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Abstract

Background: The use of multigene panels has significantly increased the likelihood that genetic testing will leave patients with
uncertainties regarding test interpretation, implications, and recommendations, which will change over time. Effective longitudinal
care models are needed to provide patients with updated information and to obtain patient and family history updates.

Objective: To bridge thisgap, we aimed to devel op a patient- and genetic provider—informed digital genetic health portal (GHP),
MyCancerGene, to improve longitudinal patient understanding of and responses to genetic testing.

Methods: We used a 5-step process to develop MyCancerGene. To better understand their interest in and willingness to use a
digital GHP, we surveyed 307 patients who completed genetic testing (step 1). We completed qualitative interviews with 10
patients and a focus group with 17 genetic providers to inform the content and function of MyCancerGene (step 2). Next, we
developed initial intervention content (step 3) and completed user testing of intervention content with 25 providersand 28 patients
(step 4). After developing the prototype intervention, we completed usability testing with 8 patients for their feedback on the
final content, functions, and ease of use (step 5).

Results. In surveys conducted in step 1, 90% of patients with positive results reported interest in adigital GHP, and over 75%
of participants with variants of uncertain significance or uninformative negative results reported similar interest. The most
frequently reported advantages among pati ents were increasi ng accessi bility, convenience, and efficiency (103/224, 46%); keeping
genetic information organized (54/224, 24.1%); and increasing or maintaining patient understanding of the information (38/224,
17%). In qualitative interviews (step 2), both patients and genetic providers endorsed the benefit of the tool for updating personal
and family history and for providers to share new risk information, test interpretation, or other medical changes. Patient and
provider input informed eight key components of the tool: (1) Landing Page, (2) Summary of Care page, (3) My Genetic Test
Results page, (4) My Family History page, (5) Provide an Update page, (6) Review an Update page, (7) Resources page, and (8)
the Screenings Tracker. They also recommended key functions, including the ability to download and print materials and the
inclusion of reminders and engagement functions. Potential challenges identified by patients included privacy and security
concerns (67/206, 32.5%) and the potential for electronic information to generate distress (20/206, 9.7%). While patients were
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comfortable with updates (ie, even variant reclassification upgrades or clinically significant results), 44% (11/25) of genetic
providers were uncomfortable sharing variant reclassification upgrades through MyCancerGene.

Conclusions: MyCancerGene, a patient-centered digital GHP, was developed with extensive patient and genetic provider
feedback and designed to enhance longitudinal patient understanding of and affective and behavioral responsesto genetic testing,
particularly in the era of evolving evidence and risk information.

(IMIR Form Res 2025;9:€56282) doi: 10.2196/56282
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Introduction

Background

Advancesin basic sciencein genetics have shown great promise
in improving human health and reducing the burden of cancer
[1,2]. The promise of precision medicineis the ability to tailor
treatment or screening of individual patients based on their
genotype. With these advances, there is an increasing need for
multidisciplinary translational research that focuses on how to
advance precision medicine discoveries into clinical practice
and to capitalize on connectivity (eg, digital health solutions)
in ways that benefit the health of entire populations [3-5].

One of the challenges with recent advances in clinical
sequencing, including hereditary cancer multigene panel testing
(MGPT), is the increasing likelihood that genetic testing will
leave many patients with uncertainties regarding interpretation,
implications, and recommendations, all of which will change
over time. Many of the genes included in multigene panels are
moderate-penetrance genes, increasing the risk of cancer by
only 2- to 4-fold, and in many cases, risk estimates are based
on limited data and continue to evolve over time [6-8]. There
is also uncertainty regarding optimal screening, given medical
management recommendations, such as those published by the
National Comprehensive Cancer Network and others, are
continually evolving as new data emerge. Thus, even positive
results leave many unknowns regarding cancer risks, optimal
management, and the value of testing unaffected relatives
[6,9,10]. In addition, multigene panels have been associated
with higher rates of variants of uncertain significance (VUS),
which are difficult for patients and genetic providers to
understand, and can be reclassified over time [11-15].

Thisclinical transition from discrete (ie, single gene) to broad
(ie, multi, whole genome) sequencing in clinical genetic testing
presents challengesthat will only increase as precision medicine
applications expand. With broader testing, an increasing number
of patientswill beleft at arisk of misunderstanding, uncertainty,
and evolving interpretations and recommendations[8,16]. While
these uncertainties will be clarified over time, we lack clinical
care models to maintain longitudinal communication with
patients to provide updated information regarding their genetic
test result or medical recommendations and to obtain personal
and medical history updates[16-19]. For example, in the current
standard of care, if a genetic variant interpretation is updated
(eg, VUS to benign or VUS to likely pathogenic result), the
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commercial laboratory contacts the ordering genetic provider,
who in turn contacts the patient [20,21]. This model is not
sustainable and may not be feasible due to outdated patient
contact information or change in employment of providers.
Alternatively, patients can contact their provider periodically,
but this places a burden on patients and has not been proven to
be successful.

Equally important, while many studies have shown limited
psychosocial distress with genetic testing, robust longitudinal
dataon cognitive, affective, and behavioral outcomesin diverse
and representative patient populations and with MGPT are
limited [22,23]. Recent studies suggest some subgroups are at
risk for greater posttest distress with MGPT, including patients
with positive results, a history of cancer, and lower formal
education [24-26]. Patients with positive and VUS results have
also demonstrated greater distress and uncertainty [15,27,28].
Furthermore, there is an increased use of remote counseling
(eg, phone or videoconference), digital alternatives, and
streamlined counseling model s, which may introduce additional
short-term or longitudinal knowledge gaps or testing-related
distress [29-33]. Thus, effective, evidence-based aternative
strategies for longitudinal communication and care for genetic
patients are critical to realizing the promise of precision
medicine.

The Institute of Medicine has highlighted the importance of
patient-centered care and improved transparency to enhancethe
delivery and outcomes of medical care [34-36]. Data from the
Pew Research Center in 2021 report that 93% of Americansuse
theinternet, 80% have searched theweb for health information,
and patients frequently have high interest in communicating
electronically with genetic providers[37-41]. Thus, interactive
health communi cation applications, a so known as digital health
solutions or tools (eg, apps, health care portal's, and educational
or decision aid interventions), have been implemented to
facilitate thisgoal of enhanced transparency and communication
[36,42-44]. Digital health tools may be particularly effectivein
chronic disease management, wherelongitudinal careiscrucial,
when informational needs change over time or vary among
patients, when coping and adjustment are part of the ‘journey,
and when improved medical outcomes require changing health
behaviors [43]. Studies from a variety of chronic disease
settings, excluding genetics, have shown that digital health tools
can improve knowledge [43], self-efficacy [43,45,46],
satisfaction [45,47], clinical outcomes [43,47-50], and unmet
communication needs[45,48]. Recent randomized studieshave
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shown reductionsin distresswith digital health tools[46,49,51].
Furthermore, digital health tools may provide education in a
way that is more simple, accessible, and salient, resulting in
better knowledge retention [43].

Yet, many studies have identified limitations and knowledge
gapsrelated to digital health tools[36,42,44,45,52,53]. Various
types of digital health tools have been used, and electronic
patient portals with limited functions (ie, providing access to
records only) may have less impact on outcomes [36]. Most
randomized studiesinvolving health portal s have been rel atively
small or report limited outcomes or benefits [37,45,52].
Furthermore, in some studies, participants rarely or never log
onto the portal [50], which may impact outcomes and diminish
power and has been associated with factors such as race,
ethnicity, and level of education [50,54-58]. In addition, studies
including socioeconomically diverse patient populations are
needed, as minority patients are significantly less likely to use
electronic patient portals, which could exacerbate health care
disparities [37,45,54,59-62]. Importantly, at the time we
developed MyCancerGene, there were no published studies
evaluating longitudinal digital health tools in clinical cancer
genetics, which shares many of the characteristics of chronic
illness (eg, evolving information over time, adjustment and need
for behavior change, and communication with relatives and
other health care providers). Thus, we propose that cancer

Trieu et a

genetic testing is an ideal clinical context to study the benefits
and limitations of a theoretically (ie, diffusion of innovation
theory) and patient- and genetic provider—informed
patient-centered longitudinal digital health tool to optimize
patients outcomes following cancer genetic testing and the
clinical implementation of precision medicine.

Objective

To address this clinically substantial gap in the delivery of
genetic medicine, we sought to obtain patient and genetic
provider input to develop a patient- and provider-informed
longitudinal digital genetic headth porta (GHP) called
MyCancerGene to enhance longitudinal patient understanding
of and affective and behavioral responses to genetic testing,
particularly in the eraof evolving evidence and risk information.

Methods

Overview

We used a 5-step processto develop the MyCancerGene digital
tool (Table 1). First, we describe initial patient and genetic
provider feedback and recommendations regarding the concept
of MyCancerGene. Next, we describe user and usability testing,
which informed the fina content and functionality of
MyCancerGene.

Table 1. Summary of the 5 steps, methods, and outputs involved in the development of MyCancerGene. Each step included feedback and input from

both patients and genetic providers (N=395).

Steps Methods Outputs

1. Inquire Surveyed patients (n=307) whohave .  Evaluated participants’ interest in and barriersto a digital health
completed genetic testing in the portal
multicenter COGENT? study *  Explored GHPP advantages, disadvantages, and usefulness and poten-

tial content

2. Determine Individual qualitative interviews « Informed by the diffusion of innovation theory, evaluating key at-
with patients (n=10) and a genetic tributes (eg, relative advantage, risk compatibility, and complexity)
provider focusgroup (n=17) tobet- «  Evauated patient and provider preferencesfor content and function-
ter understand key intervention ality, including comfort with updatesin test results
components and functions

3. Develop Incorporatefeedback intoMyCancer- «  GHP (MyCancerGene) informed by formative interviews

Gene

4. User testing and refinement of the
intervention

Provider (n=25) and patient (n=28)
feedback on the specific drafted
content and functionality

Patient feedback (n=8) on theinitial
digital version of the intervention

5. Usahility testing and final modifi-
cations to the intervention

«  Key components from patient and provider input
« Initial screenshots were developed for user testing

«  Feedback on the purpose, content, and comfort with specific functions
«  Recommendations for changes

. Feedback on content, presentation, and functionality of the initial
digital intervention

3COGENT: Communication of Genetic Test Results by Telephone.
BGHP: genetic health portal.

Step 1: Evaluating Patient Interest in a Digital GHP

To better understand interest in and willingnessto use adigital
GHP among patientswho had undergone clinical cancer genetic
testing, we surveyed patients in the National Institutes of
Health—funded Communication of Genetic Test Results by
Telephone (COGENT) study. The COGENT study was a
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multicenter, noninferiority randomized study of telephone
disclosure compared to in-person disclosure of cancer genetic
test results, including MGPT [29,63]. All participants in the
COGENT study were English-speaking adults who had
completed in-person pretest counseling with agenetic counsel or
and were proceeding with clinical cancer genetic testing. As
participants in the study, they completed surveys before and
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after the disclosure of results. Thiswasanideal clinically diverse
population to obtain patient feedback on the value, advantages,
disadvantages, and content for the development of a future
digital GHP (eg, MyCancerGene).

