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Abstract

Including low penetrance genomic variants in population-based screening might enable
personalization of screening intensity and follow up. The application of genomics in this way
requires formal evaluation. Even if clinically beneficial, uptake would still depend on the attitudes
of target populations. We developed a deliberative workshop on two hypothetical applications (in
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colorectal cancer and newborn screening) in which we applied stepped, neutrally-framed,
information sets. Data were collected using nonparticipant observation, free-text comments by
individual participants, and a structured survey. Qualitative data were transcribed and analyzed
using thematic content analysis. Eight workshops were conducted with 170 individuals (120
colorectal cancer screening and 50 newborn screening for type 1 diabetes). The use of information
sets promoted informed deliberation. In both contexts, attitudes appeared to be heavily informed
by assessments of the likely validity of the test results and its personal and health care utility.
Perceived benefits included the potential for early intervention, prevention, and closer monitoring
while concerns related to costs, education needs regarding the probabilistic nature of risk, the
potential for worry, and control of access to personal genomic information. Differences between
the colorectal cancer and newborn screening groups appeared to reflect different assessments of
potential personal utility, particularly regarding prevention.
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personalized medicine; screening; public health; evaluation; utility

Introduction

The sequencing of the human genome, and decreasing costs of sequencing technology, has
led to forecasts that the use of genomic information to inform healthcare will soon be a
reality, the notion of “personalized medicine” (PM). Genomic risk profiling—examining
multiple low penetrance gene variants (Hawken et al. 2010; Yang et al. 2003)—offers the
potential to produce a “personalized” risk assessment for conditions such as cancer
(Michailidou et al. 2013) or heart disease (Di Angelantonio and Butterworth 2012), which,
in most families, do not follow strongly Mendelian inheritance patterns (Burton et al. 2013).
Although frameworks for the evaluation of evidence exist (Haddow and Palomaki 2003;
Secretary’s Advisory Committee on Genetic Testing 2000; Teutsch et al. 2009), they are test
oriented and do not examine issues of implementation in practice. Understanding how to
ensure the effective implementation and appropriate use of genomic applications is an
essential element of the research “translation cycle” (Khoury 2010).

Engaging target populations at an early stage in the development of any technology may
help identify important issues related to implementation or acceptability (Auffray et al.
2011). Although they are usually intended to take a societal or policy perspective, health
technology assessments are often limited by a lack of rigorous data on those “nontechnical”
issues that may be important in implementation in practice (Potter et al. 2009). For example,
Lehoux and Blume (2000) describe the Australian experience of a technology assessment
process for cochlear implants that focused on the outcome of decibels of hearing loss
restored but failed to appreciate the objections of the Deaf community to what they saw as a
socially disruptive intervention. We suggest that, given the slow pace of development of
genomic technologies for application in the general clinic, it would be valuable to generate
broader insights on their use, to complement evaluations of clinical validity and clinical
utility.
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A particular challenge to this “anticipatory” approach, however, is that few people have had
experience with genomic tests, limiting possibilities for “fully informed” engagement. For
an emerging field like genomics in medicine, public engagement research must trade off
participants’ personal experience against their representativeness: those most familiar with
the personal impact of genomic tests and information—patients and families affected by
genetic disorders—are not likely to be typical of the general population; those most
“typical” of the general population are unlikely to have considered the potential personal
impacts of genomic tests. In our program of research on the application of genomics in
health care and public health, we have attempted to reconcile these trade-offs by recruiting
participants directly from the community, typical of target populations, and facilitating
meaningful consideration of issues despite lack of personal experience. One area of interest
is the application of genomic technologies in public health programs, and the potential for
genomic profiling within population-based screening has received recent attention (Khoury
et al. 2004). We developed two scenarios where genomic profiling—while not imminent—
could be fairly easily envisaged: cancer screening and newborn screening (NBS).

