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Abstract
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Chair of Supervisory Committee:

Deborah J Bowen, Professor

Department of Bioethics and Humanities

The overall aim of this dissertation was to study how patients understand and manage
uncertainty in genomic medicine arising from Variants of Uncertain Significance, a type of

genetic test result.

Results from Chapter 2 suggest that, overall, the epistemological source of VUS
uncertainty was well recognized by patients and these patients were also accepting of the
prevalence of medical uncertainty in general. This acceptance gave them hope that VUS-related
uncertainty is manageable would be resolved in future. Patients also identified several issues of
VUS-related uncertainty such as implication for family members, and being informed about
reclassification. We identified themes representing nearly all issue-related subdomains of Han'’s

taxonomy of uncertainty which demonstrates the wide range of diagnostic, prognostic,



therapeutic and psychosocial difficulties that patients with VUS experience. More importantly
however, patients also identified methods for managing VUS-related uncertainty. We organize
the various provider and patient level management strategies into a provisional framework of
uncertainty management strategies that identify patient and provider level approaches for VUS
management. Chapter 3 offers a detailed examination of patients’ VUS-related information
seeking behavior and its relation to VUS management behavior. We find that more than half of
the survey respondents reported seeking VUS-related information and information from health
care providers and cancer research organizations were preferred. In accordance with VUS-
related management guidelines, most patients did not undergo surgery (61.8%) or screening
(62.5%) based on VUS results, and the majority of patients (69.5%) did not check back for a
VUS reclassification; 46.7% asked family members to get a genetic test because of their VUS
result. Lack of association between information seeking and VUS management may be
explained by the unavailability of actionable VUS information. Results from Chapter 4 showed
that men and women are equally knowledgeable about genomic sequencing, and report equal
frequency of current familial communication of Colorectal Cancer and Polyposis (CRCP) risk
and express future intention to share CRCP related genomic test results with family members.
Factual genomic knowledge explained only a small proportion of variation in familial
communication of CRCP risk. Application of these findings to VUS family studies requires
additional considerations. For example, VUS are a particularly challenging group of variants to
communicate to family members and two major barriers to communicating VUS test results are
— perception that VUS has no genetic or medical implication for family members, and that
probands themselves are ambiguous about the result and thus do not feel confident about

sharing.

Results from this dissertation add to our understanding of how is VUS-related

uncertainty is perceived and managed by patients, how information seeking is used as an



uncertainty management strategy and its relationship with VUS management behavior. One
specific VUS management strategy is to participate in family studies of variant reclassification
that require familial communication - we explore genomic knowledge and gender as

determinants of familial communication of genetic risk.
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CHAPTER 1: INTRODUCTION

“Generally, it is considered a weakness and a sign of vulnerability for clinicians to appear
unsure. Confidence is valued over uncertainty and there is a prevailing censure against
disclosing uncertainty to patients. Experts who acknowledge the full extent of their
ignorance may expect to be replaced by more confident competitors who are better able
to gain the trust of clients. An unbiased appreciation of uncertainty is a cornerstone of
rationality — but is not what people and organizations want. Extreme uncertainty is
paralyzing under dangerous circumstances, and the admission that one is merely
guessing is especially unacceptable when the stakes are high. Acting on pretended
knowledge is often the preferred solution.”

- Daniel Kahneman, Thinking Fast and Slow

Uncertainty is ubiquitous in medicine. Genomic medicine, in particular, is replete with
uncertainties because of the amount of genetic code that is yet to be deciphered. As we ride the
rising wave of clinical genomics, all stakeholders, including patients and providers will likely
experience uncertainty at some point or another and an unbiased appreciation of genomic

uncertainty is more important than ever.

Variants of Uncertain Significance

A major source of uncertainty in medical genomics is a type of genomic test result called
Variant of Uncertain Significance or VUS. The American College of Medical Genetics and
Genomics (ACMG) and the Association for Molecular Pathology (AMP) recommends using a
five tier classification system that indicates the pathogenicity of a variant — Pathogenic, Likely
Pathogenic, VUS, Likely Benign and Benign (Richards et. al., 2015). VUS comprise a residual
category that variants default into when they cannot be classified as any of the remaining four
categories due to inadequate or conflicting scientific evidence. This type of information thus
represents epistemic uncertainty i.e., arising from limitations in the current state of knowledge of

the variant (Han et. al., 2013).



Given our embryonic understanding of the human genome, yet increasing use of clinical
multi-gene testing, exome and genome sequencing, issues regarding the scale and complexity
of VUS classification are compounded and magnified (Feero, 2014). First, VUS are quite
prevalent. Currently, the frequency with which VUS are reported is lower in more well studied
genes such as BRCA1/2 where the estimates range between 2% and 4% (Hall et. al., 209), but
much higher in less well characterized genes — up to 95% of patients who receive some clinical
tests (LaDuca et. al., 2014; Tung et. al., 2015; Maxwell et. al., 2016). Despite sophisticated
scientific approaches to validate the functional significance of individual variants, a considerable
proportion of variants are classified as VUS. Rates of VUS detection increases proportionately
as more genes are tested together (Shirts et. al., 2016; Selkirk et. al., 2014) and as less well
studied genes are included in the panel tests (Maxwell et. al., 2016). Second, variant
classification is often discordant between laboratories — i.e., the same variant may be classified
as VUS in one laboratory while pathogenic/ likely pathogenic or benign/ likely benign in another
(Lincoln et. al., 2017; Lek et. al., 2016). Third, VUS reporting rates are disproportionately higher
in tests performed in ethnic minorities such as Hispanic and African Americans (Frank et. al.,
2002; Weitzel et. al., 2005; Nanda et. al., 2005; Ricker et. al., 2016). Fourth, there is
considerable heterogeneity in the content and format of VUS reporting by laboratories
(Makhnoon et. al., 2018) which likely contributes to the clinical interpretation of these variants.
As the number of patients receiving multi-gene panel, exome and genome sequencing in clinical
care, it is expected that the number of VUS will dramatically increase in the coming years (Lek

et. al., 2016; Amendola et. al., 2016).

The ACMG-AMP guidelines recommend that “VUS should not be used in clinical
decision making” and “efforts to resolve the classification of the variant as pathogenic or benign
should be undertaken”. Echoing this recommendation, in oncology, the National Comprehensive

Cancer Network (NCCN) recommends basing medical management for individuals with a VUS



result in a cancer related gene on family history (NCCN, 2014). Thus in practice, a patient with a
VUS may be given one of more of the following management recommendations: (1) Do not use
VUS for medical management such as surgery and screening, (2) Do not test family members
for clinical purposes, (3) Check back for updates regarding VUS reclassification, and (4)
Consider participating in VUS reclassification study. Yet, these seemingly straightforward

recommendations are openly interpreted and subjectively adhered to.

Patient and provider experiences with VUS

There is significant inconsistency in personal interpretation of these VUS-related clinical
recommendations among providers (Petrucelli et. al., 2002) leading to discordant clinical
recommendations. Previous studies reported that genetic counselors are less confident when
discussing medical management options in connection with VUS and are unsure about how well
patients understand VUS (Scherr et. al., 2015a; Scherr et. al., 2015b). VUS information can be
confusing for providers who have had little experience with interpreting and counseling patients
with this new kind of genetic test result (Scherr, 2015; Eccles, 2015; Petrucelli, 2002). Non-
genetics specialists who use genetic results are often unsure about the clinical implication of
test reports containing VUS (Eccles et. al., 2015). Misinterpretations of VUS and resulting

clinical management failures have also been litigated in court (Williams’s v Quest/Athena).

Negative patient outcomes in response to VUS results have also been reported. These
include higher levels of distress about cancer risk (Vos et. al., 2012; O’Neill et. al., 2006; O’Neill
et. al., 2009; van Dijk et. al., 2006), misinterpreting the result as a genetic predisposition to
cancer (Vos et. al., 2008), and engaging in prevention measures not indicated by their result
(e.g., prophylactic surgeries) (Murray et. al., 2011). VUS is reported to have the highest rate of

incorrect risk recall among patients (33%) compared to mutations (20%) or no mutations (6%)



(Richter et. al., 2013) and cause of worry and anxiety (Makhnoon et. al., 2017; Solomon et. al.,

2017).

Whether or not to clinically report VUS is an area of active discussion because of the
potential for harm a VUS can cause and because VUS lacks clinical significance. Not reporting
the variant on the laboratory report may give a patient a false sense of security and may expose
a laboratory to risk if variant turns out to be causative. On the other hand, reporting a VUS risks
the variant being mis-interpreted as important for care and used as a basis for diagnosis,
treatment or follow-up tests (Timmermans et. al., 2017). This lack of consensus on whether or
not to treat VUS with clinical importance often presents itself in the variant reporting policies
used by laboratories — some report VUS, whereas others do not (Makhnoon et. al., 2018). This
is problematic as a strict interpretation of the ACMG guidelines (compared to laboratories’ own
criteria (Anemdola et. al., 2016)) results in a strikingly high prevalence of VUS in everyday
clinical care that laboratories, patients and providers are left to grapple with. When laboratories
chose to report VUS, there is also heterogeneity in how the VUS is presented in laboratory test
reports (Makhnoon et. al., 2018) — further portraying the ambivalence among the genomics
community regarding VUS. Taken together, VUS raises a harbinger of ethical and legal issues
in medical genomics: Do healthcare providers have a duty to re-contact patients in the case of a
VUS reclassification? How can we improve clinical interpretation of VUS and reduce

misinterpretation? (Cheon et. al., 2014).

While discordant VUS classification across laboratories are being resolved, variant
classification policies are being standardized, and providers are becoming familiar with VUS,
thousands of patients are routinely encountering VUS in specialty and primary care clinics. In
order to inform best management practices for these patients, it is important to understand
exactly why some patients experience so much uncertainty around this particular type of genetic

test result. While encountering a VUS is a non-event for many patients, some make radical and



often incorrect medical decisions. While some can proficiently manage their uncertain genomic
finding, others experience debilitating worry and anxiety. Currently, it is not known what causes
this spectrum for behavior in response to VUS — it is possible that such variation is solely due to
variation in patients’ ability to deal with uncertainty. However, societal contribution to patients’
experience of uncertainty is also likely. Can providers affect patients’ experience with VUS?
What exactly is confusing about VUS for patients? What coping mechanisms help or hinder in
alleviating this uncertainty? How is genetic information communicated to family members of the
proband? The overall goal of this dissertation was to help answer these broad questions related

to VUS and familial communication.

Perception and management of VUS uncertainty

A structured analysis of VUS-related uncertainty experienced by patients in genomic
medicine may yield insights into why these non-significant variants are so often befuddling for
patients. Han et. al., (2017) offers a taxonomy of uncertainties associated with genomic
sequencing information that allows us to explore the subjective perception of uncertainty from
various perspectives. He identifies three sources (probability, ambiguity, complexity) and issues

arising from experiencing these sources of uncertainty (scientific, practical and personal).

Source refers to the “cause of a given uncertainty or the fundamental reason for a
specific knowledge gap” and is subdivided into probability (stochastic nature of future
outcomes), ambiguity (“the lack of reliability, credibility, or adequacy of information”), and
complexity (“features of risk information that make it difficult to understand”). Ambiguity is further
subdivided into conceptual, methodological and clinical; and complexity into multiplicity of
causes, multiplicity of effects, and effect modification. Issue refers to “the specific substantive

matter about which an individual lacks knowledge”. This can be subdivided into scientific



(diagnostic, prognostic, causal or therapeutic), practical (“lack of knowledge about the structures
of healthcare and the processes of healthcare”) and personal (psychosocial and existential
issues). Locus refers to the “the party in whose mind uncertainty resides”. The taxonomy
identifies various stakeholder including “patients, clinicians, researchers, or other individuals
including family members, regulators, payers or health policy makers”. A more extensive
definition of components of the taxonomy is available in Han, 2017. These three dimensions are
not independent of each other but operate in concert. The underlying cause of the specific
issues of uncertainty may be any of the sources. Different loci may identify different sources and
issues for the same type of uncertainty, or they may identify different subcomponents of these
dimensions to be important contributors to uncertainty. The first aim of this dissertation work is

to describe the sources and issues of VUS-related uncertainty from the patient’s perspective.
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Figure 1: A taxonomy of uncertainty. This is a visual representation of a three-dimensional
taxonomy of medical uncertainty in clinical genome sequencing. The three major dimensions
are source, issue, and locus (Han et. al., 2017).



Information seeking to guide VUS management

The ability to deal with uncertain genetic test information is likely an important
determinant of patients’ confidence in subsequent clinical decision making. Patient behavior in
response to VUS is varied and often not in line with published guidelines, for example, although,
surgical decisions such as mastectomy or colectomy should not be based on VUS results, such
decisions are not uncommon (Kurian et. al., 2017; Murray et. al., 2011). Although Han'’s
taxonomy is useful to understand the source and issues related to genomic uncertainty, it does
not offer a framework about how uncertainty is processed or managed — which is offered by
another theory called the Uncertainty Management Theory (UMT). UMT suggests that
individuals may engage in information seeking to manage uncertainty (Brashers, 2001). In
support of this theory, previous studies have shown a positive association between uncertainty
level and information seeking in hypothetical (Rains & Tukachinsky, 2015) and applied (Fisher
et. al., 2017) scenarios. Therefore, it is likely that VUS related uncertainty is also managed
through information seeking but little is known about patients’ information seeking behavior in

response to VUS test results.

Information seeking may help patients manage uncertainty related to VUS and be
important in subsequent clinical decisions. Although a rich body of literature exists in cancer
information seeking behavior (Finney Rutten et. al., 2016), studies exploring information seeking
in response to cancer genetic test results of any type are limited. A search of the existing
literature found that, information seeking was used as a strategy to manage uncertainty among
women at-risk for, or carriers of, BRCA1/2 mutations (Petrucelli et. al., 2002) and to understand
the contribution of various health-habits to genetic susceptibility of skin cancer (Hay et. al.,
2012). Although information alone does not guarantee healthy behaviors, acquiring adequate
information may motivate individuals to make informed changes in their health practices

(Meischke et. al., 2005; Shi, Nakamura & Takano, 2004), and is therefore worth understanding.



Thus, VUS-related information seeking may enable patients to deal with VUS information and

guide them to making correct clinical decisions. The second aim of this work is to evaluate

patients’ information seeking behavior after receiving a VUS result, describe patients’ VUS
management behavior, and explore whether VUS specific information seeking behavior is

associated with patient VUS management behavior.

VUS and familial communication

One way to resolve VUS related uncertainty is through reclassification: i.e., reclassifying
an uncertain variant to a confirmed pathogenic or benign variant. VUS reclassification may
occur through purposefully conducted family based research studies i.e., single family co-
segregation analysis (Rosenthal et. al., 2017) or through natural accumulation of evidence that
allows the VUS to be reclassified. Family based VUS reclassification research involves
gathering genotype and phenotype data from multiple family members of the proband with VUS.
With adequate information, a VUS may be reclassified. Currently, reclassification research
opportunities are available through genetic testing laboratories as well as some academic
research institutions (Garrett et. al., 2016). One method of recruiting family members into these
studies is through familial communication via the proband. The proband is required to share
their genetic test results with relatives and ask them to participate in variant reclassification
research. Familial communication of genetic test result is even more important for
communicating confirmed genetic test results that have the potential to improve public health
through cascade testing, which rely on index patients to disseminate genetic information to their

relatives (Jasperson, 2013).



Familial communication of genetic risk

Familial communication of genetic risk information has been well explored in literature
and several systematic reviews offer comprehensive summaries of the known functions and
influences of communication of genetic risk (Wiseman et. al., 2010; Gaff et. al., 2007; Nycum et.
al., 2009). Familial communication of genomic risk is complex, and often selective and
incomplete. To briefly summarize the literature, patients are motivated to share due to feelings
of responsibility or obligation towards relatives, desire to prevent disease in relatives, because
the family is emotionally close and share information etc. On the other hand, inhibiting
influences include being estranged with relatives, proximity of closeness to relative, unable to
find a good time etc. (Wiseman et. al., 2010). First degree relatives, especially female siblings,
children and parents, are told about genetic results more often than second or third degree
relatives (Blandy et. al., 2003; Julian-Reynier et. al., 2000; Wagner et. al., 2003). Probands tell
relatives about ‘facts and recommended topics’ from genetic counseling sessions (Finlay et. al.,
2008; Hughes et. al., 2002) and prefer to communicate these information in person or at a ‘good
time’ during normal socializing (Ormondroyd et. al., 2008; Peterson et. al., 2003). In addition,
research shows that genetic knowledge and gender are important determinants of familial

communication of genetic risk information.

Although it is believed that genomic knowledge is important to realize the promise of
genomic medicine, the exact contribution of genomic knowledge for specific genomic health
outcomes remains to be understood. A commonly reported barrier to familial communication
revolves around inadequate knowledge of genomics - fear of not being able to answer relatives’
guestions about genomics or misunderstanding about inheritance (Adelsward & Sachs, 2003;
Finlay et. al., 2008) or benefits that can be gained from the information (Mellon et. al., 2006;
Weiseman et. al., 2010). This suggests that those with better genomic knowledge will be more

empowered and therefore more likely to disseminate results to family members. However, the
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exact contribution of counselees’ genomic knowledge on the multifactorial outcome of familial

communication remains unexplored and in need for further investigation.

Gender of the counselee has been established as an important determinant of the
nature and frequency of family communication of genetic risk. Women generally hold the
responsibility for disseminating results within the family and carry out most of the familial
communication (d’Agincourt-Canning, 2001; Foster et. al., 2004). Men report informing fewer
relatives and often use a female relative as a proxy to disseminate results (d’Agincourt-Canning,
2001; McGivern et. al., 2004). Although the predominant explanation for this gendered activity is
the social role of women whereby females are considered to be caretakers of the family and
therefore communicators of genomic information, it is possible that other explanations also
exist. Women may be more knowledgeable than men about genomics as is often the case for
other health domains (Guiné et. al., 2016; Madsen et. al., 2015; Jensen et. al., 2008; Kim, 2013)
which makes them more comfortable to disseminate results. There is yet to be a direct

examination of gender differences in genomic knowledge.

Given our limited understanding of the effects of genomic knowledge and gender, these
factors should be explored for familial communication of genomic risk in general before focusing
on a specific type of uncertain genomic risk. Thus, based on prior literature and our
conceptualization of familial communication, the third aim of this work is to explore relationships
between gender and genomic knowledge; and gender and probands’ intention to communicate

genomic test result with family members.
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Dissertation roadmap:

The specific aims, hypothesis and approaches of this dissertation study are:

Aim 1: Describe VUS-related uncertainty from the perspective of the patient who has a
confirmed VUS.
Han’s taxonomy of medical uncertainty will be qualitatively applied to patients’ VUS-related

experience using semi structured qualitative interviews.

Aim 2: Evaluate patients’ information seeking and VUS management behavior after
receiving a VUS result, and explore association between VUS specific information
seeking and VUS management behavior.

Aim 2a: Evaluate patients’ information seeking behavior after receiving a VUS result.
Hypothesis: Most patients will seek information about VUS and will utilize a variety of
information sources.

Aim 2b: Describe patients’ VUS management behavior.

Aim 3c: Assess association between VUS specific information seeking behavior and patients’
VUS management behavior.

Hypothesis: VUS specific information seeking behavior will be positively associated with

patients’ VUS management behavior.

