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Abstract
Background: Whether to return individual research results from cancer genetics studies is widely debated,
but little is known about how participants respond to results disclosure or about its time and cost burdens on
investigators.
Methods: We recontacted participants at one site of a multicenter genetic epidemiologic study regarding
their CDKN2A gene test results and implications for melanoma risk. Interested participants were disclosed
their results by telephone and followed for 3 months.
Results: Among 39 patients approached, 27 were successfully contacted, and 19 (70% uptake) sought
results, including three with mutations. Prior to disclosure, participants endorsed numerous benefits of
receiving results (mean ¼ 7.7 of 9 posed), including gaining information relevant to their children’s disease
risk. Mean psychological well-being scores did not change from baseline, and no decreases to melanoma
prevention behaviors were noted. Fifty-nine percent of participants reported that disclosure made participation in future research more likely. Preparation for disclosure required 40 minutes and $611 per recontact
attempt. An additional 78 minutes and $68 was needed to disclose results.
Conclusion: Cancer epidemiology research participants who received their individual genetic research
results showed no evidence of psychological harm or false reassurance from disclosure and expressed strong
trust in the accuracy of results. Burdens to our investigators were high, but protocols may differ in their
demands and disclosure may increase participants’ willingness to enroll in future studies.
Impact: Providing individual study results to cancer genetics research participants poses potential
challenges for investigators, but many participants desire and respond positively to this information. Cancer
Epidemiol Biomarkers Prev; 20(3); 522–9. 2011 AACR.

Introduction
The debate about investigators’ responsibilities to communicate individual genetic results obtained from cancer
genomics research to study participants is hindered by a
lack of data. Although participants’ interest in receiving
research results is well established (1, 2), the motivation
behind such interest is not adequately characterized.
Furthermore, the psychological and behavioral impact
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of receiving individual research results is unclear, and
data about time and monetary demands on investigators
are lacking. Calls have therefore been made to collect
these data as part of ongoing clinical research (3).
Research on the relationship between cyclin-dependent kinase inhibitor type 2A (CDKN2A) and melanoma
susceptibility provides an instructive context to explore
this issue. Numerous studies have shown an association
between CDKN2A mutations and increased risk for melanoma (4). However, CDKN2A genetic testing is currently
not standard clinical care, even in high-risk groups, due
to concerns including wide variability in penetrance
estimates, potential for negative test results to cause false
reassurance, and uncertainty about the association of
CDKN2A mutations with other types of cancer (5). Until
these concerns are addressed, the International Melanoma Genetics Consortium has recommended that
CDKN2A testing for melanoma susceptibility testing be
restricted to research contexts with well-developed
pretest education and genetic counseling protocols (5).
Such research has shown individuals to be interested in
testing (6, 7), with no evidence that susceptibility information leads to psychological distress (7, 8), and some
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evidence that testing can result in better compliance with
screening recommendations (8, 9).
Here, we report data from a protocol that disclosed
CDKN2A gene test results derived from research to individual participants of an epidemiologic study on genetic
risk factors for melanoma. Specifically, we report on
predisclosure attitudes toward melanoma genetic risk
information and disclosure of research results, psychological and behavioral responses to disclosed information, satisfaction with the disclosure process, and time
and monetary demands on investigators.

Materials and Methods
Overview and participants
A study flowchart is presented in Figure 1. Participants
were sampled in 2008 from University of Michigan (U-M)
participants in the Genetics, Environment and Melanoma
(GEM) Study, a hospital-based study of genetic susceptibility to melanoma. Methodology and findings from the
GEM Study are published elsewhere (10, 11). In short, all
GEM participants at the U-M site were adults who had a
first invasive primary or second and higher-order invasive or in situ melanoma identified in 2000. Because the
burden and safety of disclosing individual genetic test
results to research participants was relatively unknown, a
limited number of GEM Study participants were sampled
in this pilot study. Seven CDKN2A mutation carriers-–
representing all carriers from the U-M study site-–and 32
noncarriers matched to carriers by sex, age  4 years, and
original melanoma diagnosis (single vs. multiple primary) were targeted for recruitment. Sampled participants were younger than nonsampled GEM Study
participants on average (D ¼ 9.8 years, P < 0.001) but
were representative on all other factors, including gender
and race.
Archived DNA samples were first retested to confirm
CDKN2A mutation status and contact information was

