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Abstract
Guidelines recommend patients be informed of their incidental results (IR) when undergoing genomic sequencing (GS), yet
there are limited tools to support patients’ decisions about learning IR. The aim of this study is to develop and test the
usability of a decision aid (DA) to guide patients’ selection of IR, and to describe patients’ preferences for learning IR
following use of the DA. We developed and evaluated a DA using an iterative, mixed-methods process consisting of (1)
prototype development, (2) feasibility testing, (3) cognitive interviews, (4) design and programming, and (5) usability
testing. We created an interactive online DA called the Genomics ADvISER, a genomics decision AiD about Incidental
SEquencing Results. The Genomics ADvISER begins with an educational whiteboard video, and then engages users in a
values clarification exercise, knowledge quiz and final choice step, based on a ‘binning’ framework. Participants found the
DA acceptable and intuitive to use. They were enthusiastic towards GS and IR; all selected multiple categories of IR. The
Genomics ADvISER is a new patient-centered tool to support the clinical delivery of incidental GS results. The Genomics
ADvISER fills critical care gaps, given the health care system’s limited genomics expertise and capacity to convey the large
volume of IR and their myriad of implications.

Introduction

Guidelines established by the American College of Medical
Genetics and Genomics (ACMG) recommend that a set of
‘medically actionable’ incidental results (IR) be sought out
and offered to patients undergoing genomic sequencing

(GS), with patient consent [1]. In contrast, recommenda-
tions from the European Society of Human Genetics
recommend that steps be taken to avoid the discovery of IR
in sequence analysis, and that variants lacking in clinical
utility should not be analyzed or reported. However, lit-
erature indicates that the majority of patients are interested
in learning both medically actionable and non-medically
actionable IR [2]. While a majority of patients choose to
learn IR, variation exists in patient preferences [2], and
patients value having a choice about which IR they receive
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[3], indicating a need for a tool to help personalized
decision-making.

There has been some discussion as to whether
“incidental” or “secondary” is the preferable term to use to
refer to this class of result [4]. “Secondary” generally
indicates that findings are explicitly sought (e.g., 59 medi-
cally actionable genes selected by the ACMG), whereas
“incidental” implies that they were discovered unin-
tentionally [5]. European recommendations offer the term
“unsolicited findings” for pathogenic results that are dis-
covered through GS and not related to the reason for testing
[6]. Some argue that the term “incidental” could make these
findings seem less important or relevant than other types of
findings [7], and some research suggests that the term
“additional findings” may in fact be preferred by individuals
receiving sequencing [4], though the latter term has not
been widely used in literature. In America,
“secondary” has come to be the preferred term following a
Presidential Commission on secondary findings [8], and the
most recent recommendations from the ACMG [1].
However, in these contexts, “secondary” is used to refer
specifically to pre-determined, medically actionable and
deliberately sought out findings, not other types of results
(e.g., non-actionable results, carrier status). The categories
of results in our decision aid reflect both “secondary”
findings which would be deliberately sought out
(e.g., ACMG medically actionable genes) and findings that
would be inadvertently discovered (e.g., carrier
status, pharmacogenomics variants, neurological disease
risks, etc.). Therefore, for the purpose of this study,
the term “incidental result” was used. This terminology
also reflects a wider policy debate about the return of
incidental results in other areas of medicine such as
radiology [9].

The Institute of Medicine and the ACMG suggest that
clinicians engage in shared decision-making with patients
when considering IR [10, 11]. To participate in shared
decision-making for GS, patients need to fully understand
the relative benefits and harms of GS and thousands of
possible IR. The standard care of pre-test genetic counsel-
ing, which consists of hours of counseling per test/disease,
is highly costly and infeasible in usual clinical practice,
given the thousands of possible results [12, 13]. As GS use
increases, the demand for genetic counselors will exceed
their availability [14], and there is limited genomics
knowledge among other health care providers [15]. Novel
approaches to patient education and decision support are
needed to address the counseling burden, limited resources,
and genomics expertise [14].

Decision aids (DAs) can help meet this genomics health
services challenge because they improve decision quality,
satisfaction [16], promote decisions congruent with
patients’ values, reduce decisional conflict [16] and enhance

patient-provider communication [17]. DAs improve patient
knowledge, risk perception, and agreement between their
values and their choice, compared to standard of care [17],
though the evidence is mixed on whether DAs reduce the
time clinicians spend with patients [12]. Electronic DAs
have been shown to improve patients’ knowledge acquisi-
tion compared to paper-based educational materials [18] or
genetic counseling alone [12]. Users’ knowledge also
improves when electronic DAs are used in conjunction with
genetic counseling [12]. Electronic DAs are thus effective
clinical tools to help counsel patients on the thousands of
incidental findings available, and to empower patients’
shared decision-making for GS.

Despite the long-standing practice of medical genetics,
there are relatively few decision support tools for genetic
testing and very few that have been rigorously evaluated
[19]. Even fewer decision support tools exist on IR from
GS; existing tools target pediatric contexts [13], focus on
GS education-only [14] or on the return of results [20];
they do not cover all possible IR with decision support
to simulate the genetic counseling pre-test experience,
limiting their use and applicability in clinical care.
Our primary aim was to develop and conduct usability
testing on a DA to facilitate shared decision-making for the
selection of IR from GS. Our secondary objective was to
explore the usability of a framework for “binning” IR.