Cancer screening

Colorectal cancer (CRC) is a leading cause of cancer death in North America (American
Cancer Society 2012; Canadian Cancer Society 2011; von Wagner et al. 2012); upwards of 1
million cases are newly diagnosed each year (Center et al. 2009; International Agency for
Research on Cancer 2008). The risk of CRC includes a substantial heritable component
(Dunlop et al. 2012; Hawken et al. 2010), largely consisting of numerous low penetrance
variants (Hawken et al. 2010; Khoury et al. 2004). While these variants individually have
limited predictive validity, cumulatively they could provide important information about
disease susceptibility (Hawken et al. 2010; Khoury et al. 2004; Tenesa and Dunlop 2009). It
is well established that screening to identify CRC in earlier stages improves survival rates at
all levels of risk (de Jong et al. 2006; Walsh and Terdiman 2003). Assuming that meaningful
accuracy could be demonstrated, genomic risk profiling could potentially reduce mortality
by triaging individuals to different screening regimens: higher risk individuals receiving
higher intensity of screening with the aim of reduced mortality through earlier detection of
curable lesions, and lower risk individuals being spared unnecessarily frequent or invasive
tests.

Newborn screening

Type 1 diabetes (T1D) is one of the most common chronic childhood diseases (Devendra et
al. 2004) and shows a global increase in incidence (Catanzariti et al. 2009). In children, early
symptoms may not be specific (e.g., thirst, blurred vision, abdominal pain), occasionally
delaying clinical diagnosis until life threatening keto-acidotic coma necessitates emergency
intervention. Consequently, there has been interest in identifying children who are at high
risk to educate parents on the potential significance of otherwise nonspecific symptoms.

Even though T1D screening fails to meet the WHO screening criteria (Wilson and Jungner
1968), not least because there is no preventive intervention, a number of studies are
exploring the potential for T1D susceptibility testing in infants, including The
Environmental Determinants of Diabetes in the Young (TEDDY) trial (Hagopian et al.
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2006), the Key Environmental Aspects of Type 1 Diabetes (KEA) study (Kerruish et al.
2007; Kerruish 2011), and the Environmental Triggers of Type 1 Diabetes (MIDIA) study
(Aas et al. 2010). In addition, some states in the USA have piloted projects for newborn T1D
screening (Hiraki et al. 2006; Ross 2003).

We judged that, by presenting hypothetical genomic profiling tests for familiar conditions, in
the context of existing screening programs familiar to specific target populations, we would
be able to compensate for lack of personal experience of genetic tests. The specific
objectives of the present research were to explore, in participants drawn from the target
populations for existing CRC and NBS programs, (/) general reactions to the idea of
incorporating genomic risk profiling into routine screening activities, and (/i) the most
important issues requiring consideration as these technologies are assessed and implemented
in practice.

Materials and methods

Participants and recruitment

Participants were drawn from two locations in Canada: Ottawa, Ontario (ON) and St John’s,
Newfoundland (NL). Ottawa is a large, mostly urban population with CRC incidence
reflecting the Canadian average and overall relatively high socio-economic status, whereas
St John’s is a smaller urban population with a high incidence of CRC (Green et al. 2007;
Woods et al. 2005) and a broader socio-economic mix. Additionally, ON and NL have
different newborn screening programs in terms of both organization and number of
conditions included.

Participants were invited to one topic only, based on relevant demographics associated with
existing screening programs. Thus, individuals were eligible for the CRC group if they were
aged at least 50 (i.e., eligible for provincially funded CRC screening), or for the NBS group
if they had children aged under five—and so had recent experience of NBS. Potential
participants were excluded if they were unable to converse freely in English or French.

For both topics, individuals were recruited using random digit dialing (St. John’s) and in
person via community-based groups and networks (Ottawa). Appropriate community groups
of older people or parents of young children were identified through existing resources
available through the municipality, and approaches to individuals were made in person
during pre-arranged visits to the group or network. All participants were provided
information about the study orally and eligibility confirmed. Upon confirmation of
eligibility, written information was provided to those who expressed interest in taking part.
At the workshop, participants were given additional copies of the information sheet and
asked to confirm their willingness to take part before signing a consent form.

