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Katie Kirchoff,! Kelli L. Garrison,! Kimberly Foil,! Libby Malphrus,! Samantha Norman,!
Paula S. Ramos,! Kelly Perritt,! Caroline Brown,! Leslie Lenert,! and Daniel P. Judge!

Summary

We use the implementation science framework RE-AIM (reach, effectiveness, adoption, implementation, and maintenance) to describe
outcomes of In Our DNA SC, a population-wide genomic screening (PWGS) program. In Our DNA SC involves participation through
clinical appointments, community events, or at home collection. Participants provide a saliva sample that is sequenced by Helix,
and those with a pathogenic variant or likely pathogenic variant for CDC Tier 1 conditions are offered free genetic counseling. We as-
sessed key outcomes among the first cohort of individuals recruited. Over 14 months, 20,478 participants enrolled, and 14,053 samples
were collected. The majority selected at-home sample collection followed by clinical sample collection and collection at community
events. Participants were predominately female, White (self-identified), non-Hispanic, and between the ages of 40-49. Participants
enrolled through community events were the most racially diverse and the youngest. Half of those enrolled completed the program.
We identified 137 individuals with pathogenic or likely pathogenic variants for CDC Tier 1 conditions. The majority (77.4%) agreed
to genetic counseling, and of those that agreed, 80.2% completed counseling. Twelve clinics participated, and we conducted 108 collec-
tion events. Participants enrolled at home were most likely to return their sample for sequencing. Through this evaluation, we identified
facilitators and barriers to implementation of our state-wide PWGS program. Standardized reporting using implementation science

frameworks can help generalize strategies and improve the impact of PWGS.

Introduction

Hereditary breast and ovarian cancer syndrome (HBOC),
Lynch syndrome (LS), and familial hypercholesterolemia
(FH) are recognized by the Centers for Disease Control
and Prevention (CDC) as Tier 1 applications for genomic
screening, with a significant potential for positive impact
on public health.™ Individuals who are identified with a
pathogenic or likely pathogenic variant in genes associated
with each of these conditions are at a substantially elevated
risk of serious, yet avoidable disease. Well-established
preventive services are available to reduce associated
morbidity and mortality for the 1%-2% of the US popula-
tion affected by a genetic predisposition to CDC Tier 1 con-
ditions (https://www.cdc.gov/genomics/implementation/
toolkit/tier1.htm)."~* Unfortunately, these hereditary con-
ditions are poorly identified in the general population,
with most individuals being unaware or discovering their
condition only after a related disease diagnosis, represent-
ing a missed opportunity to prevent unnecessary suffering
and potentially death (https://www.nationalacademies.
org/our-work/genomics-and-population-health-action-
collaborative).

Population-wide genomic screening (PWGS) for Tier 1
conditions can transform population health by identifying
those who are genetically predisposed to cancer and
cardiovascular disease before symptoms arise. Given the
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high penetrance and clinical actionability of variants in
genes associated with Tier 1 conditions, in 2018, the Na-
tional Academies of Science, Engineering, and Medicine’s
Genomics Public Health Action Collaborative shared rec-
ommendations for implementing PWGS for genes associa-
ted with Tier 1 conditions (https://www.nationalacademies.
org/our-work/genomics-and-population-health-action-
collaborative). Further, the inclusion of diverse PWGS par-
ticipants is essential for promoting health equity in
genomic-informed preventive services and clinical care.”

To date, atleast 14 PWGS programs screening for CDC Tier
1 conditions have been identified in the US.® Established
PWGS programs offer a prime opportunity to study the im-
plementation of PWGS and inform a deeper understanding
of the factors to enhance successful implementation and
ensure scalable programs to maximize population impact.”
Incorporation of implementation science methods offers a
pragmatic approach to evaluate the impact of population-
based screening in specific settings and the impact of this
approach on population health broadly.®'? Our study
team proactively developed a strategic implementation
agenda that uses implementation science methods to eval-
uate the In Our DNA SC program at the Medical University
of South Carolina (MUSC)."? In the current report, we focus
on reporting RE-AIM (reach, effectiveness, adoption, imple-
mentation, and maintenance) outcomes of the first cohort
of participants of the In Our DNA SC program.
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Figure 1. In Our DNA SC workflow

Subjects and methods

Setting and sample collection

We describe findings from initial implementation of the In Our
DNA SC program (November 8, 2021) through reaching our pro-
gram milestone of enrolling at least 20,000 individuals (January
6, 2023). Eligibility to participate in the study included being
over 18, having the ability to speak English, and not having pri-
mary residency in New York State. Participants could enroll and
provide their saliva samples in several ways: (1) clinical appoint-
ments at 12 MUSC-affiliated outpatient clinics, (2) community
events, or (3) at-home sample collection. The program is consid-
ered a research study, and the protocol was approved by Ethical &
Independent Review Services (Salus IRB #21143-03).

Clinical sites were selected to support enrollment based on the
proportion of the patient population with active Epic MyChart
accounts, geographic distribution, and patient volume. Individ-
uals with a clinical visit at a participating clinic within the sub-
sequent 7 days, received a message through MyChart alerting
them of their eligibility to participate in the study. If individuals
did not respond to the initial message, a follow-up message was
sent through MyChart three days before their visit. If an individ-
ual expressed interest through their MyChart account, a study
team member then sent a follow-up message through the patient
portal with detailed instructions about enrollment and initiated a
phone call. Once the self-consent process was completed via
Research Eletronic Data Capture (REDCap), a standing order
was automatically generated for sample collection during the up-
coming clinical appointment. Participants were provided with
instructions about the process for completing sample collection
at their appointment. Trained clinical staff provided the spec-
imen collection kit at the participant’s appointment and re-
turned the completed kit to the Helix laboratory for processing
(Figure 1).

