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Genetics patients’ perspectives on clinical

genomic testing

Aims: Advances in next-generation sequencing technologies make it possible to envisage multiple contexts
in which genomic tools might be used to enhance patient care. We describe how genetics patients and
their caregivers view the promises and perils of clinical genomic testing. Patients & methods: Fifty-one
interviews with patients and parents of pediatric patients seeking genetic evaluation at an academic
medical center. Results: Themes from interviews include participants’ enthusiasm for clinical genomic
testing for diagnostic purposes, medical benefits and concerns about emotional and psychosocial burdens
resulting from clinical genomic testing. Conclusion: By clarifying these patients’ and caregivers’ views of
clinical genomic testing, the findings we report can help to anticipate other patients’ reactions to new
forms of personalized medicine enabled by genomic technologies.
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Rapid advances in next-generation sequencing
(NGS) technologies have generated great interest
in clinical applications of genome-wide analy-
ses [1-3]. Although much of this excitement has
focused on the prospect of using NGS to assess
an individual’s likelihood of developing various
diseases over their lifetime and ability to metabo-
lize specific drugs (i.e., personalized medicine
and pharmacogenomics), to date, the most
compelling illustrations of the power of NGS
have been in more conventional genetic-testing
settings. For example, Lupski and colleagues
recently showed how whole-genome sequencing
could be used to identify novel genetic contribu-
tions to disease [4]. Similarly, Worthey and col-
leagues have shown how whole-exome sequenc-
ing might be used to diagnose disease in patients
for whom a genetic diagnosis has been elusive [s].

These early demonstrations of the clinical
promise of genomic analyses suggest that NGS
tools will be adopted first by physicians who are
consulted to assist in providing a diagnosis for
patients with complex clinical presentations, par-
ticularly in cases where genetic contributions are
suspected but have proven difficult to identify
(6]. Examples of such scenarios might include
patients presenting with neurological problems
of unknown origins or with complex cancer
histories that are suggestive of multiple genetic
contributions [7].

There has been increasing recognition in the
medical and bioethics literature that clinical
genomic testing will require a departure from
existing standards of care in medical genetics
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due to the uncertain significance of results, the
volume of data produced and the dynamic nature
of knowledge generated through genomic science
89]. To the extent that early experiences with
clinical genomic testing will play an important
role in the emergence of other forms of personal-
ized genomic medicine, it is important to con-
sider the ethical and social challenges that must
be successfully navigated in this context [10].

Previous empirical research on public atti-
tudes towards genomic testing has largely
focused on the experiences of consumers of
commercial genomic risk assessment products
(11,12] and public opinions on new technologies
(13]. Little is known about how patients, particu-
larly patients for whom clinical applications of
genomic testing may be appropriate, perceive
the use of whole-exome and whole-genome
sequencing for diagnostic and risk assessment
purposes. Mayer and colleagues have argued that
it is likely that genomic technologies will be ini-
tially introduced to patients who are already con-
sidering some type of genetic evaluation for an
undiagnosed condition and that their responses
to these technologies will play a key role in future
developments in personalized medicine [14].
Understanding these patients’ perspectives on
clinical genomic testing can lay the foundation
for integrating genomic technologies into patient
care in the future [15].

In this paper we describe the understandings
and expectations of genetics patients and their
caregivers regarding the promises and perils of
clinical genomic testing. As likely first users of
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diagnostic tools enabled by NGS technologies,
characterizing the views of these patients can
provide important insights into the ethical and
practical challenges associated with new forms
of personalized medicine.

Patients & methods
Study design & sample

To characterize the attitudes and beliefs of
patients regarding the diagnostic possibilities of
genomic analysis and the types of results that
should be returned following testing, we con-
ducted semi-structured interviews with patients,
their partners and parents of minor patients at
three genetics clinics at the Cleveland Clinic
medical center (OH, USA). Semi-structured
interviews were utilized to elicit specific infor-
mation from the respondents regarding clini-
cal genomic testing. We used a set of flexibly
ordered questions to allow the interviewers to
respond to participants’ remarks and ideas at
appropriate points throughout the conversation
(16]. Eligibility criteria for participation in the
study included patients over 21 years of age or
parents of patients younger than this, also over
21 years of age, who spoke English, who had
presented for clinical genetic testing, and had
not yet received results from genetic testing or
received a diagnosis of a specific genetic condi-
tion. We hypothesized that this patient popula-
tion may be appropriate candidates for clinical
genomic testing in the future and would likely be
offered forms of genomic testing (as an alterna-
tive or supplement to more conventional forms
of genetic testing).

