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Abstract

It is unknown whether or why genetic test reporting confers benefits in the understanding and
management of cancer risk beyond what patients learn from counseling based on family history. A
prospective nonexperimental control group study compared participants from melanoma-prone
families who underwent CDKN2A/p16 (p16) genetic testing (27 carriers, 38 noncarriers) to
participants from equivalently melanoma-prone families known not to carry a deleterious p16
mutation (31 no-test controls). All participants received equivalent counseling concerning elevated
lifetime melanoma risk and corresponding recommendations for prevention and screening. Both
immediately and one month after counseling, participants receiving a genetic test result reported
greater understanding of their risk, decreased derogation of the risk information, and greater
personal applicability of prevention recommendations than no-test controls. Decreased derogation
of risk information after test reporting predicted further increases in understanding of melanoma
risk and applicability of prevention recommendations one month later. Results suggest unique
benefits of genetic test reporting in promoting understanding and acceptance of information about
hereditary cancer risk and its management.
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Introduction

Interventions providing personalized risk information are designed to motivate
improvements in medical adherence prior to disease development. The provision of genetic
information, because it is highly personalized, objective, and exact, holds particular promise
for accomplishing these goals. However, research has yet to determine whether any
beneficial outcomes are due specifically to the provision of a genetic test result, rather than
the counseling that typically accompanies test results. Such counseling includes detailed
education about family history, elevated disease risk, and corresponding management
recommendations (Aspinwall, Taber, Kohlmann, et al., 2013). As we will review, research
suggests that receiving an explanation for one’s risk increases the acceptance of health-risk
information. Because a genetic test result provides an explanation that is highly personalized
and objective, we predicted that genetic test reporting would have advantages over
counseling based on family history alone in promoting increased understanding and
acceptance of information about highly elevated risk and its management among members
of cancer-prone families.

Previous research on the outcomes of genetic test reporting has focused primarily on
adherence to screening recommendations and psychological distress (see Aspinwall, Taber,
Kohlmann, et al., 2013, for review). As such, relatively little is known about other
potentially important outcomes of testing, including reactions to or evaluations of the
information presented about cancer risk and behaviors recommended to manage that risk. In
the present study, we focused on the impact of genetic testing on participant-reported
understanding of personal risk, beliefs about the accuracy of the risk information, and
perceived personal applicability of the accompanying recommendations for prevention and
screening. These constructs were selected as key health cognitions that may be related to
subsequent adherence.

One potential benefit of receiving a genetic test result is that its seemingly incontrovertible
nature might reduce tendencies to respond defensively to health-risk information, especially
when the stated risk is quite high and therefore likely to be threatening. Defensive responses,
defined as a strategy to control fear that arises from threatening health information
(McQueen et al., 2013; van’t Riet & Ruiter, 2013; Wiebe & Korbel, 2003; Witte, 1994), are
a major barrier to the effective provision of risk information to people at elevated risk
(Croyle et al., 2006; Jemmott et al., 1986; Liberman & Chaiken, 1992; Reed & Aspinwall,
1998). These defensive responses may take multiple forms, including derogating the
accuracy of risk information or believing that management recommendations are
exaggerated or not personally applicable (de Hoog et al., 2007; Good & Abraham, 2007;
McQueen et al., 2013; van’t Riet & Ruiter, 2013, Witte, 1994).

To date, little research has examined whether the provision of genetic test results conferring
highly elevated risk leads to defensive responding. In studies comparing participants’ risk
estimates to those provided during counseling, unaffected mutation carriers have been found
to underestimate their risk (Aspinwall, Taber, Kohlmann et al., 2014; Claes et al., 2005;
Lipkus et al., 2004), but it is unknown whether individuals who receive information based
on family history alone underestimate their risk similarly or to an even greater degree.
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Personalized cancer risk estimates (not based on genetic testing) may be perceived as
inaccurate, particularly by individuals at higher risk (Scherer et al., 2013). Further research
is necessary to test whether risk estimates conferred by genetic test results are more or less
likely to invoke defensive responses than other kinds of risk estimates, such as those based
on family history.

Receiving a genetic test result compared to counseling alone is also likely to influence
subjective understanding of one’s disease risk and its implications (Read et al., 2005). For
members of cancer-prone families in which a genetic cause for disease has been identified, a
genetic test result not only confirms to what degree a known familial risk applies to them
and to their biological children but also provides an explanation of why a particular
individual is at increased risk. This information about a disease’s causes may enhance
comprehension of risk information (Rothman & Kiviniemi, 1999). In cancer-prone families
in which a genetic cause has not yet been identified, disease mechanisms may be less likely
to be made clear to counselees who are given risk estimates based on family history alone.
In such cases, information about the magnitude of risk may be presented, but information
about why one’s family members are at such elevated risk or whether oneself in particular is
at especially high risk remains unspecified. Counseling about disease risk may also improve
understanding of the illness itself, known as iliness coherence (Leventhal et al., 2003).
IlIness coherence is important as it predicts other beneficial consequences of test reporting
and counseling, such as greater perceived risk, greater perceived control, less passive
coping, lower cancer worry, and less distress (Gould et al., 2010; Kaptein et al., 2007; Van
Oostrom et al., 2007).

