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Abstract

Background: Genetic evaluation and testing for hereditary breast and ovarian cancer (HBOC) 

remain suboptimal. We evaluated the feasibility of using a screening tool at a breast imaging 

center to increase HBOC assessment referrals.

Methods: We developed and added a brief questionnaire based on the National Comprehensive 

Cancer NetworkTM HBOC genetic counseling referral guidelines to the standard intake forms 

of patients undergoing mammography at a community breast imaging center from 2012 through 

2015. Patients who met the criteria in the guidelines were referred for genetic counseling.

Results: We screened 34,851 patients during the study period and found 1246 (4%) patients 

eligible for referral; 245 of these patients made a genetic counseling appointment, and 142 

patients received genetic counseling. 40 (28%) had a personal history of breast cancer but were 

not previously tested. Following counseling, we tested 105 patients for BRCA1/2. Eight (8%) 
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tested positive for a pathogenic mutation, and nine (9%) had a variant of unknown significance. 

Although they tested negative, many patients met criteria to add breast MRI to their screening due 

to greater than 20% lifetime breast cancer risk based on their family cancer history. Our study led 

to improved clinical risk management in 67% of the patients who underwent genetic counseling.

Conclusions: Our study shows that large-scale screening of patients for HBOC syndromes at 

time of breast imaging is practical and highly feasible. The screening tool identified women with 

actionable BRCA1/2 mutations and mutation-negative but high-risk women, leading to significant 

changes in their risk management; these women would otherwise have been missed.

Lay summary

Hereditary Breast and Ovarian Cancer (HBOC) caused by pathogenic mutations in breast cancer 

genes (BRCA1/ BRCA2) increase an individual’s lifetime risk of getting HBOC. Identifying 

these high-risk individuals and using proven preventive clinical risk management strategies can 

significantly reduce their lifetime risk of HBOC. Using an innovative family cancer history 

questionnaire, we screened 34,000 women at a community breast imaging center and provided 

genetic counseling and testing to eligible women from the screening. We identified several women 

at high risk for HBOC leading to positive clinical risk management changes. These women would 

have been missed if not for our intervention.

Precis

The study establishes a new methodology to screen women for Hereditary Breast and Ovarian 

Cancer. Through genetic counseling and BRCA gene testing, the study identifies women at-risk 

for HBOC and potentiates changes in their clinical risk management.
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INTRODUCTION

Up to 10% of all breast cancers are attributed to inherited genetic mutations, most 

commonly in BRCA1 and BRCA21, 2. Patients with a germline pathogenic BRCA1/2 
mutation have up to 70% lifetime risk of breast cancer and up to a 17– 45% lifetime 

risk of ovarian cancer, as well as increased lifetime risks for central gastrointestinal 

adenocarcinomas (e.g., pancreatic) and melanoma3, 4. Identifying cancer patients and their 

family members with pathogenic BRCA1/2 mutations can inform treatment options for 

patients, as well as risk management and prevention strategies. However, despite these 

known treatment and prevention benefits, studies have reported that less than 50% of 

individuals who would be appropriate potential candidates for BRCA1/2 genetic testing 

receive a referral for genetic counseling and testing5.

Screening for cancer family history is an essential and effective tool to identify women 

carrying BRCA1/2 mutations and is recommended as part of comprehensive patient care6. 

Evidenced-based recommendations from several organizations, including the US Preventive 

Services Task Force, suggest that women be referred for genetic counseling and evaluation 
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if their family history indicates an increased risk for BRCA1/2 mutations7. The American 

College of Obstetrics and Gynecology, American College of Medical Genetics, and National 

Comprehensive Cancer Network (NCCN) have all endorsed similar recommendations. Yet 

many mutations go undetected, and compliance with recommendations has been suboptimal; 

only 29–34% of eligible individuals are referred for genetic counseling and testing8–10. 

Primary care settings are poised to play a significant role in individualized risk assessment, 

given their focus on disease prevention and screening.