Community events included MUSC-sponsored events that took
place on a reoccurring basis in four different regions of South Car-
olina (Charleston, Columbia, Florence, and Lancaster), as well as
community-hosted events in partnership with local colleges and
businesses (e.g., health fairs, senior expos) or community groups
(e.g., Healthy Me Healthy SC, church groups). Individuals would
consent into the study through MyChart; if they did not have
an existing MyChart they were able to create one. Participants
were provided with instructions about the process for completing
sample collection at the event. A study-team member provided the
specimen collection kit to the participant and returned the
completed kit to the Helix laboratory for processing.

Participants who elected for an at-home sample collection dur-
ing the consenting process were mailed a test kit to the address
provided in their MyChart within one month of signing the con-
sent form. At-home participants were provided instructions for
completing sample collection within their kit. The participant
then returned the completed kit to the Helix laboratory for pro-
cessing with the provided shipping label.

Participants received notification of their results for the CDC
Tier 1 conditions via MyChart approximately 8-12 weeks after
a successful collection. All results were also recorded in the partic-
ipant’s medical record. Results without a pathogenic or likely
pathogenic variant are released automatically into the partici-
pant’s MyChart account as soon as they are available. For individ-
uals with a pathogenic or likely pathogenic variant for one of the
hereditary conditions, positive results were released to the partic-
ipant’s medical records after two weeks, during which time a
study team member attempted to contact the participant at least
three times by phone. If the study team member was unable to
reach the individual, they sent a certified letter via mail. Those
who were identified with a pathogenic or likely pathogenic
variant were offered free genetic counseling through MUSC
where they can receive detailed information about their results,
recommendations for follow-up care, and resources specific to
their condition. Individuals who elected not to receive genetic
counseling received additional resources, including a gene guide
describing lifestyle recommendations, health risks, medical man-
agement, and resources about relevant support groups.

Sample sequencing

The three conditions included in our study are the CDC Tier 1 con-
ditions. These are genomic applications that are considered to
have the most evidence to support their early detection and
intervention: HBOC, LS, and FH.'* The participant’s sample is
sequenced for the CDC Tier 1 conditions by Helix. The sequencing
includes the evaluation of BRCA1, BRCA2, MLH1, MSH2, MSH6,
PMS2, EPCAM, APOB, LDLR, LDLRAP1, and PCSK9.

The participants’ raw genomic data are generated by Helix’s
next-generation sequencing laboratory, CLIA-certified (CLIA
#05D2117342) and CAP accredited (CAP #9382893), meaning
that results can be returned to the participants’ electronic health
record once sequencing is complete. Helix currently runs the
Exome+ assay, a panel-grade clinical exome with a microarray
backbone. The assay has been validated to support comprehensive
and highly uniform coverage (>99.5% call rate at > 20x for clin-
ically relevant regions), clinically validated intragenic and multi-
genic copy number variants (CNVs) (100% sensitivity for >2
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Table 1. RE-AIM outcomes, definitions, and measures

RE-AIM® Outcome Definition

Measure

Reach number and representativeness of participants # eligible individuals reached
compared to the intended audience
# declined
# non-responsive
# withdraw
# excluded
# enrolled
Effectiveness degree to which an intervention # who complete in our DNA SC
changes a health outcome
# positives identified
# positive individuals who were
referred to genetic counselor
Adoption number of opportunities for Total number of MUSC and
individuals to participate community sites enrolling
Implementation How well the intervention or program was setting level:
delivered at the setting level (operationalized number of adaptations
at the setting and individual level)
individual level: among those who enrolled in In Our
DNA SC: # samples collected, # recollected, # results
sent, timelines of return of results
Maintenance Continual impact of program setting level:

(operationalized at the
site and individual level)

sites where In Our DNA SC is continued

individual level:
positive individuals who complete counseling;
high-risk management of positive individuals

?RE-AIM: reach, effectiveness, adoption, implementation, maintenance.

exons), clinically validated star allele calls for pharmacogenetic re-
gions (accurate detection of >100 CYP2D6 star alleles), array-
equivalent genome-wide imputation of tens of millions of high-
confidence single nucleotide polymorphisms (SNPs) for discovery
and polygenic risk scores, and inclusion of the full mitochondrial
genome.

Variant calling is completed using a customized version of Sen-
tieon’s DNAseq software, requiring 20X coverage for validated
variant calls. Designation of pathogenicity for variants is per-
formed using ACMG/AMP guidelines.'®> CNVs are called using a
proprietary bioinfomatics pipeline that compared the coverage
profile of the sample with the coverage profiles of other reference
set samples. Mayo Clinic GeneGuide then analyzed the generated
variant data for the exons and 10 bp of flanking intronic sequence
(and select tagged intronic variants) of the 11 genes included from
the Helix Secure Database. The sample is reviewed for single-nucle-
otide variants (SNVs), indels up to 20 bp in length, and CNVs that
are known or predicted to be pathogenic (https://cdn.shopify.
com/s/files/1/2718/3202/files/Helix_Exome_Performance White_
Paper.pdf?v=1585153941).

