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Abstract

Background and objectives—Successful clinical integration of genomic sequencing (GS) 

requires evidence of its utility. While GS potentially has benefits (utilities) or harms (disutilities) 

across multiple domains of life for both patients and their families, there is yet no empirically 

informed conceptual model of these effects. Our objective was to develop an empirically informed 

conceptual model of perceived utility of GS that captures utilities and disutilities for patients and 

their families across diverse backgrounds.

Methods—We took a patient-centered approach in which we began with a review of existing 

literature followed by collection of primary interview data. We conducted semi-structured 

interviews to explore types of utility in a clinically and sociopolitically diverse sample of 60 adults 

from seven Clinical Sequencing Evidence-Generating Research (CSER) consortium projects. 

Interviewees had either personally received, or were parents of a child who had received, GS 

results. Qualitative data was analysed using thematic analysis. Findings from interviews were 

integrated with existing literature on clinical and personal utility to form the basis of an initial 

conceptual model that was refined based on expert review and feedback.

Results—Five key utility types that have been previously identified in qualitative literature held 

up as primary domains of utility and disutility in our diverse sample. Interview data were used to 

specify and organize subdomains of an initial conceptual model. After expert refinement, the five 

primary domains included in the final model are: clinical, emotional, behavioral, cognitive, and 

social, and several sub-domains are specified within each.

Conclusion—We present an empirically-informed conceptual model of perceived utility of 

GS. This model can be used to guide development of instruments for patient-centered outcome 

measurement that capture the range of relevant utilities and disutilities and inform clinical 

implementation of GS.

1 Introduction

Genomic sequencing (GS) is central to the advancement of genomic medicine, which aims 

to deliver care to patients based on their genetic makeup. While GS is increasingly applied 

in clinical care, data on the utility of GS remain limited [1–6]. Lack of consensus on what 

constitutes GS utility and, relatedly, how to best measure it from a patient perspective, 

hinder the development of a robust evidence base.
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GS utility has been conceptually described as a “composite construct” made up of multiple 

domains, consisting of utilities (benefits) and disutilities (harms) [7] that impact not only 

individual patients, but also their families and society [8]. However, assessments of GS 

utility have traditionally been much more limited, focused on one of two well-described 

types of utility: clinical utility or personal utility. Assessments of clinical utility reflect a 

standard, objective approach for evaluating novel clinical diagnostics by measuring whether 

the test changes clinical management and improves patient health outcomes [9,10]. The 

concept of personal utility recognizes that, because of the nature of information returned 

from GS, patients may experience important non-health outcomes [11–14]. These non-health 

effects may be in the form of positive utility, or positive effects on informed decision making 

about future reproduction, improved self-knowledge, or interpersonal connection with others 

facing similar clinical circumstances [15,16]. Non-health effects may also be experienced 

as a disutility in the form of discrimination or negative psychosocial effects [15,17]. 

Limiting patient-reported assessments to the realm of personal utility alone, however, may 

not adequately capture the full range of health and non-health related impacts that patients 

and their families experience from GS. To adequately capture the full range of relevant 

domains for GS utility assessment, best practices require research on patient experience to 

inform conceptual models, especially for models that will support development of outcome 

measures [18,19].

Several qualitative studies have explored patients’ and parents’ perspectives on the impact 

of GS and understandings of its utility, with findings suggesting that patients and their 

parents experience utilities and disutilities across multiple domains of life. Malek and 

colleagues categorize the impacts of GS reported by parents of pediatric patients into 

clinical, psychological, and pragmatic domains [11]. In a systematic review of studies 

exploring personal utility, Kohler and colleagues identify multiple elements of personal 

utility (e.g., self-knowledge, understanding of health condition, altruism, and coping) that 

can be categorized into affective, cognitive, and behavioral domains; these investigators also 

acknowledge that there are also social utilities of GS that deserve attention [15,16].

These studies provide an important first step in identifying the range of utilities and 

disutilities of GS, but they are limited by a lack of participant diversity in sociopolitical 

characteristics such as race and ethnicity, as well as institutional setting and clinical context 

[11,20–22]. Furthermore, specific sub-domains to support future measure development 

have not yet been identified. In-depth qualitative exploration in more diverse patient 

populations, settings, and clinical contexts is therefore needed to develop a robust conceptual 

model of patient-centered utility that could inform the development of future measurement 

instruments with wide applications for GS evaluation.

