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(S I N

Abstract: A Variant of Uncertain Significance (VUS) is a difference in the DNA sequence with
uncertain consequences for gene function. A VUS in a hereditary cancer gene should not change
medical care, yet some patients undergo medical procedures based on their VUS result, highlighting
the unmet educational needs among patients and healthcare providers. To address this need, we
developed, evaluated, and refined novel educational materials to explain that while VUS results
do not change medical care, it remains important to share any personal or family history of cancer
with family members given that their personal and family medical history can guide their cancer
risk management. We began by reviewing the prior literature and transcripts from interviews
with six individuals with a VUS result to identify content and design considerations to incorporate
into educational materials. We then gathered feedback to improve materials via a focus group of
multidisciplinary experts and multiple rounds of semi-structured interviews with individuals with
a VUS result. Themes for how to improve content, visuals, and usefulness were used to refine the
materials. In the final round of interviews with an additional 10 individuals with a VUS result,
materials were described as relatable, useful, factual, and easy to navigate, and also increased their
understanding of cancer gene VUS results.

Keywords: ambiguity; cancer gene; family sharing; genetics; variant of uncertain significance; VUS

1. Introduction

Approximately 5% of all colorectal cancers and 5 to 10% of breast cancers are caused
by hereditary cancer predisposition syndromes that result from inheriting a germline
pathogenic or likely pathogenic variant (GPV) in any one of several cancer risk genes [1,2].
Improvements in access to genetic testing and the ability to test for many genes simulta-
neously at a similar cost as testing for one or two genes have led to a higher number of
patients identified as having a Variant of Uncertain Significance (VUS) result. Unlike GPVs,
which are known to increase cancer risk, a VUS result has an uncertain impact on gene
function and cancer risks. In a large study, 90% of VUS results were eventually downgraded
to a negative result [3]. Based on several guidelines, including the American College of
Medical Genetics (ACMG) and the National Comprehensive Cancer Network (NCCN),
a VUS in a hereditary cancer gene should not change a patient’s medical management,
and it is vital for patients to understand these guidelines to prevent unnecessary medical
interventions [4,5].

While a VUS should not influence medical management, it remains important to
discuss any personal and family history of cancer to guide cancer risk management among
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those with a VUS, similar to what is advised for those with negative genetic test results.
For example, individuals who have a first-degree relative with certain types of cancer, such
as breast or colorectal cancer, are at a higher risk for cancer themselves, and changes in
cancer risk management, such as heightened cancer surveillance, may be warranted based
on this familial risk [6-10].

While family history may justify increased cancer surveillance, misinterpretation of
VUS results may result in risk-reducing surgeries in some patients [11]. This illustrates
the need to educate both patients and healthcare providers about VUS results, while
simultaneously using the opportunity to highlight the ongoing importance of considering
familial cancer risks. Through this study, we sought to develop, evaluate, and refine novel
educational materials to explain VUS results and educate individuals on how sharing
information about a personal or family history of cancer remains useful as it can guide
cancer risk management among family members.

2. Methods

We utilized an iterative process that began with an educational needs assessment to
inform the development of VUS educational materials. This was followed by a three-step
evaluation of the materials interspersed with several rounds of revisions. Our methods
were determined to constitute an evaluation of educational materials by the University
of South Florida’s Institutional Review Board (IRB) rather than human subjects research.
Nevertheless, all individuals who provided feedback as part of our process received an
informational sheet (similar to an informed consent document) and consented to reviewing
the materials and answering questions while being recorded.

2.1. Educational Needs Assessment and Materials Development

The primary goal of our needs assessment was to identify common misconceptions,
key information, or messages that might be useful in designing VUS educational materials.
To achieve this goal, we reviewed the relevant VUS literature and analyzed de-identified
interview transcripts from six women with a VUS in a hereditary breast cancer risk gene that
had been conducted during a prior research effort to understand cancer risk management
and genetic test results disclosure [12].

Themes and supporting examples from both the literature and interview transcripts
were independently extracted by two team members (DC and MK) with expertise in
health education and behavior. Findings were then combined, categorized, and discussed
with the assistance of additional evaluation from team members, including experts in
health communication, genetics, and anthropology. The team revised and recategorized
themes until an agreement was reached. Team members subsequently used findings from
the needs assessment to modify an existing audio/visual tool and to create additional
educational materials.