Design and data collection

We proactively developed an evaluation plan to assess RE-AIM
outcomes (Table 1).'*'® RE-AIM is an implementation science
framework that focuses on outcomes to identify factors that facil-
itate or inhibit the translation of innovations. Through the
assessment of factors at the individual and organizational level,
RE-AIM provides a pragmatic approach to evaluate implementa-
tion of interventions.'”'® We previously described ten data

collection methods used to regularly assess the In Our DNA SC
program’s impact; for the current report, we use data from the
data dashboard, which is a structured query language (SQL) data-
base that extracts data from the electronic health record, which
included demographic, lab, enrollment, and visit information
for all individuals associated with In Our DNA SC as outlined
by RE-AIM.'® The database is refreshed three times per week to
support reporting needs for both the internal MUSC research
team and third-party colleagues at our lab partner, Helix. This
database enables secure access to clinical data related to the study
population, as well as efficient and targeted analysis of the data to
identify patterns and trends.

Reach was defined as the number and representativeness of par-
ticipants compared to the intended audience (number of eligible
individuals reached, number who withdrew, number excluded by
investigator, number who declined, number who were non-respon-
sive, number enrolled). Effectiveness, or the degree to which the
intervention changes a health outcome, was based on the number
of individuals who completed the program (i.e., results were re-
turned), the proportion of participants who were identified with
a pathogenic or likely pathogenic variant for CDC Tier 1 condi-
tions, and those that agreed to a genetic counseling referral. Adop-
tion was defined as the number of opportunities for individuals to
participate. We measured this as the number of opportunities forin-
dividuals to enroll at clinics, events, or through at-home options.
Implementation focused on how well the intervention or program
was delivered, which was operationalized at the setting and individ-
ual level, with the primary analysis at the individual level. At the
setting level, we tracked adaptations made during implementation.
At the individual level, we assessed the number of samples
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RE-AIM Issue

Content

Critical

Considerations

ADOPTION Total clinics enrolling
(n=12), collection Differences in adoption across SC.
events, at-home What facilitated adoption across sites?
collections
Total potential Reasons for enrollment, expressing interest,
e participants (93,757) | non-response, decline. Demographic differences
by age, sex, race, ethnicity, education, income,
area of residence.
l A \i l
Withdrawn Declined ?nx\féigggtgf Enrolled
32, 0.03% 5,979, 6.4% 20,478, 21.8%
REACH < (32, 0) (5,979, 6.4%) (12, 0.0001%) ( 0)
Acceptability and Fidelity to protocol at Adaptations mag_:le to
| satisfaction of program e sites <> program over time
among site staff (n=41)
\ J
IMPLEMENTATION {
” | — 5 leci dod Site-specific facilitators and
] amples collecte €-collection neede barriers to implementation;
Setting Level (14,053, 68.6%) (828, 5.9%) satisfaction with training
materials
Individual Level ‘
Results sent (13,208, 94.0%) | 1imeliness of
return of results
( !
Participant experience and
[of lete In Our DNA SC
om;()1e3e20r; Ger% ) satisfaction with In Our DNA
' ’ SC
EFFICACY <
\
Positive participant referred to
L genetic counselor
(106,77.4%)
MAINTENANCE L
Positive participant follow-up
Individual Level with genetic counselor (85,
80.2%) -
Demographic differences by age, sex,
+ race, ethnicity, education, income, area
High-risk management of of residence.
positive participants
Setting Level Sites in which In Our DNA SC Sites in which In Our DNA SC
> is continued (12, 100%) ™1 is not maintained (0, 0%)

Figure 2. CONSORT diagram of In Our DNA SC participants

collected, number needing recollection, number of results sent to
participants, and timeliness of return of results. Finally, mainte-
nance was operationalized at the setting and individual level. At
the site level, we considered maintenance to be the number of
enrollment opportunities for In Our DNA SC participants and
high-risk management of individuals identified with a pathogenic
or likely pathogenic variant. For those who were identified with
HBOC or LS variants, we considered high-risk management to be
completion of a genetic counseling visit. We also tracked atten-
dance at the Hereditary Cancer Clinic, which is designed to offer

centralized services and referrals for individuals with pathogenic
variants. For those who were identified with an FH variant, we
considered high-risk management to be completion of genetic
counseling (after referral from research coordinator).

Data analysis

Data were downloaded from the In Our DNA SC SQL database and
REDCap databases. All analyses were completed in SAS v. 9.4. Data
were merged based on common identifiers and cleaned prior to
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Table 2.

Overview of participants by collection type

Total Clinic Community Event At home Missing collection type

n % n % n % n % n %
Enrolled 20,478 100.0 4,618 22.6 2,037 9.9 11,602  56.7 2,221 10.8
Samples collected 14,053  68.6 2,696 584 1,397 68.6 8,627 744 1,333 60.0
Results returned 13,208  94.0 2,547 945 1,320 94.5 8,051 93.3 1,290 96.8
Positive results 137 1.0 23 0.9 20 1.5 89 1.1 5 0.4
Referral made to genetic counselor 106 77.4 19 82.6 16 80.0 69 77.5 2 40.0

Enrolled: total number of individuals who consented; total number consented by type (in clinic, at community event, at home, or missing collection type).
Samples collected: number and proportion of those who enrolled that provided a saliva sample, and the sample was received at the Helix lab (accessioned) (sam-

ple collection/enrolled).

Results returned: number and proportion of those who provided a saliva sample (were accessioned) that have had their results returned to their electronic health

record at time of data pull (results returned/samples collected).