In this paper, we report primary findings from qualitative interviews conducted with a 

sociopolitically and clinically diverse group of participants who received a variety of GS 

results through the Clinical Sequencing Evidence-Generating Research (CSER) consortium. 

Informed by those findings, we present a conceptual model of patient-perceived utility of 

clinical GS. The proposed model can be used to guide future approaches to the evaluation 

of GS, including the development of patient-centered outcome measures [18,23], that reflect 

the relevant range of patient and parent experiences.
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2 Method

This paper reports on the initial phase of measure development (i.e., identification of 

domains and subdomains) following best practices for developing psychometric scales for 

use in health and social sciences [18,19]. We took a patient-centered approach in which 

we began with a review of existing literature followed by collection of primary interview 

data and development of a conceptual model, which is intended to support the development 

of quantitative measurement tools in future work. We follow guidelines for reporting of 

formative qualitative research for health preference measures [24].

2.1 Sample Selection and Recruitment

The CSER consortium, described in detail elsewhere, is comprised of seven clinical 

sequencing projects, reflecting diverse study populations, medical conditions, and US 

geographic locations [25]. We recruited participants via email or phone from all seven 

CSER projects using purposive sampling, prioritizing individuals who both (1) were 

representative of the respective project by gender and race and ethnicity, and (2) represented 

a diversity of GS findings, including positive primary or secondary findings, heterozygote 

(carrier) status, negative findings, and variants of uncertain significance. Participants had 

previously received GS results and were either adults receiving their own results or parents 

of a child who received their child’s GS results. The projects included six extramural 

CSER projects: Baylor College of Medicine (KidsCanSeq), HudsonAlpha Institute for 

Biotechnology (SouthSeq), Icahn School of Medicine at Mt. Sinai (NYCKidSeq), Kaiser 

Permanente Northwest (CHARM Study), University of California San Francisco (P3EGS), 

University of North Carolina at Chapel Hill (NCGENES2), and one NHGRI intramural 

project (ClinSeq). While most projects recruited participants receiving results from their 

ongoing CSER project, the KidsCanSeq project also recruited participants from their CSER-

phase one study (BASIC3) [26]. Similarly, the NCGENES2 project recruited participants 

from a GS study of children and infants (NC NEXUS) from the Newborn Sequencing In 

Genomic medicine and public HealTh (NSIGHT) consortium [27]. The Institutional Review 

Board (IRB) of Baylor College of Medicine approved this research (#H-44856, initial 

approval 03/19/2019), and the study procedures were approved by each project’s IRB.

2.2 Data Collection

We performed structured database searches (see Online Resource) to update and expand 

the search protocol employed in a previous systematic literature review published by a 

study team member (BB) [15]. In addition to three domains of personal utility (affective, 

cognitive, and behavioral) and one social utility domain previously described, we also 

identified a clinical utility domain (as perceived by patients) for a total of five primary 

domains of utility and disutility across the studies reviewed. This literature review was used 

to develop a semi-structured interview guide (Online Resource), which was pilot tested and 

refined. The interviews focused on participants’ own experiences of receiving results and 

the impacts the results had on them, rather than on hypothetical outcomes. Interviews began 

with open-ended questions about what participants hoped to learn from the GS study and 

the impact of receiving GS, followed by probes related to the key utility domains extracted 
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from our literature review [11,16,28]. Interviews concluded with another open-ended probe 

to identify additional experienced impacts.

One-on-one telephone interviews were conducted between March and August 2019. Study 

team members at each CSER project conducted interviews, as they were most familiar 

with the participants in their own project. All interviewers (BB, SM, MW, CG, CR, SO, 

SA, BA, KS, BW) were graduate-level trained researchers or had extensive experience 

(>10 years) conducting qualitative research. One interviewer identifies as male/man and the 

rest as female/woman. Participants were compensated $20–50 for participation, consistent 

with project standards. All interviews were audio-recorded, professionally transcribed, 

and reviewed for accuracy (but not returned to participants for comment). Identifiable 

information was removed from transcripts. No additional interviews were conducted when 

the research team agreed that informational redundancy had been reached, determined by the 

team’s assessment that additional data did not lead to any new emergent themes [29,30].

