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A B S T R A C T
A R T I C L E I N F O
Key words:
 Objective: To develop and evaluate a personalizable genomic results e-booklet that helps families understand their ge-
nomic testing results and navigate available resources.
Methods: The need for the Genomics Results e-Booklet was identified by families, after which this tool was developed
by a team of clinical researchers and three parent-advisors. We customized the genomic results e-booklet for 50 fam-
ilies participating in a genomic sequencing research study. We conducted an assessment using a 19-question survey
and semi-structured interviews to elicit feedback and iteratively improve the tool.
Results: 25 users provided feedback via questionnaires and seven respondents were interviewed. Genomic Results e-
Booklet recipients responded favorably: 96% of participants stated that it helped them remember information shared
during their results appointment, 80% said it had or would help them communicate their results with other healthcare
providers, 68% felt that it helped to identify and guide their next steps, and 72% anticipated that the e-booklet would
have future utility.
Conclusion: The Genomic Results e-Booklet is a patient and family-oriented resource that complements post-test ge-
netic counselling.
Innovation: Compared to traditional laboratory reports and clinical letters, the Genomics Results e-Booklet is patient-
conceived and patient-centered, and allows clinicians to efficiently personalize content and prioritize patient under-
standing and support.
Genome sequencing
genomic results
genetic counselling
patient-oriented research
patient co-design
1. Introduction

Genome wide sequencing (GWS), which refers to diagnostic se-
quencing of the whole exome or genome, introduces complexities in
communicating test results that may have significant impact on pa-
tients and their family members. GWS results are usually reported in
technical medical language, and the pathogenicity of reported variants
may be uncertain or subject to future reinterpretation. Non-genetics
healthcare providers often express difficulty and may feel inade-
quately prepared to relay genomic outcomes [1-9], and geneticists
are faced with a growing demand for consultation regarding testing
results [10-12].

Despite the established value of providing patients with written infor-
mation about genetic results [13-15], there have been few attempts to cre-
ate GWS reporting tools appropriate for a patient audience [16-18]. Efforts
enome Wide Sequencing.
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have been primarily focused on developing laboratory reports that are
clinician-friendly [19-24], but these remain technical and do not address
families’ needs for understanding and guidance. Consequently, families de-
scribe confusion and uncertainty after receiving genetic test results [25-29]
and feel unequipped to participate in informed health management deci-
sions [30].

The impetus for the Genomic Results e-Booklet (GRB) came from a
parent-advisor to one of our GWS research studies: While involved in a so-
cial media group for families receiving genomic testing, they observed that
many families felt “abandoned and lost” after receiving results. In collabo-
rationwith parent-advisors, genetic counsellors, and clinical geneticists, we
co-developed the GRB to convey personalized results to families and em-
power them to identify a path forward. In pilot testing, we evaluated user
perceived understanding, acceptability, and utility to inform improvement
and future assessment.
l 2022
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2. Methods

2.1. Development

The GRBwas developed and tested in the context of the IMAGINE study
[31], a GWS research study of children with atypical cerebral palsy. The
study’s parent-advisors (BL, KO, and IJ), whose families have experienced
GWS and whose role is to represent and advocate for the research partici-
pants, were consulted about their needs and their vision for the content
and design of the GRB (SupplementaryMaterial - SM1). Content responsive
to the identified needs was drafted by the research team in collaboration
with the parent-advisors (SM1) and an iterative approach to development
and pilot testing was used (Fig. 1).

Content and design were informed by best practices for development
and evaluation of patient resources [32,33]. Published guidelines recom-
mend that patient-facing resources should facilitate “sufficient knowledge
and appreciation of genetics to allow informed decision-making for per-
sonal wellbeing” [34] and offer breadth in resources, which can include av-
enues for support and information [5,18,23,35]. The GRB was developed
under the framework of the Charter for Patient Information Resources
[36] and generally targeted a Flesch-Kincaid reading level [37] of 6-7 but
retained and explained essential medical terms, as per Canadian health re-
source guidelines [38] and the parent-advisors’ suggestions.

A printable e-booklet format was chosen tomake the GRB accessible for
both clinicians and patients while mitigating the privacy concerns of web-
based applications. The static design was overlaid with an editable form
in Adobe Acrobat Pro DCTM [39]. Patient-specific information can be gen-
erated efficiently through a set of form selections; explanatory sections
throughout the booklet are auto-populated based on selections on the sum-
mary page. Results-related fields can be locked by clinicians to avoid inad-
vertent modification of information. Once drafted, the GRB was alpha
tested and reviewed by three parent-advisors and five genetic clinicians,
which resulted in refinements to language and design.