Positive results: number and proportion of those who provided a saliva sample that received positive results for CDC Tier 1 conditions of hereditary breast and
ovarian cancer, Lynch syndrome, and familial hypercholesterolemia (positive results/results returned).
Referral made to genetic counselor: number and proportion of those who received positive results for CDC Tier 1 conditions that agreed to a referral to genetic

counseling (referral made/positive results).

analysis. Descriptive analysis included mean and standard devia-
tion, frequency, and percentage. We also assessed differences by
enrollment type and sociodemographics using chi-square tests.

Results

An adapted consolidated standards of reporting trials
(CONSORT) diagram is provided (Figure 2) to outline site
participation, study participation, and key outcomes.
This CONSORT diagram was used throughout the study
to track changes to the program and opportunities for
enhancements.'’

Reach

All individuals in South Carolina who meet the eligibility
criteria as mentioned above are eligible to participate in
the In Our DNA SC program. In total, we met our milestone
of enrolling 20,000 individuals of the 100,000 enrollment
goal for the program in 14 months. We enrolled 20,478 par-
ticipants between November 8, 2021 and January 6, 2023.
Of those enrolled, the majority enrolled through the at-
home option (n = 11,602, 56.7%), followed by clinical set-
tings (n =4,618, 22.6%), and community events (n =2,037,
9.9%) (Table 2). We were missing enrollment type data from
10.8% of our participants. Other indicators of reach include
the number of participants who withdrew from the study
(n = 32, 0.03%), number of individuals who declined (n =
5,979, 6.4%), and number of individuals who were
excluded by the investigator (n = 12, 0.0001%) (Figure 2).
We found differences in enrollment by sociodemographic
characteristics (Table 3). Participants who enrolled were
more likely to be female (n = 15,011, 73.3%, p < 0.0001),
White (n = 15,644, 76.4%, p < 0.0001), non-Hispanic
(n = 17,348, 84.7%, p < 0.0001), and between the ages of
40 and 49 (n = 4,193, 20.5%, p < 0.0001). There were also
sociodemographic differences across types of enrollment
(clinic, community event, at home). Across enrollment
types, participants were most likely to be female (clinical

setting, n = 3,428, 74.2%, p < 0.0001; community events,
n=1,474, 72.4%, p < 0.0001; at home, n = 8,496, 73.2%,
p < 0.0001), White (clinical setting, n = 3,895, 84.3%,
p < 0.0001; community events, n = 1,333, 65.4%,
p < 0.0001; at home, n = 8,566, 73.8%, p < 0.0001), and
non-Hispanic/Latino (clinical settings, n = 4,445, 96.3%,
p < 0.0001; community events, n = 1,650, 81.0%,
p < 0.0001; at home, n = 9,259, 79.8%, p < 0.0001). There
were different ages across enrollment type, with the clinical
settings most frequent age being 30-39 years old (n = 882,
19.1%, p < 0.0001), community events being 18-29 years
old (n = 454, 22.3%, p < 0.0001), and at home being 40-
49 (n =2,632,22.7%, p < 0.0001) (Table 3).

Effectiveness

To assess effectiveness or whether the program achieved its
intended public health goal of identifying individuals with
CDC Tier 1 conditions, we assessed the number of individ-
uals who completed the program (n = 13,208, 64.5% of
those who enrolled). We also considered the total number
of individuals who were identified with a pathogenic or
likely pathogenic variant for a CDC Tier 1 condition
(n =137, 1.0% of results returned). We identified 56 indi-
viduals (40.9%) with pathogenic or likely pathogenic vari-
ants related to HBOC, 33 individuals with pathogenic or
likely pathogenic variants related to LS (24.1%), and 48 in-
dividuals (35%) with pathogenic or likely pathogenic vari-
ants related to FH. Of the individuals who were identified
with a pathogenic or likely pathogenic variant, 106 agreed
to genetic counseling (77.4%). We found non-significant
differences (p = 0.3211) across type of condition with
those identified with LS variants being most likely to agree
to genetic counseling (n = 28, 84.8%), followed by HBOC
(n = 44, 78.6%), and FH (n = 34, 70.8%) (Table 4).

Adoption
Adoption was considered at the organizational level, with
the total number of clinics participating (n = 12). These

The American Journal of Human Genetics 171, 433-444, March 7, 2024 437



clinics were selected to participate by the ambulatory lead-
ership team based on clinic volume, high buy-in and
engagement from clinical leadership, rate of MyChart
use, clinic sociodemographic diversity, and clinical repre-
sentation from across MUSC divisions. Initially, 10 clinics
were included in the program as part of the pilot phase (re-
sults previously described).'®?" Staff and providers at the
pilot phase clinics went live with the In Our DNA SC work-
flow at the same time (November 8, 2021). After the initial
pilot phase, which ended in March 2022, we expanded to
include community collection events (n = 108). Commu-
nity collection events included standing events at key
MUSC community clinics and community-focused part-
nership events. The study team worked closely with the
project’s community advisory board to identify commu-
nity organizations and events.