To obtain patient feedback, we devel op closed- and open-ended
items that were added to the COGENT postdisclosure surveys
in 2014. These included 7 close-ended questions about the
interest in and barriersto a GHP, aswell as 9 open-ended items
asking how a GHP could be helpful, its advantages and
disadvantages, and what types of information and functions
would be most useful. Framework analysiswas used to examine
open-ended responses|[64-66] . | nvestigators reviewed responses
for a subsample (58/307, 18.9%) of participants and devel oped
a thematic framework of primary and secondary themes for
each open-ended item. Next, 2 investigators (PT and AB)
independently assigned thematic codes to the open-ended
responses and discussed differences to refine the thematic
framework. The thematic framework was then applied to the
remaining samples’ open-ended responses, and themes were
refined to include new ones as they emerged. Differences in
code assignments were resolved through discussion and
establishing agreement for all responses.

Step 2: Qualitative Patient and Genetic Provider
Inquiry to Inform the MyCancer Gene I ntervention

To better inform specific content and functions of our initial
GHP, we conducted additional qualitative interviews with
patients and genetic providers. Interviews were guided by the
Diffusion of Innovation Theory and key attributes of successful
innovations (eg, advantage, risk, compatibility, and complexity)
were evaluated [67-70]. Genetic providersincluded 13 genetic
counselors and 4 physicians with expertise in cancer genetics
(n=17) at the 5 COGENT sites, who participated in a provider
focus group in 2014. All providers were female and had
practiced in cancer genetics for many years. Providers were
asked open-ended items eval uating the perceived useful ness of
aGHPfor patients and providers, perceived provider chalenges,
and comfort with different types of updates (eg, reminders,
general testing updates, upgraded and downgraded VUS resullts,
and patient family history updates). Open-ended responseswere
independently coded as described earlier by 2 authors (PT and
KS) and resolved through discussion with athird coder (BM).

Patientsincluded 10 purposefully selected COGENT participants
across sites to represent the view of sociodemographically
diverse patients who had undergone genetic testing. Patients
completed individual interviews, including open-ended questions
in 2014. Theseincluded (1) evaluating internet and health portal
use in general, (2) advantages and disadvantages to health
portals, (3) advantage and disadvantagesto a GHP, (4) content
that would be useful and not useful, (5) perceived usefulness
of updatesin genetic information and updatesin family history,
and (6) other suggestions for the GHP content and function.
Similarly, the open-ended responses as described earlier were
independently coded by 2 authors (PT and KS) and resolved
through discussion with athird coder (BM).
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Step 3: Developing the MyCancer Gene Intervention

Key components and functions of our GHP (MyCancerGene)
were informed by our formative interviews of the patients and
genetic providers. Initial screenshotswere developed for patient
and provider feedback. Genetic counselors involved in content
development reflected on their clinical experiences, providing
clinical counseling to patients of diverse backgrounds during
intervention content development. Similarly, researchers with
expertise in health disparities and behavioral science were
attentive to development for a clinically diverse population.
Strategies included using plain language, definitions, short
sentences, and more inclusive images.

Step 4: User Testing and Refinement of the
I ntervention

Initial screenshots for MyCancerGene content were devel oped
based on the formative interviews of the patients and genetic
providers, and individual user—testing feedback on these
screenshots was obtained from both patients and providersin
this step.

We obtained feedback from patients at 2 time points. The first
group of patients providing feedback on user testing included
8 participants in 2014, and the second included 20 participants
in 2019. In both sets of interviews, we purposefully selected
for sociodemographically diverse participants. They viewed
current versions of screenshots and were asked if the content
was useful, what they expected to see, and why or why not for
each question. The screenshots were updated in 2019 based on
the feedback from 2014, although the questions were the same.
In addition, they were asked for additional recommendations
to improve the content. Participant responses were transcribed
and summarized to inform modifications for subsequent
interviews and devel opment.

We conducted individual user—testing interviewswith 25 genetic
counselors from 2018 to 2019. Interviews included questions
about the use of patient portalsin general (ie, 7 items); feedback
on the purpose, content, and comfort with specific functions of
MyCancerGene (ie, 7 items); and feedback on individua
screenshots and draft messaging for updates (ie, 14 items).
Example questions are included in the associated tables.
Participant responses were transcribed and summarized
independently by 2 research staff to identify potential
modifications. Feedback from the patients and providers were
incorporated into theinitial digital version of the MyCancerGene
intervention.

Step 5: Usability Testing and Final M odificationsto
the Intervention

Using the initia digital version of MyCancerGene and
cobrowsing software, we conducted individua usability
interviews with 8 purposefully selected patients to obtain
feedback on the functionality, navigation, experience, and any
additional comments on the content from 2020 to 2021.
Participants were asked what they liked and disliked on each
page, if the information was understandable, and how it could
be clarified if not. As applicable, they were asked about fonts,
colors and images, how easy it was to navigate the functions,
and how the content or functions could beimproved. Participant

JMIR Form Res 2025 | vol. 9| 56282 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

responses were transcribed and summarized independently by
2 research staff to identify potential modifications.

Ethical Consider ations

This study protocol was approved by the institutional review
board (832,628), as well as the Cancer Center’s Clinical Trials
Scientific Review and Monitory Committee at the University
of Pennsylvania and was determined to pose minimal risks to
participants All participants provided a signed or verbal (ie,
depending on step) informed consent. All datawere deidentified
before analysis. Participants were compensated in arange from
US $0 to US $25, depending upon stakeholder group and step.
None of the participants are identifiable in any of the findings
reported in this manuscript.
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Results

Step 1: Evaluating Patient Interest in a Digital GHP

In total, 307 COGENT participants completed the
self-administered GHP patient items as presented in Table 2.

Most patients reported a GHP would be useful and that they
would useit as presented in Table 3. Those with apositive result
were significantly more likely to report that a GHP would be
helpful (odds ratio [OR] 10.9, 95% CI 2.2-54.0, P=.003) and
that they would use a GHP (compared to true negatives. OR
7.2,95% CI 2.1-25.0, P=.002). Nonetheless, over 75% (25/33)
of those with aVVUS or uninformative negative results reported
a GHP would be helpful. Another factor associated with likely
GHP use was history of prior health care portal use (OR 2.5,
95% Cl 1.4-4.4, P=.001). Age, gender, education, cancer history,
and baseline cognitive and affective measures (eg, knowledge
and anxiety) were not substantially associated with interest in
aGHP or thelikelihood of using it.
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Table 2. Characteristics of patients from the COGENT? study who completed genetic testing and were asked about their interest in a potential genetic
health portal (N=307).

Characteristics Values
Age (y), mean (SD) 47.60 (12.86)
Sex, n (%)
Female 286 (93.2)
Male 21(6.8)
Education, n (%)
Some high school or less 1(0.3)
High school 15 (4.9)
Associate degree, some college, or trade school 79 (25.7)
College 107 (34.9)
Post college 104 (33.9)
Refused to answer 1(0.3)

Race, n (%)

Asian 5(1.6)
Black or African American 16 (5.2)
Mixed 4(1.3)
White 282 (91.9)
Ethnicity, n (%)
Hispanic or Latino 4(1.3)
Non-Hispanic or Latino 303 (98.7)
Married, n (%) 226 (73.6)
Disclosure method, n (%)
In persor® 173 (56.4)
Telephone 134 (43.6)
Site, n (%)
University of Pennsylvania 105 (34.2)
Fox Chase Cancer Center 110 (35.8)
University of Chicago 50 (16.3)
Stroger Hospital at Cook County 7(2.3)
MD Anderson Cancer Center at Cooper 35(11.4)
Known mutation in the family, n (%) 74 (24.1)
History of cancer, n (%) 153 (49.8)
Result, n (%)
Positive 52 (16.9)
True negative 32(10.4)
Uninformative negative 189 (61.6)
Variant of uncertain significance 34 (11.1)

8COGENT: Communication of Genetic Test Results by Telephone.
Bin total, 53 patients were in the self-selected in-person group.
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Table 3. Patient interest in a genetic health portal by genetic test results among patients who had completed genetic testing in the COGENT? study

(N=307).
AllLn(%)  positive (n=50-52)°, Uninformative negative True negative VUS® (n=32-34)° n
n (%) (n=179-188)°, n (%) (n=30-32°, n (%) (%)
Would a genetic health portal be 249(82.2)  48(96) 154 (81.9) 22 (68.8) 25(75.8)
helpful? (n=303)
Any barriersto using a genetic 60 (20.6) 13 (26) 36 (20.1) 6 (20) 5(15.6)
health portal % (n=291)
Wouldyouuseagenetichealth 2570 (74.4) 489 (92.3) 1389 (72.2) 209 (62.5) 249 (70.6)

portal’.; (n=305)

8COGENT: Communication of Genetic Test Results by Telephone.
ba range is included as some participants did not answer all items.
SV US: variant of uncertain significance.

dNow that you have received your results, do you think it would be helpful to have access to a secure, password protected electronic Genetic Health
Portal (similar to other health portals you might have used in the past) with the information you received from your genetic provider (genetic counselor,

physician, nurse practitioner, physician assistant)? (Yes/No).”

& Do you think there would be any challenges with and/or barriers to using a Genetic Health Portal ?”

"How likely isit that you would use a Genetic Health Portal 7’
91ndicates somewhat or very likely on a5-point Likert scale.

Table 4 presents patient feedback on why a GHP might be
considered helpful, based on responses from 224 participants.
The reasons were categorized into themes, highlighting aspects
such as accessibility, organization, and the emotional benefits
of having secure, easy accessto genetic information. Conversaly,
some patients expressed concerns about the need for more
human interaction, technology challenges, and potentia privacy
issues, which could make the portal less helpful for them. In
responseto open-ended questions presented in Table 4, the most
frequently reported advantages of the GHP were increasing
accessibility, convenience, and efficiency (103/224, 46%),
keeping genetic information organized (54/224, 24.1%), and to
increase or maintain patient understanding of the information
(38/224, 17%). Patients also reported it could be helpful for
sharing genetic information with others, downloading and
printing documents, security, and reducing anxiety.

Table 5 summarizes the perceived disadvantages of using a
GHP, based on feedback from 206 participants. The most
common concerns include issues related to privacy and data
security, potential emotional distress, and difficulties with
technology, such asrecalling log-in information or dealing with
technical glitches. Some participants also noted that they might

https://formative.jmir.org/2025/1/e56282

not use the portal frequently or prefer human interaction over
digital communication. A subset of patients (35/224, 15.6%)
reported that a GHP would not be helpful (Table 4), citing the
lack of human interaction, potential access challenges and
concerns regarding privacy, and the potential to cause anxiety.
When asked specifically about potential disadvantages to a
GHP, 36.4% (75/206) of participantsreported no disadvantages
and 32.5% (67/206) reported concerns about privacy. Other
disadvantages reported at lower frequencies included that
information could be distressing, trouble remembering log-in
information, technical chalenges, and the lack of human
interaction as shown in Table 5.