Aim 3: Evaluate the relationship between genomic knowledge, gender and familial
communication behavior.

Aim 3a: Evaluate the association between genomic knowledge and current frequency of familial
communication about Colorectal Cancer and Polyposis (CRCP) risk and future intention to

share CRCP related genomic test results with family members

12



Hypothesis: Individuals with higher genomic knowledge will have increased familial

communication about genomic risk information

Aim 3b: Identify gender differences in genomic sequencing knowledge.
Hypothesis: Females will score higher than males in genomic sequencing knowledge
Aim 3c: Assess the unique contribution of genomic knowledge in the association between

gender and familial communication about CRCP related genetic risk.

Hypothesis: Genomic knowledge will explain a minor proportion of the variation in familial

communication.

13



CHAPTER 2: Qualitative application of Han’s taxonomy of genomic uncertainty to understand
patients’ perspectives of variants of uncertain significance

ABSTRACT

Variants of uncertain significance (VUS) are a well-recognized source of uncertainty in
genomic medicine. Despite the existence of straightforward clinical management
recommendations, patients report feeling anxiety, worry and uncertainty in response to VUS.
We use Han’s taxonomy of uncertainties in genome sequencing to understand uncertainty
related to VUS from a patient’s perspective. We conducted in-depth semi-structured interviews
with 11 patients to elicit their experiences of receiving VUS, reflections about their result and
thoughts regarding implications of the result for themselves and their family members. Patients’
primary concern with VUS related uncertainty involved personal and practical issues as they
directly inform health care decisions. Patients demonstrated good understanding of the
epistemic nature of this uncertainty. However, discordant provider explanations of the
implication of this epistemic uncertainty for patients’ diagnosis, prognosis, and therapy was a
major contributor to the overall experience of uncertainty. Strategies for uncertainty reduction
involved periodically checking back for reclassification and receiving concordant and clear
recommendation from providers. Other proactive strategies of uncertainty reduction — such as
information seeking and reading the genetic test report — were not helpful. Collectively, these
findings offer significant insight into patient experiences of VUS related uncertainty which

providers can use to manage uncertainty in these patients.

Keywords: VUS, variants of uncertain significance, uncertainty, tolerance, management
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INTRODUCTION

Genomic medicine, especially genomic testing is awash with uncertainties — from variant
interpretation to communicating results to patients (Han et. al., 2017). Variants of Uncertain
Significance (VUS) are genomic variants which cannot be classified as pathogenic or benign
because of inadequate or conflicting information. This type of information thus represents
epistemic uncertainty (i.e., arising from limitations in the current state of knowledge) (Han et. al.,
2013), which often creates a clinical situation that is difficult to manage (Han, 2013). Genetic
test results that include identification of a VUS routinely, and understandably, incite uncertainty
among patients who receive this result. Patients report feelings of worry and anxiety (Makhnoon
et. al., 2017; Solomon et. al., 2017) and higher levels of distress about cancer risk (Vos et. al.,
2012; Richter et. al., 2013) upon receiving a VUS result. These variants are also often
misinterpreted by patients as diagnostic for disease or genetic predisposition (Vos et. al., 2012),
which leads patients and providers to engage in inappropriate clinical measures (e.g.,
prophylactic surgery) (Murray et. al., 2011). The National Comprehensive Cancer Network
(NCCN) recommends basing medical management for individuals with a VUS result in a cancer
related gene on family history and offering them research options to help classify the variant
(NCCN, 2014). Despite this clear guideline, patients regularly respond to VUS with some degree
of uncertainty. However, little is known about why exactly some patients find this particular type

of genetic test result so problematic.

Determinants of uncertainty related to VUS results may be related to the unique type of
information it represents (complex, genetic and uncertain) and to the context under which
patients encounter the information (cancer and anxiety). Some proportion of the total uncertainty
experienced by patients with a VUS result may also be explained by disparate provider
practices in managing VUS results. Studies suggest that VUS results are not only confusing for

patients but for providers who have had little experience with this new kind of genetic

15



information (Scherr et. al., 2015; Eccles et. al., 2015; Petrucelli et. al., 2002). Given that patients
counseled by even experienced providers often make inappropriate clinical decisions
(Makhnoon et. al., 2018), it is important to identify and assess the sources and issues of VUS

uncertainty from a patient’s perspective to determine the best course of action for patients.

Literature on medical uncertainty suggests that differences in patients’ VUS-induced
uncertainty and responses to this uncertainty likely depend on their psychological propensity to
react under conditions of uncertainty. For example, individuals who encounter uncertainty may
appraise it to be positive (e.g., hope or optimism), or negative (e.g., danger), neutral (e.g.,
inconsequential), or mixed (Brashers et. al., 2002). This appraisal, in turn, predicts how
individuals manage uncertainty (Brasher, 2001a), for example, lowering their engagement in
risk-reducing behavior (Orom et. al., 2017). Patients who perceive VUS uncertainty to be
reducible (Brashers et. al., 2002b) may manage uncertainty with information seeking or
participation in VUS reclassification research. On the other hand, patients who perceive VUS
uncertainty to be irreducible (Brashers et. al., 2002b) may benefit from learning methods to cope
with uncertainty. At this time, we lack empirical evidence about specific coping strategies (Politi
et. al., 2007; Han et. al., 2011) but some proposed cognitive-behavioral techniques attempts to
improve understanding and probabilistic thinking, engage in vigilant self-monitoring etc. (Epstein

& Street, 2007).

Han and colleagues have developed a typology of uncertainty to accommodate the
unigue uncertainties seen in genomic medicine (Han et. al., 2017). The taxonomy also allows
investigation of uncertainty from multiple perspectives or loci. The subjective perception of
uncertainty necessitates that VUS related clinical uncertainty be explained from the perspective
of the experiencer. Of all the various stakeholders who experience it (such as patients, research
participants, family members, clinicians, laboratory personnel and researchers), patients are

perhaps the most vulnerable and thus have the greatest potential to benefit most from
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behavioral interventions to manage uncertainty. We use the Han’s taxonomy of medical
uncertainty in genomic medicine to describe the sources and issues of VUS-related uncertainty

from the patient perspective.
Han’s taxonomy of medical uncertainty

The taxonomy divides uncertainty across three dimensions — Source, Issue, and Locus
(Han et. al., 2017) (Figure 2). Source refers to the “cause of a given uncertainty or the
fundamental reason for a specific knowledge gap” and is subdivided into probability (stochastic
nature of future outcomes), ambiguity (“the lack of reliability, credibility, or adequacy of
information”), and complexity (“features of risk information that make it difficult to understand”).
Ambiguity is further subdivided into conceptual, methodological and clinical; and complexity into

multiplicity of causes, multiplicity of effects, and effect modification.

Issue refers to “the specific substantive matter about which an individual lacks
knowledge”. This can be subdivided into scientific (diagnostic, prognostic, causal or
therapeutic), practical (“lack of knowledge about the structures of healthcare and the processes
of healthcare”) and personal (psychosocial and existential issues). Locus refers to the “the party
in whose mind uncertainty resides”. The taxonomy identifies various stakeholder including
“patients, clinicians, researchers, or other individuals including family members, regulators,
payers or health policy makers”. A more extensive definition of components of the taxonomy is

available in Han, 2017.

These three dimensions are not independent of each other but operate in concert. The
underlying cause of the specific issues of uncertainty may be any of the sources. Different loci
may identify different sources and issues for the same type of uncertainty, or they may identify

different subcomponents of these dimensions to be important contributors to uncertainty. This
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paper will describe VUS related uncertainty from the perspective of the patient who has a
confirmed VUS.

Every patient’s experience is unique and therefore this inquiry necessitates the use of
gualitative method (Glesne, 2016) to accurately represent the range of factors that influence
VUS comprehension. Consequently, we selected qualitative methodology to obtain the rich,
narrative description of interpersonal factors that emerge when individuals explore their clinical
and personal experience with VUS. Basic qualitative research methodology is appropriate when
prior theoretical propositions guide data collection and analysis and the researcher wishes to

account for and describe contextual conditions.

18



Probability

Conceptual
Ambieui Methodological
—  Source —| mbiguity —
Clinical
Multiplicity of causes
Complexity
Multiplicity of Effects
Effect Modification
| Diagnostic |
| Prognostic |
o | Causal |
— Scientific
| Therapeutic |
Psychological
Medical social
. . ocia
uncertaintyin | [ Issue Personal
clinical genomic Economic
sequencing Existential
. Structural
- Practical
Procedural
Patient/Participant
/Family
. Laboratory
personnel
— Locus —t— Clinician
] Investigator
Policymaker

Figure 2: Han’s taxonomy of medical uncertainty in clinical genome sequencing (adapted)

[reprint permission obtained from author].

MATERIALS AND METHODS

Recruitment: Patients seen at the Seattle Cancer Care Alliance (SCCA) genetic

counseling program and/or a genetic oncologist between October 2013 and December 2016 for
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Breast Cancer (BC), Colorectal Cancer (CRC), Uterine Cancer (UC) and Pancreatic Cancer
(PC) were identified through the clinic database and screened for study eligibility. Patients who
met the following inclusion criteria were identified as potential study participants: 18 years of
age or older, underwent genetic testing for BC, CRC, UC or PC and received a VUS result as a
part of routine clinical care, and speaks English. Eligible patients were contacted over phone
with invitation to participate in the study. Ten participants were recruited and interviewed for the
study between November 2016 and February 2017. Study information was also sent to 3
genetic counselors in Eastern Washington with request for referrals. One participant was

recruited through this method and interviewed for the study in June 2017.

Data collection: Interviews were conducted in person or by telephone using a semi-structured
interview guide designed to elicit participants’ views of genetic testing, experiences of receiving
genetic test results, reflections about their VUS test result, and thoughts regarding implications
of their result for themselves and their family members. Each interview lasted between 30 and
60 minutes. All interviews were audio recorded and transcribed, transcripts were de-identified
using study numbers to protect confidentiality. The study was approved by the University of
Washington Institutional Review Board (STUDY00000175). Study participants were

compensated for their time with a $30 gift card.

Data analysis: A hybrid deductive and inductive content analysis was used to analyze the data.
Han’s taxonomy of uncertainty served as the main framework for this study and its elements
served as categories. Therefore a deductive (directed) approach was applied whereby key
categories were pre-determined according to the model used. Each interview was read several
times by one analyst and themes were condensed and assigned a code which was then placed
under a pre-determined category of the taxonomy. The generation of new themes and

subthemes not represented in Han’s taxonomy represents the inductive approach. All
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transcripts were uploaded into the qualitative analysis software Atlas.ti 8 for coding and content

analysis.

RESULTS

Participants

Patients interviewed for this study had VUS in 11 different genes (ATM, BARD1, BRCAZ2,
CDH1, CHEK2, MLH1, MUTYH, PTEN, RAD50, STK11, and TP53) all of which were cancer
risk genes. One participant had 2 separate VUS in 2 different genes, and 4 participants had a
VUS accompanying a deleterious mutation in the same or different gene. Participants had an
average age of 46 years, and most were highly educated (Table 1). All participants were female,
of European ancestry, insured, and genetic test results were disclosed to them by a genetic

counselor or genetic oncologist.

Table 1: Participant sociodemographic characteristics (N = 11).

Variable N %

Age (N =11)

Mean age (years) 46

Range (years) 35-62
Sex (N =11)

Female 11 100
Parenthood (N =11)

Parent 9 81.8

Not a parent 2 18.1
Education (N =11)

12 years or High school 0 0

Post high school/vocational 1 9.0

Some college 3 27.3

College graduate 5 454

Postgraduate 2 36.4
Insurance status (N =11)

Insured 11 100

Uninsured 0 0
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Interview results

Findings from the study are presented under elements of Han’s taxonomy of medical

uncertainty:

Meaning of VUS:

The word ‘uncertain’ or ‘inconclusive’ was commonly used by patients to describe their
test result, but what patients meant by an uncertain result differed. Uncertainty was defined as a
lack of known relationship between variant and phenotype; for example, although mutations in
ATM gene have been associated with an increased risk for several cancer types, one participant

described her ATM VUS in context to her own family history of pancreatic cancer:

“I had the broken ATM...and that was uncertain for pancreatic cancer.” (Participant 1)

Three different interpretations of uncertainty were expressed by a patient — (1) uncertainty
around the inability of VUS to explain family history of disease; (2) uncertainty around gene of
uncertain significance (i.e., a gene that has no strong relationship to the phenotype) and VUS
causing the patient to give more importance to the gene than the classification of the variant,
and (3) the misconception that ambiguity in clinical testing can be clarified with better and more
sensitive follow up tests. When probed, the patient expressed confusion about why she was

never offered additional follow up tests:

“She said that it doesn’t mean that the history is not there but she said that it came back
inconclusive and that it needed more testing. She said it didn’t show history of breast
cancer but it did show history of other types of cancer. And that was the test that came
back inconclusive and that it needed further testing. And | am also thinking this because

we also have a family history of liver cancer, my uncle just had pancreas cancer...So
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they were saying that, as far as breast... it came back inconclusive. It came back

inconclusive about other types of cancer in my family.” (Participant 8)

Another patient could recall the possibility of a non-significant finding, but could not specifically
recall the concept of VUS:
“When | chose which panel to do, | knew that | was asking for a lot of other gene mutations
that either would be significant or would be nonsignificant. | didn’t know there was anything
called a VUS. But | knew that there was colon cancer genes and they were doing a broad

enough panel that there was other things that might come up.” (Participant 6)

Yet another interpretation of uncertainty was a general imprecision about the overall genomic
test result. Patients reported the presence of an unusual mutation in their test result implying a

seeming non-specificity of genomic tests:

“Something weird showed up, | didn’t know it was a mutation. | was just like | got this

weird thing that showed up as a variant.” (Participant 9)

Participants’ views about the source of VUS uncertainty:

(a) PROBABILITY:

Probabilistic uncertainty arises because of a fundamental indeterminacy of the diagnostic test or
inability of the VUS to predict the future. Our patients did not report probabilistic uncertainty
about the existing cause or source of uncertainty, however, they expressed uncertainty about
the likelihood of future pathogenicity of VUS. These probabilistic issues of VUS-related
uncertainty from a patient’s perspective is reported under the section ‘VUS management

strategies’ below.
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(b) AMBIGUITY:

Conceptual ambiguity: Patients’ accounts of the conceptual ambiguities surrounding VUS were

not technical but provided a broad and accurate overview of the source of VUS uncertainty.
They readily recognized that broadly, the source of VUS uncertainty was a lack of scientific

knowledge about the genetic variant:

“There’s a lot of diseases out there and there is a lot of things that they haven’t had the
time or the money to explore and research on, | just don’t think they fully comprehend
what it is, what it does, and how to cure it. They extent to which this might play a role in

someone’s health.” (Participant 9)

“l understand it means you know that just they simply don’t have enough data on that

variant to know if it makes any difference or not.” (Participant 2)

Methodological ambiguity: Methodological ambiguity was not commonly reported as a source of

VUS uncertainty by patients. However, one patient who self-identified as a trained geneticist
doubted that there were not more than one VUS in her result, thereby questioning the

methodological accuracy of genomic testing:

“I just thought it was a pretty big gene panel that there should have been more of ‘| don’t
know what to do with that variant’. But | didn’t have a very good reason to believe that. |
don’t know how many gene variants are in a normal person, or like what their cut offs are
for reporting them, | kind of felt like, this one was above the threshold to include on their
report, even there were others that they didn’t report and | was sort of curious how they
were making the decisions about reporting. That | was expecting, a priori, | expected to
have multiple uncertain variant. So there was only one, so | was like...European ladies

look like the reference.” (Participant 5)
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Clinical ambiguity: Patients never identified family or clinical history as a contributing source that

affected their VUS uncertainty. In fact, patients were appreciative of how thorough and detailed

family histories were taken from them.

“Well they asked a lot of questions, like about family history, my mom’s side and my

dad’s side.” (Participant 7)

“Genetic counselor... are very interested in... family history. She was very thorough, |
came in with my history already prepared. And up to my great grandparents, and we,
she talked a little bit about the process, was mostly focused on gathering information

from me. She was very nice, very helpful” (Participant 11)

(c) COMPLEXITY:

The intricacy of genetic information was acknowledged with apprehension by patients and was
indicated as a source of VUS uncertainty. The difficulty in understanding complex genetic

information almost surely contributed to patients’ feelings of VUS uncertainty:

‘I don’t wrap my arm around genetics stuff because | think...there is just this fine line...
kind of like playing God and you knowing just enough to make it dangerous...”
(Participant 6)

“I think genetics is a pretty tough thing to understand.” (Participant 7)

Despite the trepidation about genetics, having a nuanced understanding of medical science

seemed to help patients be more tolerant of VUS uncertainty:

“I know there are some people who believes that you know the medical world is full of
answers. And | get and fully understand that there is still a lot that is unknown.”

(Participant 2)
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Participants’ views about the issues of VUS-related uncertainty:
(a) SCIENTIFIC
I.  Diagnostic
The intricate concepts of genotype-phenotype association and pathogenicity of variants were
combined in patients’ minds to produce simplified personal interpretations of VUS. Although
patients understood that VUS has no diagnostic significance, somewhat confusingly, they had
intuitions about the variant-phenotype relationship:
“In the family it would have something to do with the breast obviously but they don’t

know what significance it would have with it.” (Participant 2)

Patients also expressed frustration at not having a definitive diagnosis:
“I thought that was the point of doing this was...that they knew what it was. It was a little

frustrating to have them say that we don’t know what it is...” (Participant 9)

IIl.  Prognostic
Uncertainty regarding the future consequences of VUS was frequently mentioned as an issue —
for both the patients themselves as well as their family members. Patients expressed
uncertainty about the personal health implication of VUS in the event that the VUS remained
unclassified (i.e., a VUS) and if it was reclassified (i.e., to pathogenic):
“l do wonder if it's going to, if this is something that is going to keep recurring in the
future...and if | am going to have to keep going back for treatment. Or if this is going to

resolve into something else, that’s going to cause me problems later?” (Participant 9)

However, there was also recognition of the general uncertainty in cancer care as a whole and
that VUS is only a drop in the ocean of uncertainty:
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“l don’t think it was hard for me...it kind of is square one. Really, no one ever knows if
they are 100% going to get breast cancer so, | was really no better off or worse off”.

(Participant 7)

Although uncertainty about individual prognosis was an important problem, patients also noted
how VUS uncertainty effects their family members. Patients were unsure about how the VUS
may impact their family members in future:

“It would be nice to know if it had any significance for my daughter” (Participant 2)

. Causal
The lack of causality for VUS was more frustrating than uncertainty provoking for patients.
Patients understood why causality cannot be established for VUS and that causality in genetics
is often probabilistic and multifactorial.

“...I'am kind of curious as to why it was me. Why is the variant in me when we [siblings]
are all from the same parents? | would want to know why it was me and why how come
no one else is affected by this? | don’t know if it is my environment [or] my lifestyle Quite
honestly my other siblings are a little on the heavier side, | don’t know if that has
something to do with as well, right?” (Participant 9)

IV.  Therapeutic
Uncertainty around the contribution of VUS to health consequences such as disease prevention
and treatment is highly dependent on contextual factors such as presence of an accompanying
pathogenic variant in the test result or having a cancer diagnosis. Patients who had VUS as well
as a pathogenic variant or had been diagnosed with cancer felt less uncertain about their VUS.