Figure 1. Study flowchart.
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updated from current medical records, if available
(archived samples were missing for 3 recruits). Recruits
were sent an advance mailing from the U-M GEM Study
site principal investigator (S.B.G.) informing them about
the study. A research assistant then called to enroll
interested participants and obtain informed consent.
Consent materials emphasized that GEM Study testing
was not carried out in clinical laboratories, but that results
may be of significance to the person’s health. On enrollment, participants were sent a baseline questionnaire and
educational materials about risk factors for melanoma,
including CDKN2A mutations. Educational materials
were developed on the basis of the available genetic
epidemiologic literature and cited a 5% risk for another
melanoma among melanoma survivors and a risk of 30%
to 65% risk through age 80 for melanoma among
CDKN2A mutation carriers. Participants reviewed these
materials with a genetic counselor via telephone (participants were given a choice of in-person or telephone
consultations, and all opted for telephone). At the end of
the genetic counseling session, participants were given
the option of receiving their individual CDKN2A genotype information and its implications for melanoma risk.
Participants who opted for disclosure received a written
summary of points discussed during disclosure and
recommendations for physician follow-up, if warranted
by participant request or a family history suggestive of
other cancer syndromes.
The impact of disclosure was assessed via a self-administered follow-up questionnaire mailed 3 months after
receipt of genotype. Given that an emotional impact of
genetic susceptibility information is often only seen
shortly after disclosure (12–15), mood and distress was
also assessed 1 week after disclosure. A detailed description of how this study protocol was developed and ethical
issues addressed appears in a previous publication (16).
Measures
Demographic characteristics, family history, and test
uptake. Participant demographics were obtained by
self-report. Family history of melanoma was reported
to the genetic counselor by participants at the beginning
of the telephone genetic counseling session. Test uptake
was measured by the proportion of participants who
sought results among those who had been successfully
reached by the study team.
Attitudes about melanoma genetic risk information
and disclosure of research results. Perceived benefits,
and risks and limitations of melanoma genetic risk information were assessed in the baseline questionnaire by
modified scales implemented in studies of BRCA1/2 testing (17) and adapted for research on CDKN2A (8). Opinions about the obligations of investigators to recontact
research participants were assessed by a single item
adapted from another study (18).
Psychological responses. Participants’ melanoma
risk perceptions were assessed with the open-ended item,
"out of 100 people like you, how many of them do you
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think will develop another melanoma?" Pre- and postdisclosure psychological well-being were compared by the
5-item version of the Mental Health Index (MHI-5; ref.
19), a validated instrument with scores ranging from 0 to
100 with higher scores indicating greater well-being and
scores less than 65 suggesting a possible mood disorder.
Event-specific distress was assessed by the 7-item intrusion subscale of the Impact of Events Scale (IES; ref. 20), a
commonly used scale in genetics research which ranges
from 0 to 35 with higher scores indicating greater distress.
Concern about results was measured with a single item
asking participants to rate their concern about their
genetic test result on a 7-point scale (1 ¼ not at all to
7 ¼ extremely concerned).
Behavioral responses. Sharing of information was
assessed at follow-up by asking participants whether
they had told others their melanoma risk estimate or
CDKN2A genetic test results. Participants who indicated
that they had done so were asked to specify with whom
information was shared. Baseline health behaviors were
assessed by asking participants to rate the frequency of 4
protective behaviors practiced when "outside on a sunny
summer day for more than one hour." Response options
included never, seldom, sometimes, nearly always, and
always. Baseline health behaviors were also assessed by
asking participants to report how many times they had
conducted a skin self-examination in the previous 2
months. Health behavior changes following results disclosure were assessed by asking participants to indicate
whether they had increased, decreased, or did not change
the frequency with which they performed 8 preventive
behaviors examined in other studies of melanoma prevention (21), including wearing a wide-brimmed hat
when in the sun, using sunscreen of SPF 15 or more
when in the sun, and performing skin self-examinations.
Satisfaction and trust. Overall satisfaction with the
disclosure process was assessed by examining the mean
of 4 items asking participants to rate their satisfaction (1 ¼
not at all to 7 ¼ extremely satisfied) with the following:
information, explanations, reassurance, and help in decision making. Participants also rated how disclosure
affected their willingness to take part in genetic research
in the future. In addition, participants reported how (e.g.,
telephone vs. in-person) and when they would have
preferred to receive their test results. Finally, participants
were asked their perceptions about the accuracy of the
genetic test result and their trust in the research team to
give accurate information.
Demands on investigators. Time spent on protocol
preparation (review of GEM Study and medical records
and confirmation of genotypes) and creation of genetic
counseling materials was estimated by the study personnel responsible for completing each step. Time spent on
recontacting participants and disclosure components
(education, genetic counseling, results disclosure, and
follow-up) was tracked throughout the study. The cost
of genotype confirmation varied by mutation status: $350
to confirm the presence of a mutation and $700 to confirm
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the absence of a mutation. The expense of designing and
printing the educational brochure was calculated by
amortizing the $3,050 total cost across 330 projected
disclosures from the 663 total eligible Michigan GEM
Study participants. Personnel costs were calculated on
the basis of annual salaries of $63,000 for a genetic
counselor (22) and $30,000 for a research assistant (23),
plus 30% benefits. All other costs were determined
through a poststudy audit.