Subject recruitment
The research protocol and all study materials
were approved by the Cleveland Clinic Founda-
tion Institutional Review Board. The research
team recruited individuals and couples to par-
ticipate in the study using two methods: through
introduction to the study by patients” healthcare
providers and through direct mailing to patients
and the parents of patients who had upcoming
appointments at the genetics clinic. With the
first approach, genetic counselors and physi-
cians notified patients who met the eligibility
criteria of the study during their appointments.
Forty-five individuals expressed interest and
were referred to the study team to learn more
about participation in the study following their
appointment with a genetic specialist, but before
receiving results from genetic testing. Forty-four
of these individuals provided consent and partic-

ipated in the study. With the second approach,
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the research team sent 80 recruitment letters
to the households of eligible individuals with
upcoming clinic appointments. Representatives
from eleven households contacted a member of
the research team to schedule an interview and
ten of these subsequently participated in the
study, along with an additional two individuals
from these households, bringing the total num-
ber of individuals recruited using this method
to twelve.

Data collection

Data collection took place from January to
December 2009. Written informed consent was
obtained from all participants prior to interviews.
At the outset of each interview, participants were
given a basic description of clinical genomic test-
ing (Box 1). No additional educational materials
on genetic testing were provided to participants,
although participants may have received genetic
counseling from their clinicians prior to partici-
pating in the interview. Following this introduc-
tion, the interviewer elicited participant opinions
on clinical genomic testing, including:

General interest in genomic testing;

Preferences regarding test administration and
return of test results;

Perceived benefits and concerns about testing;

Sharing of test results with others.

Subjects received a US$50 gift certificate
for their participation. Final sample size-
was determined by evaluation of theoretical
saturation [17].

Data management & analysis
All interviews were audio recorded and tran-
scribed for thematic analysis [18]. Transcripts and
field notes were de-identified through the replace-
ment of personal identifiers with ID numbers.
In an iterative process combining inductive and
deductive methods, the research team used their
field notes and a subset of transcripts to generate
a thematic summary and coding scheme [16]. To
enhance intercoder reliability, a codebook includ-
ing definitions and examples for each code, and
rules for code application was devised [19]. Using
this codebook, all transcripts were double coded
by two team members and reviewed for reliabil-
ity using qualitative analysis software (NVivo 8;
QSR, MA, USA). Data analysts used the cod-
ing comparison query provided in NVivo to
identify areas of disagreement, which were then
reviewed to achieve consensus. Thematic ana-
lysis presented here is limited to descriptive and
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Instead of looking at a single gene responsible for one genetic disorder, this testing looks at
thousands of individual changes — commonly called gene variants — in a person’s DNA sequence.
Looking at thousands of known DNA sequence variations will reveal risk and disease information
about hundreds of conditions. The results of this testing will create a genomic risk report which
includes information about your risks for health conditions and susceptibility to disease and

drug-related complications.
Clinical genomic testing involves several steps:

Meeting/evaluation with a clinical geneticist and genetic counselling;

Obtaining a blood sample;

Reviewing results of testing with a clinical geneticist;

Follow-up with genetic counseling.

Generally, the time to complete all steps of this process is approximately 1 month.

analytic examination of participants’ opinions
on clinical genomic testing, including: general
interest in genomic testing and perceived benefits
and concerns regarding testing.

Results

Sixty-six individuals participated in 51 inter-
views for this study. Three overarching themes
emerged from interviews pertaining to par-
ticipants’ enthusiasm for testing for diagnostic
purposes; potential medical and psychosocial
benefits for specific patient populations; and con-
cerns related to emotional and psychosocial bur-
dens that genomic risk information could pose
to themselves and others, including the volume
of information that would be included in clini-
cal genomic test results. We present these major
findings in greater detail below.

