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Familial testicular cancer: Interest in genetic testing
among high-risk family members

June A. Peters, MS', Susan T. Vadaparampil, PhD?, Joan Kramer, MD', Richard P. Moser, PhD’,
Lori Jo Peterson Court, MS*?, Jennifer Loud, MSN, and Mark H. Greene, MD'

Purpose: This study is part of an ongoing National Cancer Institute multidisciplinary, etiologically-focused, cross-
sectional study of Familial Testicular Cancer (FTC). The current report targets interest in clinical genetic testing for
susceptibility to FTC. Methods: Demographics, knowledge, health beliefs, and psychological and social factors
were evaluated as covariates related to interest in genetic testing. Results: The majority (66%) of 229 participants
(64 affected men, 66 unaffected men, and 99 women) from 47 multiple-case FTC families expressed interest in
having a genetic test within 6 months, should such a test become available. Interest was similar among the three
subgroups mentioned above. Worries about insurance discrimination based on genetic test results were associ-
ated with a significantly lower interest in testing. Alternatively, participants were more likely to be interested in
genetic testing if they were younger and had higher levels of family support, a physician’s recommendation
supporting testing, cancer distress, and a need for information to inform the health care of their children.
Conclusions: This study reveals social and relationship factors that FTC survivors and their relatives considered
important when contemplating the use of new genetic technologies. This is the first study describing hypothetical

interest in genetic testing for familial testicular cancer. Genet Med 2006:8(12):760-770.
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Although testicular cancer (TC) accounts for only 1% of all
male cancers, it is the most common cancer in younger men
aged 20-35 years old, with about 9,000 new cases occurring
annually.! While treatment advances over the last two decades
have led to overall survival rates exceeding 85%, there are ad-
verse short-term and long-term treatment effects that may
have a lifelong impact on TC survivors’ quality of life.>~* TC
incidence rates have been rising since the mid-twentieth cen-
tury, especially among Caucasian males,> while the rates of
many other cancers have been decreasing.

Risk factors for TC include urogenital malformations, testicu-
lar dysgenesis, undescended testes, testicular atrophy, history of
infertility, prior contralateral TC or testicular intraepithelial neo-
plasia, and possibly, exposures to a variety of etiologic agents dur-
ing key developmental periods.® In addition, family history ap-
pears to be an important risk factor, with familial clusters of TC
representing a well-known, albeit uncommon, occurrence. Ap-
proximately 1-3% of men with testicular cancer report the pres-
ence of another affected male in their family. Sons of men with TC
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have a four- to six-fold increased risk of TC, and brothers have an
eight- to ten-fold increase in risk when compared with the general
population.”# Many hereditary disorders or constitutional chro-
mosomal anomalies have been reported in patients who devel-
oped seminomatous or nonseminomatous testicular carcinoma.®

A clinical phenotype for familial testicular cancer has not yet
been established for male and female relatives; therefore, we do
not yet know whether any other types of male or female can-
cers, altered fertility or physical stigmata are associated with
inheriting a susceptibility to testicular cancer. One of the pur-
poses of the parent NIH FTC study is to define the clinical
phenotype associated with this syndrome. We deliberately
chose to study female family members in search of a possible
phenotype among women who might be obligate carriers of
X-linked Recessive (XLR), Autosomal Dominant (AD) or Au-
tosomal Recessive (AR) gene mutations. Genetic testing could
be offered to spouses of affected probands in the future, as the
mutation status of spouses might be important for the children
of cases and their relatives. Furthermore, spouses are influen-
tial in the health care decisions of the family and we thought it
appropriate to include them.

