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Abstract

PURPOSE: To evaluate uptake and follow-up utilizing internet-assisted population genetic 

testing (GT) for BRCA1/2 Ashkenazi Jewish (AJ) founder mutations (Ashkenazi Jewish 

Pathogenic Variants: AJPVs).
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METHODS: Across four cities in the U.S. from December 2017-March 2020, individuals aged 

≥25 with ≥1 AJ grandparent were offered enrollment. Participants consented and enrolled online 

with chatbot and video education, had BRCA1/2 AJPV GT, and chose to receive results from their 

primary care provider (PCP) or study staff. Surveys were at baseline, 12-weeks, and annually for 5 

years.

RESULTS: 5,193 participants enrolled, and 4,109 (79.1%) were tested (median age=54, 

female=77.1%). Upon enrollment, 35.1% of participants selected a PCP to disclose results and 

40.5% of PCPs agreed. Of those tested, 138 (3.4%) were AJPV heterozygotes, of whom 21 

(15.2%) had no significant cancer family history (FH) while 86 (62.3%) had a known familial PV. 

At 12-weeks, 85.5% with AJPVs planned increased cancer screening; only 3.7% with negative 

results and a significant FH reported further testing.

CONCLUSIONS: While continued follow-up is needed, internet-enabled outreach can expand 

access to targeted GT using a medical model. Observed challenges for population genetic 

screening efforts include recruitment barriers, improving PCP engagement, and increasing uptake 

of additional testing where indicated.

INTRODUCTION

Pathogenic variants (PVs) in the BRCA1 and BRCA2 (BRCA) genes are associated 

with elevated risks of breast, ovarian, and other cancers. Interventions including bilateral 

salpingo-oophorectomy (BSO) and/or mastectomy as well as enhanced screening can reduce 

cancer incidence and mortality among those with PVs.1,2 Despite the benefits of identifying 

BRCA PVs, testing rates are relatively low in the U.S. with <10% of individuals predicted to 

have a BRCA PV identified to date.3 Thus, there is a need to facilitate broader BRCA testing 

uptake in at-risk populations, including incorporating hereditary cancer risk assessment into 

the routine practice of healthcare providers.4

Traditional medical models of identifying individuals eligible for testing are time-consuming 

and limited by availability of trained providers.5,6 Many experts have called for other 

strategies including testing of all cancer patients and their relatives,7,8 or population-based 

genetic testing (GT) for common variants.9 Screening individuals of Ashkenazi Jewish 

(AJ) descent for the founder mutations (Ashkenazi Jewish Pathogenic Variants: AJPVs) 

accounting for >90% of BRCA PVs in that population represents one such strategy.10–12 

This approach has been studied in Israel, Canada, England, Australia, and with a U.S. pilot 

study.13–18 The absence of universal healthcare in the U.S. presents unique barriers to both 

testing and monitoring of such programs, despite evidence of their cost-effectiveness.19 Both 

the National Comprehensive Cancer Network (NCCN) and the U.S. Preventive Services 

Task Force support GT for all individuals with AJ ancestry,20,21 recognizing that population 

screening faces barriers of access, cost, appropriate counseling and medical follow-up.22 

Such testing has been included by some direct-to-consumer (DTC) for-profit laboratories. 

However, most DTC approaches raise concerns due to the lack of pre- and post-test 

counseling,23 occurrence of false-positive24 and false-negative25 results, and uncertain 

follow-up.26
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The BRCA Founder OutReach (BFOR) study piloted a novel GT service delivery model 

that sought to combine the patient-centeredness and convenience of DTC testing through 

use of a digital portal with risk-adapted medical follow-up and engagement of primary care 

providers (PCPs) in results sharing and management. We report the initial experience of 

a demonstration study directed to individuals of AJ ancestry, and describe key outcomes 

related to uptake and early participant medical follow-up. We also define the challenges 

that emerged that will need to be addressed to ensure the safe, effective deployment of 

population-based GT.

