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Abstract

Purpose: Little is known about non-genetics health care specialists’ attitudes toward the return 

and utilization of actionable genomic results from a research biobank. We surveyed primary care 

providers (PCPs) to explore their perspectives on these results and their preferences for return.

Methods: We administered a paper and web-based 27-question survey to PCPs residing locally 

and caring for adult patients. Recruitment was conducted in person and by email, focusing on 

PCPs likely to interact with results generated by our institution’s biobank.
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Results: Of the ~482 PCPs contacted, 77 (16%) returned surveys. Although most respondents 

(90%) prefer that a genetics specialist be involved in communicating biobank-generated genomic 

results to patients, about 40% of respondents reported that a PCP shares the responsibility 

to discuss these results along with other specialists. A majority of respondents (74%) 

felt uncomfortable communicating these results to patients. However, respondents reported 

significantly greater comfort with this process when offered targeted educational resources (62% 

with vs 10% without resources; P < 10−5).

Conclusion: PCPs recognize the need to engage with their patients’ biobank-generated genomic 

results but feel uncomfortable in doing so. Relevant resources are needed to improve PCPs’ 

confidence in the use of these types of results to affect patient care.
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Introduction

As participation in research biobanks expands, there is a growing expectation to return 

clinically actionable genomic results to research participants. Clinicians, researchers, and 

the public largely support the return of secondary findings.1–4 However, the process of 

returning results is complicated by ambiguity around what results to return, how to deliver 

this information, and who should be involved in the clinical workflow.5–8 Although biobanks 

have begun to describe their return processes, these protocols differ by institution, and there 

is varied involvement of genetic counselors (GCs), medical geneticists, and non-genetics 

clinicians, particularly primary care providers (PCPs).9–11

Many PCPs prefer that a medical geneticist and/or GC be involved in the return of secondary 

findings2,12–14 and that a pharmacist be involved in the return of pharmacogenetic (PGx) 

results.15,16 However, the shortage of genetics professionals does not meet the demand for 

genetic services already utilized in the clinical setting.17,18 As efforts to return genomic 

results generated by research studies will add to this unmet need, PCPs and other non-

genetics professionals will have to contend with these results in clinical care.18

PCPs consistently cite a lack of knowledge of and low confidence in using genomic results 

to inform clinical decisions,12,13,19,20 which may result in missed opportunities to utilize 

genetics in disease prevention and screening.13 Integrated educational resources are needed 

to ensure appropriate utilization of genomic results in clinical care.12,13,19–21 This need is 

magnified when considering the complexity of results generated by a research biobank, in 

which the PCP did not order genetic testing and may be unaware of a patient’s research 

study enrollment and/or consent to receive results.7,11

The preferences of biobank participants for the return of actionable genomic results have 

been detailed.22 To date, we are unaware of any studies evaluating the preferences of PCPs 

for the return of these findings. Herein, we describe results from a survey of local PCPs 

conducted to explore their perspectives on the return of clinical-grade genomic results 
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generated by a research biobank. The findings have informed the return process for results 

generated by our institution’s biobank.

Materials and Methods

Overview

As of January 2023, the Biobank at the Colorado Center for Personalized Medicine 

(CCPM Biobank) has 217,695 enrolled participants, among which 34,435 have undergone 

genotyping on a customized version of the Infinium Expanded Multi-Ethnic Genotyping 

Array (Illumina, Inc., San Diego, CA).23 Two types of actionable genomic results 

are available for return to participants: (1) PGx results and (2) secondary findings as 

defined by the American College of Medical Genetics and Genomics (ACMG).24 These 

are clinical genomic results generated in our institution’s biobank laboratory, which is 

Clinical Laboratory Improvement Amendments (CLIA) certified and College of American 

Pathologists (CAP) accredited.

Before developing a protocol for the return of these results, we obtained input from various 

stakeholders, including PCPs. The Return of Results Roadmap Committee (RRR) was 

established to develop our process for the return of genomic results from our biobank. 