It is unclear when a genetic test for determining susceptibil-
ity to TC will be developed. FTC susceptibility testing will most
likely be a complex undertaking, since the current research
suggests that X-linked, autosomal dominant and autosomal
recessive genes may all be implicated in the etiology of FTC.
Segregation analysis has suggested that no single autosomal
gene accounts for all familial risk, and that the genetic basis for
FTC may prove to be polygenic.!0-14
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When this study was initiated, the International Testicular
Cancer Linkage Consortium (ITCLC) had provisionally mapped
one putative testicular cancer susceptibility gene (designated
TGCT1) to chromosome Xq27.'3 Six years later, a major FTC
susceptibility gene has yet to be identified, despite substantial ad-
ditional research.'>1¢ The most recent genome-wide linkage anal-
ysis reported by the ITCLC did not provide additional support for
the hypothesized Xq27 locus, and yielded only modestly interest-
ing LOD scores at other autosomal candidate loci. In this regard,
FTC may more closely resemble familial prostate cancer where
there is a demonstrated interest in genetic testing,'”-2° with nu-
merous candidate susceptibility loci having been identified, but to
date no major susceptibility genes have been discovered to ac-
count for the majority of familial cases.?!

Thus, it is likely to take longer than anticipated to identify an
FTC susceptibility gene and acquire the ability to perform
germline mutation testing than it did with Hereditary Breast
Ovarian Cancer (HBOC) or Hereditary Non Polyposis Colo-
rectal Cancer (HNPCC). Even if a susceptibility gene were dis-
covered tomorrow, it would probably take six months or more to
get a clinical test to market; thus, our question about interest in a
hypothetical genetic test was framed in a six-month context.

We wanted to take advantage of the period prior to gene
discovery to assess interest in testing, and to ensure appropri-
ate use of genetic testing once it becomes available.22 Multiple
studies of interest in genetic testing have been conducted in
those at risk of a variety of inherited conditions.?*27 We
thought it unwise to generalize from these prior studies, which
targeted either exclusively female cancer susceptibility syn-
dromes or mixed gender populations (hereditary colon and
melanoma syndromes) to our FTC population. Therefore, we
felt that we should attempt to determine whether prior find-
ings from earlier studies were applicable to our novel study
population.

The development of an accurate genetic test for TC suscep-
tibility would have numerous implications. It would assist in-
dividuals in high-risk families in making educated decisions
about testing and informing relatives about their risk. It would
allow us to better educate men at increased genetic risk regard-
ing proper testicular self-examination procedures, and to offer
them more intensive surveillance. Additionally, family mem-
bers who test negative may have reduced worry about their
personal and/or family’s risk of developing TC. While the effi-
cacy of these approaches has yet to be established, the possibil-
ity of additional intervention based on genetic information pro-
vides an important rationale for continued study in this area.

An issue that is often addressed when a new cancer suscep-
tibility syndrome enters active investigation is whether those at
risk might be interested in clinical genetic testing. Persons at
risk of inherited breast, ovarian, and colorectal cancer syn-
dromes have been studied extensively.2>-27 Interest rates vary
widely across different diseases and populations, as do testing
uptake rates and variables associated with interest.

The current study takes advantage of the period prior to FTC
gene discovery to assess interest in testing, and to acquire in-
formation that may lead to more appropriate use of genetic
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testing, once it becomes available.?? We present a preliminary
analysis of data collected from participants in a multidisci-
plinary, etiologically focused, cross-sectional study of familial
testicular cancer (FTC), currently underway at the U.S. Na-
tional Cancer Institute. The primary aims of the parent study
are identifying FTC susceptibility genes and characterizing the
clinical phenotype of the FTC syndrome.

The aims of the current exploratory substudy were 1) iden-
tifying whether FTC survivors and their relatives were inter-
ested in clinical genetic testing for susceptibility to FTC; and 2)
assessing levels of, and specific variables associated with, inter-
estin testing. We designed the substudy using the Health Belief
Model (HBM) constructs and terminology. We then chose
standardized, validated measures of these variables whenever
possible. We based the items on those most commonly cited in
the literature and our clinical research experience as factors
that may positively or negatively impact interest in genetic
testing.28:29:30 We also developed several study-specific scales,
such as those to measure testicular cancer knowledge and ge-
netics knowledge. Demographics, testicular cancer and genetic
knowledge, health beliefs, and psychological and social factors
were evaluated as independent variables related to interest in
genetic testing.