MATERIALS AND METHODS

This observational cohort study was statistically powered to assess and measure completion 

of informed consent and GT, choice of receipt of GT results through PCPs or study-provided 

expert staff, and medical and psychological outcomes following testing. A separate aim, 

reported elsewhere,27 examined facilitators and barriers to engaging PCPs in the BRCA 
results disclosure process.28 The current study involved four geographic areas: New York 

City (Memorial Sloan Kettering Cancer Center), Boston (Beth Israel Deaconess Medical 

Center and Dana Farber Cancer Institute), Philadelphia (University of Pennsylvania), 

and Los Angeles (Cedars-Sinai Medical Center, transitioned to David Geffen School of 

Medicine at the University of California Los Angeles during study). Target accrual was 

4,000 participants (approximately 1,000 per site). The study was approved by a central IRB, 

Advarra, and acknowledged by the local IRBs under reliance agreements.

Study Recruitment and Enrollment

Participants enrolled from December 2017-March 2020 (Figure 1). Recruitment primarily 

involved community outreach which included engagement of community leaders, 

participation in local events, educational talks by BFOR investigators, social media 

marketing, email blasts, and print media (Supplementary Methods 1a). Participant eligibility 

criteria included: age ≥25, ≥1 grandparent of AJ ancestry, no previous medical BRCA 
testing, healthcare insurance, residence within an eligible zip code, and English literacy. All 

prospective participants meeting these criteria were invited to enroll.

The study employed a chatbot-based digital health tool (LifeLink) accessed via 

www.bforstudy.com (Supplementary Figure 1), accompanied by a support hotline for 

participants and PCPs. Participants were enrolled upon eligibility confirmation, completion 

of interactive pre-test and study education, and informed e-consent, which approximated 

elements of pre-test counseling.29 Following e-consent, an online study account was created. 

To complete registration, enrollees answered personal and family history baseline questions. 

Following registration, participants were electronically provided with a requisition for 

BRCA AJPV GT to be performed at no-charge at Quest Diagnostics. Participants received 

up to three email reminders to complete registration and to have their blood drawn, and were 

considered to have not completed study GT if they did not complete registration within 90 

days from enrollment or have their blood drawn within 180 days from registration.
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Return of Results

During registration, participants elected to receive results from the BFOR team or their 

PCP. Nominated PCPs opted-in/out of disclosing results. Results and medical management 

recommendations were sent to disclosing PCPs to facilitate results transmission. For 

participants whose PCPs opted out or did not respond, BFOR disclosed results. Given the 

aim to assess PCP uptake at baseline, there was no systematic attempt to recruit PCPs to 

refer patients to the study.

Participants were categorized into BRCA prior probability categories based on an algorithm 

derived from NCCN BRCA guidelines at the time of study inception30 (Supplementary 

Methods 2). Enrollees were stratified into three categories based on their personal/family 

history of breast, ovarian, prostate, and pancreatic cancers and their family history of BRCA 
GT: 1) Low Prior Probability of a PV: individuals who did not meet NCCN guidelines 

without taking their AJ ancestry into account were deemed to be at low risk of having a 

BRCA PV; 2) Increased Prior Probability of a PV: individuals who met NCCN guidelines 

without taking their AJ ancestry into account were deemed to be at an increased risk of 

having a BRCA PV; and 3) Familial PV: individuals at risk for a reported familial BRCA 
PV. Method of results disclosure and recommended follow-up are detailed in Supplementary 

Methods 3. All participants who tested “positive” for a BRCA AJPV received post-test 

counseling from the BFOR team or their PCP supplemented with study provided post-test 

education; these individuals were also advised to complete no-cost confirmation testing 

(repeat testing of the AJ panel) through Quest Diagnostics. Individuals with an Increased 

Prior Probability of a PV who tested “negative” for a BRCA AJPV and who fulfilled general 

population guidelines for complete gene BRCA testing were recommended to undergo 

additional genetic testing outside of the study. In late 2019, a confirmation testing result 

discrepancy was identified. Following participant notification and remediation, all study 

participants were notified of these events and offered no-cost saliva-based confirmation 

testing.

Data Collection

Participants were surveyed upon enrollment (baseline), at 12-weeks post-disclosure, and will 

be surveyed annually for five years. Assessed variables included: 1) baseline: demographics, 

personal and family medical history, chatbot satisfaction, perceived risk; 2) baseline and 

follow-up: anxiety, cancer-specific distress, knowledge; and 3) follow-up: cancer risk 

management, completion of additional GT, perceived risk, GT decision satisfaction, GT 

concerns, family communication, self-concept (see details in Supplementary Table 1). 

Baseline and 12-week medical data are reported here. As described elsewhere,31 a subset 

of PCPs were surveyed at baseline, surveyed post-disclosure, and invited to participate 

in qualitative interviews to assess their BRCA GT knowledge and perspectives on and 

experiences with disclosing GT results.