Annual screening mammography appointments present an ideal opportunity for 

administering screening tools to improve genetic counseling referrals. In the United States, 

adherence to US Preventive Services Task Force mammography screening guidelines is high 

(between 76% and 81%)11. These data suggest that breast imaging centers (BICs) may serve 

as logical primary care entry points to screen for cancer family history and identify women 

at increased risk for breast cancer who would benefit from genetic counseling and possibly 

testing.

Tools for assessing family history in primary care should be comprehensive and guideline-

driven, as well as easy to administer and interpret so that these tools optimally 

facilitate referral to genetic counseling12–14. In prior studies, various family history-based 

individualized risk assessment tools to facilitate genetic counseling referrals have been 

developed and evaluated in various healthcare settings15–18. Researchers in such studies 

have utilized existing risk models (e.g., Myriad, Tyrer-Cuzick, BRCAPro), modified 

existing tools (e.g., National Cancer Institute Breast Cancer Risk Assessment Tool), and 

developed new paper- or computer-based questionnaires. Typically, the implementation 

of such tools has resulted in marginal improvement in the use of genetic counseling 

services. Among patients who completed questionnaires using a wireless tablet prior to 

receiving a mammogram, 6.1% were found to be at high risk and could benefit from 

genetic counseling19. Although risk assessment questionnaires increased the rate of genetic 

testing in ovarian cancer by 24%20, in another study, only 10% of all eligible patients who 

received a mammogram completed genetic counseling for breast cancer9. Innovative models 

to identify eligible women and provide access to genetic services are needed to enable 

subsequent cancer prevention and early detection.

Our study aimed to develop a practical streamlined guideline-based screening tool to 

assess BRCA1/2 mutation risk and to evaluate the feasibility of implementing the tool in 

community BICs to identify women who should be referred for genetic counseling. We 

hypothesized that use of the guideline-based screening tool would improve identification of 

high-risk women eligible for genetic counseling, and subsequently improve their clinical risk 

management.

METHODS

Study design and participants

Study participants included a consecutive series of women who came to the Memorial 

Hermann Breast Imaging Center, a suburban, private practice community BIC for screening 

or diagnostic mammograms between August 1, 2012, and August 31, 2015. The study team 
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consisted of a lead breast imaging radiologist, breast center manager, nurse navigator and 

hospital administrator. To explore the feasibility of adding a genetic counseling service line 

to the BIC, a personal and family cancer history questionnaire was added to other standard 

intake forms that all participants filled out. The nurse navigator kept a prospective Excel 

worksheet of all patients identified as high risk and referred for genetic counseling and made 

charts on all patients who went to genetic counseling. All initial paper forms were also kept 

in the nurse navigator’s office. The retrospective analysis of this data was approved by the 

Institutional Review Board with consent waiver at The University of Texas MD Anderson 

Cancer Center.

Procedure

The EPIS (Exploration, Preparation, Implementation, Sustainment) framework was selected 

and utilized as the guiding model for this study including the mapping of implementation 

strategies to EPIS stages, and selection, content, and timing of measurement protocols.

Development of a screening tool to assess BRCA1/2 risk

Pilot Study:  In the pilot phase, all patients who presented for a screening or diagnostic 

mammogram at BIC were asked to complete an 8 item “red flag” questionnaire 

recommended by Myriad Inc., the company that held a patent on genetic testing at the 

time (Supplemental Data, Form A). A total of 4,236 patients were screened, and 139 

(3.2%) were identified to be eligible for genetic referral. Of the 139, 17 (12.2%) scheduled 

an appointment for genetic counseling, and 3 completed genetic counseling, representing 

a no-show rate of 82%. Using feedback from radiologists and nurse navigators several 

modifications were made to the study protocol including establishing weekly on-site genetic 

counseling services when patients were previously required to travel to an academic center 

approximately 10 miles away from BIC. The questionnaire was also adapted to improve 

administration, interpretation and increase patient comprehension.

