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Abstract

Purpose: To evaluate the effectiveness of the Genomics ADVISER (www.genomicsadviser.com)
decision aid (DA) for selection of secondary findings (SF), compared with genetic counseling
alone.

Methods: A randomized controlled trial (RCT) was conducted to evaluate whether the Genomics
ADVISER is superior to genetic counseling when hypothetically selecting SF. Participants were
randomized to use the DA followed by discussion with a genetic counselor, or to genetic
counseling alone. Surveys were administered at baseline and post-intervention. Primary outcome
was decisional conflict. Secondary outcomes were knowledge, preparation for, and satisfaction
with decision-making, anxiety, and length of counseling session.

Results: Participants (7= 133) were predominantly White/European (74%), female (90%), and
>50 years old (60%). Decisional conflict (mean difference 0.05; A= 0.60), preparation for
decision-making (0.17; P=0.95), satisfaction with decision (-2.18; £=0.06), anxiety (0.72; P=
0.56), and knowledge of sequencing limitations (0.14; £ = 0.70) did not significantly differ
between groups. However, intervention participants had significantly higher knowledge of SF
(0.39; < 0.001) and sequencing benefits (0.97; = 0.01), and significantly shorter counseling
time (24.40 minutes less; £< 0.001)

Conclusions: The Genomics ADVISER did not decrease decisional conflict but reduced
counseling time and improved knowledge. This decision aid could serve as an educational tool,
reducing in-clinic time and potentially health care costs.

Keywords
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INTRODUCTION

Genomic sequencing (GS) is increasingly used across a range of medical disciplines to
improve disease diagnosis and prognosis, as well as to tailor treatment for patients. However,
significant barriers exist that hinder the full potential for genomics to advance health care.
Aside from the significant challenges in both the analysis and interpretation of results, a
major issue is the generation of secondary findings, some of which can be clinically relevant
but others may not.1 We use the term secondary findings to refer to a broader range of
results than those recommended by the American College of Medical Genetics and
Genomics (ACMG).2 The prevalence of secondary findings is substantial, with cohort
studies indicating that the vast majority (~90%) of sequenced patients harbor carrier results
and pharmacogenetic variants associated with adverse responses to common medications.3
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Clinical practice guidelines recommend that clinicians should engage in shared decision-
making with patients about receiving secondary findings before sequencing, particularly for
those that are considered medically actionable.* Studies suggest that patients are interested
in learning most, if not all, forms of secondary findings.> However, the volume and
complexity of secondary findings generated from GS makes engaging in traditional pretest
shared decision-making about all secondary findings with each patient unfeasible. Standard
genetic counseling, which consists of hours of counseling per test/disease, is highly costly
and unfeasible for GS given the thousands of possible secondary findings.68 As GS use
increases, the demand for genetic counselors will exceed their availability.? Novel
approaches to patient education and decision support are needed to address the counseling
burden, constrained resources, and limited genomics expertise.® There are some existing
decision or educational aids on GS for pediatric populations or a narrow range of secondary
findings, none of which have been evaluated in a randomized controlled trial (RCT).”?
There are currently no decision aids to guide adult patients’ selection of secondary findings
from GS that cover the broad range of secondary findings available to patients.

We created an interactive, online decision aid (DA) called the Genomic ADVISER
(www.genomicsadviser.com) to guide patients’ selection of secondary findings, which has
previously been described in detail. 1011 Usability testing revealed that participants found the
DA acceptable and intuitive to use, with patients indicating that it provided sufficient
information for them to reach an informed, values-congruent decision.1% Overall,
participants expressed positive experiences using the DA, felt that the DA improved their
knowledge of GS secondary findings, aided them in decision-making, and was something
they would use if actually faced with selecting secondary findings from GS. However,
participants also noted that they “would want to talk to a person” before finalizing their
decision.