Table 6 outlines the types of information that 227 participants
indicated would be most useful in a GHP. The most frequently
reported components or functions included access to results
(112/227, 49.3%), medical recommendations (47/227, 20.7%),
and an easy-to-understand review of results (29/227, 12.8%).
Other suggestions included access to genetic providers and
additional resources, appointment details, screening results, and
family history (Table 6). Some participants also endorsed the
value of asummary page, updatesin information, and the ability
to print and share materials with relatives or providers.
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Table 4. Reasons agenetic health portal would be helpful® (N=224).

Themes Examples Participants, n (%)

Reasons a genetic health portal would be helpful

Accessibility (85 participants men- « “Sothat theinformation isreadily accessible” 103 (46)
tioned convenience or accessibility, o  “Again, it'sjust more convenient to have access to information
including accessat any time; 18 partic- whenever | choose.”
ipants mentioned efficiency, ie, being «  “Because | would be able to refer back to the results. It would also
fast or quick) be good to be able to see anything that | might have missed.”
Organization «  “Paper records can be misplaced and thisisaway to accesstheinfor- 54 (24.1)
mation.”
o “l would like to be able to electronically see my resultsso | don’t

have to keep track of the printout.”
«  “Having access to electronic records aleviates having to keep track
of paper records.”

Maintaining understanding « “A Genetic Hedlth Portal would be a central information resource 38 (17)
for information related to my specific results and general geneticin-
formation. A porta could provide a central source for information
and resources.”

«  “Accesstoinformationisawayshelpful, especialy when detailsare
important and the information is sensitive.”

Ability to shareresultswith others(6 «  No examples 26 (11.6)
participants specifically referred to the
ability to download and print results)

Helpful (not otherwise specified) « Noexamples 13(5.8)
For security (benefit of keepingresults «  “No one else should have access to my genetic information.” 731
secure) «  “[This] would be asafe way to communicate with genetic provider.”
Emotional benefit o "I feel like it would empower me moreto bein control of my own 7 (3.1)

health information for my future.”
Ability to update information « Noexamples 1(0.4)

Reasons a genetic health portal may not be helpful

Lacks human interaction o  “I think it would be worrisome to see thisinformation without the 14 (6.3)
assi stance of someone knowledgeable explaining it to me... The ge-
netic information is so sensitive and in some cases, unclear asto its
significance regarding the individual and family membersand really
requires assistance to understand it.”

Not helpful if you lack access to or «  “However, those that are not internet savvy will have difficulties.” 9(4)
comfort with technology o “I haven't used (or careto use) health portals because, quite frankly,
creating accounts/passwords for so many varied things has become
too frustrating for me personally).”

No benefit or advantage « “I prefer meeting in person so | can receive athorough explanation 7 (3.1)
and have the opportunity to ask questions.”

Concern for security breach or privacy «  “Might be nice. Concerned about security of personal information.” 7 (3.1)

Could cause anxiety o “Butl awaysworry about finding bad newsthisway [through GHP] 5 (2.2)
and then having to wait to see doctor.”

Not helpful because not combinedwith «  No examples 1(0.4)
other portals

3 Now that you have received your results, do you think it would be helpful to have access to a secure, password protected electronic Genetic Health
Portal (similar to other health portals you might have used in the past) with the information you received from your genetic provider (genetic counselor,
physician, nurse practitioner, physician assistant)? Why or Why not [coded responses].”
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Table 5. Disadvantages of a genetic health portal® (N=206).

Trieu et a

Theme Examples Participants,
n (%)
None « Noexamples 75 (36.4)
Not secure enough and concernsregarding privecy (risk «  “Datacould be hacked and used against for insurance or employment 67 (32.5)
of breach) purposes.”
«  “Theonly disadvantage would be if the site was breached.”
o “l supposedigital security isawaysaconcern.”
Upsetting or distressing «  “Genetic testing that could prove to be more anxiety-provoking than 20 (9.7)
beneficial
«  “Finding out somelife changing news without the comfort or clarifi-
cation from a person.”
«  “For some, upsetting way to get bad news, perhaps misunderstanding
information.”
Difficulty recaling log-in information or too many hedlth «  “One more password to remember/forget.” 12 (5.8)
care sites
Technical challenges (6 participantsmentioned thatitwould «  “It would not be so beneficial for people who do not have accessto 10 (4.9)
be hard for those who lack technical skills, 2 mentioned online portals or do not know how to use the system.”
that some may lack accessto technology, and 2 mentioned «  “If | didn’t have a computer and had no access to a computer.”
glitches, website malfunctioning, and maintenance) «  “Any possible glitches with the system.”
May not use (too much time or no benefit) «  “Not referred to often enough.” 7(3.4)
o “Thetimeto sit down and look up/use the portal.”
Lack of human interaction o “Lesspersona than talking to someone.” 5(2.4)

3 What do you feel would be the disadvantages to having access to the Genetic Health Portal ?”

Table 6. Types of information desired for a genetic health portal® (N=227).

Theme

Participants, n (%)

Genetic test results

112 (49.3)

Educational or informational resources (26 participants mentioned resources and education; 20 statistics, cancer 62 (27.3)
risks, or other numerical information; 19 current research or updatesin research; and 2 the results of thisresearch)

Medical recommendations

Easy-to-understand explanation of results

47 (20.7)
29 (12.8)

Genetic provider information and notes (14 participants mentioned access to clinicians or contact information, 24 (10.6)

7 provider notes, and 3 medication details)

Appointment information (18 participants mentioned appointment details, such as dates seen, who did | see, or 22 (9.7)
location of visit; 6 upcoming appointments or reminders for upcoming appointments)

Everything 18(7.9)
Results of screening or procedures 16 (7.1)
Family history 14 (6.2)
Genetic test description 14 (6.2)
Summary (quick overview or snapshot) 10 (4.4)
Updates to recommendations, new information, or research 9(4)
Print and share function (to share with relatives or providers) 6 (2.6)
Ways to share or engage with others (other patient experience or patient forum) 3(1.3)
Recommendations for relatives 1(0.4)
Billing or insurance 1(0.4)

3 What type of information or documents do you think would be most useful to include in the Genetic Health Portal >’
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Step 2: Qualitative Patient and Genetic Provider
Inquiry to Inform the MyCancer Gene I ntervention

Qualitative Genetic Provider Focus Group

The primary potential benefits of a GHP, as reported by genetic
providers, included mechanisms to improve patients sharing
of accurate information with relatives and providers and for
providers to update patients with new risk or test information.
Most providers felt a GHP would be useful to patients as they
already expect providers to update them (ie, “call them”) with
new information, although providers admitted thisis not aways
feasible in practice and over time. Many endorsed a GHP as a
way for patientsto maintain their genetic records el ectronically
in aspecific location instead of in paper files. At the sametime,
providers indicated that many patients already have electronic
access to these records through the electronic health record
(EHR) and asked how the GHP would be different from the
access already provided.

Providers acknowledged that they were not sure that a GHP
would alleviate their day-to-day challenges as they aready
communicate with some patients via the EHR. Other concerns
with a GHP included ensuring that patients receive and
understand updates shared through the GHP, and that many
patients do not log on or use ancillary platforms. Genetic
providers asked if there could be an alert to providersif their
patient logged on and reminders to patients when new
information became available. Other concerns were regarding
the burden on providers to update a GHP, maintaining current
information, and the potential to create additional work for
providers.

Genetic providers had different levels of comfort with updates
provided through a GHP. They all felt that a GHP could be a
good method to alert patientsto update their family history (eg,
suggested once or twice a year). They were less comfortable
with updates to screening recommendations as these could
change overtime and could conflict with other information or
recommendations patients' were receiving. In general, most
providerswere comfortable with new general information about
testing (eg, new testing available) and downgraded VUS

https://formative.jmir.org/2025/1/e56282
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reclassifications. At the time, VUS downgrades were
communicated via letter and a GHP could provide a good
alternative to mail communication, although providers raised
concerns that some patients might not log in. Most providers
were less comfortable with upgraded VUS reclassifications
being shared through a GHP. They felt these needed to be
communicated by a genetic counselor and felt a message (eg,
“please call your genetic provider”) was a more appropriate
method for notification through a GHP.

Qualitative Patient I nterviews

Patients (n=10) were aged 29 to 69 years and included 2 men,
2 patients with less than a college degree, 1 Black patient, and
patientswith arange of test results (ie, positive, VUS, negative,
and results pending). Most participants (9/10, 90%) thought
that a GHP could be useful in referencing immediate results,
concise information, and accessing reports and documents.
Suggestions from participants included the addition of content
and documentation (ie, results, recommendation letter, and
family history); information about individual risk compared
with the general population; ability to track screening and
medical management; and updatesin thefield. Most participants
(8/10, 80%) supported receiving updated test results through a
GHP. Participants also felt that a GHP could help support
communication with relatives. They also suggested that a GHP
could be more useful if it provided tailored educational
resources, more billing and security information, a medical
history summary, opportunities to connect with other patients,
and if it were designed to be user friendly.

Step 3: Developing the MyCancer Gene Intervention

Patient-Facing Content

Components of our GHP (ie MyCancerGene) were informed
by our patient and genetic provider interviews as detailed in
Table 7. Componentsincluded (1) the Log-in and Landing Page
(Figures1 and 2), (2) Summary of Care page (Figure 3), (3) My
Genetic Test Results page (Figures 4 and 5), (4) My Family
History page (Figure 6), (5) Provide an Update page, (6) Review
Updates page, (7) Resources page, and (8) Screenings Tracker.
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Table 7. Components of the MyCancerGene genetic health portal®.
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Component Description Patient endorsement Genetic provider endorse-
ment
Landing Page Includes 8 icons for intervention compo-  «  “First page shouldn’t include any _b

Summary of Care

My Genetic Test Results

My Family History

Provide an Update

Review Updates

Resources

Screenings Tracker

nentsand alist of learning links in the left
side bar. Thereisa summary statement re-
garding any new updates and areminder to
provide an update if there is new family in-
formation.

Includeslocation and date of service, testing
|aboratory, date and provider, test result
statement (eg, positive for aBRCA1 muta-
tion) and alink to the result page

Includes type of test, test result statement,
and a PDF version to the test report. There
is a patient-centered simple explanation or
summary of the results, atable of lifetime
risksassociated, and general medical recom-
mendations for positive results

Includes family history obtained at the
medical visit and updated by the patient in
the portal. Thereisalink to the PDF docu-
ment of thelast provider-generated pedigree
and alink to update family history

Includesicons to provide afamily update
(family history or genetic testing in rela-
tives), personal update (medical history of
genetic testing), and other updates (contact
information and other information)

Providesachronological list of updateswith
dates, provider involved, and summary of
the update

A list of 8 links for organizations that pro-
vide information regarding emotional and
additional education resources. Thereisaso
atool bar on the home screen with “Learn-
ing Links” including 3 videos and 3 text
screens.

