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Abstract
Breast cancer is the most common cancer diagnosed in women worldwide, with approximately 5–10% of cases attributed 
to high penetrance hereditary breast cancer (HBC) genes. The tremendous advances in precision oncology have broadened 
indications for germline genetic testing to guide both systemic and surgical treatment, with increasing demand for cancer 
genetic services. The HBC continuum of care includes (1) identification, access, and uptake of genetic counseling and test-
ing; (2) the delivery of genetic counseling and testing services; and (3) initiation of guideline-adherent follow-up care and 
family communication of results. Challenges to delivering care on the HBC care continuum include factors such as access 
to services, cost, discrimination and bias, and lack of education and awareness, which can be mitigated through implement-
ing a multi-level approach. This includes strategies such as increasing awareness and utilization of genetic counseling and 
testing, developing new methods to meet the growing demand for genetic services, and improving the uptake of follow-up 
care by increasing patient and provider awareness of the management recommendations.
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Introduction

Breast cancer is the most common cancer diagnosed in 
women worldwide, with high penetrance inherited cancer 
predisposing genes accounting for approximately 5–10% of 
cases [1, 2]. An additional 20% of cases are thought to be 
familial; thus, they not attributable to a single inherited high 
penetrance gene and include additional genetic contributors 

including moderate penetrance genes and polygenic inherit-
ance [3–5]. The indications to test for hereditary breast can-
cer (HBC) have expanded to encompass testing to guide can-
cer treatment which in turn has further increased the demand 
for breast cancer risk assessment and testing services.

Breast cancer risk spans a continuum. Although no 
standard definition currently exists, for the purposes of this 
paper, genes considered to be highly penetrant are defined 
as > 4-fold risk (and generally 10–20 fold risk) and those 
considered moderately penetrant have a 2–4-fold risk of can-
cer [6, 7]. Prior studies suggest that the majority of HBC 
genes are attributed to the BRCA1 and BRCA2 (BRCA​) [8]. 
There are also “non-BRCA​” inherited breast cancer genes 
which include both high (e.g., PALB2, TP53, PTEN, and 
CDH1) [9] and moderate (e.g., ATM and CHEK2) pen-
etrance genes [7]. Additionally, there are single nucleotide 
polymorphisms (SNPs) identified within or outside of genes, 
which individually impart < 2-fold risk, considered as ‘low 
penetrance’ [7], which in combination may be used to gener-
ate a polygenic risk score (PRS).
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Delivery of hereditary breast cancer services 
across the care continuum

The delivery of services focused on HBC may be considered 
through the lens of a ‘care delivery continuum’ (as outlined 
in Fig. 1). This continuum includes (1) identification, access, 
and uptake of genetic counseling and testing; (2) the delivery 
of genetic counseling and testing services; and (3) initiation 
of guideline-adherent follow-up care and family communi-
cation of results, upon completion of risk assessment and 
testing.

Identification of individuals at risk for HBC

Identification of individuals with pathogenic or likely patho-
genic (P/LP) variants in an HBC gene (often referred to as 
‘gene carriers’) offers an opportunity to manage patients at 
increased risk for cancer through early detection, chemopre-
vention, and risk-reducing surgeries (Fig. 2) [10]. For exam-
ple, individuals with a BRCA​ P/LP variant have a 60–70% 
lifetime risk of developing breast cancer [11], up to a 50% 
risk of developing a second primary breast cancer [12], and 
up to a 44% lifetime risk of developing ovarian cancer [11, 
12]. Thus, identification of a P/LP variant in a HBC gene 
informs cancer risks, which then guides cancer risk manage-
ment (as outlined in Fig. 2). Analogous to the BRCA​ genes, 

other HBC genes have specific ranges of lifetime cancer 
risks and corresponding management recommendations to 
mitigate these elevated risks [7]. Yet, despite meeting the 
national guidelines for genetic testing referral, few patients 
with breast cancer who meet guideline criteria for HBC test-
ing are actually tested, with even lower rates among minor-
ity, rural, and underserved populations [2, 13–23]. Relatively 
higher genetic testing rates at academic centers [24, 25] 
are not reflective of the much lower national testing rates 
reported through administrative databases and registries 
[14, 18, 20]. In fact, a recent study based on national claims 
data reported that genetic testing rates were less than 20% 
in patients with breast or ovarian cancer who met national 
criteria for testing [14].

