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Abstract
Purpose of Review Panel testing is increasingly being offered to patients. Currently, women may be offered a panel of up to 80
genes. Oncologists are tasked with understanding the indications for this testing as well as the potential implications. In this
review, we outline which patients should undergo genetic testing for hereditary breast cancer, when this testing should be
performed, and which genes should be tested for.
Recent Findings Our understanding of hereditary breast cancer has drastically changed with the advent of next generation
sequencing (NGS), and many additional genes have been associated with increased breast cancer risk. Some have advocated
for genetic testing of all women with breast cancer.
Summary Routine genetic testing for all women with breast cancer is not warranted. Women with a phenotype associated with
hereditary breast cancer, with a family history of cancer, or for whom a positive genetic test would changemanagement should be
offered genetic testing.
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Introduction

The next generation sequencing (NGS) technology and a
landmark ruling in 2013 by the Supreme Court prohibiting
patents on genes [1, 2] has advanced our understanding of
hereditary breast cancer (HBC) and led to the use of expanded
panel testing. Genes that increase an individual’s risk for
breast cancer account for an estimated 10% of all breast cancer
cases [3, 4•, 5•, 6], with about 40–50% of these cases having a
mutation in BRCA 1 or BRCA 2 [7, 8•, 9]. Most guidelines
recommend a targeted approach when deciding which genes
to test [10••, 11–15]; however, recent studies have identified
limitations of current testing guidelines in identifying patients
with a mutation and recommend testing all patients with breast
cancer [5•, 16]. In addition to the uncertainty of deciding
which patients to offer genetic testing, questions may also
arise regarding when to order genetic testing as well as how

many genes to test for. Finding a BRCA 1 or BRCA 2 muta-
tion at the time of a breast cancer diagnosis can be critical to
guiding decisions about treatment, whereas identification of
other breast cancer risk genes may be less relevant to the
patient’s clinical course at that time, but would affect cancer
screening recommendations. Multigene panels continue to ex-
pand, and genetic testing is becoming increasingly more com-
plex. Challenges remain in interpretation of such broad panel
testing, and the significance of positive results is not always
clear.

Who to Test?

Professional organizations and expert panels, including the
American Society of Clinical Oncology [11], the National
Comprehensive Cancer Network (NCCN) [13, 17], the
National Society of Genetic Counselors [15], and the US
Preventive Services Task Force [10••] have developed clinical
criteria and practice guidelines to identify who to offer genetic
testing and which individuals may have a BRCA1 or BRCA2
pathogenic variant. These guidelines are largely based on per-
sonal and family history of cancer [10••, 11–13, 17]. To ad-
dress the expanding field of genetic testing, these recommen-
dations are continually updated in response to developments
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in the field and help guide clinicians in using this technology
effectively. Studies have found that selecting patients who
meet more than one NCCN criterion, such as diagnosis of
breast cancer at ≤ 45 years of age and ≥ 1 close blood relative
with breast cancer at ≤ 50 years of age, has good sensitivity
when predicting BRCA1 or 2 variants [18].

Other studies highlight the limitations of current testing
criteria in identifying patients with a positive mutation and rec-
ommend testing all patients with breast cancer [5•, 16] or all
healthy Ashkenazi Jewish women regardless of their cancer
history [19]. In a prospective series of 1000 enrolled patients
with breast cancer, all of whom underwent genetic testing using
an 80-gene panel, there was not a statistically significant differ-
ence in pathogenic/likely pathogenic mutation rates between
women who did and did not meet guidelines for genetic testing
(9.39% vs 7.9% respectively) [5•]. The authors conclude that
their findings support expanded panel testing in all patients with
a diagnosis of breast cancer. It is important to note, however,
testing in patients who did not meet guideline criteria identified
many low to moderate risk variants, including mutations in
MUTYH, CHEK2, and ATM. While screening guidelines do
exist for ATMandCHEK2mutation carriers [13, 17], the cancer
risk associated with these genes varies and depends on family
history, and data to inform the management of breast cancer risk
and treatment is lacking [20–25]. For CHEK2, the breast cancer
risk for the relatively frequent 1100delC mutation is better un-
derstood, but for other mutations, the data are conflicting [22,
26, 27]. The cancer risk associated with a heterozygous
MUTYH mutation may be no different than risk based on fam-
ily history alone [28, 29]. In line with a test all approach, the
American Society of Breast Surgeons recently published a rec-
ommendation to make genetic testing for “BRCA1/BRCA2, and
PALB2, with other genes as appropriate for the clinical scenario
and family history” available to all breast cancer patients [30].

The unintended consequences of a test all approach must be
considered. For patients with unanticipated positive genetic
testing results, the exact cancer risk and most appropriate man-
agement plan may not be known and the benefits of testing will
be limited. Furthermore, it is also important to think about
patient-level factors and how the results of genetic testing will
benefit the patient’s clinical course. For instance, if a patient is
unlikely to tolerate surgeries or chemotherapy, then a positive
genetic test result may causemore anxiety and cost than benefit.
On the other hand, a positive test result may be important to
inform the patient’s family members of a HBC diagnosis. The
benefits and risks need to be weighed for each individual.