Analyses

Descriptive statistics were computed for participant demographics, outcomes of recruitment 

efforts, participant preferences for and level of PCP involvement, and test results. To 

analyze impact of demographics on study endpoints, a multidimensional sociodemographic 
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index reflecting income, education, employment, and housing quality was derived based on 

participant mailing address (Area Deprivation Index [ADI]).32,33 For analyses, we divided 

participants with complete ADI scores into quartiles based on the sample distribution from 

lowest to highest (1–100; higher scores indicating greater socioeconomic disadvantage). 

To evaluate participant characteristics associated with not completing study GT, receiving 

positive GT results, and selecting a PCP to disclose results, we conducted bivariate analyses 

followed by multivariable logistic regression models with forward stepwise selection (with 

models including variables significantly (p<0.05) associated in bivariate analyses with the 

outcome of interest). Multivariable models were confirmed to be a good fit to the data with 

no multicollinearity observed among model predictors (IBM SPSS Statistics V.26.0).

RESULTS

Participant Recruitment, Enrollment, and Demographics

Throughout the study there were over 200 discrete outreach efforts (Supplementary Methods 

1b). We observed a temporal relationship between enrollment and selected outreach efforts 

(Supplementary Figure 2) with the greatest enrollment seen following public endorsement 

by community leaders through email blasts or media. Not all community or religious leaders 

lent active support to study participation, with a small number citing concerns including 

potential for stigma and perceived lack of medical actionability.34 Outreach through three 

targeted email blasts to 307,264 individuals of probable AJ ancestry yielded 6,691 (0.7%) 

study website visits and no discernible increase in enrollment. Of the 4,864 participant who 

reported their mode of knowledge regarding the study, 1,353 (27.8%) indicated they were 

influenced by a friend, 962 (19.8%) by a family member, 641 (13.2%) by social/regular 

media ads, 610 (12.5%) by a member of their community, 316 (6.5%) by a PCP, and 1,158 

(23.8%) by other contacts or organizations.

From December 2017-March 2020, there were a total of 61,605 unique visits to the BFOR 

study website, 8.4% of which resulted in study enrollment (n=5,193 enrolled participants). 

Of the 5,193 participants enrolled in the BFOR study, 846 (16.3%) did not complete study 

GT (of whom 8.4% did not complete registration; 7.9% registered but did not proceed with 

a blood draw), , 238 (4.6%) were active in the study but had not yet completed GT at the 

time of analysis, and 4,109 (79.1%) completed study GT. Although enrolled participants’ 

ADI scores ranged from 1–97, participants were generally of high socioeconomic status 

(median ADI=5), with 3,286 (70.5% of those with an ADI) having a score ≤10 reflecting 

the least disadvantaged decile of national scores. Among participants who completed GT, 

a minority, 511 (12.4%), reported a personal cancer history, and 1,532 (37.3%) had never 

previously considered any GT (Table 1). Further, among these participants the median age 

was 54 and 3,169 (77.1%) were female; 2,304 (56.1%) had a low prior probability of a PV, 

1,490 (36.3%) had an increased prior probability of a PV, and 315 (7.7%) had a known 

familial PV. Following pre-test education, genetic knowledge was high among participants 

with an average of 90% of questions answered correctly. When asked about interest in using 

a chatbot again for a research study or healthcare experience, interest was moderate (rating= 

7.2/10).
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To explore the particular applicability of this model for facilitating cascade testing, baseline 

characteristics of those with a known familial PV were compared to those without a known 

familial PV (i.e., those with a low or increased prior probability of a PV). Those with known 

familial PV were significantly younger (mean age: 50.5 vs. 53.2, p=0.005), more likely to 

be male (47.3% vs. 20.8%, p<0.001), more likely to have had a provider recommend GT 

and had planned to do it (11.4% vs. 6.1%) or to have thought about GT but not done it yet 

(40.6% vs. 30.0%; p<0.001), less likely to have a PCP (86.0% vs. 91.8%, p<0.001), and 

more likely to have elevated baseline levels of cancer-specific distress (48.6% vs. 41.2%, 

p=0.015).