Demographics
Participant demographics are presented in Tase 1.
Interviews were conducted with individual adult
patients (29), adult patients and their partners
(13 interviews with 26 participants) and one or
both parents of pediatric patients (9 interviews
with 11 participants) for a total of 66 partici-
pants. Interviews with parents did not include
their children. The 51 clinical cases represented
in the sample were recruited from an adult genet-
ics clinic (30), a cancer genetics clinic (12) and
a pediatric genetics clinic (9). Participant ages
ranged from 23 to 71 years. The proportion of
female and male participants was 59 and 41%,
respectively. Although the racial and ethnic
characteristics of the study population did not
differ significantly from US Census Bureau esti-
mates for the county in which the study was con-
ducted [101], subjects tended to be more highly
educated than is typical for the area [102], with
67% having at least some college education. Just
over 30% of participants reported that they were
familiar with genetic conditions in their family.
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Patient interest in genomic testing
Participants were receptive to the possibility of
using clinical genomic testing but tempered in
their enthusiasm for this approach. This enthu-
siasm appeared to increase as they discussed the
types of findings that could be revealed through
genomic evaluation with the interviewer. More
than half indicated that they were more inter-
ested in clinical genomic testing at the end of the
interview than they had been when introduced
to this form of testing at the beginning of the
interview.

Participants were considerably more interested
in the use of genomic testing for diagnostic pur-
poses than its use as a presymptomatic risk assess-
ment tool. This likely reflects the fact that many
of these participants were pursuing some form of
genetic testing in response to particular symp-
toms that they or their children were experienc-
ing. Participants felt that clinical genomic testing
would be particularly useful for children in light
of its potential to reduce the number of blood
draws and clinic visits required for diagnostic
evaluation. When absent of current symptoms
or maladies, however, participants’ interest in
genomic testing was low. Illustrating this ten-
sion, a patient being evaluated for a connective
tissue disorder explained:

“Well, I don’t think anyone would want to
know...I mean, it’s not something you would sign
up and say ‘please tell me’, but you start having
symptoms, you want to know why. Why is this
happening? So if you had something, symptoms,
ok do the test and just tell me what’s going on.”

In most cases, participants’ interest in clini-
cal genomic testing was based on an accurate
understanding of several key features of genomic
evaluation. Participants tended to characterize
genomic testing as a comprehensive evaluation of
their genetic disease risks. For example, an adult
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= Benefits of clinical genomic testing
Participants understood the benefits of clini-
cal genomic testing in both psychosocial and

Table 1. Characteristics of 66 study participants pursuing genetic

testing for themselves or a family member.

EEEET R ey () medical terms. Psychosocial benefits included
Sex the belief that having access to more compre-
Male 39 (59) hensive information on one’s genetic health risks
Female 27 (41) was better than having less knowledge, knowing
one’s genetic health risks would improve one’s
Age quality of life or bring peace of mind, having
Mean age (years) 425 testing would facilitate planning and decision-
Education making for future healthcare, and getting test
High school degree 10 (15) resu'lts could facilitate communi.cation .between
. » family members about shared disease risks.
Technical College Certificate 12(18) The following patient’s characterization of
Some college 12 (18) the psychosocial benefit of genomic testing was
College degree 18 (27) typical of many:
Graduate degree 14 @y “[ think knowing something is so much better
Race & ethnicity than not knowing. ..then at least you can plan for
White/Caucasian 62 (94) something you know.”
Black/African—American 2(3)
‘ Further illuminating the perceived benefit
Latino 2(3) . . . . .
of the information provided in a genomic risk
Familiarity with genetic conditions assessment for understanding and planning for
Yes 21 (32) one’s future healthcare needs, an adult patient
No 45 (68) explained:
Interviews “I just like the idea of knowing everything. I
Participants 66 mean, if I know the lay of the land, I have a bet-
Interview type ter sense of what's next, what to do, and I think
Adult genetics patient 29 (57) that there’s a lot of cross-currents in your health-
_ _ care anyway, you know, but what’s seen, what
Adult genetics patient and partner 13(25) looks like the cause, may only be the major factor,
Individual parent of pediatric genetics patient 7(14) but you can have a whole series of minor factors
Both parents of pediatric genetics patient 2 (4) that really do complicate things...”
Number of patients represented in sample 51

Other participants, such as this mother of a

patient described genomic testing as comparable
to a “genetic whole-body scan” and a cancer
genetics patient characterized it as a “blueprint
for each person’s genetic makeup.” Participants
also understood that genomic test results would
be considerably more detailed than conventional
laboratory tests. In addition, participants under-
stood that genomic testing would produce esti-
mates of disease risks, including risks for both
genetic and nongenetic diseases. For instance, the
wife of a patient being assessed for a connective
tissue disorder explained:

“Just because you say Yeah, it looks like you
might be susceptible to all these genetically,’ that
doesn’t mean for sure, at least what we know now,
or possibly even with the soon-to-be-released test,
that it’s a guaranteed thing. Nothing’s really guar-
anteed until it happens.”

pediatric patient, characterized the benefit of
clinical genomic testing in relation to resolving
an undiagnosed genetic condition:

“I also look at the people that have children
that they go years and years wondering, knowing
as a mother that something isn’t quite right with
your child, and maybe finally finding out what

that is, and just knowing so that you can treat
it in a better way than not knowing, and just
spending years and years, and how much money
testing, trying to figure something out. You can
actually target all your efforts towards that one
diagnosis once you really kind of know.”

Along the same lines, genomic testing was

viewed as preferable to tests that assess a single

gene. As another patient explained his desire for
genomic testing over traditional genetic testing:
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“You want to know what’s going on with
yourself, with your body. It seems like one test
will actually look deeper into what'’s going on
within your body than the other test. So if ...I

want to know what'’s going on with my body and
everything that they can find in my body, if one
test can go deeper...and finding about Crohn’s
Disease and you know Alzheimer’s and this all in
one test, then absolutely.”

Many participants felt that a genomic evalu-
ation of their disease risks could be a useful
repository of information to be referenced over
time for diagnoses and to expedite focused treat-
ment for conditions that had previously been
undiagnosed. An advisor to a patient in an adult
genetics clinic described the long-term benefits
of genomic test results:

“[These results would be] great to have because
when you do have something, you go to the doc-
tor. They're not sure what it is. They can look at
your genetic record and be like ‘Oh, well maybe

we should run this other test because he was

genetically disposed to a higher risk of x, y, z’ that
you wouldn’t have known otherwise without. ..
having those tests on record.”

Concerns regarding clinical genomic

testing

While many of these participants expressed con-
siderable enthusiasm for the prospect of clinical
genomic testing, some were more ambivalent
about these benefits and also voiced a number
of concerns. These concerns included emotional
and psychosocial burdens that genomic risk
information could pose to themselves and oth-
ers, concerns about genetic discrimination, and
worries about genetic privacy. One mother of a
pediatric patients simulatenously voiced a benefit
and such a concern:

“It would be good in the fact that there may
be things that you could do to help prevent it in
the long term. The bad side would be that you
are constantly thinking about it and worrying

about Am I going to develop this? Am I going to
get this?””

Some participants expressed concerns that the
testing process and volume of information pro-
duced by a genomic test might be overwhelming
and worried that learning their test results could
have a profound impact on how they viewed
themselves and their opportunities for the future.
Of particular concern were findings about risk
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susceptibility for incurable diseases and how this
information might impact one’s self-perception,
such as the worries voiced by a mother of a child
seen in a pediatric genetics clinic:

“In looking for one thing, you find another. In
this case you could potentially find many other
things, many of them in mental health, many of
them incurable...So in your search for one thing,
you may find other things and that could be very
difficult for some people really to handle, and
that would be the biggest concern. You know a
lot of times your patient is real focused on, they
come to you for one thing and, you know, a lot of
people don’t want to know that they are at high
risk for Alzheimer’s late in life. It’s going to freak
them out the whole rest of their lives.”

Other participants expressed concern that
genomic testing might discourage vigilance with
regard to health behaviors, such as the father of a
child seen in a pediatric genetics clinic:

“If you've got a clean bill of health, you're not
predisposed for anything and then it’s like ‘well, 1
can pretty much go out and do anything [ want,’
you know, and eat anything I want. So it may
give people a false sense of security or, you know,
Just how can you still end up with heart disease
if you're not predisposed, or can you still end up
with cancer?”

In addition to these and other personal con-
cerns, some participants voiced concerns that the
results might be burdensome for other family
members who may worry about the patient or
have concerns about whether they themselves
may share some of the inherited risks identified.
For example, some participants felt that the
uncertainty of genomic results could be harm-
ful to their family members. As an adult patient
articulated this concern:

“l wouldn’t want to unduly stress out or
worry family members over something that
perbaps is not that ...strongly correlated and,
you know, cause that kind of concern over some-
thing that may not be set in stone in a concrete
diagnosis.”