Implementation

Implementation was assessed at the setting level through
tracking the number of adaptations made to the program
over time (n = 41). These adaptations were coded accord-
ing to the Framework for Reporting Adaptations and
Modifications-Enhanced (FRAME).?! Of the 41 adaptations
identified, the majority were changes to the content of the
program (20%) that impacted the individual level (70%).
The nature of the changes was primarily adding a compo-
nent to the program (55%). We report detailed information
about the types of adaptations made during the pilot phase
of the program elsewhere.*

We also assessed implementation at the individual
level. This was tracked through the number of samples
collected, differences in sample collection across type of
enrollment (clinic, community event, at home), and dif-
ference in samples collected based on sociodemographics
(Table 3). In total, 14,053 samples were collected (68.6%
of enrolled participants). There were differences in sample
collection rates across the type of enrollment. At-home
collection resulted in the highest proportion of samples
collected among those enrolled (n = 8,627, 74.4%), fol-
lowed by community events (n = 1,397, 68.6%), and clin-
ical settings (n = 2,696, 58.4%). The majority of samples
collected were from female participants (n = 10,156,
72.3%), White (n = 10,863, 77.3%), non-Hispanic (n =
11,816, 84.1%) and ages 40-49 years (n = 2,786,
19.8%). Regardless of sample collection type, the majority
of participants with a sample collected were female
(clinic, n = 1,973, 73.2%; community n = 988, 70.7%;
at home n = 6,246, 72.4%), White (clinic, n = 2,312,
85.8%; community, n = 918, 65.7%, and at home
6,474, 75.0%), and non-Hispanic (clinic, n = 2,600,
96.4%, community event n = 1,108, 79.3%, at home
n = 6,875, 79.7%). The age of participants varied across
the type of sample collection. In clinical settings, the ma-
jority of participants with samples collected were between
50 and 59 years old (n = 475, 17.6%), community settings
were more likely to collect samples from individuals be-
tween 18 and 29 years old (n = 317, 22.7%), and individ-

uals collecting samples at home were more likely to be be-
tween 40 and 49 years old (n = 1,889, 21.9%).

Additional measures of implementation included num-
ber of samples needing to be recollected, number of results
returned from the laboratory to participants, and timeli-
ness of return of results. A total of 828 samples required
recollection (5.9% of those received by the laboratory).
Overall, 94.0% of results have been returned to partici-
pants (n = 13,208). The rates of results being returned
were consistent across type of sample collection (clinic,
n = 2,547 [94.5%], community, n = 1,320 [94.5%)], at
home 8,051 [93.3%)]).

Maintenance

At the site level, clinical sites that enroll In Our DNA SC
participants are continuing to enroll. We are actively ex-
panding our community partnerships and providing addi-
tional opportunities to provide samples through labora-
tory settings. At the individual level, we are tracking
high-risk management of individuals identified with a
pathogenic or likely pathogenic variant (Table 4). The ma-
jority (78.6%) of individuals identified with an HBOC
variant agreed to genetic counseling (n = 44). Of those
who attended genetic counseling (n = 40), the majority
also completed a follow-up visit with the Hereditary Can-
cer Clinic (n = 26, 65%) to discuss additional options for
prevention. Of those who received referrals to genetic
counseling for an LS variant (n = 28), the majority (n =
27, 96.4%) attended genetic counseling. Only one-third
of individuals with an LS variant attended the Hereditary
Cancer Clinic after genetic counseling (n = 9, 33.3%).
Among those identified with an FH variant (n = 48), 34
(70.8%) agreed to genetic counseling and 18 (52.9%)
completed genetic counseling after being referred.

Discussion

We completed interim analysis of a large-scale PWGS pro-
gram based on pre-identified aims using the RE-AIM
implementation science framework. Assessment of im-
plementation outcomes from the first approximately
20,000 individuals recruited provides the opportunity
to evaluate the impact of the program to date and plan
for additional future modifications. This initiative dem-
onstrates the value of the intersection of implementation
science and genomics to understand the utility of the
program and translation of genomic screening into
practice.

A key goal for In Our DNA SC s to ensure that all individ-
uals in South Carolina have access to PWGS. As part of this
effort, we sought to ensure those who participate in the
program are representative of the demographics of the
state. Our efforts to enroll the first 20,000 individuals of
our total 100,000 enrollment goal were greatly expanded
from the initial pilot phase enrollment period, which
involved only enrollment through messages in the
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Table 3. Sociodemographic differences across collection type

Overall participants Clinic Community event At home Missing collection information

Samples  Proportion Samples Proportion Samples Proportion Samples Proportion Samples Proportion
Enrolled collected” collected Enrolled collected collected Enrolled collected collected Enrolled collected collected Enrolled collected collected

N = 20,478 N = 14,053 N =4,618 N = 2,696 N =2,037 N =1,397 N =11,602 N = 8,627 N =2,221 N=1,333
N % N % % N % N % % N % N % % N % N % % N % n % %
Sex female 15,011 73.3 10,156 72.3 67.7 3,428 74.2 1,973 73.2 57.6 1,474 72.4 988 70.7 67.0 8,496 73.2 6,246 72.4 73.5 1,613 72.6 949 71.2 58.8

male 5,464 26.7 3,894 27.7 71.3 1,190 25.8 723 26.8 60.8 561 27.5 407 29.1 72.6 3,105 26.8 2,380 27.6 76.7 608 27.4 384 28.8 63.2
Race Black 2,188 10.7 1,311 9.3 59.9 520 11.3 260 9.6 50.0 349 17.1 212 152 60.7 1,151 99 754 8.7 65.5 168 7.6 85 6.4 50.6

White 15,644 76.4 10,863 77.3 69.4 3,895 84.3 2,312 85.8 59.4 1,333 65.4 918 65.7 68.9 8,566 73.8 6,474 75.0 75.6 1,850 83.3 1,159 87.0 62.7