MATERIALS AND METHODS

Study population

The 229 study participants involved in the interest in genetic
testing substudy were members of 47 families enrolled on an
IRB-approved NCI protocol (#02-C-0178). Families were eli-
gible if they had two or more confirmed cases of TC, or if they
had a single family member with bilateral TC. Eligible individ-
uals included all adult TC survivors and their first-degree rel-
atives (FDRs). The 13 spouses of family members (spouses
included in the total N of 229) were included if they had chil-
dren at least 12 years of age who were also participating in the
study. Any blood relative linking two cases and relatives with
cancer other than TC were also eligible. Families have been
ascertained through a variety of referral mechanisms: 4/47
(9%) from the historic NCI- DCEG Human Genetics Program
Familial Cancer Registry,?! 33/47 (70%) from various health
care providers (e.g. physicians and genetic counselors), pri-
marily in response to mailed recruitment letters; 9/47 (19%)
from a patient advocacy group, the Testicular Cancer Resource
Center (TCRC) (http://tcrc.acor.org/); and 1/47 (2%) self-re-
ferred from our FTC Study website (http://familial-testicular-
cancer.cancer.gov).

Data collection

Data for this analysis were collected via a mailed, written
questionnaire called the Lifestyle and Attitudes Questionnaire
(LAQ), which was developed specifically for the larger FTC
study. The present analysis was limited to those LAQ items
pertaining to interest in genetic testing (GT) and the relevant
independent variables. These independent variables include
items and scale scores from standardized, validated instru-
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ments, as well as items developed specifically for this study.
Three different versions of the LAQ were developed to accom-
modate our data collection requirements for three specific sub-
sets of participants: 1) LAQMH for affected men with a prior
history of TC; 2) LAQMR for unaffected men who are at risk of
TC; and 3) LAQF for female family members (spouses, moth-
ers, sisters, and daughters). For example, a man at risk might be
asked in the LAQMR about his own risk of developing TC,
whereas affected men and female relatives might be asked
about the risk faced by the men in their family.

Measures

For this analysis we chose variables of theoretical and prac-
tical interest that are related to the HBM of predicting health
behavior,?? and other factors, many of which have been shown
in previous studies to be related to interest in genetic
testing.3334

Dependent variable: Interest in genetic testing

We introduced the topic of genetic testing for TC with the
following description: “Among men and women with a strong
family history of certain cancers such as colon, breast, and
ovarian cancer, genetic testing has become available to identify
those at higher risk of developing these specific cancers. If a
similar genetic test became available today for testicular cancer
susceptibility. . .”. Participants were then asked to respond on
a five-point Likert scale (from 1 = strongly agree to 5 =
strongly disagree) to the statement: “I would have the genetic
test within the next 6 months.” The responses to this interest
question were dichotomized and used as the dependent vari-
able of Interest in Genetic Testing by combining “Strongly
Agree” and “Agree” to create a “Yes” category, and combining
“Don’t Know (DK)”, “Disagree (D)” and “Strongly Disagree
(SD)” to create a “No” category. We assessed the effects of
dichotomizing the genetic testing interest variable by compar-
ing “DK” to “D” and “SD” respondents, and found little dif-
ference in the distribution of demographic variables (data not
shown). Thus, we concluded that there were no statistical bar-
riers to preclude using the dichotomized results.

Independent variables

The independent variables were grouped into the following
categories: Demographic, Knowledge, Health Beliefs, Per-
ceived Benefits and Barriers, Cues to Action, Psychological,
and Social factors. We incorporated items based on previous
studies of intention to undergo genetic testing for hereditary
breast ovarian, colorectal, and prostate cancers.>>-*% Sample
questions for most of the following categories of variables
from the Lifestyle and Attitudes Questionnaire are provided
in Table 1.