2.3 Qualitative data analysis

Using a content analysis orientation, we took an integrated, iterative approach to 

development of the coding structure for interview data [31]. The qualitative data analysis 

was designed and led by research team members with expertise in qualitative methods 

and psychometrics. Transcripts were coded by researchers with considerable experience 

with clinical GS research projects. Broad a priori codes, based on our literature-informed 

interview guide, served as the organizing analytical framework. These codes were applied 

to transcripts by one study team member from each project and then reviewed by a second 

team member (IC, JOR, SM). Next, data within each a priori code were reviewed by a subset 

of the team to inductively identify secondary and tertiary codes representing the range of 

impacts experienced as a result of sequencing (SM, JM, KBB, CR). Qualitative analysis was 

facilitated using Dedoose Version 8.0.35 (2018; Los Angeles CA: SocioCultural Research 

Consultants, LLC).

2.4 Model development

A subset of the study team (HSS, SRM, JOR, IC, JM, CKR, CSB, ALM) drafted an 

initial conceptual model based on the qualitative analysis. Deductive, a priori codes (Online 

Resource) reflected the major themes found and formed the basis of the primary domains 

of the model; inductive codes (secondary and tertiary codes) formed the basis of the 

sub-domains of the model. The draft model was then refined through a process of expert 

review by the full study team, which is comprised of researchers with deep experience and 

expertise in bioethics, genomics, medicine, public health, psychology, and health economics. 

Feedback on model structure and its domains and sub-domains was elicited in written 

form, followed by a videoconference for group discussion. Final decisions were made by 

consensus.
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3 Results

3.1 Interview participants

Sixty participants across all seven CSER projects participated in interviews (Table 1). The 

majority (67%) were parents whose children had undergone GS because they had either 

cancer, a suspected genetic condition, or a severe developmental disorder. The remainder 

of participants were adults, evenly split between those at risk of hereditary cancer and 

those who were ostensibly healthy. Forty-two percent of participants self-identified as 

non-Hispanic White (Table 2). Interview participants reflected recipients of various, and 

sometimes multiple, GS result types (Table 3), including: primary diagnostic results (32%), 

secondary results (30%), heterozygote status (63%), variants of uncertain significance or 

inconclusive results (35%), and negative results (48%). Median time between disclosure 

of GS results and interview participation was 5 months (range: <1 month to 5 years). 

Interviews lasted 25–40 minutes.

3.2 Conceptual Model Structure

Interview data were generally consistent with the types of GS utility and disutility identified 

in the conceptual and empirical literature. Seven major themes emerged as meaningful 

patterns identified through analysis of the interview data: patient clinical care, family 

clinical care, emotions, future impact, future conditions, social impact, and scientific/media 

awareness. These themes were consistent with the a priori codes used as our organizing 

framework for analysis. In the first iteration of the conceptual model, these major themes 

were mapped to four utility domains according to their relevance to aspects of life 

for patients and parents: Health and Healthcare, Affective, Social, and Decisional and 

Pragmatic. Through the process of expert review, the model domain names were simplified 

and the Decisional and Pragmatic domain was divided into two domains, labeled Behavioral 

and Cognitive.

Conceptual model development – both structure and domain nomenclature – was an iterative 

process, guided by interview data, expert opinion, and published studies (many of which 

involved members of the study team). The final proposed model consists of five primary 

domains of perceived utility of GS (Figure 1): Clinical, Emotional, Behavioral, Cognitive, 

and Social. Sub-domains, which were also informed through a combination of interview 

data, literature, and expert input, were mapped within this model. Each domain includes 

2–7 sub-domains, appropriate to support the development of an item pool for psychometric 

instrument development [18]. Subdomains are considered to be the important dimensions 

along which a continuum of impact from utility (benefit) to disutility (harm) exists. Each 

domain is described below, with sub-domain labels identified in italics. Domains, sub-

domains, and exemplary quotes are presented in Table 4. We describe qualitative findings 

related to domains and sub-domains below.

3.3 Utility Domains

3.3.1 Clinical utility—Some participants described GS as clinically useful for either 

the patient or the patient’s family by, for example, enabling, confirming, or ruling out a 

diagnosis (diagnostic remarkability). As one participant explained, sequencing “ruled out a 

Smith et al. Page 6

Patient. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



lot of diagnoses…it helped rule out what other possibilities there were…” (Project 2, ID 

116). Although a few participants reported that GS impacted their clinical care (informed 
clinical management), the majority described GS as having little to no impact on managing 

clinical care, regardless of the type of result they received. As one parent explained, “…

There wasn’t really any change, there was nothing that they could do with genetic testing 

that would’ve affected his treatment.” (Project 3, ID 120). Some of those who reported GS 

informed their clinical management explained that GS led their clinicians to recommend 

additional screening or testing, including additional genetic testing and earlier initiation of 

preventive screenings, such as colonoscopies (monitoring for early disease detection).