This was because these patients were already eligible for aggressive cancer screening and/or
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treatment, which they felt ‘covered’ the VUS. One patient with an ATM pathogenic mutation and
BARD1 VUS, reported:
“In the course of testing, BARD1 [VUS] will be covered because | will be getting
mammograms more often than | would if | didn’t have this. And, | and then other
thing...is that pancreatic cancer, so | will be screened more for that. So, you know | feel
like my screening will be covering...they are checking me out for my ovarian and my
uterine... you name it and they are checking me. And so, | feel like all of those things will

be looked at as far as BARD1 [VUS] comes along. It will be covered.” (Participant 11)

A different patient reported that her RAD50 VUS does not affect her disease treatment or
prevention because she has already had a mastectomy:
“l had a double mastectomy so | don’t anticipate it [VUS] having any effect on me

whatsoever” (Participant 2)

Straightforward and explicit interpretation and recommendation of VUS reduced some patients’
experience of uncertainty:
“For some reason between her [genetic counselor] and my oncologist, | got the
impression, correctly or incorrectly that my VUS didn’t really matter. Or | shouldn’t pay

attention to it” (Participant 6)

(b) PERSONAL
l. Psychological
Few issues regarding patients’ psychological well-being was described by patients with a VUS
result. One patient described the initial astonishment of receiving such a result:
“I was expecting Lynch, and | got something that | totally wasn’t expecting at all. So it

was like oh, huh! It was just kind of like a shock.” (Participant 11)
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Another patient described her inability to psychologically cope with uncertainty:
“It just feels dangerous and very uncertain to me...I am the kind of person that if | think,
if | hear something about my future, if its not certain, it would really stress me out. [If |
had been tested 21 years ago] | wouldn’t have made a decision to do anything drastic

about it without certainty; so for 21 years | would have been a wreck”. (Participant 7)

Il. Social
In addition to impacting an individual's future well-being, VUS related uncertainty was also
reported as an issue for the family’s well-being. One patient reported that sharing uncertain
genetic information with family members has the potential to harm people who are not capable
of handling such information:
‘I have a 7 year old girl... a 12 year old girl... 16 year old boy and an 18 year old girl. So
it's [VUS] really a powerful piece of information. Depending on the person and situation it
can do a lot of harm, it may be able to do some good. | feel like it has the potential to do

a lot more harm than good in certain situations.” (Participant 6)

M. Economic — no theme representing this domain was observed in the study sample.

V. Existential

VUS uncertainty introduced several existential issues in patients — i.e., issues related to

patients’ sense of meaning in life.

“Getting cancer was unfair, not knowing the reasons why is unfair-ish.” (Participant 4)

(c) PRACTICAL
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a. Structural

Patients in our sample did not report lack of knowledge about institutional facilities and
resources of health care system as a contributor to VUS uncertainty. However, lack of
knowledge about referral and follow-up systems used in genomic medicine was reported as a
source of frustration by one patient:
“I tried to talk to my oncologist about it [VUS] and he actually said, ‘no, talk to the genetic
counselor’. And...it really bothered me because... first of all you recommended, you
referred me to this and you thought it was urgent, and you are my oncologist. | am
getting a letter back from a genetic counselor who has an MS, an MS! And she is
recommending that | have double mastectomy... | think that's a recommendation that
should come from a physician...| am fine with being of unknown significance at this
point. Really, | think the research has to take place. | am not fine with my oncologist

saying “l don’t know, go talk to somebody else” (Participant 11)

Complexities of the healthcare delivery system and the inter-related roles various genetic and
non-genetic providers play may have contributed to the patient experience of uncertainty around

VUS.

b. Procedural

Procedural issues of VUS uncertainty were directly identified by patients. Several patients noted
the process of healthcare delivery surrounding VUS as problematic. Post-test genetic
counseling over phone was reported as an imperfect medium for receiving uncertain information
such as VUS. Patients reported that in-person counseling could have given them the chance to
fully understand the complex information, and ask follow-up questions that could help reduce

VUS uncertainty:
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“If I had known there was a VUS thing, | might have wanted more of an in person. Just
because it was that uncertainty. So you have that phone call and well that doesn’t mean

anything. It’s kind of a weird conversation over the phone call.” (Participant 10)

“We spoke on the phone and she talked to me [about]... the area of non-significance,
variance, which was the BARD1. And so that was a less easy to understand on the
phone, and | really got no information on if there has been any associations with BARD1

with any type of cancer, so | didn’t really hear that part.” (Participant 11)

Procedural issues of VUS uncertainty also involved confusion about what would happen in the
event of VUS reclassification. Patients were unsure about whether providers would notify them

about reclassification or if they should check in about updates:

“The only other real piece of information | wanted and | guess | don’t 100% really
remember is like hey if it changes, and if you determined that RAD50 mutation has an
inherent risk...genetically, like for my daughters...to get breast cancer if that is

something they should be tested for, you know would | be notified of that”. (Participant 2)

In the event of VUS reclassification, providers promised to inform patients of the new
classification status. This promise for future re-contact and achieving certainty was welcomed

by patients and helped reduce VUS uncertainty:

“[The genetic counselor said] ‘As time goes on, if something pops up, | will be reaching
out to you.” Which was, | don’t know if that was standard or not standard but | felt great

about that” (Participant 10)

In addition to being appreciative of the provider’s promise, patients also recognized that this was

a lot of responsibility for providers:
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“I mean that would be nice but that just feels like a lot of expectation, responsibility on
you. And it's my result and | should... | mean if you guys come back, whenever it is five
or ten years from now and you can try and locate me [laughs] then it would be great.”

(Participant 6)

The option to participate in VUS reclassification research was misunderstood by some patients
as a condition for being notified of VUS reclassification. One patient was under the impression
that if she and her family participated in VUS reclassification research studies, they would be
notified about reclassification, but if they chose not to participate or were unable to participate,

then they may or may not informed about reclassification:

“It wasn’t quite clear to me whether or not they would let me know. It sounded to me like
they were saying, yes, like if you are involved, if you go further and... bring more into the
mix, it kind of sounded like yeah, maybe. If you don’t have other family members do it,
you may or may not hear from them. Possibly it would be their intention to contact you
but they could miss you and forget about it. That's kind of the impression | got.”

(Participant 2)

Themes not specified in Han’s taxonomy:

In addition to the themes identified in Han’s taxonomy, providers’ role in patient experience of
VUS uncertainty stood out as an important theme. These themes are likely moderating factors
in the genesis of many types of basic uncertainty, but was an important theme identified by our

participants.
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Discrepancies in how VUS was explained to the patient and whether VUS specific
management recommendations were made by the providers contributed to VUS uncertainties
reported by patients. Patient satisfaction with providers appeared to decrease uncertainty,
whereas discrepant explanations of VUS appeared to maintain or increase uncertainty. One
patient who felt confident about her ability to manage VUS uncertainty reported satisfaction with
genetic counseling and confidence in her provider’s abilities:

“She [genetic counselor] gave me a ton of time in my consultation before | made the

decision. She... made it easy for me to get the blood test done, she gave a me a realistic

expectations about when the result would be back and then she called and gave me all
the time in the world when she gave me the results, and was patient, and explained
everything and every question | had and totally asked me to contact her with any

questions” (Participant 6)

Trustworthy providers were seemingly able to prepare patients for the possibility of future
uncertainty. Providers prepared patients for VUS that may result from their genomic testing, and
discuss their ability to cope with such uncertainty. Patients reported this to be a beneficial
experience:
“My practitioner did a very good job of asking questions about ability to live with
uncertainty. Both what my expectations were, how | would cope with the result either
way, if we found something, if we did not find something. And what turned out to be very
important this ability to live to uncertainty if you don’t actually know what it means. So
that counseling experience was good | think. It was broad sweeping but it was very

helpful” (Participant 1)

On the other hand, uncertainty was worsened when providers provided discrepant
interpretations of a VUS to patients. One patient reported that her oncologist and genetic
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counselor at the same institution suggested vastly different proportions of disease risk as an
interpretation of her genetic test result (she had a pathogenic variant as well as a VUS):
“The percentage that my oncologist gave me was higher than what [the genetic

counselor] told me. The percentages were much lower.” (Participant 7)

Strategies for VUS-related uncertainty management:

Patient-centered strategies: Several strategies for uncertainty management was mentioned by

patients:

Being unprepared or ill-prepared to receive an uncertain result may have contributed to
patients’ VUS uncertainty. Despite having undergone pre-test genetic counseling, several
patients demonstrated limited awareness of the possibility that an uncertain result may result
from the genomic test. One patient who should have been informed about the possibility of VUS
reported not remembering that particular detail of the counseling process:

‘I don’t remember that, but she [the genetic counselor] may have [mentioned VUS].”

(Participant 6)

Sometimes patients could not recall the pre-test genetic counseling altogether, so maybe
discussion of possibly forthcoming uncertainty would only benefit certain people:
“I know | talked to somebody after the result came in, but | can’t remember the other [pre-
test counseling], may have been since | was at cancer care that somebody may have come

in and talked to me during one of my doctor’s appointments”. (Participant 3)
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Uncertainty reduction was attributed to the ability to understand risk information and capacity to
think analytically. For example, one participant described her cognitive comfort with risk
information which she believes helped reduce VUS uncertainty:
“[Itis] just my predilection and where my brain fits. | think about risk assessment, | like to
read medical stuff, | like to talk about the stuff, | am interested in it, and so, | had a
language and an understanding of the language, before | even started on a journey of
thinking about my genetic testing and my, as well as my broader risk categories”

(Participant 10)

Another patient described her analytical thinking skills which may have helped her understand
complex VUS information, thus reduce VUS uncertainty:

“l deal with the analytical stuff and...data, so maybe that helped” (Participant 4)

A few other themes regarding proactive methods of uncertainty management used by
patients were collected from the transcripts: information seeking, checking back for

reclassification, and reading the genetic test report.

Information seeking: In addition to the themes identified specific to sources and issues of VUS

uncertainty, we identified other important themes not directly linked to Han’s taxonomy of
genomic uncertainty. For example, patients mentioned information seeking as a strategy for
managing VUS uncertainty. Information sources utilized by patients included internet (non-

specific google search), scientific databases (e.g., PubMed) and family members:

“I looked up just to see if there was anything on the internet specific about the RAD50.

Just to see if there were, if there were papers published or whatever, that might be out
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there that | could read. That might have insight onto what is known about it thus far. |

understand they cannot say that it is a genetic marker of predisposition but that does not

mean they don’t have some data on it.” (Participant 2)
“l did a quick PubMed search actually.” (Participant 5)

‘I have someone in my family that | can call and say, ‘Dad, | don’t know what this means.

Can you help me out with those stuff?” (Participant 10)

However, these information sources did not prove useful. Often there were too much
information, irrelevant information, or information patients did not have free access to. Thus, it is

likely that information seeking did not reduce VUS uncertainty in patients:

“l...totally looked it up. There is not necessarily a lot of information [that | was] able to
find... and most of it is in the medical journals... and [I] have no access. So it...landed

me exactly where the documentation that the genetic counselor [had provided]’

(Participant 10)

“It couldn’t just be something easy? It couldn’t just be something that | could go read

about in google?” (Participant 11)

Checking back for reclassification: Awareness of reclassification possibilities and acting upon

that awareness by checking back for updates about VUS reclassification was a method of
uncertainty management reported by patients:
“So it's [VUS] something that is always in the back of my mind, and whenever | come to

my six month appointments it's one of the questions that | ask. Is there anything new on

it?”(Participant 4)
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Reading the genetic test report: Patients remembered receiving their genetic test report but very

few read the report. The few who skimmed the report, did not find it particularly informative:

“You know this is kind of sad but the paperwork that | got sent, | never once looked at it.
| just trusted that | was told everything on the phone that was of significance. And that
my oncologist would see it, that | never even looked at the paperwork...| mean it even
wasn’t even in my consciousness to look at it. Didn’t feel like that was an important thing

to do.” (Participant 6)

“l got a printed copy of it. Probably in a file with a whole lot of other things... but you
know it doesn’t give you a whole lot of information really. It just tells you positive or

negative, and all the things they tested.” (Participant 2)

“l don’t think it [the report] was very thorough. | remember it talked about the variant but |

there wasn’t a lot for me to read” (Participant 3)

“l did thumb through it at home, and it was a little bit hard to understand but | don’t
remember that as vividly, and it is in my file cabinet somewhere. And | looked through it,

| remember seeing one that was inconclusive and...that was about it.” (Participant 4)

“...eventually | got the report... it was quite lengthy...” (Participant 11)

Providers-centered strategies: Providers also played a crucial role in uncertainty

management. An important strategy genetic counselors used to decrease VUS uncertainty was
to explain the likelihood that a VUS would prove to be benign in future. It is estimated that most
reclassified VUS are benign and not pathogenic (estimates range between 80 and 95% [16, 17,

18]). Although this should be a generally reassuring statistic for patients to hear from their
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providers, one patient could not recall what the 95% exactly meant but quoted notes she had

taken during genetic counseling:

“PTEN gene’...’variant of uncertain significance’... ‘95% of the time they are normal’...

don’t know what that means...’not enough population to test on™ (Participant 6)

The 95% estimate was also cognitively processed by participants to mean a very small risk of
being pathogenic. When asked to describe the genetic test result, one patient cautiously

remarked:

“[Tlhere is like a 2% chance... or less [of being pathogenic], because they weren’t sure,

because they were studying it. But that there was a possibility.” (Participant 1)

DISCUSSION

Collectively, these findings provide unique insight to better understand patients’
perspectives on VUS uncertainty, offer possible reasons for differences in patient responses to
VUS, and describe strategies of uncertainty management used by patients. This is the first
study, to our knowledge, that qualitatively explores VUS uncertainty among patients using Han’s
taxonomy (Han et. al., 2017). We find that a patient’s primary concern with VUS uncertainty
involves personal and practical issues as they directly inform health care decisions. Patients in
this study demonstrated good understanding of the epistemic nature of VUS uncertainty.
However, discordant provider explanations of the implication of this epistemic uncertainty for
patients’ diagnosis, prognosis, and therapy was an important contributor to the overall scientific
issue of uncertainty. These findings are supported by results from a several other studies which
also observed variation in practices of reporting, disclosure and clinical management of patients
with VUS (Murray et. al., 2011; Han, 2013). Patient-provider interaction was not a part of the

original taxonomy, but was an important theme in our sample for e.g., who explains VUS, what
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recommendations are provided, and how these recommendation are given to patients. For
several domains of the taxonomy, we identified factors that exacerbated VUS uncertainty for
patients (such as discordant explanations of VUS from providers) as well as strategies patients
use to tolerate and manage VUS uncertainty (such as information seeking, monitoring for
reclassification). We believe, together, these themes explain a significant proportion of the total
variability in patient experience of VUS uncertainty, and may have practice implications. Based
on our study findings, we offer a provisional framework for VUS-related uncertainty

management strategy that may offer clinically actionable methods to manage VUS (Figure 3).

Preparing patients for the possibility of encountering
VUS-related uncertainty

— Provider

Concordance in interpretation of VUS between

@ providers

Mode of counseling: in person or over telephone

VUS-related Asking patients to check back for VUS reclassification

Uncertainty
Management

Ability to think analytically & understand risk
information

Strategies

Being prepared to receive uncertain result

L{ Patient Hope from acknowledgement of uncertainty in
medicine

Periodically checking back for reclassification

Reading the genetic test report
(reports are too complex)

Information seeking online (depends on availability of
actionable information)
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Figure 3: Framework for VUS-related uncertainty management strategies in clinical genome
sequencing. Unshaded solid boxes represent effective management strategies, solid boxes

shaded grey represent ineffective management strategies.

Preparation for the possibility of receiving a VUS result from a genomic test through pre-
test genetic counseling appeared to help patients become more tolerant of VUS uncertainty.
The effectiveness of framed health messages on behavior is well known (Rothman & Salovey,
1997); indeed, patients who knew to expect inconclusive genetic variants and were prepared to
cope with the resulting uncertainty, were eventually more understanding of VUS uncertainty
(Biesecker et. al., 2014). Yet, despite the preparatory counseling, some patients confused VUS
with ‘inconclusive genes’ or genes that are not directly related to the patient’s indication for
testing. The percentage of gene tests resulting in a VUS is only expected to increase when the
extent of sequencing increases to include untranslated and deeper intronic regions and when
tumor testing becomes routine (Lek et. al., 2016). Thus preparing patients for the possibility of
VUS through pre-test genetic counseling will continue to be important so that patients can learn
to grapple with scientific uncertainty of VUS and benefit fully from shared decision making.
Further research is needed on what type of preparatory discussion of VUS uncertainty will be
most beneficial to patients and how the discussion of uncertainty may be best incorporated into
the current conversation. One tangible solution may be to state the expected prevalence of VUS
from genomic tests so that patients realize the concrete and real possibility of receiving

inconclusive variants.

The epistemic uncertainty around VUS was well explained by the experienced genetic
providers in our study, and consequently well understood by patients. Skilled providers used

various counseling strategies to help patients manage their VUS uncertainty — e.g., mentioning
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that there is a 95% probability that the VUS would be reclassified as benign (Lincoln et. al.,
2017; Thomson et. al., 2013; Easton et. al., 2007) was helpful. Providers who gave clear clinical
recommendations in response to VUS seemed to help reduce patients’ VUS uncertainty.
Conversely, discordance of VUS interpretation between providers exacerbated VUS uncertainty
for patients. On one hand provider discordance could represent ambiguity, specifically arising
from provider explanations of VUS, but we believe that the theme did not represent any of the 3
subcategories as defined in the existing taxonomy— conceptual, methodological or clinical. In
addition, the discordance arises from a three-way interaction (between 2 providers and patient)
which, we believe represents a novel domain. Educating providers about VUS recommendation
and interpretation may be easier than educating patients. Provider’s promise of re-contact in the
event of VUS reclassification was reassuring to patients and helped with uncertainty
management. Han’s taxonomy does not specify a provider’s role in patient’s uncertainty
experience but this newly identified source should be confirmed using future qualitative studies

and quantitative studies to determine how it fits into the existing taxonomy.

Several domains of Han’s taxonomy were not observed in our study. Understandably,
patients identified complexity as a general characteristic of genomic testing rather than
specifying the underlying concepts (multiplicity of causes, multiplicity of effects, and effect
modification). Economic issues were not identified in our sample, but coverage and
reimbursement of genomic testing is a known problem that limits uptake of genomic testing
among patients who are offered testing (Prince, 2015; Spoonamore & Johnson, 2016;
Makhnoon et. al., 2018). No structural issues were identified in this study perhaps because
patients who have a VUS result have already navigated and successfully completed the steps

that are often necessary to get a genomic test. The absence of these domain-specific themes
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indicate that the relative importance of domains within the taxonomy vary by the nature of

uncertainty under discussion.

VUS-related uncertainty may be reduced by participating in VUS reclassification
research. Thus suggesting a follow-up process that have the potential to reduce uncertainty is
valuable. However, unintentionally giving the impression that re-contact, in the event of VUS
reclassification, is contingent on research participation is problematic as research participation
should not be coerced. Although not reported by our study participants, it is possible that
participation in VUS reclassification studies would also aid uncertainty management for patients
as has been suggested previously (Solomon et. al., 2017). Providers could assist patients with
other methods of uncertainty management — such as learning strategies to cope with
uncertainty. For many patients the only option is waiting and periodically checking back for
reclassification. These patients may specially benefit from discussions about strategies to cope

with uncertainty.