Genetic counseling and testing

The traditional model for cancer genetic risk assessment 
services for women with breast cancer has involved a pre-
test genetic counseling session during which an evalua-
tion is done and informed consent for testing is obtained, 
followed by a post-test genetic counseling session, during 
which results are disclosed and interpreted in the context 
of the personal and family history [7, 26]. Multiple profes-
sional organizations endorse the importance of genetic coun-
seling in the context of genetic testing, with components 
of discussion items aligned across multiple professional 

Iden�fica�on,
Access, & Uptake
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Fig. 1   Care delivery continuum
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organizations, including the National Comprehensive Cancer 
Network (NCCN), National Society of Genetic Counselors 
(NSGC), American Society of Clinical Oncology (ASCO), 
and the Commission on Cancer/National Accreditation Pro-
gram for Breast Centers (CoC/NAPBC) [7, 26–28].

The plummeting cost of DNA sequencing in conjunc-
tion with expanding indications for genetic testing has led to 
increased demand for genetic services which has outpaced 
the supply of certified and credentialed genetics health pro-
fessionals (GHPs) to provide these services [29]. A recent 
survey of genetic counselors across specialties reported that 
54% perceived their current delivery model is inadequate to 
address the needs of their patients and 65% reported plans 
to change their model [30]. The national shortage of GHPs 
[31] coupled with limited access to GHPs in rural areas [32] 
and community oncology practices in many states [33] has 
resulted in the majority of genetic tests being ordered with-
out the inclusion of a GHP. In fact, we and others have previ-
ously reported that the minority of breast cancer patients are 
tested through a GHP [34, 35]. Similar to our findings which 
showed that only 20% of young breast cancer survivors had 
genetic testing services provided by a GHP [34], another 
study showed that approximately 21% of patients who 
received genetic testing reported that a genetic counselor 
ordered their genetic test [35]. Yet there are insurance poli-
cies which mandate pre-test genetic counseling be conducted 
with involvement of a GHP, which may disproportionately 
reduce genetic testing rates among minority and underserved 

populations who have decreased access to genetic services 
[36, 37].

Moreover, the increasing use and decreasing cost of next-
generation sequencing-based tests has shifted the paradigm 
toward use of multi-gene panel tests. This in turn has led to 
the option of testing for genes beyond the clinical indica-
tion based on personal or family history of cancer [38]; as 
well as inclusion of high and moderate penetrance genes, 
‘preliminary evidence’ genes with uncertain or unproven 
cancer associations, and single nucleotide polymorphisms 
(SNPs) identified through genome wide association stud-
ies (GWAS) to generate a PRS. Given that data to generate 
PRS are based on existing data in Caucasian populations, 
risk predictions are also limited to this population and not 
standardized across labs [39]. In fact, a recent study of 
breast cancer patients reported that PRS did not improve 
risk prediction among women of African ancestry compared 
to European ancestry [40]. Moreover, accuracy to predict 
disease risk using data generated primarily from European 
GWAS has been reported to be about a quarter among Black 
patients [41].

With increasing numbers of genes clinically available for 
testing through multi-gene panels, there has been an upsurge 
of testing for genes of uncertain clinical utility and genes 
that may not be clinically indicated based on personal or 
family history thereby raising the complexity of pre-test 
genetic counseling [27]. Alongside these developments, the 
traditional pre-test genetic counseling model has continued 
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Fig. 2   Hereditary breast cancer management
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to be refined for effective integration into clinical practice 
[27]. Furthermore, interpretation of results becomes increas-
ingly complex as broad germline panels are ordered, there 
is a need for recognition that “bigger is not always better”. 
In fact, current NCCN guidelines acknowledge that “not all 
genes included on available multi-gene tests are necessarily 
clinically actionable” [7]. Additionally, variant of uncertain 
significance (VUS) results, which become increasingly com-
mon as more genes are tested, have added another layer of 
complexity to the pre-test genetic counseling risk assess-
ment [42]. These uncertainties must be shared with patients 
as part of the process of informed consent for testing [29], 
recognizing that VUS results do not inform medical care and 
results should be interpreted similar to negative test results.

VUS results may present a complication for patients if not 
properly explained, and there is data to suggest significant 
gaps in both provider understanding and confidence to guide 
medical management patients with VUS results. A study 
based in the United Kingdom reported that 71% of provid-
ers expressed uncertainty about the clinical utility of BRCA​ 
VUS results and 39% did not know how to communicate 
results to patients with no family history [43]. Another regis-
try-based study of breast cancer survivors reported that 50% 
of average-risk breast cancer patients with a BRCA​ VUS 
underwent bilateral mastectomy, which highlights the lim-
ited understanding and interpretation of VUS results among 
some providers [35].

