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ABSTRACT

Background: Increasing demand for genetic testing for inherited
cancer risk coupled with a shortage of providers trained in genetics
highlight the potential for automated tools embedded in the clinic
process to meet this demand. We developed and tested a scalable,
easy-to-use, 12-minute web-based educational tool that included
standard pretest genetic counseling elements related to panel-
based testing for multiple genes associated with cancer risk.
Methods: The tool was viewed by new patients at the Vanderbilt
Hereditary Cancer Clinic before meeting with a board-certified
genetics professional. Pre- and post-tool surveys measured knowl-
edge, feeling informed/empowered to decide about testing, attitu-
dinal values about genetic testing, and health literacy. Of the initial 100
participants, 50 were randomized to only have knowledge measured
on the post-tool survey to assess for a priming effect. Results: Of 360
patients approached, 305 consented and completed both the pre- and
post-tool surveys, with a mean age of 47 years, including 80% female
patients and 48% patients with cancer. Survey results showed an in-
crease in knowledge and feeling informed/empowered after viewing
the tool (P,.001), but no significant change in attitude (P5.64). Post-
tool survey data indicatednodifference inmedian knowledgebetween
low and high health literacy groups (P5.30). No priming effect was
present among the initial 100 participants (P5.675). Conclusions:
Viewing the educational tool resulted in significant gains in knowledge
across health literacy levels, and most individuals felt informed and
empowered to decide about genetic testing. These findings indicate
that the use of an automated pretest genetic counseling tool may help
streamline the delivery of genetic services.
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Background
Despite the long-standing availability of genetic testing
for inherited mutations, including those in BRCA1 and
BRCA2, ,20% of patients with breast or ovarian cancer
meeting national criteria for hereditary cancer suscep-
tibility receive testing.1 Identification of inherited cancer
risk empowers individuals and their families to detect
cancers at the earliest stages or prevent them altogether,
and is increasingly being used to guide treatment.2–11 The
coupling of genetic testing for hereditary cancer risk with
pretest and posttest genetic counseling (GC) is endorsed
by several national organizations12–15 and is a requirement
for a breast center to become accredited.16 Since 1996
ASCO has provided guidance on standard elements to be
discussed during the pretest GC session,17 conducted by
certified genetics health professionals (GHPs)18 such as
genetic counselors, clinical geneticists, or other appro-
priately trained healthcare providers.

Given an upsurge of testing, a shortage of GHPs, and
a healthcare workforce with limited proficiency in ge-
netics,19 most genetic testing for inherited cancer is
performed by those without formal training in genetics,
and often using limited or no pretest GC.20–22 Yet policies
that mandate pretest GC through a GHP may dispro-
portionately reduce testing rates among underserved
populations.23,24 Consequently, new streamlined models
to offer effective pretest and posttest GC services across
all at-risk populations are needed.

Although automated tools for pretest GC have pre-
viously shown promise, most prior efforts focused solely
on BRCA testing.25–27 Since the implementation of multi-
gene panel testing, a single publication examined an
automated tool (through a video) for pretest GC among
patients with ovarian cancer.28 Results indicated higher
testing rates among those who saw the video compared
with those who received in-person GC, presumably
because it was convenient and did not require a separate
visit.28 However, the study did not collect data to evaluate
for increases in knowledge or other patient-reported
outcomes; thus, it remains unknown whether the video
was sufficient at ensuring patients were knowledgeable
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and felt informed and empowered to decide and whether
the decision they ultimately made was concordant with
their attitudinal values, which are cited as important
components of an informed decision.29,30 Given that the
use of automated tools to conduct pretest GC may re-
place components of an existing billable clinical service,
it is critical to evaluate and test such tools before their
widespread use.

Through the proposed study, we sought to develop
and test a web-based educational tool to cover pretest
GC elements for multigene panel testing and measure
the impact of the tool on patients’ (1) knowledge, (2)
feeling informed/empowered to decide, and (3) atti-
tudinal values about testing. We also sought to eval-
uate the relationship between health literacy and these
outcomes.

Methods

Educational Tool Development
A 12-minute web-based educational tool was developed
to broadly cover standard elements discussed in a pretest
GC session for inherited cancer predisposition, including
expanded testing through multigene panels as outlined
in the 2016 ASCO guidelines,13 and did not focus on any
specific syndrome or organ site. Through an iterative
process, input was collected from several GHPs, including
genetic counselors, clinical geneticists, genetics-certified
nurses, and GC students, and was used to refine the
content, images, and script. The educational tool was
subsequently narrated with animations using Articulate
software for listeners to view at their own pace and
return to slides they might want to review again.