Results
Sample demographics, family history, and test
uptake
Participant demographic characteristics are summarized in Table 1. Of the 39 GEM Study participants targeted for enrollment, 12 (31%) could not be reached: 2 had
died since their GEM Study participation (confirmed
with a review of the National Death Index) and contact
information on another 10 was outdated and the patients
could not be traced. Of the remaining 27 recruits, 19 (70%)
agreed to participate, including 3 CDKN2A mutation
carriers. Four of those declining participation cited being
too busy, one was uncomfortable with study demands,
and one stated that the benefits were not worth the effort.
Two others declined without providing reasons.
Each mutation carrier and 4 of 16 (25%) of the noncarriers reported a family history of melanoma. All

Table 1. Demographics of participants who
opted for disclosure (N ¼ 19)
n (%)
Sex
Male
Female
Age
30–39
40–49
50–59
60–69
Married
Has children
White, non-Hispanic
College degree or higher
Employment status
Part-time or full-time
Retired
Household income
<$70,000
$70,000–$99,999
$100,000
Has insurance
Health insurance
Life insurance
Disability insurance

9 (47)
10 (53)
2 (11)
3 (16)
9 (47)
5 (26)
16 (84)
16 (84)
19 (100)
15 (79)
11 (58)
7 (37)
3 (16)
8 (42)
8 (42)
18 (94)
16 (84)
7 (37)
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enrolled participants ultimately agreed to melanoma risk
and CDKN2A genotype disclosure. Eighteen disclosures
occurred between November 2008 and March 2009, with
the final one occurring in June 2009.
Attitudes about melanoma genetic risk information
and disclosure of research results
Predisclosure attitudes toward genetic information
were favorable. On average, participants endorsed (i.e.,
rated being at least "a little" important) 7.7 of 9 (SD ¼ 1.7)
reasons for and 3.5 of 9 (SD ¼ 1.8) reasons against seeking
test results. Four reasons for seeking test results were
rated as "very" or "extremely" important by more than

Table 2. Benefits, risks and limitations of test
results rated "very" or "extremely" important
prior to disclosure
n (%)
Benefits
To give information about possible risks to
my children's health
To help researchers learn more about
melanoma
To know about my risk for another melanoma
so I can discuss it with a physician
To inform how I might pursue preventive
measures
Curiosity
To put my mind at ease if I found out I was
not at increased risk for another melanoma
or a recurrence of melanoma
To know if I should prepare my family for my
possible illness
To inform how and when I take care of my
personal affairs
To inform arrangements for medical care
later in life
Risks and limitations
It could make me worry about my children's
risk of getting melanoma
This testing does not give me a definite
"yes or no" answer about my risk for
another melanoma
The results could affect my health insurance
The results might upset my loved ones
It would be too upsetting to find out I’m at
increased risk for another melanoma
The results could change how people
look at or act toward me
The results could affect my employment
My family does not think it is a good idea
The procedure would be too burdensome