Characteristics Associated with Not Completing Study GT

We examined which participant characteristics were associated with not completing study 

GT due to incomplete registration or blood draw. In the multivariable analysis, ADI score, 

age, and BRCA prior probability were significantly associated with completion of study GT 

(Table 2). Specifically, those with greater social disadvantage (i.e., ADI scores in quartile 2, 

3, and 4 of the sample) had a higher likelihood of not completing study GT than those with 

the least social disadvantage (i.e., ADI scores in quartile 1). Older age was associated with 

a lower likelihood of not completing study GT. Compared to participants with a low prior 

probability of a PV, participants with a familial PV had a lower likelihood of not completing 

study GT.

Characteristics Associated with Provider Involvement

During registration, of the 4,848 participants who selected a provider to disclose results, 

3,145 (64.9%) selected a BFOR provider and 1,703 (35.1%) nominated their PCP. Among 

the 2,336 participants who provided at least one reason for selecting a BFOR provider, 

the majority (60.1%) preferred to get results from a cancer genetics expert. Among the 

1,387 participants who provided at least one reason for nominating their PCP, the majority 

(70.1%) wanted to ensure that their PCP was aware of their testing and results (Figure 

2). In multivariable analysis, age, having an established PCP, BRCA prior probability, and 

past experience with GT (i.e., any GT other than medical BRCA testing) were significantly 

associated with the likelihood of choosing a PCP to return results (Table 2). Older age 

and having an established PCP were associated with a higher likelihood of choosing a 

PCP. Compared to participants with a low prior probability of a PV, participants with a 

familial PV had a lower likelihood of choosing a PCP. Compared to participants who had 

not considered any GT, those with any prior GT had a lower likelihood of choosing a PCP, 

while those whose provider had recommended testing and who were planning to have GT 

had a greater likelihood of choosing a PCP. Upon nomination, 690 (40.5%) PCP invitations 

to disclose results were accepted; for the remainder, results were disclosed by the BFOR 

team.

Characteristics Associated with GT Results

Of participants who completed study GT (n=4,109), 138 were found to have an AJPV 

(3.4%); of these individuals with a positive result, 21 (15.2%) had a low prior probability of 

a PV, 31 (22.5%) had an increased prior probability of a PV, and 86 (62.3%) had a familial 

PV (Table 3). Participants who had a low prior probability of a PV had a 0.9% chance of 

Morgan et al. Page 6

Genet Med. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



having an AJPV, compared to 2.1% of those who had an increased prior probability of a PV, 

and 27.3% of those who had a familial PV (Supplementary Table 2). Excluding those with a 

familial PV, 1.4% (52/3,794) of participants with either a low or increased prior probability 

of a PV had an AJPV. In total, 3,971 participants tested negative. In multivariable analysis, 

baseline cancer-specific distress, age, sex, and BRCA prior probability were significantly 

associated with result type (Table 2). Greater cancer-specific distress at baseline was 

associated with a greater likelihood of receiving a positive result. Older age was associated 

with a lower likelihood of receiving a positive result whereas male sex was associated with a 

higher likelihood. Compared to participants with a low prior probability of a PV, those with 

a familial PV or an increased prior probability of a PV had a greater likelihood of receiving a 

positive result.

Participant Reported Early Medical Follow-up and Intentions

At time of analysis, the 12-week follow-up survey had been sent to and completed by 

52.6% (2,069/3,932) participants, with completion differing by region (Philadelphia: 56.8%, 

Boston: 53.9%, New York City: 51.4%, Los Angeles: 50.0%, p=0.021), BRCA prior 

probability (low prior probability: 56.6%, familial PV: 49.2%, increased prior probability: 

47.2%, p<0.001), and age (OR=1.01, 95% CI 1.00–1.01, p=0.03). At 12-weeks post-results 

disclosure, 44.6% (923/2,069) of participants reported referring at least one family member 

to participate in the BFOR study. Of participants with an increased prior probability of a 

PV who tested negative and completed the 12-week survey (n=630), 23 (3.7%) reported 

following the recommendation to complete further GT; 21 of these participants received 

results from a BFOR provider while two received results from their PCP (given limited 

sample size, no significant difference was observed, X2(1)=1.50, p=0.28). Among the 69 

participants who tested positive and completed the 12-week survey, 59 (85.5%) reported 

planning to increase their cancer screening frequency based on their results (Table 3). One 

participant with a breast cancer diagnosis 25 years earlier tested positive for a BRCA2 AJPV 

and immediately underwent BSO with an early-stage invasive fallopian tube carcinoma 

identified; she received adjuvant chemotherapy and remains disease free. Her daughter then 

tested positive and underwent preventive surgeries. Another participant who tested positive 

for a BRCA1 AJPV underwent BSO in which a serous tubal intraepithelial carcinoma was 

identified.