Demographic characteristics

The following demographic variables were measured: Age
(continuous); Gender; Education (High School or less, At least
some college, and Graduate training); Have children (Yes, No);
Clinical Status (Affected, Unaffected); Ethnicity; and Religion.
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Knowledge

We measured knowledge regarding TC and basic genetic
principles with the Testicular Cancer Knowledge Scale (TCKS)
and the Genetics Knowledge Scale (GKS) respectively. Each
statement in these measures had 3 possible answers of Agree,
Disagree, or Don’t Know. The TCKS is a 10-item scale (range
of scores = 0—10 determined by the sum of questions answered
correctly) based on an instrument developed by Katz and col-
leagues to assess TC-related knowledge among young adults
(Cronbach’s alpha = 0.70).3° It included items regarding TC
etiology, the timing and method of testicular self-examination
(TSE) and the sequelae of TC.

The GKS was a nine-item scale (range of scores = 0-9 de-
termined by the sum of questions answered correctly) devel-
oped for this study to assess understanding of basic biology and
patterns of inheritance (Cronbach’s alpha = 0.77), which in-
cluded general genetics concepts such as chromosomes, genes,
and inheritance patterns as well as asking for inferences about
the meaning of carrying a mutation, similar to questions used
in other hereditary cancer syndromes.°—4> However, because
of the genetic heterogeneity involved in FTC, the GKS included
questions about three different possible inheritance patterns of
FTC. For example, a family with two affected brothers (the
most common clustering in our study) could represent auto-
somal dominant (AD), autosomal recessive (AR ), X-linked re-
cessive (XLR) or multifactorial inheritance. This complex ge-
netic situation differs from HBOC or HNPCC which show
clear autosomal dominant inheritance patterns of inheritance.
All of the knowledge scales used in cancer genetic research to
date evaluate only AD inheritance. We wanted to test aware-
ness among participants of all three inheritance patterns.

Health beliefs and attitudes

We evaluated concepts central to the HBM, including per-
ceived susceptibility and perceived severity of TC, as well as
perceived factors that promote or deter interest in genetic
testing.#? In keeping with the more recent applications of the
HBM to a variety of cancer prevention and screening
behaviors,*-4¢ we included the “cue to action” construct re-
lated to genetic testing.*

Perceived susceptibility to testicular cancer scale. Perceived
susceptibility was assessed using a previously validated item
from health beliefs associated with developing breast cancer?®
and testicular cancer.*® Perceptions of susceptibility to TC were
measured by summing the responses to three items on a five-
point Likert scale (1 = strongly agree to 5 = strongly disagree)
(Cronbach’s alpha = 0.68).

Perceived severity of testicular cancer scale. Perceived severity
was assessed using the response to one item on a five-point
Likert scale (1 = strongly agree to 5 = strongly disagree) de-
rived from previous research examining health beliefs associ-
ated with developing breast cancer*® and testicular cancer.*’
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Table |

Sample questions from lifestyle and attitudes questionnaire (LAQ)

Variable

Sample question(s)

Possible responses

Knowledge of testicular cancer (TCKS)

Genetic knowledge (GKS)

Perceived susceptibility to TC

Perceived severity of TC

Attitudinal factors promoting interest
in testing

Attitudinal factors deterring interest in
genetic testing

Testicular Self Examination (TSE) should be done once Agree
a week (false) Disagree
Don’t know
If a person has an altered gene for a disorder, then the Agree
person will definitely get the disorder Disagree
Don’t know
TC usually develops in people like the men in my Strongly agree
family. It is likely that the men in my family will get Agree
TC. My male family members’ chances of getting TC Don’t know
in the next 5 years are great Disagree
Strongly disagree
If a male family member got TC, its impact on my life Strongly agree
would be severe Agree
Don’t know
Disagree
Strongly disagree
I would have the test if my doctor or other health care Strongly agree
provider recommended it. I would have the test Agree
ONLY if I knew that the test result would help me Don’t know
make choices about my health care. I would have the Disagree
test if the test result would be useful in making Strongly disagree
choices about the health care of my children
I would not have the test because I am concerned that Strongly Agree
this information could interfere with my getting a Agree
job. I would not have the test because I am Don’t know
concerned that this information could interfere with Disagree
my getting insurance. I would not have the test Strongly disagree

because it is too painful. I would not have the test
because it might cost too much