Genetic counseling for hereditary cancer frequently confers lifelong risk and corresponding
needs for continued education and sustained prevention and screening behaviors, and it is
thus important to understand whether beliefs about the accuracy of risk information and the
applicability of management recommendations are sustained over time. Most studies of
defensive processing of health-risk information are experimental laboratory studies in which
level of risk can be experimentally manipulated in order to study the effects of risk status on
the processing of risk information. Participants are typically debriefed at the end of the
experimental session. As a result, there is relatively little research examining defensive
responses over time or in field settings (van’t Riet & Ruiter, 2013). The prospective relation
of defensive processing to other beliefs about risk and its management is similarly
understudied. For example, defensive processing following exposure to risk information
may influence downstream cognitions, such as understanding of risk. There is some
evidence that defensive responding may increase over time among participants given high
risk estimates, as shown by increasingly biased recall for specific medical test results
(Croyle et al., 2006) or recall for risk-inconsistent information (Reed & Aspinwall, 1998).
The provision of particular explanations for risk may offset these tendencies, as people who
learned how their risk estimate was obtained reported enhanced perceptions of its
personalization and applicability to the self (Scherer et al., 2013). In this case, increased
understanding of risk following the presentation of genetic test results could promote
subsequent acceptance of risk information and management recommendations.
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The Present Study: Overview and Hypotheses

Members of melanoma-prone families face highly elevated lifetime risk (i.e., 35-70x
population risk, up to 76% lifetime risk) and are recommended to engage in daily ultraviolet
radiation (UVR) avoidance and monthly skin self-examinations. Because management
recommendations involve prevention and screening behaviors that can be personally
undertaken, genetic testing for familial melanoma provides a unique model for studying the
impact of providing genetic test results on how members of cancer-prone families process
both risk information and corresponding management recommendations. In the present
study, a novel nonexperimental control group design was used to compare the effects of
genetic counseling and test reporting to the effects of equivalent counseling based on family
history alone.

All participants were recruited from families with high melanoma rates, defined as three or
more melanoma cases. Participants were recruited from either (a) families with a known
mutation in the CDKN2A/p16 (or simply, p16) tumor suppressor that confers 28—-76%
lifetime risk to US residents (Begg et al., 2005; Bishop et al., 2002) or (b) other melanoma-
prone families in which magnitude of risk is similar (35—70x approximate relative risk;
Dutton-Regester & Hayward, 2012; Kefford et al., 1999), but for whom the melanoma risk
cannot be attributed to currently known melanoma predisposition genes. Importantly, based
on prior genetic testing of family members, these control families were known not to carry a
p16 mutation, and thus new participants recruited from these families served as “no-test
controls.”

Participants who tested positive for a p16 mutation conferring elevated melanoma risk
(carriers) and no-test controls were given comparable estimates of up to 70 times population
risk for melanoma (70 in 100 for carriers and 30-70 in 100 for no-test controls). Participants
from p16 families who tested negative for a p16 mutation (noncarriers) were given
estimates of up to two times population risk. With the exception of additional information
about pancreatic cancer risk associated with a p16 mutation, only the provision of a genetic
test result and the more specific point versus range estimate made possible by the genetic
test result differed between p16 carriers and no-test controls (see Methods). All participants
received identical recommendations for sun-protection and screening (see Methods).

We evaluated the impact of the provision of genetic test results versus family history-based
counseling alone on several key health cognitions: understanding of melanoma and one’s
risk for it (general melanoma coherence, understanding of risk) and defensive versus
accepting responses to the specific risk information and management recommendations
provided (derogation of risk information, perceived personal applicability and exaggeration
of management recommendations). We expected similar gains in general understanding of
melanoma (melanoma coherence) among all participants following the counseling session,
given the education about melanoma etiology and risk factors that all participants received,
but we predicted that the provision of a genetic test result (whether positive or negative)
would specifically increase perceived understanding of one’s melanoma risk compared to
counseling based on family history alone. Because a genetic test result is objective and
irrefutable and/or because a genetic test result provides a concrete, personalized explanation
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for one’s elevated risk, we predicted that those who received a genetic test result (whether a
positive result conferring high risk or a negative result conferring relatively low risk) would
respond less defensively to information about disease risk and its management than those
receiving high risk estimates based on family history alone. Importantly, this prediction
differs from what one might predict based on the literature on defensive responding in other
contexts. A typical finding is that participants informed they are at high risk for an illness
are more likely than those at lower stated risk to engage in efforts to minimize the risk and
the relevance of the recommended behavior changes. Based on this prior work, the strongest
evidence of high risk (i.e., a definitive genetic test result) would be expected to promote the
greatest defensive processing. Thus, both groups of participants receiving highly elevated
melanoma risk estimates (carriers and no-test controls) would be predicted to show greater
defensive processing than noncarrier participants receiving lower risk estimates, and
participants receiving positive test results would be expected to engage in the most defensive
processing.