Given the risk and benefits and limitations of testing, we
need to recommend a thoughtful approach in selecting patients
for genetic testing. For those affected by cancer, early age at
diagnosis increases the likelihood of finding a mutation [8•].
Cancer pathology is also an important characteristic when con-
sidering whether to undergo genetic testing. For example, a
diagnosis of triple-negative breast cancer under 60 years of

age should prompt consideration of genetic testing. Family his-
tory of other cancers, including prostate, pancreas, and ovarian,
should also be considered. Likewise, a male or a patient with
Ashkenazi Jewish ancestry with breast cancer should also
prompt consideration of genetic testing [11, 13].

Individuals who have not been diagnosed with cancer can
benefit from genetic testing as well. Identification of a patho-
genic mutation associated with increased cancer risk is critical
to guiding screening recommendations and primary cancer
prevention. In individuals without a breast cancer history,
identifying a family history with early-onset cancer or multi-
ple primary cancers is the main factor for consideration of
genetic testing [11, 13]. Testing of an affected family member
is always preferred, as a negative test is considered
uninformative.

As discussed, current guidelines may fall short in identify-
ing all individuals with HBC [5•]. Despite comprehensive
criteria, genetic testing is underutilized and only a small per-
centage of patients are referred for genetic testing based on
current guidelines, suggesting the need for a new approach [4,
31–34]. As the field of genetics continues to expand, new
genes associated with HBC are being identified and our un-
derstanding of the associated phenotypes and cancer risks is
improving. As we gain more knowledge regarding risk pro-
files and management guidelines, the indications for genetic
testing will likely continue to expand. Rather than rush to a
“test all” approach that will lead to many uncertainties for
patients and providers, efforts should instead focus on improv-
ing our understanding of HBC syndromes through family-
based segregation studies and timely guideline updates.

When to Test?

The benefits of genetic testing at the time of breast cancer
diagnosis include the possible identification of an inherited
susceptibility gene that may influence surgical or medical
treatment decisions of a patient’s breast cancer. For example,
a young patient with an early-stage breast cancer may elect to
undergo bilateral mastectomies rather than a lumpectomy, if
found to have a pathogenic mutation in BRCA 1 or BRCA 2.
Surgical risk reduction with bilateral prophylactic mastectomy
offers substantial risk reduction for breast cancer and has been
shown to improve breast cancer-specific mortality and overall
survival benefit in BRCA mutation carriers [35–37]. Rates of
bilateral mastectomy are higher for patients with a BRCA
mutation known prior to surgery, and identification of a
BRCA mutation after surgery may lead to additional breast
surgeries for patients [38].

Genetic testing results may also guide chemotherapy selec-
tion, such as the use of PARP inhibitors for patients with
metastatic HER2-negative breast cancer with germline
BRCA1 and BRCA2 pathogenic variants [39, 40]. Also,

46 Curr Breast Cancer Rep (2020) 12:45–50



platinum agents have been shown to be effective in treatment
of breast cancer for BRCA 1 and 2 mutation carriers [41].
Identification of a TP53 mutation carrier may influence radi-
ation treatment decisions, as these individuals have been
shown to experience higher risks from radiation, including
increased risk for second primary cancers in the radiation field
[42, 43]. For example, a young woman with an early-stage
breast cancer and family history consistent with Li-Frameni
syndromemay elect to undergo mastectomy to avoid radiation
if a germline TP53 mutation is identified.

Genetic testing during cancer surveillance is another op-
tion. Women with a history of breast cancer and a positive
pathogenic mutation are at increased risk for additional can-
cers. For example, a positive CHEK2 mutation may not in-
form surgical or medical treatment but would impact screen-
ing recommendations. Current expert guidelines recommend
that women with a pathogenic CHEK2 mutation consider
breast MRI beginning at age 40 and initiate colonoscopy early
[13]. Furthermore, identification of a hereditary cancer syn-
drome may have implications for the cancer risk of family
members through the use of cascade testing.

For patients without a history of breast cancer, it is impor-
tant to consider the patient’s age and family history. Genetic
testing prior to cancer diagnosis should be the goal, because
effective interventions can prevent cancer altogether or detect
cancer earlier and improve survival. For example, adding
screening MRI to annual mammogram markedly increases
the likelihood of early cancer detection in high-risk individ-
uals, including those who carry a pathogenic BRCA1 or
BRCA2 mutation [37, 44–46]. Additionally, risk-reducing
surgeries such as mastectomy and bilateral salpingo-
oophorectomy have been shown to improve survival for
BRCA mutation carriers [47, 48].

What Genes to Test?

