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Purpose: Despite increased awareness of hereditary breast and
ovarian cancer among clinicians and the public, many BRCA1/2
mutation carriers remain unaware of their risk status. The Breast
Cancer Genetics Referral Screening Tool (B-RST™) was created and
validated to easily identify individuals at increased risk for
hereditary breast and ovarian cancer for referral to cancer genetics
services. The purpose of this study was to revise B-RST™ to
maximize sensitivity against BRCA1/2 mutation status.

Methods: We analyzed pedigrees of 277 individuals who had
undergone BRCA1/2 testing to determine modifications to the B-
RST™ 2.0 algorithm that would maximize sensitivity for mutations,
while maintaining simplicity. We used McNemar’s chi-square test
to compare validation measures between the revised version (3.0)
and the 2.0 version.

Results: Algorithmic changes made to B-RST™ 2.0 increased the

sensitivity against BRCA1/2 mutation analysis from 71.1 to 94.0%
(P < 0.0001). While specificity decreased, all screen-positive indivi-
duals were appropriate for cancer genetics referral, the primary
purpose of the tool.

Conclusion: Despite calls for BRCA1/2 population screening, there
remains a critical need to identify those most at risk who should
receive cancer genetics services. B-RST™ version 3.0 demonstrates
high sensitivity for BRCA1/2 mutations, yet remains a simple and
quick screening tool for at-risk individuals.
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INTRODUCTION
Mutations in the BRCA1 and BRCA2 genes (BRCA1/2)
remain the best described and most common cause of highly
penetrant hereditary breast and ovarian cancer (HBOC). The
general population frequency of BRCA1/2 mutations is
approximately 1/200–1/400, and up to 1/40 among indivi-
duals of Ashkenazi Jewish descent.1,2 Due to numerous
publications and celebrity media attention, awareness of
HBOC among the healthcare community and public has
increased over the past decade. However, the lack of
identification of mutation carriers remains a concern,
particularly as enhanced screening and preventative surgery
have solidly demonstrated reductions in morbidity and
mortality.3–5 It has been estimated that only 6% of BRCA
mutation carriers in the general population have been
identified,6 and a recent study found that fewer than one-
in-five at-risk breast or ovarian cancer patients have under-
gone genetic testing.7

In 2005, the United States Preventive Services Task Force
(USPSTF) recommended that women with family histories
suggestive of a BRCA1/2 mutation be referred for genetic
counseling.8 They noted the need to develop screening tools

to assist clinicians in identifying women who would benefit
from genetic counseling for HBOC. In their 2014 update, the
USPSTF recommended that providers use one of several
validated screening tools to identify woman at risk for
BRCA1/2 mutations for referral to genetic counseling and, if
appropriate, testing.9 The Referral Screening Tool—a pre-
cursor to the B-RST™—was one of five validated tools
suggested for this purpose.
The paper-based Referral Screening Tool was originally

developed and validated in 2007.10 A revised web-based
version—the Breast Cancer Genetics Referral Screening Tool
(B-RST™)—was launched in 2010 and mentioned in the
USPSTF recommendation.9,11 Both versions were validated
against analysis of four-generation cancer pedigrees using
BRCAPRO, BOADICEA, Myriad II, and the Family History
Assessment Tool, with a ≥10% BRCA1/2 mutation probability
or a Family History Assessment Tool score of 10 as the true
measure of “high” risk.10,11 The second version (B-RST™ 2.0)
demonstrated an overall sensitivity and specificity of 89.4 and
91.5% respectively, with a sensitivity of 100% compared with
the most accurate models, BRCAPRO and BOADICEA11.
B-RST™ is not designed to provide a probability for a
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BRCA1/2 mutation, but rather categorizes the individual into
one of three groups indicating the likelihood of HBOC, as well
as the level of risk for breast and ovarian cancer based on
family history. Screen “positive” indicates an increased risk for
HBOC of 5–10% or greater. Screen “negative—moderate risk”
indicates a low risk for HBOC, but some increased risk for
breast cancer, while screen “negative—average risk” indicates
HBOC is very unlikely and the individual is at average risk for
breast and ovarian cancer. Individuals who screen positive on
B-RST™ should be referred for cancer genetic counseling for
more in-depth risk assessment and discussion of genetic
testing options.
The criteria for consideration of genetic counseling and