Includes the ability to enter the details of
upcoming screening appointmentsincluding
date, description, and comments. These are
self-entered and self-monitored.

medical information. Users should be
ableto click and navigate to what they
want to see and when.”

“Would make things easier to recall
when it is organized like this.”

“Would be likely to refer to this when
sharing results, especially by phone”
“It's like having an electronic file
cabinet!”

“Super useful section. New doctor al-
ways asks for this.”

“Big improvement than when [ patient]
had to fill it out by hand.”

“Feelsthereis ahigher chance of
‘success' in conveying updates or
contact thisway over a“standard”
telephone approach. With a portal,
thereisaway to track who has been
told what and when. With the
phone/mail, who can say?’

“[17 like this, but would probably be
more inclined to update as needed
when reminded.”

“[Would want] asection for recommen-
dation links and resources’

“Medical management recommenda-
tionsfor the patient specifically would
beideal...perhaps away to track what
screening/med. management had been
done-atimeline”

“Could be an easier way for
patientsto shareresultswith
family and other providers.”

“ Some patients might not
recall which relatives’ histo-
ry they have or haven't
shared. Being able to view
to verify before they reach
out would be helpful.”

“Many patientsare under the
impressionwewill cal them
when new testing or other
information becomes avail-
able. Thisisoften not feasi-
ble”

“Currently, certain updates
are handled by letter. If a
verification that update has
been received is available,
some updates may be easier
thisway.”

#Thereis ahomeicon on al component screens to return to the home screen. There is a“Have aquestion?” icon on every page.

BNot applicable.
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Figurel. Log-in page.
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Figure 3. Summary of Care page.

¥
SUMMARY OF CARE
HOME
Janelane Roberts
Location of Service: University of Pennsylvania/Telegenetics Program
Date of Initial Visit: 24-MAR-21

Efe of Testing, Lab and XXX, Ambry, March 24, 2021
e

Date Genetic test Results 3l-Mar-202
Received:

Provider: Claire Leifeste, MS, LCGC

Result:

Figure4. My Genetic Test Results page.
Janelane Roberts

Type of Test: MO

Result: Positive for a BRCAI mutation
Positive for a BRCA2 mutation.
Positive for a CHEK2 mutation.

View Genetic Result Report

Explanation:

BRCA] Mutation

Your genetic testing result identified a rmutation in the BRCAI gene. Mutations in BRCAI mean
you are at increased risk for some cancers.

Your relatives may also carry the genetic mutation and could be at an increased risk for these
cancers.

The following table describes lifetime cancer risks associated with a BRCAI mutation compared
to the general population risk.

These numbers are presented as ranges, since cancer risk may vary in different families or
populations.
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Figure5. My Genetic Test Results page (continued).
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Figure6. My Family History page.
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Relationship  Age Type of Cancer
. to activate their MyCancerGene portal . We also designed general
Engagement Strategies 4 po necd

Overview

As endorsed by patients, reminders and engagement functions
were designed to remind patients about the portal (Table 8).
Theseincludeinitial activation remindersto encourage patients
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reminders sent every 6 monthsto remind patientsto update their
family or personal history and any new testing in the family.
We aso designed educational engagement reminders, which
are short educational messages regarding cancer genetics or
family risk and are sent every 6 months, alternating with general
reminders (Table 8).
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Table 8. MyCancerGene reminders.

Trieu et a

Type Frequency Timing Examples

Initiation reminder 4 reminders Ondays5, 9, 15, and 30 _a

Generd reminders(to updateperson-  No end date; every 6 months At 6, 12, and 18 months «  Haveyou updated your family

a and family history and new test- history: cancer status?

ing in the family) «  Haveyou updated your family
history: testing status?

Engagement reminders (including  No end date; every 6 months At 3,9, and 15 months » Haveyou shared your results

educational messages and reminders
about genetic and familial risk)

with your relatives?
«  Haveyou had your recommend-
ed screening?

3ot applicable.

Patient and Genetic Provider Updates

As outlined earlier, one of the main purposes of the
MyCancerGene intervention is to provide a mechanism for
patients to provide updates of their personal and family history
to the genetic providers and for providersto send updatesto the
patients.

Patient-Driven Updates

MyCancerGene was designed so that patients can provide
updates to their personal and family history or new testing in
the family at any time on the Provide an Update page. They
may also provide an update in response to general engagement
messages sent every 6 months. All updateswere designed to be
reviewed by their genetic provider to determine if their update
prompts achangein medical management or new genetic testing
in them or their relatives. Given the integration challenges and
concerns about burden on genetic providers, the research staff
reviewed updates, drafted responses when appropriate, and
obtained a final approved response from the genetic provider.
Genetic provider responsesto updates were then sent to patients
through the MyCancerGene portal . It isintended that this could
be better automated in the future after efficacy is established.

Genetic Provider—Driven Updates

MyCancerGene was designed for 2 specific genetic provider
updates. First, to provide updates in VUS classifications (eg,
VUS reclassification to benign or VUS reclassification to
pathogenic or likely pathogenic). When genetic providers
received a laboratory update on a patient enrolled in the
MyCancerGene portal, they contacted the research team with
the update. The genetic provider and research team created
updated content for the Summary of Care, My Summary Note,
and My Genetic Test Results pages. These changes were then
programmed by the Clinical Research Computing Unit and,
when completed, would generate a message to be sent to the
patient. For example, “Your Variant of Uncertain Significance
Result has been reclassified. To view the details of your
reclassification now, please log onto your MyCancerGene
portal.” Thismessage provided log-in information and the option
to speak with aprovider to receive the updated information. For
example, “If you would rather speak with your Genetic
Counselor to discuss this update, please contact a member of

https://formative.jmir.org/2025/1/e56282

the research study team who will help you set up a telephone
cal”

In addition to patient-specific updates to results, the
MyCancerGene intervention was designed to permit other
updates based on changesin thefield that might apply to agroup
of individuals. Examples include new screening
recommendations for patients with a specific genetic mutation
(eg, new screening recommendations for PALB2 carriers),
changes to risk estimates for particular genes, or new genetic
testing options for patients with specific personal or family
history. Thus, MyCancerGene was designed to allow edits to
al patient-facing content to allow for these updates and a
mechanism to message patients that updates had been made. In
practice, updates were classified as “informational,” with a
message notifying patients that there were changes made to
their genetic information but that it likely did not change their
current care. In contrast, other updates were classified as
“potentially actionable,” and messages suggested that they
access MyCancerGene to review the updates and contact their
genetic provider if they had questions.

Genetic Provider Interface and Functionality

At the time of development, there was not an easy pathway for
this intervention (ie, MyCancerGene) to integrate with the
existing EHR. Furthermore, at the time of devel opment, the use
of MyPennMedicine, the ingtitutional patient portal, was
relatively limited and for messaging only. Given that the
intervention could not be integrated with the EHR at the time
of development, and genetic provider concerns about the burden
of operating in 2 separate systems, we elected to not develop a
provider-facing functionality. Rather, case report forms for
research staff to enter messages and submit content to
programmers were used. We planned that if the intervention
had proven efficacy (eg, after arandomized trial), an integrated
provider-facing interface would be developed. For the
randomized trial, we planned that research staff would act as
facilitators to populate the genetic information in
MyCancerGene (eg, testing performed, copies of reports, and
letters). In addition, to reduce human error, asecond verification
step was included to ensure accuracy (eg, a study genetic
counselor or second research staff member verifies that there
is accurate information in MyCancerGene before participant
access). It was expected that these steps would be reduced over
time as systems permitted greater integration or at the time of
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wider dissemination, after efficacy of theintervention had been
proven.

Programming and Technology Specifications

The MyCancerGene participant portal is based on Oracle
database tools that reference tables, functions, and procedures
in an Oracle database. The participant is provided with a URL
link that they enter into a standard web browser. The link
invokes an Oracle REST Services call that connects to the
appropriate database and schemato call astored procedure that
implements the log-in process. The participant is provided
credentials by the MyCancerGene staff to compl ete the log-in.
The log-in procedure passes the credentials to a registration
procedure that checks the credentials and creates an active
session if the log-in is valid. The active session includes an
expiration time for security purposes. Once a session is
established, a page-rendering procedure is invoked to read
content from database tables and dynamically generate HTML
code for display on the browser. All content for the portal is
maintained in tables of the database. Study research staff use a
separate application that was built using Oracle ApEX to enter
participant specific information into Oracle tables that is used
by the porta procedures to build the web screens. The
page-rendering procedure handles page navigation as well as
screen display. A log-out option on the main portal screen is
used to terminate the session.

Step 4: User Testing and Refinement of the
I ntervention

Patient User Testing

Participants for the first 8 user-testing interviews were from 4
of the COGENT sites. They were al female, were aged 39 to
57 years, included 1 Hispanic and 1 Black patient, and included
3 participants with less than a college degree and patients with
arange of results(ie, 5 negative, 1 positive, and 2 VUS results).
Most participants reported the content to be both what they
expected and useful. Key feedback from initial interviews
included adding alanding page to be seen before the summary
of care, reducing text, and suggestions for descriptive text,
colors, and fonts. Participants were evenly divided on presenting
family history information as alist versus as a pedigree. They
also reported that general reminders and notifications when
MyCancerGene information was updated would be important
to increasing use of the intervention. Other recommendations
included the addition of educational resources, details on care
providers, and dates of visits and other events.

Participantsfor the second set of patient user—testing interviews
(n=20) were identified from recent clinical encounters. They
were aged 29 to 72 years, including 5 men and 1 participant
with less than a college degree and with a range of results (ie,
3 negative, 10 positive, and 7 VUS results). Participants had
limited feedback for most content, with most suggestions for
the Landing Page, My Family History page, messages about
updates, and general suggestions to increase use. Suggestions
for the Landing Page included clarifying the organizational
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affiliation and changesto design, fonts, and images. Suggestions
on the Family History page included the option to enter relatives
and their test results, inclusion of third and extended generations,
and the option to view a pedigree. Other general suggestions
included replace pie charts with numerical risks, include a
glossary and define terms, clarify the type of update and alink
to the portal in messages, add educational resources, make
MyCancerGene accessible on mobile devices, integrate
MyCancerGene into the existing medical record and patient
portal, and provide reminders about availability of
MyCancerGene. Some participants expressed concerns about
privacy and security and provided recommendationsto reassure
them (eg, use a secure site and authentication strategies).

Participantsin the second set of interviews also reviewed severa
optionsfor messaging for updatesto their test results. In contrast
to genetic provider opinions as described subsequently, they
strongly preferred the option to receive a message and directly
accesstheir updatesin MyCancerGene, with the option to speak
with a genetic provider of their choice, as opposed to options
which aerted them of an update but then required that they
speak with agenetic provider first before having accessto their
update (ie, provider disclosed).

Genetic Provider User Testing

Of the 25 genetic counselors who completed user-testing
interviews, 88% (22/25) werefemale, 32% (8/25) were affiliated
with the University of Pennsylvania, and 68% (17/25) were
from externa practicesfrom 5 states (Pennsylvania, New Jersey,
Texas, California, and Florida). Genetic providers reported that
the benefits to patients included providing a centralized area
for information and a tool to communicate updates (Table 9).
Providers aso identified benefits for themselves, including
optimizing communication and saving their time. They aso
reported potentia challenges, including creating extrawork and
potentially leading to inefficiencies (Table 9).