Patients reported two proactive strategies of uncertainty reduction, internet searches and
periodically checking back with providers; however, neither were ultimately useful. Among the
highly educated study participants, those who attempted internet searches there was little
success; there was not any actionable information about VUS, patients were unable to
understand the complex information, or the information was not freely accessible. The
recommended practice of periodically checking back for VUS reclassification was used by some
patients and seemed to be beneficial for uncertainty management. This finding is similar to that
of a prior study which found that information seeking about VUS was not associated with patient
behavior in response to VUS (Makhnoon et. al., 2017). Most patients did not attempt to read the

genetic test report that they were given because they trusted their providers to read and
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interpret the report for them. The few who skimmed the report, found it to be unhelpful. These
observations about readability and patient utility of genomic test reports have also been

identified in prior studies (Makhnoon et. al., 2018; Haga et. al., 2014).

Study limitations: This is the first structured exploration of patients’ experiences of VUS
uncertainty but is not without its limitations. The main limitation of the current study is the lack of
generalizability of these findings to all clinical settings as the sample was almost exclusively
composed of patients from a specialized cancer hospital system. In addition, the lack of
viewpoints from a diverse group of patients with VUS results also affected generalizability.
However, these findings demonstrate that even patients counseled by skilled genetics providers
experience various VUS uncertainties and may need assistance coping with uncertainty.
Uncertainty related issues raised by highly educated sample of patients is likely to be even more
profound in less educated populations. All participants in this study were selected because of
their VUS result, but specific clinical and personal circumstances may have varied across
patients. The patients encountered various counseling experiences from different types of
genetic providers (genetic counselors, and genetic oncologists) and non-genetic providers

(surgeons).

Conclusion: This study illustrates several contributors to cancer patients’ VUS uncertainty.
Han’s organizational framework can help other stakeholders reach a greater understanding of
VUS uncertainties in patients’ minds; providers can understand patient perspectives of
uncertainty and counsel patients accordingly. Patient interviews highlight the importance of
giving clear and concordant VUS-based clinical recommendations — VUS results should not be

used for medical care, and have no direct implication for family members. Providers should take
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care that the offer of research participation is not interpreted as a condition for being informed

about reclassification.
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CHAPTER 3: Dealing with Uncertainty: Information seeking to guide VUS management

ABSTRACT

Ability to deal with uncertain genetic test information is likely important determinant of patients’
confidence in decision making. Management of variants of uncertain significance (VUS) is
known to be challenging for patients. We hypothesize that, information seeking may help
patients cope with their VUS result and be important in subsequent clinical decisions.

We describe patients’ VUS information seeking and management behavior using a cross-
sectional survey of 46 patients with a clinically confirmed VUS result. The survey instrument
consisted of 3 sections: (1) demographics, (2) use and trust of VUS information sources, and (3)
VUS related health behavior. 52.4% of patients reported seeking information about VUS after
receiving test results; health care providers and cancer research organizations were preferred
and trusted information sources. Most did not undergo surgery (61.8%) or screening (62.5%)
based on VUS. 46.7% asked family members to get genetic test because of their VUS result but
69.5% did not check back for VUS reclassification. Few VUS patients encouraged relatives to
undergo clinical testing for VUS and. Information seeking was not associated with these
behaviors. We did not find evidence to support the hypothesis that VUS related information
seeking is effected through demographics, belief, direct experience and mediated through Utility

as predicted by the comprehensive model of information seeking.

Keywords: Information seeking, management, variants of uncertain significance, VUS,
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INTRODUCTION

Ability to deal with uncertain information is an important determinant of patients’
confidence in decision making (Lee & Dry, 2006; Edwards et. al., 2012). People use information
seeking as a means of dealing with the psychological challenges of uncertain information in
general (Brashers, 2001). Health information seeking behavior relates to the ways in which
individuals go about obtaining health information, health promotion activities, risks to one’s
health, and illness (Lambert & Loiselle, 2007). Information seeking refers to active and
deliberate searching and gathering of information outside of the normal patterns of exposure to
mediated and interpersonal sources (Atkin, 1973; Griffin et al., 1999). “This definition includes
any non-routine media use or interpersonal conversation about a specific topic outside the
normal flow of conversation” (Niederdeppe et. al., 2007; Wong, 2012). This coping mechanism
is likely to occur and be potentially helpful when faced with uncertainty in genomic medicine as
well (Han et. al., 2017). In genomic medicine, Variants of Uncertain Significance (VUS) are an
increasingly common type of test result (Maxwell et. al., 2016) that patients and providers have
difficulty using for medical decision making (Mishel, 1999). A variant is classified as VUS if the
variant does not fulfill criteria for pathogenic or benign classification, or the evidence for benign
and pathogenic classification is conflicting (Richards et. al., 2015). The seeking of additional
information about a specific VUS may help patients cope with their VUS results that may be
important in subsequent clinical decisions, e.g., whether or not to get more frequent
mammograms due to a BRCAL VUS result. It is worth understanding factors that correlate with
VUS related information seeking behavior, and the relationship between patients’ information
seeking behavior and VUS management so that we can consider implementing interventions

that help achieve optimal health outcomes for patients with a VUS.

The National Comprehensive Cancer Network (NCCN) recommends basing medical

management for individuals with a VUS result on family history and offering them research
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options to help classify the variant (NCCN, 2014). Therefore, patients with a VUS result are
given one or more of the following VUS management recommendations: (1) Do not use VUS for
medical management such as surgery and screening, (2) Do not test family members for clinical
purposes, (3) Check back for updates regarding VUS reclassification, and (4) Consider
participating in VUS reclassification study. However, there is inconsistency in personal
interpretation of these clinical recommendations among providers (Petrucelli et. al., 2002), and

perhaps consequently, anxiety and misunderstanding among patients (Makhnoon et. al., 2017).

Patient behavior in response to VUS is varied and often is not in line with published
guidelines. For example, although, surgical decisions such as mastectomy, colectomy should
not be based on VUS results, such decisions are not uncommon — for e.g., 24%-50% surgeons
managed patients with VUS the same as pathogenic mutations (Kurian et. al., 2017; Murray et.
al., 2011). However, little is known about how patients behave in response to the remaining
VUS management recommendations such as decisions to change screening frequency, such as
mammography or colonoscopy. The goal of this study is to describe patients’ behavior in
response to clinical VUS results. We limited our study to the first three management behaviors
only as the fourth management behavior of participating in reclassification studies is just offered
as a suggestion, not a strong recommendation. Additionally, some patients may be ineligible to

participate in such studies or a study may not be available to them.

Information seeking may help patients manage uncertainty related to VUS. According to
Mishel’s theory of uncertainty, unresolved uncertainty can trigger anxiety and fear or
resignation, if there appears no way to resolve uncertainty; or it may trigger hope, if new

information reframes people’s experiences (Mishel, 1999). Indeed, various affective responses
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are expressed by patients who receive VUS in clinical settings — positive, negative, neutral and
combined (Solomon et. al., 2017; Makhnoon et. al., 2017). The Uncertainty Management
Theory (UMT) suggests that individuals may engage in information seeking to manage
uncertainty (Brashers, 2001; Han et. al., 2017). In support of this theory, previous studies have
shown a positive association between uncertainty level and information seeking in hypothetical
(Rains & Tukachinsky, 2015) and applied (Fisher et. al., 2017) scenarios. Therefore, it is likely
that VUS related uncertainty is also managed through information seeking but little is known

about patients’ information seeking behavior in response to VUS test results.

Although a rich body of literature exists in cancer information seeking behavior (Finney
Rutten et. al., 2016), studies exploring information seeking in response to cancer genetic test
results of any type are limited. A search of the existing literature found that, information seeking
was used as a strategy to manage uncertainty among women at-risk for, or carriers of,
BRCAL1/2 mutations (Petrucelli et. al., 2002) and to understand the contribution of various
health-habits to genetic susceptibility of skin cancer (Hay et. al., 2012). Although information
alone does not guarantee healthy behaviors, acquiring adequate information may motivate
individuals to make informed changes in their health practices (Meischke et. al., 2005; Shi,
Nakamura & Takano, 2004), and is therefore worth understanding. Information seeking in
response to VUS as a mechanism for uncertainty management is likely due to three main
reasons. First, feelings of anxiety, confusion, helplessness, and worry are known reasons for
and predictors of information seeking following a medical appointment (Li et. al., 2014) and
these feelings have been well documented among VUS patients (Solomon et. al., 2017; van dijk
et. al., 2006; Makhnoon et. al., 2017). Second, we know that individuals who engage in
information seeking demonstrate the capacity to obtain, process, understand and use genomic

information for health decision making — for example, they endorse multifactorial beliefs about
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cancer (Waters, Wheeler & Hamilton, 2016) and prefer a collaborative role in treatment decision
making (Davison & Breckon, 2012). Since VUS management recommendations are often
challenging for patients (Solomon et. al., 2017; Kurian et. al., 2017), information seeking may
also aid health decision making in response to VUS. Third, dissatisfaction with a physicians’
performance is another motivator for information seeking (Hay et. al., 2012) and there is some
evidence of provider distrust following receipt of VUS results (Makhnoon et. al., 2017). These
suggest that health information seeking is a likely coping mechanism patients use to deal with
VUS information. To our knowledge, information seeking in response to VUS results has not
been objectively studied. We aim to describe patients’ VUS specific information seeking

behavior after receiving a VUS result.

The socio-demographic and situational factors that predict health information seeking
behavior in health settings, may also be common among people who undergo genetic testing
and receive VUS result. Some socio-demographic factors that predict health information
seeking include White race, female gender (Czaja et. al., 2003), younger age (Muha et. al.,
1998), higher educational attainment (Czaja et. al., 2003), presence of health insurance
coverage, and high eHealth literacy. These socio-demographic factors are also common among
patients who undergo genetic testing. The commonalities rationalize using a general
health/cancer information seeking model to understand antecedents of information seeking
among VUS patients. We will use the Comprehensive Model of Information Seeking (CMIS) to

understand the motivational antecedents of VUS specific information seeking in patients.

Information seeking model: CMIS

One widely used model that allows us to explore antecedents of information seeking is

the Comprehensive Model of Information Seeking (Johnson and Meischke, 1993). Variables
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contained in CMIS are organized into two levels — health related factors (Belief, Direct
experience, Salience, and Demographics) and information carrier factors (Information carrier
characteristics, and Utility of information channel) (Figure 4). Together, these are expected to

predict information seeking behavior.

Figure 4: Comprehensive model of information seeking adapted for VUS.

Health related factors Information carrier factors
Belief
About efficacy of cancer
genetic testing and effect on a n
prevention and treatment Informatlon Carrler
: : characteristics VUS
D|r_ect experience l e T
with cancer and/or VUS . .
Utility of / seeking behavior
Salience information channel

Personal significance &
perceived relevance of VUS

Demographics

According to the model, the antecedents prompt search behavior, helps determine a
user’s choice of information carriers and a user’s set of search skills. The information carrier
characteristics also determine consumer choices of information sources and shape the nature of
the search process (Johnson, 1992; Hartoonian et. al., 2014; Kim et. al., 2017). Model variables
were adapted for the context of this study. Selected demographic factors include: age, gender,
education, and parenthood. We add parenthood as a factor that is important in genetically
inherited diseases (Kaphingst et. al., 2009). Additionally, direct experience with cancer and/or
VUS through a social network or personal experience with is a determinant of information
seeking is included. Similarly, salience, which is a combination of the personal significance of

VUS and perceived relevance of VUS; beliefs about the efficacy of cancer genetic testing, and
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effect on prevention and treatment can influence information seeking and are used as additional
health related factors. Information carrier factors such as its characteristic (e.g., perceived
message credibility of the source) and utility (e.g., satisfaction of information needs from the

source) influence the ultimate scope of one’s VUS information seeking.

In summary, the research questions explored in this study are:

Research question # 1: Describe patients’ information seeking behavior after receiving a VUS
result, Research question # 2: Describe patients’ VUS management behavior, and Research
guestion # 3: Is VUS specific information seeking behavior associated with patient VUS

management behavior?

MATERIALS AND METHODS

Sampling

We reviewed medical records of patients seen at the Seattle Cancer Care Alliance
(SCCA) genetic counseling clinic to identify patients who met the study inclusion criteria: (1)
above 18 years of age, (2) seen at the clinic’s Hereditary Breast and Ovarian Cancer (HBOC),
Colorectal Cancer (CRC) and Pancreatic Cancer (PC) programs between October 2013 and
March 2017; (3) received at least one clinically confirmed VUS result. 146 patients who met
these criteria were contacted over telephone. The two remaining eligibility criteria of (4)
speaking English, and (5) access to the internet were confirmed over the telephone as a part of
the screening. 137 patients met all eligibility criteria were invited to participate in the study. This
study was approved by the University of Washington institutional review board

(STUDY00000175).
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Data Collection

In total, 62 patients agreed to participate and provided oral informed consent over the
telephone. Consenting participants were emailed a link to the study survey administered
through Redcap (Harris et. al., 2009). Two reminder emails were sent at 3 and 4 weeks. In total,
46 participants completed more than 95% of the survey between November 2016 and March
2017 and were included in the study. The remaining participants were not recruited due to one
of the following reasons — they declined to participate (n=7), did not have valid contact
information (n=9), lost to follow up (n=16) or did not return voice messages left on the phone.

The response rate was 33.5% (46/137).

Survey instrument

The final survey instrument consisted of 3 sections: (1) demographics, (2) use and trust

of VUS information sources, and (3) VUS related health behavior.

Measures

Patient demographics and covariates

Patient characteristic included in the survey were age, education, cancer diagnosis, and
number of biological children. Demographic characteristics - sex and ethnicity were extracted

from patient medical records.

Acquiring VUS specific information

Selected questions from the Health Information National Trends Survey (HINTS; HINTS
4 Cycle 4), based on relevance to our study, were adapted to measure VUS specific information
seeking. VUS specific information seeking behavior was assessed using 3 items: “Have you
ever looked for information about health or medical topics from any source?” (Emanuel et. al.,

2015), “Have you looked for information about cancer genetic testing from any source?”
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(Emanuel et. al., 2015) and “Have you looked for information about Variants of
Uncertain/Unknown Significance (VUS) from any source?” (Emanuel et. al., 2015) (Yes, No, |
don’t know). Individuals who responded “No” to the health and genetic testing information-

seeking questions were re-coded as having not sought VUS information.

Source of information seeking was assessed indirectly with seven items that shared a
question stem: “The most recent time you looked for information about health and medical
topics (such as general health, cancer, genetic testing or VUS), which information source did
you go to first [Family; Friend/Co-worker; Doctor, health care provider or genetic counselor;
Cancer and/or Research Organizations (e.g., Fred Hutch, University of Washington); General
medical information websites (e.g., WebMD, CDC); Genetic testing laboratory (e.g., Myriad, UW

Lab Medicine); Other]?” (Roach et. al., 2009).

Influences on information processing

Trust in the information source was assessed with two items: “In general, how much you
would trust information about VUS from each of the following: [a genetic provider (genetic
counselor, medical geneticist etc.), family or friends, newspapers or magazines, Internet,
government health agencies]?” (Roach et. al., 2009) Response options ranged from (1) not at all

to (4) a lot.

CMIS model based factors: Antecedents

Belief: Survey questions used to asses beliefs were ‘Do you believe a confirmed genetic test
result (positive or negative) is important for cancer prevention (e.g., prevention by screening)?’,
‘Do you believe that a confirmed genetic test result (positive or negative) is important for cancer
diagnosis?’ and ‘Do you believe that a confirmed genetic test result (positive or negative) is

important for cancer treatment?’ with two categories (yes and no).
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Direct experience: Cancer diagnosis and the number of cancer patients in social network were

included as predictors of direct experience.

Salience: Survey questions used to asses salience were (1) ‘How often have you thought about
your chances of getting cancer (again) based on your VUS result?’, (2) Have these thoughts
affected your mood?’, (3) ‘Have these thoughts interfered with your ability to do daily activities?’,
(4) ‘How often do you worry about developing cancer as a result of VUS?’ and (5) ‘How often do
you worry about the chance of family member also carrying a VUS and developing cancer?’.
Answer choices to these questions were: Not at all, A little bit, Somewhat, Quite a bit, Very
much. Lastly, they were asked, ‘Based on your VUS result, how likely is it that you will develop

cancer in the future?’ with categories: Very high, High, Average, Low, Very low.

Demographic: Demographic characteristics included age, sex, race, education, and

parenthood.

CMIS model based factors: Information carrier characteristics

Utility: Predictors of utility were ‘The information | found was hard to understand’ (Strongly
agree to Strongly disagree) and ‘Overall, how confident are you that you could get clarification

about VUS if you needed it?’ (Completely confident to Not confident at all).

Information carrier characteristics: As an information carrier factor we included ‘It took a lot
of effort to get the information | needed’, ‘| felt frustrated during my search for information’, and ‘I
was concerned about the quality of (VUS) information’ with categories (Strongly agree to

Strongly disagree).

VUS management recommendation
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We abstracted medical management recommendations from Electronic Health Records,
specifically, from patient summary letters or telephone call notes written by genetic counselors.
Only documented recommendations (entries described as a task/instruction for the patient)
made in response to VUS test result were recorded. Conversations with genetic counselors and
observed patient interactions revealed discordance between verbally reported
recommendations and those documented in health records — verbal recommendations being
more comprehensive than documentation. Based on observed patient visits we assumed that
VUS patients uniformly received the three recommendations as the standard of care: (1) Do not
use VUS for medical management such as surgery and screening, (2) Do not test family

members for clinical purposes, (3) Check back for updates regarding VUS reclassification.

VUS related health behavior

Types of VUS management recommendations were gathered from published literature,
patient summary letters, and genetic testing laboratory reports. This information was then
converted into survey questions to assess patients’ health behavior related VUS. In order to
assess patients’ VUS related health behavior, patients were asked to complete a series of
survey questions. For patients who answered ‘yes’ to the question: “Have you EVER undergone
cancer-related surgery (such as mastectomy, oophorectomy, colectomy etc.)?” a follow-up
question was asked: “Did you consider VUS result in your surgical decision?” (No, VUS was not
important in my surgical decision/ Yes, VUS result was why | underwent surgery/ Yes, a VUS
result was part of my surgical decision). Patients who did not undergo cancer related surgery
were asked: “Did you consider a VUS result in your decision not to undergo surgery?” (I did not
undergo surgery because it was medically unnecessary/ VUS was not important in my surgical

decision/ | did not undergo surgery because of my VUS result).
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To assess patients’ screening behavior in response to VUS, we asked: “Did you
consider VUS result in your screening decision?” (Yes, | began screening because of my VUS
result/ Yes, | increased the frequency of screening because of my VUS result / Yes, | decreased
the frequency of screening because of my VUS result/ No, my screening frequency did not

change).

To assess VUS related familial sharing behavior, we asked: “Did you encourage/ask any
of your family members to get genetic testing as a result of your VUS result?” With Yes/No
answer choices. Participants were then asked a follow-up question about reasons for their
decision with the following answer choices: to help determine my family’s cancer risk, to prevent
cancer in my family in future, to obtain information that can clarify VUS test result, because my

provider had asked me to.

To assess patient behavior related to checking back for VUS reclassification, patients
were asked: “Did you ever check back for VUS reclassification with your provider?” As patients
may also be given a VUS reclassification result by a provider, we also asked “Did your provider

ever contact you with updates on VUS reclassification?” (Yes/No).