Public engagement methodology

Based on previous approaches to public engagement examining genomics in agriculture
(Castle et al. 2005; Castle 2006; Castle and Finlay 2006), we developed a deliberative
workshop consisting of three components: an information component comprising three
information sets that provided a progressive release of information about genomic risk
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profiling and its potential implications; a deliberation component providing an opportunity
for questions, discussion, and debate after each information set; and a data collection
component using multiple approaches to capture participants’ reactions and attitudes. All
workshops were facilitated by one researcher (B.J.W.), who has extensive experience of
public attitudes research in the field of genetics and genomics.

Workshop format

The workshop started with a series of warm-up questions, unrelated to the topic of
discussion, to provide an orientation to the methodology. Following this, we worked through
the information, deliberation, and data collection components in an iterative way (see Fig.
1).

Information component

Three information sets (Table 1) were developed that presented two “prototype” PM
applications as case studies: genomic profiling for (/) CRC risk assessment in adults, or (//)
T1D risk assessment in newborns. The information sets were designed to encourage
participants to rapidly “unpack” the personal implications of genomic profiling. The starting
point was a description of the screening program (CRC or NBS) as currently implemented in
the province (ON or NL). Given the recruitment approach, it assumed that the participants
were at least aware of the program, so the description of the rationale for screening, the
screening procedure, consent policy, etc. were intended as a reminder. The idea of a genomic
profiling test as an additional component of the screening approach was then introduced.
Given that there is no accepted scientific or medical terminology in this area (the term
genomic profiling is also used to refer to tumour-specific analyses, for example), we adopted
the term DNA risk test and explained it carefully. The intent was to communicate the central
idea of genomic information being applicable to any individual as part of their routine health
care and to clearly distinguish it from genetic tests applied to high risk individuals in clinical
genetics settings.

As with previous research using progressive information release (Castle et al. 2005; Castle
and Culver 2006), information sets were developed to be understandable to participants,
with a reasonable information load. Relevant experts (molecular and clinical genetics,
epidemiology, ethics, family medicine, and psychology) collaborated to ensure that the
descriptions were technically accurate and that the known risks, benefits, and issues were
included. The information sets were pilot tested in small groups consistent with the target
populations, to assess whether they provided adequate information for participants to form
judgments about genomic risk profiling and to identify additional scientific or other
information that should be included.

In both case studies, care was taken to convey the idea that genomic profiling would be a
risk test—not a diagnostic test—and to discuss the limitations of accurate prediction, the
putative benefits and drawbacks, and the possible personal, family, and social implications.
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Deliberation component

The deliberation component consisted of three periods of facilitated discussion, over the
course of the workshop. Each discussion took place immediately following an information
set and was semi-structured, insofar as discussion was framed against the backdrop of the
preceding content, but it was flexible enough to allow participants to bring in new topics.
Participants were encouraged to put forward opinions, and alternative or competing
perspectives were sought to ensure broad coverage of the topics at hand. In lieu of any
alternatives being presented by participants, differing perspectives were presented by the
facilitator as talking points to encourage discussion and generate reflection by the group on
these alternatives. There were three deliberation periods, each of which allowed participants
to reflect and discuss the information presented.

Data collection component

Analysis

We used four complementary approaches to collect data. For completeness, we describe
each of these, but we report on the analysis of only two: participants’ individual free-text
comments, and field notes captured during the deliberation component.

Free-text comments—~Following orientation, but before the first information set,
participants were instructed to:

Please write down everything that comes into your head when you hear the words
DNA risk tests.

This question was repeated throughout the workshop as a way to encourage participants to
record thoughts and reactions, although participants were encouraged to record thoughts as
they occurred, irrespective of the stage of the workshop. These provided qualitative data
through an approach resembling diary methods (Bowling 2004; Bryman 2004), i.e.,
cataloguing individual thoughts that may not be conveyed to the larger group. This was
supplemented with detailed field notes and audio recording, where the participants
consented, to capture discussion during each deliberation.