testing for BRCA1/2 have become less stringent over the past
few years, with a ≥10% mutation probability no longer
considered the minimum threshold.12,13 This is also reflected
in the changes that have occurred in the National Compre-
hensive Cancer Network (NCCN) Guidelines®.14,15 In addi-
tion, reduction in the cost of genetic testing, and identification
of BRCA mutations in lower-risk cohorts, has led some to
advocate population-based testing.16 However, there remain
significant logistical concerns with this approach, including
lack of infrastructure to provide appropriate pre- and post-
test genetic counseling, uncertainty regarding the penetrance
of mutations identified in this way, and the large number of
variants of uncertain significance expected.17 Until such issues
are resolved, there remains a need to identify those most likely
to benefit from genetic counseling and testing for HBOC,
especially given the limited availability of these resources and
healthcare dollars.
Multiple models exist to predict the likelihood of developing

breast cancer and/or hereditary risk.18 The NCCN Guide-
lines®, revised annually, provide criteria for both considera-
tion of genetic counseling and testing.15 However, these
options do not allow for either simple self-identification or
quick screening by clinicians. Screening tools thus continue to
play an important role in maximizing population-based
identification of individuals who would benefit from cancer
genetics services.
To address the shift toward less stringent referral criteria,

we evaluated the accuracy of B-RST™ 2.0 against families
tested for BRCA1/2 mutations, rather than a ≥10% mutation
probability. Based on these data, we adapted the B-RST™
algorithm (3.0) to maximize sensitivity, while maintaining
simplicity and reasonable specificity.

MATERIALS AND METHODS
We identified patients seen for genetic counseling for HBOC
through Emory Healthcare (2011–2013) using the following
International Classification of Diseases, Ninth Revision codes:
V16.3, Family history of breast cancer; V16.41, Family history
of ovarian cancer; V10.3, Personal history of malignant
neoplasm of breast; V10.43, History of ovarian malignancy;
183.0, Malignant neoplasm, ovary; and 174.9, Malignant
neoplasm, breast not otherwise specified. Patients seen from
2008–2013 at the Winship Cancer Institute for family history

of breast cancer were identified via a clinic database. Through
retrospective chart review, we obtained full three-generation
cancer pedigrees and genetic test results. Only patients who
had undergone BRCA1/2 testing were included in the analysis.
Patients seen for known mutation follow-up or a variant of
uncertain significance were excluded. For patients seen due to
a previously identified familial mutation, the pedigree was
evaluated based on a first-degree relative of an individual who
had tested positive. This study was approved by the Emory
University Institutional Review Board.
We analyzed each pedigree using B-RST™ 2.0 to determine

the screening results (that is, positive, negative—moderate
risk, or negative—average risk). Pedigrees with a BRCA1/2
mutation who screened negative on B-RST™ 2.0 were
evaluated to determine the specific family history parameters
not included in B-RST™ 2.0. We explored which specific
combinations of additional or revised family history features
maximized sensitivity, but retained the simplicity of the tool.
Features that did not significantly change the sensitivity were
not added to the final algorithm. BRCA mutation-negative
pedigrees were also analyzed to determine whether they were
screen positive or negative on various iterations of the revised
algorithms. BRCAPRO probabilities of pedigrees who were
mutation negative but screen positive on B-RST™ 2.0 and 3.0
were calculated.19

We evaluated the sensitivity, specificity, and positive and
negative predictive values (PPV and NPV) of B-RST™ 2.0 and
the final B-RST™ 3.0 algorithm. We used a two-sided
McNemar’s chi-square test for correlated proportions to
compare sensitivity and specificity between B-RST™ 2.0 and
3.0. We chose not to report the overall accuracy using area
under the curve, as this measure assumes equal importance of
sensitivity and specificity and our goal was to maximize the
former. We used t-tests to compare BRCAPRO probabilities.
A P value of less than 0.05 was considered significant.

