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1 | INTRODUCTION

Abstract

Cancer risk assessment and genetic counseling for hereditary breast and ovarian can-
cer (HBOC) are a communication process to inform and prepare patients for genetic
test results and the related medical management. An increasing number of healthcare
providers are active in the delivery of cancer risk assessment and testing, which can
have enormous benefits for enhanced patient care. However, genetics professionals
remain key in the multidisciplinary care of at-risk patients and their families, given
their training in facilitating patients’ understanding of the role of genetics in cancer
development, the potential psychological, social, and medical implications associated
with cancer risk assessment and genetic testing. A collaborative partnership of non-
genetics and genetics experts is the ideal approach to address the growing number
of patients at risk for hereditary breast and ovarian cancer. The goal of this practice
resource is to provide allied health professionals an understanding of the key com-
ponents of risk assessment for HBOC as well as the use of risk models and published
guidelines for medical management. We also highlight what patient types are appro-
priate for genetic testing, what are the most appropriate test(s) to consider, and when
to refer individuals to a genetics professional. This practice resource is intended to
serve as a resource for allied health professionals in determining their approach to
delivering comprehensive care for families and individuals facing HBOC. The cancer
risk and prevalence figures in this document are based on cisgender women and men;
the risks for transgender or non-binary individuals have not been studied and there-

fore remain poorly understood.

KEYWORDS

cancer risk assessment, cascade testing, family history, genetic counseling, genetic testing

regarding cancer risk assessment for hereditary breast and ovarian
cancer related to P/LPV in the BRCA1 and BRCA2 genes (Berliner

Genetic counseling and testing have been an important part of can-
cer care for many years. The identification of pathogenic and likely
pathogenic variants (P/LPV) in high- and moderate-penetrance
genes can impact treatment strategies, surveillance, and preven-
tative surgeries. In 2013, the NSGC published a practice guideline

et al., 2013), a topic that had been studied extensively in the more
than twenty-five years since those genes were identified. However,
with the expanded genetic testing that is now available for other
genes related to hereditary breast and/or ovarian cancer, a grow-

ing body of literature has emerged on risk assessment, medical
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management, psychosocial issues, and genetic testing for individuals
from moderate or high-risk breast and/or ovarian cancer families.
Much less is known about the appropriate clinical management for
individuals with P/LPV within less common, high-penetrance can-
cer-susceptibility genes or moderate-penetrance genes. This is an
area of ongoing research that will continue to inform genetic coun-
seling and testing. The provision of patient resources is important,
and therefore, it is crucial that the most updated information be
available to practitioners.

Please note, while older literature refers to ‘mutations’, the
American College of Medical Genetics guidelines recommend the
use of the term variant, with appropriate descriptors including be-
nign, likely benign, variant of uncertain significance, likely patho-
genic and pathogenic (Richards et al., 2015). These terms will be

used throughout this practice resource.

1.1 | Purpose

To provide a resource for allied health professionals in (a) under-
standing the use of established breast cancer risk estimation mod-
els; (b) determining appropriate individuals for genetic testing, as
well as the most appropriate test(s) to perform; (c) knowing when to
refer individuals for formal genetic counseling; and (d) understand-
ing published guidelines for the medical management of individuals
at elevated breast and ovarian cancer risk.

1.2 | Background

Most cancer susceptibility likely arises from a combination of DNA
sequence variants, each of which, by itself, only modestly increases
risk. High-penetrance gene P/LPVs, however, often lead to signifi-
cant changes in the functions of the associated protein products
and are associated with higher risks for cancer development than in
the general population. Testing high-penetrance genes in selected
individuals has clinical utility, such as informing medical decision-
making and helping to prevent or decrease adverse health outcomes
(Robson & Offit, 2007). An estimated 10% of breast cancer occurs
in the setting of hereditary, single-gene P/LPVs such as those within
BRCA1 and BRCAZ2 (Claus et al., 1996; Foulkes, 2008). Various stud-
ies have shown that multigene panels, which test high- and mod-
erate-risk breast cancer genes beyond BRCA1 and BRCA2, increase
the yield of P/LPVs, though the size of that increase is dependent on
the cohort tested, as well as the size and composition of the panel
utilized (Beitsch et al., 2019; Bonache et al., 2018; Hauke et al., 2018;
Kurian et al., 2014; Ricker et al., 2016; Rosenthal et al., 2017; Zheng
et al., 2018). In unselected populations, approximately 0.5% of those
undergoing exome sequencing have been found to be BRCA1/2
carriers (Abul-Husn et al., 2019; Grzymski et al., 2020; Manickam
et al., 2018). About 18% of all ovarian cancers have been associated
with BRCA1 or BRCA2 P/LPVs, while another 6% have been attrib-

uted to variants in other genes, discussed below (Walsh et al., 2011).
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While breast cancers represent less than 1% of the total cancer di-
agnoses among men, 4%-40% of men who have breast cancer have
been found to have P/LPVs within BRCA1 or BRCA2 (Thorlacius
et al.,, 1997; Friedman et al, 1997). Other variants, such as the
¢.1100delC PV in CHEK2, also contribute to male breast cancer risk
(Hallamies et al., 2017).

BRCA1 and BRCA2 (collectively referred to as BRCA) are tumor
suppressor genes. Their protein products are involved in the cel-
lular response to DNA damage and double-stranded DNA repair.
Breast cancers associated with BRCA1 P/LPVs are far more likely
than their sporadic counterparts to be triple-negative (negative for
estrogen and progesterone receptors as well as Her2/neu overex-
pression) (Atchley et al., 2008). The cancer types associated with
P/LPVs in BRCA1 and BRCA2 originally were thought to be only of
the breast, ovary, and fallopian tubes (Finch et al., 2006; Medeiros
et al., 2006). However, the cancer spectrum includes male breast
(Evans et al., 2010), prostate (Edwards et al., 2010; Giri et al., 2017,
Pritchard et al., 2016), pancreatic (Carnevale & Ashworth, 2015;
Peterson and Hruban 2003; van Asperen et al.,, 2005; Mersch
et al., 2015), and melanoma (Hearle et al., 2003). Serous or se-
rous-like endometrial cancer, colorectal cancer, and leukemia have
been reported, but more data are needed to confirm a possible asso-
ciation (Igbal et al., 2016; Saule et al., 2018; Shu et al., 2016).

In the general population, approximately 12% of women will
develop breast cancer at some point in their lives, while approxi-
mately 1.3% will develop ovarian cancer (SEER data, 2014-2016).
Although most of these cancers will not be attributable to BRCA1 or
BRCAZ2, identifying those who do carry P/LPVs is critical for patients
and their potentially at-risk family members. The authors will poin-
iat out that cancer risk and prevalence figures in this document are
based on cisgender women and men; and the risks for transgender
or non-binary individuals are unknown at this time.

Meta-analysis estimates of the prevalence of BRCA P/LPVs have
shown: 0.2 to 0.3% of the general population carry P/LP variations
in these genes, including 3% of women with breast cancer, 6% of
women with breast cancer onset prior to 40 years of age, 10% of
women with ovarian cancer at any age, and 20% of high-risk families,
as defined by Nelson et al., 2014. Among Ashkenazi Jewish women,
prevalence is 2% in unselected cohorts and 10% in high-risk families
(Nelson et al., 2014). BRCA P/LPVs have been identified in individuals
of all racial and ethnic backgrounds where the genes have been stud-
ied. There is no single accepted definition of ‘high risk’, and this des-
ignation can be determined several ways depending on the cancer
type. There may be one specific factor that puts a patient into this
category, or a combination of factors working together can increase
risk. We chose to use ‘high-risk’ as a common and acceptable term.

Lifetime cancer penetrance estimates are largely derived from
clinically ascertained identified populations, enriched for individu-
als with strong family histories, rather than unselected patients in
whom risk has been shown to be lower. This is suggestive of mod-
ification of risk by other factors, such as modifier genes (Antoniou
et al., 2003). Additionally, the majority of the data used to gener-

ate cancer risk and prevalence estimates are based on clinical and
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research cohorts of individuals of predominantly European, White
ancestry; therefore, the subtleties of population-level effects may
not be well appreciated. Of note, these are also studies of cis-
gender women and men; the risks for transgender or non-binary
individuals have not been studied and therefore remain poorly
understood.

Women with germline BRCA1 P/LPVs are estimated to generally
thought to face a 60%-72% risk of breast cancer to age 70, while
those with BRCA2 P/LP are estimated to have a 55%-88% risk. The
ovarian cancer incidence by age 70 is 44%-59% in BRCA1 P/LPV
carriers and 17%-35% in BRCA2 carriers (van der Kolk et al., 2010;
Kuchenbaecker et al., 2017; Mavaddat et al., 2013). The 10-year risk
for contralateral breast cancer is 17%-34% in women with BRCA1
P/LPVs, and 7%-30% in those with BRCA2 P/LPVs (Kuchenbaecker
et al., 2017; Mavaddat et al., 2013; Menes et al., 2015; Metcalfe
et al., 2011; Molina-Montes et al., 2014). These studies have shown
that as age at diagnosis decreases, risk for a contralateral breast
cancer increases (Kuchenbaecker et al., 2017; Menes et al., 2015;
Metcalfe et al., 2011; Molina-Montes et al., 2014). It is critical to
think beyond BRCA1 and BRCA2, as breast and ovarian cancer can
also be seen in other hereditary cancer syndromes, such as Cowden
(associated with P/LPVs mostly in PTEN) (RR for breast cancer 2.0-
5.0), Li-Fraumeni (TP53 gene) (RR for breast cancer 4.3-9.3), Peutz-
Jeghers (STK11 gene) (RR for breast cancer 2.0-4.0), and hereditary
diffuse gastric cancer (CDH1 gene) (RR for breast cancer 5.9-7.3)
(Tung et al., 2015). These syndromes are often characterized by a
different constellation of cancers than those associated with BRCA
P/LPVs.

Breast cancers can also be associated with P/LPVs in some mod-
erate- and low-risk genes (Lindor & Greene, 2008; Siraj et al., 2017),
such as PALB2, CHEK2, and ATM. On the basis of two large case-con-
trol analyses, Easton et al. (2015) calculated an estimated relative
risk of breast cancer of 2.8 for ATM P/LPVs and 3.0 for CHEK2 P/
LPVs, including lower-risk missense variants (Han et al., 2013) and
higher-risk truncating variants (Tung et al., 2016). While ovarian
cancer is mainly associated with P/LPV in BRCA1 and BRCA?2, it may
also be associated with variants in other ‘breast cancer genes’ such
as BARD1, BRIP1, CHEK2, NBN, PALB2, RAD51C, RAD51D, and TP53
(Norquist et al., 2015; Walsh et al., 2011). As the number of genes
that can be tested continues to grow, the importance of providers
staying attuned to emerging data and changing guidelines about P/
LPV in these genes and the management implications is increasingly
more important.

Men remain under-tested for hereditary breast and/or ovarian
cancer syndromes (Childers et al., 2018). While some of the genes
discussed above are not currently known to increase cancer risk
in men, the risks associated with a P/LPV in BRCA1 and BRCA2 are
known. In a study by Ibrahim et al. (2018), prostate cancer was the
most common cancer seen in the 102 male BRCA carriers studied,
followed by breast cancer. Most of these carrier men had P/LPVs in
BRCA2. Additionally, men who carry P/LPVs in any of these genes
are just as likely to pass these variants on to their children as their

female counterparts.

Advances in sequencing technology have provided the ability
to routinely test for more genes that may explain the personal and
family history of breast and/or ovarian cancer, rather than the gene-
by-gene approach that was previously utilized. While the choice of
what type of testing to offer is largely the purview of the health care
provider, multigene panel testing may be particularly useful when
there is a significant family history suggestive of multiple syndromes
or when previous, more limited, germline testing was uninformative
and there is still concern for an inherited predisposition to cancer.

Multigene panel testing can result in a higher probability of find-
ing a variant of uncertain significance (VUS) or a P/LPV in any of
the genes suspected based on personal and/or family history (Idos
etal., 2019; Yurgelun et al., 2015). It also increases the likelihood that
a VUS or an unexpected P/LPV may be found in other genes included
in the panel. All of these clinical situations can present challenges to
providers and patients (Marcus, et al., 2015; Slavin et al., 2015). As
such, it is important that providers be aware of how to navigate and
manage these findings. Consultations with a medical professional
who has expertise in cancer genetics are especially important with
these findings, given their complexity and the potential difficulty
in understanding how to interpret and navigate the information in

families.

2 | PRETEST AND RISK ASSESSMENT
CONSIDERATIONS

2.1 | Utilization of genetic evaluation resources

Although professional guidelines for genetic counseling referral vary
among organizations, they are consistently based on the recognition
of clinical features that increase the likelihood of hereditary suscep-
tibility to breast and ovarian cancer (ACMG, 2015; ACOG Practice,
2009; ASCO 2003; Berliner et al., 2013; Berliner & Fay, 2007; NCCN
v1. 2021; Riley et al., 2012; SGO, 2014). These criteria do not nec-
essarily equate to guidelines for genetic testing. Broader referral
criteria allow for a larger number of patients to benefit from risk
assessment and identify appropriate candidates for genetic testing
who would be missed using more stringent criteria. Despite differ-
ences in professional society guidelines about when to offer genetic
testing, the majority follow the general algorithms outlined by the
National Comprehensive Cancer Network (NCCN) Genetic/Familial
High-Risk Assessment: Breast, Ovarian, and Pancreatic guideline
(NCCN v1.2021).

As the number of individuals who qualify for clinical genetic testing
increases, there is a growing need for the provision of appropriate ge-
netics education and evaluation by various types of professionals. The
traditional clinical genetics model of certified geneticist/genetic coun-
selor providing complete pre- and post-test evaluation and counseling
cannot meet the need for cancer genetic testing. A growing body of
clinical literature has emerged, focused on how to effectively engage
genetics providers into alternative service delivery models, includ-

ing group counseling, telemedicine, genetic counselors embedded in
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oncology clinics, genetics education provided by other healthcare pro-
viders with referral to genetics post-testing, etc. (Fournier et al., 2018;
McCuaig et al., 2018, 2019; Pierle & Mahon, 2019). A broad array of
educational tools and programs for allied health care professionals may
assist in meeting the triage needs for genetic testing, as these tests
become more commonplace and demand continues to grow. Direct-to-
consumer testing or consumer-driven options place a greater respon-
sibility on professionals to interpret and communicate the limitations
and utility of this information to consumers, rather than obviate the
need for those professionals (Fournier et al., 2018; McCuaig, et al.,
2018; Solomons et al., 2018).

2.2 | Evaluating a comprehensive family history
can be a vital component of risk assessment and
adherence to published guidelines

Individual and family risk assessment has become a more simplified
process with widely available tools and resources. However, one
needs to know what questions to ask and what information to col-
lect. It is important to remember that cancer is a common condi-
tion and it is likely to be observed on both sides of the family. The
healthcare provider must assess each side of the family separately
and devise the most appropriate plan for testing based on level of
risk. There are several clinical clues to look for when considering
the presence of a hereditary susceptibility to cancer. These include,
but are not limited to (Banks et al., 2013; Forman & Schwartz, 2019;
Hampel et al., 2015):

e cancer occurring at an earlier than average age (e.g., premeno-
pausal breast cancer)

e multicentric development of cancer in the same organ and/or bi-
lateral development of cancer in paired organs

e development of more than one primary cancer, associated with
cancer predisposition genes, in a single individual; important ex-
ceptions should be noted for common cancers with clear non-in-
herited etiologies, such as non-melanoma skin cancers, lung
cancer, and cervical cancer

e clustering of cancers consistent with a specific syndrome (e.g.,
breast and ovarian)

e cancer of the same type in two or more relatives (on the same side
of the family)

e excess number of cancers in the family

e particular ethnic groups known to be at higher risk of hereditary
cancer (e.g., BRCA1/2 P/LPVs in Ashkenazi Jewish populations)

o familial cancer diagnoses suggestive of an autosomal dominant
pattern

e rare tumors with a strong association with specific cancer syn-
dromes or a significant heritable component, such as male breast
cancer, adrenocortical carcinoma, etc.