Finally, we examined reciprocal relations among these constructs immediately and one
month after counseling. As reviewed earlier, little is known about defensive responding to
either genetic test results or counseling based on family history over time. A cross-lagged
panel model was used to examine whether the increased understanding of melanoma risk
immediately following counseling predicted to occur among participants receiving a positive
genetic test result was related to subsequent increases in acceptance of risk information and
management recommendations, as well as whether the predicted decrease in defensive
responses to risk information and management recommendations among participants
receiving a positive genetic test result predicted greater subsequent understanding of disease
risk.

Unaffected members of two kinds of melanoma-prone families (those known to carry a p16
mutation and those known not to carry a p16 mutation, but who have a significant family
history of melanoma) were recruited to BRIGHT (Behavior, Risk Information, Genealogy,
and Health Trial). BRIGHT was designed to provide a comprehensive assessment of the
impact of melanoma genetic test reporting and counseling on health cognitions and
prevention behaviors among unaffected members of melanoma-prone families, compared to
equivalent counseling about risk and its management based on family history alone.
BRIGHT was approved by the University of Utah’s IRB for recruitment of individuals aged
16 to 70. All participants provided written informed consent before beginning the study.
Data reported here are part of an ongoing study consisting of four visits over a 13-month
period. Participants included in the present analyses completed their first three study visits
from March to mid-October of 2012 and 2013.

Recruitment, Eligibility Criteria, and Retention

Figure 1 presents the participant identification procedures and recruitment and retention into
the BRIGHT study. In brief, eligible participants were identified as 1) unaffected members
of families either known to have a p16 mutation (p16 participants) or 2) members of families
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with three or more cases of invasive or in situ melanoma in which prior genetic testing had
ruled out p16 mutations or other high-penetrance causes as the cause of the melanoma (“no-
test controls”).

Additional inclusion criteria for all participants included ages 16-70, no prior melanoma
genetic test reporting or counseling, and no personal history of pathology-confirmed
melanoma or melanoma in situ, although participants could have had non-melanoma skin
cancers or dysplastic nevi. These details were confirmed during a screening telephone call
designed to recruit participants. An upper age limit of 70 was used because individuals
reaching this age without a melanoma history are at a low likelihood of being p16 mutation
carriers, and a lower age limit of 16 was used due to strong interest from these families in
having their older adolescent children tested and because they were expected to be
developmentally similar to 18-year-olds. Only unaffected individuals were included, as
affected members of high-risk families tend to engage in greater prevention behaviors
(Aspinwall, Taber, Leaf, et al., 2013, 2014; Geller et al., 2003; Manne et al., 2004).
Participants were included regardless of their initial knowledge of melanoma cases in their
families.

As shown in Figure 1,125 individuals were contacted. Of these, 100 were recruited
(recruitment rate=80%) either from families with a known p16 mutation (n=67, recruitment
rate=81.7%) or from families known not to carry a p16 mutation (n=33, recruitment
rate=76.7%). Of note, all participants from p16 families elected to receive their genetic test
results. The final sample for analysis included 96 respondents (27 carriers, 38 noncarriers,
31 no-test controls), as three withdrew and one participant’s data were lost due to a
programming error.

Procedure and Counseling Protocol

We report survey data from the first three visits over a 2-month period: 1) baseline, 2)
counseling, and 3) 1-month follow-up (see Figure 2). The post-counseling survey was
completed immediately following the genetic test reporting and/or counseling sessions at the
second visit. The 1-month follow-up occurred one month later. All participants were
compensated with a $50 gift card upon completing each visit, additional travel compensation
dependent on distance traveled, a total body skin examination at baseline, vouchers for two
free subsequent annual total body skin examinations, and free genetic counseling.
Participants from families with a known p16 mutation also received free genetic testing for
the familial mutation. Site-specific p16 genetic testing was performed in a CLIA-certified
laboratory.

Figure 2 provides details about the procedure of each visit, the counseling protocol, and
measures administered to all participants regardless of family membership, as well as
procedures specific to each kind of family (families with known p16 mutation; no-test
control families; see also Supplemental Materials for complete counseling protocol
including melanoma genetics education, risk information provision, and detailed
management recommendations). Of note, members of p16 families met with one of two
certified genetic counselors (CGCs) twice (during the baseline and counseling visits),
whereas no-test controls only met with a CGC once (during the counseling visit). As noted
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in Figure 2, this procedural difference was necessary because members of p16 families
needed to participate in a pre-testing information session in order to decide whether to
obtain genetic test results and to provide informed consent for genetic testing. For p16
participants only, the second session included return of their genetic test result. Carriers
were counseled that they tested positive for a p16 mutation and thus had a 70 in 100 risk for
melanoma and a 17 in 100 risk for pancreatic cancer. Noncarriers from p16 families were
counseled that they tested negative for the p16 mutation but still had a moderately increased
melanoma risk estimate of 2 in 100. No-test controls were provided with an estimated range
of risk for melanoma of “30 in 100 to 70 in 100" based on their family history. All
participants were given identical recommendations for sun-protection and screening (see
Figure 2 and Supplemental Materials).

