
Patient Ascertainment: After informed consent was 
obtained, patient samples were collected and submitted 
by qualified healthcare providers to Myriad Genetic 
Laboratories, Inc. for clinical genetic analysis, which 
included BRCA1 and BRCA2 sequencing analysis with 
or without large rearrangement analysis. Healthcare 
providers completed a test requisition form, which 
requested the following information: the proband’s 
age, ethnicity, and personal cancer history including 
cancer type(s) and age(s) at diagnosis (if applicable), 
and the proband’s family history of cancer, including 
a list of affected relatives, cancer type(s) and age(s) 
at diagnosis.

History Weighting Score Calculation: Proband per-
sonal and family histories were analyzed for presence 
of cancers previously known to be associated with 
mutations in the BRCA1 and/or BRCA2 genes (Table 
1). Based on empirical analysis of these histories a 
numeric severity weight (Wrel) was calculated for 
each affected family member. Proband conditional 
probability tables were constructed by estimating the 
probability of the proband carrying a BRCA1 or 
BRCA2 deleterious mutation based on the proportion 
(Ppro) of deleterious mutation carriers observed 
among members of our clinical population sharing 
the proband’s cancer type, age at diagnosis or current 
age if unaffected, and the rounded to the nearest 
integer weighted sum of the Wrel values of relatives
(Σ Wrel). For each proband, a likelihood ratio (LR = 
((1-Ppro)* Pave)/(Ppro*(1-Pave))) was calculated as 
the ratio of the posterior odds to the prior odds of 
the proband not carrying a deleterious mutation. 
Pave was the average Ppro value for all probands 
(with and without deleterious mutations) tested for 
the specified gene. The history weighting score for 
the specific variant was calculated (HWS = 
(LR1)(LR2)…(LRn)). 

Determination of HWS Significance: In order to 
evaluate the significance of each HWS, the variant-
specific score was compared to those of composite 

 control variants constructed from deleterious or
 benign proband control populations. Deleterious 
proband controls carried a known deleterious mutation 
in the gene of interest. Benign proband controls 
either carried no known BRCA1 or BRCA2 variants or 
carried variants, which were previously demonstrated 
to be benign, within those genes. 100,000 deleterious 
and 100,000 benign composite control variants were 
constructed for each true variant analyzed. Classification 
calls were based on comparison of the variant-
specific HWS with deleterious and benign control 
 HWS distributions (Figure 1).)

Validation: After the history weighting algorithm 
was developed and tested, using a dataset consisting 
of ~400,000 probands, the algorithm was validated 
using a dataset consisting of ~145,000 probands, 
who were not previously used for development or 
testing. Probands known to carry low penetrance 
alleles, and the corresponding variants, were excluded 
from the validation dataset. 50,500 simulated poly-
morphisms and 25,500 simulated deleterious 
mutations per gene were constructed from this 
proband dataset. Eligible probands were randomly 
drawn for each variant until a classification call was 
made. BRCA1 and BRCA2 true variants, with all 
probands from the independent dataset, were also 
analyzed. Probands from each variant were randomly 
drawn until a classification call was made, and 100 
trials were run for each variant. Positive and negative 
predictive values (PPV and NPV, respectively) were 
calculated.

Analysis of Representative Variants: For each 
selected variant, only the most recent 100 eligible 
probands were analyzed if >100 probands were 
available. Probands were excluded from analysis if 
personal and family history was not provided or they 
carried a deleterious mutation or VUS in addition to 
the variant under analysis. Related probands, if 
identified, were also excluded.

• Approximately 7% of female breast cancers and 
10% of ovarian cancers result from single gene 
mutations, the majority of which have been 
identified in either the BRCA1 or BRCA2 genes.

• Current clinical diagnostic BRCA1 and BRCA2 
sequencing and large rearrangement analyses 
detect the majority of disease-causing mutations 
within these genes, allowing for improved clinical 
management.

• Variants of Uncertain Clinical Significance (VUS) are 
identified in approximately 3% of patients tested by 
our laboratory.

• Reclassification of VUS to a more definitive 
classification category (i.e. “Deleterious” or 
“Polymorphism”) identifies high risk patients 
requiring clinical action.

• We have developed and validated a personal and 
family cancer history weighting algorithm to aid in 
the reclassification of BRCA1/BRCA2 VUS. 
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A clinical history weighting algorithm accurately classifies
BRCA1 and BRCA2 variants 

Methods

Background Results

Validation with Simulated Variants: The 
performance of the algorithm was assessed using a 
dataset of ~145,000 probands, who were 
independent of the algorithm development and 
testing dataset. 25,500 simulated deleterious 
mutations and 50,500 simulated polymorphisms were 
constructed from this proband set, with probands 
being randomly drawn until a classification call was 
made for the simulated variant. NPV and PPV for both 
BRCA1 and BRCA2 simulated variants were >0.999 
and 0.993, respectively (Table 2).

Validation with True Variants: 286 BRCA1 and 303 
BRCA2 true variants, with all probands not previously 
used for algorithm development or testing, were 
analyzed. Probands were randomly drawn for each 
variant until a classification call was made by the 
algorithm. 100 trials were performed for each variant 
analyzed, resulting in PPV and NPV of >0.998 and 
0.999, respectively (Table 3).