While the cornerstone of genetic counseling has been based

on the segregation of cancer in the family, the advent of multigene
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panel testing has uncovered that there are single indications outside
of having a strong family history of cancer that warrant consider-
ation for genetic testing. Couch et al demonstrated that P/LPVs in
predisposition genes were present in about 15% of patients with tri-
ple-negative breast cancer (TNBC) unselected for family history of
cancer (Couch et al.,, 2015). Ovarian cancer, male breast cancer, pan-
creatic cancer, and metastatic prostate cancer diagnosed at any age,
regardless of family history, have all been added recently to NCCN
guidelines as single indications for testing, as has early-onset breast
cancer (age 45 years or under) (NCCN v1. 2021). Population-level
genomic screening, aimed at identifying individuals with P/LPVs in
BRCA1 and BRCA2, MLH1, MSH2, MSH6, and PMS2 and genes associ-
ated with familial hypercholesterolemia, has found that the majority
of individuals with these conditions were previously undiagnosed,
suggesting that broader approaches may be needed to more com-
prehensively identify at-risk individuals in the population (Buchanan
et al., 2020; Grzymski et al., 2020).

The genetic contribution to cancer risk is not limited to high and
moderate-risk genes. Common single nucleotide polymorphisms
(SNPs) associated with increased breast cancer risk, for example,
have been identified by genome-wide association studies (Easton,
Pooley, et al., 2007; Mavaddat et al., 2015; Michailidou et al., 2013,
2017). The magnitude of risk conferred by these SNPs is low when
considered individually, typically only a relative risk of 1.05 to 1.3.
However, when combined, these SNPs may explain a portion of
the remaining heritability of breast cancer and be used to estimate
breast cancer risk clinically for women who do not carry more highly
penetrant gene variants (Dite et al., 2016; Mealiffe et al., 2010).
Estimates of risk using SNP-based testing (polygenic-risk scores) in
women who are not of European ancestry are not available at this
time, but this area is currently being evaluated (Mavadatt et al, 2015).
This disparity stems from the underrepresentation of non-European
cohorts in genetic discovery efforts (Martin et al., 2019) and high-
lights the need for funding and focus on diversification of research
cohorts. Further research is necessary to understand the integration
of these polygenic scores into risk assessment and management in
other cancers such as ovarian, colon, and prostate, as well as coun-
seling and communication strategies to insure effective communica-
tion of polygenic information to patients and within families (Yanes
et al., 2020).

Even though we are learning that the family history might not be
the sole guiding force for the decision to proceed with genetic test-
ing, it remains integral to the risk assessment process for several rea-
sons. Evaluating and documenting all the cancers in the family aids
our understanding of less well-known genes and even sheds light
on the phenotype associated with genes thought to be well under-
stood. Another important reason for taking a comprehensive family
history also remains important, as there is evidence that the sever-
ity of the family history can impact the risk associated with certain
probability that there is a P/LP cancer risk variant in the family. For
example, the cancer risks associated with CHEK2 appear to be de-
pendent on the strength of the family history of breast cancer, with

women who have a P/LP CHEK2 variant in the context of a positive
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family history of breast cancer (e.g., affected 1- and 2-degree rela-
tives) having a higher breast cancer risk than those without a family
history (Cybulski et al., 2011). Family history collection helps iden-
tify members who are at risk and may be eligible for testing if a P/
LPV is present in the family (cascade testing). Lastly, family history is
of particular relevance in the interpretation of negative test results,
since individuals may still be at empiric risk for cancer based on their
family histories. Despite advances in genetic testing, there are still
heritable components to risk which remain unmeasured. This is a
key component of post-test counseling that merits discussion with
patients to insure appropriate risk assessment. A detailed review of
the clinical features and genetic testing recommendations for all the
genes associated with breast and ovarian cancer is outside the scope
of this resource, but there are excellent resources available for this
purpose (Lindor & Greene, 2008; NCCN v1. 2021).

2.3 | Published guidelines should be consulted
for guidance on when to refer patients for genetic
counseling, when consideration of genetic testing is
appropriate, and appropriate medical management.

Significant advances have been made in clinically available molecu-
lar diagnostic testing for cancer predisposition genes, the counseling
and testing process, and medical management options available for
patients. Initially, genetic testing of the BRCA1 and BRCA2 genes was
only offered to patients with high probability of carrying P/LPVs.
In such families, genetic test results often confirm the underlying
molecular etiology of cancer risk in the family and allow for at-risk
relatives to be identified by testing for the known familial variant.
However, given that patients with no or less striking family histo-
ries of cancer may also be appropriate candidates for genetic testing
(Gonzalez-Angulo et al., 2011; NCCN v1. 2021), identification of a
P/LPV may dramatically alter the course of medical management as
well as treatment options for a patient whose prior probability of
a P/LPV is low. Even in instances when a patient presents with a
‘negative’ direct-to-consumer test report, healthcare providers must
continue using traditional criteria for referral for genetics evaluation,
as there are limitations to these analyses. For those who are at high
risk, given their personal and/or family history, population-based ge-
netic tests may not be appropriate and might not replace targeted
single-gene or panel testing coordinated by a genetics professional.
As noted above, a broad array of educational tools and population-
based empiric models for healthcare professionals, such as the
Tyrer-Cuzick online software and others (see Table 1), may assist in
meeting the triage needs for genetic testing. The American Society
of Clinical Oncology (ASCO) guidelines suggest that the clinical
judgment of a healthcare provider experienced in cancer genetics
should be relied upon to determine the appropriateness of genetic
testing, as opposed to using a numerical threshold (ASCO, 2003).
This is consistent with the guidelines of other professional organiza-
tions, most of which provide criteria to assist in determining which

patients should be offered further education and counseling, so that

they can make informed decisions about genetic testing (NCCN v1.
2021; ACMG, 2015; ASCO 2013; ACOG, 2009; USPSTF, 2013)

Once a patient has been identified as an appropriate candidate
for genetic testing, the testing options should be fully explained.
It is imperative for the healthcare professional to explain why
the test is being offered; what type(s) of testing is/are available,
including the potential cost and insurance coverage issues; how
the results might affect the patient's risk for cancer; what medi-
cal management options may be offered based on the results; and
the importance of sharing results with family members (Table 2).
Given the time it would take to explain all the nuances of every
gene being tested on the multigene panels and possible medical
management options, some providers have altered their counseling
approach to a more global pretest education and a more tailored
post-test discussion focusing on the actual results once they are
available (Bradbury et al., 2015). While P/LPVs in BRCA1 and BRCA2
are responsible for most hereditary breast and ovarian cancer,
other genes can influence risk for those cancers (Tung et al., 2016).
Several publications have demonstrated that multigene panel test-
ing yields findings likely to change clinical management for sub-
stantially more patients than does BRCA1 and BRCA2 testing alone
(Desmond et al., 2015; Frey et al., 2017; Idos, et al., 2019; Pederson
et al., 2018; Ricker et al., 2016; Rosenthal et al., 2017). Multigene
testing has been shown to alter near-term cancer risk assessment
and management recommendations for individuals found to carry
P/LPVs across a broad spectrum of cancer predisposition genes
(Desmond et al., 2015).

ASCQ'’s Policy Statement on Genetic and Genomic Testing for
Cancer Susceptibility (2003 and 2010 update) was created to guide
the responsible integration of these new genetic and genomic tech-
nologies into clinical practice. In addition, the American College of
Medical Genetics and Genomics (ACMG) has compiled ‘Points to
Consider in the Clinical Application of Genomic Sequencing’ (Bush
et al., 2018).

2.4 | Established models and published
guidelines aid in estimating cancer risk and guiding
medical management

P/LPVs in high- and moderate-risk breast cancer genes account for
a portion of breast cancer risk; however, other factors can increase
a woman's risk. These other factors include family history, repro-
ductive history, lifestyle factors, and previous exposure to thoracic
radiation. While having had previous breast biopsies is a marker for
increased cancer risk, it is not, itself, a risk factor.

The risk for developing breast cancer can be calculated with vari-
ous models that incorporate different variables (Table 1). These mod-
els typically provide short-term and long-term cancer risk estimates;
however, each model has its strengths and limitations and must be
considered in the context of the patient's personal and family history
(Table 2). For example, some models can only be used for women

after a certain age, others will not calculate risk for individuals with
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TABLE 1 Comparison of models used to determine breast and/or ovarian cancer risk

Risk Model Gail®  Claus® BRCAPro“*®  Tyrer-Cuzick/IBIS®®  CanRisk" ASK2ME'
Variables Considered
Personal history
Current Age v 4 v
Breast biopsies v
Breast biopsy: atypical ductal/ lobular hyperplasia v

Breast biopsy: lobular carcinoma in situ

D N N NN

Breast density
Breast cancer n/a n/a 4 n/a
Ovarian cancer v

Pancreatic cancer

SN SN N N
NN SN S

Prostate cancer

Age at menses 4
Age at menopause

Age at first livebirth v
BMI (height and weight)

AR NEEN

Use of HRT (type, years of use, since used)

QOophorectomy history v v

N

Race/ethnicity 4

AN

Ashkenazi Jewish ancestry v
BRCA P/LPV status

BRCA1 and BRCA2

PALB2, CHEK2, ATM

NN
N N N

A N N

Family history
Age at diagnosis in relative with breast cancer v v
1st degree females with breast cancer 4 4 4
2nd degree females with breast cancer 4

3rd degree relatives with breast cancer

AN N NN

1st & 2nd degree unaffected relatives v
3rd degree unaffected relatives 4
1st & 2nd degree relatives with ovarian cancer v v
3rd degree relatives with ovarian cancer

Bilateral breast cancer in 1st degree relatives v v
Male breast cancer v

Pancreatic cancer

Prostate cancer

Variant status v
BRCA1 and BRCA2 v
PALB2, CHEK2, ATM

AN N Y N N N N N N Y N N N NN

Maternal & paternal family history v v v

2Gail et al., 1989.

bClaus et al., 1994.

‘Parmigiani et al., 1998.

dBerry etal., 1997.

€Mazzola et al., 2015.

nyrer et al., 2004.

eBrentnall et al., 2015.

hcanrisk.org, v1.0.4 (2020-01-14) (https://www.canrisk.org/) based on Antoniou AC, 2004.
Braun et al., 2018.
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a previous history of cancer, and some do not incorporate P/LPV
status. Utilizing multiple models to present a range of risk, acknowl-
edging those limitations, can be useful for clinicians and patients.

In addition to accessing these models from primary sources,
platforms are available that integrate multiple models into one inter-
face. Some can be utilized at no cost and others can be purchased
with individual licenses. While neither the authors nor NSGC en-
dorse any one model, platform or source in particular, clinicians can
explore these programs to determine which, if any, might work in
their own clinical settings. These platforms and software include,
but are not limited to, CancerGene Connect (www.cagene.com),
CancerlQ (www.canceriq.com), CRA Health (www.crahealth.com),
and Progeny (www.progenygenetics.com) (Welch et al., 2018).

2.5 | Management recommendations should be
based on clinical judgment, complemented by risk
assessment, family history, and genetic test results
(when appropriate)

Management of patients at increased risk for breast and ovarian
cancer remains a challenge for healthcare professionals. Various
guidelines and recommendations have been published regarding the
management of patients considered to be at significantly increased
risk for breast and ovarian cancer (Bevers et al., 2009; NCCN v1.
2021; Tung et al., 2020). Each of the recommendations has been
based on literature reviews regarding the efficacy of various man-
agement options for individuals with P/LPVs, considering their per-
sonal and family history risk factors.

For appropriate patients, recommendations include surveillance
as well as consideration of chemoprevention and risk-reducing sur-
geries, as summarized in Table 3. For example, screening MRl is rec-
ommended for women with a 20% or greater lifetime risk for breast
cancer as determined by certain breast cancer risk models (Tyrer
et al., 2004; Warwick et al., 2014), including those with a BRCA P/
LPV, those with a strong family history of breast and ovarian can-
cer, and those who were previously treated with chest radiation
for Hodgkin's lymphoma. In this high-risk population, studies have
found a significantly improved sensitivity (71%-100%) for MRI
compared with 16%-40% sensitivity with mammography (Saslow
et al., 2007). Limited studies have not shown a statistically signifi-
cant increased risk for ovarian cancer for families in which a BRCA P/
LPV is not identified when the family history includes female breast
cancer, but no cases of ovarian cancer (Metcalfe et al., 2009; Kauff
et al., 2005). Therefore, in the absence of BRCA P/LPVs or a fam-
ily history of ovarian cancer, there is no strong recommendation for
risk-reducing bilateral salpingo-oophorectomy (RRSO) or screening
for ovarian cancer.

Although research is exploring the penetrance of P/LPVs in non-
BRCA hereditary ovarian cancer genes, the latest NCCN Guidelines
list RAD51C, RAD51D, and BRIP1 P/LPV carriers, in addition to
BRCA1, BRCA2, and Lynch syndrome P/LPV carriers, as candidates
for risk-reducing bilateral salpingo-oophorectomy (RRSO) at age

45-50 (NCCN v1.2021). At the time of this publication, NCCN guide-
lines state that there is insufficient evidence to recommend RRSO in
women who have P/LPVs in ATM, NBN, or PALB2 and no evidence
of increased ovarian cancer risk for CDH1, CHEK2, NF1. The rapid
pace at which revisions are made to consensus guidelines requires
providers to make concerted efforts to stay current, so that patients
can be updated as needed to modify their care (Tung et al., 2020).

Recent data provide a new, although debatable, perspective on
Lynch syndrome and suggest that individuals with MSH6 and PMS2
P/LPVs may present with a hereditary breast and ovarian cancer
phenotype (Espenschied et al, 2017; Couch et al., 2017; Kurian
et al., 2017; Roberts et al., 2018; Stoll et al., 2020). Given this pos-
sible association with a modestly increased risk for breast cancer,
these genes may be considered when ordering a multigene panel for
women with a personal or family history of breast cancer. However,
current guidelines for women with MMR gene P/LPVs support aver-
age breast cancer screening guidelines, unless otherwise indicated
by a personal or family history of breast cancer (NCCN Genetic/
Familial High-Risk Assessment: Colorectal (NCCN v1. 2021).

Finally, long-term data support the association of an increased
risk for prostate cancer, melanoma, and pancreatic cancer with
BRCA1 and BRCA2 P/LPVs (Lowery et al., 2011). Currently, pros-
tate cancer screening is supported for men with P/LPVs in BRCA2,
starting at age 40 and can be considered for men with P/LP BRCA1
variants (NCCN v1. 2021). Consensus guidelines support pancre-
atic screening in individuals with P/LVs in specific genes, including
BRCA1 and BRCA2, when there is a first- or second-degree relative
with pancreatic cancer (Canto et al., 2013; Goggins et al., 2020;
NCCN v1. 2021). No specific screening guidelines exist for mela-
noma, but general management, such as a full-body skin examina-
tion and minimizing exposure, is appropriate and may be further
individualized based on cancers observed in the family (NCCN v1.
2021).