14 (74)
13 (68)
12 (63)
11 (58)
9 (47)
7 (37)

5 (26)
3 (16)

Psychological responses to disclosure
Mean risk perceptions for the 3 mutation carriers were
high at both baseline and 3 months: 56.7% (SD ¼ 11.5%)
and 60.0% (SD ¼ 21.8%), respectively. Mean risk perceptions for noncarriers were lower and had wide distributions: 21.7% (SD ¼ 21.5%) at baseline and 18.6% (SD ¼
20.0%) at 3 months. At both time points, mutation carriers
perceived their risks for another melanoma to be higher
than noncarriers (baseline: t ¼ 2.70, P ¼ 0.02; follow-up:
t ¼ 3.21, P < 0.01). Paired t tests showed no significant
pre- and postdisclosure changes to risk perceptions for
either mutation carriers (t ¼ 0.19, P ¼ 0.87) or noncarriers
(t ¼ 0.90, P ¼ 0.38).
Data suggested no significant psychological harm from
disclosure. MHI-5 scores, presented in Figure 2, averaged
83 at baseline and at both follow-ups (scores <65 indicate
a possible mood disorder), excluding one participant
who was given a clinical diagnosis of metastatic melanoma just after his results disclosure (MHI-5 scores: 88 at
baseline, 36 at 1 week, and 20 at 3 months). Event-specific
distress was low, with IES scores averaging 2.2 at 1 week
and 1.0 at 3 months. However, mutation carriers reported

1 (5)

2 (11)

Table 3. Predisclosure attitudes of participants
about the obligations of researchers to recontact research participants

2 (11)

n (%)

1 (5)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

NOTE: Response options included "not at all," "a little,"
"somewhat," "very," and "extremely."

www.aacrjournals.org

half of the participants, with "to give information about
possible risks to my children" most strongly endorsed. In
fact, all 16 participants with children rated that item at
least "somewhat" important. Only 3 of 9 reasons for not
receiving results were rated as very or extremely important by any participants (Table 2).
Beliefs about investigators’ obligations to recontact
research participants are presented in Table 3. Fifteen
participants (79%) reported that researchers had some
obligation to recontact research participants, and 3
others (17%) felt that recontact could be established
under certain conditions, but only through a healthcare
professional.

Yes. Regularly, even if no new discoveries
are made
Yes, when any new discoveries are made
Yes, but only when new discoveries are
made that pertain directly to the
recontacted patient
No, but ask my primary care physician/
internist/dermatologist to recontact me
No, I will contact the genetics provider
if I want more information
No, research participants should never
be recontacted with new information
Researchers have no obligations

3 (16)
6 (32)
6 (32)

2 (11)
1 (5)
0 (0)
1 (5)
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the sun, or visits to tanning salon. One participant (6%)
reported using a wide-brimmed hat more often when in
the sun, 1 (6%) reported increasing the frequency of
physician skin examinations, 2 (12%) reported increased
sunscreen use, and 4 (24%) reported performing skin selfexaminations more frequently. No decreases to preventive behaviors were reported.

Figure 2. MHI-5 scores of individual participants before and after
disclosure. Higher scores indicate better mental well-being.

greater subjective concern about test results than noncarriers (x ¼ 4.7 vs. 1.7, t ¼ 5.4, P < 0.01).
Behavioral responses to disclosure
All but one participant (94%) shared information from
the risk disclosure session with others by the 3-month
follow-up. Among those who shared information, results
were shared most often with a spouse or other family
member (94%). A substantial proportion also shared
results with friends (38%) or a health professional (31%).
Most participants reported melanoma prevention
behaviors prior to disclosure. The number of participants
reporting at baseline that they "always" or "nearly
always" practiced the queried melanoma prevention
behaviors on sunny summer days was 4 (21%) for wearing long-sleeved shirts, 10 (53%) for staying in the shade,
12 (63%) for wearing wide-brimmed hats, and 15 (79%)
for using sunscreen. Twelve participants (63%) reported
having conducted a skin self-examination within the
previous 2 months. Few health behavior changes were
reported at the 3-month follow-up. No participants
reported changes to sun exposure between 10 AM and
4 PM, wearing long sleeve shirts or long pants when in