Surveys were completed by all participants at baseline, following their genetic counseling
session, and one month later. All survey items were completed on scales from 1 (Strongly
disagree) to 5 (Srongly agree). Standard demographic factors, namely date of birth (used to
calculate age at baseline), education (coded as number of years), household income, sex, and
race, were self-reported. Participants reported their number of living and deceased first-
degree relatives and second-degree relatives with melanoma both during the telephone
screening and as part of their family history review with the CGC at the beginning of their
counseling session.

Melanoma coherence was assessed by five items concerning participants’ understanding of
melanoma adapted from the Iliness Perceptions Questionnaire-Revised (Moss-Morris et al.,
2002; e.g., “I have a clear picture or understanding of melanoma,” “I don’t understand
melanoma”). Higher scores indicate greater perceived coherence (as=0.86-0.88).

Under standing of melanoma risk was assessed by the 6-item certainty subscale (apaseline= -
74, apost=-86, aimonth=-70) of the Psychological Adaptation to Genetic Information Scale
(PAGIS; Read et al., 2005). The original PAGIS items assessed understanding of carriers’
genetic test results (e.g., “I feel certain that | understand the meaning of having this gene,” “I
understand the chances | have of passing this gene along to my children”). To apply to p16
and no-test control families, the underlined portion of each item presented to all participants
was modified to “this melanoma risk.” Other items were, “I understand how | came to have
this melanoma risk,” and “I feel that | can explain to other people what having this
melanoma risk means.”

Defensive versus accepting responses to the risk information and prevention
recommendations were assessed with three measures. Derogation of risk information was
assessed as the average of two items, “The information I received about my risk of getting
melanoma seems accurate” (reverse-scored) and “My risk estimate was missing some
important information about me or my family” (rpost=.400, p <.001; r{month=-277, p =.006).
Based on a literature review (McQueen et al., 2013; Witte, 1994), eight items were included
to assess responses to the prevention and screening recommendations. These items were
subjected to an exploratory factor analysis with maximum likelihood extraction and oblique
rotation, which yielded the following two factors: personal applicability of prevention
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recommendations, assessed as the average of six ittms (apost=0.93, @1month=0.92) indicating
the extent to which the sun-protection and screening recommendations provided during the
counseling session were “important,” “applied to me,” and “applied to my family,” and
perceived exaggeration of prevention recommendations, assessed as the average of two
ratings of the extent to which the “information about reducing sun exposure [melanoma
screening] was exaggerated” (Ipost=-80, p <.001; rymonth=-66, p <.001; Witte, 1994).

Overview of Analyses

Results

Repeated-measures analyses of variance (ANOVAS) tested the impact of genetic testing
versus family history-based counseling alone on melanoma coherence, understanding of
risk, and the three measures of defensive versus accepting responses to the risk information
and prevention recommendations. In all primary analyses, participants from the two kinds of
families were stratified into groups based on p16 mutation status, with Group (p16 carriers,
p16 noncarriers, no-test controls) as a between-participants variable. Structural equation
modeling (SEM) in Mplus (Muthén & Muthén, 1998) was used to test cross-lagged models
of the relations among understanding of risk and measures of defensive versus accepting
responses to the risk information and prevention recommendations immediately and one
month after counseling. A statistical significance criterion of p< .05 was used for all
analyses.

Participant Characteristics and Correlations among Study Variables

Approximately half of the participants were male (52.1%) and nearly all were White
(99.0%). The average age was 37.0 years (SD=13.5, range=16-69, only two participants
were minors). Mean education was “some college” or 14 years (SD=2.1), and median
household income was $60,000-69,999. Participants reported an average of 0.85 (SD=1.00,
range: 0-3) first-degree relatives and 1.15 second-degree relatives with melanoma (SD=1.3,
range: 0-6). Participant groups did not significantly differ in number of self-reported first-
degree relatives or second-degree relatives with melanoma, age, gender, education, or
household income (all ps > 0.120). Because there were no significant demographic
differences among the groups, these measures were not covaried in the primary analyses.
There were only two instances, noted below, in which results differed when these
demographic factors were statistically controlled.

Correlations among study outcomes are presented in Table 1A. As predicted, ratings of
melanoma coherence, understanding of melanoma risk, and multiple aspects of defensive
responses were significantly intercorrelated at both the immediate and 1-month follow-up
assessments. Table 1B presents the correlations of demographic factors and baseline
measures of melanoma coherence and understanding of melanoma risk with responses to
test reporting and/or counseling at both assessments.

Impact of Genetic Test Reporting and Counseling versus Family-history Based Counseling

Melanoma coherence—A repeated-measures ANOVA indicated that all groups reported
comparable increases in melanoma coherence (Linear effect of Time: F(2,92)=57.82, p<.
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001), showing a curvilinear pattern (Quadratic effect of Time: (F(1,93)= 71.24, p<.001).
Specifically, as shown in Figure 3A, melanoma coherence significantly increased from an
average of 3.28 at baseline to 4.12 at post-counseling (p<.001), then decreased to 4.01 at one
month (p=.047), remaining significantly elevated from baseline (p<.001). There were no
significant differences among groups (main effect of Group: F(2,93)=0.57, p=.565) or
different patterns of change over time (Group by Time interaction: F(4,184)=1.21, p=.307).