Other data—We captured data in three other ways, and the analyses are to be reported
elsewhere. First, we posed two attitude questions after each deliberation component, to track
how responses changed over the course of the workshop and in response to the information
sets and group discussion. The first question asked whether the test in question should be
funded by the province, and the second asked whether the participant would have the test
personally or for a child. Finally, we asked participants to complete a post-workshop survey
containing further attitude questions on the topic, personal or family experience with the
condition discussed in the workshop, and demographic data.

Here we report the analyses of the free-text individual comments and discussion. Transcripts
were imported into Atlas.ti Qualitative Data Analysis (QDA) software (Scientific Software
Development 2007) to assist with management and coding.
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Two researchers (S.C. and S.N.) initially independently coded the data using the constant
comparison method. This process of dual coding has been suggested as a qualitative
comparator to traditionally quantitative notions of inter-rater reliability. While numerical
approaches to validity have generally been resisted in qualitative studies in favour of
standards of “credibility” (Morse et al. 2002; Murphy et al. 1998), empirical research has
indicated the utility of such dual coding (Armstrong et al. 1997).

Data analysis followed a thematic analysis approach (Boyatzis 1998) in which textual data
are coded and labeled in an inductive manner. As such, data analysis was iterative and
ongoing in parallel to the conduct of workshops, allowing us to facilitate the discussion in
light of emerging themes. This approach allowed for the revision, combination, or separation
of codes in light of new data (Corbin and Strauss 2008; Strauss 1996). Each newly coded
incident was compared to previous incidents to refine or revise the code (Fielding and Lee
1998). After an initial phase of open coding, individual codes were grouped into overarching
themes or constructs through a process of data reduction. Consequently, the theme operates
at a higher level than the immediate codes. Themes were then discussed with the larger
team, with codes further reviewed and themes revised until a final set were derived. The
study was approved by the Ottawa Hospital Research Ethics Board and the Newfoundland
and Labrador Health Research Ethics Authority.

Eight workshops were conducted with 170 individuals (120 participating in CRC
workshops, 50 in NBS). Groups were predominantly female, white, and English speaking,
although income and education levels varied between the groups and the two provinces (see
Table 2).

Participants varied in their receptivity to the potential for genomic risk profiling. Views
ranged from an enthusiastic acceptance of genomic profiling as a good idea for risk
assessment to a more cautious view that reflected ambivalence about learning risk
information that might not be amenable to intervention, the irrevocable nature of the
information, and the possibility for regret. No participants expressed outright dismissal of
the possibility of genomic risk profiling within routine population screening, although
participants within the NBS groups were notably more cautious. For those enthusiastic
respondents, several comments reflected the idea that personal risk information has value in
itself:

Knowing what your risk factor is for a health problem will allow you/your doctor to
decide what preventative measures can or should be taken. [297, ON, CRC]

With potential health risks, | feel being proactive is better than being reactive. As
scary as a false positive might be for a new parent, the more information you can
have about a potential issue, the better. [384, NL, NBS]

For more cautious participants, parallels with traditional genetic testing, and the associated
issues, were occasionally drawn.
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The thought of DNA testing being a lifelong result makes one think more deeply
about it. Do you want to live with some negative health issue, not knowing if it will
affect you? The more this was discussed, the less sure it makes me feel. [377, NL,
CRC]

This theme was particularly dominant within the discussion regarding genomic profiling for
T1D, where a lack of preventive measures was viewed critically. For example:

But since Type 1 can’t be prevented with appropriate diet + exercise, there’s
nothing you can do anyway—so why know? Just be informed so that you
understand that certain illnesses could, in fact, be the first stage of diabetes.—[...]
—If prevention was possible then this would be much more accepted. [147, ON,
NBS]