Satisfaction and trust
Satisfaction with disclosure was high. Participants
rated the protocol an average of 6.1 on a 7-point scale
at the 3-month follow-up, and the majority of participants
(59%) asserted that their participation made it more likely
that they would participate in research in the future.
Eleven participants (65%) stated that telephone was their
preferred method of disclosure, and another 2 (12%)
claimed no preferred method but stated that telephone
was acceptable. Three participants (18%) would have
preferred receiving results via a letter, and 1 (6%) would
have preferred a visit to the clinic. Four (24%) would have
preferred receiving results after the study had been
reviewed by other researchers, 6 (35%) wanted them as
soon as individual genotypes were determined, 1 (6%)
wanted results as soon as results had been published, 5
(29%) wanted results as soon as the study was finished
and analyzed, and 1 (6%) was "fine with the way things
were handled."
Despite being informed that testing had been conducted in a laboratory that was not CLIA-certified, participants believed the results to be accurate at the 3-month
follow-up. Average level of trust in the results was 6.1 on
a 7-point scale, and average level of trust in researchers to
give accurate information was 6.2 on a 7-point scale.
However, one mutation carrier stated that he would be
seeking future confirmatory testing.
Demands on investigators
Time demands averaged 161 minutes per completed
disclosure. An average of 40 minutes was spent on each
of the 39 GEM Study participants we attempted to recontact, plus an additional 78 minutes for each of the

Table 4. Costs of preparation and disclosure
Preparation Component
Personnela
(RA, 40 min/attempt)
Genotype confirmationb
Recontact mailing
Total per attempted recontact

Cost/attempt ($)

SD ($)

13.05

5.03

592.31
5.49
610.85

214.76
2.18
214.39

Disclosure component
Personnela
(GC, 78 min/participant)
Education mailingc
Follow-up mailing
Total per participant

Cost/participant ($)

SD ($)

53.49

7.73

13.21
1.05
67.75

2.88
0.00
7.99

Based on annual salaries of $30,000 for a research assistant (RA) and $63,000 for a genetic counselor (GC), þ30% benefits.
$350 to confirm the presence of a mutation, $700 to confirm the absence of a mutation. Archived DNA was missing for 3 GEM Study
subjects we attempted to recontact.
c
Includes $3,050 amortized across 330 projected disclosures from 663 total Michigan GEM Study subjects for design and printing of
an educational brochure.
a

b
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19 participants who agreed to receive results. The financial costs associated with our protocol averaged $1,322
per completed disclosure. An average of $611 was spent
on each of the 39 GEM Study participants we tried to
recontact, plus an additional $68 for each of the 19
participants who agreed to receive results (Table 4).