We invited several PCPs representing the different geographic regions of our institution to 

review our proposed return process and provide feedback at RRR meetings. Based on this 

input, the return processes for PGx results and secondary findings were separated, with 

significant differences in how clinicians would be contacted regarding these results. At the 

recommendation of RRR members, the study described herein was undertaken to garner 

further input from local PCPs. Before survey administration, a limited number of PGx 

results had been returned to test the clinical workflow. The initial PGx return of results was 

restricted to Cardiology providers, limiting potential contamination of the PCPs surveyed for 

this study.

Study population

In this cross-sectional study, we administered a 27-question survey to PCPs residing locally 

and caring for adult patients. We focused our recruitment efforts on adult PCPs affiliated 

with or employed by the University of Colorado because enrollment in our institution’s 

biobank is restricted to patients of the university’s affiliate hospital, UCHealth. Thus, 

genomic results generated by participation in the biobank would primarily affect this group 

of providers. We recruited PCPs for study inclusion in person and by email. All internal 

medicine and family medicine physicians employed by University of Colorado and its 

affiliate institutions were invited to complete the study questionnaire by email once. We 

also recruited PCPs in attendance at our institution’s annual family medicine and internal 

medicine conferences.

There were approximately 430 adult PCPs affiliated with our institution at the time of study 

recruitment; all of these clinicians received an invitation to participate in our study. Out of 

133 and 126 clinicians in attendance at our institution’s annual family medicine and internal 

medicine conferences, respectively, we identified an additional 52clinicians who were 
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eligible for our study and not reached through our email recruitment. In total, an estimated 

482 unique clinicians were contacted through these methods and invited to complete our 

survey. To bolster recruitment, we used quarterly town hall meetings (in-person meetings for 

affiliated faculty) to remind providers of our study and encourage participation.

Survey instrument and data collection

We developed the survey instrument to assess provider awareness of our institution’s 

biobank and preferences for the return of actionable genomic results available to patients 

through biobank participation. Questions were written based on a thorough review of 

published literature on provider knowledge of genomic results.4,12,19,25–27 All study team 

members (E.L.K., J.T.L., Y.M.L., and S.R.) were involved in developing the initial survey 

instrument, which under-went a series of revisions.

We began the survey with a brief introduction describing our biobank research program, 

including its purpose, number of participants, and possible results returned. The potential 

processes for the return of these results were not specified because the survey was 

meant to explore PCP views without a particular return process being considered by 

respondents. The final survey instrument consisted of 27 questions covering the following 

domains: familiarity with our institution’s biobank (3 questions), clinician preferences for 

communication of genetic test results (6 questions), preferred resources for interpretation 

and discussion of findings (2 questions), comfort with communication of results with 

and without specified resources (5 questions), concerns around the return of genomic 

results from a research biobank (3 questions), future educational preferences (3 questions), 

and demographic information (5 questions). See Supplemental Materials for the survey 

instrument.

To promote study recruitment, we made the survey available in paper and online. We 

administered a web-based version of the survey via REDCap28 electronic data capture 

tools hosted at our institution from June to August 2018, using a link emailed to the 

study population. Paper surveys were available for completion at institution events that 

specifically targeted the study population and were held during the summer of 2018. After 

these in-person meetings, completed paper surveys were added to REDCap to simplify 

data analysis. The preamble of the survey contained information describing the purpose 

of the study and that survey completion implied consent to participate; written informed 

consent was not obtained. An incentive was not offered for participation. The study was 

initially undertaken as part of a quality improvement project aimed at improving the return 

of results process for genomic findings generated by our institution’s biobank. The study 

was reviewed by the Colorado Multiple Institutional Review Board (COMIRB #20–2965) 

and was determined not to be human subjects research. Survey responses were anonymous, 

and participant names were not collected.