Survey Development and Measures
Surveys measured 3 constructs: (1) knowledge about he-
reditary cancer testing, (2) feeling informed and empow-
ered to decide about testing measured through the SURE
(Sure of myself, Understand information, Risk-benefit
ratio, Encouragement) checklist (ie, the opposite of de-
cisional conflict),31 and (3) attitudesmeasuring the extent
to which participants valued genetic testing for heredi-
tary cancer. An additional question was included as a
measure of health literacy.32

Knowledge questions were developed to assess pa-
tients’ understanding of standard elements addressed
during a pretest GC session focused on inherited cancer
and aligned with the 2016 ASCO guidelines inclusive
of multigene panel testing content.13 At the time of this
study, no existing knowledge scales covered multigene
panel testing (not limited to specific hereditary cancers)
that included pretest elements recommended per ASCO
guidelines.13,33 Furthermore, newer knowledge scales de-
veloped for whole-exome or genome testing were too

broad to measure knowledge gains focused specifically
on inherited cancer predisposition.34

Specifically, 35 questions were developed and anon-
ymously tested among 445 individuals who completed
the questions online through postings and emails using
various listservs, registries, and social media platforms
(unpublished data). Psychometric analyses were con-
ducted and written feedback about the questions was
reviewed to refine the questions. The number of questions
was then reduced to 10 to cover standard elements of the
GC session per the key concepts from the ASCO guide-
lines13: inheritance, possible test results, use of test results
for cancer prevention and riskmanagement, andpotential
limitations of genetic testing, including the extent towhich
laws protect against genetic discrimination. Response
options for each item included “agree,” “disagree,” and
“don’t know.” Possible knowledge scores could range from
0 to 10, with 1 point assigned for each correct answer.

The previously validated 4-item SURE checklist31

was used with the response options of “yes,” “no,” and
“unsure.” Participants who answered yes to all 4 SURE
checklist items were classified as feeling informed and
empowered to decide about genetic testing, while all
others were classified as having at least some degree
of decisional conflict about genetic testing.

Attitudinal values about genetic testingwere collected
through 3 Likert-scale items developed to assess the extent
to which individuals wanted genetic testing and perceived
it to be useful and important. These items showed high
inter-item reliability (Cronbacha50.94) andwere reverse-
coded and averaged to create an “attitudinal values” score
ranging from 1 to 5. Scores were then dichotomized such
that an average score of $4 constituted a favorable atti-
tude toward genetic testing.

The single-item question, “How often do you have
problems learning about a medical condition because
of difficulty understanding written information?” was
included as a proxy measure for health literacy because,
when pretested with 445 individuals alongside the
knowledge questions, it correlated more strongly with
knowledge than 2 other potential health literacy screening
questions from a previously validated measure.32 The
5 response options were dichotomized such that indi-
viduals indicating problems some,most, or all of the time
were combined into a low-literacy group, whereas those
with problems only a little of the time or never were
categorized into a high-literacy group.

Participant Recruitment and Data Collection
After Institutional Review Board approval through Van-
derbilt University, the web-based educational tool was
tested among patients who were scheduled for a new
patient in-person appointment for their first GC visit at
the Vanderbilt Hereditary Cancer Clinic, a single clinic
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based at an academic medical center. Patients with a
personal and/or family history of various cancers are
referred by their provider or self-refer to this clinic for
cancer genetic risk assessment and GC or testing for
any type of cancer-related condition. Patients were seen
by GHPs staffing the clinic, including 2 board-certified
clinical geneticists, 2 board-certified genetic counselors,
and 1 nurse practitioner certified in genetics. Eligible
patients were aged $18 years, spoke English, consented
to participate in the study, and completed online surveys
before and after viewing the tool. Patients who underwent
prior genetic testing, but did not receive GC through
a certified or credentialed genetics professional, were
eligible for participation. Consent, completion of the
surveys, and viewing of the educational tool were all web-
based and administered via iPad in either the waiting area
or the clinic room before the patient met with the GHP.

To evaluate for a priming effect of the knowledge
questions, the first 100 participants were randomly
assigned to either group A or B using block randomi-
zation with block sizes between 1 and 5 individuals.35

Participants in both groups were directed to complete an
online survey before viewing the web-based educational
tool (the pre-tool questionnaire), which included ques-
tions assessing informed/empowered choice, attitudinal
values, and health literacy. In addition, those in group A
were asked the knowledge questions on the pre-tool
questionnaire to determine whether seeing the knowl-
edge questions before viewing the web-based educa-
tional tool led to a priming effect. After completing the
pre-tool questionnaire, both groups were automatically
directed to view the tool and then immediately prompted
to complete an online follow-up survey (the post-tool
questionnaire). The post-tool questionnaire was the same
across both groups and included questions on knowledge,
feeling informed/empowered to decide, attitudinal values,
and 3 open-ended questions eliciting feedback about
the tool. After recruitment of the first 100 participants, all
subsequent participants were recruited to group A. With
consent from each participant, demographic and clinical
data including sex, race/ethnicity,marital status, insurance,
parity, personal and family history of cancer, and previous
genetic testing were collected from patient records.