Analytic strategy

Bivariate logistic regression was used to examine the unadjusted associations between
socio-demographic characteristics (predictor) and information seeking (outcome). Types of VUS
management behaviors were qualitatively categorized into “Action”, “Inaction” or other. For
patients who underwent cancer surgery, “Action” included the responses “VUS result was the
reason for undergoing surgery” and “VUS result was part of surgical decision”; “Inaction”
included the response “VUS was not important in surgical decision”. For patients who did not
undergo surgery, “Action” included “Did not undergo surgery because of VUS result’; “Inaction”
included “VUS was not important in surgical decision” and “Surgery was medically
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unnecessary”. For patients who underwent cancer screening, “Action” included the responses

“Began screening because of VUS result”, “Increased the frequency of screening” or

“Decreased the frequency of screening”; “Inaction” included the response “No, my screening

frequency did not change”.

Internal consistency of survey items under each CMIS construct was measured using
Cronbach’s alpha (Cronbach, 1951). Mediation analysis (preacher and Hayes, 2008) was used
to examine whether CMIS based constructs explain VUS information seeking. In model 1, we
modeled the odds of information seeking using multiple logistic regression with all level one
CMIS based predictors - belief, direct experience, salience, demographics, and information
carrier characteristics as predictors (i.e., all constructs except Utility). In model 2, we ran a
similar analysis with only utility as the predictor. In model 3, we modeled the odds of information
seeking with all CMIS based constructs as predictors. To facilitate interpretation of the resulting
odds ratios, all ordinal predictor variables representing measures of each CMIS construct
(belief, direct experience, salience, information carrier characteristics and utility of information

source) were combined to create continuous scores.

Descriptive statistics were used to compare VUS related health behavior between
information seekers and non-seekers. Chi-squared test was used to measure association
between management behavior and information seeking. Respondents were allowed to skip
guestions; therefore, we analyzed each question with N equal to the number of valid responses
to that particular question. All data were analyzed using the R software package (version 3.3.2)

and an alpha value of 0.05 was employed as the criterion for statistical significance.
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RESULTS

Background Data

Detailed demographic information about the 46 study respondents is presented in Table
2. Respondents were primarily female, of European ancestry, highly educated, and on average
48.0 years of age. The majority of respondents had one or more biological children (69%), and
had been diagnosed with cancer (69%). All respondents had health insurance. All but 2
participants had undergone a cancer panel test — 34 of the 46 participants had a VUS only
result, whereas the remaining 12 had a deleterious mutation accompanying their VUS result.
Genetic test results for 41 of 46 participants were disclosed by a genetic counselor.
Approximately half of the respondents had completed the study survey within 7 months of
genetic testing (48%), while over 7 months had elapsed between genetic testing and survey

completion for the rest (52%).

Table 2: Demographics and genetic test characteristics of study participants (N=46).

Demographic factors N %
Gender

Male 6 13

Female 40 87
Age (years)

Mean 48.0+12.1

Median 47
Ethnicity

European 38 84.4

Asian 4 8.9

Middle Eastern/African 2 4.4
Education

12 years or High school 3 6.7

Post high school or vocational 4 8.9

Some college 4 8.9

College graduate 22 48.9

Postgraduate 12 26.7
Parenthood
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Yes 32 69.6

No 14 30.4
Insurance
Medicare/Medicaid 4 8.9
Others (VA, private, etc.) 42 93.3
Health status
Diagnosed with cancer 32 69.6
Never diagnosed with cancer 14 30.4

Genetic testing factors
No of genes tested (n=44)

1 gene 2 4.5

= 2 genes 42 95.5
Type of variant detected (n=46)

VUS only 34 73.9

VUS and pathogenic 12 26.1
Time between genetic testing and survey completion

< 12 months 30 65.2

> 12 months 16 34.7
Test results disclosed by

Genetic counselor 41 89.1

Non-genetic counselor 5 10.9

Recommendations given on result disclosure

Medical management recommendations abstracted form patient summary letters or
telephone call notes written by genetic counselors and providers are shown in Table 3. The
most commonly given recommendation recorded in medical records (recorded for 65% of
patients) was to not change medical management based on the VUS result. 50% of patients’
medical records stated they were also asked not to test family members based on the VUS test
result. The least frequent recommendation recorded in the medical record (recorded for 24% of
patients) was to check back for VUS reclassification. Non-Genetic Counselor (GC) providers
never noted a VUS specific recommendation in patient medical records. There was no
statistically significant association between provider recorded VUS recommendations in the
EHR and patient action/inaction (x2=0.027, p=0.86; x2=0.29, p=0.58; x2=0.09, p=0.75 and
¥x2=0.02, p=0.87 for surgery, screening, VUS check back and family testing respectively).
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Table 3: VUS recommendations given by providers during genetic test result disclosure.

Recommendation All patients VUS only patients
N (%) N (%)
1. Do not change medical management based on VUS 30 (65.2) 23 (67.6)
2. Do not test family members based on VUS 23 (50) 18 (52.9)
3. Check back for reclassification 11 (23.9) 9 (26.4)

Information seeking behavior

About half of all patients (52.4%) reported seeking information about VUS. Bivariate
examination of the relationship between demographic variables and information seeking
showed not statistically significant association. Gender, educational attainment, parenthood or
cancer diagnosis were not significant predictors of information seeking in our sample however
there was trend for women to engage in more information seeking than men (OR=2.24, p=0.33),
but higher information seeking was associated with having a postgraduate degree (OR=0.28,
p=0.09 for college graduates, and OR= 0.83, p=0.85 for vocational/technical or some college),
being a parent (OR = 0.75, p=0.66) or being diagnosed with cancer (OR=0.49, p=0.28) (Table

4),

Table 4: Bivariate relationship between patient demographic characteristics and VUS

information seeking (N=46).

Information seeker

Predictor OR 95% C| 0

Female 2.24 [0.42 - 19.1] 0.33
Age (years) 0.98 [0.93-1.03] 0.58
Education

12 years or completed high school 1.0 [0.07 - 25.4] 1

Vocational/technical or some college 0.83 [0.12 - 5.77] 0.85

College graduate 0.28 [0.05 - 1.20] 0.09

Postgraduate® 1.0
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Parenthood 0.75 [0.20 - 2.64] 0.66

Diagnosed with cancer 0.49 [0.12 - 1.74] 0.28
Note: OR = Odds ratio; Cl = Confidence interval
TReferent

To seek information about VUS, patients commonly went to health care providers first
(47.1%), and then to cancer research organizations (39.1%). Family and friends were the least
reported source of VUS information (Figure 5). Genetic providers were the most trusted source

of VUS information, followed by government health agencies (Figure 6).

Figure 5: Different information sources used by patients (N=46) to seek information about

Variants of Uncertain Significance (VUS).

60.0
50.0
40.0
R 300
20.0
10.0 I
0.0 . .
Family Friend/Co-worker Health care  Cancer/Research Medical website — Genetic testing Other
provider Org laboratory

m First source Second source

Figure 6: Levels of trust in various Variants of Uncertain Significance (VUS) information sources

as reported by patients with a clinically confirmed VUS (N=46).
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Survey items used to measure CMIS constructs showed moderate internal consistency,

90%

Cronbach’s alpha ranged from 0.43 — 0.85 (Table 5). We dropped one item (the number of

cancer patients in social network) from the item with the lowest alpha value, i.e., direct

experience in subsequent analysis to improve internal consistency.

Table 5: Reliability coefficients of CMIS constructs

CMIS Constructs Cronbach alpha values
1. Belief (3 items) 0.61
2. Direct experience (2 items) 0.43
3. Salience (6 items) 0.80
4, Utility (2 items) 0.55
5. Information carrier characteristic (3 items) 0.85

Results from mediation analysis of VUS information seeking behavior are shown in

Table 6 below. In model 1, we did not observe statistically significant associations between the

predictors — demographic variables (age, gender and education), belief, direct experience,
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salience, information carrier characteristics and outcome — information seeking. We found
suggestive evidence that: information seeking was less frequent among males (OR= 0.44,
p=0.42), among patients with higher direct experience with cancer (OR=0.86, p=0.84), who felt
that information was easy to navigate (OR=0.91, p=0.51), and believed VUS information to be
salient for their disease risk (OR=0.96, p=0.67). On the other hand, more VUS information
seeking was reported by patients who believed in the efficacy of genetic testing for their

diagnosis, treatment, and management (OR=1.19, p=0.65).

Including utility as a predictor in model 2, generally decreased the effect sizes
association between individual predictors and information seeking, although the associations
were not statistically significant. In the full model 3, the effect sizes of the predictors from model
1 decreased overall, while the effect size of Utility of Information Channel increased. None of
the effects were statistically significant. Utility was the outcome variable in model 4, where
information carrier characteristics was a significant predictor of utility (OR=2.69, p=0.01). This
provides inconclusive evidence that the effect of Demographics, Belief, Direct experience and

Salience on information seeking is mediated through Utility as predicted by CMIS.

Table 6: Mediation analysis of CMIS constructs as predictors of VUS related information
seeking behavior (N=46).

Model 1* Model 2* Model 3* Model 4

Predictor OR p OR p OR p OR p
Demographics

Age 099 o086| 10 096 097 0.64

Male 044 042 | 029 026 0.33 045

Education 08 071 078 0.57 0.77  0.69
Belief 119 065| 139 042 0.67  0.49
Direct experience 086 084 | 046 041 2.37 0.6
Salience 096 067 | 091 037 1.16  0.28
Information carrier characteristics | 091 051 | 072 0.18 269 0.01
Utility of information channel 131 041 | 087 0.44
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*Information seeking is the outcome in Models 1-3
AUtility is the outcome in Model 4

VUS management behavior and information seeking:

In order to check that VUS management behavior was not influenced by an

accompanying deleterious mutation, we separately analyzed people with only a VUS. Patterns

of VUS related behavior among patients with only VUS results (and no accompanying

deleterious results) were similar to patients with VUS as well as an accompanying deleterious

mutation (Table S2).

Table 7: Use of VUS result in medical decision making and influence on health behavior among

patients with clinically confirmed VUS (N=46).

i : Information Information
Health decision/Health behavior N % ceeker  non-seeker X2  P-value
Surgical decision making N (%) N (%)
Patients who underwent cancer surgery: 34
Action* 6 17.6 4 (66.6) 2 (33.3)
Inaction? 21 61.8 11 (52.3) 10 (47.6) 0.932  0.63
Other 4 117 3 (75) 1(25)
Patients who did not undergo surgery: 12
Action?® 2 16.6 0 (0) 2 (100)
Inaction* 5 41.6 2 (40) 3 (60) NA NA
Other 2 16.6 2 (100) 0 (0)
Screening decision making
Patients who underwent cancer screening: 40
Action® 8 20 6 (75) 2 (25)
Inaction® 25 62.5 11 (44) 14 (56) 2.33 0.31
Other 4 10 2 (50) 2
Family testing based on VUS
Asked family to get tested because of VUS 21 46.7 12 (57.1) 9 (42.8) 0.22 0.63
Did not ask family to get tested 24 53.3 12 (50) 12 (50)
Checking back for VUS reclassification
Checked back for reclassification: 8 174 7 (87.5) 1(12.5) 315 0.076
Did not check back for reclassification 32 69.5 17 (53.1) 15 (46.8)
VUS was reclassified 6 13.0 NA NA

lncludes “VUS result was the reason for undergoing surgery”, “VUS result was part of surgical decision”
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2Includes “No, VUS was not important in surgical decision”

SIncludes “Did not undergo surgery because of VUS result”

“4Includes “VUS was not important in surgical decision”, “Surgery was medically unnecessary”

SIncludes “Began screening because of VUS result”, “Increased the frequency of screening”, “Decreased the
frequency of screening”

SIncludes “No, my screening frequency did not change”

Table 7 shows how patients used VUS result for medical decision making (surgical and
screening), for health behavior (asking family members to get genetic test and checking back for
VUS reclassification) as well as their VUS related information seeking behavior. Among patients
who underwent cancer related surgery (n=34), 6 reported that the medical decision was at least
in part based on the VUS result whereas 21 reported that VUS was not important in their
decision. For patients who did not undergo surgery (5/12), the most commonly reported reason
for inaction was that surgery was medically unnecessary (4/5). While 25 of 40 patients reported
that VUS was not relevant in their screening decision, 8 of 40 informed the frequency (either
decreased or increased frequency) of their cancer screening based on the VUS. Half of all study
participants (21/46) asked their family to get a genetic test because of their VUS result, while
the remaining (24/46) did not engage in this health behavior (1/46 did not respond). Most
patients (32/46) did not check back for a VUS reclassification and the most common reason for
doing so was not knowing that VUS can be reclassified (data not shown). 8/46 patients checked
back for reclassification at least once, and the test result of 6/46 patients were reclassified at the
time of the survey.

Overall, the proportion of respondents who reported seeking different kinds of
information ranged from 44 to 87.5%: patients who checked back for VUS reclassification
engaged in the highest rate of information seeking (87.5%). There was no statistically significant

association between information seeking and VUS management behavior.
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DISCUSSION

We find that 50% of patients in our study sought VUS information after their result was
disclosed to them. Information seeking is a known response to uncertainty (Guillaume & Bath,
2004) and lack of information is a principle reason for VUS related uncertainty reported by
patients (Makhnoon et. al., 2017). Therefore, information seeking in response to VUS is
expected and endorses the Uncertainty Management Theory. The rate of information seeking in
response to a VUS observed in our study is higher than information seeking following confirmed
genetic results observed by others- such as 25% for BRCA1/2 (Shim, Kelly & Hornik, 2006),
32% in type 2 Diabetes (Mills et. al., 2014). Reasons why the remaining patients in our study did
not seek VUS information may be because they were satisfied with their genetic counseling
experience and all their VUS related questions had been answered, as satisfaction with genetic
consultation has been associated with lower information seeking about BRCA genetic testing
previously (Cypowyi et. al., 2003). It may also be because these patients had the dispositional
characteristic of being more tolerant of uncertainty (Freeston et. al., 1994) - which refers to a
trait of the individual rather than a perceived characteristic of the situation (Rosen, lvanova &
Knauper, 2014). We did not investigate whether the type of uncertainty itself or the interpersonal
differences in ability to cope with uncertainty prompted information seeking in our participants.
Understanding this distinction may be necessary to provide support for managing uncertainty

and patients’ emotional response to uncertainty.

There was a trend for women, patients with higher educational attainment, and those
without a cancer diagnosis to be more likely to seek information about VUS. These
sociodemographic characteristics are consistent with research on the association between

health information seeking and gender (Finney Rutten et. al., 2016), and education (Kaphingst,
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Lachance & Condit, 2009). Lower information seeking among cancer patients in this study is
likely explained by the fact that medical management of patients with cancer will not change due
to VUS. However, cancer patients motivated to understand the implication of their VUS result for
their family members may still seek VUS information. In contrast, management of patients
without cancer is dependent on their genetic test result, thus VUS related information seeking
might yield answers to questions on screening or preventative surgery. Overall,
sociodemographic characteristics associated with VUS information seeking seems to be similar
to characteristics of cancer information seekers in general. We find suggestive evidence to
extend the Comprehensive Model of Information Seeking to VUS information seeking. We find
that VUS information seeking behavior generally follows the relationship between constructs as
described by CMIS; however, not all pathways within the original model was confirmed in our
study — no observed effect of age, education, direct experience, and salience on information

seeking in the present study.

Health care providers and cancer research organizations were reported as the most
common sources of VUS information by our patients, whereas family and friends were not major
sources. Genetic testing is a relatively new phenomenon in medicine, thus patient reliance on
health care providers who are generally considered more important (Pecchioni & Sparks, 2007),
trustworthy (Hesse et. al., 2005), and credible (Johnson & Meischke, 1992) sources of
information, and able to provide more useful medical information (Carmo-Fonseca, Mendes-
Soares & Campos, 2002) than the Internet, friends and family, or mass media sources for VUS
related information is reasonable. Health care providers also provide highly tailored information
that enable patients to acquire advice unique to their situation and we know that preference for
personalized material is important for cancer patients (Ling, Klein & Dang, 2006). Convenience

is highly prioritized by individuals, and internet and friends/family tend to be most convenient
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information sources (Case, 2007). This may explain why cancer research organizations
(perhaps accessed through the internet) were reported as the second most common source of
information. The 2003 HINTS data for cancer-related information seeking (Rutten, Squiers &
Hesse, 2006) were similar to our findings in that internet and health care professionals were
trusted sources, whereas interpersonal sources were not as common, but different in that
printed materials were also a common source in HINTS (Andrykowski et al., 2001). Overall,
sources of VUS information utilized by patients were similar to those used by general health
information seekers, however we do not know if these information sources yielded actionable
information related to VUS. The fact that family members are a disfavored information source
may have implications for the current cascade testing methods, which rely on index patients to

disseminate genetic information to their relatives (Jasperson, 2013).

We report wide heterogeneity in patient use of VUS result for decision making. While
most patients did not use VUS for more important management decisions such as surgery
(61%) or screening (62%), other patients did act on the VUS information. VUS was used by
many index patients to ask their family members to get genetic tests which may reflect the
infrequency at which providers give out the recommendation to not test family members based
on VUS (not recorded as recommended to 50% of patients). The overwhelming majority of
patients did not check back for a VUS reclassification, likely because their providers did not
inform them of the possibility that a VUS could undergo reclassification (not recorded as
recommended to 76.1% of patients). A combination of patient and provider related cognitive and
situational factors may explain these observations. The lack of correlation between provider
recommendation and patient action may have resulted from differences in VUS management
between providers. The present study was not powered to detect these differences; but should

be examined further in future studies that objectively measure adherence and control for
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contextual factors of patient-provider interaction that may impact adherence (e.g., in-person or

telephone consultation, presentation of recommendation).

Medical decisions such as surgery and screening require provider authorization to
ensure that no unnecessary procedures are carried out. The high frequency of inaction based
on VUS result in our patient sample may indicate the skill and experience of providers in the
cancer center in managing VUS results. This hypothesis is supported by the fact that the
recommendation to not act on VUS information was recorded in the medical records of the
majority of patients. Although, generally, most patients prefer to leave their medical decisions to
their physicians (Arora & McHorney, 2000), patient values are also important in medical
decisions. Decision to undergo prophylactic surgery is highly dependent on situational factors
that matter most to a patient, e.g., family planning (Lloyd et. al., 2000). Screening decisions are
also influenced by patient values, e.g., feelings of embarrassment and vulnerability (McLachlan,
Clements & Austoker, 2012). Therefore, patients’ decision to undergo surgery and screening
may be influenced by factors beyond genetic test result such as, family history of cancer, to

avoid suffering experienced by others etc.

A number of factors may also influence the two important classes of VUS related health
behaviors — communicating VUS test result with family members and checking back for VUS
reclassification. Although, testing family members of an index patient with VUS is not
recommended for clinical purposes, testing family members may be important if the patient is
eligible for and decides to participate in a research study to attempt variant reclassification.
Thus, it may be important to share a VUS result with family members under certain

circumstances. This sharing behavior depends on patients’ understanding of VUS and its lack of
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clinical implication for themselves as well as their family members. As the first step to achieving
these outcomes, providers must inform all patients about the lack of clinical implication of a VUS
and about available VUS reclassification study opportunities. Discordance in provider practices
related to VUS recommendation observed in our study, and lack of patient comprehension of

VUS may explain these sharing practices of VUS information.

