
Perspectives of clinical genetics professionals toward genome
sequencing and incidental findings: A survey study

AA Lemke1, D Bick2, D Dimmock2, P Simpson2, and R Veith3

1 University of Wisconsin, Madison, WI
2 Medical College of Wisconsin, Milwaukee WI
3 Children's Hospital of Wisconsin, Milwaukee, WI

Abstract
The introduction of clinical genome-wide sequencing raises complex issues regarding the
management of incidental findings. However, there is a lack of empirical studies assessing views
of providers involved in potential disclosure of such findings. In an anonymous survey of 279
clinical genetics professionals, we found that the vast majority agreed they were interested in
knowing about clinically actionable incidental findings in themselves (96%) and their child (99%),
and they reported that these types of findings should be disclosed in adult (96%) and minor (98%)
patients. Approximately three-fourths agreed they were personally interested in knowing about an
adult-onset clinically actionable disease (78%), and a childhood-onset non-clinically actionable
disease (75%) in their child. A similar percentage of participants (70%) felt these two types of
findings should be disclosed to patients. Forty-four percent wanted to know about an incidental
finding that indicates an adult-onset non-clinically actionable condition in themselves and 31%
wanted to know about this type of information in their child. Findings from this study revealed
participant views highly dependent on clinical actionability. Further research is needed with a
broader population of geneticists to increase generalizability, and with diverse patients to assess
their perspectives about results disclosure from clinical sequencing.
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Introduction
Human genome sequencing has the potential to predict disease risk, identify disease
causation, and refine therapeutic interventions. With improving accuracy and decreasing
cost, whole genome sequencing (WGS) and whole exome sequencing (WES) have entered
clinical practice as diagnostic tests for patients with rare diseases (1-4) and cancer (5, 6). It
is predicted that these tests will also become used in healthy individuals to help guide
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healthcare decisions throughout life (1, 7), although a number of service delivery challenges
have been raised (8, 9).

The growth in clinical use of genome-wide sequencing also introduces a number of ethical
and social questions. One issue under debate is whether, and to what degree, molecular
laboratories and clinicians should seek out, interpret, and communicate incidental findings
from genome sequencing. From a clinical genetics perspective, incidental findings refer to
gene variants associated with phenotypes that are not believed to be related to the disease
under investigation. Ethical questions raised by clinical WGS and WES results include such
issues as “How should decisions be made about which incidental findings to return?” “Do
these incidental findings need to be “clinically actionable?” “How should incidental findings
be managed in children (less than 18 years of age)?” To begin to address some of these
questions, It will be important to understand and consider multiple stakeholder views toward
management and disclosure of various types of incidental findings discovered during the
course of clinical genome sequencing. At present, there is little information regarding the
views of clinical genetics professionals who are, or will be, involved in the process of
generating and returning these findings.

While there is scant information about stakeholder opinions concerning the risks and
benefits of disclosing incidental findings in the clinical genetics setting, views regarding
returning incidental findings in the genetic research context have been examined-- revealing
varying opinions for the management of these findings. For example, some studies assessing
views of the public and research participants suggest strong interest in receiving a variety of
incidental findings discovered during genetic research (10-13). However, in a qualitative
research study of families sequenced for a rare genetic condition, Miller syndrome, research
participants described more ambivalence toward receiving incidental findings--those results
that were not related to Miller syndrome (14). With respect to other key stakeholders, in a
U.S. study of human genetic researchers, and a parallel study of institutional review board
professionals, the majority of participants in each group (82% and 78% respectively)
reported that researchers have an ethical obligation to return individual research results that
would affect a participant's health or health care (15, 16).