Data Analysis
Median pre-tool and post-tool questionnaire knowledge
scores among participants in group A were calculated
and assessed using the Wilcoxon signed-rank test.
Knowledge changes were also assessed using the Wil-
coxon signed-rank test. Median knowledge scores were also
calculated for patients with and without (1) previous
genetic testing, (2) a personal history of cancer, (3) a
family member with a positive (ie, pathogenic or likely
pathogenic) genetic test result, and (4) high health literacy.

Independent-samples median tests assessed for knowl-
edge score differences across these groups, and signifi-
cance was determined after using the Holm-Bonferroni
method to control for the family-wise error rates.

The proportion of participants who felt fully in-
formed and empowered tomake a decision (ie, answered
yes to all 4 SURE items) and the proportion who were
favorable toward genetic testing (ie, averaged $4 on
the attitudinal values scale) were calculated. Changes in
whether participants felt informed/empowered and held
favorable attitudes toward genetic testing before and
after viewing the tool were evaluated using McNemar
tests. Differences in feeling informed and empowered to
decide and differences in attitudinal values were com-
pared across patients with and without (1) previous
genetic testing, (2) a personal history of cancer, (3) a
family member with a positive (ie, pathogenic or likely
pathogenic) genetic test result, and (4) high health lit-
eracy using chi-square tests and the Holm-Bonferroni
method to control for the family-wise error rates.

The priming effect (ie, whether seeing the knowledge
questions before viewing the web-based educational tool
increased the knowledge score) was assessed among the
initial 100 participants by comparing post-tool ques-
tionnaire knowledge scores between groups A and B using
an independent-samples median test. Demographic and
clinical characteristics were compared across the 2 groups
using chi-square tests to confirm equivalency. All statis-
tical tests were conducted using SPSS Statistics (IBMCorp,
version 26) and were considered significant at a50.05.

Results
The study enrolled 321 patients from November 2018
to March 2020. Of the 360 individuals approached,
321 consented, of whom 305 completed the pre-tool
and post-tool questionnaires and were included in the
analysis: 255 were assigned to group A and 50 to group B.
Mean age was 47 years, 80% of patients were female, and
48% had a cancer diagnosis (Table 1). Among group A
participants, median pre-tool and post-tool knowledge
scores increased from 3 to 8 (P,.001; Table 2). Differences
in median pre-tool and post-tool knowledge scores based
on those with and without (1) previous genetic testing, (2)
a personal history of cancer, and (3) a familymember with
a positive genetic test result were not significant (P values
..05), other than for pre-test knowledge scores among
individuals with versus without prior testing (P5.001).

Median pre-tool knowledge scores among low and
high health literacy groups were 2 and 4, respectively
(P5.06). This gap narrowed after participants viewed the
tool, with post-tool knowledge scores of 8 and 8, re-
spectively (P5.30).

As summarized in Table 3, only 29% of participants
(ie, 87 of 305) felt fully informed and empowered to make
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a decision about genetic testing before viewing the tool,
which increased to 74% (ie, 227 of 305) after viewing
the tool (P,.001). The proportion of participants with
favorable attitudinal values toward genetic testing
remained similar before and after viewing the tool
(82% vs 83%; P5.64; Table 3). There were no significant
differences in the proportion of those who felt fully
informed/empowered or those who held favorable at-
titudinal values based on (1) previous genetic testing, (2)
a personal history of cancer, and (3) a family member
with a positive (ie, pathogenic or likely pathogenic) ge-
netic test result (all P..05). However, those with high
health literacy were significantly more likely than those
with low health literacy to report being fully informed
and empowered to make a decision both before (35% vs
8%; P,.001) and after (79% vs 61%; P5.002) viewing the
tool. Similarly, a larger percentage of those with high
health literacy had favorable attitudes toward genetic
testing both before (85% vs 73%; P5.025) and after
(85% vs 77%; P5.108) viewing the tool.

Among the first 100 participants, post-tool knowl-
edge scores assessed between groups A and B were
similar (P5.675), and there were no significant differ-
ences in clinical or demographic characteristics (data
not shown), suggesting no priming effect.