Thus, the Genomics ADVISER offers significant potential to address a critical care gap,
especially as GS moves into mainstream medical care. We conducted a superiority RCT to
evaluate the effectiveness of the Genomics ADVISER DA compared with genetic counseling
alone. We hypothesized that the Genomics ADVISER would reduce patients’ decisional
conflict (primary outcome) and improve knowledge, satisfaction with decision-making and
preparedness for decision-making, and reduce time spent counseling when hypothetically
selecting secondary findings.

MATERIALS AND METHODS

Design

As described elsewhere,1! we conducted a mixed-methods randomized controlled trial
(RCT) to evaluate whether our online DA, the Genomics ADVISER, followed by a question
and answer (Q&A) session with a genetic counselor reduced decisional conflict compared
with genetic counseling alone when selecting secondary findings. The goal of the study was
to evaluate the effectiveness of the DA in pretest counseling. Participants did not undergo
genomic sequencing and were not provided with any results; therefore, the study was
hypothetical. Pilot or hypothetical trials are recommended by the Ottawa Decision Support
Framework (ODSF) Handbook as a means of evaluation of a preliminary version of a DA
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before a full trial of the final DA in a real-word setting.12 Additionally, it has been found that
research participants” actual uptake of secondary findings falls within the range of
hypothetical uptake reported across studies,13 which suggests similarities between
hypothetical and real decisions related to learning secondary findings. A subset of
intervention participants completed a follow-up qualitative interview to explore their
preferences for secondary findings and experience using the DA. Study flow is documented
in Supplementary File 1.

The Canadian Institutes of Health Research (CIHR) provided the funding to Y.B. in support
of this research (#143310 & #136664). The St. Michael’s Hospital (REB #16-052), Mount
Sinai Hospital (REB #16-0054-E), and Sunnybrook Health Science Centre (REB
#198-2016) Research Ethics Boards (REBs) approved this study. Participants provided
informed verbal consent. Participants received a $20 gift card to a bookstore once they
completed their participation in the study. Consolidated Standards of Reporting Trials
(CONSORT) guidelines for reporting RCTs were used to guide preparation of this article.14

Participants were recruited from four cancer genetics clinics across three hospitals in
Toronto, Canada from September 2016 to March 2018. Eligibility criteria reflected
anticipated future clinical eligibility criteria for genomic sequencing. Participants were
patients whose personal and/or family histories were suggestive of an inherited cancer
syndrome but for whom first-tier genetic testing for a classic causative pathogenic variant
(e.g., BRCA1/2) was negative. Genomic sequencing may be used as a second-tier test in
identifying the causative variant.1® Eligible patients were 18 years of age or older, able to
speak and read English, had access to the Internet and to a computer or smart phone. Patients
were excluded if they had recurrent metastatic cancer (stage 4), since studies indicate that
secondary findings are perceived as burdensome to this population given their ongoing
health challenges.1® Patients and their family members who participated in the usability
study of the DA that preceded this RCT or had previously undergone genomic sequencing
were excluded.10

Participants from each clinic were randomized using computer-generated randomization in a
1:1 ratio with random permuted blocks of sizes 2 and 4. Allocations were computer-
generated by a biostatistician (K.E.T.) and concealed in envelopes by a team member not
involved in the administration of the study, so that the study coordinators administering
consents, baseline measures, and randomization were blinded to the participants’ allocation.
After participants consented and completed baseline measures, the study coordinator opened
the randomization envelope to reveal the study arm to which the participant was allocated.
Given the nature of the study intervention, it was not possible for the study coordinator,
principal investigator, or the participant to be blinded to the allocation after randomization.

arm

Intervention participants were given a unique login ID and password for the Genomics
ADVISER. They used the Genomics ADVISER to select the categories of secondary findings
they wished to receive. Secondary findings were “binned” into five categories, based on a
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previously proposed framework.1? Following selection of secondary findings, participants
completed all self-administered measures online at time 1 (T1). This was followed by a
phone Q&A session with a genetic counselor who used a standardized script
(Supplementary File 2) of questions. At the end of the session, participants completed the
same set of online self-administered measures (T2; Supplementary File 1).