Checking back for VUS reclassification is also dependent on a number of clinical factors
that are yet to be standardized through professional practice guidelines, e.g.,: Did the provider
ask the patient to check back? How frequently were they asked to check back? 6 months? 1
year? 2 years? How convenient is it for the patient to check back — can they easily make a
phone call to the provider? Call the testing laboratory? Send the provider an electronic
message? Intolerance of medical uncertainty may also motivate patients to check back,
whereas participants of reclassification research studies may be less likely to check back for
reclassification with their providers. Some providers may also explain the unlikelihood that a
reclassified VUS will alter medical management, thus discouraging patients from checking back

for reclassification.

Lack of association between information seeking and VUS management may be
explained by the unavailability of actionable VUS information. According to recent work by
Timmermans, Tietbohl & Skaperdas (2017) VUS is a type of epistemic uncertainty, meaning
findings for which the evidence falls short of known pathogenic or benign, unknown
susceptibility and risk etc. In most cases, the bioclinical collective can negotiate epistemic
uncertainties in order to address a patient’s diagnostic uncertainty. However, this is not true for

VUS - no matter how much one learns about the reason a variant is a VUS it still does not help
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explain their diagnostic dilemma. Therefore, seeking information about VUS only explains its
epistemic uncertainty but not the overall diagnostic uncertainty. Furthermore, we do not know if
even prohibitive recommendations (such as, do not use VUS for medical decisions) exist in
publicly available information sources. If patients did not obtain a concrete recommendation
from their information seeking, it is understandable why VUS information seeking is not

associated with VUS management behavior.

Several elements of study limit the generalizability of the findings. With a N=46, the
study was underpowered to detect statistically significant associations, and the suggestive effect
sizes need to be confirmed in larger cohorts. The cross-sectional study design cannot inform the
temporality of association between information seeking and VUS management behavior.
Furthermore, the experiences of a highly specialized cancer clinic cannot be extrapolated to
patients in other clinical settings. Possible future research to be conducted based on these
findings include observational prospective cohort studies using medical records to understand
predictors of VUS management behavior. Experimental mixed method studies could also
provide richer data about why patients were motivated to engage in certain management
behaviors. Content analysis of publicly available VUS information sources could also help

explain the relationship between information seeking and VUS management.

In conclusion, half of the VUS patients in our study engaged in information seeking
behavior. Health care providers were the preferred and trusted sources whereas family
members were least desirable sources of VUS information. We also found that, information
seeking is one of many factors that determine how patients make decisions about VUS

management, but receipt of VUS related recommendations from providers is likely a major
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determinant of management behavior. Data from this study about patients’ management
behavior in response to all VUS recommendations emphasize the importance of VUS related

guidelines for result disclosure, management and follow-up.
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CHAPTER 4: Relationship between genomic knowledge, gender and familial communication of
genomic information.

ABSTRACT

Genomic knowledge and gender are believed to be important determinants that facilitate the
process of familial communication of genetic risk information. However, little evidence exists
about how or if patients’ genetics-related knowledge affects downstream outcomes in genomic
medicine such as familial communication of genomic risk information. We examined whether
health gender was related to knowledge, frequency of current familial communication about
Colorectal Cancer and Polyposis (CRCP) risk, and future intention to share CRCP related
genomic test results with family members in a clinical sample of patients who have not
undergone genetic counseling. This study reports baseline survey data collected from the first
163 patients of a randomized controlled trial conducted as a part of eMERGE Phase lll. There
was no gender difference in overall genomic knowledge or familial communication behavior.
Individuals with lower educational attainment and older individuals had lower knowledge about
the limitations of genomic sequencing (=-0.05, p=<0.01 and =-2.5, p=<0.01). In multivariable
models, frequent familial communication was associated with lower educational attainment
(B=1.5, p=0.02) and with families that reported better communication of cancer information
among relatives (3=0.12, p=0.01). The results presented here show that patients’ factual
knowledge about the benefits and limitations of genomic sequencing have little impact on their
current frequency and future intention of communicating genomic results to family members.
However, clinical practices that increase patients’ knowledge about genomic sequencing may
still be important for shared and informed decision-making in medical genomics and likely

improves other patient-centered outcomes.

Keywords: Genomic knowledge, familial communication, cancer
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INTRODUCTION

It is believed that successful translation of genomic information into patient-centered care and
improved outcomes depend, at least in part, on patients’ genomic knowledge. Borrowing and
adapting the concept of genomic literacy (Hurle et. al., 2013), genomic knowledge was defined
as background knowledge required to understand genomic sequencing information. Differing
levels of basic and applied genetic and genomic knowledge may have an impact on the
decision-making process of individuals (Fitzgerald-Butt et. al., 2016). This belief is reflected in
the education centered goals of genetic counseling practice which aims to “to increase the
counsellee’s genetic knowledge” and enable them “to appreciate the way heredity contributes to
the disorder and the risk of recurrence in specified relatives” (Beisecker, 2001). The
presumption also justifies the widespread practice of assessing participants’ genetic and
genomic knowledge in genomic research studies (Richman et. al., 2011; Lipkus et. al., 2011).
Studies measure genetic or genomic knowledge for various purposes — to describe baseline
knowledge, knowledge gains after intervention, and relationship between knowledge and use of
genetic services (Kaphingst, SBM, 2018). However, little empirical work has been done on how

or if patients’ genetics-related knowledge affects downstream outcomes in genomic medicine.

Familial communication of genomic risk information is one important outcome of
genomic medicine which is also partly dependent on patients’ knowledge of genomics
(Wiseman et. al., 2010). Communication of genetic risk is influenced by family level factors (e.qg.,
level of openness in family communication) as well as individual level factors such as genomic
knowledge and gender (Gaff et. al., 2007). The importance of genomic knowledge in achieving
greater family communication is supported by literature — probands have reported fear of not
being able to answer relatives’ questions about genomics as a barrier to sharing genomic test

results (Fullerton et. al., 2018). Other known knowledge-related inhibiting influences to family
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communication include probands’ genomic proficiency — such as need for more information
before telling relatives (Weiseman et. al., 2010), misunderstanding about inheritance
(Adelsward & Sachs, 2003; Finlay et. al., 2008), and proband’s belief that relative will not benefit
from the information (Mellon et. al., 2006; Weiseman et. al., 2010). Knowledge of genetic
information was also found to have a positive effect on family communication through a
gualitative exploration of individuals carrying mutated genes for cardiac condition (Whyte et. al.,
2016). These pieces of evidence suggest that greater genomic knowledge may facilitate familial
communication of genetic risk by enabling patients to overcome the knowledge barrier that
impedes communication. To test these qualitative observations, quantitative studies are needed

to directly examine the association between knowledge and familial communication.

Although knowledge is generally not sufficient to drive health behavior change
(Baranowski et. al., 2003), some amount of knowledge and appreciation of genomics is
generally believed to be necessary in adopting genomic medicine services. The relative
importance of knowledge compared to other factors that influence familial communication also
remains unknown. On one hand, the studies mentioned above indicate that greater knowledge
may increase familial communication, but evidence to the contrary also exists. Higher genomic
literacy (which includes genomic knowledge) was not associated with individual’s confidence in
their ability to communicate about genomics topics (i.e., their self- efficacy) (Kaphingst et. al.,
2016). Furthermore, the process of familial communication is not always through direct verbal
communication and may occur through summary letters provided by genetic counselors
(VandenBoom et. al., 2017). Such means of communication limit the necessity for patients’ to
relay facts of recommendations about genomics and thus diminishes the importance of self-
efficacy. Only limited attempts have been made to associate patients’ genomic proficiency with
genomics-related outcomes. In one related study lower genomic literacy was not associated
with greater familial communication of family health history but was associated with greater
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frequency of communication with provider (Kaphingst et. al., 2016). However, the exact
influence of patients’ genomic knowledge on familial communication of genetic risk information

remains an open question.

A better understood predictor of family communication is female gender (Wiseman et.
al., 2010; Forrest et. al., 2003; Gaff et. al., 2007). Women are more likely to be “kinkeepers” in
the family (i.e., individuals who keep in touch with other family members) (Wilson et. al., 2004)
and thus more likely to communicate genetic test results (d’Agincourt-Canning, 2001; Forrest et.
al., 2003; Hughes et. al., 1999; Lerman et. al., 1998) to their family members compared to men.
It is believed that the reason for this gendered difference is the social role and expectations
where women are expected to take responsibility for their families’ health (Lerman et. al., 1998;
d’Agincourt-Canning, 2001). Although much of the initial evidence of gendered communication
came from studies on gendered diseases such as hereditary breast and ovarian cancer (Foster
et. al., 2004; Hughes et. al., 2001; Kenen et. al., 2003), subsequent research in non-gendered
diseases such as Colorectal Cancer (CRC) and Huntington’s disease have mirrored these
findings (Mesters et. al., 2005). Still, it is possible that factors beyond social expectations of
gender roles, such as genomic knowledge may also affect this gendered activity. For example,
there is some evidence to suggest that men are less likely to think that learning genetic
information is very important compared to women (Kaphingst et. al., 2016) which indicates that
lower genomic awareness among men may contribute to their lower familial communication.
This lack of awareness may affect the frequency at which men communicate genetic risk
information with family members. Such gendering of health knowledge have also been observed
in other health related domains including diet (Guiné et. al., 2016), stroke warning signs
(Madsen et. al., 2015; Jensen et. al., 2008), sexual health (Kim, 2013), and cancer (Evans et.
al., 2005) where women consistently outperform men. If knowledge is important for familial
communication, these evidence suggest that gender difference in genomic knowledge may be
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partly responsible for gendered communication of genetic risk among families. Greater familial
communication by women could be explained by their greater knowledge of genomic

information.

Conversely, literature on educational psychology has found gender differences favoring
men for many knowledge domains. Whereas intelligence tests are constrained by design to
yield equal mean scores for men and women, domain-knowledge tests (which by design are
content validated rather than norm referenced) do not usually yield equal mean scores for
women and men (Ackerman et. al., 2001). However, in one study, women performed better than
men in two domains — Medicine and Cookery (Lynn and Irwing, 2002). Women’s better
performance in these stereotypical nurturing subjects supports the previous social explanation
of women’s role in family communication. Considering these evidence in aggregate, a genomic-
domain specific test administered in a medical research context — a predominantly health setting

suggests that women will score higher than men.

We therefore conducted a study to examine the association between individuals’
knowledge about genomics and familial communication behaviors; gender differences in
genomic knowledge; and association between gender and familial communication behavior.
Based on the prior literature and our conceptualization of genomic knowledge and familial
communication, we hypothesized that (a) Individuals with higher genomic knowledge will have
increased familial communication about genomic risk information, (b) Females will score higher
than males in genomic knowledge, and (c) there will be minor unique contribution of genomic

knowledge in the association between gender and familial communication.
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MATERIALS AND METHODS

Recruitment

The electronic MEdical Records and GEnomics (eMERGE) Network is a National
Human Genome Research Institute funded consortium of research institutions across the United
States which has been described in detail elsewhere (Fossey et. al., 2018). Briefly, this
consortium of research institutions across the United States recruit patients and leverage
biorepositories linked to Electronic Health Records (EHRS) for genomic discovery and
implementation studies (McCarty et. al., 2011; Gottesman et. al., 2013). The network was
initiated in 2007, consists of 9 sites, 2 central sequencing facilities, a coordinating center and is
currently in its third funding phase. In addition to its main goals, eMERGE Phase Ill aims to
assess the health impact, cost effectiveness, and ethical, legal and social implications of
reporting genetic variants on a broader population scale for patients, clinicians and healthcare

institutions.

This study reports results from partial baseline data collected from patients recruited as
a part of a randomized control trial by one of the eMERGE Phase Il sites, namely, the Kaiser
Permanente Washington and University of Washington. The broader aim of the RCT is to
assess the effectiveness and social and economic impact of an innovative online tool to
increase family communication about Colorectal Cancer and Polyposis (CRCP) risk and
screening. The target study population of 2,500 patients (including 1,000 CRCP cases) were
identified from a bioreporsitory consisting of patients who had provided broad consent for
research participation. Prospective participants were mailed a consent form asking for
permission to return whole genome sequencing results to the patient, their primary care provider

and to the EHR. This study reports partial baseline data from the first 163 patients who
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consented to participate. At the time of data collection, study participants had not undergone

genetic counseling as a part of the study.

Measures
At baseline, each participant completed a survey, either over telephone or via a website,
which included questions about intention to share genomic result with family members,

knowledge and understanding of genomics, and background and demographic data.

Independent Variables

Participant demographics and clinical variables

Participants’ sociodemographic characteristics including education, age, race, marital
status, and income were measured for the study. We also collected clinical variables such as

history of genetic testing, personal/family history of genetic disorder.

Knowledge about genome sequencing

Knowledge of genomic sequencing and impact on disease diagnosis and treatment was
measured using an 11 item validated genetic knowledge measure (Kaphingst et. al., 2012).
Items included ‘Genome sequencing may find variants in a person’s genes that they can pass
on to their children’, and ‘Genome sequencing is a routine test that most people can have
through their physician’s office’ (see Appendix for complete list). This measure has two
subscales, items 1- 5 indicate knowledge of sequencing limitations (e.g., “scientists know how
all variants of genes will affect a person’s chances of developing diseases”) and items 6-11
indicate knowledge of sequencing benefits (e.g., “genome sequencing may find variants in a
person’s genes that will increase their chance of developing a disease in their lifetime”).
Participants responded to these items on a 5 point Likert scale ranging from strongly agree to
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strongly disagree. Four negatively worded items were reverse scored so that ‘agree’ reflected a
correct response and ‘strongly agree’ reflected a more confident correct response in the correct
direction for all items. To create knowledge scale scores, responses of ‘strongly agree’ were
assigned a value of 2 and ‘agree’ a value of 1. The maximum possible points from these 11

items was therefore 22. Genomic knowledge score was treated as continuous in analysis.

Communication and flow of cancer information within families:

The perception of family communication measure used here is a combination of two
subscales within the Cancer Family Impact Scale (CFIS) (Sinicorpe et. al., 2008). To capture
participants’ perception communication and flow of cancer information within family, we used
seven items from two subscales of CFIS — Communicate (reliability, a=0.72) and Flow
(reliability, a=0.47) (See appendix). Communicate refers to how families communicate about
cancer and flow refers to how information about cancer is conveyed in families (Sinicorpe et. al.,
2008). Collectively, the factors communicate and flow link well with the existing research on
family communication about genetic testing and behavior, and family systems theory.
Participants responded to these items on a 5 point Likert scale ranging from strongly agree to
strongly disagree. Adapting the Kaphingst (2012) method above, four negatively worded items
(3, 5, 6, and 7) were reverse scored so that ‘agree’ reflected a correct response and ‘strongly
agree’ reflected a more confident correct response in the correct direction for all items. To
create perception of family communication scores, responses of ‘strongly agree’ were assigned
a value of 2 and ‘agree’ a value of 1. The maximum possible points from these 7 items was
therefore 14. Higher summed scores indicated a greater communication and flow of about

cancer information within family.
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Outcome variables

We examined two different familial communication behaviors. Current frequency of
communication about CRC- related risk and intention to share CRC-related genomic test results

in future.

Frequency of current communication about CRC risk:

Frequency of communication about colon cancer risk was measured with a previously
used scale (Bowen et. al., 2017). We asked participants about how frequently in the past year
they had communicated with each of the following family members about colon cancer risk
(mother, father, sister, brother, children, grandchildren). Communication was rated on a 4-point
Likert scale, from 1 (not at all) to 4 (a lot). An option for “I do not currently have this relative” was
provided. As previously described by Bowen and colleagues (2017), for all living relatives, an
overall frequency of communication score was computed by summing responses within person
and calculating an average. Communication frequency was dichotomized into two categories:
less frequently (average score: 1-2) versus maore frequently (average score >2), which were

compared in analysis.

Intention to share CRC-related genetic test result:

Participants’ intention to share genetic test result from the clinical trial was investigated
using one question: “When | receive my genetic research results, | plan to share them with: My
spouse or partner, My children, My mother, My father, My siblings, My friend, My primary care
physician, My oncologist”. Responses were rated on as follows — 2 (Yes), 1 (Unsure or have not
decided), 0 (No), 3 (Not Applicable). We adapted the method from Bowen and colleagues
(2017) to sum responses across all applicable relatives within a person and calculating an
average. Intention to share was dichotomized into two categories: lower intention (average
score: < 2) versus higher intention (average score: 2).
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Data Analysis

We examined descriptive statistics for all variables. We examined gender differences in
the current frequency of familial communication about CRCP risk and future intention to share
CRCP-related genetic test results with family members using Chi square tests. We examined
the bivariate association between genomic knowledge score and each familial communication
behavior using Chi square test. We then created multivariable logistic regression models to
examine the association between two outcome variables (frequency of current familial
communication of CRCP risk and future intention to share CRCP-related genomic test results)
and independent variables (genomic knowledge), controlling for potential confounders. All
multivariable models included age and education. Age was modeled continuously, education
was categorized into less than or equal to High school degree and Some College or higher. We
examined the relative contribution of genomic knowledge in the relationship between gender
and familial communication by performing regression model comparisons following the
approach of Judd, McClelland, and Ryan (2008). The full models containing all covariates
including genomic knowledge was compared to the reduced models which did not contain
genomic knowledge. Residual sum of squares of the two models were used to calculate the
proportional reduction in error (PRE) that estimates the unique contribution of genomic
knowledge to the variance of communication behavior. Data were analyzed using R Version
3.4.4; statistical significance was set at p < 0.05.

We acknowledge the ongoing debate about the threshold for statistical significance
(loannidis JPA, 2018) and await the field to come to a consensus decision. In this analysis, the
p value is not being used inform policy decisions and the permissive threshold of 0.05 allows an
acceptable measure of statistical significance for exploring associations between known
predictors (e.g., gender and knowledge) and multifactorial behavioral outcomes (e.g., familial

communication).
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RESULTS

Study Sample

As shown in Table 8, the study sample was primarily Caucasian, married/partnered, with
an average age of 68 years, and roughly evenly split between genders (47% male and 53%
female). In terms of socioeconomic status, participants were mostly highly educated with 63%
having a bachelor’s degree or higher, and high income levels. 8% of participants reported
having a personal or family history of a genetic disorder and 16% of participants reported having
undergone genetic testing before joining the study. There was nearly no statistically significant
difference between male and female participants, except males reported higher educational

attainment than females (p-value=0.01).

Participants who answered the survey over phone (n=35) and via website (n=127) were
matched on most demographic characteristics, except participants who used the web were
younger (p-value=0.02) and more educated (p-value=<0.01). To account for response bias, we

controlled for age and educational status in our analysis.

Table 8: Demographic characteristics of participants (N=162).