2.2. Materials Evaluation

The three-step evaluation process included an assessment of materials based on criteria
from an established evaluation rubric, followed by two rounds of feedback elicited from
individuals with a VUS, as well as behavioral scientists and genetics experts who were not
involved in development. First, team members used the Centers for Disease Control and
Prevention (CDC) Clear Communication Index (CCI) Score Sheet [13] to assess the materials’
main messages, language level, information design, and behavioral recommendations [13].
A score of 1 was given when the material met criteria for each of the various aspects in the
checklist. A score of 0 was assigned when the material did not meet the criteria. Scores of
90 and above were considered passing.

In addjition to evaluating the materials using the CCI, team members solicited two rounds
of feedback. The first round of feedback on the materials was elicited during semi-
structured interviews and a focus group. Semi-structured interviews were conducted
with two individuals from the Inherited Cancer Registry (ICARE) [14] who were confirmed
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to have a VUS and with one genetic counselor recruited from the National Society of Genetic
Counselors (NSGC) website. A subsequent focus group to collect additional feedback was
conducted among four individuals, including a genetic counselor, clinical geneticist, and
two PhD-level scientists with expertise in public health, behavioral science, and hereditary
cancer. The first round of feedback was used to improve the acceptability, clarity, and
appropriateness of the educational materials, and revisions were made (as outlined in
Section 3. Results and Refinement of Educational Materials). Subsequently, to evaluate
the revisions to the materials, a second round of feedback was elicited during interviews
with 10 different individuals from ICARE who were confirmed to have a VUS result in a
cancer risk gene. This additional feedback supported earlier changes made to the materials
and was used to finalize and provide preliminary support for the potential efficacy of the
materials, as described in Section 3. Results and Refinement of Educational Materials.

Interviews for both rounds of feedback, as well as the focus group, were conducted
via virtual video conferencing to allow participants to review the materials and describe
their impressions in real-time. After participants provided initial feedback throughout the
materials review, questions were asked to elicit more feedback on the material’s under-
standability, appropriateness, and acceptability. Specific to the second round of feedback,
additional questions were asked to assess the usefulness of materials in sharing information
with family members and to determine if participants’ perceptions changed regarding
a VUS or cancer risks. Individual interviews and the focus group were recorded, and
responses were coded and summarized into Microsoft Excel documents that included
a list of recommendations for what to change or fix, as well as other emergent themes.
Specific to the second round of feedback, themes were further organized into categories and
subcategories with several exemplary quotes being extracted from interview recordings to
illustrate key findings.

3. Results and Refinement of Educational Materials

This section summarizes findings from each step in the development and subsequent
evaluation process and provides a few examples of changes and refinements made to
the materials.

3.1. Findings from the Educational Needs Assessment and Materials Development

First, no published research studies were identified that detailed the development or
evaluation of educational materials designed specifically for patients with a VUS in a cancer
risk gene. However, an online tool was identified to help family members of a patient with
a VUS understand VUS results, with the goal of recruiting family members into variant
interpretation research studies [15]. This online tool did not describe the development of
their information, nor did it include materials designed to increase family sharing of cancer
risk information and cancer screening.

In general, the literature review findings highlighted difficulties patients have in
understanding their VUS result and their struggle to accept the lack of healthcare recom-
mendations [6-10]. Studies report how some non-genetics providers have misinterpreted
VUS results and, in some cases, even recommended inappropriate medical interventions,
such as a prophylactic mastectomy, for VUS results that were eventually reclassified as
benign [16,17]. Patients also tend to misinterpret their own VUS results and may commu-
nicate inappropriate or confusing messages to family members [18,19]. When patients’
explanations are less reassuring and clear, it is more likely that their family members will
perceive cancer in the family as hereditary, and the VUS as being associated with higher
cancer risks [20].

Second, findings from our analysis of de-identified interview transcripts were also
used to develop VUS educational materials (see Supplemental Table S1 for characteristics
of the six participants with a VUS who had consented previously). Some participants
expressed initial confusion over their VUS results, which then turned into frustration due
to the lack of impact these results have on medical management. In contrast, other patients
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seemed to understand that although the results do not change anything now, it might be
important for family members to know about a VUS in the event that more information is
found about the VUS in the future. These findings informed messages included in our “VUS
Video: Understanding your VUS Test Result” and “Key Messages to Share (VUS/Family
History)” educational materials.

When prompted to offer advice to other individuals who might receive a VUS result,
one participant recommended disseminating risk information throughout the family in
steps, starting with the family members perceived to be the most supportive. Although
one patient expressed that sharing VUS results should be considered a necessity, another
described how they will only share their VUS with family members if it is reclassified as a
GPV. Finally, interview transcripts revealed that hearing about others” experiences may be
helpful. As such, we created educational materials entitled “Others’ Experiences with VUS
Test Results” and “Experiences with Sharing Cancer Family History.”

