the higher-confidence ≥2* 

classifications.

• For all eight genes, systematically generated truthsets generated 

hypothetical maximum PS3 evidence strengths that were greater than or 

equal to those generated by ClinVar-based truthsets alone.

• For all genes except BRCA1 and BRCA2, the raw number of variants 

generated through systematic benign missense truthset construction was 

larger than any ClinVar-based truthset

• This reflects the longer timecourse of BRCA gene testing and the existence 

of highly evolved BRCA-specific interpretation guidance
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• Exclusion of variants from truthsets if experimental functional evidence 

was used in their classification is vital to avoid circularity

• Comments accompanying ClinVar benign missense submissions were 

examined more closely for eight hereditary breast and ovarian cancer genes 

of interest (BRCA1, BRCA2, PALB2, ATM, CHEK2, RAD51C, RAD51D and 

BRIP1)

• Of the 113 variants in the non-BRCA genes, for only 45 (39.8%) was it 

possible to ascertain that the classification was not reliant on functional 

data

• Non-VUS ClinVar missense variant classifications remain scarce and poorly 

annotated for most genes, limiting the utility of ClinVar as a source of truthset 

variants for quantification of PS3 strength

• We have devised a gene-specific approach to systematic identification of 

benign truthset variants that generates truthsets allowing application of PS3 

at equal or greater strength than ClinVar-based truthsets across all genes 

investigated.
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