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Abstract

Purpose: Secondary findings are typically offered in an all or none fashion when sequencing
is used for clinical purposes. This study aims to describe the process of offering categorical and
granular choices for results in a large research consortium.

Methods: Within the third phase of the electronic MEdical Records and GEnomics (eMERGE)
Network, several sites implemented studies that allowed participants to choose the type of results
they wanted to receive from a multigene sequencing panel. Sites were surveyed to capture the
details of the implementation protocols and results of these choices.

Results: Across the ten eMERGE sites, 4664 participants including adolescents and adults were
offered some type of choice. Categories of choices offered and methods for selecting categories
varied. Most participants (94.5%) chose to learn all genetic results, while 5.5% chose subsets of
results. Several sites allowed participants to change their choices at various time points, and 0.5%
of participants made changes.

Conclusion: Offering choices that include learning some results is important and should be
a dynamic process to allow for changes in scientific knowledge, participant age group, and
individual preference.

Keywords
secondary findings; genetic testing; preferences; disclosure; genetic research results

INTRODUCTION

Genetic and genomic testing has become more common in clinical and research settings.
When genes beyond clinical or research indication are purposefully assessed for potential
return, analyses are considered opportunistic and the findings secondary. Studies have
demonstrated overwhelming support by research participants and the general public for the
return of these secondary findings; yet some individuals want only a subset of secondary
findings or do not want to receive any.1"11 Providing those undergoing clinical or research
genomic testing with options for which secondary findings they would like returned is
respectful of patient autonomy but may be logistically challenging.

Special considerations need to be made for children and adolescents undergoing genome
testing, since some secondary findings may not manifest until adulthood. Genetic, pediatric,
and ethics experts have recommended against testing children for adult-onset conditions

to preserve a child’s future autonomy to make their own choices with regard to learning
about adult-onset conditions.12-1> However, studies indicate that the majority of parents
want to learn all possible secondary findings results for their children, which may not
reflect the current or future perspectives of their children.816-18 While there has been debate
over how involved children and adolescents should be in the consenting/assenting process
for the return of secondary findings, there is a growing consensus that, when possible,
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a collaborative approach is best with continued discussions as the child ages and enters
different life stages.19.20

There are a variety of different implementation approaches to returning secondary findings
from diagnostic genomic sequencing.?1-24 Clinical genetic testing laboratories offer opt
in/opt out or mandatory return of results for all or a subset of genes recommended for
opportunistic analysis by the American College of Medical Genetics and Genomics.23:25
Some clinical laboratories provide options for opportunistic analysis of additional genes
per individual laboratory policy.2° Different logistical approaches have been suggested for
how to categorize genes and associated conditions and how to manage individuals’ choices
beyond learning all or none of the potential results. In addition to actionability, examples
of genomic result categories that have been suggested or studied include disease severity,
age of onset, preventability, treatability, carrier status of autosomal recessive disorders,
pharmacogenetic variants, and phenotype.24-30 Studies have suggested that choices made by
individuals undergoing sequencing are influenced by personal experiences and values, and
therefore the ability to opt in or out of all possible results is not sufficient.19:30-32

While the issue of providing choices for secondary results stems from challenges in the
clinical space, it has increasing relevance in the research setting. Clinical standards influence
policies for return of genomic results in research.33 However, it is unclear if returning
secondary results for a large-scale research project is feasible and warranted. Few studies
have tried to prospectively implement choices for discrete categories of genomic results in

a large population.3# Here we present different approaches to prospectively provide research
participants with options for learning genomic results from panel testing in a multicenter
research consortium. This study aims to describe the choices made by participants, as well
as the considerations and challenges that shaped the protocols used to implement them.

MATERIALS AND METHODS

Ethics statement: Each site’s protocol, consent process, and consent and assent (if
applicable) forms were reviewed and approved by their individual institutional review
boards (IRBs). Each site obtained informed consent and assent, when relevant, from their
participants.