Confirmation Testing and Expansion

During routine confirmation testing of participants with AJPVs a discordant result was 

detected, determined by the laboratory to be due to a processing issue affecting a single 

batch of samples with two total result discrepancies. Confirmation testing was then extended 

to all participants. With over 1,000 samples returned thus far, all are concordant with the 

original report.

DISCUSSION

Over a 27-month period the BFOR study achieved its target accrual of 4,000 participants, 

demonstrating the uptake of web-enabled population genetic screening. Among expected 

findings were the preponderance of female enrollees13,16,17 and the detection of an AJPV in 
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0.9% of those with a low prior probability of a PV.35 While the study identified AJPV 

heterozygotes who did not meet clinical family history criteria for GT in the general 

population (n=21, 15.2%), most participants with an AJPV met such criteria. Thus, 60% 

(31/52) of those without a known familial PV and 84.8% (117/138) overall had an AJPV 

detected in the presence of a family history, demonstrating the predictive importance 

of family history even in the AJ population. Rates of GT completion and participant 

knowledge following pre-test education were comparable to studies including traditional 

pre-test counseling,36 demonstrating effectiveness of this digital approach in a real-world 

setting. Over a quarter of enrollees were >65 years old, demonstrating that older age was 

not an inherent barrier to a web-based initiative. Although older participants were less 

likely to test positive, we observed a significant association between increasing age and GT 

completion. Older individuals may have been more inclined to have GT, perhaps due to lack 

of insurance coverage for BRCA testing, had more time to complete the study, or had fewer 

life insurance concerns. The finding that participants with a familial PV were more likely to 

complete GT may reflect a higher motivation for these participants based on their increased 

likelihood of testing positive.

This study also elucidated many challenges facing web-enabled community-based service 

delivery models. Only 8.4% of website visits resulted in study enrollment. Once enrolled, 

16.3% of participants did not complete study GT, not completing either registration (8.4%) 

or blood draw (7.9%). Study enrollment and registration took approximately one hour, with 

participants reporting moderate interest in using a similar chatbot again. Blood draw was 

the primary mechanism of specimen collection, as saliva-based analysis was not available 

at study commencement and used only for confirmation testing, also perhaps limiting 

enrollment. Although the high number of website visits compared to study consents may 

be partially accounted for by individuals who were ineligible for the study as well as visitors 

returning on different devices, an incremental increase in the conversion of website visits 

to study enrollment would substantially increase uptake. Future approaches could utilize 

briefer pre-test education, less time-intensive research instruments, and expanded specimen 

collection options (e.g., at-home saliva collection).

Despite the large numbers of individuals of AJ ancestry in the recruitment areas, it took 

over two years to enroll the projected 4,000 participants. Even with substantial community 

outreach, multiple barriers impacted timely recruitment. Outreach through paid social media 

marketing was extremely low yield; referral from friends, family members, or other contacts 

or organizations was more effective and cited as primary motivators for participation. 

Endorsements from community leaders and religious organizations were generally but not 

universally favorable or occurred toward the end of the enrollment period. As this study 

did not systematically recruit PCPs to refer patients for testing, interventions that target 

PCPs could be explored as potential strategies to increase GT uptake. Although BFOR study 

testing was provided at no cost to participants, the study population was characterized as 

predominantly high socioeconomic status. However, not completing study GT was more 

common among participants with greater social disadvantage. Although the potential barrier 

of cost to testing uptake was likely ameliorated by the no-cost provision of testing in this 

study, these findings suggest that economic constraints remain a challenge for completion of 

and follow-up of population genetic screening.
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The BFOR study demonstrated important challenges to scaling up a medical GT model 

that utilizes healthcare providers to share results and direct management. The finding that 

most participants (64.9%) chose to get their results from a BFOR provider, attributing this 

choice to their perceived expertise, underscores the continued need to expand the number 

of cancer genetics specialists and/or increase PCPs’ recognized roles in the field. Older 

participants were more likely to select PCPs to convey results, perhaps due to established 

relationships with their providers. In contrast, participants who had a personal experience 

with GT were less likely to select a PCP to disclose results, perhaps reflecting increased 

familiarity with the role of genetic counselors. Notably, PCP acceptance of the minority 