3 | POST-TEST CONSIDERATIONS
3.1 | Cascade testing

Identifying a P/LPV has familial implications. For families with a
known P/LPV, cascade testing refers to the process of counseling
and testing at-risk family members. Relatives who do not carry the
variation can avoid unnecessary medical interventions, whereas
those who do can pursue surveillance and prevention measures
aimed at reducing morbidity and mortality (Lieberman et al., 2018).
Clinicians should be able to identify which family members are at
risk for inheriting the known variation and facilitate a discussion of
their options for risk assessment and management (Alter; ACOG
Committee Opinion No 727). In risk assessment for a known familial
P/LPV, the clinician will also assess whether single-site or gene test-
ing is clinically indicated, versus a full multigene panel test if fam-
ily history or ancestry indicates there may be more than one P/LPV

in the specific client. In addition, post-test genetic counseling for
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TABLE 2 Strengths and limitations of breast and ovarian cancer risk prediction models

Model
Gail

Claus

BRCAPro

BOADECIA
CanRisk.org

Tyrer-Cuzick

ASK2ME

Strengths

e Online tool includes updates to more
accurately estimated risk for African
American women®? and Asian and
Pacific Islander women®

e Used to determine eligibility for
chemoprevention

e Includes ages of breast cancer
diagnoses in family members

e Includes various family history
patterns

o Allows for extensive family history of
breast and ovarian cancers

e Includes breast tumor pathology

e Includes mastectomy and
oophorectomy history

o Allows for extensive family history of
breast, ovarian, prostate, and ovarian
cancers

e Includes breast tumor pathology

e Includes mastectomy and
oophorectomy history

e Includes non-BRCA1/2 breast cancer
predisposition genes

e Canincorporate SNP level data

e Integrates both personal and
hormonal risk factors, as well as
family history

e For known P/LPV carriers only

e Includes history of previous cancers
and surgeries

e Dynamic with continuous updates

e Includes non-BRCA1/2 cancer
predisposition genes

e Can generate output in various
languages

Limitations

Only for women > 35 with no invasive
breast cancer history

Limited family history, no 2nd degree
relatives included

Paternal family history is not included
Age of diagnosis of family members not
included

Does not include personal history of
lobular carcinoma in situ

Not intended to determine eligibility for
MRI screening

Risk estimates for Hispanic/ Latina

women are subject to greater uncertainty

May underestimate risk for African
American women with previous breast
biopsies

Calculations for Native American and
Alaskan Native are based on data from
Whites

No personal or hormonal risk factors
included

Some family history relationship
combinations are not given, but can be
extrapolated

No independent validation

Data from White cohort

No personal or hormonal risk factors
included
Data from White cohort

No personal or hormonal risk factors
included
Data from White cohort

No personal or hormonal risk factors
included

No family history included

Estimates may be based on one study,
rather than meta-analyses

Dynamic with continuous updates

Sources: Adams-Campbell et al., 2007; Gail et al., 2007; Matsuno et al., 2011.
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Where to Access

https://www.cancer.gov/bcrisktool/

Tables from original manuscript
https://doi.org/10.1002/1097-0142

(19,940,201)73:3%3C643::AlD-
CNCR2820730323%3E3.0.CO;2-5

BayesMendel package in R
http://www4.utsouthwestern.edu/
breasthealth/cagene/

http://ccge.medschl.cam.ac.uk/boadi
cea/
www.canrisk.org

http://www.ems-trials.org/riskevalua
tor/

www.ask2me.com

individuals with P/LPVs should always include recommendations to
refer relatives for their own genetic counseling/testing (Lieberman
et al., 2018). Given the complexities of communicating information
in families, clinicians should provide tools and resources that sup-
port individuals with a P/LPV in the dissemination of information

(Riley et al., 2012). These aids can include family member letters,

copies of genetic testing results, education and support websites,
and referral information for genetics providers. Documentation of
the known familial variant will help assure that at-risk family mem-
bers are provided the appropriate genetic counseling and testing.
Dissemination of information in families can be an evolving process;

therefore, continued discussion with individuals who carry P/LPVs
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TABLE 3 Recommendations for surveillance, chemoprevention and risk-reducing surgeries among high and moderate-risk individuals

Surveillance Options
Annual mammography beginning at age 30 and breast MRI beginning at age 25.
Clinical breast exams, every 6-12 months, starting at age 20-25.

Annual breast MRI screening with contrast (or mammogram with consideration of
tomosynthesis, only if MRl is unavailable) or individualized based on family history if a
breast cancer diagnosis before age 30 is present, starting at age 25-29 (starting at age 20
in setting of TP53 mutation)

Annual mammogram with consideration of tomosynthesis and breast MRI screening with
contrast, age 30-75
Management should be considered on an individual basis over age 75

For women with a BRCA P/LPV who are treated for breast cancer but do not have bilateral
mastectomy, screening should continue as described above with option of risk-reducing
mastectomy if P/LPV is found in a high-risk gene, and considered for P/LPV in moderate-
risk gene (such as ATM) in combination with family history.

Although unproven, annual or semiannual transvaginal ultrasound, pelvic exam and testing
for serum CA-125 to screen for ovarian cancer beginning at 30 years of age should be
considered until risk reducing bilateral salpingo-oophorectomy (BSO) is performed.

A benefit and risk discussion regarding annual digital rectal exams and prostate specific
antigen (PSA) testing may be commenced at age 40 (per NCCN v.1. 2021):

Prostate cancer screening for BRCA2 carriers

Consider prostate cancer screening for BRCA1 carriers

Consider pancreatic screening based on BRCA1/2 and other pancreatic-specific genes
with P/LPVs and a first-degree or second-degree relative with pancreatic cancer or a
very strong pancreatic cancer family history in the absence of a P/LPV, using endoscopic
ultrasound or MRCP (per NCCN v1.2020)

Consideration of annual mammography and breast MRI beginning at an age based on the
earliest age of diagnosis in the family when a patient's empiric lifetime risk to develop
breast cancer is at least 20%-25% as defined by risk models that are largely dependent on
family history (e.g. Claus, BRCAPRO, Tyrer-Cuzick and BOADICEA) and not gene P/LPV
status.

Chemoprevention Options to Consider

Medications such as tamoxifen, Raloxifene or aromatase inhibitors may reduce the risk of
breast cancer.

Oral contraceptives (OCs) have been associated with up to a 45%-60% reduction in the risk
of ovarian cancer in high-risk women (BRCA1/2 P/LPV carriers).

Chemoprevention decreases the cancer risk when a patient's 5-year risk to develop breast
cancer is greater than 1.66% as calculated by the Gail Model.

Risk Reducing Surgical Options

Risk reducing mastectomy may be considered depending upon the quality of screening
(e.g. if the breasts are dense and difficult to read) or for women with significant concern
about their risks. It reduces the risk of breast cancer by at least 90%. There is no standard
recommended age at which this surgery should be performed across ‘breast cancer genes’.

Counseling about risk-reducing mastectomy should always include: degree of protection,
reconstruction options, and risks. Family history and residual breast cancer risk with age
and life expectancy should be considered.

Risk reducing bilateral salpingo-oophorectomy (BSO)* is recommended between the ages of
35-40 or after childbearing. Because ovarian cancer onset in patients with BRCA2
P/LPVs is an average of 8-10 years later than in patients with BRCA1 P/LPVs, it is
reasonable to delay RRSO for management of ovarian cancer risk until age 40-45vy in
patients with BRCA2 P/LPVs.

Salpingectomy alone is not the standard of care for risk reduction, as women are still at risk
for developing ovarian cancer.

High-Risk
Women

High-Risk
Men

Moderate-
Risk Women

(Continues)
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High-Risk High-Risk Moderate-
Women Men Risk Women
In premenopausal women, oophorectomy likely reduces the risk of breast cancer, but the v
magnitude is uncertain and may be gene-specific (consider in setting of newer genes such
as BRIP1, based on family history).
For those patients who have not elected RRSO, transvaginal ultrasound combined with v

serum CA-125 for ovarian cancer screening, although of uncertain benefit, may be

considered at the clinician's discretion starting at age 30-35.

Source: NCCN, v1. 2021 (At the time of press, this version is most current. Updated versions have been published multiple times annually; for the
most current guidelines, the reader may visit https://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf).

may be necessary to address the needs and concerns that arise over
the course of time.

It is also important to note that in some families, testing beyond
the known P/LPV may be indicated. Even when a P/LPV has been
previously identified, a review of family history is necessary, as fam-
ilies can harbor more than one P/LPV associated with hereditary

cancer.

3.2 | Discussion of and management
recommendations for secondary/incidental findings

In the absence of a known P/LPV, recommendations for cancer
screening and prevention methods for patients and their family
members are generally based on personal and/or family cancer
history. However, as large-scale sequencing is now widely applied
in clinical medicine, complicated issues have developed regard-
ing the extent to which primary data, such as tumor profiling or
whole-exome sequencing, should be analyzed and reported. When
next-generation sequencing (NGS) is performed on tumor tissue,
a tremendous number of genomic P/LPVs may be detected that
may or may not be reflective of the germline. That tumor genomic
information varies greatly with regard to relevance to the specific
diagnostic and treatment questions. When P/LPVs are identified
in genes outside of those considered part of the original purpose
of the testing, they are considered secondary, or incidental, find-
ings, and what to do with these P/LPVs has been a matter of con-
siderable debate and discussion (ACMG Policy Statement, 2015;
Presidential Commission for the Study of Bioethical Issues, 2013;
Wolf et al., 2008).

ASCO recognizes that germline multigene panel testing is effi-
cient for simultaneously evaluating multiple high-penetrance genes
of established clinical utility as possible explanations for a patient's
personal or family history of cancer. However, it may also identify P/
LPVs in moderate or low-risk cancer genes or high-penetrance genes
that would not have been analyzed on the basis of the personal or
family history of the patient at hand (Robson et al., 2015). It is un-
clear whether identifying such low- to moderate-risk gene P/LPVs
would have much impact on individual clinical management recom-
mendations for patients who have a clinically significant personal or

family history of cancer (Desmond, et al., 2015).

There has been little consensus as to which genes should be in-
cluded on panels offered for cancer-susceptibility testing, with some
centers (or laboratories) offering large, very comprehensive panels
and others constraining their offers to small, targeted panels of
genes with actionable results. There may be uncertainty regarding
accurate risk estimates and management strategies for families with
unexpected P/LPVs in high-penetrance genes when there is no evi-
dence of the associated syndrome in the family.

Many panels also include moderate-penetrance genes; based on
published literature, P/LPVs in these genes increase the risk of cancer
two- to fivefold, which may also be affected by factors such as family
history. It is not always clear whether the medical management of
individual patients or their family members should be altered based
on the presence or absence of a moderate-risk P/LPV, and therefore,
the clinical utility of testing for moderate-penetrance variants is also
vague (Robson et al., 2015). Additionally, variants of uncertain signif-
icance are quite common, but have no immediate clinical utility, and
determining whether they are functionally significant can be quite
challenging (Robson, 2014). Commercial laboratories are decreasing
traditional follow-up studies, such as segregation analysis for these
findings, due at least in part to the statistical complexity of proving
pathogenicity given incomplete penetrance. In contrast to accepting
a sample from any member of the family of interest, most labora-
tories are requesting additional family history information and then
carefully selecting which specific individual(s) in the family would be
most informative to aid in understanding the variant of interest.

Pretest genetic counseling has long been recommended to facil-
itate informed decision-making and discuss possible outcomes with
patients undergoing genetic testing since 1996, and is recommended
for those undergoing panel-based testing. Possible outcomes of
these types of results include (a) inappropriate medical interven-
tion, (b) psychological stress regarding incidental identification of a
P/LPV in a gene that was not suspected by family history, and (c)
medical management of moderate-penetrance P/LPVs that is not
evidence-based (Lu et al., 2014; Robson et al., 2010; Statement of
the American Society of Clinical Oncology, 1996). It is vital in pretest
counseling to highlight the purpose of the testing as well as the po-
tential outcomes and implications of the various results for patients
and their family members. Although it is generally not practical to
review each of the genes in a panel individually, it is helpful to dis-

cuss the difference between well-described high-penetrance genes
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and less well-understood moderate-penetrance genes (Robson
et al.,, 2015) and to engage the patient in decision-making around
what type of test (e.g., single-gene, large panel) suits his/her wants
and needs. Recent studies have suggested that electronic genetic
education and subsequent results disclosure without genetic coun-
seling does not increase patient distress and leads to higher test
uptake (Swisher et al., 2020). However, this does not negate the po-
tential medical mismanagement discussed above.

The future path for research and clinical translation depends on the
better understanding of actionable P/LPVs and the development of an
evidence base to support the disclosure of incidental findings. In order
to do this, decision tools need to be created, as well as the clinical ca-
pacity to provide genetic counseling related to incidental and uncertain
findings, for which there are no standards of care (Bombard et al., 2013;
Slavin et al., 2015). These will best be formulated by the genetics profes-

sionals caring for affected patients and their family members.

3.3 | Discussion of reproductive risks

For individuals of reproductive age with P/LPVs, counseling about
options for prenatal diagnosis and/or assisted reproduction, includ-
ing pre-implantation genetic testing (PGT), is important. Utilization
of genetic test results for reproductive decision-making may include
the use of donor gametes, adoption, and PGT. The discussion should
include an introduction to the known risks, limitations, benefits, and
costs of these technologies. Future discussions may be necessary to
address an individual's changing needs, and a referral to centers with
specialty in these technologies should be facilitated for those who
express interest.

Many multigene cancer panels include genes that are associ-
ated with rare autosomal recessive conditions that are manifested
when a P/LPV in that gene is inherited from both parents (i.e., in
the homozygous state). This includes, but is not limited to: ataxia
telangiectasia, caused by biallelic ATM P/LPVs; Fanconi anemia,
caused by biallelic P/LPVs in BRCA2, BRIP1, RAD51C, RAD51D, or
PALB2 genes (among others not commonly encountered on breast/
ovarian cancer gene panels); Nijmegen breakage syndrome, caused
by biallelic P/LPVs. in NBN; and constitutional mismatch repair defi-
ciency (CMMRD), resulting from biallelic P/LPVs in mismatch repair
genes associated with Lynch syndrome (Rainville et al., 2020; Walsh
et al.,, 2017; Wimmer et al., 2014). Individuals who carry P/LPVs in
these genes should be informed of this risk, as it may aid reproduc-
tive decision-making for themselves and/or family members, and
requires a discussion of genetic testing of the same gene in their
partners (Mets et al., 2016; Offit et al., 2003).

3.4 | Testing and treatment issues

Many academic and commercial laboratories now offer DNA se-
quencing of tumor tissue, or of circulating tumor DNA, to detect so-

matic variants that may be used for targeting oncologic treatments.

Tumors in certain individuals with P/LPVs respond differently to
chemotherapeutic agents, such as poly-ribose ADP polymerase
(PARP) inhibitors, based on exploiting their differences in DNA re-
pair. Despite standard treatments for some aggressive cancers (e.g.,
ovarian, prostate, pancreatic, and breast), there remains a significant
need for targeted therapies to improve clinical outcomes in recur-
rent cancers. The most promising targeted therapies so far include
antiangiogenic agents and PARP inhibitors (Papa et al., 2016). PARP
inhibitors are specifically active in cells that have impaired DNA re-
pair in the homologous recombination (HR) pathway. Cells with al-
tered BRCA and other breast and ovarian cancer-causing genes (e.g.,
ATM, CHEK2, PALB2) have HR deficiency. The use of targeted thera-
pies in the treatment of several cancers, both as monotherapies or in
combination, has been identified and approved by the FDA. In addi-
tion, clinical trials of a range of targeted therapies are ongoing, such
that selection of therapeutic agents and appropriate patient popu-
lations will allow strategic application of targeted therapeutics (US
FDA, Vetter & Hays, 2018).

The Food and Drug Administration (FDA) has approved a vari-
ety of PARP inhibitors, such as olaparib, niraparib, talazoparib, and
rucaparib, for the treatment of BRCA-associated metastatic breast,
ovarian, prostate, fallopian, peritoneal, and pancreatic cancer (Patel
etal., 2020). This has created an even more compelling reason to sys-
tematically integrate genetic testing into clinical practice, as knowl-
edge of genetic status may impact treatment decisions (Kaufman
et al., 2015; Swisher et al., 2017; US FDA, 2018, US FDA).

The incorporation of simultaneous germline and somatic tumor
testing is growing in oncology. In the tumor tissue or cells, inherited
genetic variants as well as somatic variants will be present in the DNA
sequence. Therefore, P/LPVs identified in tumor cells could represent
germline P/LPVs, and these may have implications for future cancers
as well as risks to family members. It is imperative for clinicians order-
ing tumor DNA sequencing to consider whether identified variants
are likely to represent germline P/LPVs, as these need to be confirmed
using germline samples. This is especially important considering that
nearly 10% of patients with advanced cancer may have actionable,
germline P/LPVs that would not have been found using current guide-
lines for clinical testing (Mandelker et al., 2017). Thus, patients with
P/LPVs in tumor tissue should be referred to genetic specialists for
counseling and germline testing (Giri et al., 2017). Simultaneous se-
guencing of tumor-normal DNA reveals inherited cancer predisposi-
tion P/LPVs in 3%-12.6% of pediatric and adult patients with cancer
(Meric-Bernstam et al., 2016; Schrader et al., 2016; Seifert et al., 2016;
Meric-Bernstam et al., 2015; Zhang et al, 2015).