Genetic providers al so had recommendationsfor changesto the
Summary of Care page, Landing Page, My Family History page,
and VV US reclassification page, which included simplifying text,
changes to graphics and pictures, adding screening
recommendations or care plans, changes to identify relatives
on the family history page, and accounting for multiple VUS
results. Providers reported variable comfort with different types
of updates being provided through MyCancerGene (Table 10).
They expressed high comfort with updates to general testing
information, reminders, and downgrades to VUS results.
However providers varied in their comfort with upgraded VUS
results being provided through MyCancerGene. Some were
comfortable providing patients with the option to directly access
their updates in the portal, with the option to speak with a
provider instead if they preferred. Others felt that changes in
VUS classification (ie, particularly upgrades) could be sent as
a message, which would alert patients of the update, but they
felt that patients should be required to speak with a provider
first before accessing their update in MyCancerGene.
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Table 9. Key findings from genetic provider stakeholder interviews and user testing (n=25).
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Questions

Most common themes: n (%)

Examples

When thinking about your patients, how do
you think this patient portal (MyCancer-
Gene) would benefit them?

What types of challenges could MyCancer-
Gene dleviate for genetic counselors?

Centralized information: 13 (59)
Clearer updates: 8 (36)

Centralized information: 8 (33)
More efficient communication: 8 (33)
Saves provider'stime: 7 (29)

“All documentation would be easy to locate.
Family history and VUSa updates which are
typically cumbersomewould be streamlined.”

“Could increase efficiency (lessback and forth
phone callsg/sending letters that may or may
not get to where they need to, etc...)”

What types of challengescould MyCancer- .  Extrawork: 15 (63)

«  “Could end up saving as much as 30 minutes
with each interaction since, instead of having
to scavenge through chart notes, all the perti-
nent points are highlighted for each patient.”

o “Morework (doublethework if notintegrated

Gene create for genetic counselors? o Inefficient communication: 5 (20.8) with the EMRb). Also potential for morework
if patients have an easier means of communi-
cation.”

&/US: variants of uncertain significance.
PEMR: electronic medical record.
Table 10. Genetic provider comfort with different types of provider updates.
Comfort with different types of updates Most common themes: n (%) Examples

Genera testing information .  Comfortable: 23 (92)
Reminders «  Comfortable: 24 (96)
Upgraded VUS . Comfortable: 11 (44)

«  Not comfortable: 11 (44)

. “Comfortable. Thinksthisis so much better
thanthe‘call ustofollow up to seeif thereare
any updates.’”

« “Comfortable- and patients would appreciate
this”

o “Comfortable with confirmation.”

. “Comfortable aslong as follow-up with GCb
is not just suggested but strongly encouraged
if not mandatory.”

«  “Not comfortable; prefersto call patients di-
rectly.”

&/US: variants of uncertain significance.
bae: genetic counselor.

Step 5: Usability Testing and Final M odificationsto
the Intervention

Participantsfor usability testing (n=8) were White women who
were aged 24 to 70 years, with arange of education levels (ie,
high school only to graduate level). Participants had a range of
genetic test results (ie, 6 positive, 1 VUS, and 1 negative).
Overall, many participants reported that icons and featureswere
easy to understand, useful, and what they expected. Participants
reported greatest interest in the Genetic Test Resultsand Family
History pages and additional resources. Whilethey reported the
summary letter was useful to have, several mentioned that they
may not use it. Some were not clear what it was, even though
they should have received a copy after their genetic counseling
disclosurevisit. Most found the Summary of Care and Summary
of Updates pages useful, and most felt the Review Updates page
was easy to understand. There were several typos or spacing
recommendations to make text easier to understand, and these
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weregenerally adopted. Recommendationsfor changesto fonts,
pictures, or colors were made when recommendations were not
conflicting or were mentioned by more than 1 participant. Key
recommendati onsincluded making pages availablein aprintable
format, summaries under the videos, a note that if something
does not appear accurate (eg, personal or family history) to go
to share an update, and the ability to provide more notes on the
family history page (eg, dates of diagnosis). Another
recommendation was to add the My Screenings page, which
had been a previous recommendation that was not included due
to the challenge of keeping it updated with the electronic
medical record when MyCancerGene was not yet integrated.
However, given the repeated patient feedback, this page was
created in the final version so that participants could self-track
screening and data. Other recommendationsthat were considered
but were not possible at the time included providing access to
relatives, providing access to genetic providers, synchronizing
ascreeningstracker with their calendar, making theintervention
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available within their existing portal, and creating a repository
where patients could store articles and websites they found
personally useful. These were not included because they were
either suggested by a single participant or were technically
challenging at the time, but they were recorded as potential
future considerations.

Discussion

Principal Findings

With the advent of MGPT in clinical genetic testing, an
increasing number of patients are left at a risk of
misunderstanding, uncertainty, and evolving interpretations and
recommendations after receipt of cancer genetic test results
[6,8,71]. Thus, longitudinal follow-up to update risk estimates
and recommendations for positive results, update VUS results,
and update family history based on changing circumstancesare
needed. Yet, cancer genetic testing is often aone-time encounter
with agenetic counsel or, as opposed to an ongoing relationship
with continuity of care. This leaves the responsibility for
follow-up, updates, and longitudinal care to patients, who can
contact their genetic provider as needed, or to their other health
care providers, who may not be equipped to provide
genetic-specific updates. To address this clinically significant
gap in cancer genetic care, we developed a patient-centered
longitudinal digital GHP to support patients with longitudinal
care after receipt of their cancer genetic test results.
MyCancerGene was directly informed by the feedback from
patients and genetic providers directing both the content and
functionality of theintervention. Theinitial prototypewasthen
refined through extensive user and usability testing with patients
who had received arange of genetic test results.

Patient and genetic provider interviews identified high interest
in a patient-centered longitudinal digital GHP to support
longitudinal care. Over 90% of patients with positive results
and 75% of participantswith aVVUS or uninformative negative
results reported an interest in a patient-centered digital GHP.
The primary advantages of this type of tool, according to
patients, included increased accessibility, convenience, and
efficiency of accessing their genetic test reports and other
documentation from the genetic visits, keeping genetic
information organized, and increasing and maintaining patient
understanding through easy-to-understand materials and
educational resources. Patientsalso felt that such adigital health
tool could help with communication and sharing of materials
with relatives or other health care providers. Patients were also
in favor of receiving electronic updates through a
patient-centered digital GHP and highlighted that the
intervention would need to address privacy concerns and be
easy to use. Similar to patients, genetic providers reported that
a patient-centered digital GHP could help patients share
information with relatives and other health care providers and
help patients to update the genetics team about new health
information (ie, personal or family history or new test results
inthefamily). Patients and genetic providers also felt the portal
may help provide a mechanism to update patients with new
information about genetic results. While many providers
endorsed this tool as a place to electronically store documents
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for patients, some noted that this could be redundant to what is
already provided in the electronic health portal, and the added
value was unclear.

A key component of thisformative work wasto determine, from
the patient and genetic provider standpoint, what content and
functionsthis patient-centered digital GHP (ie, MyCancerGene)
should include. Patient and provider input identified 8 key
components of thetool and most were endorsed by both patients
and providers as useful for longitudinal care. These included
the following pages: Landing Page, Summary of Care, My
Genetic Test Results, My Family History, Provide an Update,
Review an Update, Resources, and a Screenings Tracker.
Patients and providers also addressed several key functions,
including the ability to download and print materials and the
inclusion of reminders and engagement functions. Theiterative
user and usability testing helped inform changes to increase
ease of access by making the layout and design more intuitive,
changes to content to increase understanding, the inclusion of
a glossary with defined terms, the addition of educational
resources, and changesto pictures and colorsto help with patient
understanding and overal experience. Integrating
MyCancerGene into other health portals, providing access to
relatives, and synchronizing screening trackers with personal
calendars were unable to be incorporated at the time but were
identified as future content or functions that could be helpful.

While most patients and genetic providers endorsed advantages
and benefits of a patient-centered digital GHP, some identified
potential challenges. Some participants had privacy or security
concerns, and a few anticipated that reviewing past or updated
information regarding genetic risk electronically could be
upsetting or distressing. A few aso commented that
MyCancerGene would be yet another health portal that could
create additional log-in credentials, which can be hard to recall.
Patient and provider comfort levels also varied with the return
of updated VUSresultsin MyCancerGene. While patientswere
comfortable with updates (ie, even VUS reclassification
upgradesor clinically significant results), genetic providers had
mixed feelings on the appropriateness of sharing upgraded VUS
resultsthrough MyCancerGene. After sharing the overwhelming
support among patients to make a choice for themselvesiif they
are ready for updated information about their results, genetic
providers were more open to this option, although some still
had reservations. Thiswill be an important outcometo evaluate
in future longitudinal studies given the variable opinions from
patients and genetic providers.

Another primary challenge identified by both patients and
genetic providers is the strong desire to have such a genetic
portal integrated with the existing EHR. Technological
challenges in integrating the Oracle based system with the
existing EHR and long queues and prioritization for already
existing EHR modifications were barriers to developing
MyCancerGeneinitially asan integrated component of the EHR.
Furthermore, it was felt that establishing efficacy would be
important to determining prioritization, value, and investment
in future integration. Another concern was the availability of a
variety of different EHR platforms available and institutions
might differ in their choice of platform used, which could limit
future implementation. For these reasons, the intervention was
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built as a proof of concept for arandomized trial with plansto
engage an IT integration committee throughout the trial to
consider how MyCancerGene could beintegrated with the EHR
in the future. Of note, the genetic provider—facing component
of MyCancerGene would need to be developed and tested at
the time of future integration.

Limitations

Some limitations to our formative research and devel opment
are acknowledged. The hypothetical query may not have aligned
with future use and benefits. Thus, a randomized trial of the
intervention compared to usual care is planned and may better
define real-world benefits and outcomes. Asnoted earlier, some
desired components and functions could not be included, and
this may limit the benefits, although these could be devel oped
for future versions of MyCancerGene. In addition, while we
attempted to purposefully identify sociodemographically diverse
patients, some declined participation, and given funding
timelines, the user-testing evaluations were more limited in
diversity and could have benefited from a more diverse patient
population. Recruiting from both academic and community
settings in the future randomized controlled trial is planned to
assess the real-world benefits of a GHP and to reduce the

Trieu et a

possibility of contributing or exacerbating existing digital
disparities [5,44,72].

Randomized Trial

The efficacy of MyCancerGene is being evaluated in a
randomized study (NCT04774445) and compared to usual care
following the receipt of genetic testing results in real-world
clinical patients. In this ongoing study, we hypothesize that the
intervention will be associated with short-term and longitudinal
increases in knowledge, decreases in distress, increases in
communication with relatives and health care providers, and
increases in adoption of risk-reducing health behaviors.