Asian 272 1.3 188 1.3 69.1 56 1.2 33 1.2 58.9 54 2.7 39 2.8 72.2 124 1.1 95 1.1 76.6 38 1.7 21 1.6 55.3

other 587 29 382 2.7 65.1 119 2.6 68 2.5 57.1 73 3.6 48 3.4 65.8 331 29 231 27 69.8 64 29 35§ 2.6 54.7

missing 1,787 8.7 1,309 9.3 73.3 28 0.6 23 0.9 82.1 228 11.2 180 129 79.0 1,430 12.3 1,073 12.4 75.0 101 4.5 33 2.5 32.7
Ethnicity Hispanic/ 479 2.3 326 2.3 65.6 126 2.7 66 2.5 52.4 65 3.2 39 2.8 60.0 251 2.2 187 22 74.5 55 25 34 2.6 61.8

Latino

non- 17,348 84.7 11,816 84.1 68.1 4,445 96.3 2,600 96.4 58.5 1,650 81.0 1,108 79.3 67.2 9,259 79.8 6,875 79.7 74.3 1,994 89.8 1,233 92.5 61.8

Hispanic/

Latino

missing 2,633 129 1,911 13.6 72.6 47 1.0 30 1.1 63.8 322 15.8 250 17.9 77.6 2,092 18.0 1,565 18.1 74.8 172 7.7 66 5.0 38.4
Age 18-29 2,795 13.6 1,714 12.2 61.3 558 12.1 263 9.8 47.1 454 22.3 317 22.7 69.8 1,532 13.2 1,025 11.9 66.9 251 11.3 109 8.2 43.4

years

30-39 4,039 19.7 2,601 18.5 64.4 882 19.1 469 17.4 53.2 335 16.4 203 14.5 60.6 2,405 20.7 1,703 19.7 70.8 417 18.8 226 17.0 54.2
years

40-49 4,193 20.5 2,786 19.8 66.4 769 16.7 419 15.5 54.5 345 169 222 159 64.4 2,632 22.7 1,889 21.9 71.8 447 20.1 256 19.2 57.3
years

50-59 3,612 17.6 2,536 18.1 70.2 771 16.7 475 17.6 61.6 336 16.5 243 174 72.3 2,114 18.2 1,570 18.2 74.3 391 17.6 248 18.6 63.4
years

60-69 3,293 16.1 2,447 17.4 74.3 835 18.1 526 17.1 63.0 322 158217 155 67.4 1,711 14.7 1,404 16.3 82.1 425 19.1 300 22.5 70.6
years

70-79 2,209 10.8 1,709 12.2 77.4 681 14.7 461 17.1 67.7 211 104 164 11.7 77.7 1,060 9.1 908 10.5 85.7 257 11.6 176 13.2 68.5

years
80-89 321 1.6 246 1.8 76.6 118 2.6 80 3.0 67.8 32 1.6 29 2.1 90.6 140 1.2 120 14 85.7 31 1.4 17 1.3 54.8
years
90+ 16 0.1 14 0.1 87.5 4 0.1 3 0.1 75.0 2 01 2 0.1 100.0 8 0.1 8 0.1 100.0 2 01 1 0.1 50.0
years

Sociodemographics are based on information provided in the electronic health record.
2Samples collected: number and proportion of those who enrolled that provided a saliva sample and the sample was received at the Helix lab (accessioned).




Table 4.

Individuals with a pathogenic or likely pathogenic variant for CDC tier 1 conditions

Total Hereditary breast and ovarian cancer Lynch syndrome Familial hypercholesterolemia
N % N % N % N %
Identified with pathogenicor 137 100 56 40.9 33 24.1 48 35.0
likely pathogenic variant for
Tier 1 condition
Agreed to genetic counseling 106 77.4 44 78.6 28 84.8 34 70.8
Completed genetic counseling 85 80.2 40 90.9 27 96.4 18 52.9

electronic health record.'® In terms of racial diversity, dur-
ing the pilot phase, 85.2% (n = 1,572 of 1,845) of those
who enrolled were White (self-identified) and the majority
of samples collected were also from White participants
(86.7%, 851 of 982 samples collected). Upon expanding
the type of collection options to include at home and com-
munity events, we saw an increase in racial diversity
among those who enrolled. Overall, our enrollees were
more racially diverse (76.4% White) compared to the pilot
phase (85.2% White). We found similar patterns of enroll-
ment among gender (74.6% female in pilot, 73.3% in cur-
rent), ethnicity (96.2% non-Hispanic in pilot, 84.7% in
current), and age (20.7% between 30 and 39 years in pilot,
20.5% between 40 and 49 years in current) between the pi-
lot phase and current enrollment.