3.3.2 Emotional utility—Participants described a range of emotions associated with 

receiving results, with positive responses more commonly described than adverse ones. 

Some participants for whom GS established or confirmed a diagnosis described feeling 

appreciation for having an explanation (positive response). As one offered, “Honestly, I 

think I just feel more at peace, knowing that there is a reason for all of these little things…” 

(Project 4, ID 118). Others described GS as providing hope, including reassurance that there 

was no elevated risk for future disease. As one parent explained, “knowing that her genes 

were no different from any other normal kid really gave us hope that she might be ok [after 

cancer remission]” (Project 3, ID 126). Participants also described GS as providing relief, 

including alleviating worries about future health risks.

Some participants described an adverse response, such as frustration related to unrealized 

expectations that they would gain knowledge from GS, or disappointment that it did not 

yield a definitive “reason” for illness (adverse response): “there was some frustration 

because I was hoping to get a definitive answer from those tests.” (Project 2, ID 116). 

Others described similar reactions, characterizing their feelings about not receiving positive 

findings as leading them to feel confused as to the underlying cause of their/their child’s 

illness. As one parent explained, “after they gave me results that I didn’t have no genes that 

provoked my son’s cancer, I was more confused…where was the disease coming from?” 

(Project 3, ID 106). Another described feeling helpless, stating “I felt like I was at a dead 

end, at a loss, because that testing revealed nothing, and I had put so much hope into it 

revealing something, positive or negative, and because it revealed nothing, it was just a 

tremendous let down.” (Project 2, ID 109).

Some participants described feeling fearful after receiving results, either from learning about 

elevated risks of future conditions or related to downstream implications of a diagnosed 

illness. Notably, however, participants generally described the increased knowledge as being 

a worthwhile trade-off for this fear. One participant said: “…obviously it’s a little bit scary 

knowing that [result] for sure, but it’s also kind of helpful to know that this is something 

I have to watch out for because it’s better to know….than just having this hovering 

over you…”(Project 5, ID 156). Others expressed worry or sadness related to receiving 

a diagnosis. As described by one parent: “…at least the first couple months, it was hard to 

deal with. I mean, we both cried a lot…it was hard to talk about.” (Project 6, ID 128).

3.3.3 Behavioral utility—While most participants did not think that the results had 

utility for either their future planning or their intention to modify lifestyle behaviors 
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or prepare for onset of conditions in the future, some participants described substantial 

importance of GS results for these purposes. Among those who described health behavior 

effects, the majority of comments related to general dietary or lifestyle improvements, 

including efforts to eat healthier or to increase physical activity (health habits). Participants 

commented that GS motivated them to undertake healthier lifestyle behaviors, regardless 

of whether results indicated elevated disease risk. As one participant with no prior health 

history described after receiving negative results: “…it made me want to be more proactive 

about staying healthy. You feel like you get kind of a clean sheet genetically when you 

receive a good test result like that. So it’s very motivating…it’s like, ‘Okay. The genetic 

part’s good. I don’t want to screw up the lifestyle part now.’” (Project 5, ID 117). However, 

two participants described health behavior changes related to a specific genetic finding, 

including the use of dietary supplements related to their specific diagnosis and actions to 

help preserve vision for a child diagnosed with a condition related to vision loss.

A few participants explained how GS impacted their future planning in terms of decision-

making about selecting health insurance or long-term care coverage, career choices, and 

parenting decisions (future planning), even in the case of negative results. As one parent of 

a patient with negative results explained: “…given what the results were, it has helped us 

stay the course and be hopeful, and commit to giving our daughter a normal upbringing. 

She’s allowed to do everything.” (Project 3, ID 126) The most commonly described impact 

on future planning related to reproductive decision-making, for the participant or their 

children (reproductive decision-making). Some participants described results as providing 

reassurance regarding having additional children, which one described as giving both 

“confidence” and “relief.” For others, results discouraged having (additional) children. As 

one explained, “I always wanted three kids, but since I know…the other kid might also be 

affected by this, I would definitely put off my plan from three to two…” (Project 4, ID 124).