Mandelker et al conducted a prospective analysis to determine the
incremental proportion of P/LPVs detected by concurrent germline
analysis in patients with advanced cancer undergoing universal tumor
profiling. This is compared with selective germline testing, based on
existing practice guidelines, which factor in personal and/or family his-
tory. Of the 1,040 patients, 17.5% had P/LPVs indicating a cancer sus-
ceptibility, and 9.7% would not have had these variants detected using
current NCCN testing guidelines. Most notably, 38 patients (3.7%)

of these germline findings resulted in a change to targeted therapy,
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including six for whom a genetic evaluation would never have been
done based on current guideline-based testing. Clinicians should be
aware of whether tumor, germline, or both have been conducted, and
adequately interpret this information for patients (Mandelker et al.,
2017). The threshold for determining the clinical estimating signifi-
cance of a variant finding is expected to be different for somatic versus
germline assays. Therefore, clinicians utilizing somatic assays should be
aware of these differences in order to recognize and investigate spe-
cific research somatic variants, and will fall to the clinician to determine
whether a somatic VUS finding should trigger a germline workup if its
presence in the germline would alter proposed management.

Current NCCN guidelines reflect this and recommend that any
individual, at any age, who is found to have a P/LPV in a cancer-sus-
ceptibility gene on tumor testing be referred for genetics evaluation
(NCCN v1. 2021). Conversely, it is important to note that the ab-
sence of a P/LPV on a tumor test does not rule out a germline vari-
ant, and individuals with ‘normal’ or ‘negative’ tumor testing should
still undergo germline analysis if they meet established criteria or
clinical suspicion of hereditary cancer.

In the case of a germline VUS, patients should be managed based
on personal and family history. Individualized management may in-
clude increased surveillance and possibly other interventions, such
as surgery or chemoprevention, depending on their history rather
than the test result. Typically, family members are not tested for the
VUS, because of the lack of understanding of its clinical implications.
Most variants of uncertain significance are ultimately reclassified as
either benign or likely benign. However, some VUSs will be reclas-
sified as pathogenic or likely pathogenic, and patients should be
re-contacted for a discussion about the cancer risks for them and
their family members based on the new classification (Bombard
et al., 2019; Easton, Deffenbaugh, et al., 2007; Macklin et al., 2018;
Slavin et al., 2018). Procedures and policies in current healthcare
systems regarding re-contacting patients are challenging. Ideally, it is
a shared responsibility between healthcare providers, laboratories,
and patients, respecting previously obtained patient consent (Policy
Statement of the ACMG Social, Ethical, & Legal Issues Committee,
1999; Carrieri et al., 2019).

3.5 | Provision of patient resources

A genetics consultation should include the provision of patient re-
sources, including scientific information, psychosocial support, fi-
nancial assistance programs, and advocacy. Personalized medicine
creates the demand and responsibility of educating patients about
their diagnoses and the resources they may use to address them.
The provider of the diagnosis of a BRCA1 P/LPV, for example, has
the duty to educate the patient about support and informational re-
sources, as appropriate to the individual. The majority of individu-
als who undergo genetic testing and are found to carry a P/LPV do
not suffer long-term psychological distress. However, there may be
individuals for whom the impact of this information has a long-term

impact and providers should be attentive to those patients’ needs
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and provide referrals to appropriate mental health and support re-
sources (Braithwaite et al., 2004; Meiser, 2005).

While most insurance companies provide coverage of genetic
testing for appropriately selected individuals, this coverage may vary.
However, for patients who have limited or no insurance coverage,
many major testing laboratories offer financial assistance programs
and providers should be aware of such resources so that genetic test-
ing can be accessed more equitably. After testing, the clinician should
provide appropriate downstream referrals to specialists, as many in-
stitutions and health plans do not have familiarity with appropriate
resources other than those for BRCA1 or BRCA2 carriers.

3.6 | Ethical, legal, and social implications of genetic
information and testing

As with all genetic testing, HBOC testing has the potential to raise
ethical, legal, and social issues, both within the family and for society
as a whole. A variety of concerns has been expressed with respect to
predisposition testing for less than fully penetrant genes, as well as
the potential for prenatal testing or testing of minors for adult-onset
conditions. Additionally, patients may express concern about the po-
tential for genetic discrimination, particularly with regard to health
and life insurance in the event of a positive test result. Almost all
states have enacted laws regarding genetic discrimination for health
insurance plans, and many states have stringent rules regarding em-
ployment discrimination based on genetic testing (Greely, 2005). In
addition, there are federal regulations in place that speak to workplace
and health insurance discrimination. Regardless of this legal reassur-
ance, itisimportant that clinicians recognize and appropriately address
the issues of disclosure of information, federal and state protections,
and confidentiality with their patients (Fasouliotis & Schenker, 2000;
Genetic Information Nondiscrimination Act of 2008 (GINA); ; ; (Pub.
L. No. 110-223); Health Insurance Portability & Accountability Act
of, 1996 (HIPAA); Americans with Disabilities Act of 1990 (ADA). The
fear of discrimination may prevent at-risk individuals from having ge-
netic testing, which in turn could have significant health implications
(Greely, 2005). Counseling regarding the ethical and legal challenges
raised by HBOC testing should also be guided by the overall ethical
code of the National Society of Genetic Counselors (NSGC Code of
Ethics, adopted 1/92, revised 4/17, NSGC.org). It is worth remember-
ing that privacy and confidentiality are not a foregone conclusion in
the direct-to-consumer testing marketplace, and a consumer cannot
expect the same protections if genetic testing occurs outside of the
traditional clinical setting. Risk assessment and screening practices
are complex, and this document is not meant to address all the nu-

ances for various patient populations in all circumstances.

4 | CONCLUSIONS

The process of cancer risk assessment and genetic counseling for

HBOC requires multiple steps, including:
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e Gathering personal medical and family history data

e Psychosocial assessment and referral if indicated

e Education focused on basic principles of genetics and cancer

e Discussion of cancer and P/LPV risk and how personalized risk
estimates are derived

e Facilitation of the informed consent process through discussion
of the risks, benefits, limitations, and likelihood of identifying a P/
LPV

e Results disclosure (if applicable)

e Discussion of medical management options

e Discussion of the familial implications of testing and dissemina-
tion of information

e Review of issues related to genetic discrimination

A growing number of non-genetics experts are having con-
versations with patients about their cancer risk, prevention ap-
proaches, early detection, and personalized medical management
options. It is clear that the more healthcare providers working to-
gether to identify patients at risk for hereditary breast and ovarian
cancer, the better the delivery of personalized cancer risk assess-
ment and testing. Genetics professionals have a distinctive skill
set that complements and augments the care that individuals at
risk for hereditary breast and ovarian cancer receive from their
physicians. The above recommendations provide a best practices
approach to offering a uniform delivery of comprehensive care for
families and individuals with hereditary breast and ovarian cancer.

AUTHOR CONTRIBUTIONS

All authors made substantial contributions to the conception or de-
sign of the work as well as significant efforts in drafting the work
or revising it critically for important intellectual content. All authors
agree to be accountable for all aspects of the work in insuring that
questions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved. All authors provided

final approval of the version to be published.

COMPLIANCE WITH ETHICAL STANDARDS

The author group composition is in compliance with the National
Society of Genetic Counselors Practice Guidelines Committee
Conflict of Interest Policy. This policy requires all proposed authors
to disclose conflict of interest prior to selection and imposes thresh-
olds for conflict of interest with the potential for direct, personal
financial benefit, or other real or perceived conflict of interest,

CONFLICT OF INTEREST

Shelly A. Cummings is employed by and has stock in Myriad
Genetics, Inc., a diagnostic genetic testing laboratory that offers
genetic testing for hereditary cancer syndromes. Janice L. Berliner,
Brittany Boldt Burnett, and Charité N. Ricker declare that they have
no conflicts of interest.

HUMAN STUDIES AND INFORMED CONSENT

No human studies were carried out by the authors for this article.

ANIMAL STUDIES
No non-human animal studies were carried out by the authors for
this article.

DISCLAIMER

This practice resource (PR) is provided by the National Society of
Genetic Counselors (NSGC) solely to serve as a helpful practice-
management resource and tool for genetic counselors and other
healthcare providers. NSGC's PRs are not based on a systematic evi-
dence review; instead, they are based on the personal recommenda-
tions and experience of the authors.

Each NSGC PR focuses on a clinical or practice-based issue,
includes points for the genetic counselor or other healthcare pro-
vider to consider, and is based on the author(s) review and analysis
of current professional literature believed by the author(s) to be
reliable. As such, the information provided and ideas discussed
in NSGC's PRs (a) reflect only the current scientific and clinical
knowledge at the time of publication; (b) are only current as of
their publication date; and (c) are subject to change without notice
as advances emerge.

PRs do not (and are not intended to) dictate an exclusive course
of management, nor guarantee a particular outcome. NSGC’s PRs
are never intended to displace a genetic counselor's or other health-
care provider's best medical judgment based on the clinical circum-
stances of a particular patient or patient population. NSGC publishes
PRs for educational and informational purposes only, and does not
‘approve’ or ‘endorse’ any specific methods, practices, or sources of

information contained therein.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

REFERENCES

Abul-Husn, N. S., Soper, E. R., Odgis, J. A, Cullina, S., Bobo, D., Moscati,
A., Rodriguez, J. E., Loos, R. J., Cho, J. H., Belbin, G. M., & Suckiel,
S. A. (2019). Exome sequencing reveals a high prevalence of BRCA1
and BRCA2 founder variants in a diverse population-based biobank.
Genome Medicine, 12(1), 2.

ACMG policy statement. (2015). updated recommendations regarding
analysis and reporting of secondary findings in clinical genome-scale
sequencing. Genetics in Medicine, 17, 68-69.

ACMG Policy Statement of the Social Ethical and Legal Issues Committee.
(1999). Retrived from https://www.acmg.net/PDFLibrary/Duty-to-
Recontact.pdf

ACOG Committee on Practice Bulletins. (2009). Hereditary breast and
ovarian cancer syndrome. Gynecologic Oncology, 113, 6-11.

Adams-Campbell, L. L., Makambi, K. H., Palmer, J. R., & Rosenberg, L.
(2007). Diagnostic accuracy of the Gail model in the Black Women'’s
Health Study. Breast Journal, 13, 332-336.

American Society of Clinical Oncology. (2003). American Society of
Clinical Oncology policy statement update: Genetic testing for can-
cer susceptibility. Journal of Clinical Oncology, 21, 2397-2406.

American Society of Clinical Oncology. (2010). American Society of
Clinical Oncology policy statement update: Genetic and Genomic
testing for cancer susceptibility. Journal of Clinical Oncology, 28,
893-901.


https://www.acmg.net/PDFLibrary/Duty-to-Recontact.pdf
https://www.acmg.net/PDFLibrary/Duty-to-Recontact.pdf

BERLINER ET AL.

Genetic i61

Americans with Disabilities Act, 1990. Retrived from https://www.eeoc.
gov/eeoc/history/35th/1990s/ada.html

Antoniou, A., Pharoah, P.,, Narod, S., Risch, H. A., Eyfjord, J. E., Hopper, J.
L., Loman, N., Olsson, H., Johannsson, O., Borg, A., Pasini, B, Radice,
P., Manoukian, S., Eccles, D. M., Tang, N., Olah, E., Anton-Culver, H.,
Warner, E., Lubinski, J., ... Easton, D. F. (2003). Average risks of breast
and ovarian cancer associated with BRCA1 or BRCA2 mutations
detected in case series unselected for family history: A combined
analysis of 22 studies. American Journal of Human Genetics, 72(5),
1117-1130. https://doi.org/10.1086/375033

Antoniou, A. C., Pharoah, P. D., Smith, P., & Easton, D. F. (2004). The
BOADICEA model of genetic Susceptibility to breast and ovarian can-
cer. Breast Journal Cancer, 91, 1580-1590. https://doi.org/10.1038/
sj.bjc.6602175

Atchley, D. P., Albarracin, C. T, Lopez, A., Valero, V., Amos, C. |., Gonzalez-
Angulo, A. M. et al (2008). Clinical and pathologic characteristics
of patients with BRCA-positive and BRCA-negative breast cancer.
Journal of Clinical Oncology, 26, 4282-4288.

Banks, K. C., Moline, J. J., Marvin, M. L., Newlin, A. C., & Vogel, K. J.
(2013). 10 rare tumors that warrant a genetics referral. Familial
Cancer, 12, 1-18. https://doi.org/10.1007/s10689-012-9584-9

Beitsch, P. D., Whitworth, P. W., Hughes, K., Patel, R., Rosen, B,
Compagnoni, G., Baron, P., Simmons, R., Smith, L. A., Grady, |, Kinney,
M., Coomer, C., Barbosa, K., Holmes, D. R., Brown, E., Gold, L., Clark,
P., Riley, L., Lyons, S., ... Nussbaum, R. L. (2019). Underdiagnosis of
Hereditary Breast Cancer: Are Genetic Testing Guidelines a Tool or
an Obstacle? Journal of Clinical Oncology, 37, 453-460. https://doi.
org/10.1200/JC0.18.01631

Berliner, J. L., & Fay, A. M. (2007). Risk assessment and genetic counseling
for hereditary breast and ovarian cancer: Recommendations of the
National Society of Genetic Counselors. Journal of Genetic Counseling,
16, 241-260. https://doi.org/10.1007/s10897-007-9090-7

Berliner, J., Fay, A. M., Cummings, S. A., Burnett, B., & Tillmanns, T.
(2013). NSGC Practice Guideline: Risk Assessment and Genetic
Counseling for Hereditary Breast and Ovarian Cancer. Journal of
Genetic Counseling, 22, 155-163. https://doi.org/10.1007/s1089
7-012-9547-1

Berry, D. A., Parmigiani, G., Sanchez, J., Schildkraut, J., & Winer, E.
(1997). Probability of carrying a mutation of breast-ovarian cancer
gene BRCA1 based on family history. Journal of the National Cancer
Institute, 89, 227-238. https://doi.org/10.1093/jnci/89.3.227

Bevers, T. B., Anderson, B. O., Bonaccio, E., Buys, S., Daly, M. B., Dempsey,
P.J., Farrar, W. B., Fleming, I., Garber, J. E., Harris, R. E., Heerdt, A. S.,
Helvie, M., Huff, J. G., Khakpour, N, Khan, S. A, Krontiras, H., Lyman,
G., Rafferty, E., Shaw, S., ... Yankeelov, T. (2009). Breast Cancer
Screening and Diagnosis. Journal of the National Comprehensive Cancer
Network, 7, 1060-1096. https://doi.org/10.6004/jnccn.2009.0070

Bombard, Y., Brothers, K. B., Fitzgerald-Butt, S., Garrison, N. A, Jamal, L.,
James, C. A., Jarvik, G. P., McCormick, J. B., Nelson, T. N., Ormond,
K. E., Rehm, H. L., Richer, J., Souzeau, E., Vassy, J. L., Wagner, J. K,,
& Levy, H. P. (2019). ASHG Position Statement the Responsibility to
Recontact Research Participants after Reinterpretation of Genetic
and Genomic Research Results. The American Journal of Human
Genetics, 104, 578-595. https://doi.org/10.1016/j.ajhg.2019.02.025

Bombard, Y., Robson, M., & Offit, K. (2013). Revealing the inciden-
talome when targeting the tumor genome. Journal of the American

Medical Association, 310, 795-796. https://doi.org/10.1001/
jama.2013.276573
Bonache, S., Esteban, I, Moles-Fernandez, A., Tenés, A., Duran-

Lozano, L., Montalban, G., Bach, V., Carrasco, E., Gadea, N., Lopez-
Fernandez, A., Torres-Esquius, S., Mancuso, F., Caratu, G., Vivancos,
A., Tuset, N., Balmana, J., Gutiérrez-Enriquez, S., & Diez, O. (2018).
Multigene panel testing beyond BRCA1/2 in breast/ovarian can-
cer Spanish families and clinical actionability of findings. Journal of

WILEY-%

Cancer Research and Clinical Oncology, 144, 2495-2513. https://doi.
org/10.1007/s00432-018-2763-9

Bradbury, A. R., Patrick-Miller, L., Long, J., Powers, J., Stopfer, J., Forman,
A., Rybak, C., Mattie, K., Brandt, A., Chambers, R., & Chung, W.
K. (2015). Development of a tiered and binned genetic counseling
model for informed consent in the era of multiplex testing for cancer
susceptibility. Genetics in Medicine, 17, 485-492.