Development of improved screening tool to assess BRCA1/2 risk: Using data 

from the pilot phase, we developed a one-page self-administered screening tool where the 

questions were mostly put into table format and were organized by the following categories 

to simplify interpretation by providers and to readily indicate the need for guideline-based 

referral to genetic counseling. (Figure 1) Personal cancer history was separated from family 

cancer history, and the age of diagnosis was added to each question where appropriate. 

Specific questions of Ashkenazi Jewish ancestry and personal and family history of 

BRCA1/2 genetic testing were added to the end of the form as they did not adapt to 

table format. A column for a simple “no” answer was also added after radiologist feedback. 

The forms were modified later to stratify family history by a first-degree relative, maternal, 

and paternal histories. In one form version, the question of would you like to speak with 

a genetic counselor was added, then removed from the tool as this did not find any more 

genetic counseling patients but did add work to the nurse navigator and genetic counselor 

from many “worried well” BIC patients. No new patients were identified with that question. 

The family history of prostate cancer was added to the family history table section when 

NCCN guidelines changed during this study period21
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Formal evaluation of organizational capacity:  Prior to implementation, a process 

mapping of the workflow, including the screening tool, was completed to optimize 

efficiency, identify personnel and training needs, and determine patient contact and 

notification points.

Criteria for referral to genetic counseling—On the basis of self-reported information 

provided on the screening tool (Figure 1), patients were considered eligible for a genetic 

counseling referral if they met any of the following guideline-based criteria: 1) personal 

breast cancer diagnosis at age 45 years or younger; 2) personal diagnosis at any age of 

bilateral, triple-negative, or male breast cancer or ovarian cancer; 3) personal diagnosis of 

breast cancer at any age and any relative diagnosed with breast cancer when younger than 

50 years or any relative diagnosed with ovarian, pancreatic, male breast, bilateral breast, or 

triple-negative breast cancer at any age; 4) family history of ovarian or male breast cancer, or 

female breast cancer diagnosed at age 45 years or younger; 5) more than one case of female 

or male breast cancer, triple-negative or bilateral breast cancer, ovarian cancer, or pancreatic 

cancer diagnosed on the maternal or paternal side of the family at any age; 6) self-reported 

as Ashkenazi Jewish and met any other criteria on the form; 7) self-reported a BRCA1/2 
mutation in the family. A history of prostate cancer was used only if diagnosed at a young 

age as a substitute for a high Gleason score. Prostate cancer history was used more as a 

contributing factor. It did not weigh as high as the other factors in this section.

Selection of measures and ways to monitor:  Patients who answered “yes” to any question 

in the personal history section of the form, or yes to two items on the family history section 

of the form, or a personal history of breast cancer at any age as well as a positive family 

history, were selected for further analysis. Patients of Ashkenazi Jewish ancestry with any 

positive responses as well as any patient who reported a known genetic mutation in their 

family also qualified for referral. This tool which was laminated and placed at every BIC 

radiologist’s reading station along with current NCCN HBOC guidelines.

Implementation of the tool and study procedure: Initial training on the 

implementation and interpretation of the screening tool was facilitated by the study lead 

radiologist and the BIC genetic counselor in routine radiology meetings and a mandatory 

CME training meeting. This training was supplemented with tutorials and emails to update 

radiologists on changes in NCCN™ genetic testing guidelines and practices. NCCN™ 

guidelines for hereditary breast and ovarian cancer genetic counseling and testing were 

placed adjacent to all radiology workstations during the study.