There are many factors to consider when ordering 
genetic testing for patients, given the variations in multi-
gene panel tests offered across laboratories, including: (1) 
multi-gene panel tests offered; (2) genes included on the 
various panels; (3) testing methodologies; (4) detection 
rates; and (5) additional offerings including RNA test-
ing and paired tumor/germline testing [44]. Furthermore, 
results interpretation vary across genetic testing labora-
tories due to different internal approaches to variant clas-
sification along with different sets of patient data. This 
can result in discrepant results where one lab may call a 
variant likely pathogenic, which would lead to changes 
in medical management, while another lab calls the exact 
same variant a VUS which typically would not alter medi-
cal management [45]. Moreover, even the terminology to 
classify results differs across labs, with some using the 
American College of Medical Genetics variant termi-
nology [46], while others use their own internal “home 
grown” terminology. Additionally, as data on specific 
variants become more robust, some labs are choosing to 
provide additional commentary beyond the typical “patho-
genic” or “VUS” classifications, such as “moderate risk 
variant”, “special interpretation”, or “carrier”. While 
this information is critical to include in the interpreta-
tion of test results, there is often a lack of differentia-
tion between two very different concepts: pathogenicity 

versus penetrance. While classification of pathogenicity 
is an indication of gene function (or dysfunction), pen-
etrance indicates level of cancer risks in the context of a 
P/LP variant. An example is the CHEK2 I157T variant. 
Most major labs agree that this variant is associated with 
lower cancer risks than other pathogenic CHEK2 muta-
tions, particularly the 1100delC variant. However, in the 
absence of any guiding recommendations, communication 
of this information varies with labs reporting it as: (1) 
a “Special Interpretation” comment (with an asterisk to 
a ‘see below’ comment for explanation); (2) “moderate 
risk mutation”; (3) “pathogenic (low penetrance) variant”; 
or (4) VUS. These disparate ways to document the same 
variant illustrating the challenges ahead as more robust 
genotype/phenotype data become available.

When performing testing through next-generation 
sequencing, it is important to recognize that variations larger 
than a few base pairs in size cannot readily be recognized 
across all testing platforms. Thus, most laboratories sup-
plement next-generation sequencing with additional tech-
niques to provide evaluation of larger, structural genomic 
mutations [29]. Additionally, some germline testing labs are 
now offering upfront RNA analysis in addition to their stand-
ard testing which has the potential to detect intronic patho-
genic mutations and clarify VUS’s up front so they are not 
reported (particularly splice variants) [47]. One study found 
that concurrent RNA analysis led to 1 in 43 patients having 
different medical management than standard testing [47].

Consequently, providers offering genetic testing services, 
as well as those who order the tests in the clinics as part 
of routine patient care, must be familiar with the different 
labs’ testing approaches to select the most appropriate lab for 
their patients’ genetic testing needs [29]. As more genes are 
tested for, the chance for detecting a VUS increases [48–50]. 
Additionally, the likelihood of finding a VUS with larger 
multi-gene cancer panels is even higher for racial and ethnic 
minority groups [49, 50], who may also have lower diagnos-
tic yield when compared to patients from European ancestry 
[51]. Standardizing the quality of genetic services provided 
to all racial and ethnic groups is of paramount importance 
as gene-based care expands.

Delivery of follow‑up care

The purpose of genetic testing is to provide personal genetic 
information to individuals, with the goal of improving out-
comes for individuals and their at-risk family members 
through cancer risk management, cancer treatment, and 
family communication of genetic test results (see Fig. 2). 
Appropriate delivery of follow-up care after genetic testing 
is critical, without which outcomes from genetic testing will 
not be improved.
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Cancer risk management