Discussion
This is the first study to measure multiple patient-
reported outcomes after viewing an electronic pretest
GC educational tool focused on inherited cancer risk,
including content about multigene panel tests. The web-
based educational tool, which was designed to inform
individuals about genetic testing rather than persuade

them to have testing, showed minimal impact on atti-
tudinal values, resulted in significant gains in knowledge
pertaining to pretest GC elements,13 and seemed to close
the knowledge gap between those with low and high
health literacy levels, and most participants felt in-
formed and empowered to make a decision about
testing after viewing the tool. These findings support
the potential to automate components of pretest GC
to streamline the delivery of GC and testing services
for inherited cancer risk across broad populations.

As demand and indications for genetic testing ex-
pand and encompass treatment indications at point of
care,9,10,36–47 maintaining quality while developing strat-
egies to scale up services is critical. Although we rec-
ognize that in-person pretest GC is considered “usual
care,” most patients are tested by healthcare providers
with no formal training in genetics, and receive limited or
no pretest GC.20–22 Access to GHPs is especially low in
rural areas,48,49 certain states, and community oncology
practices.50–52 Our educational tool has promise for filling
this gap given that it is scalable and uses fewer resources
than in-person services. Based on our results, we believe
the tool could increase access to pretest GC knowledge
while enabling most patients (regardless of health lit-
eracy level) to feel informed and empowered to make
a decision about testing. This would preserve GHP
availability for individuals who may benefit most from
pretest GC and allow GHPs to focus on posttest results
disclosure, interpretation, and guidance about follow-
up care, where they may have the most potential to
enhance patient care.

Despite the potential value of this educational tool,
we recognize that some individuals may still benefit from
pretest GC through a GHP or other healthcare provider.
The multiple parameters measured in our study may
serve as the basis to develop a system to triage those who
may benefit from pretest GC, such as those who score
low on knowledge or do not feel fully informed and
empowered to make a decision about genetic testing
after viewing the educational tool. Our finding that more
individuals with low health literacy continued to have
some level of decisional conflict suggests that education
alone may be insufficient to empower genetic testing
decision-making among some individuals and that this
may be an important area of focus in GC sessions.

Although it remains important to streamline pretest
GC services for inherited cancer, which was the focus of
our current study, it is also important to consider other
components that need to be addressed, including cre-
ating a 3- or 4-generation pedigree through which a
comprehensive risk assessment may be performed and
ordering the actual genetic testing based on indications.
Consequently, there remains a need to automate the
collection of family history to streamline delivery of these

Table 1. Participant Clinical and Demographic
Information

n (%)

Total 305 (100)

High health literacy 231 (76)

Female 244 (80)

Non-Hispanic whitea 257 (86)

Married or cohabitatingb 216 (74)

Private insurance 232 (76)

Has children 234 (77)

Personal history of cancer 147 (48)

Had previous genetic testing 38 (12)

Family member with positive resultc 52 (17)

Family history of cancerc,d 266 (88)

aExcludes 5 unknowns; overall percent reported is out of n5300.
bExcludes 13 unknowns; overall percent reported is out of n5292.
cExcludes 1 unknown; overall percent reported is out of n5304.
dIncludes breast, ovarian, endometrial, prostate, colorectal, or pancreatic cancer.
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services, and GHPs are critical in setting up processes
to ensure that testing is clinically indicated and that
results are interpreted within the context of family his-
tory. Furthermore, patients may have other psychosocial
needs that will be unmet with increased automation, and
it is important to recognize that informed consent is
only one of several goals of GC.

The current study has several strengths, including awell-
characterized sample with a clinical population presenting
with diverse indications for risk assessment and GC for
inherited cancer. Furthermore, our study design enabled us
to alleviate concern that the knowledge increases occurred
because of a priming effect resulting from administering
the knowledge questions on the pre-tool questionnaire.

Table 3. Participant Response After Viewing the Web-Based Educational Tool

After Viewing (Post-Tool
Questionnaire)

No
n (%)

Yes
n (%)

Felt informed/empowereda Before viewing (pre-tool questionnaire) No 72 (24) 146 (48)

Yes 6 (2) 81 (27)

Had favorable attitudinal valuesb Before viewing (pre-tool questionnaire) No 32 (10) 23 (8)

Yes 19 (6) 231 (76)

aMcNemar test identified a significant change (P,.001).
bMcNemar test found no significant change (P5.643).

Table 2. Participants Who Answered Each Knowledge Question Correctly

Knowledge Question

Group Aa

(n5255)
Group Bb

(n550)

Pre-Tool
Questionnaire

Post-Tool
Questionnaire

Post-Tool
Questionnaire

Most cancer is caused by a gene change (mutation) that can be
passed on to children.

