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Abstract

Background:Population-based genomic screening has the predicted ability to reduce morbidity and mortality
associated with medically actionable conditions. However, much research is needed to develop standards for
genomic screening and to understand the perspectives of people offered this new testing modality. This is
particularly true for non-European ancestry populations who are vastly underrepresented in genomic medicine
research. Therefore, we implemented a pilot genomic screening program in the BioMeBiobank in New York City,
where the majority of participants are of non-European ancestry.

Methods: We initiated genomic screening for well-established genes associated with hereditary breast and ovarian
cancer syndrome (HBOC), Lynch syndrome (LS), and familial hypercholesterolemia (FH). We evaluated and included
an additional gene (TTR) associated with hereditary transthyretin amyloidosis (hATTR), which has a common
founder variant in African ancestry populations. We evaluated the characteristics of 74 participants who received
results associated with these conditions. We also assessed the preferences of 7461 newly enrolled BioMe
participants to receive genomic results.

Results:In the pilot genomic screening program, 74 consented participants received results related to HBOC (N =
26), LS (N = 6), FH (N = 8), and hATTR (N = 34). Thirty-three of 34 (97.1%) participants who received a result related
to hATTR were self-reported African American/African (AA) or Hispanic/Latinx (HL), compared to 14 of 40 (35.0%)
participants who received a result related to HBOC, LS, or FH. Among the 7461 participants enrolled after the BioMe
protocol modification to allow the return of genomic results, 93.4% indicated that they would want to receive
results. Younger participants, women, and HL participants were more likely to opt to receive results.

Conclusions:The addition ofTTRto a pilot genomic screening program meant that we returned results to a
higher proportion of AA and HL participants, in comparison with genes traditionally included in genomic screening
programs in the USA. We found that the majority of participants in a multi-ethnic biobank are interested in
receiving genomic results for medically actionable conditions. These findings increase knowledge about the
perspectives of diverse research participants on receiving genomic results and inform the broader implementation
of genomic medicine in underrepresented patient populations.
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Background
The rapidly decreasing cost of genomic technology has
accelerated the implementation of new genomic applica-
tions in medicine, including population-based genomic
screening [1, 2]. The rationale for genomic screening is
that it can identify individuals at increased risk for ser-
ious health conditions that may otherwise be missed,
and for which there are effective interventions to miti-
gate risk. Three conditions are designated by the Centers
for Disease Control and Prevention (CDC) as Tier 1 gen-
omic applications having the most evidence to support
their early detection and intervention: hereditary breast
and ovarian cancer syndrome (HBOC), Lynch syndrome
(LS), and familial hypercholesterolemia (FH) [3]. An esti-
mated 1–2% of the population harbor a pathogenic or
likely pathogenic (P/LP) variant in one of the genes
underlying these conditions [2, 4–7]. However, because
at present these conditions are poorly ascertained in
routine patient care, most affected individuals are not
aware they are at risk [1, 2, 4, 5, 7].
There are many considerations and challenges to in-

corporating genomic screening into clinical practice, in-
cluding clinical utility, patient and provider preferences,
and healthcare infrastructure and resources to provide
downstream care. Biobanks embedded in health systems
offer excellent research environments to implement and
assess genomic screening programs. In the next 5 years,
genomic data for over 60 million patients is expected to
be generated in biobanks in health systems globally [8].
Some of these biobanks are built with or have pivoted
toward a regulatory structure enabling the return of re-
sults to participants [9]. However, most biobank pro-
grams that return genomic results are doing so in health
systems serving predominantly European (EA) ancestry
patients [1, 10]. The lack of diversity impedes research
on how to best tailor genomic screening to multi-ethnic
populations and misses opportunities to learn about di-
verse patients’ preferences for receiving genomic results.
As large-scale genomic and precision medicine research
efforts, such as the All of Us Research Program [11],
prioritize the engagement of diverse populations, it is in-
creasingly important to evaluate approaches to returning
individual genomic results to these participants.
Here, we describe a pilot genomic screening program