All patients receiving mammographic imaging at the BIC completed the screening tool 

along with standard intake forms at registration. A Spanish translated form was also 

available. Mammography technologists reviewed completed tools with patients during their 

imaging examination for accuracy and legibility. The screening tools were evaluated by 

radiologists upon the interpretation of the radiology study, and the radiologists identified 

patients who met the criteria for genetic counseling referral. For patients who met the 

criteria, the form was flagged, and the recommendation for a genetic counseling referral 

was added to the radiology report. The form was scanned into the electronic health record 

along with the other paperwork used by the hospital system during the study period. 
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Although the nurse navigator was able to discuss genetic counseling with some patients 

while they were still in the BIC, the majority of patients that had left the BIC before their 

imaging was interpreted and their HBOC risk identified. In those cases, the nurse navigator 

and/or genetic counselor made at least one and up to three attempts to contact patients 

by telephone. All patients identified for genetic counseling referrals received a letter with 

their mammogram results indicating that they may be at increased risk for inherited cancer 

and genetic counseling should be considered. A copy of the letter was sent along with the 

radiology results to the referring physician as well.

The nurse navigator or genetic counselor verified all information with the patient prior to 

scheduling a 60 minute genetic counseling appointment. During the study period, a genetic 

counselor was on site one day per week to see patients referred for counseling and risk 

assessment. Very few patients received same day genetic counseling as the counselors’ 

schedule was usually full and booked in advance. Patients were charged a flat fee of $50 

for all counseling services, which was determined by the hospital administrators to cover 

overhead costs for this new service line. No insurance was billed for counseling services as 

we thought this would decrease barriers for patients and simplify the administrative costs of 

this program.

The genetic counselor performed a detailed family pedigree and ran the Gail, BRCAPro, 

and Tyrer-Cuzick risk models if applicable22–24. The counselor discussed the likelihood 

of identifying a genetic mutation with the patient. Patients underwent genetic testing if 

appropriate criteria were satisfied, the patient provided informed consent, and the patient’s 

insurance covered genetic testing. The counselor discussed whether the patient qualified for 

chemoprevention or high-risk screening magnetic resonance imaging (MRI) as indicated by 

Gail or Tyrer-Cuzick results, respectively.

If the results were negative, the genetic counselor discussed the results over the phone. If 

the results were positive or showed a variant of unknown significance, a follow-up in-person 

appointment was made.

Statistical analysis

Descriptive statistics were used to summarize the patient samples at each step. No statistical 

tests were run.

RESULTS

Patient population

A total of 34,851 consecutive patients were screened for genetic counseling referral during 

the study period. Of these patients, 64% were insured by managed care, 30% by Medicare, 

3% by Medicaid, 1.5% by self-pay, and 1.5% by others. The breakdown of patients’ ages by 

the decade was as follows: 7% <39 years, 23% 40–49 years, 29% 50–59 years, 26% 60–60 

years, and 15% >70 years.
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Identification of patients eligible for genetic evaluation

A flowchart describing the screening and referral identification process is shown in Figure 

2. Of the 34,851 patients, 1246 patients (4%) were identified as appropriate candidates for 

genetic evaluation; only 189 (15%) of these had had prior genetic testing done by their 

physicians. The remaining 1057 patients (3% of the study population) received a letter and a 

phone call referring them for genetic counseling.

Genetic counseling and genetic testing

Of the 1057 patients eligible for a genetic counseling referral, 798 declined the referral 

or could not be reached by phone. A total of 245 made an appointment with our genetic 

counselor; 142 kept the appointment, and the remaining 103 either canceled or did not show 

for the appointment.

Among those who kept the appointment 14 patients received genetic testing by their outside 

physician after our contact (1 patient was found to have a pathogenic mutation, 8 were 

negative, and 5 had unknown results), Among the 142 patients who kept their appointment 

and were seen by our genetic counselor, 126 met clinical criteria for genetic testing and 

105 underwent testing: 8 patients had a pathogenic germline BRCA1/2 mutation (3 BRCA1 

and 5 BRCA2; Table 2), 9 had a variant of unknown significance, and 88 were mutation-

negative.