15% 49% 50%

If a person has a mutation that causes high risks for breast or
colon cancer, there is usually nothing they can do about it.

62% 85% 80%

Finding a variant of uncertain significance in a cancer gene will
usually explain why someone got cancer.

14% 73% 74%

Genetic test results in the United States can be used to decide
if someone can get health insurance in most cases.

38% 86% 90%

Testing can find a gene mutation that is unexpected or does
not fit with the pattern of cancers in a person’s family.

55% 86% 88%

In most cases, it is against United States law to use a genetic
test result to deny life and disability insurance coverage or raise
the cost.

7% 56% 42%

The sister or brother of a person with an inherited cancer gene
mutation usually has a 50% chance of having the same
mutation.

39% 80% 72%

Some people with an inherited cancer genemutation will never
get cancer.

58% 91% 90%

Genetic testing for inherited cancer risk is not usually helpful
when a person already has cancer.

63% 80% 86%

If you are the first person in your family to have genetic testing
for inherited cancer risk, there are only 2 possible test results:

1. Positive—a gene change is found that may increase
cancer risk

2. Negative—no gene changes are found

16% 78% 78%

Median total questions answered correctly, n 3 8c 8c

aGroup A completed knowledge questions before and after viewing the tool and showed a statistically significant increase in median knowledge (P,.001).
bGroup B completed knowledge questions only after viewing the tool to assess for a priming effect.
cNo priming effect was identified based on the lack of significant difference in median post-tool knowledge scores among the initial 100 participants across
groups A and B (P5.675).
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Finally, our GC educational tool was developed to address
required elements per the 2016 ASCO guidelines.13

Despite these strengths, we recognize a number of
limitations, including use of a new knowledge scale that
would benefit from additional validity testing to ensure
that it addresses the required content. Validated ques-
tionsmeasuring content of pretest GC education focused
on inherited cancer testing with incorporation of multigene
panel tests were only recently published, after our study
was completed, and those questions seem to cover similar
content as our questions.53 Moreover, the SURE checklist,31

which has not been previously used in this context, was
chosen because of its brevity and based on a recent GC
outcomes framework outlining the spectrum ranging from
decisional conflict to feeling informed and empowered to
make a decision.54 Although the SURE checklist was sen-
sitive to change in this study, it remains important to
evaluate it in additional studies. Although more compre-
hensive or nuanced measures of informed consent and
health literacy exist, there remains a lack of consensus in
the genetics community about what constitutes informed
consent in the context of genetic testing in the clinical
setting.55 Furthermore, we chose to use brief measures to
increase our ability to implement a survey in thecontext of a
busy clinical service. The brevity of our survey, while in-
creasing feasibility, may be less reliable than more lengthy
measures. In addition, our studymay not be generalizable to
all settings given that it was conducted at a single academic
site within an insured, mostly non-Hispanic white pop-
ulation with limited diversity. Specifically, the favorable
baseline attitudinal scores may be related to characteristics
of individuals in this study population who were already
scheduled for a cancer genetic risk assessment. More re-
search is needed to examine the utility of a pretest GC tool
among minority and underserved populations, which en-
compasses the focus of our ongoing efforts. Finally, our study
was not designed to measure the impact of the educational
tool on the subsequent GC process or informed decision-
making through measurement of uptake of testing.

Although the results of our web-based tool are prom-
ising, future efforts are needed to compare these types
of automated interventions versus standard-of-care GC,
ideally through a hybrid study encompassing a randomized
trial alongside a collection of implementation factors,
including measurement of efficiency and satisfaction.
It is also important to consider implementing this tool
in the patient care workflow and incorporating other

components performed during genetic risk assessment,
including generation of a pedigree, collection of per-
sonal and family history, and completion of informed
consent for testing. It is conceivable that workflow
would incorporate specific discussion items into a
posttest GC session when results are disclosed. The
provider could then review the personal and family
history, with results in hand, to inform risk assessment,
additional testing considerations, and recommended
management.

Conclusions
Findings from our study indicate that a web-based
pretest GC tool for inherited cancer predisposition
significantly increases knowledge based on the scale
created for this effort, and suggest that among indi-
viduals who presented to a hereditary cancer clinic,
most felt informed and empowered to make a decision
about genetic testing. These efforts are critical as the
healthcare system seeks strategies to scale up and
streamline the delivery of cancer genetic risk assessment
and counseling services whilemaximizing the benefits of
tailored posttest GC discussion, including results in-
terpretation and guidance on medical management.
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