to return results to consented participants of the BioMe
Biobank, an ongoing biorepository in New York City
(NYC). BioMe participants represent broad ancestral di-
versity, with over 65% self-reporting as non-EA [9], and
with evidence of population-specific disease burdens
[12]. As the suitability of genomic results to be returned
to biobank participants is the subject of ongoing deliber-
ation [13], we followed an approach recently proposed
by an expert working group of the Genomics and Popu-
lation Health Action Collaborative, which outlines a tier

system for the inclusion of genes in genomics-based
screening programs [14]. Our pilot program includes the
CDC Tier 1 genes: BRCA1 and BRCA2 (associated with
HBOC); MLH1, MSH2, MSH6, and PMS2 (associated
with LS); and LDLR, APOB, and PCSK9 (associated with
FH). Given the unique, multi-ethnic composition of the
BioMe Biobank, we established a process to evaluate
additional genes that could benefit research participants
historically underrepresented in genomic screening ef-
forts. Consequently, results have been returned for TTR
variants associated with hereditary transthyretin amyl-
oidosis (hATTR), a condition predominantly affecting
African ancestry populations in the USA [15], with
newly approved therapeutics to improve health out-
comes [16]. We discuss the implementation of a pilot
genomic screening program tailored to diverse patient
populations and participant preferences for receiving
genomic results in a multi-ethnic biobank. We report
the characteristics of the first 74 participants to receive
results, and consider the impact of including a condition
disproportionately affecting non-EA populations.

Methods
Study population
The BioMe Biobank is an electronic health record
(EHR)-linked biorepository that has been enrolling par-
ticipants non-selectively from across the Mount Sinai
Health System (MSHS) since 2007. To date, there are
over 55,000 participants enrolled in BioMe under Insti-
tutional Review Board (IRB)-approved study protocol
and consent. BioMe participants consent to provide
DNA and plasma samples linked to their de-identified
EHRs and to be recontacted for future research. Exome
sequence data is available for 30,223 BioMe participants
aged 18 years or older (enrolled from September 2007 to
November 2016), through a collaboration with the
Regeneron Genetics Center [5]. Self-reported race/ethni-
city of participants is derived from a multiple-choice sur-
vey administered on enrollment in BioMe, as previously
described [5, 12]. In October 2018, the BioMe protocol
and consent were modified to allow participants the op-
tion to receive clinically confirmed, medically actionable
genomic results.

Pre-pilot BioMe return of results survey
Prior to the BioMe protocol modification allowing the
return of results, we assessed adult participants’ perspec-
tives on the return of genomic results through a 21-item
survey study. The survey study was approved by the
Icahn School of Medicine at Mount Sinai’s IRB. Survey
data were collected between June 2015 and February
2016. A link to the online survey was included in one
edition of a newsletter mailed to BioMe participants, and
500 randomly selected BioMe participants were mailed a
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paper version of the survey and a pre-paid return enve-
lope. Survey responses were anonymous. The survey
assessed demographic and socioeconomic factors, partic-
ipants’ interest in receiving genomic results, perceived
benefits and concerns, and preferred method for result
disclosure. Survey measures were guided by previous
studies on the willingness of diverse populations to par-
ticipate in genomic research, genomic information needs
among diverse biobank participants, and attitudes of
health professionals and the public toward the return of
incidental results (Additional File 1: Table S1) [17–20].
Not all survey data are presented in this paper; for add-
itional survey data, see the “Availability of data and ma-
terials” section.