Participants expressed worries about insur-
ers or employers having access to genomic
test results and being denied insurance cover-
age or employment opportunities as a result.
Although less common, some patients cited
concerns regarding social stigma or “genome
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racism” as factors that would limit their inter-
est in genomic testing. As the wife of a patient
being evaluated for a connective tissue disorder
explained:

‘I would be very concerned about the conse-
quences, my own personal consequences in the
insurance world, business world. I don’t mean
personal consequences of me mentally knowing
and my family knowing. It’s more I'd be very

worried about the medical profession sharing that
information and it being out there.”

Discussion

Clinical applications of genomic technologies
raise multiple practical challenges [s5]. These
include challenges relating to obtaining mean-
ingful patient consent for testing, establishing
realistic patient expectations and communicat-
ing very large amounts of medical information to
patients in a way that they can readily understand
(10.20,21]. Currently, very little is known about how
patients who may be offered genomic testing in
the future understand this new form of genetic
testing and perceive its potential benefits and
risks.

Results from this study provide a number
of insights that allow us to begin to anticipate
how patients may engage with clinical genomic
testing in the future. In particular, our find-
ings clarify genetic patients’ understandings
and expectations of genomic testing, and thus
provide an important vantage point from which
to assess the emergence of new forms of genomic
medicine.

Opverall, participants expressed moderate levels
of enthusiasm for clinical genomic testing. Their
enthusiasm was much greater for diagnostic
application than for nontargeted forms of genetic
risk assessment. Participants also voiced numer-
ous concerns regarding genomic testing and the
potential that genomic results could be misused.
These findings suggest that patient response to
new forms of clinical genomic testing may not
be unreservedly positive and that many patients
will have mixed opinions on the extent to which
genomic testing is consistent with their personal
values and goals.

Given that participants in this study had
presented in a genetics clinic to meet with a
genetics specialist regarding their own or their
child’s health, perhaps it is unsurprising that the
majority of participants in this study had gener-
ally favorable attitudes toward genomic testing.
Similar levels of enthusiasm for emergent forms

Personalized Medicine (2013) 10(4)

of genomic testing have been reported in other
prospective user populations (13]. However, one
unique aspect of this study is that while this
group of participants saw this type of testing
as being useful for generating risk susceptibility
information, they characterized the diagnostic
potential for genomic testing as more valu-
able than predictive information about disease
risks. This is a departure from the literature
which has assessed prospective and actual user
perspectives on commercial genomic testing
platforms [11,12,22] and participants in person-
alized genomic research [23]. Participants in
this study were especially enthusiastic about
the potential for clinical genomic testing to
help end a “diagnostic odyssey” and about
its potential applications for children. These
findings suggest that parents of children being
seen by a medical geneticist may be especially
receptive to new forms of genomic evaluation.
This enthusiasm may be cause for concern,
however, since Gahl and colleagues have noted
that genomic testing may not be able to meet
many patients’ expectations or resolve their
diagnostic uncertainties [7].

Another area where patients’ and clinicians’
perceptions of the value of clinical genomic
testing may vary is in the desire for informa-
tion. Participants in this study tended to be
enthusiastic about the potential to glean infor-
mation about their own personal genomic pro-
file, even if the information may not be imme-
diately relevant to their healthcare. This desire
for more information may reflect a desire to
assert control over one’s own current and future
health. This desire for greater amounts of infor-
mation may be out of step with clinicians’ judg-
ments of the use of medical actionability as
a guide for determining which genomic test
results to return to patients [24.25]. Our find-
ings highlight the potential for patients and
clinicians to have very different understandings
of which test results to return and potentially
divergent expectations of what can be learned
from clinical genomic testing.

Many of the concerns regarding genomic
testing voiced by genetic patients related to the
volume of information that this type of testing
would produce. Some participants highlighted
the potential for test results to be overwhelm-
ing and emotionally taxing for themselves and
their families, which reflects similar concerns
that have been raised in the literature on com-
mercial genomic testing and whole-genome
sequencing for research purposes [20,22,26].
However, insights from research involving
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Alzheimer’s disease patients and their families
has shown that knowing one’s genetic suscep-
tibility for Alzheimer’s disease allows individu-
als to plan for their futures [27] and that even
in the face of receiving difficult information
about one’s disease risks, individuals exhibit
emotional resilience [28,29]. So it remains to be
seen how patients who pursue clinical genomic
testing will react to the results they receive.