(40.5%) of invitations to disclose results demonstrates a critical need to develop strategies 

to better engage PCPs in genetic medicine; such strategies could involve professional and 

academic organizations of internists, generalists, and other health providers.37,38

Although this study demonstrates that access to genetic counseling and testing services 

could be improved with web-based tools, barriers to post-test preventive care remain, many 

of which have been identified in a prior study in Israel.13 In addition to analytic validity, 

accurate test interpretation critically depends on context. Early study assessments of patient 

management reveal low adherence to recommendations for additional GT in participants 

with an increased prior probability of a PV and negative AJPV testing. While the need 

for additional personal/family history-directed testing in the context of population screening 

has not been fully addressed in prior studies,14,17 this issue was addressed and highlighted 

in the study in Israel where among the 26% of participants who tested negative for an 

AJPV with a suggestive family history, 18% of those enrolled in the population screening 

arm did not comply with post-test recommendations.13 This issue of post-test compliance 

poses a significant challenge to avoid false reassurance from negative results.39,40 These 

observations also suggest that broader, panel-based initial testing, although more costly and 

likely to yield variants of uncertain significance, may be more efficient. However, there is 

no consensus about which genes such a panel should include, and broader panels would also 

make PCP engagement more challenging. Although individuals with familial PVs were not 

targeted for recruitment, it is notable that they represented 7.7% of all participants tested. 

The findings that study participants with a familial PV were more likely to be younger and 

male, and that the majority of AJPV heterozygotes, predominantly men, had a familial PV, 

supports the particular utility of this web-based model in facilitating cascade GT.8 These 

findings are relevant to future population screening models which will include individuals 

aware and unaware of a history of a familial PV. Confirmation testing, built into study 

procedures, detected two discordant results due to a processing issue affecting a single batch 

of samples, which underscores the importance of assuring the accuracy of GT administered 

on a population scale.

Finally, continued monitoring of participants through annual surveys will be important. 

Longer-term follow-up will allow for evaluation of the appropriateness of medical 

interventions and participant outcomes as well as comparison of adherence to 

recommendations according to disclosing provider.

Thus, early results from the BFOR study demonstrate the potential impact of integrating a 

web-enabled digital tool into GT delivery. This approach effectively provided targeted GT 
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to a population known to be at increased risk for inherited PVs and serves as an additional 

rationale for insurance providers to recognize AJ ancestry as a stand-alone criterion for 

AJPV testing regardless of family history. This preliminary report does not address clinical 

endpoints, psychological impact, or measures of the provider experience which will be 

addressed in subsequent papers. However, this study has revealed challenges relating to 

community uptake, engagement of PCPs in delivery of GT services, laboratory testing and 

logistics, and the need for continued outreach to participants who tested negative but may 

require further GT or enhanced screening. Based on these findings, certain modifications to 

subsequent population genetic screening efforts should be considered. Future study designs 

could include: recruitment of high-risk individuals based on criteria not limited to ancestry, 

enhanced community and PCP outreach to facilitate participation, facilitated cascade testing, 

use of at-home saliva testing and broader panel-based GT, and augmented educational and 

engagement efforts targeted to a broad spectrum of healthcare providers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overall participant flow. PCP = Primary Care Provider; PV = Pathogenic Variant.

a. As a part of baseline data collection n=4,821 for participant responses to items assessing 

how they heard about the BFOR study and n=4,848 responded to items assessing from 

which provider they preferred to receive their results.

Participants completed pre-test and study education, provided consent, and answered 

surveys online. Following registration participants proceeded with genetic testing at 

Quest Diagnostics. Results disclosure method was stratified by results type, BRCA prior 

probability, and disclosing provider. Post-results survey data collection timepoints are not 

shown.
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Figure 2. 
Participant reported reason for provider choice. Key to full reasons below:

BFOR Choice: (n=2,336)

• Prefer genetics expert = I preferred to get my results from a clinician with expertise in 

cancer genetics

• More convenient = I thought it would be more convenient to see a BFOR-affiliated 

provider (for example, because of distance or scheduling)

• Other
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• PCP lacking genetics knowledge = I did not think my primary care provider knows very 

much about BRCA or cancer genetics

• No PCP = I did not have a primary care provider

• Worried about medical record = I was worried about my BRCA results being in my 

medical record

• Difficulty entering PCP = I had difficulty entering my primary care provider’s information