This study assessed participant choices within the third phase of the eMERGE network
funded by the National Human Genome Research Institute. Ten sites, two sequencing
centers, and one coordinating center made up the eMERGE 11l Network. The eMERGE
I11 sites included Cincinnati Children’s Hospital Medical Center (CCHMC), Children’s
Hospital of Philadelphia (CHOP), Columbia University (CU), Geisinger (GE), Kaiser
Permanente of Washington/University of Washington (KPWA/UW), Mayo Clinic (MC),
Meharry Medical College (MMC), Northwestern University (NU), Partners HealthCare
(PHC), and Vanderbilt University Medical Center (VUMC). Sites enrolled up to 3000
participants each for a total study population of 25,015.3° Sites independently developed
their own recruitment and return of results protocols.36
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The sequencing centers, Broad Institute and Partners HealthCare Laboratory for Molecular
Medicine, and Baylor College of Medicine Human Genome Sequencing Center, analyzed
participant samples using the eMERGEseq panel that contained 109 genes and 1551 single-
nucleotide variants (SNVs) chosen by the Network.3> From this panel, the eMERGE
Clinical Annotation Workgroup designated 67 genes and 14 SNVs as actionable, and
recommended pathogenic and likely pathogenic results be returned to all eMERGE |11
participants.3> However, each site’s protocol differed regarding which genes and SNVs
would be reported.3® A subset of eMERGE sites offered participants a choice to learn

all, some, or none of the potential gene results. The term “genomic results” rather than
“secondary findings” results is used for the remainder of this paper, as cohorts at some sites
were recruited without disease indication.

To understand how sites operationalized choices offered to participants, we developed a
questionnaire that was distributed to a designated point of contact at each site within the
Network. The questionnaire captured protocol descriptions and data related to participant
options. Specifically, sites were asked (1) if they offered their study participants choices, and
if so, what categories of choices were offered and how those categories were determined; (2)
how genes and SNVs were sorted into these categories; (3) whether or not participants were
able to change their selections; and (4) the results of the choices that participants ultimately
made. Study data were collected and managed using REDCap electronic data capture

tools hosted at Northwestern University.3” After surveys were completed, the lead author
contacted each site representative via phone or email to confirm and clarify responses.

This method of cross-site comparison has been utilized in multiple prior consortium
analyses.38:39

RESULTS

An overview of the recruitment methods for all ten eMERGE 111 sites is described in Table
1. Two sites had pediatric populations (CCHMC, CHOP), while the remaining sites had
only adult participants. Most sites had multiple study cohorts, resulting in a total of 17
cohorts across the Network. Study cohorts varied based on indication for testing, including
population and/or phenotype enrichment, and whether retrospective or prospective samples
were sent for testing.

Five sites did not offer their participants choices at the time of consent about the types of
results they wanted to receive. MMC initially consented their participants to receive only
cancer risk-related results; however, participants found to be positive for other conditions
on the eMERGE consensus list were contacted with the option to reconsent and receive
those additional results. Of the sites that did not offer choices at any time point, two

(GE, PHC) specified that their samples were retrospectively collected from biorepositories
and participants were already consented to receive all actionable results, one site (VUMC)
indicated that the return of all results was necessary for their study design, and one site
(KPWA/UW) specified that choices were not considered in their study design.

Five sites offered their participants choices at the time of study or biobank consent about
the types of results they wanted to receive. Three of these sites (CCHMC, CHOP, MC)
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offered all of their study participants choices, while two (CU, NU) offered choices to only
specific cohorts. NU randomized a subset of their participants to either receive all results

or be offered a choice of what types of results to receive. Three cohorts were recruited
without a specific disease indication. Four cohorts included at least some participants who
were recruited to the study because they were at risk for, or were suspected to have, a genetic
condition. At MC, both disease indication-based cohorts received primary results by study
design and could choose to learn results for the remaining genes on the consensus panel.

At NU and CHOP, participants who were recruited based on disease indication were given
choices related to all of the results, including potential primary findings.