Together the literature review findings and the analysis of interview transcripts with
patients who have a VUS provided a rationale for developing VUS educational materials
(see column entitled “Rationale to Inform Intervention Components” in Table 1) and in-
formed the content of materials (see Table 1 for descriptions of the materials and screenshots).
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Table 1. Variant of Uncertain Significance (VUS) educational intervention components.

Educational Components
Brief Description

Intervention Screenshots
Visual Examples

Rationale to Inform Intervention Components
Literature Review and Existing Interviews

VUS/Family History Website: Overview

5 min video—Understanding your VUS test result
Frequently Asked Questions (FAQs)

Deciding whether to share a VUS test result
Empowering your family with cancer risk information
Support resources and others” experiences

VUS Video: Understanding your VUS Test Result

Discuss different types of test results
Covers why family members do not usually need clinical
testing for a VUS

o  Explains how a family history of cancer may change
medical care for individuals and their family members

Welcome!
We recommend starting with the 3-minute video.

The video will open in a new tab, then close the video to return here and explore the other resources.

Click to Watch Video

() $
ipﬁh;
-
ance

e
Frequently Asked Questions (FAQs) :»ﬁd Empower your family with cancer risk information
[

i\ Deciding whether to share VUS test results m M Support resources and others’ experiences
=

Phone: 615-875-2444 | Email: IMPACT@vumc.org

Three Types of Genetic Test Results

Variant of Uncertain :
iti Negative
Lostise Significance (VUS) E

+ ? -
No mutation found:
inherited cause for cancer
is less likely

Gene mutation found
(non-working gene):
increased cancer risk

Gene difference found:
risk unknown

Test
Result

LEARN MORE

@ Understanding
Your VUS Result

Literature Review Findings

Individuals with VUS test results need educational
materials to understand their results [21]. [Introductory
video and FAQs provide basic information and key messages.]
People with VUS results believe their cancer risks remain
high [19,22]. [Key message: Cancer risks depend on personal
and family history of cancer.]

Those with VUS results experience uncertainty and
confusion [18,23,24], which can result in inappropriate
medical decisions [21,25]. [Key messages: VUS result should
NOT be used to change medical care; medical management
should be based on cancer family history.]

Existing Patient Interviews

“Maybe like a video or something would have helped.”
(Female 1, BRCA2 VUS) [Reason video was developed.]
“Finding out that it wasn’t positive made it easier for me
to decide, because if it was positive, I was just going to do
the mastectomy” (Female 1, BRCA2 VUS). [Key message: a
VUS is different than a positive test result.]

“The way she [genetic counselor] explained it and broke
everything down for my husband and myself just made
me feel better, that basically it could end up meaning
nothing. . .they can let me know if they do find something
with it” (Female 8, BRCA1 VUS). [Key message: When VUS
results are reclassified, most are negative, meaning they do not
increase cancer risk.]

“I guess feeling confident and knowing what it means
yourself helps you to explain it to other people” (Female
1, BRCA2 VUS). [Improved understanding may increase
confidence in sharing correct information with family or other
healthcare providers.]
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Table 1. Cont.

Educational Components
Brief Description

Intervention Screenshots
Visual Examples

Rationale to Inform Intervention Components
Literature Review and Existing Interviews

Decision Making;:

Sharing your Genetic Test Result
Downloadable PDF Handout

Acknowledges that sharing one’s VUS test result is not
always easy

Provides reasons for why people may decide to share
their VUS test result

Can be printed or completed electronically

Shares a link to resources for sharing VUS test results

Should | Share My Genetic Test Result?

The decision to share a Variant of Uncertain Significance (VUS) result with
family members is not always an easy one to make.

Below are some reasons why people have or have not wanted to share their VUS result.

Check off reasons why you would

want to share your test result

AWUS result can help healthcare
providers decide that other family
O members may not need to be tested

,:l If researchers are trying to learn more
about your YUS, it may help to share

O There is a small chance that a VUS
will be reclassified as positive later

I think sharing the VUS result
L ] is important

:| My family talks openly about health
:l Family members would want to know
(] 1think it would be useful

(] 1 would want to know if | were them
(] I'have a close relationship with them
O

O

When deciding whether to share your test result, you may wish to consider which reasons
are most important to you or count the reasons on each side.

Check off reasons why you would not
want to share your test result

v

There is no paint in sharing if family
) members don't need to be tested

D WUS results are unlikely to change
medical care for family

Most of the time when a VUS is
[ reclassified, it is negative (does not
increase cancer risk)

| do not think sharing the VUS result
is important

My family does not talk openly
about health

O

[ They wouldn't want to know

O it wouldnt help them

D | don't want to worry them

O 1 worry about how they will react
0

Literature Review Findings

Effective coping strategies include seeking information
and sharing genetic test results with family members [24].
[Justifies the inclusion of a section on sharing information with
family.]