The identification of HBC may empower individuals and 
their families with options to detect cancers early or pre-
vent them [52–54]. In an effort to guide appropriate can-
cer risk management, a clinical validity framework has 
been developed through the Clinical Genome Resource 
(ClinGen) to classify genes based on the strength of evi-
dence for association to a particular disease into defini-
tive, strong, moderate, limited, disputed, or no reported 
evidence [55]. High and moderate penetrance genes are 
generally established to have an increased risk of HBC, 
in contrast to other genes with insufficient data to estab-
lish an association with breast cancer and penetrance [7]. 
Consequently, penetrance data in conjunction with clini-
cal utility inform risk management [56], and management 
recommendations are based on both lifetime breast cancer 
risks and age distribution of risks. For example, earlier age 
of breast cancer screening with breast MRI and considera-
tion of prophylactic surgery is advised for those with high 
penetrance HBC genes; in contrast, breast MRI at later 
ages is advised for those with moderate penetrance HBC 
genes with additional guidance based on family history 
and other modifying factors [7, 46, 57]. It is also impor-
tant that ‘preliminary evidence’ genes with unconfirmed 
or uncertain cancer risks on multi-gene panel tests, are not 
used to guide cancer risk surveillance and management 
[7]. Among female BRCA1/2 carriers, risk-reducing mas-
tectomy and risk-reducing salpingo-oophorectomy are two 
surgical options that reduce the risk of developing breast 
and ovarian cancer by ~ 90% [58]. While rates of contralat-
eral prophylactic mastectomy for breast cancer patients 
have increased [59], cancer risk management guidance is 
imperative to prevent over- or under-treatment.

We and others have previously shown overtreatment 
through risk-reducing surgeries among women with 
BRCA1/2 VUS results and moderate penetrance HBC 
genes [35, 60–62]. In fact, our recently published study 
showed that 52% of women with a ATM or CHEK2 P/LP 
variant had contralateral prophylactic mastectomies [60]. 
Similarly, 43% of non-BRCA​ carriers of a P/LP variant 
had bilateral mastectomies [61] and 10–15% of women 
with moderate penetrance or VUS results had prophylactic 
oophorectomies [62], which suggests potential overtreat-
ment. On the other hand, studies have also shown reduced 
uptake of cancer risk management strategies when indi-
cated, especially among minority groups [13]. In fact, we 
previously reported on the reduced uptake of risk-reduc-
ing salpingo-oophorectomy among young Black women 
with breast cancer, compared to Whites and Hispanics 
[13]. These studies highlight the importance of promot-
ing guideline-adherent, risk-appropriate gene-based care 
across all populations.

Cancer treatment

Identification of HBC may impact therapeutic options, 
including the expansion of genetic testing to guide eligi-
bility for specific drugs based on genetic test results [63]. 
For example, PARP inhibitors are now FDA approved for 
use among women with germline BRCA1/2 P/LP variants 
with high-risk, localized and metastatic HER2 breast cancer, 
after they were shown to improve breast cancer outcomes 
[63–65].

Family communication

In addition to the impact of identifying HBC on cancer risk 
management and treatment, this information may be shared 
with at-risk family members to identify those with P/LP 
variants in whom cancer risk management strategies may 
be implemented to improve outcomes [66, 67]. We have pre-
viously shown BRCA​ carriers are likely to disclose genetic 
test results with at least one relative [68], while women with 
P/LP variants in non-BRCA​ genes had lower rates of family 
sharing and family testing (i.e., cascade testing) [69]. In one 
study, 97% of BRCA​ carriers informed at least one relative, 
yet only 48% had cascade testing [70]. Without the iden-
tification of family members with P/LP variants (through 
cascade testing), the promise of cancer risk management 
strategies to improve outcomes cannot be realized. Further-
more, our prior study in young Black women with breast 
cancer showed lower rates of family disclosures [68], which 
is unfortunate given the implications for prevention and early 
detection in an already high-risk population.

Strategies to address increasing demand 
for inherited cancer services

Identification, access, & uptake

Barriers to identification of HBC carriers and access to 
care include cost, geographic access to services, potential 
provider discrimination and bias, and lack of patient and 
provider education and awareness (Fig. 3). A multi-level 
approach to address barriers to identification, access, and 
uptake relevant to genetic counseling and testing services 
includes increasing awareness and utilization of services 
through community outreach, as well as patient and provider 
education (Table 1).

Patient-level strategies to increase genetic counseling 
and testing uptake for breast cancer patients include 
increasing patient awareness of genetic testing and patient-
centered education tools tailored to meet the needs of a 
widely diverse patient population. Future work to better 
understand the patient experience, needs of patients during 
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genetic counseling and testing, patient-reported outcomes, 
and the barriers patients face in receiving genetic services 
is necessary.

Provider-level strategies include targeted education to 
improve overall proficiency in genetics across the healthcare 
workforce including nurses, advanced practice providers and 
physicians in internal medicine, and numerous specialty 
fields including radiology, surgery, and obstetrics/gynecol-
ogy. Educational provider tools might include in-person 

didactic learning presentations, webinars, printed education 
materials, and opportunities for feedback.