We found the least racial diversity among individuals
who enrolled in clinical settings (84.8% White). Although
we selected clinical sites at MUSC that are representative of
the diverse South Carolina population, we continued to
see poor uptake among American Indian or Alaska Natives,
Asian, Black or African American, and Native Hawaiian or
other Pacific Islander individuals. Clinical site recruitment
strategies relied on deployment of Epic’s patient portal,
which has been shown to result in bias toward younger,
White populations.”**® On the other hand, we found
the most racial diversity among individuals who partici-
pated in community events (17.4% Black, 2.7% Asian,
3.6% other, and 65.4% White). Community events were
successful in recruiting a younger group of enrollees
(22.3% age 18-29) compared to all other enrollment types.
We enrolled 9.9% of our participants (n = 2,037) in com-
munity settings compared to at home settings (n =
11,602, 56.7%) and clinical settings (n = 4,618, 22.6%).
Offering enrollment in community settings appears to be
effective at increasing racial diversity among those who
enroll in the project; however, this approach is time and
personnel intensive. Maximizing recruitment in commu-
nity settings could help improve diversity and representa-
tiveness of participants in PWGS, but only if backed with
appropriate resources to ensure scalability. Increasing the
number of community events the In Our DNA SC project
participates in would require additional staff time to iden-
tify partners and attend events. Currently, the program is
supported by four research coordinators and one research
manager. It is important to consider approaches for recruit-
ment through community events while also balancing
practical constraints (e.g., budget and staff). High-touch

outreach and equipping established, trusted groups to
partner in research recruitment have been recommended
and successful in other smaller-scale genomic research
studies; however, there are many opportunities to consider
the feasibility of being able to scale these approaches as we
continue to implement large-scale PWGS.?” !

Another key indicator of success of our program is imple-
mentation measured as the rate of DNA samples collected
among those who enroll in the project. Overall, 68.6% of
individuals who enrolled in In Our DNA SC provided saliva
samples, which is an improvement from the pilot phase of
our program, where only 53.2% of samples were re-
turned.'® We found clinical settings to have the lowest
rate of samples collected (58.4%), and at-home sample
collection had the greatest rate of sample collection
(74.4%). These low rates in clinical settings may have
been due to several factors. Our process of outreach
through clinical sites involved contacting individuals via
the patient portal prior to an upcoming appointment to
provide them with information about In Our DNA SC. Af-
ter consent, a standing order was automatically generated
prior to the clinical visit so that the sample could be
collected during the upcoming appointment by a clinical
staff person. It is possible individuals may have re-sched-
uled appointments or that the sample collection was not
completed by staff during their planned visit. Additionally,
while staff at clinical sites were provided with training and
resources about the program, our prior analysis of sites
included in the pilot phase of the program demonstrated
low uptake of training among provider champions and
modest knowledge change about In Our DNA SC pre-
and post-training. This prior work also found implementa-
tion readiness as the most common barrier throughout im-
plementation of the program (mentioned during 90% of
technical assistance calls).”” Enhancing clinical site readi-
ness to implementation of the program by enhancing
the training for provider champions and clinical site leads,
development of a training toolkit, and improving educa-
tion about the importance of the program are key initia-
tives to enhancing clinical site engagement and ultimately
clinical site sample collection.**

We also found differences in likelihood to provide sam-
ples across sociodemographic characteristics. Black indi-
viduals were most likely to return their samples through
at-home collection (65.5%) and least likely to return their
samples in clinical settings (50.0%). Younger individuals
were most likely to return their samples in community
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settings (69.8% of 18-29 year olds returned) compared to
all other recruitment strategies. Older adults and men
were also more likely to return samples through at-home
collection.

Our findings contribute to the literature that demon-
strates at-home specimen collection is an effective
approach to expand research participation and accessi-
bility and contribute to the evidence regarding decentral-
ized trial designs that became commonplace during the
COVID-19 pandemic.”**° Earlier studies of at-home saliva
collection have reported a 41%—-67% return rate among
participants, with variability in likelihood to return sam-
ples across age and race.’**” Comfort with at-home sam-
ple collection has grown since the COVID-19 pandemic,
with recent surveys finding that individuals were more
willing to collect saliva samples or throat swab samples at
home than in clinical settings, citing ease and comfort
with self-collection.*"*?> The at-home approach for In
Our DNA SC was highly successful in returning samples
compared to all other approaches. Notably, we did not pro-
vide additional follow-up or outreach (e.g., phone calls) to
individuals who elected to participate via at-home sample
collection. Once an individual selects to participate in the
study and receive an at-home Kkit, they receive instructions
to verify their mailing address within MyChart and then
receive their saliva sample kit with instructions on how
to provide their sample within 7-10 business days. To
improve return rate and accessibility of at-home Kkits, we
plan to further engage participants through reminder mes-
sages, direct outreach, and providing instructions in multi-
ple languages.

Our current sample collection approach includes only
saliva sample, which was found to be a more feasible
approach to sample collection at our site than blood sam-
ples.** The recollection rate, another measure of imple-
mentation, was low, with only 828 (5.9%) of samples
requiring recollection. Ultimately, of those who consented
to participate, 13,208 (64.5%) of individuals received their
results and completed In Our DNA SC at the time of anal-
ysis. Another recent statewide population-based screening
program, the Healthy Oregon Project, found lower levels of
sample failure (104/13,774 sequenced); however, the pro-
ject’s methods for sample collection involved mouthwash
sample collection methods.** Additionally, our studies
were similar in the overall completion rates, with 13,670
variants interpreted of 21,300 orders placed (64.6%).

Early identification of individuals with a pathogenic or
likely pathogenic variant for Tier 1 conditions is a key
outcome of In Our DNA SC and major public health goal
of PWGS programs. Overall, we found 1.3% (n = 137) of
participants who completed the program to have a predis-
position to a Tier 1 condition. This rate of detection is
aligned with other population screening programs, which
have reported between 1.0% and 5.0% of individuals iden-
tified with pathogenic variants.”***® The program that
identified 5.0% of individuals with inherited cancer syn-
dromes was potentially enriched beyond the carrier fre-

quency to enroll individuals with prior cancer diagnosis
and individuals with family history of disease.