Of the five sites that offered participants choices, each developed unique categories of
choices (Fig. S1). All had categories based on whether a condition was actionable, though
the definition of actionability varied. Some used the availability of treatments to define
actionability, including if the condition was completely treatable or if treatments were only
partially effective, while other sites distinguished conditions that had screening or prevention
options. Several sites categorized results based on nondisease risk (e.g., autosomal recessive
carrier status, pharmacogenomic) and broad phenotypes (e.g., cancer risk, heart disease,
behavior and neurocognitive conditions). The pediatric sites also categorized results based
on age of onset. Furthermore, two sites (CCHMC, CU) offered participants the option

to make granular choices about individual conditions. For these sites, participants were
given a list of conditions based on their categorical choices. Participants could then choose
to include or exclude specific conditions on the list. MC and CHOP offered participants
options based on actionability, but the other sites used multiple different types of categories
for their participant options.

The pediatric sites had additional unique selection protocols. CCHMC had two cohorts: a
prospective cohort with adolescent/parent dyads (CCHMC-adol) in which decisions about
the type of results the adolescent would receive were first made independently and then
together by the adolescent and parent,28 as well as a retrospective biobank cohort (CCHMC-
bio) in which parents made the selections about the types of results to learn about their

child (age less than 18 years). While participants in CCHMC-adol were given the option

to learn about adult-onset conditions, genes associated with adult-onset conditions were

not analyzed for CCHMC-bio. At CHOP, parents made the selections for their children
under 18 years old about the types of results to receive. The biobank samples submitted

by CHOP were analyzed for genes associated with adult-onset conditions; however, site
investigators deferred offering biobank participants the opportunity to learn such results until
after they turned 18 years of age, reconsented to participate in the biobank, and agreed to be
recontacted to learn the results.

Sites that offered choices referenced different sources to create their categories, including
patient focus groups (CCHMC, CU), previous experience (CU), literature (CCHMC, CHOP,
NU), and requirements from the site’s IRBs (CCHMC, CHOP). The sites that offered more
than one category of choices assembled a group of stakeholders to sort genes and SNVs into
their disease categories (CCHMC, CU, NU). Sites reported many challenges in this process.
As the eMERGEseq panel was not finalized until well into the grant funding period, some
sites created their categories without knowing exactly which genes would be tested (CHOP,
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CU, MC, NU). This resulted in a few hypothetical categories (e.g., dementia). NU and
CCHMC reported challenges in handling genes that informed different phenotypes based on
the type or location of pathogenic variants, thus resulting in some genes being sorted into
more than one category. Finally, some results did not fit into a predetermined category (e.g.,
biological sex-gender identity discrepancies). Table 2 and Table S1 summarize the sites’
assigned categories for the genes and SNVs that were approved by their IRBs for potential
return.

How the sites presented choices to participants varied. Sites either asked participants to
check a box to indicate their choice to receive a specific category of result (CCHMC, CU,
MC) or to indicate yes or no next to their options (CHOP, NU). Participants completed

their selections on paper (CCHMC, CU, MC, NU, CHOP) or electronically (CU, NU). Sites
used different language to describe what participants might learn: “information related to...”
(NU), “results” (Mayo, CHOP), “gene change” (CCHMC-bio), “condition” (CCHMC-adol),
and “genetic mutations” (CU). Some sites (CU, CCHMC-adol) provided definitions or
additional information about terms used to describe the different results options, such as
preventability, treatability, and carrier status. Finally, at some sites (CU, CCHMC-bio, MC),
participants consented to the study and made their choices remotely with the option to speak
with a study research assistant trained in genetics or make an appointment with the study
genetic counselor. At other sites (NU, CCHMC-adol, CHOP, MC) the selections were made
in the presence of a study staff member or a genetic counselor.