Discussion
This study is among the first to provide data about the
impact of disclosing individual genetic results from cancer research. Despite the small number of GEM Study
participants in the study, several themes are evident.
First, most participants we were able to reach wanted
to learn their individual genetic test results. More than
two thirds of such participants chose to learn more about
CDKN2A, and all of them ultimately opted to receive their
individual genetic test results. Despite being told that
results would not change clinical recommendations for
skin examinations, participants perceived both clinical
utility (e.g., informing prevention measures) and personal utility (e.g., psychological relief) in the information.
Moreover, parents seemed to appreciate learning about
the potential implications of the information for their
children due to shared genes. All participants with children rated the benefit, "to give information about possible
risks to my children’s health" as at least somewhat
important, and nearly all participants shared information
with another family member. Similar to other studies of
recontact and disclosure (18), participants perceived benefits not only for themselves but also for their families by
making them aware of possible risks to their health.
Participants also did not seem to exhibit adverse psychological or behavioral effects following results disclosure. No short-term psychological harm was evident,
echoing findings from other studies of CDKN2A genetic
testing (7, 8) and of genetic susceptibility testing in general (13, 14, 24). Postdisclosure satisfaction ratings were
high, and most participants stated that they felt more
willing to participate in genetic research in the future as a
result of disclosure. In addition, the information did not
seem to decrease melanoma screening behaviors. The
potential for psychological harm (25), and the potential
for negative results to lead to "false reassurance," is a
concern about disclosure of individual research results in
general (25) and of CDKN2A genetic testing specifically
(26). Our results do not support such concerns.
At the same time, disclosure seemed to have little
impact on motivating participants to adopt more prevention behaviors, even among those identified to be
CDKN2A mutation carriers. The lack of evidence for
behavior change is somewhat surprising given that more
than half of participants endorsed "to inform how I might
pursue preventive measures" as a very or extremely
important benefit of testing, although participants were
explicitly told that their results did not change clinical
recommendations for prevention. The lack of changes to
health behaviors may be explained by the general lack of
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changes to melanoma risk perceptions. Preventive health
behaviors are often driven by risk perceptions (27), and
melanoma risk perceptions did not change for most
participants because predisclosure risk perceptions were
already close to calculated risk estimates incorporating
CDKN2A genotypes for both mutation carriers and noncarriers. Of note, all mutation carriers had a family
history of melanoma, whereas the majority of noncarriers
did not. Prior to disclosure as part of our study, participants’ melanoma risk perceptions were likely already
shaped by family histories of melanoma, which reflected
their actual CDKN2A genotypes.
This study is also among the first to provide data about
the burdens to investigators of disclosing individual
genetic test results derived from research. Overall, our
protocol required more than 2 hours 30 minutes and more
than $1,300 per completed disclosure to execute. It is
important to keep in mind that this protocol represents
a thoughtfully prepared, careful approach to testing disclosure and genetic counseling. Given the dearth of
empirical data on recontact and disclosure protocols,
we were conservative in many choices. The most expensive step-–the confirmation of genotypes-–might be considered optional (28, 29), and time and money could be
saved by using publicly available educational materials
rather than custom-designing them. Other disclosure
strategies, such as web-based communications developed in the context of biobanking (30), could further
reduce burdens on investigators. Finally, we recontacted
both mutation carriers and noncarriers. Disclosure may
arguably be required only in the cases where mutations
are identified. Investigators may choose to develop recontact and disclosure protocols given the constraints of their
time and budgets.
A number of limitations should be noted. The small
sample size limits our ability to make inferences from
the data, and the sample we enrolled may not have been
representative of the initial study population. The lack
of diversity in our study is understandable given that
melanoma predominantly affects non-Hispanic whites;
however, findings about results disclosure may not
generalize to other ethnic groups. Study participants
also tended to be more educated, have larger household
incomes, and were more likely to be insured than the U.
S. population at large, and results were disclosed to a
population that had already been diagnosed with melanoma. Findings may not generalize to individuals with
lower socioeconomic status or asymptomatic individuals with no personal experience with cancer. Behavioral responses may be subject to seasonal effects, as
the vast majority of disclosures occurred in the late fall
and winter months with follow-ups occurring in spring
months. Finally, institutional capacity at our site permitted us to create a team with expertise in clinical
genetics, genetic counseling, bioethics, health psychology, and health behavior. The expertise of our team
allowed us to make specific recommendations for additional clinical follow-up, if warranted or requested.
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Researchers lacking the same access to interdisciplinary
expertise may need to seek institutional partners to
implement a similar protocol.
Nevertheless, our results underscore the need to
consider the issue of disclosure when designing the
initial epidemiologic study. Participant preferences
about whether, when, and how to disclose individual
research results can vary greatly and would be best
addressed at the point of enrollment during informed
consent. Should results disclosure be warranted,
researchers and their institutions will need to budget
time and finances, and they will need to consider effective means of maintaining contact with research participants over time.
The proliferation of genome-wide association studies
and the increasing reach of full-genome sequencing
increase the likelihood of discovering clinically relevant
information during epidemiologic research (31), information which may create an obligation to recontact research
participants and disclose individual research results.
Disclosure poses substantial challenges, but participants
want the information for both clinical and nonclinical
reasons and for both familial and individual purposes.
Moreover, there may be benefits for participants and
investigators alike, as our respondents asserted that
results disclosure will make them more likely to participate in future studies. If so, disclosing individual research

results may not only be ethically warranted, but may also
provide long-term gains for institutions through the
reenrollment of participants in new cancer studies and
enhancement of public trust of and satisfaction with the
research enterprise.
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