Some patients do disclose their VUS results to family
members [26-28]. [Materials that are easy to share may help
ensure that family members receive appropriate messages.]
Some people prefer not to share VUS results to avoid
their family members misunderstanding the results and
creating a ‘false alarm’ [26]. [Reasons for not sharing VUS
results are useful to consider].

Decisions in which the benefits are uncertain or
influenced by individuals’ preferences should be made
by each person after considering the pros and cons and
clarifying which of these are most important or relevant
for them [29]. [A decisional balance worksheet on sharing
VUS test results was created because a VUS is not actionable
for family members and benefits of sharing do not necessarily
outweigh risks.]

Existing Patient Interviews

“She [genetic counselor] didn’t recommend that [i.e.,
sharing test result with family] She said it was our
decision whether we should share with the kids or not”
(Female 2, BRCA2 VUS).

“There’s nothing you can do, nothing they [family
members] can do, it doesn’t mean anything right now”
(Female 8, BRCA1 VUS).

“We actually have a copy of the genetic testing in with
our will and trust. And if we both pass at the same time
then that information will become available. . .But we
chose to not share it with them unless we get an update
in the future that says, yeah this is an important thing to
share” (Female 2, BRCA2 VUS).
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Table 1. Cont.

Educational Components
Brief Description

Intervention Screenshots
Visual Examples

Rationale to Inform Intervention Components
Literature Review and Existing Interviews

VUS Single Page Handout

What is a Variant of Uncertain Significance?
Should I be tested for a VUS found in my family?
What does this mean for my cancer risk?

What can I do to lower my cancer risk?

Your Family History of Cancer is More
Important Than a VUS Genetic Test Result

You have been given this handout because you have a family history of cancer and your family
member had genetic testing that found a Variant of Uncertain Significance (VUS). This handout:
« Answers questions about a VUS test result
* Explains how VUS results do not increase cancer risk, but your family history of cancer may
* Describes ways to lower your cancer risks

What is a Variant of Uncertain Significance (VUS)?

usually find,

result is not a reasen to do clinical genetic Lesting of other family members.

Literature Review Findings

° Family members report print materials are helpful in the
context of positive results [30]. [Printable handouts may
also be helpful in the context of a VUS result.]

Existing Patient Interviews

e  “My husband and I looked at it [take-home educational
info about the test result] on numerous occasions too, so I
do feel like having something more than just the results
to go home with, something else that talks about genetics
[would be] helpful” (Female 3, BRCA2 VUS). [Emphasizes
the value of handouts that can be printed or downloaded and
easily shared.]

Decision Making;:
Sharing your Family’s History of Cancer
Downloadable PDF Handout

e  Provides common reasons for why people share
o  Includes space to add other reasons

¥ Decision to Share Your g-mez

e 1 ‘xﬁi

Family's History of Cancer L

Sharing your family’s history of cancer with other family members who are at
risk is not always easy.

Below are some common reasons why people decide to share their family's history of cancer.

| want to share my family’s history of cancer because...
() it can help family members make medical decisions
(3 it can help family members lower their risk for cancer
(3 my family members would want to know.

(O itwould give family members a reason to get cancer screening.

Literature Review Findings

e  Even in the absence of a positive genetic test result, close
relatives of someone with certain cancers have a higher
risk for cancer, and they may need and benefit from
additional or earlier cancer screening [31-34].

e  When the benefits of a particular action outweigh the
risks (which is often the case for cancer screening for
those with an increased risk), people are more likely to
take action if they identify their own motivations rather
than being told what to do [35]. [This worksheet was not

framed as decisional balance because family history may change
medical care and can help relatives. This may also help
differentiate the decision to share a family’s history of cancer
from the decision to share a VUS result.]

Existing Patient Interviews
e NA
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Table 1. Cont.

Educational Components
Brief Description

Intervention Screenshots
Visual Examples

Rationale to Inform Intervention Components
Literature Review and Existing Interviews

Key Messages to Share (VUS/Family History)
Downloadable PDF Handout

e  Starting the conversation
e  Family members’ possible reactions
e Key messages to share about the family history of cancer

T i Wb W W o W W W N

Key Messages to Share About Your Family’s History of Cancer

«  Explain that having a family history of cancer raises their risk of cancer.

*  Share what cancer(s) are in your family and encourage family members to speak
with their healthcare provider about your family history of cancer.