Materials and methods

Phase 1: Development of prototype DA

There were five phases in the development of the DA
(Fig. 1). We developed a DA prototype using the Ottawa
Decision Support Framework (ODSF) [21], which is an
evidence-based framework designed to support health
decisions that require effort to deliberate about a substantial
amount of information. The ODSF offers guidance on how
to provide decisional support, which should involve iden-
tifying patients’ decisional needs, making the decision clear,
educating patients about the decision and possible out-
comes, clarifying patients’ values, and monitoring decision
making progress [22]. A key component of the ODSF is the
emphasis on evaluating patients’ knowledge of the decision,
their options and the benefits and harms, and providing
them with this knowledge in different ways (e.g., expressing
probabilities numerically and graphically) to facilitate
comprehension [22]. Comprehension enables realistic
expectations regarding the decision, risks, benefits and
possible outcomes [22]. In addition to patient education, the
ODSF emphasizes other critical aspects of decision making
such as supporting patients in identifying their personal
values related to the decision [22]. The framework has been
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validated and has been shown to be effective for improving
patients’ knowledge and supporting informed, value-
congruent decision making [23, 24].

The ODSF is congruent with patients’ need to under-
stand the myriad of IR available through GS and their
implications. Consistent with the ODSF, our DA prototype
comprised of four parts: (1) an educational, narrated slide-
show, (2) a knowledge questionnaire, (3) a values clar-
ification exercise, and (4) a final choice step. Given the
multitude of choices of possible IR, we “binned” IR into
five categories of medical actionability and disease char-
acteristics based on Berg et al.’s “Binning” framework [25].
Bin 1 contained medically actionable and pharmacogenetic
variants (e.g., Breast and ovarian cancer, Aortic aneurysm,
Long QT syndrome, etc.—ACMG genes [1]); Bin 2a con-
tained common disease susceptibility single nucleotide
polymorphisms (e.g., coronary artery disease, type 2 dia-
betes, etc.); Bin 2b contained Mendelian disease variants
(e.g., retinitis pigmentosa, neuropathy, etc.); Bin 2c con-
tained variants associated with early-onset neurological
disease (e.g., early-onset Alzheimer’s disease, early-onset
Parkinson’s disease, etc.); Bin 3 contained carrier status
(e.g., phenylketonuria, cystic fibrosis, sickle cell disease,
etc.). Bin 4 contained variants of uncertain significance
(VUS), which are generally not available [25] (Supple-
mental Appendix).

The DA prototype was reviewed by experts in clinical
genetics, oncology, decision support science, knowledge
translation, genomics literacy, genomics education, and
health psychology. We refined the DA based on their
feedback. We used the International Patient Decision Aids
Standards (IPDAS) quality assessment framework [26] to
evaluate our DA prototype.

Phase 2: Feasibility testing of DA prototype

Participants

A purposive sample [27] was recruited from the Clinical
Genetics Service (CGS) at Memorial Sloan Kettering

Cancer Center (MSK) in New York, NY between
2012–2013, comprising of cancer patients who had under-
gone genetic testing for a cancer predisposition.

Data collection

Participants worked through the DA prototype and were
interviewed about the organization of bins and clarity of the
slideshow. Ethical approval was obtained from the Institu-
tional Review Board (IRB) of MSK.

Phase 3: Cognitive interviews of the DA prototype

Participants

A convenience sample of students were recruited via email
from the CGS at MSK between 2013–2014 to participate in
cognitive interviews [28].

Data collection

Participants used the DA prototype and completed values
and knowledge questionnaires. These activities were fol-
lowed by interview questions related to those ques-
tionnaires, as well as questions assessing the participants’
general understanding of the bins. Interviews and ques-
tionnaire responses were recorded. In addition, demo-
graphic data were collected on each participant. We
summarized the problems that participants encountered and
their suggested solutions. Ethical approval was obtained
from the IRB of MSK.

Phase 4: Design and programming of the online DA

Based on feedback from the cognitive interviews, we
refined the knowledge questionnaire and values clarification
exercise, and converted the educational slideshow into a
professional whiteboard video. The content of the video
script was based on the slideshow from the DA prototype,
converted to lay language with visual illustrations of the key

Fig. 1 The stages of decision aid (DA) development and testing

986 Y. Bombard et al.



concepts. The video script was reviewed by a panel of
experts in medical genetics, genetic counseling, decision
science, health psychology, knowledge translation,
genomics literacy, genomics education, and health
services research. The DA was modified based on their
feedback. In addition, we evaluated the reading level of the
video script and DA content using the Flesch–Kincaid
readability test.

In partnership with a design company, we converted
the sections of the DA into an online interface, based
on design principles for navigability and user
experience [29].