Understanding of melanoma risk—A repeated-measures ANOVA yielded significant
main effects of both Time and Group. Specifically, as shown in Figure 3B, participants in all
groups reported increased understanding of melanoma risk overall following counseling
(Linear effect of Time: F(2,92)=108.82, p<.001), with a significant curvilinear pattern
(Quadratic effect of Time: (F(1,93)=216.44, p<.001). Across groups, understanding of risk
increased from 3.30 at baseline to 4.34 at post-counseling (p<.001), then decreased to 3.88 at
one month (p<.001), remaining significantly elevated from baseline (p<.001); as shown in
Figure 3B, this pattern was present within each group as well. Consistent with predictions, a
main effect of Group indicated that both groups of individuals who received test results
(carriers: M=3.96, p=.006; noncarriers: M=3.90, p=.013) reported greater understanding of
their melanoma risk than no-test controls (M=3.66; F(2,93)=4.84, p=.010). Further
inspection revealed that these differences were present at both follow-up assessments but not
at baseline; however, the Group by Time interaction was not significant (F(4,184)=0.56, p=.
694).

Defensive versus accepting responses to risk information and prevention
recommendations—As shown in Figure 4, participants in all groups generally reported
low levels of derogation of the risk information and high acceptance of prevention
recommendations. However, there were significant group differences for all three outcomes,
illustrated in Figure 4. Compared to no-test controls, carriers reported significantly lower
derogation of risk information (Mcgrriers =1.70, Mpgteqt =1.99, p = .031; Figure 4A) and
greater perceived personal applicability of prevention recommendations (Mcgrriers =4-60,
Mno-test =4.31, p = .023; Figure 4B). Carriers and no-test controls did not differ in perceived
exaggeration of prevention recommendations (Figure 4C). Notably, carriers did not respond
more defensively than noncarriers (who were not expected to respond defensively, given the
low risk estimates they received) on any index, whereas no-test controls responded more
defensively than noncarriers on all three indices. The Group by Time interaction was not
significant for any measure.

Two significant main effects of Time are not shown in Figure 4. Both derogation of risk
information (Mpogt=1.73, M1month =1.84; F(1,93)=4.11, p=.045) and perceived exaggeration
of prevention recommendations (Mpogt =1.69, Mimonth=1.85; F(1,93) =5.24, p=.024)
increased from post-counseling to one month. However, neither effect was significant when
four demographic factors (i.e., first-degree relatives with melanoma, age, gender, education)
were simultaneously statistically controlled. These instances represent the only two analyses
in which effects differed from the primary analyses reported above when these covariates
were included.
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Cross-lagged Model of the Relations between Understanding of Risk, Derogation of Risk
Information, and Personal Applicability of Prevention Recommendations over Time

We tested whether the enhanced understanding of melanoma risk, decreased derogation of
risk, and increased perceived personal applicability of prevention recommendations reported
by carriers compared to no-test controls immediately following counseling predicted further
changes in these outcomes one month later, when their respective post-counseling outcomes
and understanding of risk at baseline were statistically controlled (Figure 5). Only carriers
and no-test controls were retained in these analyses in order to pinpoint differences
following receipt of genetic versus family history-based information indicating highly
elevated melanoma risk. As shown in Figure 5, SEM was used to test cross-lagged effects
from post-counseling to one month. Although the x2 statistic indicated that these data
differed significantly from the model (x2(8) = 16.09, p < .05), the overall model fit was good
using a fit index that is robust in small samples (CFI = .96; values >.90 indicate good model
fit, Bentler, 1990). Further, the model shown in Figure 5 yielded a better fit to these data
than a model excluding the cross-lagged effects (32 difference test: 32 (6) = 27.52, p < .05).
Consistent with prior analyses, carriers reported greater understanding of risk, somewhat
lower derogation of the risk information, and greater perceived applicability of the
prevention recommendations immediately following counseling.

Path coefficients from post-counseling to 1-month outcomes indicated significant stability in
all three counseling outcomes, but also three significant cross-lagged effects. First, greater
derogation of risk information immediately following counseling predicted further decreases
in understanding of risk (= -.22, SE=.10, p=.018) and perceived applicability of the
prevention recommendations (/= —.20, SE=.09, p=.031) one month later. Additionally,
greater post-counseling perceptions that the prevention recommendations were personally
applicable predicted further decreases in derogation of the risk information one month later
(= —.48, SE=.18, p=.007). Finally, greater understanding of melanoma risk was not a
significant predictor of further increases in the acceptance of risk information or
management recommendations. Thus, the model suggests that carriers’ decreased tendency
to derogate the risk information immediately following the counseling session compared to
no-test controls may predict further increases in understanding of melanoma risk and
acceptance of management recommendations one month later. Similarly, carriers’ increased
perceptions of personal applicability of management recommendations predicted subsequent
decreases in derogation of risk information.