Control participants spoke to a genetic counselor to select their secondary finding categories.
Participants were sent a set of standard counseling visual aids developed by the National
Society of Genetic Counselors,18 which included visuals of cells, genes, chromosomes, and
a table summarizing the five categories of secondary findings (Supplementary File 3). This
is consistent with standard genetic counseling practice. At the end of the counseling session,
participants selected which categories of secondary findings they would like to receive and
then completed the online self-administered measures (T1; Supplementary File 1).

Six genetic counselors provided counseling for the study. All genetic counselors were board
certified and had a minimum of 3 years’ experience providing counseling. All counselors
received the same training on study conduct and the use of counseling scripts for control and
intervention arm participants. All genetic counseling sessions were audio recorded and were
periodically checked for fidelity to ensure consistency in the content and delivery of the
counseling materials. Counselors kept field notes about each genetic counseling session,
detailing any questions participants had, areas that needed further clarification, participants’
reasons for their choice of secondary findings, and, in the case of intervention participants,
comments about the DA. After 33 participants were enrolled into the study, one counselor
(S.S.) provided all genetic counseling for the remainder of the study to facilitate efficient
recruitment and data collection.

The primary outcome was decisional conflict assessed via the validated 16-item Decisional
Conflict Scale (DCS; Cronbach’s alpha 0.92),1° consistent with the Ottawa Decision
Support Framework.13 The primary time points of comparison were immediately after
speaking with a counselor (T1) for the control versus immediately after using the decision
aid and speaking with genetic counselor (T2) for the intervention group. Decisional conflict
is one of the most common endpoints used in the evaluation of DAs20 since DAs are
intended to reduce decisional conflict and increase informed decision-making.1® Indeed,
promoting informed decision-making is a fundamental goal of genetic counseling. As such,
decisional conflict is often used as an outcome in the evaluation of decision support tools in
genetics and genetic counseling tools specifically.%21-24 The DCS is a reliable and sensitive
measure of decisional conflict that can discriminate between decision support interventions.
20 Each item is scored 1-5 and a total score on the DCS is calculated by summing all items
on the DCS and then dividing by 16, giving a final score between 1 and 5.25 A lower score
on the DCS indicates lower level of decisional conflict. The DCS is also converted into a
score between 0 and 100, with scores lower than 25 associated with implementing decisions
and scores over 37.5 associated with decision delay.13
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Secondary outcomes included knowledge (administered at baseline [before randomization],
T1, and T2), satisfaction with decision-making (T1 and T2), preparation for decision-
making (T1 and T2), anxiety (baseline, T1, and T2), and length of counseling session (T1
for control and T2 for intervention). Knowledge was measured using (1) an established 11-
item questionnaire consisting of two subscales assessing benefits (Cronbach’s alpha 0.70)
and limitations (Cronbach’s alpha 0.80) of genome sequencing,26 and (2) a 5-item internally
developed knowledge questionnaire on secondary findings. Higher knowledge scores on
both questionnaires indicate a higher level of knowledge. Satisfaction with decision was
measured using the Satisfaction with Decision Scale (Cronbach’s alpha 0.86)27 and the
Preparation for Decision-Making Scale (Cronbach’s alpha 0.92)28 For both of these scales a
higher score signifies a higher level of satisfaction or preparation with a decision. Anxiety
was measured using the state subscale of the State—Trait Anxiety Inventory (Cronbach’s
alpha 0.86).2%:30 Higher scores on the State—Trait Anxiety Inventory indicate higher level of
anxiety. Both the control and intervention genetic counseling sessions were recorded to
assess the length of the sessions. We also used a single internally developed item to ask
intervention participants if they would use the DA to make an actual decision about which
secondary findings they would like to learn (Yes, No, Don’t Know) at T1 and T2.

Wakefield et al.3! reported a standard deviation of 0.6 on the DCS and indicated that a
difference of 0.3 was the minimal clinically important difference (MCID). Assuming this,
we estimated that 64 patients/arm would be required to have 80% power at a two-sided
significance level of 0.05 to detect the MCID using a standard two-sample #test.