Phase 5: Usability testing

The final version of the DA underwent usability testing
through an iterative process [30], where feedback
from participants in each cycle informed updates and
modifications to the DA; the updated DA was then tested in
the subsequent cycle. Usability testing is an established
technique with the objective to systematically test the
navigability and content comprehension of a tool prior
to its distribution [31], and is commonly used in the
development of DAs for health decisions [13, 32, 33].
Usability testing does not aim to validate tools for
clinical use. The goals of our usability testing were to
determine whether participants were able to use the DA,
to assess the DA’s acceptability, and to elicit feedback on
both the tool and binning framework. Usability testing
sessions were carried out in-person or via WebEx. Ethical
approval was obtained from the IRB of St. Michael’s
Hospital (SMH).

Participants & sampling

We recruited breast and colon cancer patients from clinics at
SMH in Toronto, Ontario between April and July 2016.
Participants were eligible to participate if they were current
patients at the clinic, were over 18 years of age, had some
experience using a computer, were able to speak and read
English and were visiting the clinic for a follow-up
appointment. Patients under 18 years of age, in advanced
stage cancer (stage 4) or unable to use a computer were
excluded. As is typical of usability testing, our sample was
not intended to be representative of all individuals who may
receive GS.

They were selected as a population of surrogate decision-
makers reflective of those eligible for GS for the purpose of
usability testing [34]. Patients making real decisions for GS
were not selected as, as decision tools should be evaluated
before they are used in actual clinical decisions. Prior to
implementing the DA for clinical decisions, it must be
tested among patients making hypothetical decisions. We

targeted a convenience sample of fifteen patients, reflecting
an appropriate sample size for usability studies [35–37], as
80% of usability issues can be identified through 5–8 par-
ticipants [28].

Usability

During usability testing sessions, participants used the DA
to make a hypothetical decision regarding receipt of IR,
while the study coordinator (MC) observed and took notes.
To elicit feedback on the DA’s functionality, participants
were asked to “think aloud” while they used the DA, ver-
balizing their actions and decision-making process [30].
Participants were asked to reflect on the DA’s clarity,
navigability and face validity using standard prompts from
the ODSF [21].

Immediately following use of the DA, semi-structured
interviews were conducted by MC about participants
experience using the DA, navigability, the volume and
presentation of information, their likes and dislikes, and
suggestions for improvement. Participants were also asked
to consider their preferences for clinical use of the DA: as a
stand-alone decision tool or used in conjunction with a
genetic counselor.

Acceptability

To assess the acceptability of the DA, participants completed a
validated questionnaire [38], modified to apply to the assessment
of a DA for GS. The questionnaire contained questions about
elements of the DA including presentation, length, amount and
clarity of information, and whether the DA was sufficient to
make a decision. Participants were also asked to provide written
feedback on what they liked about the DA and suggestions for
improvement. Participants provided demographic information
including gender, age, race/ethnicity, country of birth, employ-
ment, annual household income and education.

Perceptions of the binning framework

We qualitatively explored participants’ perceptions of the
binning framework and preferences for results using a semi-
structured interview guide. Interviews probed participants’
motivations for selecting specific categories and their per-
ceived uses for IR. All sessions were audio-recorded and
transcribed verbatim.

Analysis

Quantitative data

We used descriptive statistics to describe participants’
demographic characteristics, summarize acceptability
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results and summarize participants’ category choices for IR
using Microsoft Excel.

Qualitative data

Qualitative data from the “think aloud” processes and cog-
nitive interviews were analyzed using content analysis [39].
In keeping with qualitative methodology, analysis occurred
concurrently with data collection [40], which informed
subsequent iterations of the interview guide and modifica-
tions to the DA. Interviews were coded independently by
MC, CM, LC, and SC, and differences were compared and
reconciled. Descriptive and thematic codes were applied to
the data. Initial codes were derived from themes explored in
the interview guide; constant comparison allowed novel
codes to emerge from the data. A codebook was developed
following the initial coding structure and was expanded and
adapted based on emergent codes.

Results

Stage 1: Development of the DA prototype

The DA prototype was developed based on literature by a
multi-disciplinary team consisting of health services
researchers, medical geneticists, oncologists, and genetic
counselors. Consistent with other decision support tools
[21, 41], our DA prototype comprised of four parts. It began
with an educational slideshow that describes GS and the
categories of IR offered for return, followed by a values
clarification exercise that reviewed the benefits and harms
of each option. Next, a knowledge questionnaire reviewed
concepts and options of IR. The final part was a choice step
in which a menu of choices was presented that outlined the
categories of IR from which participants could choose.

Our DA met criteria from the IPDAS quality criteria
checklist, including development via a systematic review
process, engagement of patients and practitioners, review by
external experts, presenting risks and benefits of each
option, engaging patients in reflection on which risks and
benefits matter most to them, providing a step-by-step
way to make a decision, engagement of health
professionals not involved in producing the DA in the
development process, and providing adequate information
on options [26].

Stage 2: Feasibility testing of the DA prototype

Participants

Of the six participants involved in the feasibility testing,
two were clinical patients with a personal or family history

of cancer from the CGS at MSK. All participants were
female, ages 25–87, two of whom had children.