Conclusions

The MyCancerGene digital GHP was devel oped with extensive
feedback from patients and genetic providers and may be a
useful digital health tool to enhance longitudinal patient
understanding of and affective and behavioral responses to
genetic testing, particularly in the era of evolving evidence and
risk information. Eval uation of MyCancerGenein arandomized
tria in real-world clinical settingswill determinethereal-world
uptake and clinical risks and benefits of this portal, which will
ultimately contribute to the integration and promise of
personalized genetic medicine.

Acknowledgments

Primary financial support for this work was supported by a Research Scholar grant (RSG-18-192-CPHPS) from the American

Cancer Society (AB).

Data Availability

The datasets generated and analyzed during this study are available from the corresponding author on reasonable request.

Authors Contributions

BE, SD, LF, LIW, KW, and AB were responsible for conception and design. BE, SD, LF, LIW, KW, AB were responsible for
conception and design. PT, D Fetzer, BM, KS, LG, CC, JEE, D Falcone, CL, EMW, KK, SP, ES contributed to collection and
assembly of data. BE, AB, and PT wereresponsible for dataanalysis and interpretation. PT, D Fetzer, BM, KS, LG, BE, SD, LF,
LIW, KW, CC, JEE, D Falcone, CL, EMW, KK, SP, ES, and AB contributed to manuscript writing.

Conflictsof Interest
None declared.

References

1. Khoury MJ, Gwinn M, Yoon PW, Dowling N, Moore CA, Bradley L. The continuum of translation research in genomic
medicine: how can we accelerate the appropriate integration of human genome discoveries into health care and disease
prevention? Genet Med. Oct 2007;9(10):665-674. [doi: 10.1097/gim.0b013e31815699d0]

2. CoallinsFS, Varmus H. A new initiative on precision medicine. N Engl JMed. Feb 26, 2015;372(9):793-795. [doi:
10.1056/nejmp1500523]

3. Burke W, Psaty BM. Personalized medicine in the era of genomics. JAMA. Oct 10, 2007;298(14):1682-1684. [doi:
10.1001/jama.298.14.1682] [Medline: 17925520]

4. Bombard Y, Bach PB, Offit K. Translating genomicsin cancer care. J Natl Compr Canc Netw. Nov 13,
2013;11(11):1343-1353. [doi: 10.6004/jnccn.2013.0158] [Medline: 24225968]

5. BombardY, Ginsburg GS, Sturm AC, Zhou AY, Lemke AA. Digital health-enabled genomics. opportunitiesand challenges.
AmJHum Genet. Jul 07, 2022;109(7):1190-1198. [FREE Full text] [doi: 10.1016/j.a/hg.2022.05.001] [Medline: 35803232]

6.  TungN, Domchek SM, Stadler Z, Nathanson KL, Couch F, Garber JE, et al. Counselling framework for moderate-penetrance
cancer-susceptibility mutations. Nat Rev Clin Oncol. Sep 14, 2016;13(9):581-588. [FREE Full text] [doi:
10.1038/nrclinonc.2016.90] [Medline: 27296296]

https:/formative.jmir.org/2025/1/€56282 JMIR Form Res 2025 | vol. 9| €56282 | p. 19

(page number not for citation purposes)


http://dx.doi.org/10.1097/gim.0b013e31815699d0
http://dx.doi.org/10.1056/nejmp1500523
http://dx.doi.org/10.1001/jama.298.14.1682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17925520&dopt=Abstract
http://dx.doi.org/10.6004/jnccn.2013.0158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24225968&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9297(22)00207-5
http://dx.doi.org/10.1016/j.ajhg.2022.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35803232&dopt=Abstract
https://europepmc.org/abstract/MED/27296296
http://dx.doi.org/10.1038/nrclinonc.2016.90
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27296296&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Trieu et a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Domchek SM, Bradbury A, Garber JE, Offit K, Robson ME. Multiplex genetic testing for cancer susceptibility: out on the
high wire without a net? J Clin Oncol. Apr 01, 2013;31(10):1267-1270. [doi: 10.1200/jc0.2012.46.9403]

Bradbury AR, Patrick-Miller L, Domchek S. Multiplex genetic testing: reconsidering utility and informed consent in the
eraof next-generation sequencing. Genet Med. Feb 2015;17(2):97-98. [FREE Full text] [doi: 10.1038/gim.2014.85] [Medline:
25032987]

Pilarski R. How have multigene panels changed the clinical practice of genetic counseling and testing. J Natl Compr Canc
Netw. Jan 06, 2021;19(1):103-108. [doi: 10.6004/jnccn.2020.7674] [Medline: 33406496]

Hamilton JG, Robson ME. Psychosocial effects of multigene panel testing in the context of cancer genomics. Hastings
Cent Rep. May 03, 2019;49 Suppl 1(Suppl 1):S44-S52. [FREE Full text] [doi: 10.1002/hast.1016] [Medline: 31268573]
Burke W, Parens E, Chung WK, Berger SM, Appelbaum PS. The challenge of genetic variants of uncertain clinical
significance. Ann Intern Med. Jul 2022;175(7):994-1000. [doi: 10.7326/m21-4109]

BalmafiaJ, Digiovanni L, Gaddam P, Walsh MF, Joseph V, Stadler ZK, et al. Conflicting interpretation of genetic variants
and cancer risk by commercial laboratories as assessed by the prospective registry of multiplex testing. J Clin Oncol. Dec
01, 2016;34(34):4071-4078. [doi: 10.1200/jc0.2016.68.4316]

Susswein LR, Marshall ML, Nusbaum R, Vogel Postula KJ, Weissman SM, Yackowski L, et al. Pathogenic and likely
pathogenic variant prevalence among thefirst 10,000 patientsreferred for next-generation cancer panel testing. Genet Med.
Aug 2016;18(8):823-832. [FREE Full text] [doi: 10.1038/gim.2015.166] [Medline: 26681312]

Adam F, Fluri M, Scherz A, Rabaglio M. Occurrence of variants of unknown clinical significance in genetic testing for
hereditary breast and ovarian cancer syndrome and Lynch syndrome: aliterature review and analytical observational
retrospective cohort study. BMC Med Genomics. Jan 16, 2023;16(1):7. [FREE Full text] [doi: 10.1186/s12920-023-01437-7]
[Medline: 36647026]

Gould D, Walker R, Makari-Judson G, Seven M. Experiences of individuals with a variant of uncertain significance on
genetic testing for hereditary cancer risks: a mixed method systematic review. J Community Genet. Aug 12,
2022;13(4):371-379. [FREE Full text] [doi: 10.1007/s12687-022-00600-4] [Medline: 35819584]

Pyeritz RE. The coming explosion in genetic testing — is there a duty to recontact? N Engl JMed. Oct 13,
2011;365(15):1367-1369. [doi: 10.1056/nejmpl107564]

Makhnoon S, Levin B, Ensinger M, Mattie K, Volk RJ, Zhao Z, et al. A multicenter study of clinical impact of variant of
uncertain significance reclassification in breast, ovarian and colorectal cancer susceptibility genes. Cancer Med. Feb 24,
2023;12(3):2875-2884. [FREE Full text] [doi: 10.1002/cam4.5202] [Medline: 36426404]

Kwong A, Ho CY, Shin VY, Au CH, Chan TL, MaES. How does re-classification of variants of unknown significance
(VUS) impact the management of patientsat risk for hereditary breast cancer? BMC Med Genomics. May 31, 2022;15(1):122.
[FREE Full text] [doi: 10.1186/s12920-022-01270-4] [Medline: 35641994]

Cheon JY, Mozersky J, Cook-Deegan R. Variants of uncertain significance in BRCA: a harbinger of ethical and policy
issues to come? Genome Med. Dec 19, 2014;6(12):121. [FREE Full text] [doi: 10.1186/s13073-014-0121-3] [Medline:
25593598]

Murray ML, Cerrato F, Bennett RL, Jarvik GP. Follow-up of carriers of BRCA1 and BRCA2 variants of unknown
significance: variant reclassification and surgical decisions. Genet Med. Dec 2011;13(12):998-1005. [doi:
10.1097/gim.0b013e318226fc15]

Hoffman-Andrews L. The known unknown: the challenges of genetic variants of uncertain significancein clinical practice.
JLaw Biosci. Dec 2017;4(3):648-657. [FREE Full text] [doi: 10.1093/j1b/Isx038] [Medline: 29868193]

Peterson JF, Roden DM, Orlando LA, Ramirez AH, Mensah GA, Williams MS. Building evidence and measuring clinical
outcomes for genomic medicine. The Lancet. Aug 2019;394(10198):604-610. [doi: 10.1016/s0140-6736(19)31278-4]
Yanes T, WillisAM, Meiser B, Tucker KM, Best M. Psychosocial and behavioral outcomes of genomic testing in cancer:
a systematic review. Eur JHum Genet. Jan 11, 2019;27(1):28-35. [FREE Full text] [doi: 10.1038/s41431-018-0257-5]
[Medline: 30206354]

Culver JO, Ricker CN, Bonner J, Kidd J, Sturgeon D, Hodan R, et al. Psychosocia outcomes following germline multigene
panel testing in an ethnically and economically diverse cohort of patients. Cancer. Apr 15, 2021;127(8):1275-1285. [FREE
Full text] [doi: 10.1002/cncr.33357] [Medline: 33320347]

Carlsson L, Thain E, Gillies B, Metcalfe K. Psychological and health behaviour outcomes following multi-gene panel
testing for hereditary breast and ovarian cancer risk: amini-review of the literature. Hered Cancer Clin Pract. Jun 22,
2022;20(1):25. [FREE Full text] [doi: 10.1186/s13053-022-00229-x] [Medline: 35733200]

Jacobs C, Patch C, Michie S. Communication about genetic testing with breast and ovarian cancer patients: a scoping
review. Eur JHum Genet. Apr 20, 2019;27(4):511-524. [FREE Full text] [doi: 10.1038/s41431-018-0310-4] [Medline:
30573802]

Lumish HS, Steinfeld H, Koval C, Russo D, Levinson E, Wynn J, et al. Impact of panel gene testing for hereditary breast
and ovarian cancer on patients. J Genet Couns. Oct 29, 2017;26(5):1116-1129. [FREE Full text] [doi:
10.1007/s10897-017-0090-y] [Medline: 28357778]

https:/formative.jmir.org/2025/1/€56282 JMIR Form Res 2025 | vol. 9| €56282 | p. 20