RESULTS
Charts were reviewed for 277 patients, of which 83 (30%)
were positive for a BRCA1/2 mutation in themselves or a first-
degree relative. Table 1 illustrates the B-RST™ 2.0 vs.
3.0 screening results. We found a shift of negative—moderate
risk to screen positive, with significantly more patients
screening positive using B-RST™ 3.0 (P < 0.0001). There was

Table 1 Cohort screening results of B-RST™ 2.0 vs. 3.0

B-RST™ result

(n= 277)

B-RST™

2.0,

n (%)

B-RST™

3.0,

n (%)

P valuea

Screen positive 150 (54.2) 215 (77.6) <0.0001

Screen negative (moderate

risk)

111 (40.1) 51 (18.4) <0.0001

Screen negative (average risk) 16 (5.8) 11 (4.0) 0.06
a McNemar’s chi-square test
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no difference in the number of patients who screened negative
—average risk between the two versions.
Of 83 mutation-positive pedigrees, 59 screened positive on

B-RST™ 2.0. The most common family history parameter
identified in those who screened negative on B-RST™ 2.0
(n= 24) was a single individual with breast cancer under the
age of 40. Adjusting the algorithm to include breast cancer
under the age of 45 (current NCCN guidelines) did not
increase the sensitivity. The addition of pancreatic cancer,
prostate cancer, and cousins also did not significantly affect
the sensitivity. Because of this—and to maintain the simplicity
of the tool—these parameters were not included in the final
algorithm, despite their being part of the current NCCN
criteria.15

Table 2 shows the validation measures for B-RST™ 3.0
compared with 2.0. Algorithmic changes made to B-RST™ 2.0
increased the sensitivity against BRCA1/2 mutation analysis
from 71.1 to 94.0% (P < 0.0001). As expected, the specificity of
version 3.0 was significantly lower than that of 2.0
(P < 0.0001). Minimal differences in the PPVs were identified.
While the NPV of B-RST™ 3.0 was 10 percentage points
higher than 2.0, the 95% confidence intervals overlapped.
Predictive values should be interpreted with caution given this
was a selected high-risk population.
The mean BRCAPRO probability of B-RST™ 2.0 false

positives was 8.25% (SD 12.19), compared with 6.12% (SD
10.61) for B-RST™ 3.0 - a difference that was not statistically
significant. The mean BRCAPRO probability of true negatives
was 1.48% (SD 9.20) for B-RST™ 2.0 and 1.13% (SD 9.21) for
B-RST™ 3.0, and these values were also not significantly
different. The mean BRCAPRO probabilities of mutation-
negative subjects who screened positive vs. negative differed
significantly for both version 2.0 (P < 0.0001) and 3.0
(P= 0.001). Of the five subjects who were false negatives on
B-RST™ 3.0, the mean BRCAPRO probability was 1.03%
(range 0.12–1.9%).

DISCUSSION
Despite calls for population-based BRCA1/2 testing, there
remains a need to assist primary care providers in identifying

women at risk for HBOC for referral to cancer genetics
services. B-RST™ was endorsed by the USPSTF for this
purpose in 2014.9 Previous versions were validated against a
BRCA1/2 mutation probability of ≥10% - a threshold that is
now less frequently considered a minimum for offering
genetic testing.10–13,20 Utilizing pedigrees of individuals
undergoing genetic counseling and BRCA1/2 testing, we
modified B-RST™ to maximize the sensitivity for pathogenic
mutations. The revised version, B-RST™ 3.0, demonstrated
superiority over the 2.0 version in sensitivity (94 vs. 71%).
While the specificity with respect to BRCA1/2 mutations was
lower, the mean BRCAPRO probability of the B-RST™ 3.0
false positives was 6.12%, all met 2014 NCCN criteria, and all
had been offered genetic testing. Thus, the specificity of
B-RST™ 3.0 can be considered high with regards to identifying
individuals who should receive cancer genetic counseling (its
primary purpose). Maximizing sensitivity over specificity is
further justified by the fact that a majority of “false positives”
will remain at some increased risk for breast cancer that may
lead to alterations in medical management.
The NCCN Guidelines® for HBOC are widely used to

