
Figure 2: Determinants of the VUS rate. For each value of a variable (e.g., gene panel being 
BRCA1/2), the mean VUS rate over all values of other parameters was calculated. The variable 
with the biggest dispersion of the means over its values has the greatest effect on the VUS rate.

Figure 3: The VUS rate as a function of the patient cohort composition. Panel composition 
(27-gene panel), allele frequency cutoff (1%), and intronic bases sequenced (3) were held 
fixed and VUS reports with an additional deleterious variant were not counted. Real labs might 
have ethnic compositions different from the US census, e.g., having more European patients.

Figure 4: The VUS and deleterious rates as a function of the gene panel and patient cohort 
compositions. The solid lines are for a 1% allele frequency cutoff for benign variants, bases 
3 sequenced into introns, and VUS reports with additional deleterious variants not counted; 
other lines show variations of these parameters. Number in parentheses indicates the number 
of genes.

Discussion
VUS rates can vary widely in part due to variables not under laboratory control. As a patient’s 
ethnicity was a key VUS-rate determinant, further research of the genetic variants of minority 
populations is warranted. Our results indicate that the VUS rate in isolation is not a reliable 
measurement of quality, suggesting that multiple criteria should be considered when evaluating 
which genetic tests to offer patients.

The rate of reports with variants of uncertain significance (“VUS rate”) can be different 
across laboratories even if they have the same classifications for all variants.

Introduction
Hereditary cancer tests are often compared by the likelihood of reporting a variant of uncertain 
significance (“VUS”), yet this “VUS rate” metric has questionable value because multiple 
factors influence it (e.g., the genes tested and the allele frequency (AF) threshold for benign 
variants). By permuting various determinants, we demonstrate that the reported VUS rate 
value can vary greatly even when the underlying variant curations are the same.

Figure 1: Methods overview. Hundreds of thousands of patient reports from a hypothetical 
laboratory were simulated based on indicated data and parameters.

Methods
We simulated hypothetical laboratories by sourcing variant curations from ClinVar and ethnic-
specific variant frequencies from gnomAD. We permuted five parameters that could differ 
among laboratories (Figure 1). (1) The AF above which variants were automatically classified 
as benign; (2) The number of exon-padding intronic bases sequenced; (3) The cohort’s ethnic 
composition; (4) Whether to include patients who harbor both VUS and pathogenic variants in 
the calculation, and (5) The panel’s gene composition. Unless already in ClinVar or determined 
benign based on AF, variants were classified using the Variant Effect Predictor algorithm 
(HIGH/LOW impacts only). Variance-based sensitivity analysis was used to assess the relative 
importance of the different parameters.

Results
The strongest determinant of the VUS rate was the panel composition, with larger panels 
having greater VUS rates than smaller ones (Figure 2). Ethnic composition of the patient 
cohort was also important, with an African/African American cohort having the highest VUS 
rate (92.2% on average for the largest panel) and a European cohort having the lowest 
(74.5%) (Figures 2, 3). The AF threshold for benign classifications was more important than 
the number of intronic basepairs included. Not including patients with pathogenic variants in 
the calculation marginally reduced the VUS rate. Across all simulations, the VUS rate was as low 
as 3.2% and as high as 96.5% (Figure 4).
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VUS rate: probability of at least one VUS call

gnomAD 
allele frequencies

ClinVar 
curations

Panel composition (2-27 genes)

Patient cohort composition 
(single ethnicity or 
US census average)

Allele frequency cutoff 
for benign variants (0.3-1%)

Bases sequenced into introns (0-20)

Count reports with additional 
deleterious call (yes/no)

Data

Parameters

Simulated laboratory offering hereditary cancer screening

BRCA (2 genes): BRCA1, BRCA2; Melanoma (4 genes): BRCA2, CDK4, CDKN2A, TP53; Lynch syndrome (7 genes): APC, EPCAM, MLH1, MSH2, MSH6, MUTYH, 
PMS2; Hereditary breast cancer (9 genes): ATM, BRCA1, BRCA2, CDH1, CHEK2, PALB2, PTEN, STK11, TP53; Gynecology panel (13 genes): BRCA1, BRCA2, BRIP1, 
EPCAM, MLH1, MSH2, MSH6, PMS2, PTEN, RAD51C, RAD51D, STK11, TP53; Hereditary colon cancer (17 genes): APC, BMPR1A, CDH1, CHEK2, EPCAM, GREM1, 
MLH1, MSH2, MSH6, MUTYH, PMS2, POLD1, POLE, PTEN, SMAD4, STK11, TP51.
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