Testing should always be offered in the context of genetic
counseling. A tailored approach to selecting which genes to
test, based on a patient’s personal cancer history and a detailed
family history, remains the preferred approach. Cascade test-
ing in families where a pathogenic mutation has been identi-
fied is critical to identify additional mutation carriers at signif-
icant risk for cancer. In these instances, testing specifically for
a known gene may often be the most appropriate first step.
Testing for additional genes is usually not necessary unless
there is a suspicion for another hereditary cancer syndrome.
For instance, if a BRCA 1 mutation is identified on the ma-
ternal side of a patient’s family, the paternal family history
should still be collected and assessed for suspicion of a hered-
itary cancer syndrome.

At the time of a breast cancer diagnosis, we recommend
starting with BRCA 1 and BRCA 2, as these are the genes

with the clearest risk of a second primary breast cancer and
may affect surgical decision-making. If testing is negative,
providers may later assess for HBC risk with a 12-gene panel.
Based on the NCCN guidelines, the most clinically relevant
(highly and moderately penetrant) genes contributing to risk
of breast cancer development include BRCA1, BRCA2,
PTEN, TP53, ATM, CDH1, CHEK2, NBN, NF1, PALB2,
and STK11 [17]. While this panel is a good starting point, a
detailed family history must be collected and this information
should ultimately guide the gene selection. For example, test-
ing of Lynch syndrome genes should be included in the panel
if there are several cases of early-onset colorectal and endo-
metrial cancer.

While some studies propose expedited multigene panel
testing prior to surgery [49•], it is important to remember that
reflex testing to a larger panel is an option. Multigene panel
testing will result in identification of more germline mutations
[4•, 5•, 9], including clinically relevant genes. However, clear
management recommendations or improvements in outcomes
with possible interventions for these genes are often lacking or
not well studied [50]. Furthermore, challenges remain in the
interpretation of broad panel testing. In two studies of women
who had previously tested negative for BRCA1 and BRCA2,
reflex testing with a multigene panel identified pathogenic
variants in additional genes among 8 to 11% of cases [51,
52•]. Additionally, Oleary and colleagues examined test re-
sults for women with breast cancer who underwent genetic
testing through a single clinical laboratory and found that
13.7% of test results were unexpected findings unrelated to
personal or family history [8•].

With limited information about the associated cancer risk
and lack of clear guidelines conferred by many germline mu-
tations, broad panel testing may have unanticipated conse-
quences. Genetic testing results may impact a patient’s anxi-
ety, quality of life, and decision-making. There is a valid con-
cern that routine, expanded panel testing leads to increased
rates of potentially unnecessary surgeries. Studies have shown
rates of contralateral prophylactic mastectomy (CPM) in
women who have non-BRCA mutations approaching that
for BRCAmutation carriers [53], and for many of these genes,
contralateral prophylactic mastectomy is not recommended
[17]. High rates of CPM have also been reported among wom-
en noted to carry a variant of uncertain significance (VUS)
[32], which is particularly concerning given the uncertainty of
any cancer risk associated with a VUS and the high detection
rate of a VUS with multigene panel testing [5•]. Given the
rapid expansion of genetic testing and the shortage of counsel-
ing resources, many women are making life-altering surgical
decisions without the recommendation of a genetic counselor
[32]. Thus, the utility of large multigene panel testing is fur-
ther limited by the lack of sufficient genetic counseling sup-
port to facilitate discussion with patients around these com-
plex issues.
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Conclusion

Panel testing for germline mutations in breast cancer patients
has rapidly advanced in recent years, and many patients are
being offered an increasingly larger panel of genes to test. We
recommend that a rational approach should be taken in
selecting which patients are most appropriate for genetic test-
ing, and careful attention should be given by providers to
obtaining a detailed family history. Given the uncertainties
in cancer risk and lack of recommendations associated with
many of the genes now available for testing, we conclude that
routine, expanded genetic testing for all women with newly
diagnosed breast cancer is not warranted. Women with a phe-
notype associated with HBC, with a family history of cancer,
or for whom a positive genetic test would changemanagement
should be offered genetic testing.

When to offer genetic testing and which genes to test for
depends on a patient’s diagnosis, family history, and readiness
for genetic testing. For most women, the benefits of broad
panel testing are limited. There are important implications to
consider regarding the potential consequences of genetic test-
ing, including changes in risk assessment, screening recom-
mendations, and treatment decisions, and they should be con-
sidered prior to testing. Finally, genetic testing should always
be offered in the context of genetic counseling. These re-
sources, however, are becoming more limited as the demand
for genetic testing continues to rise. Clinicians in community
or more rural practices should be aware of tele-counseling
services, as this may help alleviate the stress of incorporating
genetic counseling into their practices and/or assist in making
sure that the right referral or test is performed. Improved
awareness of who to offer genetic testing as well as thoughtful
panel selections will help ensure access to this valuable re-
source for patients who have the most potential benefit.
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