Perceived benefits of genetic testing. We developed two items
to assess positive attitudes toward genetic testing for TC on a
five-point Likert Scale (1 = strongly agree to 5 = strongly
disagree), should such a test become available. Examples are
included in Appendix 1. Given the different dimension of in-
terest that each item represents, and noting that scores on these
items were not highly correlated, we chose to independently
examine the association of each factor with interest in testing,
rather than using an overall perceived benefits scale.

Perceived barriers. We developed four items on a five-point
Likert scale (1 = strongly disagree to 5 = strongly agree) to
assess the participants’ negative attitudes toward such a test,
again representing a mixture of social and health concerns.
These items were analyzed separately.

Cue to action for genetic testing. Previous studies of genetic
testing for hereditary cancer that have found physician recom-
mendation to be a key factor in predicting both interest in and
uptake of genetic testing.>¢->%>1 Therefore, we developed a sin-
gle item to assess the perceived importance of physician rec-
ommendation on interest in genetic testing for TC on a five-
point Likert Scale (1 = strongly agree to 5 = strongly disagree),
should such a genetic test become available.
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Psychological variables

We measured the psychological characteristics cancer worry,
cancer distress (intrusive thoughts) and avoidance, and overall
distress (global severity of symptoms).

Cancer worry. We used a modified Lerman Cancer Worry
Scale to assess cancer worry among men at risk of TC.28 The Breast
Cancer Worry scale is a scale that assesses frequency of concerns
about developing breast cancer and the impact of cancer worry on
mood and daily functioning. It has high internal consistency
(Cronbach’s alpha = 0.86) and is widely-utilized.5>-5 Higher
worry scores have been associated with inappropriate adherence
to mammography screening® and breast self-examination® in
at-risk women. For this study we modified the breast cancer scale
to a four-point (1 = not at all or rarely to 4 = a lot) TC worry
cancer scale targeting concerns, thoughts and feelings about TC,
and their effects on daily functioning, with the wording adjusted
appropriately for unaffected and affected men and female family
members.

Distress via the impact of events scale (IES). The IES® mea-
sures the subjective impact of a specific event on an individual
by assessing two major responses to stressful events: intrusion
and avoidance. In this self-administered scale, respondents are
asked to indicate using a four-point response scale (0 = not at
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all, 1 = rarely, 3 = sometimes, 5 = often), how frequently with
respect to TC a set of 15 statements about TC risk occurred
during the past 7 days. Intrusion is characterized by repetitive
thoughts, mental images, disturbing dreams, and repetitive be-
havior. Avoidance is associated with denial of consequences
from an event, blunting feelings, and emotional numbness re-
lated to an event.>>7 The IES allows for the calculation of an
overall score ranging from 0-75, an intrusion subscale score
ranging from 0-35, and an avoidance subscale score ranging
from 0—40. The IES has been found to be a reliable and valid
instrument for cancer-related distress among men and women
either affected by or at risk of a variety of cancers.>®

Brief Symptom Inventory 18. The Brief Symptom Inventory 18
(BSI-18) is a standardized, validated 18-question instrument that
assesses the respondent’s overall levels of current psychological
distress via a summary Global Severity Index (GSI). Three sub-
scales of 6 questions each pertaining to symptoms of somatiza-
tion, depression, and anxiety are summed to compute the GSI
(Cronbach’s alpha = 0.89).5°

Social variables

The measures of social and economic variables assessed in
the present study included self-reported social support, insur-
ance status and concern for the well-being of children (among
those with children).