Total Male Female p-value
Variable Categories N % N % N %
162 100.0 76 46.91 86 53.09
Mean (years) 68.04 69.27 67.11 0.26"
Range [31.6-102.8] [40.73-94.42] | [31.71-102.9]
White or Caucasian 126 | 77.8 57 75.0 69 80.2 0.57
Black or African American 3 1.9 1 1.3 2 2.3
Asian 13 8.0 7 9.2 6 7.0
Other 1 0.6 0 0.0 1 1.2
Mixed 9 5.6 4 53 5 5.8
Education
<Some high school (grades 9 to 12) | 2 |12 ] 2 | 26 | o | 0o | <001
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High school graduate or GED 8 49 7 9.2 1 1.2
Post high school training other than college 8 4.9 5 6.6 3 3.5
Some college 34 21.0 25 32.9 9 10.5
Bachelor's degree or equivalent 46 28.4 20 26.3 26 30.2
Master's degree 38 23.5 19 25.0 19 22.1
Doctoral or other professional degree 18 11.1 5 6.6 13 15.1
Marital Status
Now married 113 69.8 58 76.3 55 64.0 0.24
Widowed 18 11.1 5 6.6 13 15.1
Divorced/Separated 17 10.5 6 7.9 11 12.8
Never married 6 3.7 2 2.6 4 4.7
Income
<45K 23 14.2 6 7.9 17 19.8 0.10
45-90 K 52 32.1 24 31.6 28 32.6
>90 K 76 43.2 39 51.3 37 43.0
Genetic testing
Had genetic testing before 26 16.05 6 7.89 20 23.26 0.03
Never had genetic testing 123 | 75.93 | 62 81.58 61 70.93
Don't know/Decline to answer 5 3.09 3 3.95 2 2.33
Personal/Family history of genetic disorder
Yes 13 8.02 6 7.89 7 8.14 0.77
No 138 | 85.19 | 63 82.89 75 87.21
Don't know/Decline to answer 3 1.85 2 2.63 1 1.16
Chi square test was used to calculate p-values for all variables, except age
*t-test

Genomic sequencing knowledge

On average, men and females scored similarly on the knowledge scale - mean scores
for males and females were 11.2 and 10.5 out of 22 points respectively - this difference was not
statistically significant (p-value = 0.37). There was considerable variation in the number of
questions that were answered correctly (i.e., either “Strongly Agree” or “Agree”) (Table 9).
Welch two sample t-test showed a statistically significant difference between the means of
negatively worded (and thereby reverse coded) items and positively worded items (p-value=
<0.001). It appears that participants scored lower on knowledge of sequencing limitations, which

contained all of the negatively worded items compared to knowledge on sequencing benefits,
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which were all positively worded. In order to account for these differences, we compared gender

difference in knowledge score between the two subscales (Table 10).

Table 9: Frequency of correct responses to knowledge questions (N=153). Items about

limitations of genomic sequencing are in blue, and items about benefits of sequencing are in

black.
Question N % Correct

1. Once a variant in a gene that affects a person’s risk of a disease is found,

that disease can always be prevented or cured (Reverse coded). 153 56.9
2. A health care provider can tell a person their exact chance of developing a

disease based on the results from genome sequencing (Reverse coded). 153 58.8
3. Scientists know how all variants of genes will affect a person’s chances of

developing diseases (Reverse coded). 153 58.8
4. Even if a person has a variant in a gene that affects their risk of a disease,

they may not develop that disease 153 85.0
5. Genome sequencing is a routine test that most people can have through

their physician’s office (Reverse coded). 152 51.6
6. Genome sequencing may find variants in a person’s genes that they can

pass on to their children 152 85.0
7. Genome sequencing may give a person information about their chances

of developing several different diseases 153 90.8
8. Genome sequencing may find variants in a person’s genes that will

increase their chance of developing a disease in their lifetime 153 86.9
9. Genome sequencing may find variants in a person’s genes that will

decrease their chance of developing a disease in their lifetime. 153 64.1
10. Genome sequencing may find variants in a person’s genes that may

determine how they respond to certain medicines. 153 71.9
11. A person’s health habits, such as diet and exercise, can affect whether or

not their genes cause diseases 153 64.7

Knowledge about sequencing benefits and knowledge about sequencing limitations were

similar in males and females (Table 10).

Table 10: Bivariate analysis of gender and genome sequencing knowledge

Total score Male | Female | t statistic | p-value
Genome sequencing knowledge 10.83[7—-14] | 11.2 10.5 -0.88 0.37
Knowledge of limitations subscale (Items 1 —5) 421[1-10] | 4.35 4.08 -0.54 0.59
Knowledge of benefits subscale (Items 6 - 11) 5.68[4-12] | 581 5.57 -0.51 0.61
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In multivariable analysis of genomic sequencing knowledge score, we found a few

significant relationships between knowledge and demographic predictors (Table 11). Younger

participants had significantly lower genomic sequencing knowledge overall (8 = -0.09, p =

<0.001) as well as lower knowledge of limitations about genomic sequencing (8 = -0.05, p =

<0.001). Participants with less than post high school education had significantly lower

knowledge of genome sequencing limitations compared to those with college of higher

education (B = -2.5, p = <0.001). However, a similar difference was not observed for overall

genome sequencing knowledge or regarding knowledge of sequencing benefits.

Table 11: Multivariate analysis of genome sequencing knowledge score with the predictors
gender, age and education.

Genome sequencing

Knowledge of limitations

Knowledge of benefits

Characteristic knowledge subscale subscale
B SE p-value B SE p-value B SE p-value
Gender
Male? 0.6 0.77 0.44 0.25 0.48 0.6 0.36 0.46 0.43
Age -0.09 0.03 0.003 -0.05 0.02 0.008 -0.03 0.02 0.08
Education®
< Post high School | -1.99 1.32 0.13 -2.5 0.75 0.001 -1.32 0.72 0.06

aReference group is female; ? Reference group is some college or higher;

Familial communication

In the bivariate analysis, we found few significant associations between demographic

variables and communication behaviors. Participants with lower than a post high school

education reported a significant lower intention to share genomic results with family members

(p=0.03) (Table 12). The remaining associations between gender, age and income were not

statistically significant.
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Table 12: Bivariate associations between demographic variables and current frequency of CRC-
related family communication and future intention to share CRC-related genomic results.

Current frequency of Future intention to share
Characteristic communication
B SE p B SE p
Gender Male 0.19 0.26 0.45 0.04 0.08 0.49
Female*
Age Under 50 years -0.64 0.47 0.17 0.11 0.12 0.34
50 years and over*
Education | < Post high School -0.14 0.39 0.73 -0.21 0.1 0.03
= Some College
Income < 59K 0.45 0.24 0.06 0.06 0.06 0.36
> 60K*

Bivariate association between familial communication outcomes and gender and

genomic knowledge scores are shown in Table 11. Difference in familial communication

behaviors between males and females was not statistically significant. Of the communication

outcomes, there was no difference in genomic knowledge between frequent and infrequent

communicators (p-value= 0.25), or between those who had high and low intention to share

CRCP-related genomic test results with family members (p-value = 0.6) (Table 13).

Table 13: Associations between CRC-related familial communication outcomes and gender and
genomic knowledge score.

Communication behavior X2 kﬁgvr:/?ergge Ttest
Male | Female | (p-value) score (p-value)
N N Mean

Current frequency of communication
Freguent (average score >2) 14 25 0.19 10.07 0.95
Infrequent (average score <=2) 58 59 11.03

Future intention to share
High (average score = 2) 13 22 0.43 11.44 0.6
Low (average score < 2) 54 62 10.61
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We ran separate adjusted multivariable models for each type of familial communication
behavior (Table 14). The full model for frequency of familial communication (Model 1) showed
that participants with lower education had significantly higher frequency of familial
communication than those with higher education (B = 1.5, p = 0.02). In this model, those with
higher CFIS score had significantly higher frequency of familial communication compared to
those with lower CFIS score (f = 0.12, p = 0.01); the effect size in the reduced model (Model 2)
was even higher in the same direction (B = 3.31, p = <0.01). Comparing the two models, the
unique contribution of genomic knowledge to the total variation of frequency of familial
communication was 4.6%. For intention to share CRCP-related genomic test result in future,
there was no statistically significant association between familial communication and any
predictor in the full or reduced model. Comparison of the RSS between the two models showed
that genomic knowledge contributed to 7.2% of the total variation in the intention to share test
results. Because it is desirable to explain the majority, if not all, of the variation of an outcome, a
conceptual threshold distinguishing a weak and strong relationship is indicated by a PRE of
50%. Using this threshold, genomic knowledge is a weak predictor of familial communication

outcomes.

Table 14: Associations between communication outcomes, knowledge and covariates in
multivariable models.

Predictors Current frequency of communication Intention to share in future
Full model Reduced model Full model Reduced model
B p B p B p B p
Age -1.47 0.19 0.29 0.26 0.19 0.86 14 0.77
Gender Male -0.48 0.25 0.602 0.21 -0.52 0.33 0.81 0.68
Education Low 151 0.02 2051 0.09 -0.94 0.39 0.68 0.64
CFIS 0.12 0.01 3.31 <0.001 0.09 0.08 1.08 0.13
Genomic knowledge -0.004 0.92 0.04 0.38
RSS 24.91 26.06 14.87 15.94
PRE 4.6 % 7.2 %

*CFIS= Communication and Flow subscales of the Cancer Family Impact Scale; RSS = Residual Sum of
Squares; PRE = Proportional Reduction of Error
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DISCUSSION

This study examined relationships between genomic knowledge, gender and familial
communication of CRCP-related risk. Among the first 162 participants of the eMERGE Phase Il
RCT, we observed no gender difference in genomic sequencing knowledge, frequency of
current familial communication about CRCP risk, or intention to share CRCP related genomic
test results with relatives in future. In addition, this study found that factual knowledge about
genetics has little impact on current or future intention of familial communication about CRCP
related risk information. The gendered activity of women taking responsibility to disseminate
genetic results to family members was not explained by gender difference in genomic
knowledge. The relative unimportance of factual knowledge about genomic sequencing as a
determinant for increased familial communication of genomic test results indicates that genetic

education may be less important than commonly believed for certain genomic health outcomes.

Our first hypothesis was not supported: we found no significant association between
genomic sequencing knowledge and family communication. However, consistent with prior
research, participants with good communication and flow of cancer information within families
reported frequent familial communication in our multivariable models (Peterson et. al., 2003).
The lack of association between knowledge and communication can be explained by the fact
that family communication is a complex multifactorial phenomena that is largely influenced by
the nature of family relationships between proband and relatives (Foster et. al., 2014; Seymour
et. al., 2010; Smith et. al., 2002). Concern about negatively impacting family relationships is
routinely reported as a barrier that limits familial communication of genetic risk (Sobel & Cowan,
2000; Foster et. al., 2004). This concern is also shared by those who believe that knowledge is
power and genetic information should be share and acted upon (Speice et. al., 2002; McGivern

et. al., 2004). It appears that genomic knowledge is not a sufficient condition increased familial
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communication: fear of potential for backlash, blame and distancing family members may
frequently trump the rationality of shared genetic risk and prevention. Estranged relatives may
not be told about the genetic risk irrespective of proband’s knowledge about genomics (Nycum
et. al., 2009). In addition, genomic knowledge is also not a necessary condition for familial
communication — for example, probands may be motivated to share genetic information with
family members solely to comply with professional advice (Mesters et. al., 2005; van den
Nieuwenhoff et. al., 2007), which requires no appreciation of the genetic risk their relatives
share or potential for disease prevention. Genomic knowledge is seldom sought out by
counselees during genetic counseling (Joseph et. al., 2017). Although counselors focus on
dissemination of factual genomic knowledge (e.g., what are genes, what is a genetic test, how it
is performed, possible test results, limitations of test), patients generally want to know less
factual and more personally applicable information (e.g., is my cancer hereditary? What caused
my cancer?) (Joseph et. al., 2017). This mismatch of information need and delivery indicates
that factual genomic knowledge may take a back seat in patient decision making. However,
genomic knowledge is likely still important for familial communication as counselees with higher
genomic knowledge may have greater appreciation for the importance of familial communication
and the urgency with which information should be dispersed to certain relatives who are at
higher risk. Indeed it has been shown that participants who had higher interest in genomic
information communicated genetic results to a greater proportion of their family members (Elrick

et. al., 2017).

Participants with lower educational attainment in our study had lower knowledge about
the limitations of genomic sequencing, compared to those with higher educational attainment.
This finding is consistent with results from numerous prior studies which have found that
genomic knowledge is lower among those with limited educational attainment or limited health
literacy (Lea et. al., 2011; Kaphingst et. al., 2016; Kaphingst et. al., 2018). However, we found
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no difference in knowledge of the benefits of genome sequencing between those with lower or
higher educational attainment. More knowledge about the limitations of genome sequencing
could reduce patients’ intention to share genomic results with family members. For example,
knowledge of the fact that “even if a person has a variant in a gene that affects their risk of a
disease, they may not develop that disease”, may convey a non-urgency of familial
communication of genomic variants. Therefore, lower knowledge about such limitations of
genome sequencing in patients with lower educational attainment may explain their lower future
intention to share genomic risk information with family members observed in this study. Similar
findings have been reported by Kaphingst et. al. (2018) where higher knowledge about
genomics was related to lower preference for return of genomic results as they were believed to
be less clinically actionable. This knowledge gap and consequent impact on genomics
outcomes will be an issue of increasing importance as genomic medicine is being widely

adopted and used in diverse clinical settings.

In agreement with prior research on public understanding of genetics and genomics (Lea
et. al., 2011), overall, participants in our study demonstrated good understanding of the role
played by genomics in disease causation (85% or more correct on items 4, 6, 7 and 8). The
concept of increased genetic risk was better understood than the disease protective effect
provided by certain genomic variants (item 8 vs 9). This differential knowledge likely reflects the
motivation of clinical genomic testing which focuses on identifying susceptibility variants for a
disease and not, protective genetic variants. In addition, our results support prior research
findings and show that higher educational attainment (Carlsbeek et. al., 2007; Haga et. al.,
2013) and younger age (Ashida et. al., 2011; Carlsbeek et. al., 2007; Henneman et. al., 2004)
were associated with higher genomic knowledge which suggest that it is important to consider
health literacy in educating individuals about genomics. Those with fewer years of education are
likely to be less exposed to genetic information via school biology curricula, the primary source
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of genetic information for many members of the general public (Bowling et. al., 2008) and may
have fewer opportunities for developing relevant skills in searching for sources of genetic
information (Molster et. al., 2009). Younger people may also have had more “incidental or
opportunistic public exposure to basic genetic concepts and terms (e.g., DNA) through popular

culture media” (Bates, 2005).

In partial support of our third hypothesis, genomic knowledge explained a small
proportion (between 4 and 7%) of the total variation in familial communication in multivariable
model, however our second hypothesis was not supported: we found no significant association
between gender and genomic knowledge. This could be for a number of reasons. It is possible
that there was gendered difference in prior genetic testing experience (clinical or direct to
consumer) among our study participants which could have affected genomic knowledge. At the
same time, unlike gendered diseases such as breast cancer and Human Papilloma Virus
related sexual health awareness, there are no substantial gender differences in the incidence or
inheritance of colorectal cancer. Thus the lack of gender difference in genomic knowledge in the
context of colorectal cancer is not surprising. We may need to control for additional situational
factors (e.g., having had a biology course in college, access to information source) that may be
associated with genomic knowledge, as suggested by prior literature (Parrott et. al., 2003).
Although one cross-sectional telephone survey in Western Australia reported that women had
higher genetic knowledge (Molster et. al., 2009), other research has found that sex had no

significant impact on genetic knowledge score (Harding et. al., 2017).

The findings from this study should be considered in light of its limitations. This sample
of eMERGE Il patients were enriched for CRCP cases, some of whom had prior experience
with genetic testing, thus the findings likely do not generalize to all patients undergoing clinical
genome sequencing because of their greater likelihood of familiarity with genomic sequencing.
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Knowledge about shared familial risk was not a validated subscale in the knowledge measure
used in this study as it contained only one item on familial sharing of genomic variants.
Knowledge about sharing variants with children (item 6) may not accurately capture patients’
knowledge about sharing variants with other relative types (mother, father, sibling etc.). The
cross sectional analysis of the baseline data cannot establish temporality between the
dependent and independent variables explores in this study. In order to increase
generalizability, future research should investigate gender differences in intention to
communicate in a more demographically diverse population, where the distribution of education

iS more representative of the general population.

Possible future research to be conducted based on these findings include observational
studies that consider the age of relatives and closeness of relationship between proband and
relative in determining frequency of communication. A strength of our study is utilization of
intention to communicate as one of the study outcomes measured at baseline (i.e., before return
of study results) as it minimizes interaction with potential confounders such as affect, which is
known to be important in decision making and information processing. It will be important to
examine the concordance of expressed intention to communicate and actual familial

communication once genomic results have been returned to participants.

In conclusion, we identified that men and women have equal genomic knowledge and
express equal intent to share genomic results with family members. Patients with lower
educational attainment had lower knowledge about the limitations of genomic sequencing and
expressed higher intention to share genomic results with family members. The results presented
here show that patients’ factual knowledge about the benefits and limitations of genomic
sequencing have little impact on their current frequency and future intention of communicating
genomic results to family members. However, clinical practices that increase patients’

93



knowledge about genomic sequencing still very important for shared and informed decision-
making in medical genomics and likely improves other patient-centered outcomes.
Communication aids not heavily based on genomic education could therefore be more effective

in facilitating the process of familial communication among clinical genomics patients.

%94



CHAPTER 5: CONCLUSION

Overall Summary

The results from this dissertation add to our understanding of how is VUS-related uncertainty is
perceived and managed by patients, how information seeking is used as an uncertainty
management strategy and its relationship with VUS management behavior. One specific VUS
management strategy is to participate in family studies of variant reclassification that require
familial communication - we explore genomic knowledge and gender as determinants of familial

communication of genetic risk.

Results from Chapter 2 suggest that, overall, the epistemological source (i.e., arising
from limitations in the current state of knowledge) of VUS uncertainty was well recognized by
patients with a clinically confirmed VUS result who were counseled in a regional cancer center.
Patients who understood the epistemological source of uncertainty were also accepting of the
prevalence of medical uncertainty in general. This acceptance gave them hope that VUS-related
uncertainty is manageable would be resolved in future. However, when VUS was interpreted
differently by clinicians, clinical ambiguity trumped information insufficiency as the source of
uncertainty. This was more challenging for patients to accept and caused some confusion.
Patients also identified several issues of VUS-related uncertainty such as implication for family
members, and being informed about reclassification. We identified themes representing nearly
all issue-related subdomains of Han’s taxonomy of uncertainty. This demonstrates the wide
range of diagnostic, prognostic, therapeutic and psychosocial difficulties that patients with VUS
experience. More importantly however, patients also identified methods for managing VUS-
related uncertainty. Uncovering various VUS-related uncertainty management strategies is a
unique contribution of this dissertation work. We organize the various provider and patient level
management strategies into a provisional framework of uncertainty management strategies that

identify patient and provider level approaches for VUS management.
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The organization of VUS-related uncertainty from the patients’ perspective offers an
opportunity for other stakeholders to better understand how patients experience VUS and what
elicits uncertainty. Providers could use this information to guide patient counseling. For
example, genetic counselors could be more proactive in their pre-test counseling to prepare
patients for the possibility for upcoming uncertainty. In addition, they could discuss how patients
plan to manage such uncertainty if they were to receive a VUS as a result. There was some
indication that in-person counseling was preferable over telephone counseling as it offers
patients more time to digest the complex information and ask follow up questions. Based on the
finding that patients attempted to read the laboratory reports to learn more about the variant but
found them too complex or uninformative, laboratories could design VUS-related laboratory
reports to make them more patient friendly. Recognizing that management strategies can
address much of the VUS related uncertainty offers hope for the thousands of VUS that will be

returned to patients in genomic medicine clinics.