«  Share handouts about ways to help prevent certain cancers or find them early - ol
(for example, colonoscopy, mammogram). s =

If You Decide to Share Your Variant of Uncertain Significance (VUS), You May Say:

e ] “I had genetic testing, but they didn’t find a genetic answer to the cancer in our family.
However, because of the cancer in our family, | wanted to talk to you about ways to
é lower cancer risk [see messages above]. | also have a handout that has more
Q information about VUS test results if you want and | can email or print a copy for you.”

Remember, a VUS result does not guide medical care, but a family history of cancer may.
If you want to hear what other people have said to their family members when talking about their

family history of cancer or a VUS test result,
you can view Other’s experiences sharing information with family members

Literature Review Findings

e Inorder to disclose genetic test results, patients need to
feel prepared [36]. [Modeling key messages may help
individuals feel more prepared.]

e  Key messages that are simplified increase recall of
information, regardless of health literacy level [37].

e  Visuals can reinforce the key messages and aid
understanding for people with lower literacy [37-39].

Existing Patient Interviews
e NA

Planning Guide for Sharing Family History
Downloadable PDF Handout

e Initial sharing—Who? When? How?
e  Follow-up with family members—Who and when?

Ideas for Planning Your Next Step in Sharing
Your Family History of Cancer
What will be my next step?

« Set a day and time to share your family history of cancer
with at least one other family member

« Invite a family member to help you share your family's
history of cancer with others if you are not ready to do so.

« Decide what the best way will be to share information
« with different family members (phone call, group zoom,
email, etc.)
o Email template

+ Decide who will tell each person in the family and who will

follow up with them When will | take the next step? (set dates here)

« Think of ways to start the conversation with family

members (conversation prompts and ideas for what to say)

Literature Review Findings

e  Detailed action planning about when and how to
perform a behavior is more likely to lead to completion of
the behavior [40]. [Planning may help individuals share
information and follow-up with family members.]

e  Research on follow-up with family members is limited.
However, some family members forget or misremember
the genetic testing information that was shared with
them [41]. [Materials explain the value of making sure family
members remember and understand the information. This
guide includes space to create a plan for both initial sharing
and follow-up with family.]

Existing Patient Interviews
e NA
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Table 1. Cont.

Educational Components
Brief Description

Intervention Screenshots
Visual Examples

Rationale to Inform Intervention Components
Literature Review and Existing Interviews

Cancer Family Health History Questionnaire

Questionnaire to fill out regarding:

Personal health history of cancer

Biological family history—helps prompt them to consider
family members on both the father’s side and mother’s
side and ask about the cancer type and age of diagnosis

Family History of Cancer Questionnaire

Name:

Personal History:

Have you been diagnosed with cancer? | Type(s) of Cancer Agels) at Disgnosis
ves e

Have you had genetic testing? [] Yes [] Mo
If yes, please list more details:

Biological Family History:

First- and d-degree biological (blood-related) relatives are the most important family
members when looking at a family history of cancer.
You may use this form to document cancer history information from your bislogical family members.

Below are some guestions you can ask to help document your family's cancer history:

- Whstype of cancer did you have? - Have you had genetic testing?

~ How old were you when you were disgnosed with cancer? What genes did they test for?

« Arethere any other family members with cancar? Wss it done by  blood or saliva sample?
Immediste Family | Totsl Number | Number witn Typels) of Cancer Agels) at
members Cancer Disgnosis
Father 1
Mother 1
Daughter(s)

Sonls)

Literature Review Findings

e  Women with a family history of breast cancer underwent
more mammograms than those with no family history
[42]. First-degree relatives were nearly twice as likely to
have had a colonoscopy as other relatives [34]. [This
suggests raising awareness of family history (especially among
first-degree relatives) might prompt cancer screening.]

Existing Patient Interviews
e NA
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Table 1. Cont.

Educational Components
Brief Description

Intervention Screenshots
Visual Examples

Rationale to Inform Intervention Components
Literature Review and Existing Interviews

Breast/Colon Cancer Handouts and Videos

Breast/colon cancer risks depend on family history
Finding cancer early improves outcomes
Breast/colon cancer screening saves lives

Colon Cancer Screening Saves Lives

Video viewing time is under 2 minutes

Rald

TN - la -

Click to play

Literature Review Findings

Materials were informed by Family CARE visuals [43]
that used a fear appeal and efficacy messaging that, when
combined with motivational interviewing, proved
effective at increasing colonoscopy among those with an
affected first-degree relative [7]. [Illustrates higher cancer
risks for those with a mother, father, brother, or sister with
breast or colon cancer (threat message) and informs about the
effectiveness of cancer screening (efficacy message).]