Pilot genomic screening program
A pilot genomic screening program was launched in
February 2019 to disclose clinically confirmed, medically
actionable genomic results to BioMe participants. The
program initially included HBOC, LS, and FH and was
expanded in November 2019 to include hATTR. Because
participants with available exome sequence data were
consented prior to the BioMe protocol modification
allowing the return of results, this limited the number of
participants eligible for the pilot genomic screening pro-
gram. Outreach to BioMe participants to encourage up-
dating of consent forms included unselected outreach
via BioMe Biobank recruitment events and newsletter
announcements. Targeted outreach to participants with
suspected genetic findings (based on bioinformatic filter-
ing of the 30,223 exomes) was also undertaken via
mailed letters letting participants know about the
changes to the BioMe protocol. At the time of this study,
692 participants aged 18 years or older with available ex-
ome sequence data had updated their BioMe consents to
indicate that they wished to receive results.

Clinical confirmation of research results
Exome sequence data from 692 eligible participants were
screened for research results. Research results included
P/LP variants in all 10 genes of interest identified by
positional intersection with the ClinVar database
(accessed August 2019) [21] and additional predicted
loss-of-function (stop gain, start loss, frameshift, splice
acceptor, or splice donor) variants in 7 genes for which
loss of function is a known disease mechanism (i.e.,
BRCA1, BRCA2, MLH1, MSH2, MSH6, PMS2, and
LDLR). In addition, we screened available genotype array
data from eligible participants for V142I, a common
pathogenic variant in TTR. Consented participants with
a research result provided a new blood sample for clin-
ical confirmation of the suspected finding. Research re-
sults were confirmed by Sanger sequencing at Sema4, a
New York State-approved and CLIA-certified clinical

genetic testing laboratory [22]. The clinical laboratory
generated individual reports that were reviewed by the
study team. Only variants confirmed by Sanger sequen-
cing and classified as P/LP for the four conditions in-
cluded in the program were disclosed to participants.

Result disclosure
Consenting participants with clinically confirmed P/LP
variants were scheduled for an in-person genetic coun-
seling visit for result disclosure. These visits were transi-
tioned to telemedicine in April 2020 due to the COVID-
19 pandemic, which included video visits where possible
and telephone encounters if technological barriers were
insurmountable. Participants with prior knowledge of
their genomic risk were informed of their result by tele-
phone and were offered an in-person genetic counseling
visit. Genetic counseling visits were conducted with a
third-party Spanish interpreter for Spanish-speaking par-
ticipants. The components and content of result disclos-
ure and genetic counseling were consistent across all
service delivery models (see Additional File 1: Fig. S1).
Participants received a copy of their clinical report and
an internally developed fact sheet (in English or Spanish)
on the associated condition that summarized informa-
tion received. After the visit, results were uploaded to
the participant’s EHR and their problem list (list of pa-
tient diagnoses) was updated to include their gene vari-
ant status. All participants with telemedicine encounters
received a follow-up phone call 1 week post-result
disclosure.

BioMe participants’ preferences to receive results
We evaluated BioMe participants’ consent data during
the first year following the change in BioMe protocol
allowing participants the option to receive results
(October 2018 to October 2019). We queried 7461
newly enrolled participants’ responses to the question
“Do you wish to receive genetic results?” We analyzed
the differences in responses by sex, age, and self-
reported race/ethnicity categories, excluding Native
Americans (N = 9) and those with missing race/ethni-
city information (N = 268).