Discussion

Genetic counseling, whether accompanied by genetic test reporting or not, led to increased
understanding of melanoma (illness coherence) among members of cancer-prone families.
However, consistent with hypotheses, genetic test reporting had several unique benefits
compared to counseling based on family history: it enhanced understanding of melanoma
risk, decreased derogation of the accuracy of the risk information, and increased perceived
personal applicability of recommendations for vitally important, but potentially burdensome
prevention and detection behaviors. Based on prior research on defensive processing of
health-risk information (Croyle et al., 2006; Jemmott et al., 1986; Liberman & Chaiken,
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1992; Reed & Aspinwall, 1998), participants receiving the highest risk estimates—in the
present study, p16 carriers (70x population risk) and no-test controls (30—70x) —would have
been expected to respond more defensively than noncarriers who received dramatically
lower risk estimates (2x). However, across three measures of defensiveness, we found that
no-test controls—but not p16 carriers—responded more defensively than p16 noncarriers.
Thus, although both high-risk groups reported generally high acceptance of both risk
information and accompanying management recommendations, the provision of a melanoma
genetic test result seems to confer benefit by attenuating defensive responding to both risk
information and management recommendations.

The results of our cross-lagged panel model suggest that these benefits of genetic test
reporting may be consequential. Specifically, decreased derogation of risk immediately
following the counseling session predicted greater subsequent understanding of risk and
perceived personal applicability of management recommendations one month later. Further,
greater perceived personal applicability of prevention recommendations immediately after
counseling predicted subsequent decreases in derogation of the risk information one month
later. Interestingly, enhanced understanding of risk following counseling predicted only
marginal further improvements in the acceptance of prevention recommendations at one
month. These findings suggest that it may be important to track the interrelations of various
health cognitions concerning risk and its management over time following the provision of
highly elevated risk information, and to identify specific health cognitions (i.e., derogation
of risk information) that might be targeted as a way to increase subsequent understanding of
risk information.

Taken together, these data suggest that when no genetic test is available, patient educators
may need to spend additional time helping members of high-risk families understand risk
information and how it applies to them on an individualized level. These patients’ attitudes
should be followed over time to determine whether understanding and acceptance of risk
and prevention recommendations are maintained and to determine whether and/or how these
beliefs influence their behavior in the long-term. Our results may also extend to other
diseases in which it is crucial to understand the processes that promote acceptance of
prevention recommendations as personally applicable among people at high risk based on
their family history.

Limitations of the Present Study

The primary limitation of the present study is our use of a nonexperimental control group
design rather than an experimental design. Random assignment to receipt of a genetic test
result presents multiple ethical and logistic challenges. Because families with p16 mutations
are rare, randomization of at-risk members of these families to testing and non-testing arms
is not ideal for two reasons: randomization would divide the sample of participants eligible
for pl6 testing in half, and participants assigned to a no-test control group could be
influenced by the experiences of their relatives who received test results in the other arm of
the study. For these reasons, we offered genetic test reporting to all eligible members of p16
families and recruited members of families known not to carry a p16 mutation as no-test
controls. This procedure allowed us to provide comparable risk estimates and identical
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management recommendations to participants from the two kinds of melanoma-prone
families without denying or delaying test reporting to any eligible participants. However,
this nonexperimental approach leaves open the possibility that other differences between
participants from p16 families and no-test control families may account for the findings
reported here. However, participant groups did not differ in age, gender, education, income,
or self-reported number of first-degree relatives or second-degree relatives with melanoma,
and there was no evidence of differential recruitment to the study or differential attrition as
recruitment and retention were high in both groups.

Although we have interpreted the findings as representing the presence versus absence of a
genetic test result, the risk estimates also differed in whether they were a point versus a
range (i.e., 70x vs. 30—-70x population risk), which may have contributed to the differences
reported here. The greater precision of a point estimate made possible by genetic testing may
reduce ambiguity (Han et al., 2011), thereby contributing to greater understanding of one’s
risk. As such, it is unclear whether no-test control participants’ greater derogation of the risk
information was in fact defensiveness, or a more reasoned response to receiving less precise
information. Further, p16 participants were given preliminary risk estimates for members of
high-risk families during the pre-testing education during their first visit (after completion of
baseline measures), whereas no-test controls did not receive risk estimates until their second
visit. p16 participants’ greater amount of time to think about the risk information and the
repetition of risk estimates could therefore also have contributed to the greater
understanding of risk reported by p16 respondents immediately following counseling.
However, both of these aspects (the point estimate and the provision of pre-test counseling)
are inherent in the provision of genetic test results and would also differ between genetic test
reporting and counseling based on family-history alone in a clinic setting not part of a
research study.

With respect to external validity, the genetic test reporting and counseling procedure used in
the present study represented standard-of-care. Only the involvement in a research study,
including multiple clinic visits to complete follow-up surveys and provision of a total body
skin examination at baseline, distinguished participants’ involvement in the present study
from the current standard-of-care for receiving genetic information in a clinical setting.