Perceptions of the binning framework

Overall the binning framework helped participants manage
the volume of information, though some categories were
less clear to participants than others. For example, Bin 2b
was difficult to understand because it consisted of a het-
erogeneous group of variants (carrier, diagnostic results and
progressive diseases, per Berg et al’s original framework
[25]). These results pointed to the need to re-conceptualize
Bin 2.

Stage 3: Cognitive interviews

Participants

Our convenience sample included 9 participants ages
19–26. Six participants were female; all had completed
some postsecondary education.

Views of the DA

Cognitive interviews identified several components of
the DA that were challenging for participants. In the
educational slideshow, some key terms caused confusion
for participants, including incidental results, actionable
results, and healthy carriers. Many participants did
not recall key concepts from the slideshow, which led to
difficulty making choices in the subsequent components of
the DA.

Views of the Bins

Participants’ understanding of bins was often tied to their
familiarity with the disease example presented in the bin,
indicating the need to provide several example diseases per
bin. Participants also expressed confusion about Bin 4
(VUS) since results from that bin would not be made
available. Finally, participants struggled with bin organi-
zation, for example being unsure as to whether bins 2a, 2b,
and 2c could be selected individually, and what their rela-
tionship was beyond lack of medical actionability.

Stage 4: Development of the online version of the
DA

Refinements of the DA

Based on the results of the cognitive interviews, the slide-
show, knowledge and values clarification exercises as well
as choice step were modified. The bins were renumbered as

988 Y. Bombard et al.



Categories 1–5 rather than the original 1, 2a, 2b, 2c, 3. The
original Bin 4 containing VUS was omitted from the online
DA, as these results were never intended to be returned (the
bin had been added only to explain the fact that uncertain
results are also generated from GS but would not be pro-
vided). In addition, more disease examples were added to
the explanation of each category. The reading level of the
video and DA were found to be at grade level 8.5 using the
Flesch–Kincaid readability test.

Stage 5: Usability testing

Participants

Participants were predominately white/European (10/15),
females (9/15), over 50 years old (11/15) and had high
levels of education (n= 13/15 completed postsecondary
education) (Table 1).

Refinements of the DA

Three iterative rounds of usability testing with five
participants in each round allowed us to identify and resolve
usability issues throughout the testing process.

Categories A major challenge for participants was differ-
entiating between the categories of IR. Initially, categories
were identified by number and color alone. Participants
were able to recall attributes of categories but struggled
to assign the corresponding number to those attributes.
Based on participant feedback, a short descriptor of each
category was added after the number throughout the DA,
such as “Category 1: Medically Actionable,” prior to the
final round of usability testing. This allowed users to
accurately recall and assign attributes to each category;
none of the last five users testing the revised version had
difficulty with category recall. By the last round of testing,
participants could describe the categories well and liked
their organization.

Knowledge test Participants in the initial two rounds of
usability testing struggled on the knowledge test, largely
due to category recall as described above, and because some
questions overlapped. New questions were written after the
first two rounds of testing, which focused on the category
content and general information about GS. The last five
users had no issues with the new test questions; one user
had one incorrect answer, but this was seen as normal
variation.

General refinements Other revisions made to the DA
included clarifying transitions in the DA, adding a summary
table of risks and benefits, changing disease examples to

more familiar diseases, simplifying the values clarification
exercise and adding the ability for users to review
sections of the video based on the results of their knowledge
test—before they make their final decision.

Table 1 Demographic characteristics of participants in cognitive
interviews (Stage 3) and usability testing (Stage 5)

Cognitive interviews
(n= 9)

Usability testing
(n= 15)

Age

19–29 9/9 0/15

30–39 0/9 2/15

40–49 0/9 2/15

>50 0/9 11/15

Gender

Female 6/9 8/15

Education (highest level completed)

High school 6/9 2/15

College/Trade
school

0/9 5/15

Bachelor’s degree 3/9 4/15

Post-graduate degree 0/9 4/15

Employment status

Full time 0/9 5/15

Part time 9/9 1/15

Disability 0/9 4/15

Retired 0/9 4/15

Income

<$80,000 – 9/15

≥$80,000 – 6/15

Country of birth

Canada – 12/15

Outside Canada – 3/15

Ethnicity

Asian—East – 1/15

Asian—South – 1/15

Black—Caribbean – 1/15

White—European – 10/15

Other – 1/15

Personal history of cancer

Breast – 8/15

Colon – 6/15

Breast & colon – 1/15

Family history of cancer

Breast 4/9 1/15

Colon 0/9 2/15

Other/Multiple 2/9 3/15

None 3/9 9/15

Personal experience with genetic testing

Yes 1/9 6/15
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Usability

Interviews demonstrated strong face validity and content
comprehension. Participants found the DA easy to navigate
and intuitive to use. Overall, the participants reacted posi-
tively to the video. Participants found the video to be

effective for learning and retaining the large volume of
information about GS and IR. Many participants stated that
while the DA was sufficient to make a decision, if they were
to use it in a real clinical scenario they would prefer to also
have the opportunity to consult a professional to ask
questions, seek reassurance in their decision, and have a
personal interaction. On average, it took participants 20 min
to use the DA.