Social support. Previous studies emphasize the important role
of the family in genetic testing decisions.***® We used the stan-
dardized Duke Social Support and Stress Scale (DUSOCS)®! to
measure levels of family and non-family stress and social support.
It is brief, practical in a clinical setting, and focuses primarily on
the quality rather than the quantity of support in 4 domains: fam-
ily support, non-family support, family stress and non-family
stress. Each domain is comprised of the sum of 9 four-point Likert
questions (with 1 = none, 2 = some; 3 = a lot; 4 = no such
person, range = 7-21), with published Cronbach’s alpha coeffi-
cients ranging from 0.53 to 0.70.

» <

“Having a child,” “For my Children,” and their interaction.
We hypothesized that there might be an interaction relative to
interest in genetic testing between the demographic variable of
having at least one child, and agreeing with the Health Benefit
item “I would have the genetic test if I knew that the test result
would be useful in making choices about the health care of my
children.” Each of these variables as well as the interaction term
were included as variables in the analyses.

Insurance status. Participants were asked whether they cur-
rently had health, disability or life insurance coverage (yes, no).

Data analysis

The main outcome of interest was Interest in Genetic Test-
ing, a dichotomous variable consisting of those who expressed
an interest in genetic testing for TC susceptibility versus those
who did not.
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Initial analyses were performed using a standard statistical
software package (SPSS, version 12), and subsequent multivar-
iate logistic regressions with SAS version 9.1.3. All P-values
were two-sided.

First, a univariate analysis was performed to distinguish
those interested versus those participants not interested in ge-
netic testing, based on demographic characteristics, knowl-
edge, health beliefs, psychological and social factors. Indepen-
dent variables that were significantat P < 0.10 (#-test, ANOVA,
X test) were then simultaneously entered into a multiple lo-
gistic regression model.

Before entering the significant variables into a final model,
we performed bivariate correlations between all the variables
to test for multi-colinearity. None of the correlations were
strong enough to warrant exclusion of any of the variables
from the final model. The final analytic step consisted of cre-
ating a parsimonious model which included only the signifi-
cant (P < 0.05) independent variables from the multiple logis-
tic regression model.

Although the individual was the unit of analysis in this
study, the familial nature of the cohort raised concerns regard-
ing the assumption of independence of observations. There-
fore, all logistic models were conducted with a program that
accounted for possible clustering within families (SAS Proc
Surveylogistic; SAS Institute, 2003). The procedure uses the
Taylor expansion method to estimate sampling errors of esti-
mators based on potential clustering of responses between
family members. We performed subgroup analyses in several
instances when it seemed appropriate (e.g. results for males
only, or when we obtained unexpectedly high correlations) in
order to better explain the results obtained from our analyses.

RESULTS

Response rates and respondent characteristics

The response rate for adult participants completing the Life-
style and Attitudes Questionnaire (LAQ) was 90%. Table 2
summarizes the demographic characteristics of the study pop-
ulation.

This study population consisted of 229 men and women,
with most participants being Non-Hispanic, Caucasian, mid-
dle-aged, well-educated, and married with children. Our sam-
ple included 99 female (43%) and 130 (57%) male participants
between ages 19—87 years old (mean age = 48 = 17), including
64 men with a prior history of TC and 66 unaffected men at
risk. Thirteen of the 99 women were spouses of affected men or
spouses of first-degree relatives. We were committed to includ-
ing the women based on the reasons related to the scientific
aims of the overall study as explained above, due to their pos-
sible involvement in transmission of genetic susceptibility and
because of their social roles as agents of health promotion
within their families. In order to assess whether spouses might
differ from blood relatives, we ran the statistical analyses both
with and without them. We found that the results did not differ
based on whether or not the spouses were included; therefore,
we included them in the results presented below. Three-quar-
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Table 2
Demographic and other characteristics of participants