Implications for Clinical Genetic Testing for Familial Melanoma

These data, along with continued examination of the impact of melanoma genetic test
reporting on prevention and screening behavior, may inform discussions of the clinical
utility of genetic test reporting in the management of familial melanoma (Gerstenblith et al.,
2007). A key issue has been whether genetic testing is necessary, as test results do not alter
management recommendations concerning sun-protection and skin screening for members
of melanoma-prone families. Improvements in sun-protection and screening behavior
following receipt of genetic test results have been reported up to two years later by
unaffected carriers in prior studies (Aspinwall, Taber, Leaf, et al., 2013, 2014, see also
Glanz et al. 2013; Kasparian et al., 2009), but because all of these participants received both
genetic counseling and test results, these benefits cannot be uniquely attributed to receipt of
a positive genetic test result. The benefits of genetic test reporting compared to family
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history-based counseling identified in the present study — including greater understanding of
risk and enhanced acceptance of risk and prevention recommendations — may ultimately
lead to increased prevention and detection behaviors. Of note, we assessed defensive
processing specific to the risk information and management recommendations, but it is
possible that participants engaged in other kinds of defensive processing (e.g., downplaying
the severity of melanoma). Additionally, some researchers have noted that defensive
responses may lead to improved health behaviors if they successfully control negative
emotion (van’t Riet & Ruiter, 2013; Wiebe & Korbel, 2003) or motivate people to accept
behavioral recommendations as one strategy for reducing the fear of getting a disease.
Therefore, important next steps in this ongoing study are to examine whether understanding
and processing of risk information and prevention recommendations predict adherence to
recommended sun-protection and screening behaviors. These data may also have relevance
to concerns about the impact of providing negative test results to noncarrier members of
high-risk families. We note that noncarriers did not interpret the prevention
recommendations as exaggerated or less personally applicable because they were given low
risk estimates, suggesting that negative test results may not necessarily undermine
adherence.

All procedures followed were in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000 (5). Informed consent was obtained from all patients
for being included in the study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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p16 participants [

Identification of participants ]

No-test controls

(i.e.. families with a known p/6 mutation)

(i.e., families known not to carry a p/6 mutation)

1. Families with pathogenic p/6 mutations (e.g., V126D,

5’UTR-34G>T, 32ins24) were identified from prior

research studies and the Huntsman Cancer Institute

Family Cancer Assessment Clinic (FCAC).

From these families, individuals with melanoma or those

who had previously tested positive for the familial p/6

mutation through research were contacted.

. Contact information was collected from these individuals
for their unaffected first-degree relatives who were at
50% risk for the p/6 mutation and for their unaffected
second-degree relatives at 25% risk for the p/6 mutation.
Second-degree relatives were included if their parent was
deceased or unable to be tested.

. These identified first-degree and second-degree relatives
were then contacted for inclusion by study staff.

o

%)

&~

1. No-test control families were identified as families in
which at least one affected member of a family with
three or more cases with invasive or in situ melanoma
(as identified through the Utah Population Database and
FCAC) had undergone genetic testing performed in a
CLIA-certified laboratory that ruled out p/6 mutations.

. Affected family members who had previously
participated in research and consented to be contacted
were asked to provide contact information for unaffected
first- and second-degree relatives.

. To parallel the recruitment procedure used in p/6
families, enrollment was restricted to first-degree or
second-degree relatives of a family member with
melanoma.

[

%)

All participants were screened for the following inclusion criteria:

* Aged 16-70
* No prior melanoma genetic test reporting or counseling

* Ability to travel to the study center for at least the first visit

No personal history of pathology-confirmed melanoma or
melanoma in situ

Contacted (n=82)
¢ Declined (n=15, 18.3%)
* Not interested (n=8)
* Too busy (n=4)
* Travel required (n=2)
* Didn’t want to undergo TBSE (n=1)

Contacted (n=43)

¢ Declined (n=10, 23.3%)
* Not interested (n=3)
* Too busy (n=1)
* Travel required (n=1)
* No reason stated (n=3)

* Recruited (n=67, 81.7%) P * Health reasons (n=1)
[ Visit 1: Baseline, N=100 * Participated in similar study (n=1)
¢ Recruited (#=33, 76.7%)
pl6 carriers pl6 noncarriers +

Completed baseline visit
and survey (n=27)

Completed baseline visit
and survey (n=40)

Withdrew due to time "I

Completed baseline visit and survey (n=33)

constraints (n=1)
Moved out of state
(n=1) \

Visit 2: Counseling, n=97
(One month after baseline visit)

constraints (n=1)

} Withdrew due to time

A 4 ¢

Completed counseling visit Completed counseling
and follow-up survey visit and follow-up survey
(n=27) (n=38)

Completed counseling visit and follow-up survey (n=32)

Visit 3: 1-month follow-up, =97
(One month after counseling visit)

A 4 +

A

Completed 1-month visit Completed 1-month visit
and follow-up survey and follow-up survey
(n=27) (n=38)

Completed 1-month visit and follow-up survey (n=32)

Missing data on key
variables due to a

—» .
programming error at

A 4

[ Final sample for analysis, #=96 ]
v

X I-month visit (n=1)

Complete data (n=27) “ Complete data (n=38) |

| Complete data (n=31)

Figure 1.

Participant identification, recruitment and retention for the first three study visits that were
completed by participants from March to mid-October of 2012 and 2013.
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Visit 1: Baseline

Procedures for all participants
* Total body skin examination
* Blood draw

*  Baseline survey: Melanoma coherence; Understanding of melanoma risk

pl6 participants: Pre-test counseling session with genetic counselor to decide whether to proceed

with genetic testing

* Brief review of participants’ self-reported medical and family health history and information about multiple
contributors to melanoma risk (e.g., environmental and phenotypic factors, high-risk genes).