Acceptability

All participants responded favorably to the DA, with the
majority rating it as highly acceptable. Most patients found
the length and amount of information “just right” (13/15),
clear (13/15) and balanced (14/15). (Table 2). All partici-
pants reported that Genomics ADvISER was sufficient for
them to reach a decision; that the DA was easy to use and
would recommend it (Table 2).

Perceptions of the binning framework

Participants were able to use the binning framework to
hypothetically deliberate over which categories of IR they
would select. A major theme that emerged from qualitative
analysis was patients’ enthusiasm for GS and IR; indeed, all
participants selected to receive some IR (Table 3, Fig. 2).
The motivations for learning IR included being able to
engage in disease prevention, plan for the future, share
disease risks with family members, as well as a values-
based stance on the perceived importance of the informa-
tion. These motivations varied across categories and were
modulated by past personal or family health experiences,
and age or stage of life of the participant. For example,
Category 1 was seen as “very important” (P13) and was
selected by all participants, primarily because of the pos-
sibility to prevent or treat disease based on results. Parti-
cipants’ perceptions of results from Category 2—small
changes in genetic risk that could be mitigated by lifestyle
changes—varied. Some saw this as valuable information
that would motivate risk-reducing behaviors, whereas oth-
ers dismissed its value since “diet and exercise, well that’s
something that everybody should be focusing on anyway”
(P8). Some participants perceived Category 3 (rare Men-
delian disorders) as unclear, largely due to the unfamiliar
nature of diseases. Nonetheless, many still selected it to
inform relatives or to plan for the future, citing the ability to
be “financially prepared” (P10) or “not living in a three-
story walk-up if I am going to have a spinal disease” (P10),
or to “read about [the disease] in case something new comes
up” (P8). Category 4 (early-onset brain diseases) was well
understood but perceived as “scary” (P5). Participants who
did not choose Category 4 worried these results would
cause excessive anxiety and rumination (it would “eat away

Table 2 Acceptability results from usability testing (Stage 5)

The way general information was presented

Excellent 13/15

Good 2/15

Fair/Poor 0/15

The way disease risk categories were presented

Excellent 8/15

Good 5/15

Fair 1/15

Poor 0/15

The way risks and benefits were presented

Excellent 9/15

Good 5/15

Fair 1/15

Poor 0/15

The way questions and answers were presented

Excellent 8/15

Good 5/15

Fair 2/15

Poor 0/15

Length of presentation

Just right 13/15

Too long 2/15

Too short 0/15

Amount of information

Just right 12/15

Too much 3/15

Too little 0/15

I found the DA

Slanted toward certain categories 14/15

Balanced 1/15

Clarity of Information

Everything clear 5/15

Most things clear 8/15

Balanced 1/15

Some unclear 1/15

Many unclear 0/15

Enough information to make decision

Yes 15/15

Recommend DA to others

Definitely recommend 9/15

Probably recommend 6/15

Probably/Definitely not recommend 0/15

990 Y. Bombard et al.



Ta
bl
e
3

P
ar
tic
ip
an
ts
’
qu

ot
es

re
ga
rd
in
g
th
e
ca
te
go

ri
es

of
IR

fr
om

us
ab
ili
ty

te
st
in
g
(S
ta
ge

5)

C
at
eg
or
y

Il
lu
st
ra
tiv

e
qu

ot
e

Il
lu
st
ra
tiv

e
qu

ot
e

Il
lu
st
ra
tiv

e
qu

ot
e

C
at
eg
or
y
1:

M
ed
ic
al
ly

ac
tio

na
bl
e

I
th
in
k
th
e
fi
rs
t
ca
te
go

ry
[…

]
th
er
e
w
as

no
pa
us
in
g
on

th
at

on
e,
[…

]
I
w
ou

ld
w
an
t
to

kn
ow

th
at

I
[…

]
ha
d
th
at

ge
ne
,
an
d
w
ha
t
[…

]
co
ul
d
be

do
ne
,
be
ca
us
e
if
th
er
e
is

su
rg
er
y,

or
th
er
e
[a
re
]
th
in
gs

th
at

ca
n
be

do
ne

ah
ea
d
of

tim
e
to

de
al
w
ith

it,
th
at
’s
th
e
ty
pe

of
pe
rs
on

I
w
ou

ld
be
.’

(P
15

)

“
'H
ow

im
po

rt
an
t
is
it
fo
r
yo

u
to

le
ar
n
ab
ou

t
di
se
as
e

ri
sk
s
th
at

yo
u
ca
n
re
du

ce
by

ta
ki
ng

m
ed
ic
at
io
ns
,

sc
re
en
in
g
te
st
s
or

ha
vi
ng

su
rg
er
y?
'I

am
go

in
g
to

sa
y

ve
ry

im
po

rt
an
t
fo
r
th
at
.”