3.3.4 Cognitive utility—In addition to behaviorial effects of sequencing results, 

participants acknowledged that the information held value apart from its connection to any 

specific follow-up actions. Several participants reported utility related to having information 

from GS itself (value of knowing information). As one participant with negative results 

explained: “there’s absolutely value [in having information from sequencing]…there’s value 

in knowledge, there’s value in the answer ‘no.’ No, you don’t have diabetes, no you don’t 

have hypertension… there’s value in ‘no.’” (Project 7, ID 149). Others described value in 

the certainty of confirmed disease etiology. As one parent explained, “I feel better about 

knowing what was causing his problems.” (Project 1, ID 112) According to another parent 

“I think there is [value]…. Me as a person, if I know why, I feel more in control….Ok, I 

understand the research behind this…I feel more confident explaining to people, ‘Well, this 

is what’s going on’….and being able to take care of him and kind of see things before they 

happen, if that makes sense.” (Project 1, ID 119)

Others identified the utility of increased accuracy of health risks (perceived health risk), such 

as by helping to fill gaps in family health history, as one parent described: “as a parent, I 

want to be able to provide my kids the history…what you need to look for and what kind 

of testing need[s] to be done.” (Project 5, ID 151) Another dimension of cognitive utility 

related to satisfying curiosity for the results and their health implications (satisfaction of 
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curiosity): “I just thought it was really cool. I was actually pretty excited to sign up and just 

to learn as much as I could. That’s just kind of my nature, though. I just want to know what 

I’m working with.” (Project 5, ID 117)

3.3.5 Social utility—Participants described a range of social utilities and disutilities 

from GS, shaping their interactions with family, schools, involvement in advocacy or support 

groups, and clinical care. Impact on families, both positive and adverse, was the most 

commonly mentioned type of social utility. Several participants described GS as facilitating 

enhanced social support from and understanding by family members about the genetic 

condition (degree of social support).

Social utilities related to a child’s education were also described, some of which were 

positive, including individualized educational planning or resources (access to support 
services), being able to “give [information from sequencing studies] to the teachers so that 

they can work with him on a personal level much better than just, you, ‘here’s a kid and you 

figure it out from there.’” (Project 3, ID 143). However, another parent described the adverse 

effect of perceiving that the school viewed the genetic diagnosis as a “reason” for why the 

child should be educated elsewhere (discrimination).

Participants described GS as facilitating their engagement in both individual and group 

activities related to advocacy (advocacy activities) and support (access to support services), 

such as linking them into in-person or online support groups for rare diseases. One parent 

of a child for whom sequencing diagnosed a rare disease described connecting weekly with 

another parent via Facebook messenger, an exchange she described as “reassuring,” and 

that it was “just nice to have someone else that know[s] where I’m coming from.” (Project 

1, ID 125). Finally, one participant described participating in a research study involving 

GS as enhancing her family’s relationship with their child’s clinical care team (quality of 
relationship with care providers).

4 Discussion

We developed a conceptual model of patient-perceived utility that was both informed by 

primary qualitative data from a diverse group of patients and parents who had received GS 

results and grounded in prior conceptual and empirical literature. Interview participants were 

recruited from seven clinical GS research studies and were diverse in terms of race and 

ethnicity, geographic locations in the US, and medical conditions. After expert review and 

feedback on the empirical findings, the resulting conceptual model (Figure 1) consists of 

five domains, each with sub-domains: clinical, emotional, behavioral, cognitive, and social 

(Table 4).

The types of personal utility (affective, cognitive, and behavioral) and social utility identified 

in the review of literature on personal utility of genetics and genomics by Kohler et al. 

are represented in our model [15], along with clinical utility, which Malek et al. identified 

as a type of utility that patients and parents also find important [11]. Our findings suggest 

that both personal and clinical features of GS are important to patients, indicating that both 

are relevant for inclusion in a conceptual model and a subsequent patient-reported outcome 
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measure of the perceived utility of GS. From a patient-centered perspective, our model 

supports a definition of utility that extends beyond traditional objective clinical outcome 

measurement to include features of clinical care that patients and parents value, as well as 

non-clinical domains of emotional, behavioral, cognitive, and social utility [8].