A number of guidelines and policy recommendations have been proposed for the
management of incidental findings in genetic research (17-23) and more recently are being
developed for clinical practice. To foster further discussion on this topic, the National
Human Genome Research Institute has convened a group of experts to form a Return of
Results Consortium to assess practical and ethical issues related to the return of incidental
findings from genomic research (24). While guidelines and lessons learned about return of
incidental findings from genomic research can inform clinical practice, they might not
address issues unique to the clinical setting. Currently, there are no evidence-based
guidelines for return of incidental findings from clinical sequencing, although there have
been proposals for various categories of results disclosure based on clinical validity and
actionability (1, 25-27). The American College of Medical Genetics has recently issued a
policy statement, “Points to Consider in the Clinical Application of Genomic Sequencing”
and recommends that laboratories and clinics utilizing WGS/WES have clear policies in
place related to disclosure of incidental, or secondary, findings (28). However, specific
examples of findings recommended for disclosure are not delineated in this policy.

Management of incidental findings in genome sequencing has been reported in two
exploratory studies of genetics providers in the U.S. and Canada, and other countries are
weighing in on the future delivery of this service. In a formative study of 16 U.S. genetic
specialists’ views toward disclosure of incidental findings for both adults and minor children
in the context of WGS/WES, the participants indicated varying views in their choices about
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return of genomic information and in the relative value of different criteria used for making
disclosure decisions (29). Ten genetics health professionals in a Canadian tertiary hospital
participated in a focus group to assess views toward disclosure of incidental findings and
they favored patient-clinician discussions prior to testing that focused on medical relevance
and targeted analysis to limit data management (30). To begin to standardize and improve
patient care in this area, the PHG Foundation in the UK has drafted an extensive report on
the implications of clinical whole genome sequencing within the National Health Service
(31).

In order to develop effective guidelines and procedures for the management of findings from
clinical genome sequencing, it will be important to evaluate and understand the perspectives
of key stakeholders, including clinical geneticists. However, larger empirical studies
assessing these stakeholder views are lacking and currently there is no accepted standard of
care or clinical guidelines that specifically outline best practices in the return of results from
clinical sequencing. Therefore, in an effort to involve one important group of stakeholders
and inform an evolving practice of clinical care, we conducted an anonymous survey of
clinical genetics professionals to assess their views toward genome sequencing and the
management of incidental findings in adults and children. This report presents our survey
research findings.

Materials and Methods
Sample and recruitment

Attendees of the American College of Medical Genetics and Genomics (ACMG) Next
Generation Sequencing Workshop held in March, 2012, in Charlotte, North Carolina, were
invited to participate in a voluntary, anonymous survey before and after the workshop (32).
The ACMG is an organization composed of biochemical, clinical, cytogenetic, medical and
molecular geneticists, genetic counselors and other health care professionals committed to
the practice of medical genetics (33). This organization conducts an annual clinical genetics
conference and specialized workshops focusing on key content areas of interest to their
membership.

Survey development and data collection
A 23-item survey was developed and informed by relevant literature as well as extensive
internal and external expert review. Eight cognitive interviews of individuals of similar
backgrounds to the study participants were conducted in order to increase readability and
validity of the survey tool (34). The Tailored Design Method was also used as a general
guide in the survey development (35). The survey was pilot-tested using the Turning
Technologies audience response system (36), with 39 attendees of a seminar at the Medical
College of Wisconsin, to identify any potential technical difficulties using this type of
response system. Turning Technologies software utilizes a PowerPoint imbedded survey and
allows for anonymous data to be collected via participant hand-held response devices. The
survey questions were read aloud from the PowerPoint slides, the participants answered
them through their individual response system devices, and the anonymous data were
recorded instantly.

The survey assessed four domains: 1) participant views about genome sequencing for
themselves and types of incidental findings they would want to know; 2) participant views
about genome sequencing for their children and types of incidental findings they would
want to know; 3) participant views toward management of incidental findings in adults and
children in the clinical care setting; and 4) participant characteristics. In the survey
instrument, we defined an incidental finding as “information that WGS can detect that is not
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related to your/your child's health concern. It may or may not be of clinical or personal
interest to the person who had testing.” An example of an incidental finding was provided
for each question and it was explained that these findings may indicate varying degrees of
disease association (risk) and a variety of conditions for which there may or may not be
treatments or interventions. “Clinically actionable” was defined as established therapeutic or
preventive interventions, or other available actions, that have the potential to change the
clinical course of the disease. A four-point Likert scale, rating level of agreement, and a fifth
“undecided” category was utilized in the majority of response categories for questions
assessing opinions. Categorical response options were used in the background/demographic
questions. The survey is available as an online supplement. Because of the anonymous
nature of the survey, this study was determined to be “non-human subject” research by the
Medical College of Wisconsin's Human Research Protections Program.

