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Abstract

Personalization of care through precision medicine and, more specifically, genetic testing is 

altering the management of breast cancer. Genetic testing is currently employed in germline and 

tumor testing, each providing distinct data to guide management. Germline testing supports more 

accurate risk evaluation to inform screening and risk reducing medical and surgical strategies. 

Tumor testing can inform cancer recurrence risk assessment and cancer treatment options. We 

review how genetic evaluation informs treatment and potential risks for a patient with breast 

cancer and the patient’s family. Hereditary cancer genetic testing of family members should 

include a discussion of the potential results, adverse effects, clinical management options, 

insurance coverage for testing, and address any concerns about privacy or discrimination with 

patients. Genetic professionals are available to assist with educating, testing, and managing 

patients with increased cancer risk.

Introduction

The following hypothetical patient presents with several clinical issues and questions 

common in routine practice. She is a 47-year old Ashkenazi Jewish woman who was 

recently diagnosed with a 0.9 cm estrogen receptor (ER)/progesterone receptor (PR)-

positive, human epidermal growth factor receptor (HER2)-negative unilateral breast cancer 

with no lymph node involvement who presents to her internist with questions regarding how 

genetic testing fits into her care and what it means for her family. She has a family history of 

breast cancer in both her paternal aunts although no one in her family has ever been 

genetically tested. She is trying to make treatment decisions about surgery, radiation, and 

chemotherapy, and is worried about the future risk of cancer for her two daughters. She had 

heard about hereditary cancer genetic testing but did not think her paternal family history 

was relevant. Now that she has been diagnosed with cancer, she wants to learn about what 

genetic testing can do to inform her management decisions for herself and her family.
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The general population has become more literate about cancer genetics due to extensive 

media and popular culture coverage. Nonetheless, misunderstandings about what genetic 

testing can and cannot do persist, and barriers to genetic testing still exist and include an 

insufficient genetic workforce, lack of knowledge about genetic services, and lack of 

recognition of patient risk factors (1).

Furthermore, changes in the landscape of genetic testing require that clinicians are informed 

to educate and counsel patients. Advances in cancer treatment and prevention in the past 

decades have been improved by the introduction of next generation sequencing of both the 

tumor for somatic mutations and the blood for germline mutations. Somatic mutations are 

mutations that arise after conception and are not heritable. Germline mutations are present in 

all cells in the body and are heritable and can be passed onto offspring. The decreasing cost 

of testing with the availability of next generation sequencing and the elimination of gene 

patents have increased the options for cancer genetic testing including some limited direct-

to-consumer options for germline testing. As a result, genetic testing and tumor sequencing 

are accessible to more individuals, at times leaving clinicians to provide genetic education 

and counselling. We will provide an overview of the role of precision medicine in breast 

cancer management since breast cancer is a common cancer among women.

Tumor genetic testing and impact on management

The patient asks about the next steps in her management and how genetic testing of the 

tumor should be incorporated into her care. She was told that decisions regarding adjuvant 

chemotherapy should consider tumor size, grade, characteristics, and lymph node 

involvement.

Genetic testing in cancer is a term used loosely and should be clarified. The neoplastic 

process is driven by somatic mutations that lead to uncontrolled cell growth and metastases. 

Genetic testing can be performed on the tumor to detect somatic mutations or as gene 

expression or on a blood or saliva sample to sequence and assess the germline or heritable 

genetic factors. Gene expression profiling is currently widely used and is an integral part of 

recommended management for breast cancer (2). Gene expression profiling quantifies the 

level of gene expression, and this profile can provide information about the tumor 

characteristics, prognosis and risk of recurrence. Tumor sequencing detects both driver 

mutations that drive oncogenesis and passenger mutations that are a byproduct of increased 

mutations rates but do not drive oncogenesis (3). Identifying somatic mutations in the tumor 

may be used in the future to select treatments based upon molecular characteristics of the 

tumor.

In our patient, staging is first considered. For stage 1 breast tumors, the prognosis is 

generally good, but approximately 13% of T1N0 (no nodal involvement) and 20% of T1N1 

(1–3 nodes involved) cancers will recur even after 5 years of hormonal therapy, of which 20–

30% will metastasize and may then be lethal (4). Breast tumors are routinely pathologically 

evaluated by immunohistochemical (IHC) staining for the presence of estrogen receptor 

(ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) 
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overexpression. This information is used to make treatment decisions about hormonal and 

HER2-targeted therapy (5).