Chapter 3 offers a detailed examination of patients’ VUS-related information seeking
behavior and its relation to VUS management behavior. In agreement with the results from
gualitative interviewees in Chapter 2 who reported proactively seeking VUS-related information
on the internet, more than half of the survey respondents in Chapter 3 also reported seeking
VUS-related information after they received their test result. Information from health care
providers and cancer research organizations were preferred, but information was also sought
from the internet. There was a trend for women, patients with higher educational attainment,
and those without a cancer diagnosis to be more likely to seek information about VUS.
Interviewees and survey respondents both expressed the ineffectiveness of information
seeking. In accordance with VUS-related management guidelines, most patients did not

undergo surgery (61.8%) or screening (62.5%) based on VUS results. The majority of patients
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(69.5%) did not check back for a VUS reclassification, possibly because their providers did not
inform them of the likelihood that a VUS could undergo reclassification (Skinner et. al., 2018). A
minority (46.7%) asked family members to get a genetic test because of their VUS result. They
also reported that they did not use VUS information for making these clinical decisions. Lack of
association between information seeking and VUS management may be explained by the
unavailability of actionable VUS information, which was also a theme identified in our qualitative
interviews in Chapter 2. Data from this study about patients’ management behavior in response
to all VUS recommendations emphasize the importance of VUS related guidelines for result

disclosure, management and follow-up.

Results from Chapter 4 showed that men and women are equally knowledgeable about
genomic sequencing, and report equal frequency of current familial communication of CRCP
risk and express future intention to share CRCP related genomic test results with family
members. Factual genomic knowledge explained only a small proportion of variation in familial
communication of CRCP risk. Application of these findings to VUS family studies requires
additional considerations. For example, VUS are a particularly challenging group of variants to
communicate to family members and two major barriers to communicating VUS test results are
— perception that VUS has no genetic or medical implication for family members, and that
probands themselves are ambiguous about the result and thus do not feel confident about
sharing (Li et. al., 2017). Gaining knowledge about genomics, and specifically VUS, may help
patients appreciate the importance for familial communication for VUS reclassification.
However, despite the availability of family studies (Garrett et. al., 2017), recommendation for
family testing to resolve uncertainty is not always given, even by expert providers (Skinner et.
al., 2018). This may suggest that participation in research studies as a natural stage of clinical

management may not be widely established. Curiously, female participants are the
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overwhelming majority in VUS family studies (Makhnoon et. al., 2017) — whether this represents
the female-heavy demographic of typical research studies or if females are particularly
uncertainty intolerant and thereby more likely to participate in VUS reclassification research is a

guestion that warrants further investigation.

Looking forward

Using the term uncertain to describe VUS implies that non-VUS variants are classified with
certainty, when nothing in the natural world is certain — biological systems are the least
predictable of them all. Arguably, variants across the entire interpretive spectrum can be called
“of uncertain significance”. In the case of VUS we are more acceptably uncertain than usual,

and since quantitation is valued in genomics:

“VUS, like democracy, is simply the worst choice except for all the other possible options.”
(Cooper, 2015).

Some uncertainty around VUS is unavoidable. As long as humans live, de novo mutations
will continue to arise and be passed down when they reproduce — VUS are therefore impossible
to eliminate altogether from medical genetics. On the bright side, however, uncertainty managed
by skilled practitioners has always been a hallmark of medical practice (Han, 2011) and the
National Cancer Institute identifies management of uncertainty is a core function of patient-
centered communication (Epstein et. al., 2007). Given the number of family specific unique
variants, family studies will be always needed to understand rare variants which often get
classified as VUS (Shirts et. al., 2016). Medicine-based evidence as opposed to evidence-
based medicine is likely the way forward for much of VUS (Tonelli & Shirts, 2017). It is likely
impractical to wait for VUS evidence to be generated from functional studies or randomized

control trials in order to guide reclassification (i.e., evidence based medicine) as many VUS are
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rare. Medicine-based evidence, i.e., evidence generated from the medical clinic from studying
families with VUS are likely to be more successful. Genetic discovery from individual families
will offer cognitive closure for family members, may lead to clinical interventions, and advance
the field of medical genetics. The VUS-related uncertainty management strategies uncovered in
this dissertation can serve as a useful framework for successful management of patients’ VUS-
related uncertainty. Uncertain sequencing results, when explained and relayed by experts can
produce congruence between clinician’s communication and patient’s understanding without

causing undue harm (Skinner et. al., 2018).

We also find that information-seeking was attempted by many patients but was often
ineffective for VUS-management. In the absence of data on precisely what type of VUS-related
information is publicly and freely available, it is challenging to interpret this lack of association,
but greater availability of actionable VUS-related information is likely to help manage VUS
uncertainty. Availability of VUS related information is a fluid as is the consequent utility of
information seeking. Recently a number of VUS related patient education materials have
become available online (for example: file:///C:/Users/sukhm/Downloads/PE2118.pdf). As
patients are able to access reliable, quality information related to VUS, it can improve medical
management decisions and their confidence in these decisions. Information avoidance, is
another key tool for uncertainty management that patients opt for under threating conditions.
Many cancer today is preventable and a principle goal of genetic testing is disease prevention;
thus willful information avoidance is only likely to disserve disease prevention in oncology. VUS
related issues originating from inconsistency in provider interpretation of VUS may be
compounded by information avoidance if patients choose not to make use of actionable VUS
information to guide medical management. Future research should also replicate this study in a
population of patients devoid of possible confounders — i.e., one with only a VUS result (with no
accompanying P/LP variant) and who do not have a cancer diagnosis.
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Assessing patients’ genomic knowledge is no simple task. In spite of the several measures
that have been developed to date, scales to measure patients’ clinically relevant genomic
knowledge remains sparse. Clinically significant genomic knowledge likely has several different
dimensions — factual knowledge about genetics (DNA, genes, inheritance), factual knowledge of
diagnostic genomic sequencing (disease risk estimates, association between risk prediction and
disease occurrence), clinical benefits of genomic sequencing for self, and for relatives, and
limitations of clinical genomic sequencing. Different aspects of genomic knowledge is likely to
be relevant for different patient-centered outcomes. In future work, genomic knowledge
measures should be carefully chosen so that they are most relevant to the outcome of interest.
For example, knowledge of shared genomic risk among biological relatives probably serves as a
better predictor of the outcome of familial sharing of genomic information than knowledge of the
fact that genomic sequencing can provide risk information about various diseases. While both
items are likely relevant for informed decision making related to clinical sequencing, the former
is likely to be a better predictor of familial communication compared to the latter. Physician’s
knowledge of genomic sequencing is likely to be even more impactful for improving outcomes in
clinical genomics than patients’ knowledge. In particular, how VUS related genomic risk (or lack
thereof) is communicated to patients may impact patient perceptions of risk. The wealth of
information of risk communication in medicine should be leveraged to guide future work on best

methods for communication of genomic uncertainty.

Since variant reclassification research is one method of uncertainty management, it will also
be important to know which patients — i.e., of which dispositional characteristic and under which
clinical conditions — are motivated to participate variant reclassification research. Does inability
to manage or cope with uncertainty drive research participation? Or does curiosity and altruism?

We also do not know how genomic knowledge motivates participation in these studies. It will
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also be important to know how VUS uncertainty manifests in diseases where genetic testing is
common but clinical next steps are less clear compared to oncology — for example autism,
developmental delays etc. In the absence of room to acknowledge gene-gene and gene-
environment interactions in current models of clinical genomic testing, patients and providers try
to conform to the single gene causality of diseases. As a result, there is a frantic effort to make
clinical sense of any and all genomic variation, however inconsequential they may be - as is the
case with VUS. Future research should also explore how VUS resulting from genomic
(exome/genome) sequencing are perceived compared to targeted panel testing which are
offered as tests specific to the phenotype of interest and thus consequently perhaps of greater

clinical utility.

Omitting or including VUS in clinical genomic test reports is an ongoing topic of debate.
While including VUS saves laboratories from liability, it also confuses readers. Perhaps a middle
ground would be to deemphasize VUS on test reports so that readers are aware of its limited
clinical utility. Recently, efforts are underway to sub-classify VUS into three different categories
for reporting (personal communication with Steven Harrison) — VUS favor pathogenic, VUS and
VUS favor benign. Whether this sub-classification helps or hurts clinical decision making should

be explored in future research.

This dissertation research was designed as an inquiry into how patients understand and
clinically manage VUS, and how genomic knowledge influences familial communication of
genomic risk. The project, albeit small and exploratory, offers some useful and potentially
actionable findings. Additional investigation of other VUS management strategies and
contributors to familial communication of genetic results in general, and VUS in specific is

warranted.
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SUPPLEMENTARY TABLES AND FIGURES

Table S1: Patient responses to survey questions.

Survey question

What is the highest grade or level of schooling you completed?

Less than 8 years 0
8 through 11 years 0
12 years or completed high school 3
Post high school training other than college (vocational or 4
technical)

Some college 4
College graduate 22
Postgraduate 12
Have you been diagnosed with a cancer?

Yes 32
No 14
What type of cancer have you been diagnosed with?

Do you have children?

Yes 32
No 14

How many biological children do you have?

Have you ever looked for information about health or medical topics from any source?

Yes 44
No 2
| don't know 0

Have you looked for information about cancer genetic testing from any source?

Yes

35

No

11

Have you looked for information about Variants of Uncertain/Unknown Significance (VUS) from

any source?

Yes 24
No 22
| don't know 0
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The most recent time you looked for information about health and medical topics (such as

general health, cancer, genetic testing or VUS), which information source did you go to first?

General | Cancer | Genetic | VUS
health testing

Family 4 1
Friend/Co-worker 0 0 0

Doctor, health care provider or genetic counselor 14 22 16 16
Cancer and/or Research Organizations (e.g., Fred Hutch, 0 17 16 10
University of Washington)

General medical information websites (e.g., WebMD, CDC) 20 9 8 4
Genetic testing laboratory (e.g., Myriad, UW Lab Medicine) 2 2 7 2
Other 2 3 1 2

In general, how much you would trust information about VUS from each of the following (Not at

all to A lot)

A lot Alittle | Some | Not at
A genetic provider (genetic counselor, medical geneticist etc.) 41 4 1 - 0
Family or friends 1 22 17
Newspapers or magazines 0 13 36 7
Internet 14 24 6
Government health agencies 14 21 9

Have you EVER undergone cancer-related surgery (such as mastectomy, oophorectomy,

colectomy etc.)?

Yes 34
No 12
Did you consider VUS result in your surgical decision?

No, VUS was not important in my surgical decision 21
Yes, VUS result was why | underwent surgery 4
Yes, a VUS result was part of my surgical decision 2
Other 4
Did you consider a VUS result in your decision not to undergo surgery?
| did not undergo surgery because it was medically unnecessary 4
VUS was nhot important in my surgical decision 1

| did not undergo surgery because of my VUS result 2
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Other 2
Did you consider VUS result in your screening decision?

Yes, | began screening because of my VUS result 3
Yes, | increased the frequency of screening because of my VUS 5
result

Yes, | decreased the frequency of screening because of my VUS 0
result

No, my screening frequency did not change 25
Other 4
Did you encourage/ask any of your family members to get genetic testing as a result of your
VUS result?

Yes 21
No 24
Did you ever check back for VUS reclassification with your provider?
Yes 8
No 38

Did your provider ever contact you with updates on VUS reclassification?

Yes

5

No

40
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Table S2: Comparison of VUS related behavior between patients with only a VUS result (n =34)
and with a VUS as well as a deleterious mutation (n = 12).

Health decision/Health behavior N 9 VUSonly VUS + P/LP Xz
0 —
(n=34) (n=12)  (p-value)
Surgical decision making
Patients who underwent cancer surgery: 34 27 7
Action! 6 176| 4 148 | 2 285
Inaction? 21 61817 629 | 4 57.1 0.48
Other 4 1173 111 | 1 143
Patients who did not undergo surgery: 12 7 5
Action? 2 166|1 142 | 1 20
Inaction* 5 416! 2 285 | 3 60 0.40
Other 2 166| 2 285 O 0
Screening decision making
Patients who underwent cancer screening: 40 28 12
Action® 8 20 |2 71 6 50
Inaction® 25 32521 75 4 33.3 0.008
Other 4 10 | 3 107 1 8.3
Family testing based on VUS
Asked family to get tested because of VUS 21 46.7 |13 393 | 8  66.6 0.19
Did not ask family to get tested 24 53320 606 | 4 333
Checking back for VUS reclassification
Checked back for reclassification: 8 174|5 131 | 3 214
Did not check back for reclassification 32 695|29 763 | 9 642 0.71
VUS was reclassified 6 1304 105 | 2 142

lncludes “VUS result was the reason for undergoing surgery”, “VUS result was part of surgical decision”
2Includes “No, VUS was not important in surgical decision”

3Includes “Did not undergo surgery because of VUS resu

“4Includes “VUS was not important in surgical decision”, “Surgery was medically unnecessary”
SIncludes “Began screening because of VUS result”, “Increased the frequency of screening”, “Decreased the

frequency of screening”
SIncludes “No, my screening frequency did not change”

It”
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Table S3: Frequencies for genomics-related knowledge, frequency of current Colorectal Cancer
and Polyposis-related familial communication and intention to share CRCP-related genomic test

results in future.

Characteristic n %
Genomics-related knowledge (n = 147)
High score (>10) 71 48.3
Low score (< 10) 76 51.7
Frequency of current familial communication with mother (n = 157)
Don't currently have this relative 115 73.2
Not at all 22 14.0
A little 11 7.0
Some 7 4.5
A lot 2 1.3
Frequency of current familial communication with father (n = 158)
Don't currently have this relative 126 79.7
Not at all 25 15.8
A little 3 1.9
Some 4 2.5
A lot 0 0.0
Frequency of current familial communication with sisters (n = 159)
Don't currently have this relative 69 43.4
Not at all 55 34.6
A little 18 11.3
Some 12 7.5
A lot 5 3.1
Frequency of current familial communication with brothers (n = 159)
Don't currently have this relative 62 39.0
Not at all 58 36.5
A little 20 12.6
Some 16 10.1
A lot 3 1.9
Frequency of current familial communication with children (n = 157)
Don't currently have this relative 22 14.0
Not at all 59 37.6
A little 36 22.9
Some 26 16.6
A lot 14 8.9
Frequency of current familial communication with grandchildren (n = 153)
Don't currently have this relative 69 45.1
Not at all 74 48.4
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A little 3 2.0
Some 4 2.6
A lot 3 2.0
Intention to share genomic test results with Children (n = 156)

Yes 116 74.4
No 4 2.6
Unsure or have not decided 14 9.0
Not applicable (N/A) 22 14.1
Intention to share genomic test results with Mother (n = 151)

Yes 25 16.6
No 7 4.6
Unsure or have not decided 6 4.0
Not applicable (N/A) 113 74.8
Intention to share genomic test results with Father (n = 151)

Yes 13 8.6
No 8 5.3
Unsure or have not decided 7 4.6
Not applicable (N/A) 123 81.5
Intention to share genomic test results with Siblings (n = 154)

Yes 96 62.3
No 6 3.9
Unsure or have not decided 18 11.7
Not applicable (N/A) 34 22.1
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APPENDIX

VUS Comprehension and Health Behavior
Oral consent script
Survey and Interview:

A. LIVE PERSON
Hello, may | please speak with (ppt’s name)?

NO SUCH PERSON AT THIS NUMBER: [verify that number was dialed correctly.] Thank you for your
time. Goodbye.

PPT MOVED OR IS NOT REACHABLE AT SPECIFIED NUMBER: Do you know the phone number and
address where | can reach <INSERT PPT'S NAME>? [RECORD NEW NUMBER & ADDRESS ON CALL
RECORD] Thank you for your time. Goodbye.

PPT IS NOT IN: Do you know when would be a better time to reach <INSERT PPT’S NAME>? [WRITE
DOWN THAT INFORMATION ON CALL RECORD] Thank you for your time. Goodbye.

PPT IS IN:

Hi, my name is . I'm working on a study being conducted by the University of Washington. We
would like to know how people with VUS test result understand their result. To do this, we want you to
be in this study because you have a VUS test result. We learned of you VUS test result from your patient
record at the Seattle Cancer Care Alliance (or other organization, if appropriate). Do you have a few
minutes to discuss the study?

If yes, continue below.

o If no, but the potential subject is interested in participating, determine a better time to call back
to discuss the study.
e If no, thank them for their time.

We are inviting you to take part in this study because you have been previously returned a
certain type of cancer test result (VUS). The purpose of this study is to find out how patients understand
their VUS test result. To do this, we need some information from medical records of patients who have a
clinically confirmed VUS. The information that you provide will be utilized in order to help patients just
like you by ensuring that we know how to adequately meet the needs of future patients with this type of
test result. You will not benefit directly from taking part in this research.

If you decide to take part in this study, we will start by asking you to fill out a survey (20 mins)
about some VUS related information. Here we may ask questions such as, “How many people in your
social network has cancer?” You will then participate in a brief (30-60 minute) interview in which we will
discuss topics such as how test results were explained to you after your genetic test. We may ask
questions such as “How did you feel when you were first told about your VUS result?” The interview will
be audio recorded but we will delete the recording as soon as we complete this research. We will also
ask questions about how you think your providers could have better helped you with understanding this
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test result. These interviews will be audio recorded and stored in a secure location.

If you agree to be in this study, we would like to obtain the following information from your
medical records at the Seattle Cancer Care Alliance: your cancer diagnosis, genetic test results, and
genetic consultation records. Some people do not want their medical records used for research. If you
feel this way, you should not be in this study. If you have questions/concerns about how your data will
be used, | am happy to answer your questions.

Information about you is confidential. We will code information you provide. We will keep the
link between your name and the code in a separate, secured location until the study is completed. Then
we will destroy the link. If we publish the results of this study, we will not use your name. Breach of
confidentiality is a potential risk, and the necessary protections are in place to mitigate this risk.

You will receive a $30 payment for your time and help in conducting this study. In addition, we
will enter you into a S50 prize drawing if you participate in the survey. There will be no cost to you to
participate in this study. If you are interested you might be contacted again after completing the
interview to check that we correctly interpreted your responses. There is no expected potential for
injury related to this research project. We would also like you to know that your participation in this
study is completely voluntary. You are free not to participate or to withdraw at any time, for whatever
reason. Whether you choose to be in this study, or choose not be in this study, will not affect your
health care here at SCCA (or other organization, if appropriate). If you have questions about your rights
as a research subject, you can call the Human Subjects Division at (206) 543-0098.

Do you have any questions? Would you like to participate in this study?
[] Yes: Document oral consent below and continue with interview.

[] No: Thank them for their time.
Is it okay to re-contact you to check whether or not we have correctly interpreted your responses?
[] Yes: Document oral consent for re-contact.

[] No: Thank them for their time.

Initials of participant:

Person Obtaining Consent

| have read this form to the subject. An explanation of the research was given and questions from the
subject were solicited and answered to the subject’s satisfaction. In my judgment, the subject has
demonstrated comprehension of the information. The subject has provided oral consent to participate
in this study.
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Name and Title (Print)

Signature of Person Obtaining Consent Date

When is a good time for you to complete the interview?

[WRITE DOWN THAT INFORMATION ON CALL RECORD]

Great! | look forward to talking with you then. Bye!

IF THIS IS A GOOD TIME, BEGIN INTERVIEW:

Let participant know that you are starting the recorder and beginning the interview.
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