justify referral for genetic evaluation and testing. However,
these guidelines are relatively complicated and preclude quick
screening by primary care providers. The NCCN criteria are
based on specific personal and family cancer parameters
rather than BRCA1/2 mutation probabilities. A recent study
evaluating the NCCN testing criteria reported BRCA1/2
mutations in 3% of breast cancer patients meeting only one
criterion, similar to that found in unselected breast cancer
patients.20 The authors noted that the NCCN criteria for risk
evaluation (genetic counseling) are looser and utility is
unclear.20 Ease of use and consideration of limited resources
for follow-up suggest that tools such as B-RST™ may be more
appropriate for screening in primary care settings.
There are limitations of this study that deserve to be

mentioned. Although a large number of pedigrees were
evaluated, an even larger number would provide the
opportunity to further refine the tool and increase its
sensitivity. Furthermore, this was a retrospective chart review.
Prospective evaluation of B-RST™ 3.0 in an unselected

Table 2 Validation measures of B-RST™ 2.0 vs. 3.0

Validation measure n= 277 Mut+= 83 (30.0%) B-RST™ 2.0

(95% CI)

B-RST™ 3.0

(95% CI)

P valuea

Sensitivity

B-RST™+/Mut+

59/83= 71.1%

(60.1, 80.5)

78/83= 94.0%

(86.5, 98.0)

<0.0001

Specificity

B-RST™–/Mut–

103/194= 53.1%

(45.8, 60.2)

57/194= 29.4%

(23.1, 36.3)

<0.0001

PPV 39.3%

(31.6, 47.7)

36.2%

(29.9, 43.1)

NA

NPV 81.1%

(73.0, 87.3)

91.9%

(81.5, 97.0)

NA

Mut mutation, PPV positive predictive value, NPV negative predictive value, NA, not applicable
Plus and minus symbols stand for “positive” and “negative”, respectively
a McNemar’s chi-square test

Validation of Version 3.0 of the Breast Cancer Genetics Referral Screening Tool (B-RST™) | BELLCROSS et al BRIEF COMMUNICATION

GENETICS in MEDICINE | Volume 21 | Number 1 | January 2019 183



population is needed. In addition, the landscape of genetic
testing for breast and ovarian cancer risk has changed, with
large cancer gene panels now performed on individuals with
less suggestive family histories. Whether B-RST™ 3.0 in its
current form is relevant to non-BRCA1/2 mutations remains
unknown. We are completing an implementation study of B-
RST™ 3.0 administered prospectively in mammography
settings. One goal of this project is to determine the predictive
value of B-RST™ 3.0 in identifying individuals with pathogenic
mutations in BRCA1/2 as well as other hereditary cancer
genes.
We also plan to evaluate changes in medical management

recommendations among subjects who did not undergo
testing, or were mutation negative.
B-RST™ 3.0 is a sensitive and useful tool to screen for

individuals who should be referred for HBOC genetic
counseling. An advantage of B-RST™ 3.0 is that it remains
simple enough for most patients to self-administer, and
could easily be incorporated into routine physicals. B-RST™
3.0 is accessible on the internet (www.brcagenescreen.org),
and available for incorporation into electronic health
records and mammography software. The use of screening
tools such as B-RST™ 3.0 on a broader population basis has
the potential to increase the identification of individuals
and families impacted by BRCA1/2 mutations. This will
expand opportunities for reductions in associated cancer
morbidity and mortality, while avoiding the potential cost
and logistical issues associated with BRCA1/2 population
testing.
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