Characterizing the tumor’s gene expression profile allows for risk stratification for 

recurrence. Multigene expression assays are currently used in the care of 34.4% of women 

with breast cancer in the US and are used to assess the benefit of adjuvant chemotherapy for 

early stage breast cancer (6). For instance, a 21-gene expression assay calculates a 

recurrence score (RS) for patients with node negative ER/PR positive disease to assist in 

deciding chemotherapy use based upon risk of recurrence. The RS ranges from 0–100. 

Sparano et al. demonstrated that in patients with ER/PR-positive, HER2-negative, node-

negative cancers and low to intermediate RS, endocrine therapy was not inferior to 

combination chemoendocrine therapy, thus saving many patients from side effects and 

burden of chemotherapy (7). The evidence reviewed by the American Society of Clinical 

Oncology has demonstrated clinical utility for the Oncotype DX 21-gene expression assay 

(2). Based upon this evidence the patient elects to have tumor expression profiling and is 

found to have a low RS and decides not to pursue adjuvant chemotherapy.

While not relevant to this patient because treatment recommendations are straightforward, 

the National Cancer Institute has created the Molecular Analysis for Therapy Choice (NCI-

MATCH) trial which is exploring the effectiveness of systemic treatment based on genetic 

variations (8). Patients who have failed standard treatments or who have rare cancers with no 

standard of care are eligible. Actionable genes related to breast cancer that are included in 

the study are HER2 amplification, PTEN, PIK3CA, c-KIT, and mTOR. As new therapies 

emerge, they are being added to the trial. Growing insight into driver mutations and their 

pharmacologic treatment may lead to new therapeutic options. However, the yield of somatic 

tumor testing for breast cancer is low but still under research.

The patient asks about the limitations of tumor sampling. One limitation to genetic profiling 

of tumors is intra-tumor heterogeneity. Tumors are heterogeneous and constantly evolving, 

and distinct sub-populations of cells exist within the tumor. Clonal lines can continue to 

evolve as new mutations are acquired over time. There are unavoidable sampling issues that 

arise when obtaining a biopsy or analyzing a small part of the tumor. It is possible that the 

part of the tumor tested will not include all cell clones or sufficient numbers of cells with the 

greatest metastatic potential. These limitations of sampling may lead to undertreatment. 

Sampling multiple parts of the tumor is used to minimize the risk of sampling errors.

In summary, molecular analysis of the tumor can provide data to guide which patients are 

more likely to benefit from systemic chemotherapy, as well as targeted therapies. The 

patient’s tumor was evaluated and found to have a low recurrence risk score and therefore 

our patient decided against adjuvant chemotherapy.

Germline testing and impact on management

The patient has concerns about the risk of breast cancer for her daughters given her own 

cancer history. She is also concerned that she could be at risk for another cancer in the 

future. Recently, germline genetic panels have been included in breast cancer staging. 
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Germline genetic testing is utilized for the detection of heritable mutations that increase 

susceptibility to cancers and can help make treatment decisions for this breast cancer while 

considering the risk of a future independent primary breast or other cancer (Table 1, Figure 

1). Germline testing can impact management of breast cancer. For instance, the utility of 

germline testing in the setting of HER2-negative breast cancer has yielded therapeutic 

benefits. One such novel therapy is for the treatment of patients with HER2-negative breast 

cancer and germline BRCA1/2 mutations (2). Poly ADP ribose polymerase (PARP) 

inhibitors can be used to treat breast, ovarian, fallopian tube, primary peritoneal cancers, 

metastatic pancreatic, and prostate cancer, and are based upon the aberrant DNA repair of 

BRCA1/2 cancers (2,9,10).

Some of the most common genes for high risk of hereditary breast cancer include BRCA1, 
BRCA2, TP53, and PTEN are considered to be high risk genes for the development of breast 

cancer. All of these genes are autosomal dominantly inherited, and first-degree relatives of 

individuals who carry a mutation are at 50% chance of carrying the same mutation. There 

are other genes that confer more modest risk such as ATM, CDH1, CHEK2, NF1, and 

PALB2. The treatment implications for individuals who carry mutations in these genes are 

summarized in Table 1. Prior to 2011, many women with breast cancer were tested for only 

BRCA1/2, but hereditary genetic testing panels for 5–50 genes are now readily available. 