2.2. Pilot testing

A concise GRB pilot evaluation was completed as proof-of-concept and
to identify areas of improvement prior to future extensive clinical imple-
mentation and assessment.We aimed to elicit feedback on perceived under-
standability, appropriateness of content, usability, actionability, and
general helpfulness.
Fig. 1. Genomic Results e-Booklet Pilot Process Map. The process map identifies steps i
involved at every step: the parent advisors, the clinical research team (including a clin
the study participants. The sample size at each stage is demonstrated in the teal boxes.
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Families from the IMAGINE study all received genetic counselling for
their results and were provided a results booklet that was personalized by
a research assistant based on clinical reports and verified by a genetic coun-
sellor. One week after booklet receipt, families who agreed to provide feed-
back were emailed a link to an online 19-question REDCap survey (SM2)
[40]. Development of the questionnairewas based on the Patient Education
Materials Assessment Tool [41] and previous evaluations of genomic re-
ports (SM2) [16].

Questionnaire recipients were selected for semi-structured phone inter-
views (SM3) based on the depth and variety of their questionnaire re-
sponses. Feedback from both the questionnaires and interviews was used
to iteratively improve the GRB, meaning that participants who received
later GRB versions benefited from the input from recipients of earlier ver-
sions. Iterations were reviewed by the research team and the parent-
advisors.

3. Results

3.1. The GRB

Using input from parent-advisors and clinicians (SM1), two versions of
the GRB were developed: one for positive (or diagnostic) results (16 pages)
and one for negative (non-informative or null) results (13 pages). Parent co-
designers advocated for the inclusion of comprehensive information and
details, noting that it was important to avoid a “more typical, brief, simplistic,
medical document” in favour of creating a “family-centred and holistic” tool.
The GRB has three customizable sections: genomic testing explanations;
testing results; resources and support (Table 1). Information is stratified
to provide additional detail, if the recipient desires. Key features of the
GRB are exemplified in Fig. 2. Booklets can be viewed and modified using
PDF-compatible software. The pilot-tested GRBs included some IMAGINE-
specific information, however, generic booklets, as well as translated ver-
sions are available here: https://www.bcchr.ca/GenCOUNSEL/results-e-
booklet

3.2. Pilot testing

The GRB was distributed to 50 families: 20 received the positive GRB
and 30 received the negative version. 26 families received the booklet pro-
actively, immediately after their results appointment, and 24 families (who
had enrolled earlier in IMAGINE, before the booklet was conceived)
n the iterative development and pilot testing of the GRB, and illustrates the parties
ical geneticist, genetic counsellors, a research nurse, and research assistants), and

https://www.bcchr.ca/GenCOUNSEL/results-e-booklet
https://www.bcchr.ca/GenCOUNSEL/results-e-booklet


Table 1
Content of the genomic results e-Booklet by section.

Section and Purpose Content

Title Page
Purpose: To provide organization and
ease navigation.

• Table of contents with intra-document
links

• Instructions for use
• Care provider contact information

Summary Page
Purpose: To allow for efficient
customization (via auto-population of
expanded educational sections) and to
serve as an extractable shareable
document.

High-level summary of:
• Test type: Exome vs. Genome vs. panel;
singleton vs. trio

• General outcomes, with impacted gene
(s) and variants(s) and associated med-
ical conditions for positive findings.

• Whether there were any secondary/
incidental findings

Background Genomic Information
Purpose: To document testing and prime
users for information about their results.

• Detailed general information on health,
genomics, testing, and uncertainty.

• Study/service-specific information.
• Detailed personalized information on
the type of testing received.

Genomic Testing Results
Purpose: To deliver the results stepwise
and in plain language as to help decipher
a laboratory-generated genomic testing
report.

For positive results only: the impacted
gene and its known role; the variant and
its associated medical condition; the
laboratory classification, the clinical
interpretation, and recommendations;
inheritance and risk.
For negative results only: The lack of
genetic etiology versus the lack of ability
to detect genetic etiology.
For both: Limitations in analysis and
interpretation, and the opportunity for
re-testing or reanalysis in the future.

Resources and Next Steps
Purpose: To provide non-judgmental and
non-prescriptive direction and instruction
for users seeking further support and
resources.

• How to share results with family and
healthcare providers.