• PCP unlikely to participate = I did not think my primary care provider would be willing to 

participate

PCP Choice: (n=1,387)

• To ensure PCP aware= I wanted to be sure my primary care provider is aware of the testing 

and results

• Prefer clinician who knows me= I preferred to get my results from a clinician who knows 

me

• Believe PCP is most capable= I believed my primary care provider is most capable of 

managing my healthcare

• More convenient= I thought it would be more convenient to see my primary care provider 

(for example, because of distance or scheduling)

• Did no want new clinician= I did not want to involve a new clinician in my healthcare

• Worried about BFOR provider cost= I was concerned about the potential costs (for 

example, insurance coverage for a BFOR-affiliated provider)

• Other

Morgan et al. Page 15

Genet Med. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Morgan et al. Page 16

Table 1.

Characteristics of the Cohort

All Enrolled Participants 5,193

Region Philadelphia 1,037 (20.0%)

New York 1,670 (32.2%)

Boston 1,207 (23.2%)

Los Angeles 1,271 (24.5%)

No Region 8 (0.1%)

Median ADI, Range 5, 1–97

ADI Quartile 1 (AD1=1–2)
1,229 (23.7%)

ADI Quartile 2 (ADI=3–5)
1,101 (21.2%)

ADI Quartile 3 (ADI=6–12)
1,233 (23.7%)

ADI Quartile 4 (ADI=13–100)
1,095 (21.1%)

Missing ADI
535 (10.3%)

Incomplete registration 434 (8.4%)

Incomplete blood draw 412 (7.9%)

Active in study but pending GT 238 (4.6%)

Completed study GT 4,109 (79.1%)

Male/Female 940 (22.9%) / 3,169 (77.1%)

Median Age, Range 54, 25–93
25–44: 33.4%
45–64: 40.2%
65–84: 25.8%
Over 85: 0.5%

Personal history of cancer 511 (12.4%)

Low Prior Probability of a PV 2,304 (56.1%) 490 (21.3%) Male

1,814 (78.7%) Female

Increased Prior Probability of a PV 1,490 (36.3%) 301 (20.2%) Male

1,189 (79.8%) Female

Familial PV 315 (7.7%) 149 (47.3%) Male

166 (52.7%) Female

ADI = Area Deprivation Index; GT = Genetic Testing, PV = Pathogenic Variant. Characteristics of the study cohort are represented above. Region 
is shown for all participants who provided consent for the study (n=5,193). In March 2020, all participants pending phlebotomy were deferred due 
to the COVID-19 pandemic and deemed ‘pending’ at time of analysis. The remaining demographics are reported for all participants who completed 
GT (n=4,109). Missing ADI scores are due to either incomplete participant street addresses or unavailability of corresponding ADI scores due to 

neighborhood characteristics.32,33
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Table 3.

BRCA Prior Probability, Sex, and Early Participant Outcomes according to Test Result

Result BRCA Prior Probability Sex Early Medical Follow-up and Intentions

138 (3.4%) Positive 
GT

21 (15.2%) Low Prior 
Probability of a PV

8 (38.1%) Male
59/69

a
 (85.5%) of participants who tested positive reported 

planning to increase the frequency of their cancer screening 
based on their test results.

13 (61.9%) 
Female

31 (22.5%) Increased Prior 
Probability of a PV

11 (35.5%) Male

20 (64.5%) 
Female

86 (62.3%) Familial PV 57 (66.3%) Male

29 (33.7%) 
Female

3,971 (96.6%) 
Negative GT

2,283 (57.5%) Low Prior 
Probability of a PV

482 (21.1%) 
Male

1,801 (78.9%) 
Female

1,459 (36.7%) Increased Prior 
Probability of a PV

290 (19.9%) 
Male 23/630

a
 (3.7%) of participants with an increased prior 

probability of a PV who tested negative completed further 
recommended GT.1,169 (80.1%) 

Female

229 (5.8%) Familial PV 92 (40.2%) Male

137 (59.8%) 
Female

GT= Genetic Testing, PV = Pathogenic Variant.

a
Note that 50% of participants who tested positive have completed the 12-week follow-up survey, and 43.2% of Increased Prior Probability of a PV 

participants who tested negative have completed the follow-up survey.
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