Analysis of Representative BRCA1 and BRCA2 
Variants: BRCA1 and BRCA2 variants, representative 

of benign variants and deleterious mutations were 
selected for analysis.These variants had been 
previously classified using other methodologies. As 
expected the deleterious mutations BRCA1 c.181T>G 
(p.Cys61Gly) and BRCA2 c.2808_2811del 
(p.Ala938Profs*21), as well as the benign variants 
BRCA1 c.1065G>A (p.Lys355Lys), BRCA2 c.7242A>T 
(p.Ser2414Ser), and BRCA2 c.9976A>T (p.Lys3326*) 
were correctly classified by the algorithm (Figure 2). 
Two variants, BRCA1 c.5096G>A (p.Arg1699Gln; 
Suspected Deleterious with reduced penetrance) and 
BRCA2 c.7878G>C (p.Trp2626Cys; Suspected 
Deleterious with reduced penetrance) were classified 
as “Not Callable” by the algorithm, indicating that 
they were distinct from both deleterious and benign 
control distributions. While these mutations are 
associated with increased cancer risk, these risks are 
lower than those conveyed by other deleterious 
BRCA1 and BRCA2 mutations. The “Not Callable” 
classifications assigned to these variants by the 
history weighting algorithm are consistent with the 
hypomorphic interpretations of these alleles.

Results

• The history weighting algorithm is a powerful tool 
that facilitates the reclassification of hundreds of 
BRCA1 and BRCA2 variants, allowing for better 
identification and clinical management of at-risk 
patients.

• The use of the history weighting algorithm and 
other reclassification tools has resulted in a decline 
in our laboratory’s BRCA1 and BRCA2 VUS rate to 
~3%, a significant decrease compared to a rate of 
~7% in 2006.

• While not designed to detect low penetrance 
alleles, in some cases, the history weighting 
algorithm has the ability to identify alleles that may 
be associated with significant, albeit lower, cancer 
risks.

• The history weighting algorithm is expected to be 
applicable to other cancer-associated genes, such 
as those for Lynch syndrome and Familial 
Adenomatous Polyposis, as well as other 
non-cancer related diseases.

Conclusions

Figure 1: Illustration of a history weighting algorithm 
graph. Each variant-specific HWS is compared to those of 
100,000 deleterious and 100,000 benign composite control 
variants. Variant classification categories (top) are defined 
by percentile threshold lines based on composite control 
HWS distributions.

Table 3: Results of validation with BRCA1 and BRCA2 true variants with 100 trials per variant. 

Gene History Weighting 
Classification

True  
Classification # True Variant Trials PPV

BRCA1 Deleterious

Deleterious
Np+ = 3,700 3562

0.9994
Polymorphism

Np- = 11,100 1

Gene History Weighting 
Classification

True  
Classification # True Variant Trials PPV

BRCA2 Deleterious

Deleterious
Np+ = 500 432

0.9985
Polymorphism
Np- = 11,000 13

Gene History Weighting 
Classification

True  
Classification # True Variant Trials NPV

BRCA1 Polymorphism

Deleterious
Np+ = 10,000 11

0.9998
Polymorphism
Np- = 18,600 13,597

Gene History Weighting 
Classification

True  
Classification # True Variant Trials NPV

BRCA2 Polymorphism

Deleterious
Np+ = 7,000 9

0.9999
Polymorphism
Np- = 23,300 15,213

Np- = 50,500

Table 2: Results of validation with BRCA1 and BRCA2 simulated variants

Gene History Weighting 
Classification

True  
Classification # Simulated Variants PPV

BRCA1 Deleterious

Deleterious
Np+ = 25,500

Deleterious
Np+ = 25,500

0.9939
Polymorphism
Np- = 50,500 47

Gene History Weighting 
Classification

True  
Classification # Simulated Variants PPV

BRCA2 Deleterious

Deleterious
Np+ = 25,500 23,284

0.9931
Polymorphism
Np- = 50,500 23

Gene History Weighting 
Classification

True  
Classification

# Simulated  
Variants NPV

BRCA1 Polymorphism

Deleterious
Np+ = 25,500 117

0.9992
Polymorphism
Np- = 50,500 47,945

Gene History Weighting 
Classification

True  
Classification # Simulated Variants NPV

BRCA2 Polymorphism

Deleterious
Np+ = 25,500 117

0.9997
Polymorphism 48,499

Table 1: Lists of cancer types used by the history 
weighting algorithm.

Gene Associated Cancers Analyzed

BRCA1
Female Breast, Breast + Ovarian, Breast in situ, 
Ovarian, Multiple Primary Breast, 
Female Pancreatic, Male Pancreatic, Prostate

BRCA2
Female Breast, Breast + Ovarian, Breast in situ, 
DCIS, Ovarian, Multiple Primary Breast, Male Breast, 
Female Pancreatic, Male Pancreatic, Prostate

Figure 2: History weighting algorithm graphs illustrating classification 
calls for select BRCA1 and BRCA2 variants. Deleterious (red) and benign 
(green) control distributions with corresponding percentile threshold 
lines and the variant-specific history weighting scores are indicated for 
each variant. The Log History Weighting Score is plotted on the x-axis 
and the Number of Control Variants is plotted on the y-axis.
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