(page number not for citation purposes)


http://dx.doi.org/10.1200/jco.2012.46.9403
https://linkinghub.elsevier.com/retrieve/pii/S1098-3600(21)02836-7
http://dx.doi.org/10.1038/gim.2014.85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25032987&dopt=Abstract
http://dx.doi.org/10.6004/jnccn.2020.7674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33406496&dopt=Abstract
https://europepmc.org/abstract/MED/31268573
http://dx.doi.org/10.1002/hast.1016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31268573&dopt=Abstract
http://dx.doi.org/10.7326/m21-4109
http://dx.doi.org/10.1200/jco.2016.68.4316
https://linkinghub.elsevier.com/retrieve/pii/S1098-3600(21)04420-8
http://dx.doi.org/10.1038/gim.2015.166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26681312&dopt=Abstract
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-023-01437-7
http://dx.doi.org/10.1186/s12920-023-01437-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36647026&dopt=Abstract
https://europepmc.org/abstract/MED/35819584
http://dx.doi.org/10.1007/s12687-022-00600-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35819584&dopt=Abstract
http://dx.doi.org/10.1056/nejmp1107564
https://europepmc.org/abstract/MED/36426404
http://dx.doi.org/10.1002/cam4.5202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36426404&dopt=Abstract
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01270-4
http://dx.doi.org/10.1186/s12920-022-01270-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35641994&dopt=Abstract
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-014-0121-3
http://dx.doi.org/10.1186/s13073-014-0121-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25593598&dopt=Abstract
http://dx.doi.org/10.1097/gim.0b013e318226fc15
https://europepmc.org/abstract/MED/29868193
http://dx.doi.org/10.1093/jlb/lsx038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29868193&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(19)31278-4
https://europepmc.org/abstract/MED/30206354
http://dx.doi.org/10.1038/s41431-018-0257-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30206354&dopt=Abstract
https://europepmc.org/abstract/MED/33320347
https://europepmc.org/abstract/MED/33320347
http://dx.doi.org/10.1002/cncr.33357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33320347&dopt=Abstract
https://hccpjournal.biomedcentral.com/articles/10.1186/s13053-022-00229-x
http://dx.doi.org/10.1186/s13053-022-00229-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35733200&dopt=Abstract
https://europepmc.org/abstract/MED/30573802
http://dx.doi.org/10.1038/s41431-018-0310-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30573802&dopt=Abstract
https://europepmc.org/abstract/MED/28357778
http://dx.doi.org/10.1007/s10897-017-0090-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28357778&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Trieu et a

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

Mighton C, Shickh S, Uleryk E, Pechlivanoglou P, Bombard Y. Clinical and psychological outcomes of receiving a variant
of uncertain significance from multigene panel testing or genomic sequencing: a systematic review and meta-anaysis.
Genet Med. Jan 2021;23(1):22-33. [FREE Full text] [doi: 10.1038/s41436-020-00957-2] [Medline: 32921787)
Kilbride MK, Egleston BL, Hall MJ, Patrick-Miller LJ, Daly MB, Ganschow P, et al. Longitudinal follow-up after telephone
disclosure in the randomized COGENT study. Genet Med. Aug 2020;22(8):1401-1406. [FREE Full text] [doi:
10.1038/s41436-020-0808-3] [Medline: 32376981]

Swisher EM, Rayes N, Bowen D, Peterson CB, Norquist BM, Coffin T, et al. Remotely delivered cancer genetic testing in
the making genetic testing accessible (MAGENTA) tria: arandomized clinical trial. JAMA Oncol. Nov 01,
2023;9(11):1547-1555. [doi: 10.1001/jamaoncol.2023.3748] [Medline: 37707822]

RanaHQ, RainvilleIR, VaidyaA. Genetic testing in the clinical care of patientswith pheochromocytomaand paraganglioma.
Curr Opin Endocrinol Diabetes Obes. Jun 2014;21(3):166-176. [doi: 10.1097/M ED.0000000000000059] [Medline: 24739310]
Rashkin MD, Bowes J, Dunaway K, Dhaliwal J, LoomisE, Riffle S, et al. Genetic counseling, 2030: an on-demand service
tailored to the needs of a price conscious, genetically literate, and busy world. J Genet Couns. Apr 09, 2019;28(2):456-465.
[doi: 10.1002/jgc4.1123] [Medline: 30964579]

Terry AB, Wylie A, Raspa M, Vogel B, Sanghavi K, Djurdjinovic L, et a. Clinical models of telehealth in genetics: a
regional telegeneticslandscape. JGenet Couns. Jun 02, 2019;28(3):673-691. [doi: 10.1002/jgc4.1088] [Medline: 30825358]
Ingtitute of Medicine, Committee on Quality of Health Carein America. Crossing the Quality Chasm: A New Health System
for the 21st Century. Washington, DC. National Academies Press; 2001.

Epstein RM, FiscellaK, Lesser CS, Stange KC. Why the nation needs a policy push on patient-centered health care. Health
Aff (Millwood). Aug 2010;29(8):1489-1495. [doi: 10.1377/hlthaff.2009.0888] [Medline: 20679652]

Ammenwerth E, Schnell-Inderst P, Hoerbst A. The impact of electronic patient portals on patient care: a systematic review
of controlled trials. JMed Internet Res. Nov 26, 2012;14(6):€162. [FREE Full text] [doi: 10.2196/jmir.2238] [Medline:
23183044]

Lin CT, Wittevrongel L, MooreL, Beaty BL, Ross SE. Aninternet-based patient-provider communication system: randomized
controlled trial. JMed Internet Res. Aug 05, 2005;7(4):e47. [FREE Full text] [doi: 10.2196/jmir.7.4.e47] [Medline: 16236699
Delbanco T, Sands DZ. Electronsin flight — e-mail between doctors and patients. N Engl JMed. Apr 22,
2004;350(17):1705-1707. [doi: 10.1056/nejmp038209]

Cdlixte R, Rivera A, Oridota O, Beauchamp W, Camacho-RiveraM. Social and demographic patterns of health-related
internet use among adultsin the United States: a secondary data analysis of the health information national trends survey.
Int J Environ Res Public Health. Sep 19, 2020;17(18):6856. [FREE Full text] [doi: 10.3390/ijerph17186856] [Medline:
32961766]

Perrin A, Atske S. 7% of Americans don't use the internet. Who are they? Pew Research Center. Apr 2, 2021. URL : https:/
/www.pewresearch.org/short-reads/2021/04/02/7-of -ameri cans-dont-use-the-internet-who-are-they/ [ accessed 2025-02-06]
Liederman EM, Morefield CS. Web messaging: anew tool for patient-physician communication. JAm Med Inform Assoc.
2003;10(3):260-270. [FREE Full text] [doi: 10.1197/jamia.M1259] [Medline: 12626378]

Dendere R, Slade C, Burton-Jones A, Sullivan C, Staib A, Janda M. Patient portal s facilitating engagement with inpatient
electronic medical records: a systematic review. JMed Internet Res. Apr 11, 2019;21(4):e12779. [EREE Full text] [doi:
10.2196/12779] [Medline: 30973347]

Murray E, Burns J, See TS, La R, Nazareth . Interactive health communication applications for people with chronic
disease. Cochrane Database Syst Rev. Oct 19, 2005;(4):CD004274. [doi: 10.1002/14651858.CD004274.pub4] [Medline:
16235356]

Bombard Y, Hayeems RZ. How digital tools can advance quality and equity in genomic medicine. Nat Rev Genet. Sep 29,
2020;21(9):505-506. [FREE Full text] [doi: 10.1038/s41576-020-0260-x] [Medline: 32601319]

Kruse CS, Bolton K, Freriks G. The effect of patient portals on quality outcomes and itsimplications to meaningful use: a
systematic review. J Med Internet Res. Feb 10, 2015;17(2):e44. [FREE Full text] [doi: 10.2196/jmir.3171] [Medline:
25669240]

Bergsund E, CvancarovaM, Moore SM, Ekstedt M, Ruland CM. Comparing effectsin regular practice of e-communication
and web-based self-management support among breast cancer patients: preliminary results from a randomized controlled
trial. JMed Internet Res. Dec 18, 2014;16(12):€295. [FREE Full text] [doi: 10.2196/jmir.3348] [Medline: 25525672]
Goldzweig CL, Orshansky G, Paige NM, Towfigh AA, Haggstrom DA, Miake-Lye, et a. Electronic patient portals:
evidence on health outcomes, satisfaction, efficiency, and attitudes: a systematic review. Ann Intern Med. Nov 19,
2013;159(10):677-687. [doi: 10.7326/0003-4819-159-10-201311190-00006] [Medline: 24247673]

KruseCS, ArguetaDA, Lopez L, Nair A. Patient and provider attitudestoward the use of patient portalsfor the management
of chronic disease: asystematic review. JMed Internet Res. Feb 20, 2015;17(2):e40. [FREE Full text] [doi: 10.2196/jmir.3703]
[Medline: 25707035]

YunYH, LeeKS, Kim YW, Park SY, Lee ES, Noh DY, et al. Web-based tail ored education program for disease-free cancer
survivors with cancer-related fatigue: arandomized controlled trial. J Clin Oncol. Apr 20, 2012;30(12):1296-1303. [doi:
10.1200/jc0.2011.37.2979]

https:/formative.jmir.org/2025/1/€56282 JMIR Form Res 2025 | vol. 9] 56282 | p. 21

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1098-3600(21)02514-4
http://dx.doi.org/10.1038/s41436-020-00957-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32921787&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3600(21)00690-0
http://dx.doi.org/10.1038/s41436-020-0808-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32376981&dopt=Abstract
http://dx.doi.org/10.1001/jamaoncol.2023.3748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37707822&dopt=Abstract
http://dx.doi.org/10.1097/MED.0000000000000059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24739310&dopt=Abstract
http://dx.doi.org/10.1002/jgc4.1123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30964579&dopt=Abstract
http://dx.doi.org/10.1002/jgc4.1088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30825358&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2009.0888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20679652&dopt=Abstract
https://www.jmir.org/2012/6/e162/
http://dx.doi.org/10.2196/jmir.2238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23183044&dopt=Abstract
https://www.jmir.org/2005/4/e47/
http://dx.doi.org/10.2196/jmir.7.4.e47
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16236699&dopt=Abstract
http://dx.doi.org/10.1056/nejmp038209
https://www.mdpi.com/resolver?pii=ijerph17186856
http://dx.doi.org/10.3390/ijerph17186856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32961766&dopt=Abstract
https://www.pewresearch.org/short-reads/2021/04/02/7-of-americans-dont-use-the-internet-who-are-they/
https://www.pewresearch.org/short-reads/2021/04/02/7-of-americans-dont-use-the-internet-who-are-they/
https://europepmc.org/abstract/MED/12626378
http://dx.doi.org/10.1197/jamia.M1259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12626378&dopt=Abstract
https://www.jmir.org/2019/4/e12779/
http://dx.doi.org/10.2196/12779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973347&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD004274.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16235356&dopt=Abstract
https://europepmc.org/abstract/MED/32601319
http://dx.doi.org/10.1038/s41576-020-0260-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32601319&dopt=Abstract
https://www.jmir.org/2015/2/e44/
http://dx.doi.org/10.2196/jmir.3171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25669240&dopt=Abstract
https://www.jmir.org/2014/12/e295/
http://dx.doi.org/10.2196/jmir.3348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25525672&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-159-10-201311190-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24247673&dopt=Abstract
https://www.jmir.org/2015/2/e40/
http://dx.doi.org/10.2196/jmir.3703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25707035&dopt=Abstract
http://dx.doi.org/10.1200/jco.2011.37.2979
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Trieu et a