• Patient and provider tips and caveats.
• General guidance in seeking support
groups on social media, reliable
information, government and financial
resources, alliances and organizations,
genetic databases, health management
tools.

• Results-specific resources recom-
mended by care providers.

• Patient-initiated next steps, including
conversational prompts for patient--
provider interactions.
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received the booklet retroactively, on average 11 months after results re-
ceipt. Families were emailed the e-booklet (n=40), were mailed a paper
copy (n=7), or both (n=3), as requested.

Questionnaires were completed by 25 (10 positive, 15 negative) of 50
families (50%), seven of whom also provided additional feedback via inter-
views. Many minor iterative changes were made to wording (grammar,
complexity) and design (images, organization). Feedback from the first 27
families resulted in two more major structural changes: These were the ad-
dition of a title page with a table of contents, and a single-page summary of
the personalized results. The final 23 families received this more structured
version.
Fig. 2.Examples of the GRB features requested by patients and providers. Snapshots
from various sections of the GRB exemplify key features that render this tool unique
and patient-oriented.
3.3. User feedback

GRB recipients responded favorably to the booklet (Table 2, SM4,
SM5). Of 25 questionnaire respondents, 24 (96%) stated that the
GRB helped them to remember information shared during their results
appointment; 20 (80%) said it had or would help them communicate
their results with their other healthcare providers, 17 (68%) felt that
it helped to identify and guide their next steps, and 18 (72%) antici-
pated future utility. Ratings of understanding (Fig. 3.A) and general
3

helpfulness (Fig. 3.C) were high, and the level of detail was assessed
as appropriate (Fig. 3.B). Results were similar between participants
who received positive versus negative GRBs (SM5). Several recipients
would have liked to receive more results-specific content, however, in-
formation is frequently limited for negative results and rare condi-
tions.



Table 2
Representative thoughts from family-user interviews and questionnaire data, and a
interpretation of their implication.

Finding Sample of Supporting Quotes

General impressions are that the booklet
is a family-oriented resource that aligns
with the patient experience.

“Not just giving a report expecting that we
already know everything.” – Father, Family
29, Interview

“It’s oriented for non-technical people for
sure. Non-medical people, the parents.
There’s great information. So this is a
one-of-a-kind report that I’ve received, in my
lifetime.” – Father, Family 72, Interview

“I found the overall impression of the booklet
is very friendly, and it’s a very different read
from the [usual] small black and white print,
… given that it’s an emotional subject
anyways, it was easier to read.” – Mother,
Family 46, Questionnaire

There was a range of perceived
understandability and ease of reading.

“It wasn’t frustrating at all because it was all
presented for us, rather than us sifting
through things trying to figure something out.
So that was nice, and it was user friendly,
easy to read.” – Mother, Family 66,
Interview

“I needed to read it three times before I was
able to understand it enough to take notes. To
get my brain working.” – Mother, Family
73, Interview

“When I received the [GRB], it gave me a
clearer picture of where we’re at. Even the
drawings are really helpful.” – Mother,
Family 49, Questionnaire

Some parents expressed wanting more
detail on the genomic outcomes for
their family.

“I found the explanation of the process that
was taken to get the results helpful, however I
hoped for more detailed medical information
from our results.” – Family 61,
Questionnaire

The GRB complements clinical encounters
and reports.

“Once you’re in those kinds of meetings, as a
parent with all those overwhelming feelings,
you normally forget things. So the [GRB] is
really useful to remember some other details
and notes.” – Father, Family 72, Interview

“At the time [of the appointment] there was a
lot of information. We sort of knew the gist of
what was being tested, but [the GRB] helped
to simplify the main things that were being
looked at and the overall picture. It was also
nice to just have very clearly written.” –
Mother, Family 66, Interview

“I think I probably looked at the booklet first
[…] and then I went back to the [lab report]
[…] and I was like, ‘okay yeah, I see that,
that’s the variant.” – Mother, Family 73,
Interview

The GRB aids communication with
clinicians and family.

“I sent a copy to my parents so that my
parents […] And then when I want to explain
something to them, I can refer back to [the
GRB] because I have highlighted some parts
for them.” – Mother, Family 73, Interview

“ … it’s great to be able to share [the GRB]
with her different specialists.” – Mother,
Family 46, Interview

Families perceive the GRB as actionable,
with future utility.