Table 1 presents the personal and family history reported in the screening tools by patients 

who received genetic counseling. Of the 142 patients who had genetic counseling, 40 (28%) 

reported a personal history of breast cancer and 3 (2%) reported a personal history of ovarian 

cancer but had not undergone genetic testing previously, 116 (82%) reported a family history 

of breast cancer, and 44 (31%) reported a family history of ovarian cancer. Of the 40 patients 

reporting a personal history of breast cancer, 26 also reported a family history of breast or 

ovarian cancer. Over two-thirds of our genetic counseling referrals (100 patients; 70%) were 

based on family history alone, thus demonstrating the importance of collecting a complete 

family cancer history.

During the genetic counseling session, breast cancer risk estimates, using the Tyrer-Cuzick 

and Gail risk models, were calculated for patients without a personal history of breast 

cancer. Lifetime breast cancer risk estimates from the Tyrer-Cuzick model were calculated 

for 91 of these patients. Forty-nine met NCCN criteria for annual MRI screening because of 

a ≥20% lifetime risk of breast cancer 23. A Gail score was calculated for 88 patients, and 46 

met criteria for chemoprevention because of a 5-year Gail score ≥1.6%. Seventeen patients 

(18%) met criteria for both chemoprevention and MRI screening. The genetic counseling 

appointment risk assessments provided clinically actionable risk and screening information 

in 67% of patients without a personal history of breast or ovarian cancer (67/100).

DISCUSSION

Our findings showed that administering a streamlined screening tool to determine eligibility 

for genetic counseling at the time of breast imaging in a BIC is feasible and practical, 

and yields clinically actionable outcomes. Our implementation strategy identified 1057 
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women undergoing routine mammography screening who met NCCN criteria for referral to 

genetic counseling to evaluate hereditary breast cancer risk. Not all adhered to the referral 

recommendation; nonetheless, 126 underwent genetic counseling, resulting in 8 women with 

pathogenic BRCA1/2 variants, who otherwise may not have been identified in a timely 

manner. In addition, we identified women (67% ) who were advised to enhance their breast 

cancer risk management practices with the addition of MRI and/or chemoprevention. We 

also demonstrated the feasibility of offering genetic counseling on-site at a BIC; compared 

to our initial pilot implementation project, uptake of genetic counseling improved. Critical 

to the success of this project was the development and implementation of a streamlined, 

self-administered screening tool that was highly feasible for patients to complete and for 

providers to readily interpret, and that was designed to be adaptable to changes in NCCN 

guidelines and recommendations. Without our intervention, these women would not have 

been identified and would not have qualified for improved risk management strategies, thus 

showing the urgent need for such interventions among the general population.

Despite available guidelines for risk management and the therapeutic implications for 

BRCA1/2 mutation carriers, most individuals potentially at risk of carrying the mutation 

are not referred for genetic counseling and testing. US Preventive Services Task Force 

guidelines7 were recently released recommending screening for BRCA1/2 mutations not 

only in oncology but also in primary care. In women who test positive, undergoing 

risk-reductive surgeries could reduce breast and ovarian cancer risk by more than 90%. 

Furthermore, identification of a BRCA1/2 gene mutation would lead to predictive (cascade) 

testing of family members, which would further identify high-risk individuals who would be 

eligible for screening and risk-reductive interventions. This would result in the reduction of 

breast and ovarian cancer incidence in these families25.

Our streamlined screening tool identified 4% of patients at a BIC as possible candidates 

for hereditary breast and ovarian cancer risk assessment. Other studies have reported 

identification rates ranging from 1.9% to 9% using various settings, cohorts, and study 

methods9, 15, 19. Two studies used either retrospective chart review or identification of the 

cohort from a mammogram database20, 26. In several studies, tablets were given to patients 

to fill out, and the risk was then calculated using various models, including Tyrer-Cuzick, 

Myriad, and BRCAPro17, 27

Our study prospectively evaluated patients who were flagged by the screening tool and 

correlated these findings with the genetic counseling results. We found that only 15% of 

patients we identified as high-risk had received prior genetic counseling or testing. This is 

consistent with the recent results by Childers et al.8, who found in pooled data from United 

States national databases that only 15.1% of patients with a history of ovarian cancer had 

discussed genetic testing with their physician, and only 10.5% underwent testing. For breast 

cancer, 35.6% met one or more eligibility criteria, but of those, only 29% discussed testing 

with their physician, and only 15.3% underwent testing. They estimated that 1.2 to 1.3 

million women in the United States qualified for testing but did not receive it. This estimate 

does not include the number of patients who qualify for testing based on family history 

alone.