(P
13

)

“
Y
ou

kn
ow

,
no

ne
of

th
e
sp
ea
ki
ng

ch
an
ge
d
m
y
de
ci
si
on

on
ho

w
I
w
ou

ld
re
ac
t
to

[c
at
eg
or
ie
s]

on
e
an
d
tw
o,

I
w
ou

ld
w
an
t
th
em

no
m
at
te
r
w
ha
t.”

(P
15

)

C
at
eg
or
y
2:

C
om

m
on

di
se
as
e

ri
sk
s

“
'H
ow

im
po

rt
an
ti
s
it
fo
r
yo

u
to

le
ar
n
ab
ou

ty
ou

r
ri
sk

fo
r

co
m
m
on

di
se
as
es

yo
u
ca
n
re
du

ce
w
ith

a
he
al
th
y
di
et
an
d

ex
er
ci
se
?'
E
ve
ry
bo

dy
kn

ow
s
he
al
th
y
di
et

an
d
ex
er
ci
se

ca
n
al
re
ad
y
do

th
at

[…
].
S
o
[…

]
no

t
ve
ry

im
po

rt
an
t
fo
r

m
e.
”
(P
13

)

“
C
at
eg
or
y
tw
o
is
th
e
ca
te
go

ry
w
hi
ch

w
ill

te
ll
m
e
if
I
am

at
ri
sk

fo
r
co
m
m
on

di
se
as
es
,
so

ye
s,
de
fi
ni
te
ly
”
(P
1)

“
I
st
ill

w
an
t
to

kn
ow

if
I
am

go
in
g
to

ha
ve

di
ab
et
es
,

ob
vi
ou

sl
y
I
am

no
t
go

in
g
to

ha
ve

th
at

ex
tr
a
do

nu
t

to
ni
gh

t.
I
m
ea
n,

if
I
am

go
in
g
to

ha
ve

so
m
et
hi
ng

.
I
st
ill

th
in
k
ev
en

if
yo

u
sa
y,

I
ca
n’
t,
in
te
rv
en
tio

ns
ar
e
no

t
av
ai
la
bl
e,
I
st
ill

th
in
k
th
er
e
ar
e
th
in
gs

yo
u
ca
n
do

.”
(P
10

)

C
at
eg
or
y
3:

R
ar
e

ge
ne
tic

di
se
as
es

“
E
ve
n
th
ou

gh
th
ey

ar
e
no

t
pr
ev
en
ta
bl
e
I
w
an
t
to

kn
ow

,
w
ha
t
I
am

in
fo
r.
If
so
m
et
hi
ng

is
in

m
y
fu
tu
re

I
ca
n
so
rt

of
pl
an

ah
ea
d
of

tim
e,
so

I
w
ill

be
co
m
fo
rt
ab
le
.”
(P
t0

10
)

“
[…

]
T
he
se

ar
e
no

t
go

in
g
to

be
di
se
as
es

th
at

ar
e

tr
ea
ta
bl
e
or

pr
ev
en
ta
bl
e.
B
ut

it
w
ou

ld
m
ea
n
th
at
I
co
ul
d

re
ad

ab
ou

t
th
em

in
ca
se

so
m
et
hi
ng

ne
w

co
m
es

up
.”

(P
8)

“
Y
ou

kn
ow

,
[…

]
if
th
er
e
is
no

th
in
g
I
ca
n
do

ab
ou

t
it,

I
do

n’
t
re
al
ly

w
an
t
to

to
kn

ow
ab
ou

t
it.
'(
P
13

)

C
at
eg
or
y
4:

B
ra
in

di
se
as
es

“
[…

]
M
ov

in
g
on

to
ca
te
go

ry
fo
ur
,
oh

go
sh
,
th
is
is
ev
en

ha
rd
er

be
ca
us
e
it
de
al
s
w
ith

br
ai
n
di
se
as
es
.
[…

]
I
gu

es
s

w
ha
t
m
ak
es

it
im

po
rt
an
t
is
yo

u
ca
n
pl
an

fo
r
it.
”
(P
1)

“
I
do

n’
t
kn

ow
,
I
ju
st
do

n’
t
se
e
w
hy

I
re
al
ly

ne
ed

th
at

in
fo
rm

at
io
n.

I’
d
ra
th
er

ju
st
liv

e
m
y
lif
e,
yo

u
kn

ow
,j
us
t

co
nt
in
ue

on
th
e
w
ay

I
am

[…
]
E
ve
nt
ua
lly

I’
ll
ge
to

ve
r
it

bu
t
it’
s
st
ill

go
in
g
to

ea
t
aw

ay
at

m
e,

lik
e
it’
s
go

in
g
to

si
tt
he
re

in
th
e
ba
ck

of
m
y
br
ai
n
an
d
if
th
er
e
is
no

th
in
g
I

ca
n
do

ab
ou

t
it
I
ju
st
,
I
do

n’
t
w
an
t
to

kn
ow

ab
ou

t
it.
”

(P
13

).