Of those newly identified, the majority agreed to partic-
ipate in genetic counseling (77.4%) with those identified
with a predisposition to LS being the most likely to agree
to being referred to genetic counseling (84.8%). This geno-
type-first service delivery has unique considerations and
potential implications for downstream care. Although
there were high rates of agreement to participate in genetic
counseling following a pathogenic or likely pathogenic
variant result, the likelihood of completing genetic coun-
seling varied drastically across conditions. Nearly all indi-
viduals identified with a predisposition to LS (96.4%)
completed genetic counseling compared to only 52.9%
of those with a predisposition to FH completing genetic
counseling. Better understanding of why individuals did
not participate could be important to consider to ensure
all individuals receive appropriate follow-up information.
For example, individuals may elect to not participate in ge-
netic counseling if they were already aware of their condi-
tion prior to participating in In Our DNA SC, or they may
elect not to participate in genetic counseling because they
do not perceive the results to be actionable to them. These
reasons for non-participation in genetic counseling are
important to ensure appropriate education and linkages
to services.

Additional follow-up high-risk management beyond ge-
netic counseling is essential to ensuring the benefit of pop-
ulation-based screening.*’ While we found uptake of some
additional services among those identified with HBOC and
LS variants through participation in MUSC'’s Hereditary
Cancer Clinic, further follow up is needed to identify
downstream impact. The majority (70%) of individuals
identified with clinically actionable Tier 1 conditions
through Geisinger’s MyCode program completed a risk-
management procedure after results disclosure, and 13%
received a relevant clinical diagnosis following disclo-
sure.”” Given that the PWGS approach shifts focus from
risk assessment and pre-test counseling toward only post-
test counseling, it is especially important to ensure path-
ways for those newly identified. Our approach removes
the requirement for pre-test counseling, emphasizes
shared decision making for the individual and connection
to appropriate services for follow-up care, and ideally re-
duces overall cost and streamlines the workflow.”'>* How-
ever, further careful assessment of family history, whether
individuals met existing genetic testing criteria, clinical
impact, cost, and cascade testing are important consider-
ations for the future. These considerations are important
as genotype-first approaches such as PWGS continue to
become more common.

Our study is not without limitations. We used RE-AIM,
which is a comprehensive framework for evaluating
our program; however, ensuring full assessment of each
domain was challenging. For example, tracking adoption
(the absolute number, proportion, and representativeness
of intervention agents who are willing to initiate a
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program, and why) outcomes focused primarily on quanti-
tative assessment of participating clinical and community
sites. Additional qualitative assessment of acceptability
and satisfaction among program and site staff could help
better understand the adoption of the program. Mainte-
nance is considered the number of sites who continue
the workflow and high-risk management among individ-
uals who are identified with a pathogenic or likely patho-
genic variant. We will measure the longer-term manage-
ment in future assessment of the program (e.g.,
individuals enrolled for one year); however, clinical man-
agement may be challenging to assess because individuals
are not required to receive care at MUSC and information
would likely be self-reported. In addition, we had high
rates of missing information. This included missing infor-
mation about the way participants enrolled (clinical
settings, community events, at home) as well as race and
ethnicity information. All individuals are required to
have a MyChart account when they enroll in the In Our
DNA SC program so their results can be returned; however,
race and ethnicity are not mandatory fields when creating
a new MyChart. This likely resulted in high levels of
missing information, particularly among those who
enrolled with at-home sample collection (i.e., individuals
who did not have an existing MUSC MyChart account
and would not have information on race and ethnicity
from previous encounters with MUSC available). Further,
the required use of MyChart may have impacted the likeli-
hood individuals who are not familiar with MUSC to
enroll. Although enrollment is open to individuals not
affiliated with MUSC, data have shown that recruitment
via patient portals may limit enrollment, especially among
diverse populations.®* Our current evaluation efforts do
not focus on the clinical utility of PWGS, and more
research is needed to assess the impact of screening on clin-
ical outcomes.’” Finally, In Our DNA SC is an ongoing
program. Additional efforts will be needed to evaluate
the utility of other components of the program that are un-
derway. For example, we will assess the impact of the In
Our DNA SC research database being developed for ap-
proached researchers at our institution.

PWGS for CDC Tier 1 conditions is considered a key
example of a precision public health intervention that
could offer substantial benefit by identifying individuals
at higher risk for hereditary conditions and connecting
them to services. By using an implementation science
framework, we were able to prioritize and assess outcomes
for this program and identify facilitators and barriers to
implementation. We will continue using the RE-AIM
approach to evaluate the impact of In Our DNA SC and
identify opportunities to enhance the program. As
PWGS programs expand nationally, use of implementa-
tion science frameworks will be essential to improving
program roll out. Use of standardized reporting of find-
ings using implementation science frameworks could
help generalize the impact of PWGS across multiple study
sites and provide information about the clinical- and pop-

ulation-level impact of these programs over the long
term. Moving toward reporting across programs will
help simultaneously generate and synthesize evidence to
help reduce the translational gap in implementation of
PWGS programs.

Data and code availability

De-identified dataset and code supporting the current
study have not been deposited into a public repository
due to ongoing study recruitment but are available upon
request from the corresponding author. Genomic data for
the In Our DNA SC program are available to investigators
at the Medical University of South Carolina through a
formal data request and approval by the Research Gover-
nance Committee. Table S1 includes a list of pathogenic
and likely pathogenic variants identified in our cohort.
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