Data analysis
Data were analyzed using JMP version 15 (SAS Institute
Inc.). Counts and percentages were calculated for cat-
egorical variables, and medians and ranges were calcu-
lated for continuous variables. Pearson’s chi-squared test
and multiple logistic regression were performed to test
for statistical differences across groups. p < 0.05 was
considered statistically significant.
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Results
Pre-pilot survey to understand BioMe participants’
preferences to receive genomic results
Seventy-two BioMe participants responded to a survey
assessing perspectives on the return of hypothetical gen-
omic results (34 by mail and 38 electronically). Com-
pared to all BioMe participants enrolled at the time,
survey respondents were younger and more likely to be
born in the USA. Respondents were 58.3% non-EA by
self-report, which is broadly representative of the diver-
sity of BioMe participants (Additional File 1: Table S2).
The majority replied that they definitely (73.9%) or prob-
ably (15.9%) still would have enrolled into BioMe if gen-
omic results were returned as part of the program, and
the rest (10.1%) were unsure (Additional File 1: Fig.
S2A). Participants were asked to select among reasons to
receive or not receive results (Additional File 1: Fig.
S2B). Reasons to receive results included to help them-
selves (87.1%), help their family (75.7%), help with family
planning (40.0%), and feeling ownership over results
(34.3%). Reasons to not receive results included discrim-
ination concerns (54.3%), anxiety (45.7%), privacy con-
cerns (28.6%), and the inability to make health changes
(21.4%). The majority (54.5%) preferred to receive all
genomic results, and 31.8% preferred results about spe-
cific diseases that genetics experts think are important
(Additional File 1: Fig. S2C). Only 3.0% indicated that
they would not want to receive any type of result. Most
preferred to receive results from a genetic counselor
(45.7%; Fig. 1a). Preferred modes of result disclosure
were by a letter in the mail (50.0%) or in person (38.6%;
Fig. 1b). Results from this survey helped inform the
change in the BioMe protocol to allow participants the
option to receive genomic results and the implementa-
tion of a pilot genomic screening program.

Process for inclusion of genes and conditions in a pilot
genomic screening program
The pilot genomic screening program initially included
nine genes associated with HBOC, LS, and FH [3]. A
GenomicsFirst Committee (comprising medical geneti-
cists, genetic counselors, and non-genetics specialists
with expertise in hereditary conditions) was concurrently
established to evaluate additional genes for result return.
We developed a process to evaluate genes based on (1)
the prevalence of P/LP variants in BioMe, (2) the current
evidence for medical actionability, and (3) the availability
and engagement of appropriate specialty care at MSHS.
The GenomicsFirst Committee recommended the
addition of hATTR based on the high prevalence and
clinical impact of TTR V142I in BioMe [15], review of
the Clinical Genome Resource (ClinGen) Actionability
Adult Summary Report [23, 24], availability of new non-
invasive procedures for the diagnosis of cardiac

amyloidosis [25], FDA approval of new therapies for cardiac
and neuropathic transthyretin amyloidosis [16, 26, 27], and
the availability of expert multidisciplinary clinical care for
amyloidosis at MSHS.

Implementation of a pilot genomic screening program
Adult BioMe participants with available exome sequence
data who had updated their consent and indicated that
they wished to receive results (N = 692) were eligible for
inclusion in the pilot genomic screening program (Fig. 2).
Ninety-four participants had a research result, one of
whom opted out of receiving results. Among the 93
remaining participants, results from 78 were confirmed
by Sanger sequencing and were classified as P/LP by the
clinical genetic testing laboratory. The others were not
confirmed by Sanger sequencing (N = 3) or were down-
graded (N = 11 classified as variants of uncertain signifi-
cance and N = 1 APOB variant associated with
hypobetalipoproteinemia). All Sanger-confirmed P/LP
and downgraded variants are listed in Additional File 1:
Table S3.
Seventy-four of 78 participants with clinically con-

firmed P/LP variants received results (Fig. 2). Four par-
ticipants (5.3%) did not respond to numerous outreach
attempts and therefore have not received results to date.
Participants who received results were predominantly
women (82.4%), and their median age was 58 years (age
range 28–83 years; Table 1). We compared self-reported
race/ethnicity categories of participants receiving a gen-
omic result associated with a CDC Tier 1 condition
(HBOC, LS, and FH) vs. hATTR. The proportion of Af-
rican American/African (AA) or Hispanic/Latinx (HL)
individuals receiving results through this program in-
creased from 35.0 to 63.5% with the addition of TTR
(chi-square p = 3.6 × 10� 3).
The majority (79.7%) of participants who received re-

sults were not previously aware of their genomic risk.
Among 15 participants with prior knowledge of their
genomic risk, 13 had a result associated with HBOC and
2 with a non-HBOC condition (hATTR and FH). The
proportion of participants receiving a genomic result
that they were previously unaware of increased from
65.0 to 79.7% with the addition of TTR (chi-square p =
0.08). Notably, the individual with a prior diagnosis of
hATTR was the only EA individual to receive a TTR re-
sult and the only individual not harboring V142I. Three
of 34 (8.8%) TTR results were disclosed with a third-
party Spanish interpreter to participants whose preferred
language was Spanish.