Data analysis

Surveys with at least 65% of the primary survey questions completed, excluding 

demographic questions, were included for data analysis. A minimum survey completion 

of 65% was chosen because there was a natural cutoff between the number of respondents (n 
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= 77; 94%) who completed 65% or more questions vs respondents (n = 5; 6%) who returned 

surveys with fewer completed questions. Histograms were used to visualize responses’ 

heterogeneity and assess each question’s performance and response trends. Categorical 

response frequencies were analyzed to generate descriptive statistics. To simplify the data 

analysis, responses were collapsed into fewer categories for 1 question: years in practice 

less than 6 years, 6 to 20 years, and greater than 20 years. Incomplete responses were not 

included in response frequency calculations. Pearson chi-square tests were used to evaluate 

relationships between preferred resources and educational opportunities, with demographic 

variables, including sex, specialty, type of training, and years in practice. Paired t tests 

and one-way ANOVA were used to evaluate relationships between respondent comfort and 

offered resources, with demographic factors. A P value < .05 was considered significant.

Results

Survey performance

Of the approximately 482 PCPs contacted, 77 (16%) returned surveys that met criteria for 

study inclusion. Individual question response rates ranged from 94% to 100%, excluding the 

demographic portion of the survey, in which 31 (40%) respondents did not complete all the 

questions.

Respondent characteristics

The characteristics of the respondents are shown in Table 1. Approximately half (52%) of 

the respondents were female. Most respondents (86%) were physicians, whereas 14% were 

nurse practitioners or physician assistants. About two-thirds (58%) of the sample practiced 

family medicine, whereas 38% practiced internal medicine. Other primary care specialties 

represented included geriatrics and combined internal medicine-pediatrics. Half (54%) of the 

respondents had 20 or more years of clinical experience.

Modalities used to return results

Respondents’ preferences for how genomic results generated by a research biobank should 

be returned to clinicians and their patients are summarized in Figure 1. Most respondents 

(87%) wanted to be notified about all available genetic test results, including PGx results 

and secondary findings. Close to two-thirds (64%) of respondents preferred to be informed 

of both normal and abnormal results; one-third (34%) only wanted to be notified of 

abnormal results. Respondents preferred to have results delivered to them via an electronic 

health record (EHR) alert (62%) or letter (58%). Few respondents (8%) preferred having 

results provided by phone. Respondents had differing opinions on how these results should 

be communicated to patients. The most preferred methods of communication were in person 

(73%) or by letter (35%).

Perceived responsibility for communication of results

Figure 2 presents respondents’ thoughts on the responsibility for the communication of 

actionable genomic results generated by a research biobank. Respondents were given the 

following options for responsible parties: GC or medical geneticist, PCP, or appropriate non-

genetics specialist, ie, a cardiologist for a genomic finding associated with cardiomyopathy. 
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Most respondents (90%) felt that a GC or geneticist should be involved in communicating 

these results (Figure 2). A little over one-third (38%) of respondents thought that a GC or 

geneticist should have sole responsibility for returning these results. Although 39 percent 

of respondents felt that a PCP has responsibility for the communication of these results 

along with other specialists, only a few respondents (5%) thought that a PCP has sole 

responsibility for this disclosure. Two respondents (3%) reported that responsibility for 

discussing these results depended on the significance of the findings.

Preferred resources and resource delivery

We asked respondents to indicate what resources they would prefer to have to improve 

their comfort with communicating genomic results to their patients (Figure 3). The 2 most 

preferred resources were written guidelines (68%) and a phone number to reach a genetics 

specialist for real-time assistance (60%). About one-third (38%) of respondents felt that the 

resources listed were insufficient and that a GC or geneticist should deliver these types of 

results. Respondents in practice for 6 to 20 years were significantly less likely to prefer 

written guidelines than those in practice for shorter or longer periods (P = .007; results not 

shown). Sex, specialty, and type of training were not significantly associated with preferred 

resources. When asked how the offered resources should be provided, the majority (74%) of 

respondents preferred that they be attached to the result report. Half (48%) of respondents 

desired for resources to be embedded in the EHR, whereas only 20% preferred for them to 

be available through webpage links.