Braithwaite, D., Emery, J., Walter, F., Prevost, A. T., & Sutton, S. (2004).
Psychological Impact of Genetic Counseling for Familial Cancer: A
Systematic Review and Meta-analysis. Journal of the National Cancer
Institute, 96, 122-133. https://doi.org/10.1093/jnci/djh017

Braun, D., Yang, J., Griffin, M., Parmigiani, G., & Hughes, K. S. (2018).
A Clinical Decision Support Tool to Predict Cancer Risk for
Commonly Tested Cancer-Related Germline Mutations. Journal of
Genetic Counseling, 27, 1187-1199. https://doi.org/10.1007/s1089
7-018-0238-4

Brentnall, A. R., Harkness, E. F., Astley, S. M., Donnelly, L. S., Stavrinos,
P., Sampson, S., Fox, L., Sergeant, J. C., Harvie, M. N., Wilson, M.,
Beetles, U., Gadde, S., Lim, Y., Jain, A., Bundred, S., Barr, N., Reece,
V., Howell, A., Cuzick, J., & Evans, D. G. R. (2015). Mammographic
density adds accuracy to both the Tyrer-Cuzick and Gail breast can-
cer risk models in a prospective UK screening cohort. Breast Cancer
Research, 17, 147. https://doi.org/10.1186/s13058-015-0653-5

Buchanan, A. H., Lester Kirchner, H., Schwartz, M. L. B., Kelly, M. A,,
Schmidlen, T., Jones, L. K., Hallquist, M. L. G., Rocha, H., Betts, M.,
Schwiter, R., Butry, L., Lazzeri, A. L., Frisbie, L. R., Rahm, A. K., Hao, J.,
Willard, H. F., Martin, C. L., Ledbetter, D. H., Williams, M. S., & Sturm,
A. C. (2020). Clinical outcomes of a genomic screening program for
actionable genetic conditions. Genetics in Medicine, 22, 1874-1882.
https://doi.org/10.1038/s41436-020-0876-4

Bush, L. W., Beck, A. E., Biesecker, L. G., Evans, J. P.,, Hamosh, A., Holm, I.
A.,Martin, C. L., Richards, C.S., & Rehm, H. L. (2018). Professional re-
sponsibilities regarding the provision, publication, and dissemination
of patient phenotypes in the context of clinical genetic and genomic
testing: Points to consider-a statement of the American College of
Medical Genetics and Genomics (ACMG). Genetics in Medicine, 20,
169-171. https://doi.org/10.1038/gim.2017.242

Canto, M. |, Harinck, F., Hruban, R. H., Offerhaus, G. J., Poley, J.-W.,
Kamel, 1., Nio, Y., Schulick, R. S., Bassi, C., Kluijt, 1., Levy, M. J., Chak,
A., Fockens, P., Goggins, M., & Bruno, M. (2013). International Cancer
of the Pancreas Screening (CAPS) Consortium summit on the man-
agement of patients with increased risk for familial pancreatic cancer.
International Cancer of Pancreas Screening (CAPS) Consortium. Gut,
62, 339-347. https://doi.org/10.1136/gutjnl-2012-303108

Carnevale, J., & Ashworth, A. (2015). Assessing the significance of
BRCA1 and BRCA2 mutations in pancreatic cancer. Journal of Clinical
Oncology, 33, 3080-3081.

Carrieri, D., Howard, H. C., Benjamin, C., Clarke, A. J., Dheensa, S.,
Doheny, S., Hawkins, N., Halbersma-Konings, T. F., Jackson, L.,
Kayserili, H., Kelly, S. E., Lucassen, A. M., Mendes, A, Rial-Sebbag,
E., Stefansdéttir, V., Turnpenny, P. D., van El, C. G., van Langen, |. M.,
Cornel, M. C., & Forzano, F. (2019). Recontacting patients in clini-
cal genetics services: Recommendations of the European Society of
Human Genetics. European Journal of Human Genetics, 27, 169-182.
https://doi.org/10.1038/s41431-018-0285-1

Childers, K. K., Maggard-Gibbons, M., Macinko, J., & Childers, C. P.
(2018). National distribution of cancer genetic testing in the United
States: Evidence for a gender disparity in hereditary breast and ovar-
ian cancer. JAMA Oncology, 4(6), 876-879. https://doi.org/10.1001/
jamaoncol.2018.0340

Claus, E., Risch, N., & Thompson, D. (1994). Autosomal dominant inheri-
tance of early-onset breast cancer. Cancer, 73, 643-651.

Claus, E. B., Schildkraut, J. M., Thompson, W. D., & Risch, N. J. (1996).
The genetic attributable risk of breast and ovarian cancer. Cancer,

Counselors—


https://www.eeoc.gov/eeoc/history/35th/1990s/ada.html
https://www.eeoc.gov/eeoc/history/35th/1990s/ada.html
https://doi.org/10.1086/375033
https://doi.org/10.1038/sj.bjc.6602175
https://doi.org/10.1038/sj.bjc.6602175
https://doi.org/10.1007/s10689-012-9584-9
https://doi.org/10.1200/JCO.18.01631
https://doi.org/10.1200/JCO.18.01631
https://doi.org/10.1007/s10897-007-9090-7
https://doi.org/10.1007/s10897-012-9547-1
https://doi.org/10.1007/s10897-012-9547-1
https://doi.org/10.1093/jnci/89.3.227
https://doi.org/10.6004/jnccn.2009.0070
https://doi.org/10.1016/j.ajhg.2019.02.025
https://doi.org/10.1001/jama.2013.276573
https://doi.org/10.1001/jama.2013.276573
https://doi.org/10.1007/s00432-018-2763-9
https://doi.org/10.1007/s00432-018-2763-9
https://doi.org/10.1093/jnci/djh017
https://doi.org/10.1007/s10897-018-0238-4
https://doi.org/10.1007/s10897-018-0238-4
https://doi.org/10.1186/s13058-015-0653-5
https://doi.org/10.1038/s41436-020-0876-4
https://doi.org/10.1038/gim.2017.242
https://doi.org/10.1136/gutjnl-2012-303108
https://doi.org/10.1038/s41431-018-0285-1
https://doi.org/10.1001/jamaoncol.2018.0340
https://doi.org/10.1001/jamaoncol.2018.0340

BERLINER ET AL.

National Society of P

356 Genetic (<]

WILEY—Counselors

77, 2318-2324. https://doi.org/10.1002/(SICI)1097-0142(19960
601)77:11<2318:AID-CNCR21>3.0.CO;2-Z

ACOG Committee. (2018). Opinion No. 727: Cascade testing: Testing
women for known hereditary genetic mutations associated with can-
cer. Committee on gynecologic practice. Obstetrics and Gynecology,
131, e31-e34.

Couch, F. J,, Hart, S. N., Sharma, P., Toland, A. E., Wang, X., Miron, P.,
Olson, J. E., Godwin, A. K., Pankratz, V. S., Olswold, C., Slettedahl,
S., Hallberg, E., Guidugli, L., Davila, J. I., Beckmann, M. W., Janni, W.,
Rack, B., Ekici, A. B., Slamon, D. J,, ... Fasching, P. A. (2015). Inherited
mutations in 17 breast cancer susceptibility genes among a large tri-
ple-negative breast cancer cohort unselected for family history of
breast cancer. Journal of Clinical Oncology, 33, 304-311. https://doi.
org/10.1200/JC0O.2014.57.1414

Couch, F. J., Shimelis, H., Hu, C., Hart, S. N., Polley, E. C., Na, J., Hallberg,
E., Moore, R., Thomas, A., Lilyquist, J., Feng, B., McFarland, R.,
Pesaran, T., Huether, R., LaDuca, H., Chao, E. C., Goldgar, D. E., &
Dolinsky, J. S. (2017). Associations between cancer predisposition
testing panel genes and breast cancer. Journal of the American Medical
Association Oncology, 3, 1190-1196. https://doi.org/10.1001/jamao
ncol.2017.0424

Cybulski, C., Wokolorczyk, D., Jakubowska, A., Huzarski, T., Byrski, T.,
Gronwald, J. et al (2011). Risk of breast cancer in women with a
CHEK2 mutation with and without a family history of breast cancer.
Journal of Clinical Oncology, 29, 3747-3752.

Desmond, A., Kurian, A. W., Gabree, M., Mills, M. A., Anderson, M.
J., Kobayashi, Y., Horick, N., Yang, S., Shannon, K. M., Tung, N.,
Ford, J. M., Lincoln, S. E., & Ellisen, L. W. (2015). Clinical ac-
tionability of multigene panel testing for hereditary breast and
ovarian cancer risk assessment. Journal of the American Medical
Association Oncology, 1, 943-951. https://doi.org/10.1001/jamao
ncol.2015.2690

Dite, G. S., Maclnnis, R. J.,, Bickerstaffe, A., Dowty, J. G., Allman, R,
Apicella, C., Milne, R. L., Tsimiklis, H., Phillips, K.-A., Giles, G. G.,
Terry, M. B., Southey, M. C., & Hopper, J. L. (2016). Breast cancer
risk prediction using clinical models and 77 independent risk-associ-
ated SNPs for women aged under 50 years: Australian breast cancer
family registry. Cancer Epidemiology Biomarkers and Prevention, 25,
359-365. https://doi.org/10.1158/1055-9965.EPI-15-0838

Easton, D. F., Deffenbaugh, A. M., Pruss, D., Frye, C., Wenstrup, R. J.,
Allen-Brady, K., Tavtigian, S. V., Monteiro, A. N. A, lversen, E. S,
Couch, F. J., & Goldgar, D. E. (2007). A systematic genetic assess-
ment of 1,433 sequence variants of unknown clinical significance
in the BRCA1 and BRCA2 breast cancer-predisposition genes.
American Journal of Human Genetics, 81, 873-883. https://doi.
org/10.1086/521032

Easton, D. F., Pharoah, P. D. P,, Antoniou, A. C., Tischkowitz, M., Tavtigian,
S. V., Nathanson, K. L., Devilee, P., Meindl, A., Couch, F. J., Southey,
M., Goldgar, D. E., Evans, D. G. R., Chenevix-Trench, G., Rahman, N,
Robson, M., Domchek, S. M., & Foulkes, W. D. (2015). Gene-panel
sequencing and the prediction of breast-cancer risk. New England
Journal of Medicine, 372, 2243-2257. https://doi.org/10.1056/
NEJMsr1501341

Easton, D. F., Pooley, K. A, Dunning, A. M., Pharoah, P. D., Thompson, D.,
Ballinger, D. G. et al (2007). Genome-wide association study identi-
fies novel breast cancer susceptibility loci. Nature, 447, 1087-1093.

Edwards, S. M., Evans, D. G. R, Hope, Q., Norman, A. R., Barbachano,
Y., Bullock, S., Kote-Jarai, Z., Meitz, J., Falconer, A., Osin, P., Fisher,
C., Guy, M., Jhavar, S. G., Hall, A. L., O'Brien, L. T., Gehr-Swain, B.
N., Wilkinson, R. A., Forrest, M. S., Dearnaley, D. P,, ... Eeles, R. A.
(2010). Prostate cancer in BRCA2 germline mutation carriers is asso-
ciated with poorer prognosis. British Journal of Cancer, 103, 918-924.
https://doi.org/10.1038/sj.bjc.6605822

Espenschied, C. R., LaDuca, H., Li, S., McFarland, R., Gau, C. L., & Hampel,
H. (2017). Multigene panel testing provides a new perspective on

Lynch syndrome. Journal of Clinical Oncology, 35, 2568-2575. https://
doi.org/10.1200/JC0O.2016.71.9260

Evans, D. G., Susnerwala, |., Dawson, J.,, Woodward, E., Maher, E. R.,
& Lalloo, F. (2010). Risk of breast cancer in male BRCA2 carriers.
Journal of Medical Genetics, 47, 710-711. https://doi.org/10.1136/
jmg.2009.075176

Fasouliotis, S. J., & Schenker, J. G. (2000). BRCA1 and BRCA2 gene mu-
tations: Decision-making dilemmas concerning testing and manage-
ment. Obstetrical and Gynecological Survey, 55, 373-384. https://doi.
org/10.1097/00006254-200006000-00023

Finch, A., Shaw, P, Rosen, B., Murphy, J., Narod, S. A., & Colgan, T. J.
(2006). Clinical and pathologic findings of prophylactic salpingo-oo-
phorectomies in 159 BRCA1l and BRCA2 carriers. Gynecological
Oncology, 100, 58-64. https://doi.org/10.1016/j.ygyno0.2005.06.065

Friedman, L. S., Gayther, S. A, Kurosaki, T., Gordon, D., Noble, B., Casey,
G., Ponder, B. A., & Anton-Culver, H. (1997). Mutation analysis of
BRCA1 and BRCA2 in a male breast cancer population. American
Journal of Human Genetics, 60, 313-319.

Forman, A., & Schwartz, S. (2019). Guidelines-based cancer risk as-
sessment. Seminars in Oncology Nursing, 35, 34-46. https://doi.
org/10.1016/j.soncn.2018.12.010

Foulkes, W. D. (2008). Inherited susceptibility to common cancers.
New England Journal of Medicine, 359, 2143-2153. https://doi.
org/10.1056/NEJMra0802968

Fournier, D. M., Bazzell, A. F., & Dains, J. E. (2018). Comparing outcomes
of genetic counseling options in breast and ovarian cancer: An in-
tegrative review. Oncology Nursing Forum, 45, 96-105. https://doi.
org/10.1188/18.0NF.96-105

Frey, M. K., Sandler, G., Soboley, R., Kim, S. H., Chambers, R., Bassett,
R. Y., Martineau, J., Sapra, K. J,, Boyd, L., Curtin, J. P,, Pothuri, B., &
Blank, S. V. (2017). Multigene panels in Ashkenazi Jewish patients
yield high rates of actionable mutations in multiple non-BRCA can-
cer-associated genes. Gynecologic Oncology, 146(1), 123-128. https://
doi.org/10.1016/j.ygyno.2017.04.009

Gail, M. H,, Brinton, L. A., Byar, D. P,, Corle, D. K., Green, S. B., Schairer,
C., & Mulvihill, J. J. (1989). Projecting individualized probabilities of
developing breast cancer for white females who are being examined
annually. Journal of the National Cancer Institute, 81, 1879-1886.
https://doi.org/10.1093/jnci/81.24.1879

Gail, M. H., Costantino, J. P, Pee, D., Bondy, M., Newman, L., Selvan, M.,
Anderson, G. L., Malone, K. E., Marchbanks, P. A., McCaskill-Stevens,
W., Norman, S. A., Simon, M. S,, Spirtas, R., Ursin, G., & Bernstein, L.
(2007). Projecting individualized absolute invasive breast cancer risk
in African American women. Journal of the National Cancer Institute,
99, 1782-1792. https://doi.org/10.1093/jnci/djm223

Genetics Information Nondiscrimination Act, enacted 2008, Retrieved
from https://www.eeoc.gov/laws/types/genetic.cfm

Giri, V. N., Yurgelun, M. B, & Robson, M. E. (2017). Role of Genetic coun-
seling in familial and sporadic cancer. Annals of Internal Medicine, 167,
884-885.