A notable concern for parents was the potential for worry and possible negative effects of a
high-risk result on parent—child bonding. While this was a particular concern that arose in
the NBS workshops, it was also raised by parents in the CRC groups. One mother, in
particular, discussed the implications of testing where a definitive status was lacking:

Before I had children | was tested for muscular dystrophy ... and the test was not

conclusive. Therefore every time | gave birth and it was a boy | was worried until

he turned 5 and a new and better test was invented to test the boys. I can tell you it
really affects your outlook. My daughter would not be tested and had 3 sons and |
worried about them too. [106, ON, CRC]

From these discussions, four core issues emerged as requiring consideration before the
implementation of genomic profiling technologies, each of which impacted on general
receptivity to the technology: consideration of the target population; specific evidence
requirements regarding the test; readiness of the health-care system for the technology; and
third party access/use of information generated by the test.

Target population

This theme related to questions of whether genomic profiling should apply to the general
population or only to individuals already identified as being at high risk—a key distinction
between PM and standard genetic testing. The importance of this aspect was thrown into
light by the differing potential for intervention in the examples used. For example, the lack
of preventive treatment in the case of T1D was used as a reason for more targeted screening,

I think screening tests are useful but should be used cautiously. If there is already a
family history, a DNA test should be done. But should all DNA risk tests be
performed on all newborns? Maybe not, unless the disease/condition is extremely
dangerous if not caught quickly. [233, NL, NBS]

Similarly, immediate strategies for intervention for colorectal cancer were used to support
arguments for population-based approaches:

[Quoting information set] These tests would improve how we work out who most
needs a colonoscopy. Do we know this for sure? If so then we should use them for
everyone if not too expensive (what is too expensive?). [184, ON, CRC]
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As the examples above illustrate, attitudes toward the relevant target populations for
genomic risk profiling were tied together with questions of cost or disease severity. Put
differently, attitudes toward a population or targeted approach were not driven solely by
views on clinical utility for individuals. Importantly, some comments within the NBS groups
suggested that screening would only be appropriate for individuals with a family history.

Evidence requirements regarding the test

As indicated above, expressions of support appeared to be contingent on evidence of benefit.
Within this we identified three sub-themes: benefit was presumed, benefit was hoped for,
and benefit was questioned. First, there was a set of comments that reflected a presumption
that this technology would provide benefit, for example:

Will promote better use of resources. Will reduce risk of unnecessary testing of
patients. Will reduce overall health care delivery costs. Will provide better health
care delivery to patients. Knowledge assists health care providers focus on patient
centered care. [197, NL, CRC]

The second sub-theme was more cautious—a hope, rather than assumption, that genomic
profiling would provide benefit:

A new era—current practices are rather like a bludgeon. I’m hoping that DNA
testing will be more precise .... [134, ON, CRC]

The final sub-theme was the most skeptical and questioned the benefit of the technology; in
effect asking for evidence that these hypothetical tests would not only be technically
accurate but also that a demonstration of clinical utility would be necessary.

I would also certainly like to know the pros and cons. The percentages regarding
the risks. Also how important are the risks in coming up with a positive test towards
positive outcomes re: a particular disease. [279, NL, CRC]

In each of these sub-themes, there were clear evidentiary assessments that participants saw
as important: cost (and potential for cost savings in both the short or long term) or cost-
effectiveness, clinical validity, and clinical utility. These reinforced the comments relating to
the general receptivity to the idea of genomic profiling.

Health system readiness for this technology

Participants offered thoughts about the readiness of the health care system and needs of the
public to adopt genomic profiling tests in practice. Almost all centered on the need for
education, both in general,

There would be a huge public educational side to this whole aspect of DNA testing
to avoid misconceptions, perhaps even legal cases arising—education for GP’s and
psychologists too. [297, ON, CRC]

and, in particular, around understanding concepts of risk:

People would have to be really well educated about what “risk”” means. Doctors
would have to be well trained in how to explain the tests to their patients and how
to work with their patients after a positive test. [286, ON CRC]
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I really think that if DNA risk test [sic] are offered there needs to be really good
communication about what it is/is not. Especially if there is some risk that is higher
—then there really needs to be good communication about what the test result does
and does not mean. [186, NL, NBS]

While expecting physicians to be knowledgeable, participants also indicated a perception
that the incorporation of genomic information would require physicians to undergo further
education themselves. Specifically, participants referred to two skill areas: the interpretation
of risk information and the ability to counsel patients.