Statistical analysis
Data were downloaded from the Turning Technologies software and exported to SPSS
(version 20) and StatXact (Cytel Studio version 8) for statistical analysis (37, 38).
Descriptive statistics were used to summarize responses to all questions. For the Likert
scale, four categories were collapsed to two, combining the “strongly” and “somewhat
strongly” categories at either end of the scale to facilitate analysis and interpretation.
Percentages reported reflect the valid percent (excludes missing answers). For cross-
tabulations of independent samples, such as age and questions, a Chi-square and Fisher-
Halton-Freeman Exact Test were used. The McNemar Test was used for correlated data.
Exact P values were calculated and a value of ≤ 0.05 was considered statistically significant
for all tests. Because participants were allowed to skip individual items, the sample size
varied by question.

Results
Three hundred fifty-five individuals were registered to attend the ACMG Next Generation
Sequencing Workshop. Three hundred Turning Technologies hand-held devices were
available for use and were randomly distributed on the chairs of attendees prior to the
beginning of the workshop. Two hundred eighty-eight of the 300 workshop attendees who
were provided with the audience response devices (~90% uptake rate) elected to participate
in the pre-workshop survey study. Because some attendees came late or left early during the
survey administration, we excluded participants who answered <50% of the non-
demographic questions in the analysis. Due to a significant drop-off of participants after the
6 hour workshop, only pre-workshop survey data is presented in this report. In addition, of
the data we were able to collect from both pre- and post- workshop surveys, findings
revealed no significant changes in views toward disclosure of incidental findings from
clinical sequencing. Therefore, the final sample presented includes 279 pre-workshop survey
participants. The majority (75%) of participants were geneticists, genetic counselors and
clinical laboratory professionals. Thirty-one percent were involved in delivery of genome
sequencing (whole or exome) and 51% were planning to offer this service in the future.
Sixty-seven percent of the survey participants were female and 65% percent reported that
they have children. Table 1 provides a more detailed overview of the participant
characteristics.

Genome sequencing for participant and participant's child
With respect to interest in genome sequencing (no particular presenting scenario, or
diagnostic indication, was provided), approximately half (52%) of participants (somewhat
and strongly) agreed that they would like to have their genome sequenced and analyzed. The
younger the participant, the more likely they were to agree to this statement (49% in age
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group 18-35, decreasing to 18% in age group 55 and older, p< 0.028). In comparison, 29%
of participants indicated that they would like to have their child's genome sequenced. No
age association was detected with agreement to this latter statement.

Participants were asked to assume that they, or their child, had whole genome sequencing
for a particular diagnostic indication and an “incidental finding” was detected. They were
then asked to think about what information they personally would want. The vast majority
(96%) of participants wanted to know about incidental findings in themselves indicating an
adult-onset disease that is “clinically actionable” and 78% wanted to know about this type of
information in their child. The example provided was BRCA1 early-onset breast cancer.
Slightly less than half (44%) of participants wanted to know about an incidental finding in
themselves that indicates an adult-onset condition that is not clinically actionable (survey
example: early-onset familial Alzheimer disease) and roughly one-third (31%) wanted to
know about this type of information in their child. With respect to incidental findings in
themselves with unknown or no clinical significance, 39% of participants were interested in
this type of information for themselves and 32% interested in knowing this in their child.