Goggins, M., Overbeek, K. A., Brand, R., Syngal, S., Del Chiaro, M.,
Bartsch, D. K., Bassi, C., Carrato, A., Farrell, J., Fishman, E. K,
Fockens, P., Gress, T. M., van Hooft, J. E., Hruban, R. H., Kastrinos,
F., Klein, A., Lennon, A. M., Lucas, A., Park, W., ... Bruno, M. (2020).
Management of patients with increased risk for familial pancreatic
cancer: Updated recommendations from the International Cancer of
the Pancreas Screening (CAPS) Consortium. Gut, 69, 7-17. https://
doi.org/10.1136/gutjnl-2019-319352

Gonzalez-Angulo, A. M., Timms, K. M., Liu, S., Chen, H., Litton, J. K.,
Potter, J., Lanchbury, J. S., Stemke-Hale, K., Hennessy, B. T., Arun,
B. K., Hortobagyi, G. N., Do, K.-A., Mills, G. B., & Meric-Bernstam,
F. (2011). Incidence and outcome of BRCA mutations in unselected
patients with triple receptor-negative breast cancer. Clinical Cancer
Research, 17, 1082-1089. https://doi.org/10.1158/1078-0432.
CCR-10-2560


https://doi.org/10.1002/(SICI)1097-0142(19960601)77:11%3C2318:AID-CNCR21%3E3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1097-0142(19960601)77:11%3C2318:AID-CNCR21%3E3.0.CO;2-Z
https://doi.org/10.1200/JCO.2014.57.1414
https://doi.org/10.1200/JCO.2014.57.1414
https://doi.org/10.1001/jamaoncol.2017.0424
https://doi.org/10.1001/jamaoncol.2017.0424
https://doi.org/10.1001/jamaoncol.2015.2690
https://doi.org/10.1001/jamaoncol.2015.2690
https://doi.org/10.1158/1055-9965.EPI-15-0838
https://doi.org/10.1086/521032
https://doi.org/10.1086/521032
https://doi.org/10.1056/NEJMsr1501341
https://doi.org/10.1056/NEJMsr1501341
https://doi.org/10.1038/sj.bjc.6605822
https://doi.org/10.1200/JCO.2016.71.9260
https://doi.org/10.1200/JCO.2016.71.9260
https://doi.org/10.1136/jmg.2009.075176
https://doi.org/10.1136/jmg.2009.075176
https://doi.org/10.1097/00006254-200006000-00023
https://doi.org/10.1097/00006254-200006000-00023
https://doi.org/10.1016/j.ygyno.2005.06.065
https://doi.org/10.1016/j.soncn.2018.12.010
https://doi.org/10.1016/j.soncn.2018.12.010
https://doi.org/10.1056/NEJMra0802968
https://doi.org/10.1056/NEJMra0802968
https://doi.org/10.1188/18.ONF.96-105
https://doi.org/10.1188/18.ONF.96-105
https://doi.org/10.1016/j.ygyno.2017.04.009
https://doi.org/10.1016/j.ygyno.2017.04.009
https://doi.org/10.1093/jnci/81.24.1879
https://doi.org/10.1093/jnci/djm223
https://www.eeoc.gov/laws/types/genetic.cfm
https://doi.org/10.1136/gutjnl-2019-319352
https://doi.org/10.1136/gutjnl-2019-319352
https://doi.org/10.1158/1078-0432.CCR-10-2560
https://doi.org/10.1158/1078-0432.CCR-10-2560

BERLINER ET AL.

Greely, H. T. (2005). Banning genetic discrimination. New England Journal
of Medicine, 353, 865-867. https://doi.org/10.1056/NEJMp058116

Grzymski, J. J., Elhanan, G., Morales Rosado, J. A., Smith, E., Schlauch,
K. A, Read, R., Rowan, C., Slotnick, N., Dabe, S., Metcalf, W. J., Lipp,
B., Reed, H., Sharma, L., Levin, E., Kao, J., Rashkin, M., Bowes, J.,
Dunaway, K., Slonim, A., ... Lu, J. T. (2020). Population genetic screen-
ing efficiently identifies carriers of autosomal dominant diseases.
Nature Medicine, 26(8), 1235-1239. https://doi.org/10.1038/s4159
1-020-0982-5

Hallamies, S., Pelttari, L., Poikonen-Saksela, P., Jekunen, A., Jukkola-
Vuorinen, A., Auvinen, P. et al (2017). CHEK2 ¢.1100delC mutation
is associated with an increased risk for male breast cancer in Finnish
patient population. BMC Cancer, 17, 620.

Hampel, H., Bennett, R. L., Buchanan, A., Pearlman, R., & Wiesner, G. L.
(2015). A practice guideline from the American college of medical ge-
netics and genomics and the national society of genetic counselors:
Referral indications for cancer predisposition assessment. Genetic in
Medicine, 17, 70-87. https://doi.org/10.1038/gim.2014.147

Han, F. F,, Guo, C. L., & Liu, L. H. (2013). The effect of CHEK2 variant
1157T on cancer susceptibility: Evidence from a meta-analysis. DNA
and Cellular Biology, 32, 329-335.

Hauke, J., Horvath, J., Grop, E., Gehrig, A., Honisch, E., Hackmann, K.,
Schmidt, G., Arnold, N., Faust, U., Sutter, C., & Hentschel, J. (2018).
Gene panel testing of 5589 BRCA1/2-negative index patients
with breast cancer in a routine diagnostic setting: Results of the
German consortium for hereditary breast and ovarian cancer. Cancer
Medicine, 7, 1349-1358.

Health Insurance Portability and Accountability Act of 1996 (HIPAA),
Retrived from https://www.hhs.gov/hipaa/for-professionals/secur
ity/laws-regulations/index.html

Hearle, N., Damato, B. E., Humphreys, J., Wixey, J., Green, H., Stone,
J. et al (2003). Contribution of germline mutations in BRCAZ2,
P16(INK4A), P14(ARF) and P15 to uveal melanoma. Investigative
Ophthalmology and Visual Science, 44, 458-462.

Ibrahim, M., Yadav, S., Ogunleye, F., & Zakalik, D. (2018). Male BRCA
mutation carriers: Clinical characteristics and cancer spectrum. BMC
Cancer, 18(1), 179. https://doi.org/10.1186/s12885-018-4098-y

Idos, G. E., Kurian, A. W., Ricker, C., Sturgeon, D., Culver, J. O., Kingham,
K. E., Koff, R., Chun, N. M., Rowe-Teeter, C., Lebensohn, A. P,
Levonian, P., Lowstuter, K., Partynski, K., Hong, C., Mills, M. A,
Petrovchich, I., Ma, C. S., Hartman, A.-R., Allen, B., ... Gruber, S. B.
(2019). Multicenter prospective cohort study of the diagnostic yield
and patient experience of multiplex gene panel testing for hereditary
cancer risk. Journal of Clinical Oncology Precision Oncology, 3, 1-12.
https://doi.org/10.1200/P0.18.00217

Igbal, J., Nussenzweig, A., Lubinski, J., Byrski, T., Eisen, A., Bordeleau,
L., Tung, N. M., Manoukian, S., Phelan, C. M., Sun, P., & Narod, S.
A. (2016). The incidence of leukaemia in women with BRCA1 and
BRCA2 mutations: An international prospective cohort study.
British Journal of Cancer, 114, 1160-1164. https://doi.org/10.1038/
bjc.2016.58

Kauff, N. D., Mitra, N., Robson, M. E., Hurley, K. E., Chuai, S., Goldfrank,
D., Wadsworth, E., Lee, J., Cigler, T., Borgen, P. |., Norton, L., Barakat,
R.R., & Offit, K. (2005). Risk of ovarian cancer in BRCA1 and BRCA2
mutation-negative hereditary breast cancer families. Journal of the
National Cancer Institute, 97, 1382-1384. https://doi.org/10.1093/
jnci/dji281

Kaufman, B., Shapira-Frommer, R., Schmutzler, R. K., Audeh, M. W,
Friedlander, M., Balmana, J. et al (2015). Olaparib monotherapy in
patients with advanced cancer and a germline BRCA1/2 Mutation.
Journal of Clinical Oncology, 33, 244-250.

Kuchenbaecker, K. B., Hopper, J. L., Barnes, D. R., Phillips, K. A., Mooij, T.
M., Roos-Blom, M. J. et al (2017). Risks of breast, ovarian, and con-
tralateral breast cancer for BRCA1 and BRCA2 mutation carriers.
Journal of American Medical Association, 317, 2402-2416.

National Society of P

neti é 357

gguﬁsglors—WI LEYJ—

Kurian, A. W., Hare, E. E., Mills, M. A., Kingham, K. E., McPherson, L.,
Whittemore, A. S., McGuire, V., Ladabaum, U., Kobayashi, Y., Lincoln,
S. E., Cargill, M., & Ford, J. M. (2014). Clinical evaluation of a mul-
tiple-gene sequencing panel for hereditary cancer risk assessment.
Journal of Clinical Oncology, 32, 2001-2009. https://doi.org/10.1200/
JCO.2013.53.6607

Kurian, A. W., Hughes, E., Handorf, E. A., Gutin, A., Allen, B., Hartman,
A.-R., & Hall, M. J. (2017). Breast and ovarian cancer penetrance
estimates derived from germline multiple-gene sequencing results
in women. Journal of Clinical Oncology Precision Oncology, 1, 1-12.
https://doi.org/10.1200/P0.16.00066

Lieberman, S., Lahad, A., Tomer, A., Koka, S., BenUziyahu, M., Raz, A.,
& Levy-Lahad, E. (2018). Familial communication and cascade test-
ing among relatives of BRCA population screening participants.
Genetics in Medicine, 20, 1446-1454. https://doi.org/10.1038/
gim.2018.26

Lindor & Greene. (2008). SPECIAL ARTICLE. The concise handbook of
family cancer syndromes. Journal of the National Cancer Institute
Monographs, 38.

Lowery, M., Kelsen, D., Stadler, Z., Yu, K. H., Janjigian, Y. Y., Ludwig, E.,
D'Adamo, D. R., Salo-Mullen, E., Robson, M. E., Allen, P. J., & Kurtz,
R. C. (2011). An emerging entity: Pancreatic adenocarcinoma asso-
ciated with a known BRCA mutation: Clinical descriptors, treatment
implications, and future directions. The Oncologist, 16, 1397-1402.

Lu, K. H., Wood, M. E., Daniels, M., Burke, C., Ford, J.,, Kauff, N.
D., Kohlmann, W., Lindor, N. M., Mulvey, T. M., Robinson, L., &
Rubinstein, W. S. (2014). American Society of Clinical Oncology ex-
pert statement: Collection and use of a cancer family history for on-
cology providers. Journal of Clinical Oncology, 32, 833-840.

Macklin, S., Durand, N., Atwal, P., & Hines, S. (2018). Observed frequency
and challenges of variant reclassification in a hereditary cancer
clinic. Genetics in Medicine, 20, 346-350. https://doi.org/10.1038/
gim.2017.207

Mandelker, D., Zhang, L., Kemel, Y., Stadler, Z. K., Joseph, V., Zehir, A,
Pradhan, N., Arnold, A., Walsh, M. F., Li, Y., Balakrishnan, A. R.,
Syed, A., Prasad, M., Nafa, K., Carlo, M. I., Cadoo, K. A., Sheehan,
M., Fleischut, M. H., Salo-Mullen, E., ... Offit, K. (2017). Mutation de-
tection in patients with advanced cancer by universal sequencing of
cancer-related genes in tumor and normal DNA vs guideline-based
germline testing. Journal of the American Medical Association, 318,
825-835. https://doi.org/10.1001/jama.2017.11137

Manickam, K., Buchanan, A. H., Schwartz, M. L. B. et al (2018). Exome
Sequencing-Based Screening for BRCA1/2 Expected Pathogenic
Variants Among Adult Biobank Participants. JAMA Netw Open, 1(5),
e182140.

Marcus, R. K., Geurts, J. L., Grzybowski, J. A., Turaga, K. K., Clark, G.
T., Strong, K. A., & Johnston, F. M. (2015). Challenges to clinical uti-
lization of hereditary cancer gene panel testing: Perspectives from
the front lines. Familial Cancer, 14, 641-649. https://doi.org/10.1007/
s10689-015-9817-9

Martin, A. R., Kanai, M., Kamatani, Y., Okada, Y., Neale, B. M., & Daly, M.
J. (2019). Clinical use of current polygenic risk scores may exacer-
bate health disparities. Nature Genetics, 51(4), 584-591. https://doi.
org/10.1038/s41588-019-0379-x

Matsuno, R. K., Costantino, J. P,, Ziegler, R. G., Anderson, G. L., Li, H,,
Pee, D. and Gail, M. H. (2011). Projecting individualized absolute in-
vasive breast cancer risk in Asian and Pacific Island American women.
Journal of the National Cancer Institute, 103, 951-961.

Mavaddat, N., Peock, S., Frost, D., Ellis, S., Platte, R., Fineberg, E., Evans,
D. G, lzatt, L., Eeles, R. A., Adlard, J., Davidson, R., Eccles, D., Cole,
T., Cook, J., Brewer, C., Tischkowitz, M., Douglas, F., Hodgson, S,
Walker, L., ... Easton, D. F. (2013). Cancer risks for BRCA1 and BRCA2
mutation carriers: Results from prospective analysis of EMBRACE.
Journal of the National Cancer Institute, 105, 812-822. https://doi.
org/10.1093/jnci/djt095


https://doi.org/10.1056/NEJMp058116
https://doi.org/10.1038/s41591-020-0982-5
https://doi.org/10.1038/s41591-020-0982-5
https://doi.org/10.1038/gim.2014.147
https://www.hhs.gov/hipaa/for-professionals/security/laws-regulations/index.html
https://www.hhs.gov/hipaa/for-professionals/security/laws-regulations/index.html
https://doi.org/10.1186/s12885-018-4098-y
https://doi.org/10.1200/PO.18.00217
https://doi.org/10.1038/bjc.2016.58
https://doi.org/10.1038/bjc.2016.58
https://doi.org/10.1093/jnci/dji281
https://doi.org/10.1093/jnci/dji281
https://doi.org/10.1200/JCO.2013.53.6607
https://doi.org/10.1200/JCO.2013.53.6607
https://doi.org/10.1200/PO.16.00066
https://doi.org/10.1038/gim.2018.26
https://doi.org/10.1038/gim.2018.26
https://doi.org/10.1038/gim.2017.207
https://doi.org/10.1038/gim.2017.207
https://doi.org/10.1001/jama.2017.11137
https://doi.org/10.1007/s10689-015-9817-9
https://doi.org/10.1007/s10689-015-9817-9
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1093/jnci/djt095
https://doi.org/10.1093/jnci/djt095

BERLINER ET AL.

National Society of P

358 Genetic (<]

WILEY—Counselors

Mavaddat, N., Pharoah, P. D. P., Michailidou, K., Tyrer, J., Brook, M. N,

Bolla, M. K., Wang, Q., Dennis, J., Dunning, A. M., Shah, M., Luben,

R., Brown, J., Bojesen, S. E., Nordestgaard, B. G., Nielsen, S. F., Flyger,

H., Czene, K., Darabi, H., Eriksson, M., ... Garcia-Closas, M. (2015).