Existing Patient Interviews

“You know we’ve had some concerns, she [first-degree
relative] had severe colon cancer, and we heard that can
run in families. . . our kids have all had early
colonoscopies just to be safe.” (Female 2, BRCA2 VUS)

“I kind of tell them about do a lot of prevention screening,
that maybe not genetic test, but just do a lot of prevention
screening because my diagnosis was in the early stage”
(Female 4, BRCA1 VUS).
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Table 1. Cont.

Educational Components
Brief Description

Intervention Screenshots
Visual Examples

Rationale to Inform Intervention Components
Literature Review and Existing Interviews

Others’ Experiences

... with VUS Test Results

Initial reactions to a VUS result

What people have done if they are still worried about a
VUS test result

Planning cancer screening based on family history
Managing cancer screening

... with Sharing Cancer Family History

Sharing family history

Deciding not to share VUS test result

Plan to share a VUS test result in the future
Decided to share a VUS test result

Others’ Experiences with VUS test results and cancer screening
v Relieved after a VUS result

"' was relieved | got the test result | did.”

-Helen, age 35

“m not worried about the VUS result right now because
my geneticist said if the VUS result gets reclassified in the
future, about 90% of them are downgraded, meaning they
are reclassified to normal or negative.”

~William, age 47

Others’ experiences sharing information with family members

v Sharing cancer family history

“After | mentioned our family history of cancer for the third time,

ﬁ;l my brother finally got his colonoscopy. And sure enough, they
found several polyps that the doctor said could have become
cancer if they weren't removed.”

-Salvador, age 38

“What we've shared with our kids so far is that | have breast
cancer, and they should tell their doctors so they can get early
screening for breast cancer.”

-Betty, age 55

Literature Review Findings

Integrating patient narratives provides psychosocial
information that resonates with patients, helping them
process and manage information [44] and may motivate
them to adopt certain health behaviors [45]. [Quotes that
illustrated coping responses have the potential to positively
influence individuals and can demonstrate appropriate actions
to take.]

Anticipated reactions of family members influence if
individuals share their genetic test results in general
[46,47]. [Some of the experiences are about sharing information
with family and how their family members reacted. Many are
based on patient quotes from existing or follow-up interviews.]

Existing Patient Interviews

“It's good. At least it’s not positive” (Female 4, BRCA1
VUS) [Although relief is just one reaction, we included an
array of emotions/reactions (e.g., disappointment, ongoing
worry, confusion, etc.)].

“It doesn’t mean I have hereditary cancer, so I feel pretty
much the same. I mean, I know it still could be
something. But right now, I haven’t heard anything more
so I'm not too worried.” (Female 1, BRCA2 VUS)

“I told my family the result was OK, so they don’t need
testing because a VUS won’t change their care.” (Female
4, BRCA1 VUS).

“What we’ve shared with our kids so far is I have breast
cancer and they should tell their doctors so they can get
early screening (Female 2, BRCA2 VUS).

“After I mentioned our family history of cancer for the
third time, my brother finally got his colonoscopy, and
sure enough, they found polyps that the doctor said
could have become cancer if they weren’t taken out”.
[Quote was created, but two participants who reviewed the
materials said this resonated with their own experience.]
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3.2. Evaluation: Clear Communication Index (CCI) Results and Revision

When evaluated, the educational materials initially scored 60% according to the CCI.
Reasons for point deductions include the materials having three main messages as opposed
to a single main message, and the call-to-action was listed in the passive voice. Points were
also lost because some unfamiliar terms were only defined but not further explained and
because some numbers were presented in only one way; for example, lifetime risks for
cancer in various scenarios were listed only as percentages.

The materials scored high in clarity and communication because they included a
call-to-action promoting family sharing of cancer risk information, used whole numbers
when describing the efficacy of mammograms and colonoscopies, and explained how a
family history of cancer can increase cancer risks even when no genetic cause is found.
Points were also assigned because materials acknowledged the benefits associated with the
recommended behavior.

Several changes were incorporated into the materials to improve the CCI, resulting in
a score of 90%. This score was considered to be acceptable since some of the points were
lost because risks of mammograms and colonoscopies were not explained to keep these
respective handouts to one page. Points were also lost because the intervention included
materials about VUS results as well as cancer screening based on family history, and the
landing page helped guide individuals to the different resources rather than containing
the main messages for each of the key materials. Points were not deducted for following
the requests of participants to add a number to one of the handouts. This number was
stated in the video and was included in a visual there, but the audience believed it was
straightforward and enabled the handout to remain within one page.