Incidental findings in participants and adult patients
In addition to being asked about their own interest in receiving different types of incidental
findings, participants were also asked to think about what types of incidental findings a
clinical service provider should disclose to adult patients. The vast majority (96%) of
participants wanted to know about incidental findings in themselves indicating an adult-
onset disease that is “clinically actionable” and the same percentage felt this type of
information should be disclosed to adult patients. Slightly less than half (44%) of
participants wanted to know about an incidental finding in themselves that indicates an
adult-onset condition that is not clinically actionable and roughly half (52%) felt this type of
information should be disclosed to adult patients (See Fig. 1). Participants who reported
interest in having their genome sequenced were more likely to agree that they wanted to
know about an adult-onset, non-clinically actionable incidental finding; however, those who
were undecided were more likely to disagree (p< 0.001). In contrast, a participant's interest
in having their own genome sequenced did not correlate with agreement to disclose an adult-
onset, non-clinically actionable incidental finding to an adult patient (p< 0.1).

Incidental findings in participant's child and minor (under 18) patients
Participants were queried about their views toward their own child and what they felt a
clinical service provider should do if a minor patient were found to have an incidental
finding following genome sequencing. In comparing views about their child to a minor
patient, the majority of participants wanted to know about an incidental finding in their child
that indicates a childhood-onset disease that is clinically actionable (99%), a childhood-
onset disease that is not clinically actionable (75%), and an adult-onset disease that is
clinically actionable (78%). A similar percentage of participants felt this type of information
should be disclosed in the clinical setting to parents of children who have sequencing
performed (98%, 70%, and 70% respectively). See Fig. 2. Participants involved in the
delivery of clinical genome sequencing, or planning to be involved in the future, were more
likely to agree (p< .05) that incidental findings should be disclosed to parents that indicate a
clinically adult-onset disease in a minor patient. Approximately one-third (32%) of
participants were interested in an incidental finding about their child that indicates a genetic
change for which there is unknown or no clinical significance and 31% were interested in an
adult-onset, not clinically actionable incidental finding in their child.
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Discussion
To our knowledge, this report represents the largest survey to date examining clinical
genetic professionals’ opinions concerning return of incidental findings. This study explores
the attitudes of genetics providers with respect to incidental findings identified through
WGS/WES in themselves, their child, their adult patients and their minor patients. The
participants were primarily female, were over 35 years old, and had children. The majority
worked in a clinical environment for six or more years and was involved, or was planning to
be involved, in delivery of clinical genome sequencing.

Our findings revealed that participants had certain views about incidental findings disclosure
that were nearly uniform. For example, there was almost unanimous consensus to disclose
incidental findings that are adult-onset and clinically actionable for themselves (96%) and
their adult patients (96%). This held true for childhood-onset clinically actionable conditions
in the participant's child (99%) and minor patients (98%). The consensus for return of results
which are associated with a significant risk of disease --for which there is therapeutic or
preventative measures-- is similar to results disclosure recommendations to study patients
undergoing genetic research testing (17, 22). A similar high degree of interest (96%) in
learning ancillary findings during pharmacogenetic testing for risk of serious but treatable
disease was also reported in a telephone survey study of the U.S. public (39).

Overall, there was moderate consensus for disclosure of an incidental finding that was adult-
onset and clinically actionable when found in the participant's child (78%) or in a minor
patient (70%). There is a body of literature and opinion that states genetic testing for adult-
onset conditions should not be sought in children because the child is denied the right to
choose to find out this information at their majority (40-44). WGS/WES raises a subtly
different issue. By the nature of the test, this type of information is obtained in the process of
deriving the data. Diagnoses for adult disorders were not specifically requested but may be
found as part of testing via WGS/WES. Therefore, further research into parent and child
attitudes about risks and benefits of WGS/WES is essential. The issue of retaining results for
minor patients for many years to allow them to decide whether they wish to find out about
adult-onset risks includes a number of challenges, notably tracking the individual over time
and retaining the large amount of data. Moderate consensus was also reported by
participants for disclosure of an incidental finding that was not actionable. Seventy-five
percent of participants reported interest in disclosure of a childhood-onset condition that was
not actionable in their own children and 70% of participants favored disclosure of a
childhood-onset condition that was not actionable to minor patients.