Given the lack of a widely accepted, specific, and systematically developed model of 

patient-perceived utility of GS and the importance of robust measurement to generate 

evidence for decisions about clinical use and reimbursement [16,32,33], our proposed model 

aims to fill an important gap. Our work builds upon and extends previous research through 

the addition of empirical evidence from a more diverse set of participants, organization 

of domains and identification of sub-domains, and synthesis of findings into a conceptual 

model. This proposed conceptual model of patient-perceived utility (Figure 1) can guide 

the future development of measurement tools for administration as part of clinical research 

studies and routine practice that capture the full range of perceived benefits and harms from 

GS and better reflect the experience of patients and their families, a central component 

to guide clinical implementation and evaluation of GS [23]. Existing measures of clinical 

utility, designed for administration to clinicians [32], and personal utility designed for 

administration to patients [16], might not capture the full range of benefits and harms 

from the patient’s perspective. Based on qualitative findings relevant to each domain across 

types of interview participants, we expect that our model will be appropriate to support the 

development of psychometric instruments for both adult patients and parents or caregivers 

of pediatric patients. Our findings also suggest that both positive and negative effects are 

plausible within each domain. While some scholars have positioned both clinical utility 

and personal utility along a spectrum of quality of life [17], traditional measures of health-

related quality of life are not designed to accurately measure the effects of sequencing. Thus, 

we aim to support development of an instrument specifically intended for that purpose.

Among interview participants, the time between GS results disclosure and interview 

participation ranged from less than one month to five years, making the resultant conceptual 

model applicable to exploration of both shorter- and longer-term effects. Additionally, the 

variability in which themes arose across interview participants is a positive feature from a 

measurement perspective. However, our findings should be interpreted in light of several 

limitations. First, while we took several steps to elicit the full range of utilities from GS, 

including developing our interview guide from a literature review of previously described 

impacts and prompting participants to describe any additional impacts, there may be impacts 

we failed to uncover, and participants did not provide feedback on findings. While our 

sample was diverse in important ways, it did not reflect all possible clinical conditions for 

which GS might be sought and we did not conduct interviews with adolescents and young 

adults. Finally, selection bias could have diminished the extent to which we uncovered 

adverse impacts of sequencing if patients who were more adversely affected were unwilling 

to participate in interviews. Further investigation regarding the impact of result received on 

perceptions of utility is needed, and can be facilitated with measures developed based on this 

model.
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5. Conclusions

Overall, our findings suggest that to comprehensively understand the effect of clinical GS 

and inform clinical integration and reimbursement policy, a broad lens should be used to 

capture the domains of GS utility experienced by patients or parents, including both clinical 

and non-clinical domains. Our proposed model can support such measurement development 

in the future.
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Key Points

• Genomic sequencing is being rapidly integrated into clinical care, and there is 

a need for patient-centered outcome measures to assess key outcomes such as 

utility.

• We integrated primary interview data with findings from the literature 

to organize and refine a conceptual model of patient-perceived utility of 

genomic sequencing.

• Our proposed model is appropriate to support the future development of 

a patient-centered measure that captures the wide range of outcomes from 

genomic sequencing that are important to adult patients and parents of 

pediatric patients.
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Figure 1. Utility Domains
Conceptual model of patient perceived utility of genomic sequencing
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Table 1.

Clinical Sequencing Evidence-generating Research (CSER) consortium project descriptions

Project Name
(number of interviews 
conducted) Population Description Type of results disclosed

a

BASIC3/KidsCanSeq (n=10) Children with cancer
Primary, Secondary, Heterozygote Status, 
Pharmacogenomic, VUS, Negative

CHARM Study (n=10) Adults at risk for hereditary cancer
Primary, Secondary, Heterozygote Status, 
VUS, Negative

ClinSeq (n=10) Adults, no specific phenotype Primary, Secondary, VUS, Negative

NCGENES2 through NC 
NEXUS (n=10)

Healthy newborns and children with metabolic diseases or 
hearing loss Primary, Secondary, Heterozygote Status

NYCKidSeq (n=3)
Children with suspected neurologic, immunologic and 
cardiac genetic conditions Primary, Secondary, VUS, Negative

P3EGS (n=10)

Infants and children with severe developmental disorders, 
with or without congenital anomalies; parents whose fetus 
has a structural anomaly Primary, Secondary, VUS, Negative

SouthSeq (n=7) Newborns with suspected genetic conditions Primary

a
VUS, variant of uncertain significance; Primary results are defined as known or likely pathogenic results relevant to clinical phenotype or 

diagnosis; Secondary results are medically actionable, consistent with American College of Medical Genetics and Genomics guidelines.
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Table 2.