Arun et al. Page 8

Cancer. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Of the 142 patients in our cohort who received counseling, 126 (89%) qualified for 

genetic testing. These results are similar to those reported by Ricker et al. (62.5%) and 

Woodson et al. (87%); both of these studies used genetic counseling clinic results from 

primarily oncology referrals, indicating that the interest and perceived value of testing 

in this population are similar28, 29. Genetic counseling results in our study showed that 

8% of tested patients were positive for BRCA1/2 and 9% had a variant of unknown 

significance. Woodson et al.29 reported that 8.4% of patients referred from oncology clinics 

at a community hospital tested positive for BRCA mutations Whitworth et al30 reported 

a deleterious mutation rate of 3.8%. Three of our eight patients who tested positive for 

BRCA1/2 had a known mutation in their family. This is somewhat surprising, indicating 

that risk model assessments that do not ask about gene mutations in the family will miss 

many extremely high-risk patients. It is unclear why these patients with a known BRCA1/2-

positive relative did not undergo testing prior to the BIC screening. This may be due to a 

lack of education, counseling barriers, cost barriers, or a combination of these factors.

We also found that our program’s genetic counseling component changed clinical risk 

and screening management recommendations in more than two-thirds of the patients who 

underwent genetic counseling; these patients qualified for breast MRI screening (in addition 

to mammograms) and/or chemoprevention. This clearly shows that our family history 

questionnaire tool is not limited to identifying individuals with a hereditary mutation but 

also has a broader application amongst the general population in identifying individuals 

at an increased risk for breast cancer and leading to better risk management of these 

individuals.

There are limitations to our study; we had limited demographic data and the community 

based private practice setting did not have an infrastructure to track MRI screening in 

patients that were identified as high risk via this tool; this study was not designed and 

therefore does not have reasons on why non-adherent patients did not schedule or attend 

genetic counseling sessions; we don’t know what the non-adherence rate would have been 

without the patient navigator and in uninsured or Medicaid populations. Another important 

limitation is that women age less than 40 years will not be identified with this tool as they 

are not evaluated by mammogram routinely.

Our findings also raise important questions beyond the current study’s scope, primarily 

relating to alternative service delivery models that may help improve efficiency and patient 

follow-up, such as telegenetics. Only 23% of eligible patients in our study made genetic 

counseling appointments. Amongst them, there was a 42% no-show rate, which may be 

related to several real and perceived barriers to care that requires further evaluation of 

barriers to genetic counseling.

In summary, our study demonstrated that it is feasible to implement a simple NCCN-based 

tool to screen a large number of patients to identify women eligible for genetic counseling 

and potential BRCA1/2 testing. In our screening cohort, 4% of women were found to be 

eligible for genetic counseling who would otherwise have been missed, and 67% of women 

without a personal history of breast or ovarian cancer who underwent genetic counseling 

received improved clinical risk management. Therefore, we propose that this tool be used 
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in community BICs to successfully identify individuals eligible for genetic counseling and 

testing. The availability and increasing use of telegenetics would make this approach even 

more practical and implementable at other primary care centers, which currently lack genetic 

counseling resources. Further studies could evaluate this approach in other clinical care 

settings, such as primary care clinics, OB/GYN offices, and/or internal medicine practices.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Screening tool used at community breast imaging centers in our study.
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Figure 2. 
Flow chart of patients who were screened for genetic counseling and testing in our study. 