3.3. Evaluation: Feedback and Materials Refinement (Round One)

Both of the patients and the genetic counselor who provided initial feedback reported
overall satisfaction with the materials, but they also offered a few minor critiques concerning
the language used and the design of the materials. For example, one patient shared the
importance of having a primary care physician organize, interpret, and manage screenings,
given that it is difficult for patients to be solely responsible. Another patient expressed
some initial confusion about the VUS result, but after viewing our VUS educational video,
she accurately described why her VUS did not explain her strong family history of cancer.
The genetic counselor’s feedback focused on the benefit of educational materials regarding
modifiable risk factors for cancer (e.g., tobacco use, excessive sun exposure), which they
suggested could be incorporated into the video’s “Learn More” sections.

Focus group members appreciated the simple language used and overall material
intent. A large portion of the focus group discussion centered on the decisional balance
handout that listed “pros” and “cons” of sharing information about a family history of
cancer. The group liked the use of this same decisional balance approach for material
on sharing VUS results, because VUS results are not clinically actionable; however, they
were concerned that the “cons” of sharing information about a family history of cancer
may create more hesitancy in communicating cancer risk information. Given that a family
history of certain cancers may change medical care for close relatives, the group felt it
was important to promote family sharing while still acknowledging the concerns people
may have.

Multiple changes were made to address both minor and major constructive feedback
from these interviews and the focus group (see Supplemental Table S52). As one example,
the “Sharing family history information” handout was made into a checklist of reasons
for sharing, and the considerations (or potential cons) were included as part of others’
experiences illustrating ways to respond to family member reactions.

3.4. Evaluation: Results and Materials Refinement (Round Two)

The second round of feedback primarily uncovered minor improvements or edits from
the 10 interviewees in round two of the evaluation (see Supplemental Table S3 for partici-
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pant demographics). The video format was preferred by five participants, though three
preferred the handout format (Supplemental Figure S1). All 10 interviewees commented
on how the material was “concise”, “succinct”, “straight-to-the-point”, and “only tells you
what you need to know”.

Overall, interview participants described the material as effective at improving their
understanding about their VUS results. As one participant shared, “...These materials
would have changed my perception and knowledge of a VUS when I first got my result”.
Furthermore, some interviewees stated that the materials clarified their confusion when
they received their initial VUS results. One participant said “It’s a clear description of a
VUS that clears up the confusion and ambiguity associated with a VUS result”. Another
interviewee shared “I have been confused as to what all that [referring to their VUS result]
meant. I did not know that and just learned that from this [referring to VUS materials]”.

Interview participants also described the VUS materials as “empowering” and pro-
vided clear action steps, which reduced fear. For example, one participant said, “I now
know what to do and that makes it not so scary”. Additionally, several interviewees noted
the different reasons provided in the “Sharing your family’s history of cancer” handout
and the quotes in the “Others’ experiences” section reflected how they felt or was similar
to their own situation when talking with family members, with one participant saying
“[The patient experience where] he mentioned a family history of cancer three times and
his brother finally got his colonoscopy, it sounds exactly like my experiences”.

Participants reported that the materials would be helpful in sharing information about
a VUS result, as well as sharing information about one’s family history of cancer. For
instance, one participant shared, “I think people really struggle with what to say, and if
you spoon-feed them, then that’s going to make it so much easier for them to share this
information”. Indeed, several interviewees expressed that they wished the materials were
more persuasive in sharing a VUS result; however, the main purpose of the intervention
was to make it clear that sharing a VUS result is an individual preference, and it does
not impact their family’s medical care (unlike a GPV). One participant noted that we
achieved this goal by stating the material is “pretty unbiased” and “doesn’t seem like it’s
trying to push you in any direction”. Last, all 10 interviewees indicated they would share
these materials.

Although the feedback was predominantly positive (see Supplemental Table S4),
there were some constructive comments (see Supplemental Table S5). For example, some
interviewees expressed negative feelings evoked by a graphic of a scale (or balance) that
was used to represent the weighing of the pros and cons on the “Deciding about Sharing
Your Genetic Test Result” handout. That image was subsequently replaced by another
image of a human silhouette shrugging. Furthermore, interview participants had mixed
feelings on the intervention’s color scheme.

Several minor changes were implemented based on feedback from round two (noted
in Supplemental Table S5). For example, we added guidance on which family members
are the most important to talk to and offer additional “action items” to give patients
directions/next steps they can take after learning about their VUS result. Due to the
inability to garner consensus, the research team voted to keep the original color scheme.