Interview participant characteristics
a

n (%)

Relationship to patient (n=60)

 Self - adult patient 20 (33%)

 Parent of pediatric patient 40 (67%)

Sex (n=60)

 Female 49 (82%)

 Male 11 (18%)

Race and ethnicity (n=60)

 American Indian 2 (3%)

 Asian 7 (12%)

 Black or African American 13 (22%)

 Hispanic or Latinx 7 (12%)

 Multiracial or multiethnic 3 (5%)

 Non-Hispanic White 28 (47%)

Age in years (n=43)

 Mean (SD) 36 (9.5)

 Min - Max 18 – 54

Education (n=42)

 Some high school 2 (5%)

 High school graduate, GED or equivalent 6 (14%)

 Some college 10 (24%)

 Associates degree 2 (5%)

 Bachelors degree 10 (24%)

 Graduate or professional degree 12 (29%)

a
No enrolled participants dropped out of the study; based on enrollment data from 6 projects, 8 invited individuals declined to participate.
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Table 3.

Sequencing results among interview participants

Sequencing Result Type
a

Project
Positive
Primary

Positive
Secondary

Heterozygote
Status VUS or Inconclusive Negative

BASIC3/KidsCanSeq
b
 (n=10) 2 3 8 8 5

CHARM Study (n=10) 2 3 4 1 2

ClinSeq (n=10) NA NA NA NA 10

NCGENES2 through NC NEXUS (n=10)
c

-- -- 7 -- --

NYCKidSeq (n=3) NA NA NA 1 2

P3EGS (n=10) 4 NA NA 3 3

SouthSeq (n=7) 4 NA NA 1 2

Total 12/37 (32%) 6/20 (n=30%) 19/30 (63%) 14/40 (35%) 24/50 (48%)

VUS, variant of uncertain significance.

a
NA = not applicable for sites that did not return that type of result to participants included in this study. Total column subtracts NA and missing 

data from the denominator.

b
BASIC3/KidsCanSeq participants also received pharmacogenomics results.

c
Missing data for NC NEXUS results returned.
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Table 4.

Domains, subdomains, and exemplary quotes

Domain Subdomain Exemplar Quote
Project, 
Study ID

Clinical

Diagnostic 
remarkability 
(establishment, 
confirmation, or 
ruling out a 
diagnosis)

“The genetic testing didn’t turn up anything so I guess it ruled out a lot of 
diagnoses and we were left with a … I mean I guess it helped and narrowed 
down what the diagnosis was. Unfortunately, the diagnosis was the most 
general thing there is, so not much changed in terms of his care. But it 
helped rule out what other possibilities there were.”

Site 2, ID 
116

Appropriateness of 
follow-up care

“[sequencing] really hasn’t had any impact. It hasn’t changed anything. 
Everything is still the same.”

Site 1, ID 
131

Informed clinical 
management

“…certain medications we would have to look more in detail with my son’s 
team to see if it would do any long-term harm to his kidneys or other 
organs…”

Site 4, ID 
153

Referral to a clinical 
trial None coded in interview data

Monitoring for early 
disease detection

“We also uncovered that there was a gene specific to… a severe heart 
disease that we found in both my husband and [patient name]. So it’s 
something that now we can be aware of, we can check for. We still check 
annually.”

Site 3, ID 
113

Emotional

Adverse response 
(anxious feelings, 
confusion, depressive 
symptoms, 
disappointment, fear, 
frustration, guilt, 
sadness, worry)

“I felt like I was at a dead end, at a loss, because that testing revealed 
nothing, and I had put so much hope into it revealing something, positive 
or negative, and because it revealed nothing, it was just a tremendous let 
down.”

Site 2, ID 
109

Positive response 
(empowerment, 
gratitude, hope, 
relief)

“Honestly, I think I just feel more at peace, knowing that there is a reason 
for all of these little things…”

Site 4, ID 
118

Behavioral

Insurance coverage

“…the coverage we have is through my wife. But every time she has an 
option to redo each year, it’s like, well let’s go ahead and if we have to pay 
a little bit extra for the premium, let’s do that. Let them get it. From that 
perspective, I mean we take basically whatever we can get and usually it’s 
… whatever that cost is… I mean we try to get the absolutely best coverage 
that we can get.”

Site 3, ID 
120

Health habits (diet, 
exercise, smoking, 
substance use)

“And it made me want to be more proactive about staying healthy. You feel 
like you get kind of a clean sheet genetically when you receive a good test 
result like that. So it’s very motivating just to stay healthy. And it’s like, 
“Okay. The genetic part’s good. I don’t want to screw up the lifestyle part 
now [laughter].”