Prediction of breast cancer risk based on profiling with common

genetic variants. Journal of the National Cancer Institute, 107, 1-15.
https://doi.org/10.1093/jnci/djv036

Mazzola, E., Blackford, A., Parmigiani, G., & Biswas, S. (2015). Recent en-
hancements to the genetic risk prediction model BRCAPRO. Cancer
Informatics, 14, 147-157. https://doi.org/10.4137/CIN.S17292

McCuaig, J. M., Armel, S. R., Care, M., Volenik, A., Kim, R. H., & Metcalfe,
K. A. (2018). Next-Generation service delivery: A scoping review
of patient outcomes associated with alternative models of genetic
counseling and genetic testing for hereditary cancer. Cancers (Basel),
10, 2-36. https://doi.org/10.3390/cancers10110435

McCuaig, J. M., Tone, A. A., Maganti, M., Romagnuolo, T., Ricker, N.,
Shuldiner, J., Rodin, G., Stockley, T., Kim, R. H., & Bernardini, M.
Q. (2019). Modified panel-based genetic counseling for ovar-
ian cancer susceptibility: A randomized non-inferiority study.
Gynecologic Oncology, 153, 108-115. https://doi.org/10.1016/j.
ygyno.2018.12.027

Mealiffe, M. E., Stokowski, R. P., Rhees, B. K., Prentice, R. L., Pettinger,
M., & Hinds, D. A. (2010). Assessment of clinical validity of a breast
cancer risk model combining genetic and clinical information.
Journal of the National Cancer Institute, 102, 1618-1627. https://doi.
org/10.1093/jnci/djq388

Medeiros, F., Muto, M. G, Lee, Y., Elvin, J. A,, Callahan, M. J,, Feltmate, C.,
Garber, J. E., Cramer, D. W., & Crum, C. P. (2006). The tubal fimbria
is a preferred site for early adenocarcinoma in women with familial
ovarian cancer syndrome. American Journal of Surgical Pathology, 30,
230-236. https://doi.org/10.1097/01.pas.0000180854.28831.77

Meiser, B. (2005). Psychological impact of genetic testing for cancer
susceptibility: An update of the literature. Psychooncology, 14, 1060-
1074. https://doi.org/10.1002/pon.933

Menes, T. S., Terry, M. B., Goldgar, D., Andrulis, I. L., Knight, J. A,
John, E. M, Liao, Y., Southey, M., Miron, A., Chung, W., & Buys, S.
S. (2015). Second primary breast cancer in BRCA1 and BRCA2 mu-
tation carriers: 10-year cumulative incidence in the Breast Cancer
Family Registry. Breast Cancer Research and Treatment, 151, 653-660.
https://doi.org/10.1007/s10549-015-3419-y

Meric-Bernstam, F., Brusco, L., Daniels, M., Wathoo, C., Bailey, A. M,,
Strong, L., Shaw, K., Lu, K., Qi, Y., Zhao, H., Lara-Guerra, H., Litton, J.,
Arun, B., Eterovic, A. K., Aytac, U., Routbort, M., Subbiah, V., Janku,
F., Davies, M. A,, ... Chen, K. (2016). Incidental germline variants in
1000 advanced cancers on a prospective somatic genomic profiling
protocol. Annals of Oncology, 27, 795-800. https://doi.org/10.1093/
annonc/mdw018

Mersch, J., Jackson, M. A, Park,M.,Nebgen, D., Peterson, S. K., Singletary,
C. et al (2015). Cancers associated with BRCA1 and BRCA2 muta-
tions other than breast and ovarian. Cancer, 121, 269-275.

Metcalfe, K., Gershman, S., Lynch, H. T., Ghadirian, P., Tung, N., Kim-Sing,
C., Olopade, O. I, Domchek, S., McLennan, J., Eisen, A., Foulkes, W.
D.,Rosen, B., Sun, P., & Narod, S. A. (2011). Predictors of contralateral
breast cancer in BRCA1 and BRCA2 mutation carriers. British Journal
of Cancer, 104, 1384-1392. https://doi.org/10.1038/bjc.2011.120

Mets, S., Tryon, R., Veach, P. M., & Zierhut, H. A. (2016). Genetic coun-
selors’ experiences regarding communication of reproductive risks
with autosomal recessive conditions found on cancer panels. Journal
of Genetic Counseling, 25, 359-372. https://doi.org/10.1007/s1089
7-015-9892-y

Michailidou, K., Hall, P., Gonzalez-Neira, A., Ghoussaini, M., Dennis, J.,
Milne, R. L., Schmidt, M. K., Chang-Claude, J., Bojesen, S. E., Bolla, M.
K., Wang, Q., Dicks, E. D., Lee, A., Turnbull, C., Rahman, N., Fletcher,
Q., Peto, J., Gibson, L., dos Santos Silva, I., ... Easton, D. F. (2013).
Large-scale genotyping identifies 41 new loci associated with breast

cancer risk. Nature Genetics, 45, 353-361. https://doi.org/10.1038/
ng.2563

Michailidou, K., Lindstrém, S., Dennis, J., Beesley, J., Hui, S., Kar, S,,
Lemacon, A., Soucy, P., Glubb, D., Rostamianfar, A., Bolla, M. K.,
Wang, Q., Tyrer, J., Dicks, E. D., Lee, A., Wang, Z., Allen, J., Keeman,
R., Eilber, U., ... Easton, D. F. (2017). Association analysis identi-
fies 65 new breast cancer risk loci. Nature, 551, 92-94. https://doi.
org/10.1038/nature24284

Molina-Montes, E., Pérez-Nevot, B., Pollan, M., Sanchez-Cantalejo, E.,
Espin, J., & Sanchez, M. J. (2014). Cumulative risk of second primary
contralateral breast cancer in BRCA1/BRCA2 mutation carriers with
a first breast cancer: A systematic review and meta-analysis. The
Breast, 23, 721-742. https://doi.org/10.1016/j.breast.2014.10.005

National Cancer Institute Surveillance, Epidemiology, and End Results
(SEER) Program, 1975-2015. Retrived from https://seer.cancer.gov/,
Accessed 26 May 2018.

National Society of Genetic Counselors (NSGC) Code of Ethics (adopted
1/92; revised 4/17). Retrived from https://www.nsgc.org/p/cm/Id/
fid=12

NCCN.org. (2021). Clinical practice guidelines in Oncology (NCCN
Guidelines®). Genetic/Familial High-Risk Assessment: Breast and
Ovarian. Version 1.2021 Retrieved from https://www.nccn.org/
professionals/physician_gls/pdf/genetics_screening.pdf

Nelson, H. D., Pappas, M., Zakher, B., Mitchell, J. P., Okinaka-Hu, L., & Fu,
R. (2014). Risk assessment, genetic counseling, and genetic testing
for BRCA-related cancer in women: A systematic review to update
the U.S. Preventive Services Task Force recommendation. Annals of
Internal Medicine, 160, 255-266.

Norquist, B. M., Harrell, M. |, Brady, M. F., Walsh, T., Lee, M. K., Gulsuner,
S.Bernards, S.S., Casadei, S., Yi, Q., Burger,R. A, & Chan, J. K. (2015).
Inherited mutations in women with ovarian carcinoma. Journal of the
American Medical Association Oncology, 2, 482-490.

Offit, K., Levran, O., Mullaney, B., Mah, K., Nafa, K., Batish, S. D., Diotti,
R., Schneider, H., Deffenbaugh, A., Scholl, T., Proud, V. K., Robson,
M., Norton, L., Ellis, N., Hanenberg, H., & Auerbach, A. D. (2003).
Shared genetic susceptibility to breast cancer, brain tumors and
Fanconi anemia. Journal of the National Cancer Institute, 95, 1548-
1551. https://doi.org/10.1093/jnci/djg072

Papa, A., Caruso, D., Strudel, M., Tomao, S., & Tomao, F. (2016). Update
on Poly-ADP-ribose polymerase inhibition for ovarian cancer
treatment. Journal of Translational Medicine, 14, 267. https://doi.
org/10.1186/s12967-016-1027-1

Parmigiani, G., Berry, D., & Aguilar, O. (1998). Determining carrier prob-
abilities for breast cancer-susceptibility genes BRCA1 and BRCA2.
American Journal of Human Genetics, 62, 145-158. https://doi.
org/10.1086/301670

Patel, M., Nowsheen, S., Maraboyina, S., & Xia, F. (2020). The role of
poly(ADP-ribose) polymerase inhibitors in the treatment of cancer
and methods to overcome resistance: A review. Cell and Bioscience,
10, 35. https://doi.org/10.1186/s13578-020-00390-7

Pederson, H. J., Gopalakrishnan, D., Noss, R., Yanda, C., Eng, C., &
Grobmyer, S. R. (2018). Impact of Multigene Panel Testing on Surgical
Decision Making in Breast Cancer Patients. Journal of the American
College of Surgeons, 226(4), 560-565. https://doi.org/10.1016/j.
jamcollsurg.2017.12.037

Petersen, G. M., & Hruban, R. H. (2003). Familial pancreatic cancer:
Where are we in 2003? Journal of National Cancer Institute, 95, 180-
181. https://doi.org/10.1093/jnci/95.3.180

Pierle, J. M., & Mahon, S. M. (2019). Genetic service delivery models:
Exploring approaches to care for families with hereditary cancer risk.
Clinical Journal of Oncology Nursing, 23, 60-67.

Presidential Commission for the Study of Bioethical Issues. (2013).
Anticipate and Communicate: Ethical Management of Incidental and
Secondary Findings in the Clinical. Bioethics Commission. https://
bioethicsarchive.georgetown.edu/pcsbi/node/3183.html


https://doi.org/10.1093/jnci/djv036
https://doi.org/10.4137/CIN.S17292
https://doi.org/10.3390/cancers10110435
https://doi.org/10.1016/j.ygyno.2018.12.027
https://doi.org/10.1016/j.ygyno.2018.12.027
https://doi.org/10.1093/jnci/djq388
https://doi.org/10.1093/jnci/djq388
https://doi.org/10.1097/01.pas.0000180854.28831.77
https://doi.org/10.1002/pon.933
https://doi.org/10.1007/s10549-015-3419-y
https://doi.org/10.1093/annonc/mdw018
https://doi.org/10.1093/annonc/mdw018
https://doi.org/10.1038/bjc.2011.120
https://doi.org/10.1007/s10897-015-9892-y
https://doi.org/10.1007/s10897-015-9892-y
https://doi.org/10.1038/ng.2563
https://doi.org/10.1038/ng.2563
https://doi.org/10.1038/nature24284
https://doi.org/10.1038/nature24284
https://doi.org/10.1016/j.breast.2014.10.005
https://seer.cancer.gov/
https://www.nsgc.org/p/cm/ld/fid=12
https://www.nsgc.org/p/cm/ld/fid=12
https://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf
https://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf
https://doi.org/10.1093/jnci/djg072
https://doi.org/10.1186/s12967-016-1027-1
https://doi.org/10.1186/s12967-016-1027-1
https://doi.org/10.1086/301670
https://doi.org/10.1086/301670
https://doi.org/10.1186/s13578-020-00390-7
https://doi.org/10.1016/j.jamcollsurg.2017.12.037
https://doi.org/10.1016/j.jamcollsurg.2017.12.037
https://doi.org/10.1093/jnci/95.3.180
https://bioethicsarchive.georgetown.edu/pcsbi/node/3183.html
https://bioethicsarchive.georgetown.edu/pcsbi/node/3183.html

BERLINER ET AL.

Pritchard, C. C., Mateo, J., Walsh, M. F., De Sarkar, N., Abida, W., Beltran,
H., Garofalo, A., Gulati, R., Carreira, S., Eeles, R., Elemento, O., Rubin,
M. A., Robinson, D., Lonigro, R., Hussain, M., Chinnaiyan, A., Vinson,
J., Filipenko, J., Garraway, L., ... Nelson, P. S. (2016). Inherited DNA-
repair gene mutations in men with metastatic prostate cancer. New
England Journal of Medicine, 375, 443-453. https://doi.org/10.1056/
NEJMo0al603144

Rainville, I., Hatcher, S., Rosenthal, E., Larson, K., Bernhisel, R., Meek,
S., Gorringe, H., Mundt, E., & Manley, S. (2020). High risk of breast
cancer in women with biallelic pathogenic variants in CHEK2.
Breast Cancer Research and Treatment, 180, 503-509. https://doi.
org/10.1007/s10549-020-05543-3

Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J., Grody,
W. W.,, Hegde, M., Lyon, E., Spector, E., Voelkerding, K., & Rehm,
H. L. (2015). Standards and guidelines for the interpretation of se-
quence variants: A joint consensus recommendation of the American
College of Medical Genetics and Genomics and the Association for
Molecular Pathology. Genetics in Medicine, 17, 405-424. https://doi.
org/10.1038/gim.2015.30

Ricker, C., Culver, J. O., Lowstuter, K., Sturgeon, D., Sturgeon, J. D,
Chanock, C. R., Gauderman, W. J., McDonnell, K. J, Idos, G. E., &
Gruber, S. B. (2016). Increased vyield of actionable mutations using
multi-gene panels to assess hereditary cancer susceptibility in an
ethnically diverse clinical cohort. Cancer Genetics, 209, 130-137.
https://doi.org/10.1016/j.cancergen.2015.12.013

Riley, B. D., Culver, J. O., Skrzynia, C., Senter, L. A., Peters, J. A,
Costalas, J. W., Callif-Daley, F., Grumet, S. C., Hunt, K. S., Nagy, R.
S., McKinnon, W. C., Petrucelli, N. M., Bennett, R. L., & Trepanier,
A. M. (2012). Essential elements of genetic cancer risk assessment,
counseling, and testing: Updated recommendations of the National
Society of Genetic Counselors. Journal of Genetic Counseling, 21, 151-
161. https://doi.org/10.1007/s10897-011-9462-x

Roberts, M. E., Jackson, S. A., Susswein, L. R., Zeinomar, N., Ma, X.,
Marshall, M. L., Stettner, A. R., Milewski, B., Xu, Z., Solomon, B. D.,
Terry, M. B., Hruska, K. S., Klein, R. T., & Chung, W. K. (2018). MSHé
and PMS2 germ-line pathogenic variants implicated in Lynch syn-
drome are associated with breast cancer. Genetics in Medicine, 20,
1167-1174. https://doi.org/10.1038/gim.2017.254

Robson, M. (2014). Multigene panel testing: Planning the next gen-
eration of research studies in clinical cancer genetics. Journal
of Clinical Oncology, 32, 1987-1989. https://doi.org/10.1200/
JCO.2014.56.0474

Robson, M. E., Bradbury, A. R., Arun, B., Domchek, S. M., Ford, J. M,,
Hampel, H. L., Lipkin, S. M., Syngal, S., Wollins, D. S., & Lindor, N. M.
(2015). American society of clinical oncology policy statement up-
date: genetic and genomic testing for cancer susceptibility. Journal
of Clinical Oncology, 33, 3660-3667. https://doi.org/10.1200/
JCO.2015.63.0996

Robson, M. E., & Offit, K. (2007). Management of an inherited predispo-
sition to breast cancer. New England Journal of Medicine, 357, 154-
162. https://doi.org/10.1056/NEJMcp071286

Robson, M. E., Storm, C. D., Weitzel, J., Wollins, D. S., & Offit, K.
(2010). American society of clinical oncology policy statement
update: Genetic and genomic testing for cancer susceptibility.
Journal of Clinical Oncology, 28, 893-901. https://doi.org/10.1200/
JCO.2009.27.0660

Rosenthal, E. T., Bernhisel, R., Brown, K., Kidd, J., & Manley, S. (2017).
Clinical testing with a panel of 25 genes associated with increased
cancer risk results in a significant increase in clinically significant
findings across a broad range of cancer histories. Cancer Genetics,
218-219, 58-68. https://doi.org/10.1016/j.cancergen.2017.09.003

Saslow, D., Boetes, C., Burke, W., Harms, S., Leach, M. O., Lehman,
C. D., Morris, E., Pisano, E., Schnall, M., Sener, S., & Smith, R. A.
(2007). American cancer society guidelines for breast screening
with mri as an adjunct to mammography. American cancer society

National Society of PP
Genetic é 359
WILEY- %

Counselors—

breast cancer advisory group. CA: A Cancer Journal for Clinicians,
57,75-89.

Saule, C., Mouret-Fourme, E., Briaux, A., Becette, V., Rouzier, R,
Houdayer, C., & Stoppa-Lyonnet, D. (2018). Risk of serous endome-
trial carcinoma in women with pathogenic BRCA1/2 variant after
risk-reducing salpingo-oophorectomy. Journal of National Cancer
Institute, 110, 213-215. https://doi.org/10.1093/jnci/djx159

Schrader, K. A., Cheng, D. T., Joseph, V., Prasad, M., Walsh, M., Zehir,
A., Ni, A. |, Thomas, T., Benayed, R., Ashraf, A, Lincoln, A., Arcila,
M., Stadler, Z., Solit, D., Hyman, D. M., Zhang, L., Klimstra, D.,
Ladanyi, M., Offit, K., ... Robson, M. (2016). Germline variants in
targeted tumor sequencing using matched normal DNA. Journal of
the American Medical Association Oncology, 1, 104-111. https://doi.
org/10.1001/jamaoncol.2015.5208

Seifert, B. A., O'Daniel, J. M., Amin, K., Marchuk, D. S., Patel, N. M.,
Parker, J. S., Hoyle, A. P., Mose, L. E., Marron, A, Hayward, M. C.,
Bizon, C., Wilhelmsen, K. C,, Evans, J. P, Earp, H. S., Sharpless, N. E.,
Hayes, D. N., & Berg, J. S. (2016). Germline analysis from tumor-ger-
mline sequencing dyads to identify clinically actionable second-
ary findings. Clinical Cancer Research, 22, 4087-4094. https://doi.
org/10.1158/1078-0432.CCR-16-0015

SGO Position Statement Genetic testing for gynecologic cancer. Retrived
from https://www.sgo.org/newsroom/position-statements-2/genet
ic-testing-for-gynecologic-cancer/ (October 2014)

Shu, C. A,, Pike, M. C., Jotwani, A. R., Friebel, T. M., Soslow, R. A., Levine,
D. A., Nathanson, K. L., Konner, J. A., Arnold, A. G., Bogomolniy, F., &
Dao, F. (2016). Uterine cancer after risk-reducing salpingo-oophorec-
tomy without hysterectomy in women with BRCA mutations. Journal
of the American Medical Association Oncology, 2, 1434-1440.