Third party access and use

Recognizing that concerns about the use of personal health information by insurance
companies and other third parties are a consistent element of discourse around genetic tests,
we sought to explicitly include discussion of third party access to genomic risk information
to explore whether this form of risk test—as opposed to a diagnostic test—raised additional
issues. We noted three distinct groups of comments. The first suggested that genomic risk
information raised no more concerns than current practice, for example:

DNA is not much different with insurance co’s now because right now you can’t
get insurance if you have a health risk after a certain age. Your health and family
history is watched very closely now without DNA testing. [337, NL, CRC]

The second type of response indicated a level of genetic exceptionalism—that is, that
genetic information was somehow special and needed to be treated differently. In some
instances this also included an element of determinism, if not from the individual’s
perspective but potentially in the way the information would be viewed by others, for
example:

Employers might want to know your DNA to consider your long term health and
decide if their educational training is worth it to the company! [123, ON, CRC]

The third set of responses suggested that concerns about third party access or use were
misplaced. These arguments tended to be raised primarily in the CRC workshops, for
example:

More attention should be paid to the personal benefits of DNA testing. Though
insurance can cause great concern, this should not be considered as the major
negative against the testing. [307, ON, CRC]

Personally, | would not be concerned about insurance companies and would rather
know my health risks than making sure I have a life insurance policy. [213, NL,
CRC emphasis in original]

Discussion

The findings of our workshops indicate diverse reactions to the idea of genomic risk
profiling as part of screening, ranging from uncritically enthusiastic to cautious and
skeptical, although no participants dismissed the idea out of hand. Previous studies of public
attitudes to gene expression profiling in breast cancer treatment found support for PM
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technologies provided they were clinically meaningful and effective (Bombard et al. 2013).
Our findings also indicate that participants’ support for genomic risk profiling as part of
population screening would be contingent on evidence that the tests were accurate (clinically
valid), and on their personal assessment of the usefulness of the information provided for
clinical or personal decisions (clinical or personal utility). Moreover, while we identified a
discourse in which genomic profiling was something exceptional that was to be approached
cautiously, there was substantial discussion that took a view that this was just another
medical test, particularly within the CRC groups.

Benefits from genomic risk profiling proposed by participants were the potential for early
intervention, prevention, and closer monitoring, whereas concerns related to the (difficult)
probabilistic nature of risk information and potential for worry. In the case of genomic risk
profiling for T1D, this was reflected in comments regarding potential maternal anxiety
created by high risk results and a negative impact on familial relationships, both of which
have been reported as concerns within the literature around childhood genetic testing and
screening (Grob 2008; Kerruish et al. 2007; Ross 2007). A further concern raised in both
topic groups was control of access to the information generated by genomic tests.

This study had several important limitations. First, although we are confident that we
reached saturation in the data obtained in the CRC workshops, we are less so for the NBS
groups, in terms of capturing the entire spectrum of perspectives. This is partly because of a
smaller absolute dataset (restricting seeking out “disconfirming data”), but also because
barriers to access (lack of childcare and (or) available time) led to a somewhat homogeneous
group of participants in terms of socio-economic status, dual parenting situation, and access
to supportive resources. Second, the central assumption of the methodology was that
participants inexperienced with genetic tests would be able to extrapolate from actual
experience with screening. There is no way to know how reflective their responses to
hypothetical PM applications would be if real tests were offered in real screening situations.