Comfort with discussion of results based on resource availability

Respondents’ comfort level with the discussion of biobank-generated genomic results based 

on their current expertise alone compared with their knowledge with the aid of specific 

resources is shown in Figure 3. With no additional resources available, a majority (74%) 

of respondents reported feeling somewhat or very uncomfortable communicating genomic 

results to their patients. When compared with no additional help, the number of providers 

stating that they felt somewhat or very comfortable with the discussion of these results 

significantly increased with the resources offered: written guidelines (51% with vs 10% 

without resource; P < 10−5), phone number to a genetics specialist (55% with vs 10% 

without resource; P < 10−5), list of genetics websites (40% with vs 10% without resource; 

P < 10−5), and a combination of all resources (62% with vs 10% without resource; P < 

10−5). Respondents rated their comfort level the highest when a combination of all resources 

was offered. Although written guidelines were the most preferred resource offered, only 

half (51%) of respondents reported feeling somewhat or very comfortable communicating 

genomic results with the utilization of this resource. When comparing comfort with the 

resources offered with no additional help, there was no significant difference in the number 

of respondents that were unsure about their comfort levels. Sex, specialty, type of training, 

and years in practice were not significantly associated with respondents’ comfort levels.

Concerns about return of results

Figure 4 summarizes respondents’ concerns about biobank-generated genomic testing and 

the return of these results. These concerns were separated into 2 areas of emphasis: (1) 

considerations related to the provider, including clinical knowledge, time, reimbursement, 
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scope of practice, and liability and (2) considerations related to the patient, including 

insurance implications, family’s response, access to care, and the costs of care needed. 

Respondents’ greatest concern about their medical practice was an inability to answer 

patient questions (68%) related to a lack of training (65%). Respondents’ most significant 

concerns relating to their patients were the implications of results on insurance coverage 

(78%) and results being present in a patient’s health record (74%). Respondents were 

allowed to write in other concerns not listed in the survey; the most frequently cited 

additional concerns were patient anxiety (5%) and implications on life insurance (3%).

Educational opportunities

We asked respondents about their preferred educational venues to learn about future biobank 

endeavors and the process developed for returning biobank-generated genomic results. The 

majority (79%) preferred in-person meetings, such as Grand Rounds or conferences. Less 

than half preferred other educational venues, including webinars or podcasts (39%), email 

(23%), or provider-targeted marketing campaigns (12%). Two respondents wrote that they 

preferred online education through a website or modules. Sex, specialty, and years in 

practice were not significantly associated with preferred educational venues.

Discussion

In this report, we examined PCPs’ preferences for the return of actionable genomic results 

from a research biobank. It is crucial to engage with PCPs when developing a return of 

results process and to provide supportive resources, as genomics is progressively being 

integrated into the clinical setting, with PCPs likely being called upon to coordinate 

genomics-informed care. We found that PCPs want to be notified of all genomic results 

identified through participation in a biobank, including secondary findings and PGx results. 

However, most PCPs prefer the involvement of a genetics specialist in communicating these 

results and are uncomfortable discussing these findings without additional support. PCPs’ 

perceived comfort with reviewing this information significantly increased when targeted 

resources were offered. The findings from our study demonstrate that PCPs recognize the 

need to engage with their patients’ biobank-generated genomic results, but specific supports 

are needed to ensure that PCPs have the confidence to do so.