“
S
o
fi
nd

in
g
ou

ti
s
a
ki
nd

of
,h

ow
do

yo
u
pl
an

fo
r
ha
vi
ng

A
lz
he
im

er
’s
?
A
nd

th
en
,m

ay
be

yo
u
do

n’
th

av
e
[i
t]
.A

nd
I
th
in
k
th
at
’s

on
e
of

th
e
m
or
e
an
xi
et
y
[p
ro
vo

ki
ng

],
es
pe
ci
al
ly

fo
r
so
m
eb
od

y
w
ho

is
m
id
dl
e
ag
e
or

ap
pr
oa
ch
in
g
m
id
dl
e
ag
e.
”
(P
9)

C
at
eg
or
y
5:

C
ar
ri
er

st
at
us

“
…

O
ka
y,
so

I
am

m
ov

in
g
to

ca
te
go

ry
fi
ve
.O

ka
y.
S
o
th
is

w
ou

ld
be

ve
ry

im
po

rt
an
t
be
ca
us
e
yo

u
I
w
ou

ld
be

I
ca
rr
ie
r.
S
o
I
w
ou

ld
sa
y,

ye
ah

of
co
ur
se

it
co
ul
d
af
fe
ct

yo
ur

de
ci
si
on

fo
r
ha
vi
ng

ch
ild

re
n,

an
d
th
en

of
co
ur
se

le
tti
ng

yo
ur

fa
m
ily

an
d
re
la
tiv

es
kn

ow
if
th
at
’s

im
po

rt
an
t,
ev
en

th
ou

gh
[i
t]
w
ou

ld
n’
tb

e
ea
sy

to
do

.”
(P
1)

“
T
he
n
yo

u
ca
n
pr
ep
ar
e
yo

ur
ch
ild

re
n
fo
r
it
be
ca
us
e
I

ha
ve

a
so
n
[…

]
I
w
ou

ld
w
an
t
to

le
t
hi
m

kn
ow

ev
er
yt
hi
ng

po
ss
ib
le

th
at
,
ag
ai
n,

co
ul
d
m
ak
e
hi
s
lif
e
th
e

be
st
th
at

it
co
ul
d
be
.”

(P
15

)

“
It
is
no

t
ap
pl
ic
ab
le

to
m
e
to
da
y.

B
ut

I’
d
st
ill

lik
e
to

kn
ow

m
ys
el
f,
ev
en

fo
r
m
y
ow

n
pe
rs
on

al
re
as
on

s,
I

w
ou

ld
sa
y
so
m
ew

ha
ti
m
po

rt
an
t.
I
w
an
tt
o
kn

ow
be
ca
us
e

if
I
ha
ve

it
m
y
br
ot
he
r
m
ay

ha
ve

it
st
ill
,
or

fa
m
ily

[m
em

be
rs
].
I
th
in
k
it
is
im

po
rt
an
t
th
at

w
e
al
l
sh
ar
e
th
is

in
fo
rm

at
io
n,

w
ha
te
ve
r
it
is
.”

(P
10

)

The Genomics ADvISER: development and usability testing of a decision aid for the selection of. . . 991



at me” [P13]) due to the severity and untreatable nature of
the diseases. Participants who selected Category 4 did so
because “you can plan for it,” (P1) and “to inform your
family because they are going to be in some ways more
impacted than you are” (P5). Many participants perceived
value in learning Category 5 (carrier) results as the infor-
mation “could affect your decision for having children, and
then of course letting your family and relatives know” (P1).
Some participants were particularly anxious about non-
preventable diseases or the possibility that insurance com-
panies “won’t give you a policy or will give you a ridicu-
lous price” (P2).

Final version of DA: Genomics ADvISER

At the end of this iterative process we produced a patient-
centered, web-based tool, the Genomics ADvISER (www.
genomicsadviser.com), in which audio, visual, text, and
graphic components are integrated to aid comprehension
and enhance user experience. Genomics ADvISER consists
of four stages (Fig. 3): Learn, Explore, Prepare, and
Decide.

In Learn, users watch a 10-min whiteboard video, which
reviews GS and introduces the categories of IR. The cate-
gories of IR are presented throughout the DA as Category 1:

Fig. 2 Participants’ selections of categories of incidental results (IR) from usability testing (Stage 5)

Fig. 3 The steps of the final decision aid (DA), The Genomics ADvISER. Adapted with permission from Shickh et al. [49]
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Medically actionable, Category 2: Common disease risks,
Category 3: Rare genetic diseases, Category 4: Brain dis-
eases and Category 5: Carrier status. Following the video,
users review the risks and benefits of the categories of IR.
Users are then presented with a visual summary of the
genetic risk (high, moderate, low) associated with results in
each category, and the medical actionability of results in
each category.

In Explore, users answer a series of values questions that
allow them to review which risks and benefits of each
category are important to them. After exploring their values,
users indicate which categories they are thinking about
selecting and view a summary of their preferences.

In Prepare users are quizzed on the key features of each
category of IR. Next, they have the option to review the
section of the video that describes each results category. For
any question they answered incorrectly in the quiz, the DA
suggests which part of the video they should review.

Lastly, the DA identifies users’ decision-making needs
using the SURE test [42] and, depending on their answers,
provides feedback about where they may need support. In
the final choice step, Decide, users can view the video again
if desired, and then select the categories they would like to
receive. Their choice selections are then presented back to
them on a summary page.