4. Discussion

Through our study, we describe a systematic multi-step approach to the develop-
ment, evaluation, and refinement of materials designed to educate patients and healthcare
providers that a VUS result does not change medical care yet it remains important to share
personal and family cancer information with family members. Comments from the final
round of evaluation suggest these materials can fulfill the need to help patients with VUS
results understand their results [21] and improve communication about cancer risks, as
well as screening and prevention options between and among family members [6-10].
Additionally, our educational materials not only utilize but also extend prior research in
multiple ways.
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First, we addressed known misconceptions leading to inappropriate medical decisions.
Patients struggle to understand their VUS results and thus often believe their cancer risks
remain high because of the result [19,22]. The ambiguity inherent in a VUS result means
that it should not be used to alter medical care. However, the lack of clear action steps
also creates uncertainty for patients and healthcare providers [11,23,48], which can result
in inappropriate medical decisions [21,25]. Our materials emphasized that a VUS result
should not be used to change medical care, but rather medical management should be
based on a family history of cancer. The potential efficacy of these materials to educate
patients about VUS results for cancer genes is evidenced by the respondents’ ability to relay
back messaging that the VUS result would not impact medical management screening,
treatments, and other health risks.

Second, we included two decision-making support resources to help patients who
have a VUS result—(1) to consider the pros and cons of sharing their VUS result and (2)
to identify their own reasons for sharing their personal and family history of cancer with
family members. These two separate resources should help distinguish between these
decisions and reflect how the benefits of sharing a VUS result are less clear than the benefits
of sharing family history information. Thus, sharing a VUS result should be based on
the patients’ preferences when considering pros and cons together as part of a decisional
balance exercise. In contrast, considering the benefits of sharing a family history of cancer
first and then reviewing patients” experiences (for anyone who has concerns) should help
motivate participants to share this information, while also addressing ways to overcome the
reservations they may have (illustrated by patients” experiences). Participants throughout
the evaluation believed that these resources would be useful and extant research also notes
that sharing genetic test results with family members is an effective coping strategy [24].

Third, as alluded to above, we included patients” experiences with sharing VUS results,
as well as sharing their family history of cancer. Integrating patient narratives such as
quotes provides psychosocial information that resonates with patients, helping them to
process and manage information [44] and may motivate them to adopt certain health
behaviors [45]. Specific quotes that illustrate different coping responses can demonstrate
appropriate cancer risk management decisions and forecast possible reactions that family
members may have if patients share information [46,49]. A novel aspect of this section in our
intervention is the use of real patients” quotes from extant research [44], as well as interviews
from our prior study. Importantly, our participants who evaluated the educational materials
reported that the patients” quotes resonated with their personal experiences when sharing
their VUS result and /or family history of cancer with family members.

Strengths and Limitations

Our study has several strengths, including the purposeful utilization of the relevant
literature and patients” VUS experiences and a clear demonstration in Table 1 explicating
how we developed our intervention’s educational materials. As noted earlier, no research
studies were found explaining not only the development, but also the evaluation of edu-
cational materials for patients with a VUS in a cancer risk gene. Another strength is the
iterative evaluation process. We sought out not only feedback from patients with a VUS
result, but also other important stakeholders including experts in genetics and public health
and behavioral science. Despite these strengths, there remain some limitations including
the fact that the participants in this study had already shared information about their VUS
result and/or family history of cancer; thus, we may be missing perspectives from patients
who are hesitant or resistant to sharing. Second, the views may not be representative
given that participants included only one male and three individuals who identified as
racial/ethnic minorities.

5. Conclusions

This study reports on the development, evaluation, and refinement of novel educa-
tional materials that explain that VUS results should not change medical care and educates
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patients on how sharing information about a personal or family history of cancer may
be useful to family members. By addressing known misconceptions about VUS results,
providing decision making support for sharing information, and integrating patients” ex-
periences, the goal of our educational intervention is to help patients with VUS results
manage their uncertainty, understand their cancer risks, and facilitate communication with
family members. While recognizing that these educational materials were designed for
patients, we believe that these materials may also assist healthcare providers in explaining
VUS results and promote appropriate cancer risk management decisions. Future studies are
now needed to test whether these materials are useful for ensuring accurate information is
shared with family members.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/curroncol31060256 /s1, Figure S1: Material format preference
from second round of interviews; Table S1: Demographics of the six interview participants from
the needs assessment; Table S2: Feedback from the needs assessment interviews and focus group;
Table S3: Demographics of interview participants from materials’ validation; Table S4: Positive
feedback organized by category and subcategory with supportive illustrative quotes; Table S5:
Constructive feedback organized by category and subcategory with supportive illustrative quotes
and description of changes made.
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