However, a strength of our approach has been the complementary data collection which,
given that participants may have different communication preferences (oral or written),
allowed us to obtain views that may not have been voiced had only one approach been taken.
Moreover, the provision of a standardized educational component ensured a consistency of
at least a basic level of information for participants.

The expressed views and focus on clinical validity and utility—i.e., the accuracy of the test
in predicting the risk of cancer or diabetes, and the usefulness of these results to the
individual—were key discussion points within both topic groups. This not only informed
participants’ general receptivity to genomic risk profiling but also views regarding to whom
the tests should be offered. More skeptical views regarding benefit—and specifically
treatment or prevention—appeared to be associated with a perspective that genomic risk
profiling should only be made available to subgroups such as those already deemed to be at
high risk because of a family history. These elements of decision making are consistent with
traditional screening criteria: that there should be an accepted treatment for patients with
recognized disease, there should be a suitable test or examination, that there should be an
agreed policy on whom to treat as patients, and that the test should be acceptable to the
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population (Wilson and Jungner 1968). They also overlap with existing approaches such as
the ACCE framework, which indicates the need for assessments of analytic validity, clinical
validity, clinical utility, and ethical, legal, and social issues (Secretary’s Advisory Committee
on Genetic Testing 2000) for new tests. The present discussion may point to their continued
utility as assessment criteria in a post-genomic era of personalized medicine.

A perspective that genomic risk profiling was just another medical test was underscored by
the perceived ability to act on the information generated by genomic profiling, be it through
treatment, prevention, or closer diagnosis.

Other studies of screening and genetic testing suggest that the ability of test results to inform
decision making about prevention or therapeutic interventions is important (Andrykowski et
al. 1996; Mesters et al. 2005; Ramsey et al. 2003; Rose et al. 2005; Wakefield et al. 2007;
Walsh et al. 2012), and genetic exceptionalism may be reduced when active preventive
strategies are available (Ross 2001; Saukko et al. 2006). Our findings are consistent with
this, although require further examination given the stated limitations. Further studies
exploring the potential mediating role of prevention or treatment options on attitudes toward
genomic tests would be particularly beneficial.

We also note the importance of ensuring an adequate understanding of the nature, purpose,
and evidence underpinning genomic risk profiling with a particular focus on test validity and
utility. On the one hand, evaluations about test utility need to be supported by educational
approaches that promote an accurate understanding of what information a “risk test” can
provide and facilitate a critical approach to the personal implications of testing. This is
important given concerns regarding “overdiagnosis”—or “patients in waiting”—which was
related to the issue of parental anxiety in the T1D groups but may also be salient for CRC,
where there is the potential risk of aggressive overtreatment of indolent cancers (Burton et
al. 2013). Conceptions of risk will also be important to public acceptability (Burton et al.
2012)—public reactions to a potential reduction in screening on the basis of a low risk result
need to be carefully considered. Moreover, the suggestion by some participants within the
NBS groups that screening would only be appropriate for individuals with a family history
may reflect a misconception that could have negative service provision implications should
genomic risk profiling be implemented in practice—studies suggest that around 85% of
newly-diagnosed patients with T1D have no family history (Atkinson and Eisenbarth 2001).
This could indicate an important aspect of public education that would be necessary,
although it may also reflect a more basic concern regarding the benefits to be gained from a
risk profile for a disease that cannot, currently, be prevented.

Capable practitioners and effective interventions, such as decision aids, must also support
informed decision making. Previous research has indicated that patients expected primary
care physicians to have sufficient knowledge of genetics to recognize familial risk and make
appropriate healthcare decisions, such as onward referral to specialists (Carroll et al. 2011;
Miller et al. 2010; Vries et al. 2005). Participants in the present study indicated a similar
expectation that health care professionals across the board will be engaged in the
implementation of many types of PM applications, especially in the preventive medicine
context. Confidence with genetic and genomic information was expected and has been
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shown to be important in this respect; a recent survey indicated that general practitioners
who felt well-informed about genetics were over 10 times more likely to order a genomic
risk profile (Haga et al. 2011). Educational interventions can improve physician knowledge
of genetics and reported confidence in the management of individuals with genetic
conditions (Carroll et al. 2009, 2011). However, it remains to be seen how best to educate
and engage large numbers of physicians with respect to developments in genomic science
and personalized medicine.