Siraj, A. K., Masoodi, T., Bu, R., Parvathareddy, S. K., Al-Badawi, I. A.,
Al-Sanea, N., Ashari, L. H., Abduljabbar, A., Alhomoud, S., Al-Sobhi,
S. S., Tulbah, A., Ajarim, D., Alzoman, K., Aljuboury, M., Yousef, H.
B., Al-Dawish, M., Al-Dayel, F., Alkuraya, F. S., & Al-Kuraya, K. S.
(2017). Expanding the spectrum of germline variants in cancer.
Human Genetics, 136, 1431-1444. https://doi.org/10.1007/s0043
9-017-1845-0

Slavin, T. P,, Niell-Swiller, M., Solomon, |., Nehoray, B., Rybak, C., Blazer,
K. R., & Weitzel, J. N. (2015). Clinical application of multigene panels:
Challenges of next-generation counseling and cancer risk manage-
ment. Frontiers in Oncology, 110, 1059-1066.

Slavin, T. P, Van Tongeren, L. R., Behrendt, C. E., Solomon, I., Rybak,
C., Nehoray, B., Kuzmich, L., Niell-Swiller, M., Blazer, K. R., Tao, S.,
Yang, K., Culver, J. O., Sand, S., Castillo, D., Herzog, J., Gray, S. W.,
& Weitzel, J. N. (2018). Prospective study of cancer genetic vari-
ants: Variation in rate of reclassification by ancestry. Journal of the
National Cancer Institute, 110, 1059-1066. https://doi.org/10.1093/
jnci/djy027

Solomons, N. M., Lamb, A. E., Lucas, F. L., McDonald, E. F., & Miesfeldt, F.
(2018). Examination of the patient focused impact of cancer telege-
netics among a rural population: Comparison with traditional in-per-
son services. Telemedicine and e-Health, 2, 130-138.

Statement of the American Society of Clinical Oncology. (1996). Genetic
testing for cancer susceptibility. Journal of Clinical Oncology, 14,
1730-1736.

Stoll, J., Rosenthal, E., Cummings, S., Willmott, J., Bernhisel, R., & Kupfer,
S. (2020). No evidence of increased risk of breast cancer in women
with Lynch syndrome identified by multigene panel testing. Journal of
Clinical Oncology Precision Oncology, 4, 51-60.

Swisher, E. M., Lin, K. K., Oza, A. M., Scott, C. L., Giordano, H., Sun,
J., Konecny, G. E., Coleman, R. L., Tinker, A. V., O'Malley, D. M., &
Kristeleit, R. S. (2017). Rucaparib in relapsed, platinum-sensitive
high-grade ovarian carcinoma (ARIEL2 Part 1): An international, mul-
ticentre, open label, phase 2 trial. The Lancet Oncology, 18(1), 75-87.

Swisher, E. M., Rayes, N., Bowen, D., Peterson, C. B., Coffin, T., Norquist,
B. et al (2020). Results from MAGENTA: A national randomized


https://doi.org/10.1056/NEJMoa1603144
https://doi.org/10.1056/NEJMoa1603144
https://doi.org/10.1007/s10549-020-05543-3
https://doi.org/10.1007/s10549-020-05543-3
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1016/j.cancergen.2015.12.013
https://doi.org/10.1007/s10897-011-9462-x
https://doi.org/10.1038/gim.2017.254
https://doi.org/10.1200/JCO.2014.56.0474
https://doi.org/10.1200/JCO.2014.56.0474
https://doi.org/10.1200/JCO.2015.63.0996
https://doi.org/10.1200/JCO.2015.63.0996
https://doi.org/10.1056/NEJMcp071286
https://doi.org/10.1200/JCO.2009.27.0660
https://doi.org/10.1200/JCO.2009.27.0660
https://doi.org/10.1016/j.cancergen.2017.09.003
https://doi.org/10.1093/jnci/djx159
https://doi.org/10.1001/jamaoncol.2015.5208
https://doi.org/10.1001/jamaoncol.2015.5208
https://doi.org/10.1158/1078-0432.CCR-16-0015
https://doi.org/10.1158/1078-0432.CCR-16-0015
https://www.sgo.org/newsroom/position-statements-2/genetic-testing-for-gynecologic-cancer/
https://www.sgo.org/newsroom/position-statements-2/genetic-testing-for-gynecologic-cancer/
https://doi.org/10.1007/s00439-017-1845-0
https://doi.org/10.1007/s00439-017-1845-0
https://doi.org/10.1093/jnci/djy027
https://doi.org/10.1093/jnci/djy027

BERLINER ET AL.

National Society of P

360 Genetic (<]

WILEY—Counselors
four-arm noninferiority trial evaluating pre- and post-test genetic
counseling during online testing for breast and ovarian cancer ge-
netic risk. Journal of Clinical Oncology, 38(15_suppl), 1506.

Thorlacius, S., Sigurdsson, S., Bjarnadottir, H., Olafsdottir, G., Jonasson,
J. G., Tryggvadottir, L., Tulinius, H., & Eyfjord, J. E. (1997). Study of a
single BRCA2 mutation with high carrier frequency in a small popula-
tion. American Journal of Human Genetics, 60, 1079-1084.

Tung, N., Battelli, C., Allen, B., Kaldate, R., Bhatnagar, S., Bowles, K.
et al (2015). Frequency of mutations in individuals with breast cancer
referred for BRCA1 and BRCA2 testing using next-generation se-
quencing with a 25-Gene panel. Cancer, 121, 25-33.

Tung, N. M., Boughey, J. C., Pierce, L. J., Robson, M. E., Bedrosian, I.,
Dietz, J. R. et al (2020). Management of hereditary breast cancer:
American society of clinical oncology, American society for radia-
tion oncology, and society of surgical oncology guideline. Journal of
Clinical Oncology, 38(18), 2080-2106.

Tung, N., Lin, N. U, Kidd, J., Allen, B. A., Singh, N., Wenstrup, R. J.
et al (2016). Frequency of germline mutations in 25 cancer suscep-
tibility genes in a sequential series of patients with breast cancer.
Journal of Clinical Oncology, 34, 1460-1468.

Tyrer, J., Duffy, S. W., & Cuzick, J. (2004). A breast cancer prediction
model incorporating familial and personal risk factors. Statistics in
Medicine, 23, 1111-1130. https://doi.org/10.1002/sim.1668

US FDA. FDA approves olaparib tablets for maintenance treatment in
ovarian cancer. Retrived from: https://www.fda.gov/Drugs/Infor
mationOnDrugs/ApprovedDrugs/ucm572143.htm. Accessed 25 Jan
2018

US FDA. FDA approves first treatment for breast cancer with a certain
inherited genetic Mutation. Retrieved from: https://www.fda.gov/
NewsEvents/Newsroom/PressAnnouncements/ucm592347.htm.
Accessed 25 Jan 2018

USPSTF Final Recommendation Statement. (2013). BRCA-Related
Cancer: Risk Assessment, Genetic Counseling, and Genetic Testing.
Retrieved from https://www.uspreventiveservicestaskforce.org/
Page/Document/RecommendationStatementFinal/brca-related-
cancer-risk-assessment-genetic-counseling-and-genetic-testing (ac-
cessed 21 secember 2017)

van Asperen, C. J,, Brohet, R. M., Meijers-Heijboer, E. J., Hoogerbrugge, N.,
Verhoef, S., Vasen, H. F. et al (2005). Netherlands Collaborative Group
on Hereditary Breast Cancer (HEBON). Cancer risks in BRCA2 fami-
lies: Estimates for sites other than breast and ovary. Journal of Medical
Genetics, 42, 711-719. https://doi.org/10.1136/jmg.2004.028829

vander Kolk, D. M., de Bock, G. H., Leegte, B. K., Schaapveld, M., Mourits,
M. J. E.,, de Vries, J. de Vries, J., van der Hout, A. H., & Oosterwijk,
J. C. (2010). Penetrance of breast cancer, ovarian cancer and con-
tralateral breast cancer in BRCA1 and BRCA2 families: High cancer
incidence at older age. Breast Cancer Research and Treatment, 124,
643-651. https://doi.org/10.1007/s10549-010-0805-3

Vetter, M. H., & Hays, J. L. (2018). Use of targeted therapeutics in epi-
thelial ovarian cancer: A review of current literature and future direc-
tions. Clinical Therapeutics, 40, 361-371. https://doi.org/10.1016/j.
clinthera.2018.01.012

Walsh, M. F., Chang, V. Y., Kohlmann, W. K., Scott, H. S., Cunniff, C.,
Bourdeaut, F., Molenaar, J. J., Porter, C. C., Sandlund, J. T,, Plon, S. E.,
Wang, L. L., & Savage, S. A. (2017). Recommendations for childhood
cancer screening and surveillance in DNA repair disorders. Clinical
Cancer Research, 23, e23-e31. https://doi.org/10.1158/1078-0432.
CCR-17-0465

Walsh, T., Casadei, S., Lee, M. K., Pennil, C. C., Nord, A. S., Thornton,
A. M., Roeb, W., Agnew, K. J., Stray, S. M., Wickramanayake, A.,
Norquist, B., Pennington, K. P., Garcia, R. L., King, M.-C., & Swisher,
E. M. (2011). Mutations in 12 genes for inherited ovarian, fallopian

tube, and peritoneal carcinoma identified by massively parallel se-
quencing. Proceeding of the National Academy of Science USA, 108,
18032-18037. https://doi.org/10.1073/pnas.1115052108

Warwick, J., Birke, H., Stone, J., Warren, R. M. L., Pinney, E., Brentnall,
A. R., Duffy, S. W., Howell, A., & Cuzick, J. (2014). Mammographic
breast density refines Tyrer-Cuzick estimates of breast cancer risk in
high-risk women: Findings from the placebo arm of the International
Breast Cancer Intervention Study |. Breast Cancer Research, 16, 451.
https://doi.org/10.1186/s13058-014-0451-5

Welch, B. M., Wiley, K., Pflieger, L., Achiangia, R., Baker, K., Hughes-
Halbert, C., Morrison, H., Schiffman, J., & Doerr, M. (2018). Review
and Comparison of Electronic Patient-Facing Family Health History
Tools. Journal of Genetic Counseling, 27(2), 381-391. https://doi.
org/10.1007/s10897-018-0235-7

Wimmer, K., Kratz, C. P., Vasen, H. F. A., Caron, O, Colas, C., Entz-Werle,
N., Gerdes, A.-M., Goldberg, Y., llencikova, D., Muleris, M., Duval,
A., Lavoine, N., Ruiz-Ponte, C., Slavc, I., Burkhardt, B., & Brugieres,
L. (2014). Diagnostic criteria for constitutional mismatch repair de-
ficiency syndrome: Suggestions of the European consortium ‘care
for CMMRD’ (C4CMMRD). Journal of Medical Genetics, 51, 355-365.
https://doi.org/10.1136/jmedgenet-2014-102284

Wolf, S. M., Lawrenz, F. P, Nelson, C. A, Kahn, J. P., Cho, M. K., Clayton, E.
W., Fletcher, J. G., Georgieff, M. K., Hammerschmidt, D., Hudson, K.,
llles, J., Kapur, V., Keane, M. A., Koenig, B. A., LeRoy, B. S., McFarland,
E. G, Paradise, J., Parker, L. S., Terry, S. F., ... Wilfond, B. S. (2008).
Managing incidental findings in human subjects research: Analysis
and recommendations. Journal of Law Medical Ethics, 36, 219-248.
https://doi.org/10.1111/j.1748-720X.2008.00266.x

Yanes, T., Young, M. A., Meiser, B., & James, P. A. (2020). Clinical applica-
tions of polygenic breast cancer risk: A critical review and perspec-
tives of an emerging field. Breast Cancer Research, 22(1), 21. https://
doi.org/10.1186/s13058-020-01260-3

Yurgelun, M. B., Allen, B., Kaldate, R. R., Bowles, K. R., Judkins, T., Kaushik,
P., Roa, B. B., Wenstrup, R. J., Hartman, A.-R., & Syngal, S. (2015).
Identification of a variety of mutations in cancer predisposition
genes in patients with suspected Lynch syndrome. Gastroenterology,
149, 604-613. https://doi.org/10.1053/j.gastro.2015.05.006

Zhang, J., Walsh, M. F., Wu, G., Edmonson, M. N., Gruber, T. A., Easton,
J., Hedges, D., Ma, X., Zhou, X., Yergeau, D. A., Wilkinson, M. R,,
Vadodaria, B., Chen, X., McGee, R. B., Hines-Dowell, S., Nuccio,
R., Quinn, E., Shurtleff, S. A., Rusch, M., ... Downing, J. R. (2015).
Germline mutations in predisposition genes in pediatric cancer.
New England Journal of Medicine, 373, 2336-2346. https://doi.
org/10.1056/NEJMo0a1508054

Zheng, Y., Walsh, T., Gulsuner, S., Casadei, S., Lee, M. K., Ogundiran,
T. O., Ademola, A., Falusi, A. G., Adebamowo, C. A., Oluwasola,
A. O., Adeoye, A., Odetunde, A., Babalola, C. P.,, Ojengbede, O.
A., Odedina, S., Anetor, |, Wang, S., Huo, D., Yoshimatsu, T. F,, ...
Olopade, O. I. (2018). Inherited breast cancer in Nigerian women.
Journal of Clinical Oncology, 36, 2820-2825. https://doi.org/10.1200/
JCO.2018.78.3977

How to cite this article: Berliner JL, Cummings SA, Boldt
Burnett B, Ricker CN. Risk assessment and genetic counseling
for hereditary breast and ovarian cancer syndromes—Practice
resource of the National Society of Genetic Counselors. J
Genet Couns. 2021;30:342-360. https://doi.org/10.1002/

jgc4.1374



https://doi.org/10.1002/sim.1668
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm572143.htm
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm572143.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm592347.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm592347.htm
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/brca-related-cancer-risk-assessment-genetic-counseling-and-genetic-testing
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/brca-related-cancer-risk-assessment-genetic-counseling-and-genetic-testing
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/brca-related-cancer-risk-assessment-genetic-counseling-and-genetic-testing
https://doi.org/10.1136/jmg.2004.028829
https://doi.org/10.1007/s10549-010-0805-3
https://doi.org/10.1016/j.clinthera.2018.01.012
https://doi.org/10.1016/j.clinthera.2018.01.012
https://doi.org/10.1158/1078-0432.CCR-17-0465
https://doi.org/10.1158/1078-0432.CCR-17-0465
https://doi.org/10.1073/pnas.1115052108
https://doi.org/10.1186/s13058-014-0451-5
https://doi.org/10.1007/s10897-018-0235-7
https://doi.org/10.1007/s10897-018-0235-7
https://doi.org/10.1136/jmedgenet-2014-102284
https://doi.org/10.1111/j.1748-720X.2008.00266.x
https://doi.org/10.1186/s13058-020-01260-3
https://doi.org/10.1186/s13058-020-01260-3
https://doi.org/10.1053/j.gastro.2015.05.006
https://doi.org/10.1056/NEJMoa1508054
https://doi.org/10.1056/NEJMoa1508054
https://doi.org/10.1200/JCO.2018.78.3977
https://doi.org/10.1200/JCO.2018.78.3977
https://doi.org/10.1002/jgc4.1374
https://doi.org/10.1002/jgc4.1374