Discussion

We have created an innovative, patient-centered tool to
support the clinical deployment of GS and mobilize
patients’ informed decisions for receiving IR. The Geno-
mics ADvISER is one of the first tools for use in the context
of pre-test GS covering all categories of IR. The creation of
this tool is timely; as GS is poised to become a part of
clinical care [43, 44], the generation of IR will only
increase. Returning IR to patients shifts the nature of the
patient’s relationship with healthcare professionals by
increasing the patient’s need to understand a large volume
of choices and make informed decisions. The limited
genomics expertise coupled with the volume and com-
plexity of potential results makes pre-counseling each
patient infeasible and beyond the capacity of our healthcare
system, indicating a need for decision support tools. Our
results suggest that Genomics ADvISER is effective at
supporting informed decision-making; users with little or no
prior knowledge of GS engaged in thoughtful and in-depth
conversations about the different categories of IR and their
utility. Participants were able to deliberate over the benefits
and risks associated with learning IR and frame these risks
and benefits in the context of their own stage of life, family
dynamics and medical history. All users indicated that the
Genomics ADvISER provided enough information for them

to make a decision about which IR to receive. If used as an
adjunct to standard counseling, the Genomics ADvISER
could equip patients for more informed clinical conversa-
tions, alleviating some of the burden of information delivery
and decision support from providers when engaging
patients in informed consent or pre-test counseling. The
Genomics ADvISER has the potential to improve the
quality of patients’ decisions and ultimately save clinicians’
counseling time and health care costs.

We gained insight into the ways that patients’ values
of IR may converge and also conflict with those of practi-
tioners. First, medically actionable results seemed to be
most highly valued among participants, as that was the only
category selected by all participants. This is higher than
would be expected from the literature, which suggests that
most but not all participants elect to learn medically
actionable IR [2]. However, this may be a product of our
small sample size or may be due to the fact that real-life
choices regarding genetic tests can be more conservative
than hypothetical interest [45]. Nevertheless, participants’
interest in these results concurs with ACMG guidance
recommending the return of only medically actionable
IR [1]. However, participants were also interested in
learning a wider range of results, as all chose to receive
more IR than those considered medically actionable. This is
consistent with an emerging literature which demonstrates
interest in non-medically actionable results and the value
that patients place in participating in the decision of what
results to learn [2, 3]. The divergence between patient
preferences and guidelines may cause gatekeeping chal-
lenges for providers if they are positioned to offer only
medically actionable IR, and variations in access to infor-
mation for patients.

Participants’ perceptions of utility also appeared to
diverge from clinical expectations. Participants placed an
overriding value in knowledge and information, particularly
genetic information. Participants’ motivations to learn IR
reflected a general enthusiasm towards GS and IR but also
notions of personal utility [46], since they cited actions they
could take in response to IR that included changing future
plans, preparing for the impact of disease and informing
family members. An understanding of participants’ values
beyond clinical utility could guide clinicians’ pre-test con-
versations with patients undergoing GS and support shared-
decision making [46]. Indeed, participants traded-off per-
ceived clinical or lifestyle benefits and informing life-plans
with the potential for distress when deliberating their
choices of IR. Taken together, these results support the
value-sensitive nature of these decisions, and more impor-
tantly, the need for decision support tools such as the
Genomics ADvISER.

Consistent with others [47], we found that benefit to
relatives was a prominent motivation for selection across all
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categories of IR. Enthusiasm to share results with family
members coupled with the fact that patients will likely
receive multiple IR could lead to a significant demand for
testing among relatives, and possible misuse if mis-
understandings exist. For example, if participants relay this
information to the side of the family that does not
carry the variant, unnecessary anxiety could ensue. This
has been found to occur in other contexts [48]. Research
is needed to assess such potential consequences of
returning IR.

Our study had several limitations. While our sample size
was sufficient for usability testing, it consisted of mainly
older, highly educated females of European descent. We
tested our DA in a population of participants making a
hypothetical decision. This tool needs to be evaluated
among patients making real decisions about IR and in more
diverse populations. While others also found that partici-
pants using DAs prefer to speak with a practitioner [13], it is
unclear if the Genomics ADvISER can be used as adjunct
to, or replacement of, some genetic counseling functions. It
is also unclear at this point whether the Genomics ADvI-
SER would save clinicians’ time, While we did measure the
time it took participants to compete the Genomics ADvI-
SER (average 20 min) our study design did not have a
comparison group, therefore time saved remains to be
evaluated. We are evaluating the Genomics ADvISER
compared to genetic counseling alone as part of a rando-
mized controlled trial to address these questions and vali-
date the tool [49].

Despite these limitations, we created a novel, patient-
centered decision tool to support patients’ decision-making
for IR from GS, which through usability testing was found
to be acceptable to patients, effective for delivering a sub-
stantial amount of information and sufficient for them to
make an informed hypothetical decision. Once clinically
validated, this tool could mobilize informed consent and
support the clinical delivery of GS and ultimately, save
health care costs.
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