Statistical analysis

We used descriptive statistics to report participants’ baseline characteristics. The analysis of
outcomes followed the intention-to-treat approach. Mean scores for decisional conflict,
knowledge of secondary findings, satisfaction with decision-making, preparation for
decision-making, and length of genetic counseling sessions were compared using a £test.
We conducted our primary and secondary analyses using the 0-5 scoring system for the
DCS based on established methods for analyzing this scale,2® and also report 0-100 scores
to indicate which patients fell above and below cut-offs associated with implementing
decisions and decision delay.13 Knowledge of sequencing benefits and sequencing
limitations scores were assessed by summing the number of correct responses to the
questions, and compared adjusting for baseline score using analysis of covariance
(ANCOVA). Anxiety was assessed by summing participants’ responses to the questions and
adjusting for baseline score using ANCOVA. Descriptive statistics were used to summarize
responses to the question about whether intervention arm participants would use the DA to
make an actual decision.

Secondary exploratory analyses examined the impact of the DA alone (T1), without the
addition of follow-up counseling, on the study outcomes, and compared intervention and
control group scores of decision conflict, knowledge, anxiety, satisfaction, and preparation
with decision-making at T1.
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Three prespecified subgroup analyses of the primary outcome were performed using linear
regression. The subgroups explored were medical history (presence or absence of cancer),
baseline knowledge, and baseline anxiety. These subgroups were chosen as we suspected
that these factors would have the greatest influence on decisional conflict. Since knowledge
and anxiety are both continuous variables and these were exploratory analyses, no
assumption of a linear relationship was assumed and restricted cubic splines with three knots
were used in the regression models. Since all analyses other than for the primary outcome
were considered exploratory and hypothesis generating, no adjustment for multiple
comparisons was employed. Statistical analyses were conducted using R, version 3.5.1.

A total of 220 persons were approached for participation, of whom 217 agreed to be
contacted by the study team. Of the patients approached, a total of 27 individuals declined to
participate, 46 did not respond to contact efforts, and 6 were deemed ineligible after initial
contact with the recruiting genetic counselor. One hundred thirty-eight patients consented to
participate and were randomized, but 5 patients completed only the baseline session. A total
of 133 participants completed all study activities, although 2 intervention participants did
not complete the postcounseling survey (Fig. 1). The trial was ended after the target sample
size of 128 was achieved, plus an additional 5 cases to account for missing data or drop out.

Participating patients were predominantly female (90%), well educated (74%), White/
European (74%), and over 50 years of age (60%). Their characteristics are summarized in
Table 1.

The results of the primary and secondary outcomes are shown in Table 2. The Genomics
ADVISER did not decrease decisional conflict compared with genetic counseling (mean
difference of 0.05, 95% confidence interval [CI] —0.15 to 0.27; = 0.60). Median decisional
conflict total scores for both arms were below the accepted cut-off score of 25 (intervention:
19.25 [17.16], control: 17.84 [13.51], mean difference —1.41 [-6.75 to 3.93]; £=0.60),
which is associated with implementing decisions.32 There were no discernible differences in
scores for anxiety, knowledge of sequencing limitations, preparation for decision-making,
and satisfaction with decisions, though there was a trend toward higher satisfaction with
decision for DA users. However, knowledge of secondary findings was significantly higher
in the intervention group (mean difference of 0.39, 95% CI 0.18 to 0.59; £< 0.001) as was
knowledge of the benefits of GS (mean difference of 0.97, 95% CI 0.22 to 0.95; £=0.01).
Intervention group participants spent significantly less time on average talking to a genetic
counselor (average 16 minutes for the intervention versus 40 minutes for the control (mean
difference of 24.40 minutes, 95% CI —27.72 to -21.07; < 0.001).