System-level approaches to improve uptake of genetic 
testing among appropriate breast cancer patients include 
the implementation of electronic health record (EHR) 
prompts, integrated risk assessment tools in the EHR, 
web-based screening applications and telehealth [71–75]. 
Technology-based solutions including efforts to identify 
and alert treating physicians through EHR prompts have 
shown promise to increase the number of appropriate 
referrals of cancer patients for genetic counseling [76].
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Fig. 3   Common barriers to cancer genetic services

Table 1   Strategies to address the increasing demand for inherited cancer services

GHP genetics health professional; HBC hereditary breast cancer; EHR electronic health record; ADM alternative delivery model; GCA​ genetic 
counseling assistant

Identification, access, & uptake Genetic counseling & testing Follow-up care

Patient Increase awareness and education Education on the benefits of genetic 
counseling/testing

Education on management implications

Provider Education on indications for testing Education on genetics services
Point-of-care testing (non-GHP)

Education on HBC management

System Prompts in EHR
EHR tools
Telehealth

Telehealth
ADMs – GCA​
Point-of-Care testing (non-GHP)

Automated real-time prompts in EHR
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Delivery of genetic counseling and genetic testing

To meet the demand for genetic services for HBC and over-
come barriers to providing appropriate, effective, and equi-
table services, multi-level solutions (Table 1) at the system, 
provider, and patient levels have been proposed. Point-of-
care genetic testing, defined as testing in the context of exist-
ing appointments and care through providers without formal 
training in genetics (i.e., non-GHP), is a model increasingly 
being used across clinics. As most hereditary cancer genetic 
counseling and testing is provided by non-GHPs, this model 
is supported through non-GHPs partnering with GHPs to 
provide decision support [77]. Furthermore, technology-
based solutions may be used to streamline pre-test genetic 
education, as we and others have previously reported on 
[78, 79], and is an example of an alternative delivery model 
(ADM) which has tremendous potential to increase through-
put and utilize the expertise of GHPs where they may have 
the most impact.

ADMs were developed to enable genetic counselors to 
work at the top of their scope of practice while improving 
access to their services, and various ADMs serve to solve 
different problems [80]. One ADM which can help lower 
wait times involves genetic counseling assistants (GCAs). 
GCAs can be used to complete administrative tasks and 
pre- and post-appointment activities that traditionally were 
completed by genetic counselors including family history 
collection/pedigrees, obtaining relevant records prior to con-
sult and in some models, result disclosure after genetic coun-
seling. This model has been found to increase patient volume 
and save costs per patient [81]. The goal of some ADMs is 
to reduce geographic and access barriers to patients receiv-
ing genetic counseling. In particular, the COVID-19 pan-
demic created barriers to many in-person medical services, 
including cancer genetics services. Studies of telephone 
genetic counseling related to BRCA​ testing found that it is 
non-inferior to in-person genetic counseling when cancer-
specific distress and genetic knowledge were measured [82]. 
Ultimately, there will not be one single solution to the vari-
ous challenges, but clinics are likely to use a combination 
of these models to improve and expand access to genetics 
services.

Follow‑up care

Strategies to increase the uptake of follow-up care include 
increasing patient and provider awareness of the manage-
ment recommendations. The integration of technology in 
the management of HBC has the potential to improve the 
follow-up care for patients by providing patients and provid-
ers with updates on changes in the management of HBC that 
are relevant to each patient. For example, there are digital 
health companies that provide personalized materials based 

on genetic test results to both patients and providers on up-
to-date HBC management options [83]. In addition, imple-
mentation of EHR prompts is a system-based tool that can be 
used to standardize and automate recommendations based on 
genetic test results. As a result of our prior work [69, 78, 84], 
we developed a public facing website (www.​genes​hare.​net) 
to provide tools and resources to enhance family communi-
cation of genetic test results. As a further extension of these 
efforts, we have secured funding to conduct a clinical trial to 
test interventions focused on guideline-adherent cancer risk 
management and family communication among those with 
inherited cancer predisposing genes (NCI U01CA254832).

Conclusion

Given the tremendous advancements in precision oncology, 
there is an increasing demand for cancer genetic services. 
There are, however, barriers to equitable access and uptake 
of cancer genetic services. Strategies focused on identifi-
cation of individuals at risk for HBC, delivery of genetic 
services, and appropriate follow-up care are paramount to 
improve the quality of care delivered to patients with HBC.
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