Biobanks seeking to return genomic results will have to consider who will communicate 

these findings. Whether a genetics professional is involved in discussing this information, 

patients may prefer to seek further consultation with their PCP. Because PCPs may be 

the first point of contact for a patient when a result is received, this group of clinicians 

must be ready to handle these findings.12,13,18–20 In addition, PCPs are responsible for 

ongoing longitudinal care coordination for some genetic conditions, such as surveillance 

for neoplasia associated with Lynch syndrome (MLH1, MSH2, MSH6, PMS2, and 

EPCAM) or hereditary breast and ovarian cancer syndromes (for example, BRCA1 and 

BRCA2).12,13,20 Previous studies have highlighted that PCPs feel underprepared to utilize 

genomic results in clinical decision making because of a lack of knowledge and low 

confidence levels.12,13,18,19 Similarly, we found that PCPs’ most significant concerns related 

to their medical practice and the return of biobank-generated genomic results stemmed from 
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their perceptions that they would be unable to answer patients’ questions because of a lack 

of training.

Given these concerns, it is not surprising that most PCPs in our study preferred that a 

geneticist and/or GC communicate results from a research biobank. This is consistent 

with previously reported preferences for genomic findings generated through clinical 

testing.13,14,20 Furthermore, about 40% of our respondents felt that a PCP shares the 

responsibility for discussing these results along with other specialists. This supports 

previously published literature that PCPs recognize their evolving role in utilizing genomic 

results in clinical care.13

Our study explored the resources PCPs would need to feel comfortable discussing genomic 

results with their patients. Studies have consistently emphasized the need for education and 

resources to improve provider comfort with genomic results.12,13,18–20 In 2022, Hajek et 

al showed that provider preparedness to utilize genomics in clinical care increased with 

institution-specific educational modules.18 However, no studies have evaluated preferences 

for specific educational resources and how these may increase confidence in utilizing 

genomic results in the clinical setting, particularly results generated by a research biobank. 

In our study, we found that PCPs’ most preferred resources were written guidelines 

and a phone number to a GC or genetics specialist for real-time assistance. Half of 

our respondents wanted resources embedded in the EHR. Compared with no additional 

help, survey respondents reported significantly increased comfort in discussing biobank-

generated genomic results when resources were offered. Thus, a multi-faceted approach with 

embedded educational materials is one strategy to increase provider comfort in utilizing 

biobank-generated genomic results and, potentially, all genomic results.

Similar to findings from other studies,12–14,20 our survey respondents shared concerns of 

being unable to answer patient questions about their genomic results and wanted GCs or 

geneticists to be involved. One primary difference to consider is the ownership of the 

genomic results generated as part of a research biobank versus clinical care.7 In the clinical 

setting, a provider usually orders a test he or she is familiar with and hence “owns” the 

results, implying that the provider will communicate these results and enact a clinically 

appropriate subsequent management plan.7,11 On the other hand, results generated in a 

biobank context may be unfamiliar to a PCP and he or she may be unaware that these 

results are available to inform clinical decisions.7,11 Consequently, the provider may defer 

to a geneticist or GC to return the results to the patient. This may explain our study 

finding that 38% of respondents thought a geneticist or GC had the sole responsibility of 

returning these types of results. This issue of long-term data ownership and responsibility 

was highlighted by providers in the Pharmacogenomic Resource for Enhanced Decisions in 

Care and Treatment program, in which ordering clinicians were concerned about handing 

off PGx results to PCPs who did not order the test and had limited PGx training.29 This 

underscores the importance of providing resources to PCPs to support the long-term clinical 

utilization of results generated by a biobank.

Additional education will likely be necessary as biobanks prepare to return genomic 

results. The preferred modality for delivering this education to PCPs is unclear. Although a 
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preference for online genomics education has been reported,30 other studies have highlighted 

a desire for face-to-face learning.13,20,31 In our study, PCPs preferred in-person education. 

This may reflect the fact that half of our study population had been in practice for more 

than 20 years; an older cohort of physicians may be less comfortable with online education. 