Secondary analysis comparing T1 for the control group versus T1 for the intervention
showed no detectable difference in scores for decisional conflict, preparation for decision-
making, satisfaction with decision-making, anxiety, knowledge of sequencing limitations,
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and knowledge of secondary findings. However, knowledge of sequencing benefits for the
intervention group remained significantly higher than the control group when comparing T1
versus T1 scores (mean difference of 1.00 95% CI of 0.26 to 1.74; P=0.01).

Ninety-one percent (7= 60) of intervention participants indicated that they would use the
DA to make an actual decision about secondary findings. In the subgroup analyses, neither
medical history (presence or absence of cancer) nor knowledge (sequencing limitations)
exhibited any discernible effect on decisional conflict. On the other hand, anxiety exhibited a
nonlinear relationship with decisional conflict (p=0.031) in a linear regression model (i.e.,
nonlinear association with the log-odds of high decisional conflict) (Fig. 2).

DISCUSSION

This trial addresses an important gap in clinical genomics and the increasing use of GS
across medical specialties: the need for less resource-intense ways of providing genomics
education and decision support. As GS becomes part of mainstream clinical care, the
number of secondary findings identified will increase, and their management will affect
numerous specialties impacted by the diverse range of diseases implicated. Standard genetic
counseling is highly costly and unfeasible for GS given the limited number of genetic
counselors and the volume and complexity of secondary findings generated from GS.”:8 Qur
trial results found that the Genomics ADVISER did not decrease decisional conflict
compared with genetic counseling alone, but patients who used the decision aid were more
knowledgeable and spent less time speaking with the genetic counselor. Participants in both
groups reported similar preparation for and satisfaction with their decisions. Thus the
Genomics ADVISER is effective and efficient in educating patients about GS and secondary
findings, filling a significant gap in light of limited genomics expertise and resources.

Our results are consistent with other studies that have found similar levels of decisional
conflict in trials evaluating computerized DAs compared with genetic counseling,?4 and
generally low levels of decisional conflict when deciding about pursuing GS.33 There are
several reasons that may explain why the Genomics ADVISER was not superior to genetic
counseling alone. First, genetic counseling serves two distinct purposes: delivery of genetics
education and psychological counseling.2! Thus, the impact of a DA on decisional conflict
and knowledge are both important attributes. We chose decisional conflict as the primary
outcome to calculate sample size because of the availability of estimates for the standard
deviation required to detect the MCID in similar trials and populations. However, knowledge
is an important outcome as well, especially in this context. The selection of secondary
findings from GS first requires significant upfront education for patients to make a values-
congruent, quality decision.13 Indeed, international patient DA evaluation standards and
systematic reviews indicate that knowledge is frequently used as the primary outcome in the
evaluation of decision aids2? and of genetics digital tools specifically.? However, there were
no validated genomics knowledge scales at the time of the study, and none that provided
sufficient psychometric data.34 This significantly hinders comprehensive evaluation of
decision aids in genomics, and represents an important area for future research.
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Nonetheless, achieving improved genomics knowledge with fewer resources and
significantly less time spent with genetic counselors constitutes an important secondary
outcome of this study, which is consistent with similar trials3® and further bolsters the
support for the Genomics ADVISER’s effectiveness and efficiency in delivering education
and decision support. Comparisons of the impact of the DA alone (without follow-up
counseling, T1 versus T1) show that the addition of counseling after the DA did not have an
impact on outcomes and did not impact knowledge scores as the benefits of genomic
sequencing scores remained significantly higher than the control at the T1 follow up.
Therefore, the Genomics ADVISER may prove to be a useful tool for streamlining education
and counseling, and thus reserving clinical time for shared decision-making.