A number of our survey results revealed less participant consensus about return of certain
types of incidental findings. For instance, 44% of participants indicated interest in disclosure
of an adult-onset condition that was not actionable to themselves and 52% of participants
favored disclosure of an adult-onset condition that was not actionable to their adult patients.
Thirty-one percent of participants reported interest in disclosure of an adult-onset condition
that was not actionable in their own children. Less consensus was also noted for incidental
findings with unknown or no clinical significance-- roughly one-third of participants were
interested in this type of information for themselves and for their child. Given the overall
range of views of the genetic professionals surveyed in this study, it is foreseeable that the
lack of consensus about determination about what incidental findings “can” or “should” be
returned in various clinical WGS/WES scenarios could lead to inconsistent clinical practice.

This report provides a starting point for discussion about views of clinical genetics
professionals toward incidental findings in genome sequencing. However, this study has
several limitations. One limitation is that it is not known to what extent ACMG members are
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representative of the larger community of clinical genetics professionals. Therefore it is
possible that our findings may be biased toward the opinions of those ACMG members and
individuals who chose to attend the 2012 ACMG Next Generation Sequencing Workshop. In
addition, sixty-seven percent of the study participants were women. Consequently, our
findings may be more representative of women's views than men's on return of incidental
findings. Our example of BRCA1 as a clinically actionable finding may also have resulted in
some bias, given the larger number of women study participants. However, a strength of this
study is the high participation rate, compared to mail and online surveys of health
professionals. Another limitation is that the Turning Technologies survey method involves
brief, closed-ended questions and does not allow for open-ended questions to further explore
why participants answered the way they did. Also, due to the length of the workshop (6
hours) and people entering and leaving at different times, we had a number of surveys with
incomplete data and did not have sufficient data for an unbiased pre- and post- analysis.
Lastly, as with all empirical research utilizing hypothetical scenarios, our findings may not
correlate precisely with actual future behavior.

Genome sequencing, as a clinical service, will continue to grow as an important diagnostic
tool for health care providers. The public and research participants have expressed interest in
receiving a variety of incidental findings (12, 14, 45), however, little is known about how a
wide variety of patients and service providers feel about the risks and benefits of disclosure
of incidental findings from genome sequencing in the clinical setting. This cross-sectional
study is one of the first to survey a large number of clinical geneticists to assess their views
on the return of incidental findings from genome sequencing and illuminates a wide variety
of views. This diversity of opinion, coupled with no formal guidance, illustrates the need for
a more formal policy-making process to determine what types of incidental findings should
or should not be returned in order to maximize benefit and reduce harms. The role of
patients and consumers in healthcare decision-making is increasingly being recognized in
the health policy community. Careful consideration of patient preferences and expectations
about return of incidental findings will be essential to the development of effective and
respectful practice guidelines. Future research will be needed to evaluate how the broader
public and diverse groups of patients conceptualize the complexities of genome sequencing
results disclosure in order to further inform evolving policies and best practices regarding
incidental findings.
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Fig. 1.
Comparison of attitudes toward return of incidental findings in participants and in adult
patients.
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Fig. 2.
Comparison of attitudes toward return of incidental findings in participant's child and in
minor patients.
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Table 1

Participant Characteristics

Response Categories Percent

Gender (n=252)

    Male 33%

    Female 67%

Age in years (n=255)

    18-35 28%

    36-45 29%

    46-55 26%

    55+ 17%

Have children (n=254)

    No 35%

    Yes 65%

Primary area of work (n=259)

    Clinical geneticist 24%

    Genetic counselor 13%

    Clinical laboratory 36%

    Basic science laboratory 5%

    Bioinformatics 3%

    Trainees/students 7%

    Other 12%

Years in primary area of work (n=260)

    Still in training 9%

    0-5 26%

    6-10 16%

    11-15 15%

    16-20 17%

    20+ 18%

Involved in delivery of clinical genome sequencing (n=254)

    No 18%

    Yes 31%

    Planning to in future 51%

Have had genome sequenced and analyzed (n=256)

    No 90%

    Yes 2%

    Planning to in future 9%
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