Site 5, ID 
117

Information seeking

“I mean, I think, really, it comes down to whether or not you want to know 
for sure, you know? Because even maybe if everything comes up negative, 
at least you know in the end. I think it’s just that safety of knowing is really 
the biggest.”

Site 5, ID 
156

Future planning 
(estate, financial, 
career choices)

“I don’t know if it really relates to this specifically, but I just recently did 
resign from my job…[patient name] reaching his five year life long survivor 
of cancer … I said I will never get this time back. I just chose to resign a 
very lucrative job, career, all of it. Yes, I did. There’s just more important 
things in life. I don’t know. Did I think about this stuff admittedly before 
I made that decision? No, but health and knowing that there are risks, and 
having data to back that up cement decisions, I think, for me and my life.”

Site 3, ID 
113

Parenting decisions

“knowing that her genes were no different from any other normal kid really 
gave us hope that she might be ok [after cancer remission]” (emotional 
utility domain); “…given what the results were, it has helped us stay 
the course and be hopeful, and commit to giving our daughter a normal 
upbringing. She’s allowed to do everything.”

Site 3, ID 
126

Reproductive 
decision-making

“I always wanted three kids, but since I know….the other kid might also be 
affected by this, I would definitely put off my plan from three to two…”

Site 4, ID 
124
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Domain Subdomain Exemplar Quote
Project, 
Study ID

Cognitive

Value of knowing 
information

“I just found it interesting. I find that kind of interesting that, with the 
testing that’s done, and I have looked over it several times trying to really 
understand it a little better. But, there wasn’t a lot that was on there, that 
was showing anything that was, other than the autism and the tumor itself, 
the other things were really minor. The other deletions, changes, that kind 
of things they’re reporting on. So, it didn’t really, it was just kind of nice. 
There was nothing really exciting, there was nothing really depressing or 
anything like that. It was just information, I like having information.”

Site 3, ID 
147

Perceived health risk

“The gene that came back positive for me was a variance gene that makes 
me more likely to contract a form of colon cancer. And based on my family 
history-- because my mom did have that, which is why I knew that this was 
a thing to watch out for in the first place. She turned out totally fine. She 
got treatment for it. I kind of am aware of from some family history that it 
was exacerbated by other lifestyle habits, none of which I share, so I don’t 
really feel like there’s anything with the gene that …. It’s also something 
that-because I already know that I have the gene and we can do the testing 
earlier because it’s not a cancer that would show up until a much later stage 
in my life, right now, there’s really not anything for me to look out for, I 
feel like.”

Site 5, ID 
156

Satisfaction of 
curiosity

“I just thought it was really cool. I was actually pretty excited to sign up 
and just to learn as much as I could. That’s just kind of my nature, though. I 
just want to know what I’m working with.”

Site 5, ID 
117

Social

Advocacy activities None coded in interview data

Blame

“My parents blamed some of the genetic things with my husband. They’re 
like, “See, we told you!” They were kidding. But they were like, “See, it 
was a mess!” It was a joke. It was just a joke. But I don’t know. It was more 
of … They played it off lightly, and they were really [inaudible] to hear 
results. But I can see where actually some families would have resentment 
because they jokingly said that. But it’s like, “See? We said his genes were 
no good,” or something like that. I don’t know.”

Site 3, ID 
138

Access to support 
services

“…I think from the [sequencing] studies, I’m able to have that information 
and be able to give it to the teachers so that they can work with him on a 
personal level much better than just, you, ‘here’s a kid and you figure it out 
from there.”

Site 3, ID 
143

Degree of social 
support

“reassuring,” and that it was “just nice to have someone else that know[s] 
where I’m coming from.”

Site 1, ID 
125

Discrimination 
(employment, 
schooling, insurance)

“I mean the insurance coverage is a huge issue. I think that’s a concern 
of just about anyone who does genetic testing because, I understand 
everything’s confidential, I understand that it’s all supposed to be kept 
secret, da-da- da-da, and insurance companies are not supposed to use 
that information, et cetera. But just knowing the way things are, and 
everything’s more or less an open book, and there’s so many medical 
records that can be accessed in various ways. Yeah it’s a concern of mine.”

Site 3, ID 
120

Quality of 
relationship with 
care providers

“… okay the question is how it impacted her care? I think it helped it 
because we got to know people, I mean we got to know people up there. 
You know I don’t think it affected her care in general, like physical but I 
think it was a good thing for us to participate in.”

Site 3, ID 
157

Social stigma None coded in interview data
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