The reduced time for genetic counseling along with effective educational delivery represent
important health service efficiencies, especially in light of the increasing use of GS across
medical practices and need for alternate, scalable delivery models of pretest genetic
counseling services. In fact, some studies have challenged the requirement for pretest
genetic counseling in the context of GS,33:36 suggesting the need to identify subsets of
individuals who require additional decision support based on their genetic knowledge, health
literacy, coping abilities®3 and cultural factors.3” Tailoring support to individuals’ needs is
critical to identify individuals at risk for making uninformed decisions that fail to align with
their core values and preferences, and to avoid disenfranchising others who may benefit
from genomic evaluations but feel alienated by a potentially onerous pretest genetic
counseling process.33 We and others have begun to develop methods identifying patient
profiles to tailor pretest genetic counseling3® to create further efficiencies, but more work
with diverse populations is required to develop and evaluate pragmatic alternatives for
pretest genetic counseling services. Tailoring genetic counseling using profiles along with
digital decision support tools offer promising strategies to support the large number of
patients who will be offered some type of genomic evaluation in the future.

There are several caveats to our trial. This was a hypothetical study; no GS was provided nor
were secondary findings returned because the goal of the trial was to evaluate the Genomics
ADVISER itself, not the return of secondary findings. Implementing an untested DA among
patients making real decisions could result in unknown and potentially harmful outcomes.
Additionally, there are currently limited patient populations receiving germline GS and
being consistently offered the full spectrum of secondary findings, which makes testing the
DA in a population making a hypothetical decision more feasible given the scarcity of
patients actually receiving GS. Further, our participants were predominately breast cancer
patients who were highly educated and thus our sample consisted of mostly females, and
most were over 50 years old. Findings may differ in different populations, such as younger
populations, or populations that are predominately male. For instance, males may experience
lower decisional conflict than females.3? All of our participants had previously undergone
genetic testing and counseling for their personal and/or family of cancer and may have
possessed higher than average understanding of the limitations and benefits related to
genetic testing. However, there were no differences in baseline knowledge scores between
the groups. Evaluation of our tool in real-world settings with a larger and more diverse
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sample is needed. Finally, we only evaluated knowledge immediately after participants
completed the DA or genetic counseling session. It is therefore unknown whether
participants retained information long term, which may be relevant given that participants
actually receiving GS may not receive results until several months after their initial
counseling session. Despite these limitations, there are important strengths to our study. We
comprehensively assessed outcomes and used an RCT, the gold standard in evaluative
design. Thus, our results are highly likely to be internally valid.

We report results of the effectiveness of a timely patient-centered tool to support clinical
delivery of secondary findings from genomic sequencing, filling a significant gap in light of
limited genomics expertise and resources. The Genomics ADVISER was not superior to
genetic counseling alone, but did reduce counseling time and improved knowledge,
indicating its effectiveness and efficiency in educating patients about GS and secondary
findings, though further research is needed to confirm these findings in more diverse patient
populations. Given the shortage of genetics professionals and limited genomics expertise
among health-care providers, the Genomics ADVISER can help fill a critical gap in the
delivery of GS by serving as an educational tool, reducing in-clinic education time and
potentially health-care costs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Consolidated Standards of Reporting Trials (CONSORT) diagram.
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Table 1

Participants’ sociodemographic and clinical characteristics

Characteristic, number (%) Decision aid

Genetic counselor

(n=68) (n=65)

Age

<49 30 (44.2) 23 (35.4)

>50 38 (55.8) 42 (64.6)
Sex

Male 7(10.3) 6(9.2)

Female 61 (89.7) 59 (90.8)
Level of education

<Postgraduate degree 44 (64.7) 41 (63.1)

Postgraduate degree 24 (35.3) 24 (36.9)
Employment status

Working full time 31 (45.6) 37 (56.9)

<Working part time 37 (54.4) 28 (43.1)
Income?

Prefer not to answer 10 (14.9) 6(9.2)

<$80,000 18 (26.9) 19 (29.1)

$80,000+ 39 (58.2) 39 (60.0)
Ethnicity

White/European 54 (79.4) 45 (69.2)

Nonwhite/European 14 (20.6) 20 (30.8)
Affected with cancer?

Yes 44 (64.7) 38 (59.4)

No 23 (33.8) 26 (40.6)

aNumbers do not add to 133 because participants had the option to leave the question blank.
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