A concerning result from our study was the
finding that participants tended to character-
ize clinical genomic testing as a comprehensive
evaluation of their genetic disease risks. This
suggests that patients presented with genomic
testing may overestimate the scientific stability
of genomic information and have a tendency
to overstate the medical significance of these
results. These findings also raise concerns
regarding the potential for unrealistic expecta-
tions amongst patients offered clinical genomic
testing. The remarkable variability of genet-
ics patients” understandings of the promises
and pitfalls of clinical genomic testing also
points to a need for robust genetic education
and counseling services for patients presented
with the option of clinical genomic testing in
the future. Future research should examine
how best to return results to patients and set
appropriate expectations for clinical genomic
testing.

Limitations
There are several limitations associated with
this study. This study reports on a small set

of qualitative interviews conducted with a pre-
dominantly Caucasian, generally well-educated
population receiving care at a large academic
medical center in the USA. Some of our find-
ings may be context-specific and may not be
representative of genetics patients’ perspec-
tives in other healthcare settings. In addition,
because clinical genomic testing has not been
used widely to date, participants may have had
limited familiarity genomic testing. As a result,
some participants may not have clearly distin-
guished between genetic and genomic testing
approaches.

Conclusion
Previous research on public attitudes about
genomic testing has been criticized for its
potential to overestimate enthusiasm for these
types of tests amongst the general public [30,31].
To assess future patient responses to genomic
testing, it is important to examine perspectives
on genomic testing in specific patient popula-
tions that are likely to be first users of these
testing options. Although the current study is
limited by its focus on patients at a single aca-
demic medical center, since very few patients
are currently pursuing clinical genomic test-
ing, assessing the perspectives of this patient
population can provide important insights
into future responses to new forms of genomic
testing.

Additionally, given that participants in
this study were already pursuing genetic test-
ing as a result of a family history or clinical
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Executive summary

Background

practices.
Results

this new form of testing.

Discussion

genomic testing may be appropriate.

= Genetics patients are likely to be among the first patients to be offered genomic testing for diagnostic and risk assessment purposes.
= Characterizing the perspectives of these patients can provide insights for clinicians seeking to integrate genomic testing into their

= Our results reveal highly variable responses to clinical genomic testing among genetics patients and moderate levels of enthusiasm for

= Results from this study suggest that clinical genomic testing may be greeted by patients both with optimism about its potential to
resolve diagnostic uncertainties and concerns about its potential to create unwelcome data about future disease risks.

= Findings from this study suggest that genetic patients are most supportive of diagnostic applications of genomic testing and that these
patients are less interested in receiving predictive information about disease risks.
= Genetic patients have multiple concerns regarding clinical genomic testing that clinicians should anticipate as they introduce these
testing options, including concerns regarding the volume of results produced, the psychosocial burdens of learning a multitude of
disease risks and the potential misuse of genomic information by others.

= Findings from this study highlight a need for robust genetics education and counseling services for those patients for whom clinical

= Additional research is needed to assess the perspectives of early adopters of clinical genomic testing, whose experiences will play an
important role in the emergence of personalized medicine.
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presentation that was highly suggestive of
genetic disease, these patients were uniquely
positioned to reflect upon the personal ben-
efits and burdens of clinical genomic testing.
By positioning our study within the context
of their ongoing care and other genetic test-
ing options that these patients were actively
considering, our results shed light on the ways
in which future patients will engage these new
diagnostic options. The views expressed by
these patients thus provide important points of
reference for clinicians who may be interested
in adopting new forms of genomic medicine in
their clinical practice.

Perhaps most surprisingly, our results reveal
highly variable responses and somewhat lim-
ited enthusiasm for clinical genomic testing
amongst genetics patients. These patients
expressed multiple concerns regarding clini-
cal genomic testing that clinicians should
anticipate as they introduce these new testing
options to their patients. Additional research is
also indicated to assess the perspectives of early
adopters of clinical genomic testing, whose
experiences will play an important role in the
emergence of personalized medicine.
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