With the expansion of germline testing and the efficacy of risk reducing measures, long-term 

survivors previously only screened for BRCA1/2 may want to return to update their genetic 

testing. Ultimately, selection of the number of genes to test should be guided by the family 

history and the amount of information sought by the patient and family and the comfort with 

ambiguous results if variants of uncertain significance are identified. Genetic counselors 

with expertise in cancer genetics can be helpful in educating and counseling patients about 

available genetic testing options. Simplified criteria for which patients should be offered 

hereditary breast cancer genetic testing are presented in table 2.

The patient is an Ashkenazi Jewish woman with a breast cancer before age 50, so she meets 

NCCN criteria, and her insurance will therefore cover germline testing for a panel of 

hereditary cancer genes. Insurance coverage of genetic testing varies by insurance company; 

however, insurers will cover testing for women who meet the NCCN criteria for testing and 

some may have more generous criteria. Some insurers only cover cancer genetic testing once 

in a lifetime, and this should be considered when choosing an appropriate test panel. 

Medicare only covers genetic testing for individuals with a personal history of breast cancer 

(16).

Beyond insurance coverage, numerous other factors should be considered in the selection of 

testing services, such as experience of the laboratory, volume of testing, turnaround time, 

number of genes analyzed and types of mutations detected, options for specimen type 

(saliva/cheek swab or blood), accuracy of variant interpretation, transparency of variant 

interpretation, understandable test reports, free testing of family members to resolve variants 

of uncertain significance, insurance preauthorization services, and patient out-of-pocket 

costs.
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Variants identified in genetic tests are classified into one of five categories: pathogenic; 

likely pathogenic; variant of unknown significance (VUS); likely benign; or benign. As the 

number of genes for which a patient is tested increases with larger and larger panels, the 

probability of identifying one or more VUS increases (17). Most VUS will eventually be 

reclassified as benign or likely benign over time; however, VUS have been found to increase 

anxiety in patients and to be a source of uncertainty for clinicians (18,19). Patients with 

VUSs and no personal history of cancer but with a family history of breast cancer are more 

likely to elect bilateral prophylactic mastectomies even though most VUS are likely to be 

benign (20). Pretest genetic counseling should include discussion of the risk of identifying 

VUSs and the associated uncertainty that increases anxiety in some individuals. Clinicians 

should also consider referring patients who have VUS to a genetic specialist to help with 

further variant interpretation, familial segregation studies, and/or to participate in research 

studies to assess the impact of the variant.

Interpretation of genetic variants can vary between laboratories. ClinVar (https://

www.ncbi.nlm.nih.gov/clinvar/) is a central database of variants and their clinical 

interpretation and is maintained by the National Center for Biotechnology Information 

(NCBI) and is a central dynamic resource for variant interpretation. ClinVar is an open 

access resource that can be accessed by providers and patients to reassess additional data 

about VUS over time. These variants are reclassified as more data become available. Good 

laboratories will also notify the ordering provider as VUS are reclassified over time.

Unfortunately, it is common for women with a family history of breast cancer to be tested 

for germline mutations only after diagnosis and surgery for cancer, as in the case of this 

patient (21). The patient has germline testing, and a BRCA2 6174delT is identified. This 

mutation is one of the three common BRCA1/2 founder mutations found in the Ashkenazi 

Jewish population. The results are clear, and there is no difficulty with variant interpretation. 

There is an increased prevalence of mutations in certain populations due to specific founder 

mutations (limited genetic diversity due to a single founder from whom the mutation was 

inherited). In the Ashkenazi Jewish population there is a 1/40 prevalence of a carrying one of 

three BRCA1/2 mutations (22).

Based upon the 10.8% risk of a future independent primary breast cancer in the next 10 

years and 62% by the age of 70 for patients with BRCA2 mutations, the patient decides to 

have a bilateral mastectomy (19). Bilateral mastectomy does not completely eliminate risk 

of breast cancer but significantly reduces risk (2). Additionally, due to the 16.5–27% risk of 

ovarian cancer in patients with BRCA2 mutations and her post-menopausal status, she also 

decides to have a prophylactic bilateral salpingo-oophorectomy (23). She also understands 

that BRCA2 mutations are inherited in an autosomal dominant fashion and that each of her 

children has a 50% chance to have inherited her BRCA2 mutation. Her daughters are only 

19 and 25 years old, and she wonders when they should start to consider their cancer risk.