Alternatively, a preference for in-person education may suggest that our respondents live in 

urban areas because Harding et al noted that urban PCPs prefer this educational modality.13

One limitation of our study is the use of a convenience sample. Our results describe the 

views of PCPs affiliated with one large university-based health care system and may not be 

representative of all PCPs nationally. PCPs responded to questions regarding the return of 

biobank-generated genomic results in the hypothetical without having received results for 

their patients. Our survey respondents’ attitudes and preferences toward these results may 

differ from PCPs who have experienced receiving results in the clinical setting. Future work 

will clarify these perspectives, as well as assess the resource needs of PCPs once they have 

utilized these results in patient care.

Any study that uses a survey is limited by response bias. PCPs more interested in genomic 

medicine may have been more likely to complete our survey. This could have resulted 

in overestimating PCPs’ interest in genomic results return and comfort with utilizing 

these findings in clinical care. Conversely, our study may have underestimated PCPs’ 

comfort with biobank-generated genomic results because we combined all results, secondary 

findings, and PGx data, that could be returned from our biobank. It is common to merge 

these types of findings and generically refer to “genomic results” when assessing PCPs’ 

attitudes toward this domain of medicine.13,20 Thus, it is unclear if there is a significant 

difference in PCPs’ knowledge of and comfort with secondary or incidental findings 

versus PGx data. Previous studies focused solely on PGx have highlighted PCPs’ limited 

understanding of this area of genomic medicine.16,31 In our study, PCPs may have reported 

lower comfort levels for all genomic results due to little knowledge of PGx testing. Future 

studies would benefit from separating these types of results to assess if knowledge, comfort 

levels, and resource needs vary based on genomics result type.

Our study shows that PCPs feel uncomfortable utilizing biobank-generated genomic results 

in clinical care and prefer the involvement of a genetics specialist. PCPs want to engage 

with these results, but their concerns must be addressed when developing a process to 

return genomic results generated by a research biobank. Targeted education and associated 

resources will be essential to ensure PCPs use these results in the clinical setting. Further 

studies will be needed to assess the effectiveness of developed protocols and associated 

education to ensure that PCPs have sufficient support to promote the use of genomic results 

in clinical decision making. Actionable genomic results, regardless of whether a biobank or 

clinical testing generates them, can significantly influence disease morbidity and treatment 

choices.24,32 However, this potential may not be realized if genomic results utilization is 

limited to genetic specialists, and other clinicians are left behind without the necessary 

resources and education to use these results.
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Figure 1. Primary care providers’ preferred modalities of return of biobank-generated genomic 
results to patients and providers (n = 77).
Primary care providers’ opinions of the delivery of genomic results to patients and their 

providers are shown above. Patients did not participate in this study. EHR, electronic health 

record.
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Figure 2. Primary care providers’ perceived responsibility for communication of actionable 
genomic results to patients (n = 77).
GC, genetic counselor; PCP, primary care provider; NGS, non-genetics specialist.
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Figure 3. Primary care providers’ comfort with discussing genomic results based on resource 
availability (n = 73).
GC, genetic counselor.
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Figure 4. Primary care providers’ concerns around the return of biobank-generated genomic 
results (n = 77).
Primary care providers (PCPs) were asked to consider concerns relating to the clinician’s 

ability to provide care and those that they perceived the patient may have. PCPs’ concerns 

are shown above; patients did not participate in this study.
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Table 1

Characteristics of respondent population

Characteristic (n) Survey Response (N (%))

Sex (n = 46)

 Female 24 (52%)

 Male 22 (48%)

Specialty (n = 71)

 Internal Medicine 27 (38%)

 Family Medicine 41 (58%)

 Other 3 (4%)

Training (n = 57)

 MD or DO 49 (86%)

 PA or NP 8 (14%)

Years in Practice (n = 71)

 <6 years 17 (24%)

 6–20 years 16 (23%)

 >20 years 38 (54%)

MD, medical doctor; DO, doctor of osteopathic medicine; PA, physician assistant; NP, nurse practitioner.
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