* Participants told that an exact risk for melanoma that reflects these multiple factors cannot be provided
and that the general population risk of melanoma with no family history was 1 in 100

* Provided with initial p/6-specific cancer risk estimates of “30 in 100 to 70 in 100 for melanoma and 17
in 100 risk for pancreatic cancer based on known membership in family that carries a p/6 mutation

* Informed consent for genetic testing

No-test controls: No meeting with genetic
counselor

*  No pre-test meeting is necessary. Genetic
testing cannot be performed as there is no
known mutation responsible for the families’
cancer history

[

Visit 2: Counseling (one month after baseline visit)

pl16 participants: Test reporting session with genetic counselor
* Reminded that the general population risk of melanoma with no family history was 1 in 100
* Return of genetic test result

p16 carriers: pl6 noncarriers:

» Participants told they tested positive for the p/6 ~ * Participants told they tested negative for the p/6
mutation and thus had a 70 in 100 risk mutation but had a moderately increased melanoma
for melanoma and a 17 in 100 risk for pancreatic risk estimate of 2 in 100 because p/6 families
cancer often have additional phenotypic factors

contributing to risk

* Briefreview of participants’ self-reported
medical and family health history and
information about multiple contributors
to melanoma risk (e.g., environmental and
phenotypic factors, high-risk genes).

* Participants told that an exact risk
for melanoma that reflects these multiple factors
cannot be provided and that the general
population risk of melanoma with no family
history was 1 in 100

» Estimated range of risk for melanoma of 30 in
100 to 70 in 100 based on their family history

All participants: Risk management recommendations

During meeting with genetic counselor, all participants strongly recommended to manage their melanoma risk through screening (annual TBSE, monthly

self-examinations) and sun protection (sunscreen, protective clothing, shade-seeking and avoiding peak hours of UVR)

All participants: Post-counseling survey

Melanoma coherence; Understanding of melanoma risk; Derogation of risk information; Acceptance of prevention recommendations

Visit 3: 1-month follow-up (one month after counseling visit)

All participants: 1-month follow-up survey

Melanoma coherence; Understanding of melanoma risk; Derogation of risk information; Acceptance of prevention recommendations

Figure2.

Outline of study procedure through three visits in the first year of participation, including
key points of information from the genetic counseling protocol and selected information

about the content of surveys at each assessment.
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A. Melanoma coherence
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B. Understanding of melanoma risk
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Strongly
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Figure 3.

Figure 3A. Increases from baseline in melanoma coherence immediately following
counseling and at the 1-month follow-up among no-test controls, p16 carriers, and p16
noncarriers

Figure 3B. Increases from baseline in understanding of melanoma risk immediately
following counseling and at the 1-month follow-up among no-test controls, p16 carriers, and
p16 noncarriers
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Note: Bars with different superscripts indicate significant differences across Time of
Assessment in each group, p<.05
* Denotes significant differences between groups, p<.05
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A. Derogation of risk information

Strongly
agree
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disagree

5
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3

B. Personal applicability of
behavioral recommendations
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Group: F=3.90, p=.024

Figure 4.

b a

Group: F=3.84, p=.025
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C. Perceived exaggeration of
behavioral recommendations

b ab

I

Group: F=5.24, p=.024

Group
ONo-test controls
M Carriers

O Noncarriers

Derogation of risk information and acceptance of prevention recommendations as a function

of counseling and test reporting (p16 carriers and noncarriers) versus counseling based on
family history alone (no-test controls), averaged across time of assessment (post-counseling
and 1-month follow-up)

Notes: Degrees of freedom for main effect of Group are 2,94. Bars with different
superscripts indicate significant differences between groups, p<.05
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Understanding of risk, .16* (.08) Understanding of risk, A49%% ((11) Understanding of risk,
baseline post-counseling Nas g One month
M -22%(.10) 7/
710 (14)
37+ (12) N
3 \ \:'{:
Y STN04 (15)
Carriers (1) versus |/ 29" (15) Derogation of risk S 34 13) Derogation of risk
No-test controls (0) information, post-counseling s information, One month
-48%* (.18)
26%* (.11)
N 197 ()
/ -20%* 09NN
Personal applicability of ,’/ & Personal applicability of
prevention recommendations, prevention recommendations,
post-counseling 56%* (.14) One month

Figureb5.
Model of the cross-lagged relations among understanding of risk, derogation of risk

information, and personal applicability of behavioral recommendations immediately
following and one month after genetic counseling plus test reporting (pl16 carriers) or
counseling based on family history alone (no-test controls).

Note: Correlations among measures within visits were included in the model, but omitted
from the figure for ease of presentation. All but one such association were significant at p<.
05: understanding of risk information and perceived applicability of prevention
recommendations were not significantly correlated at one month. Significant pathways are
indicated by solid lines and nonsignificant pathways are indicated by dashed lines. Path
coefficients are unstandardized beta coefficients with standard errors in parentheses.
**p<.01, *p<.05, "p<.10
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