The selections that participants made are compiled in Table 3 and Table S2. In total,

4664 (18.6%) eMERGE III participants were offered choices. Most (94.5%, 4407/4664)
elected to receive all results, while a portion (5.5%, 257/4664) opted to exclude some or

all results. Sites that offered more choices than actionability alone had higher proportions
of participants that excluded results for disease risk: 19.6% at CCHMC-adol, 18.2% at

CU and 9.2% at NU, versus 1.8% at MC and 0% at CHOP. After viewing the list of
conditions they would and would not learn based on categorical choices, 24 (14.7%)
CCHMC adolescent-parent dyads made granular choices. At CU, 68% (40/59) of those who
excluded any results made granular selections while 32% (19/59) made categorical choices
only to exclude conditions. There were no apparent trends or patterns as to the types of
granular selections that were made. All sites that offered choices allowed their participants
to change their selections after consenting, with the exception of the CCHMC-bio cohort.
For most sites, the ability to change their selections was deliberately reviewed and discussed
prior to result disclosure (CCHMC-adol, CHOP, CU, MC). At NU, the option was available
but not openly discussed. Few participants (0.5%, 21/4645) changed their selections after
enrollment, with most (20/21) changing their selections after the ability was deliberately
reviewed and discussed.

DISCUSSION

We present the largest reported study of individuals prospectively offered options about

the types of genomic results they wanted to learn before they underwent testing. Although
each site differed in the choices they offered participants, our collective results demonstrate
that when provided with options, a subset of participants choose to learn some but not
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all potential results. Moreover, when offered the ability to make granular choices about
individual conditions, some participants elect to do so. Similar to our results from a research
setting, others have found that up to 18.4% of probands choose to learn some but not all of
offered secondary findings when consenting for clinical sequencing.40

One unique strength of our study is that most of the sites that offered choices provided
participants the ability to change their selections after their choices were made. Others
have recommended a process that offers individuals the option to change their choices at
a later date.3* We are unaware of any other studies that have actually given this option

to participants who are undergoing sequencing. Our data show that some participants

do change their minds. This finding provides empirical evidence supporting earlier
recommendations, and the varied approaches used by eMERGE sites provide alternatives
to consider when implementing an option to change choices. Additionally, our data show
that actively offering participants the option to change their choices results in more selection
changes than a passive approach in which the option is available but not directly discussed
with the participant. Future studies of the motivations behind the change of choice would
also inform best practices for offering choices.

Our study was a natural experiment that presents many different strategies for providing
individuals with options to learn their results. Our findings provide considerations for
clinical practice, as well as the protocols of other research consortiums and large-scale
studies. Superiority of one method over another cannot be determined from our data. Our
results support that a method for providing choices will need to consider the population
and environments within which choices are made and results eventually returned. It is
important to provide meaningful genomic result choices in a constantly changing field
where anticipating all possible results is currently impossible. Yet, the feasibility of sorting
genes and conditions neatly into distinct categories is a moving target as treatment options
change, our understanding of the natural history of diseases improves, penetrance estimates
are refined, and we identify more genes that contribute to more than one phenotype.
Additionally, there is a need to solicit greater involvement from the community who will

be making these choices and therefore will be affected by them. Only two of the sites
involved participant stakeholders to inform their results categories. Ideally, how categories
are determined and genes are sorted would be a fluid process to account for advances in our
understanding of genes and phenotypes, and our growing understanding of how individuals
make choices.

This study had limitations. While our protocols and findings can help to inform clinical
practice, the selections that participants made cannot be generalized to a patient population
undergoing testing for a clinical diagnosis, as many of our participants had no indication
for testing. Additionally, we did not attempt to understand why participants made the
selections that they did or why some participants changed their choices. We were unable
to form any conclusion about the different choices made across cohorts because of the
heterogeneity of the cohorts, choices offered and study protocols. Future research should
interview participants about the choices they make, reasons for changing choices, and the
factors that influence their selections. Satisfaction with choices after results have been
returned is another area of future research. Finally, while our study utilizes an accepted
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method to present consortium data and limitations, the variability in the cohorts, study
protocols, and choices offered did not allow us to assess for the significance of covariables
such as age, race, gender, education, geographic location, or disease status. While our
approach more accurately reflects real-world implementation, to determine the impact of
cohort differences, future consortium studies should develop a consensus approach prior to
study implementation for which choices are offered, how genes and variants are categorized,
and the timing of when participants are offered the opportunity to change their choices.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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