Newly enrolled BioMe participants’ preferences to receive
genomic results
To understand participants’ preferences to receive gen-
omic results at a larger scale and inform the broader
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implementation of genomic screening in BioMe, we
evaluated the consents of newly enrolled BioMe par-
ticipants in the 1-year period following protocol
modification (Fig. 3). Among 7461 newly enrolled
participants, 6968 (93.4%) indicated that they wished
to receive genomic results. Preference to receive re-
sults was greater in women than men (94.2% vs.
92.2%, chi-square p = 6.8 × 10� 4) and in younger par-
ticipants (chi-square p = 4.3 × 10� 13). Preference varied
by self-reported race/ethnicity (chi-square p = 6.2 ×
10� 11), with a greater proportion of HL individuals
(96.0%) opting to receive results compared to other
groups. In a multivariate model including age, sex,
and self-reported race/ethnicity, all three predictors

remained significantly associated with return of result
preference (p = 2.7 × 10� 20).

Discussion
Population genomic screening provides an opportunity
to identify individuals at elevated risk of diseases for
which preventive measures or treatments exist, and
which may be underrecognized by standard clinical ap-
proaches [4, 5, 7, 15]. This promotes proactive care by
informing asymptomatic or presymptomatic individuals
of their elevated genomic risk for disease and engaging
them in personalized risk management [28, 29]. We
sought to improve our understanding of diverse biobank
participants’ preferences with respect to receiving

Fig. 1 Previously enrolled BioMeparticipants’ (N = 72) survey responses regardinga preferred person to disclose genomic results andb preferred
mode of result delivery. Participants were most likely to prefer that a genetic counselor (45.7%) disclose results and that results be returned by
mailed letter (50.0%) or in person (38.6%)
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genomic results, and to implement a pilot genomic
screening program tailored to better serve AA and
HL patient populations who are vastly underrepresented
in genomic research and genomic medicine applications
[30–32].
A pre-pilot survey of BioMe participants suggested

broad interest in receiving individual genomic results
and helped inform changes to the BioMe protocol to
allow participants this option. Survey respondents en-
dorsed the return of all genomic results, including those
that are uncertain or uninterpretable, which is similar to
other studies reporting participants’ interest in receiving
all personal genomic information [33]. Consistent with
most biobanks returning results, we elected to offer the
return of medically actionable genomic results, which
are most likely to positively impact clinical care because
they are highly penetrant and are associated with

conditions for which treatment and/or prophylactic
measures are available [34, 35]. The American College of
Medical Genetics and Genomics (ACMG) lists 59 genes
for reporting as incidental findings from clinical or re-
search exome and genome sequencing studies based on
medical actionability [35]. However, the use of these
genes for other purposes, including population screen-
ing, is not endorsed due to uncertain penetrance in
asymptomatic individuals [36]. Three conditions in-
cluded in the ACMG list, HBOC, LS, and FH, are highly
penetrant, are poorly ascertained in clinical practice, and
have established and effective interventions to prevent
or mitigate disease risk. These were recently highlighted
by an expert working group to meet Tier 1 guidelines
for pilot genomic screening implementation [14]. The
same group suggested the inclusion of additional Tier 2
genes that are compelling for result return due to

Fig. 2 Pilot genomic screening program. Schematic outlining a pilot genomic screening program to return clinically confirmed pathogenic and
likely pathogenic (P/LP) variants in genes related to hereditary breast and ovarian cancer syndrome (HBOC), Lynch syndrome (LS), familial
hypercholesterolemia (FH), and hereditary transthyretin amyloidosis (hATTR)
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