For women without breast cancer but concerned about their risk of cancer based upon their 

family history of cancer, testing should ideally be performed first on a person in the family 

with cancer (such as our patient) to determine if the cancer was due to a hereditary cause. 

The choice of if and when to perform genetic testing must be evaluated holistically based 
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upon the preferences of the patient, their life stage, and how they will use the information. 

Genetic counselors can play an important role in educating and counseling patients about 

genetic testing and provide educational and emotional support through the process. 

Although some patients raise concerns about genetic discrimination, the Genetic Information 

Nondiscrimination Act (GINA) protects against discrimination for health insurance or 

employment but does not protect rights to life insurance or disability insurance (24).

After meeting with a cancer genetic counselor, the patient’s older daughter decides to get 

testing now while the younger daughter decides to wait because she would not do anything 

differently at age 19. The older daughter’s test shows that she inherited the BRCA2 mutation 

and is recommended to start annual magnetic resonance imaging (MRI) screening with 

contrast until the age of 30, when yearly mammograms will be recommended. She is also 

advised to receive a clinical breast exam every 6–12 months, and she is taught how to 

conduct self-breast exams. She decides to start oral contraceptives which can reduce her risk 

of ovarian cancer by up to 40% (25).

Summary

Following her treatment and bilateral mastectomy and prophylactic salpingo-oophorectomy, 

the patient feels she was empowered to make decisions to keep herself cancer free. She has 

some feelings of guilt about her 25-year-old daughter’s results, but feels she is a good 

example about how she can live well despite increased cancer risks.

As presented above, this patient’s treatment and management were affected by the ability to 

personalize her care and the care of her family through tumor and germline genetic testing. 

Genetic testing offers new opportunities to improve screening, prevention, early detection, 

and therapy for breast and other cancers. As the field continues to develop, improved 

understanding of heterogeneity across tumors with improved molecular profiling of cancer 

and more data on treatment and outcomes may facilitate advancements toward more specific 

and improved therapies that are more effective and less toxic. Additionally, as the cost 

decreases and interpretive ability improves, the clinical utility of population screening for 

germline cancer risk will be evaluated.
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Box 1

Summary

• Germline genetic testing results can inform cancer care for patients with 

breast cancer and other cancers by identifying patients with heritable 

contributions that impact cancer management and future cancer risk for 

second primaries.

• Genetic analysis of tumors provides data about cancer drivers and tumor 

characteristics that can inform therapy selection and clinical trial 

opportunities.

• Germline cancer genetic testing for patients with a family history of cancer 

can stratify level of risk across the lifespan and define types of cancers for 

which there is increased risk to guide cancer surveillance strategies and risk 

reducing strategies.

• Genetic counselors and other professionals with expertise in cancer genetics 

can be helpful in facilitating appropriate genetic testing and care of patients 

with hereditary cancer syndromes.
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Figure 1: 
Utility of genetic testing on breast cancer management. Germline testing involves evaluating 

the genetic information of non-tumor origin as compared to tumor sequencing, which 

sequencing genetic variation and driver mutations within tumor tissue. Genetic testing and a 

female without breast cancer with a family history of breast cancer is ideally performed after 

the family member with breast cancer has had genetic testing. By doing so, it can be 

determined whether the cause of the breast cancer in the family is due to an identifiable 

genetic cause. If the genetic cause of the breast cancer in the family is known, a normal 

genetic test results in an unaffected family member is considered informative and 

significantly decreases the risk of breast cancer to population-based risk. When genetic test 

results on the affected family member are not available, genetic testing may start with the 

female without breast cancer. Normal genetic test results in an unaffected woman without 

genetic test results in an affected family member are considered uninformative since the 

genetic cause and the family is not known definitively. These normal results eliminate some 

but not all genetic causes of breast cancer since we do not yet know all of the genes 

contributing to breast cancer. Therefore, screening recommendations are based upon family 

history for women with uninformative genetic test results. Abbreviations: PARPi = poly 

ADP ribose polymerase inhibitors.
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