Given the high profile—although potentially over-hyped (Caulfield et al. 2013)—nature of
genetics and insurance coverage, we expected our analysis of third party access would
present the clearest evidence of views consistent with genetic exceptionalism; while we did
see this, we also found indications of a considered approach in which insurance concerns
were placed in the larger context of overall potential for benefit. Privacy of personal health
information is a general concern (Ayatollahi et al. 2009; Eisenberg et al. 2005; Varga and
Brookes 2008) and there is evidence of lower uptake of genetic testing in response to
concerns about insurance (Armstrong et al. 2012; Keogh et al. 2009). Our study provided
evidence that DNA-based profiling raised privacy worries, but we did not find extra
concerns.

In conclusion, this study suggests that genomic profiling for CRC screening, and NBS for
T1D may be useful examples for public engagement about PM applications in preventive
medicine. We identified a full range of reactions to the idea, reflecting framing both as a
“normal” medical test and also as “exceptional” because of the nature of genomic
information. We noted concerns about the readiness of the health system to adopt this
technology, particularly around education and understanding of the nature of risk
information, and interpret these as indicating challenges for service provision to support
informed decision making.
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Fig. 1.
Schematic of the workshop process.
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Table 1

Key points of information sets.

Information set

Content

Set 1. The idea of genomic
profiling

Set 2. The potential personal
impacts of having a test

Set 3. Reiteration of the nature
of such a test, and its place in
personal health management

Description of colorectal cancer/newborn bloodspot screening program relevant to participant group—
eligibility, process, and rationale.

Idea of genomic profiling test (referred to as DNA risk test), examining variations in a person’s genome to
assess a person’s risk level. How this could be used to triage people more accurately.

Emphasis that the idea is to improve on current approaches, reducing unnecessary interventions and
targeting interventions to those most at risk.

Potential advantages of knowing personal risk level: lifestyle choices, screening participation, attending
promptly to early symptoms; personal utility of knowledge irrespective of potential for risk reduction.
Potential disadvantages of knowing personal risk level: if higher risk, anxiety, depression, disease worry,
reduced quality of life; if lower risk, failure to follow health advice, neglect of early symptoms.

Potential for effects on other family members.

Implications of third party (especially insurance company) access to test result recorded in medical chart,
irrespective of whether person develops cancer or not.

Idea that DNA results are “for life”.

Genomic profiling would be part of a broader set of risk assessment and screening tests, not a test in
isolation.
Reinforcement of the idea of “personalized” information on risk but not actual disease status.
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Table 2
Participant demographics (V= 170).”
CRC NBS/diabetes
ON NL ON NL

No. of participants 46 74 19 31

Female 32 (70) 48 (71) 17 (94) 15 (68)
N (%)

No. of children 2.04 (0, 6) 2.09 (0, 8) 1.83(1,3) 1.73(1,3)
mean (range)

Age in years 71.3(59,88) 62.2(51,79) 34.8(28,43) 355(27,48)
mean (range)

Married or living with partner 25 (54) 47 (69) 46 (100) 20 (91)
N (%)

Undergraduate or higher level of education 29 (63) 30 (44) 17 (94) 11 (50)
N (%)

Household income >$70 000 10 (24) 25 (39) 15 (88) 14 (67)
N (%)

White ethnicity 46 (100) 61 (92) 17 (100) 22 (100)
N (%)

Language English or English/French bilingual 44 (96) 68 (100) 17 (100) 21 (100)
N (%)

Note: CRC, colorectal cancer; NBS, newborn screening; ON, Ontario; NL, Newfoundland.

*
Percentages expressed refer to those who responded to the question; missing data are excluded.
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