VUS indicates variant of unknown significance.
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Table 1.

Patient Characteristics and Screening results for patients who received genetic counseling in our study (n = 

142)

Patient Characteristics N (%)

All 142 (100%)

Age at Genetic Counseling Appointment 20–29 3 (2%)

30–39 24 (17%)

40–49 38 (27%)

50–59 40 (28%)

60–69 29 (20%)

70–99 8 (6%)

Ashkenazi Jewish Descent Yes 8 (6%)

No 129 (91%)

Unknown 5 (4%)

Personal History of Breast Cancer* 40 (28%)

 Age at Diagnosis - median (min, max) 46.0 (32.0, 72.0)

 Bilateral Breast Cancer 5 (4%)

 Triple Negative Breast Cancer 4 (3%)

 Male Breast Cancer 0 (0%)

Personal History of Ovarian Cancer* 3 (2%)

Family History of Breast Cancer 116 (82%)

 Number of relatives with History of Breast Cancer
1 54 (38%)

2 37 (26%)

3 17 (12%)

>3 8 (6%)

 Age of Youngest Relative with Breast Cancer - median (min, max) N=111 45.0 (21.0, 81.0)

 Family history of Bilateral Breast Cancer Yes 34 (24%)

No 74 (52%)

Unknown 8 (6%)

 Family History of Male Breast Cancer Yes 3 (2%)

No 107 (75%)

Unknown 6 (4%)

 Family history of Triple Negative Breast Cancer Yes 2 (1%)

No 103 (73%)

Unknown 11 (8%)

Family History of Ovarian Cancer Yes 44 (31%)

 Age of Youngest Relative with Ovarian Cancer - median (min, max) N=33 54.0 (25.0, 81.0)

Family History of Pancreatic Cancer Yes 13 (9%)

No 120 (85%)

Unknown 9 (6%)

 Number of Relatives with History of Pancreatic Cancer 1 11 (8%)

Cancer. Author manuscript; available in PMC 2023 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arun et al. Page 16

Patient Characteristics N (%)

All 142 (100%)

2 1 (1%)

3 1 (1%)

Family History of Prostate Cancer Yes 16 (11%)

No 117 (82%)

Unknown 9 (6%)

 Prostate Cancer Before Age 60 Yes 8 (6%)

No 7 (5%)

Unknown 1 (1%)

 Number of relatives with History of Prostate Cancer 1 12 (8%)

2 3 (2%)

>3 1 (1%)

*
One patient reported a personal history of both breast and ovarian cancer.
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Table 2.

Personal and family history of cancer in the 8 patients who were genetically positive for hereditary breast and 

ovarian cancer

Patient 
no.

Age, 
years

History of 
breast 
cancer/age at 
diagnosis

History 
of 
ovarian 
cancer

Known 
gene 
mutation 
in the 
family

Family 
history 
of breast 
cancer

Family 
history 
of 
ovarian 
cancer Gail

Tyrer-
Cusick Gene Details

1 46 no no yes yes no n/a* n/a BRCA1

2 58 yes/32 years no no yes yes n/a n/a BRCA1

3 61 yes/40 and 50 
years

no no yes no n/a n/a BRCA1 Bilateral breast 
cancer, father 
had breast 
cancer

4 51 yes/51 years no no yes no n/a n/a BRCA2 Family history 
of bilateral and 
male breast 
cancer

5 49 yes/44 and 49 
years

no no no no n/a n/a BRCA2 Did not get 
flagged until 
second cancer 
diagnosis

6 54 no no yes no yes n/a n/a BRCA2

7 58 no no yes no yes >1.6 <20% BRCA2

8 55 no no no no yes <1.6 <20% BRCA2 Insurance 
denied in 2013, 
diagnosed with 
breast cancer 
2016 and tested 
positive for 
BRCA mutation

*
n/a indicates not applicable.
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