“We got most of our information from the
resources part, like the Facebook groups, and
the research papers. I asked for [an EEG]
referral because of [information in] the links
that I got to the [disease] foundation page” –
Mother, Family 73, Interview

“When my kid would seize, I read through it
again, you know, just to get a more in depth

Table 2 (continued)

Finding Sample of Supporting Quotes

like what’s going on.” – Mother, Family 49,
Interview

The GRB was still informative for families
who received negative testing results.

“Now we know which stage we’re at. There’s
still another stage of testing that might be
done for him. So that’s still important to us if
we might see other [health] changes.” –
Mother, Family 49, Interview
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4. Discussion and conclusion

4.1. Discussion

The GRB was developed to address a critical gap in care by equipping
families with lay-friendly, personalized information, and guidance in navi-
gating genomic results. This pilot project shows that the GRB appears to
meet patient and family needs.

The GRB pilot was limited in several ways. First, the GRB was al-
tered iteratively in parallel to ongoing evaluation, meaning that our re-
sults may not fully reflect users’ perceptions of the GRB in its current
state. The sample size was too small to evaluate differences between
iterations. Only 50% of study participants returned a questionnaire, in-
troducing the possibility of response bias. Furthermore, all participants
in this study had a child with atypical cerebral palsy, and all were flu-
ent in English. To avoid overburdening participants in the pilot stage
of implementation, we did not collect demographic information.
Therefore, our results may not be generalizable to all families who re-
ceive GWS.

Next steps include testing the final versions of the GRB for effective-
ness in clinical practice and evaluating translations (French, Arabic,
Punjabi, Simplified Chinese). Future research will further evaluate im-
pact on patient utility, long-term understanding and management of re-
sults, as well as clinician utility, time spent, implementation and usage
costs, and broader acceptability from the genetics professionals’ stand-
point.

4.2. Innovation

Traditional laboratory reports and clinical letters are too technical
and online sources are too general to meet family needs [16-30]. The
GRB is novel in that it 1) is patient-conceived and patient-centered,
2) contains elements that are efficiently customizable by clinicians to
cater to patient-specific results and needs, and 3) aims to both help fam-
ilies understand their genomic testing results and navigate their next
steps. The generalized GRB may be used by providers to communicate
results efficiently and comprehensively in diverse clinical and research
settings.

4.3. Conclusion

TheGRBmeets a patient-identified gap in emerging genomic healthcare
by presenting personalized, comprehensive information to supplement ge-
netic counselling and support families receiving GWS results. The frame-
work of the GRB shows great potential to enhance patient education and
support in a variety of settings. Wewelcome correspondence with potential
GRB users, and comments on its utility.
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designed the evaluation framework. JH conducted interviews and analyzed



Fig. 3. GRB user ratings. (A) User ratings of ease of understating of general information for genomics and genomic testing and personalized information about genomic
results. The graph shows the data points as jittered dots. The number of samples per condition is: General=25, Personalized=25. The summary of the data is shown as a
boxplot, with the box indicating the IQR, the whiskers showing the range of values that are within 1.5*IQR and a horizontal line indicating the median. The notches
represent for each median the 95% confidence interval (approximated by 1.58*IQR/sqrt(n)). No statistical difference was found for any measures when comparing
negative and positive versions of the booklet using the 2-sided Wilcoxon Rank Sum test for non-parametric data (p=0.637, p=0.143). (B) User ratings of sufficiency of
detail provided in sections about general genomics and testing, personalized results, and resources and support. The graph shows the data points as jittered dots. The
number of samples per condition is: General=25, Personalized=25, Resources = 24. The summary of the data is shown as a boxplot, with the box indicating the IQR,
the whiskers showing the range of values that are within 1.5*IQR and a horizontal line indicating the median. The notches represent for each median the 95% confidence
interval (approximated by 1.58*IQR/sqrt(n)). No statistical difference was found for any measures when comparing negative and positive versions of the booklet using
the 2-sided Wilcoxon Rank Sum test for non-parametric data (p=0.363, p=0.429, p=1.00). (C) User ratings of GRB helpfulness. The graph shows the data points as
jittered dots. The number of samples per condition is: 25. The summary of the data is shown as a boxplot, with the box indicating the IQR, the whiskers showing the
range of values that are within 1.5*IQR and a horizontal line indicating the median. The notches represent for each median the 95% confidence interval (approximated
by 1.58*IQR/sqrt(n)). No statistical difference was found when comparing negative and positive versions of the booklet using the 2-sided Wilcoxon Rank Sum test for
non-parametric data (p=0.206).
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