50. Krist AH, Woolf SH, Rothemich SF, Johnson RE, Peele JE, Cunningham TD, et al. Interactive preventive health record to
enhance delivery of recommended care: arandomized trial. Ann Fam Med. Jul 09, 2012;10(4):312-319. [FREE Full text]
[doi: 10.1370/afm.1383] [Medline; 22778119]

51. Ruland CM, Andersen T, Jeneson A, Moore S, Grimsbg GH, Bergsund E, et a. Effects of an internet support system to
assist cancer patients in reducing symptom distress: arandomized controlled trial. Cancer Nurs. 2013;36(1):6-17. [doi:
10.1097/NCC.0b013e31824d90d4] [Medline: 22495503]

52.  Tuil WS, Verhaak CM, Braat DD, de Vries Robbé PF, Kremer JA. Empowering patients undergoing in vitro fertilization
by providing internet accessto medical data. Fertil Steril. Aug 2007;88(2):361-368. [doi: 10.1016/j.fertnstert.2006.11.197]
[Medline: 17416366]

53. Chou WY, Prestin A, Lyons C, Wen KY. Web 2.0 for health promotion: reviewing the current evidence. Am J Public
Health. Jan 2013;103(1):€9-18. [doi: 10.2105/gjph.2012.301071]

54. Goel MS, Brown TL, Williams A, Cooper AJ, Hasnain-Wynia R, Baker DW. Patient reported barriersto enrolling in a
patient portal. JAm Med Inform Assoc. Dec 01, 2011;18 Suppl 1(Suppl 1):i8-12. [FREE Full text] [doi:
10.1136/amiajnl-2011-000473] [Medline: 22071530]

55.  AmanteDJ, Hogan TP, Pagoto SL, English TM. A systematic review of electronic portal usage among patientswith diabetes.
Diabetes Technol Ther. Nov 2014;16(11):784-793. [doi: 10.1089/dia.2014.0078] [Medline: 24999599]

56. Wagner PJ, DiasJ, Howard S, Kintziger KW, Hudson MF, Seol Y H, et al. Personal health records and hypertension control:
arandomized trial. JAm Med Inform Assoc. Jul 01, 2012;19(4):626-634. [EREE Full text] [doi:
10.1136/amiajnl-2011-000349] [Medline: 22234404]

57. RondaMC, Dijkhorst-Oei LT, Rutten GE. Reasons and barriers for using a patient portal: survey among patients with
diabetes mellitus. JMed Internet Res. Nov 25, 2014;16(11):€263. [FREE Full text] [doi: 10.2196/jmir.3457] [Medline:
25424228]

58. Coughlin SS, Prochaska JJ, Williams LB, Besenyi GM, Heboyan V, Goggans DS, et a. Patient web portals, disease
management, and primary prevention. Risk Manag Healthc Policy. Apr 2017;VVolume 10:33-40. [doi: 10.2147/rmhp.s130431]

59. lIrizarry T, DeVito Dabbs A, Curran CR. Patient portals and patient engagement: astate of the science review. JMed Internet
Res. Jun 23, 2015;17(6):€148. [FREE Full text] [doi: 10.2196/jmir.4255] [Medline: 26104044]

60. LylesCR, Nelson EC, Frampton S, Dykes PC, Cemballi AG, Sarkar U. Using electronic health record portals to improve
patient engagement: research priorities and best practices. Ann Intern Med. Jun 02, 2020;172(11_Supplement):S123-S129.
[doi: 10.7326/m19-0876]

61. KimT, White K, DuGoff E. Racia/ethnic variations in social determinants of mental health among medicare advantage
beneficiaries. J Appl Gerontol. Mar 17, 2022;41(3):690-698. [doi: 10.1177/07334648211039311] [Medline: 34404243]

62. TuanWJ, Mellott M, Arndt BG, Jones J, Simpson AN. Disparitiesin use of patient portalsamong adultsin family medicine.
JAm Board Fam Med. May 31, 2022;35(3):559-569. [FREE Full text] [doi: 10.3122/jabfm.2022.03.210486] [Medline:
35641056]

63. Bradbury A, Patrick-Miller L, Egleston B, Hall MJ, Domchek SM, Daly MB, et a. Randomized noninferiority trial of
telephone vs in-person disclosure of germline cancer genetic test results. J Natl Cancer Inst. Sep 01, 2018;110(9):985-993.
[FREE Full text] [doi: 10.1093/jnci/djy015] [Medline: 29490071]

64. PopeC, van Royen P, Baker R. Qualitative methods in research on healthcare quality. Qual Saf Health Care. Jun
2002;11(2):148-152. [FREE Full text] [doi: 10.1136/ghc.11.2.148] [Medline: 12448807]

65. Ritchie J, Spencer L. Qualitative data analysis for applied policy research. In: Bryman A, Burgess B, editors. Analyzing
Qualitative Data. London, UK. Routledge; 1994.

66. GaeNK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of qualitative datain
multi-disciplinary health research. BMC Med Res Methodol. Sep 18, 2013;13(1):117. [FREE Full text] [doi:
10.1186/1471-2288-13-117] [Medline: 24047204]

67. Rogers EM. Diffusion of Innovations. New York, NY. Free Press; 1983.

68. Berwick DM. Disseminating innovationsin health care. JAMA. Apr 16, 2003;289(15):1969-1975. [doi:
10.100V/jama.289.15.1969] [Medline: 12697800]

69. Greenhalgh T, Stramer K, Bratan T, Byrne E, Mohammad Y, Russell J. Introduction of shared el ectronic records: multi-site
case study using diffusion of innovation theory. BMJ. Oct 23, 2008;337(oct23 1):a1786. [FREE Full text] [doi:
10.1136/bmj.a1786] [Medline: 18948344]

70. Pelletier AC, Jethwani K, Bello H, Kvedar J, Grant RW. Implementing a web-based home monitoring system within an
academic health care network: barriers and facilitators to innovation diffusion. J Diabetes Sci Technol. Jan 01,
2011;5(1):32-38. [FREE Full text] [doi: 10.1177/193229681100500105] [Medline: 21303622]

71. Bradbury AR, Patrick-Miller L, Long J, Powers J, Stopfer J, Forman A, et al. Development of atiered and binned genetic
counseling model for informed consent in the era of multiplex testing for cancer susceptibility. Genet Med. Jun
2015;17(6):485-492. [FREE Full text] [doi: 10.1038/gim.2014.134] [Medline: 25297947]

72. Kilbride M, Egleston BL, Chung WK, Olopade O, Maxwell KN, Shah P, et a. Uptake of genetic research results and
patient-reported outcomes with return of results incorporating web-based predisclosure education. J Clin Oncol. Nov 01,
2023;41(31):4905-4915. [doi: 10.1200/jco.22.00516]

https:/formative.jmir.org/2025/1/€56282 JMIR Form Res 2025 | vol. 9| €56282 | p. 22

(page number not for citation purposes)


http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=22778119
http://dx.doi.org/10.1370/afm.1383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22778119&dopt=Abstract
http://dx.doi.org/10.1097/NCC.0b013e31824d90d4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22495503&dopt=Abstract
http://dx.doi.org/10.1016/j.fertnstert.2006.11.197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17416366&dopt=Abstract
http://dx.doi.org/10.2105/ajph.2012.301071
https://europepmc.org/abstract/MED/22071530
http://dx.doi.org/10.1136/amiajnl-2011-000473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22071530&dopt=Abstract
http://dx.doi.org/10.1089/dia.2014.0078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24999599&dopt=Abstract
https://europepmc.org/abstract/MED/22234404
http://dx.doi.org/10.1136/amiajnl-2011-000349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22234404&dopt=Abstract
https://www.jmir.org/2014/11/e263/
http://dx.doi.org/10.2196/jmir.3457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25424228&dopt=Abstract
http://dx.doi.org/10.2147/rmhp.s130431
https://www.jmir.org/2015/6/e148/
http://dx.doi.org/10.2196/jmir.4255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26104044&dopt=Abstract
http://dx.doi.org/10.7326/m19-0876
http://dx.doi.org/10.1177/07334648211039311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34404243&dopt=Abstract
http://www.jabfm.org/cgi/pmidlookup?view=long&pmid=35641056
http://dx.doi.org/10.3122/jabfm.2022.03.210486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35641056&dopt=Abstract
https://europepmc.org/abstract/MED/29490071
http://dx.doi.org/10.1093/jnci/djy015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29490071&dopt=Abstract
https://qualitysafety.bmj.com/lookup/pmidlookup?view=long&pmid=12448807
http://dx.doi.org/10.1136/qhc.11.2.148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12448807&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-117
http://dx.doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24047204&dopt=Abstract
http://dx.doi.org/10.1001/jama.289.15.1969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12697800&dopt=Abstract
https://europepmc.org/abstract/MED/18948344
http://dx.doi.org/10.1136/bmj.a1786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18948344&dopt=Abstract
https://europepmc.org/abstract/MED/21303622
http://dx.doi.org/10.1177/193229681100500105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21303622&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3600(21)04972-8
http://dx.doi.org/10.1038/gim.2014.134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25297947&dopt=Abstract
http://dx.doi.org/10.1200/jco.22.00516
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Trieu et a

Abbreviations

COGENT: Communication of Genetic Test Results by Telephone
EHR: electronic health record

GHP: genetic health portal

MGPT: multigene panel testing

OR: oddsratio

VUS: variants of uncertain significance

Edited by A Mavragani; submitted 29.02.24; peer-reviewed by A Hassan, R Bidkar, J Rivera Rivera; comments to author 20.05.24;
revised version received 08.07.24; accepted 06.09.24; published 14.05.25

Please cite as:

Trieu P, Fetzer D, McLeod B, Schweickert K, Gutstein L, Egleston B, Domchek S, Fleisher L, Wagner L, Wen K-Y, Cacioppo C,
Ebrahimzadeh JE, Falcone D, Langer C, Wood E, Karpink K, Posen S, Selmani E, Bradbury AR

Developing the MyCancer Gene Digital Health Portal to Improve Patients’ Understanding of Germline Cancer Genetic Test Results:
Development, User, and Usability Testing Study

JMIR Form Res 2025; 9:€56282

URL: https://formative.jmir.org/2025/1/e56282

doi: 10.2196/56282

PMID:

©Phillip Trieu, Dominique Fetzer, Briana McLeod, Kathryn Schweickert, Lauren Gutstein, Brian Egleston, Susan Domchek,
Linda Fleisher, Lynne Wagner, Kuang-Yi Wen, Cara Cacioppo, Jessica E Ebrahimzadeh, Dana Falcone, Claire Langer, Elisabeth
Wood, Kelsey Karpink, Shelby Posen, Enida Selmani, Angela R Bradbury. Originally published in IMIR Formative Research
(https://formative,jmir.org), 14.05.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

https:/formative.jmir.org/2025/1/€56282 JMIR Form Res 2025 | vol. 9| €56282 | p. 23
(page number not for citation purposes)

RenderX


https://formative.jmir.org/2025/1/e56282
http://dx.doi.org/10.2196/56282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