Characteristic N %
Number of individuals 229 —
Number of families 47 —
Age by decade (yr)

<20 2 1

20-29 28 12

30-39 37 16

40-49 59 26

50-59 46 20

=60 57 25
Gender male 130 57
LAQ version

Affected males 64 28

Unaffected males at risk 66 29

Female relatives and spouses 99 43
Married 154 67
Education

=HS 49 21

=College 117 51

Graduate level and above 65 28
Race (Caucasian/white) 229 99
Health insurance coverage 219 95
Life insurance coverage 174 75
Disability insurance coverage 103 45
Relationship to case

Case 64 28

First-degree relative 119 52

Second-degree relative 31 13

Spouse 10 4
Number of families with =2 cases in family 34 72
Number of families with bilateral cases 13 28

Percentages may not add to 100% due to missing values and unknown infor-
mation.

ters of participants reported being either Catholic (40%) or
Protestant (36%), 10% named no religious affiliation, 5% were
Mormon, and the remainder reported various other religions.
Eighty-seven percent of the families had 2 or more confirmed
cases of TC, including 5 sets of twins, while 13% of the families
had 1 confirmed bilateral TC case.

Interest in genetic testing

Of the 229 participants who completed the LAQ, 220 (95%)
responded to the statement “I would have the genetic test
within 6 months.” When this variable was dichotomized,
about two thirds (66%) agreed or strongly agreed that they

December 2006 - Vol. 8 - No. 12

Interest in genetic testing for testicular cancer

would obtain genetic testing for TC within 6 months, if it were
to become available.

Individual factors associated with interest in genetic testing

The factors associated with interest in genetic testing in the
univariate analyses are listed in Table 3, along with the signif-
icance levels of the differences in means between those inter-
ested in testing versus those with no interest. When univariate
analyses were conducted, we found that those interested in
genetic testing were likely to have attitudes about genetic test-
ing that corresponded to their endorsing more of the items that
promote interest and less that deter. Individual factors posi-
tively correlated with interest in genetic testing at P < 0.05
were younger age at the time of completing the LAQ, physician
recommendation to be tested, testing for the health of one’s
children, higher cancer worry and distress and higher family
social support. Respondents who said that they would not have
the genetic test because of concerns about health and job dis-

Table 3

Covariates associated with interest/non-interest in genetic testing using

univariate analyses on N = 220

Test interest T-test
Interest score (range) group Mean (SD)*  p-value
If my physician recommended ~ No interest/DK 2.1(1.1) 0.000
(1-5) Interested 1.4 (0.7)
ONLY for own healthcare No interest/DK 2.5(1.2) 0.000
(1-5) Interested 3.2(1.2)
For health of my children No interest/DK 1.7 (0.9) 0.000
(1-5) Interested 1.3 (0.6)
No test if concern about No Interest/DK 3.6 (1.0) 0.000
health insurance (1-5) Interested 4.2 (0.9)
Cancer worry (4-16) No interest/DK 5.7 (1.8) 0.001
Interested 6.8 (2.4)
No test if concern about job No interest/DK 4.2 (0.8) 0.006
discrimination (1-5) Interested 4.5(0.7)
Family social support No interest/DK 0.4 (0.1) 0.006
(DUSOCS) (0-1) Interested 0.5 (0.2)
Age (19-87) No interest/DK 52.2 (16.7) 0.009
Interested 46.0 (15.6)
No test if concern about No interest/DK 3.6 (1.0) 0.010
pain (1-5) Interested 4.0 (1.0)
Cancer distress (7-21) No interest/DK 8.5 (3.6) 0.015
Interested 10.0 (4.1)
No test if concern about No interest/DK 3.4 (1.0) 0.015
cost (1-5) Interested 3.7 (1.1)
No test if concern about lack No interest/DK 3.9 (0.8) 0.034
of prevention (MEN only) Interested 4.2 (0.8)
(1-5)
Susceptibility to TC (0-10) No interest/DK 8.7 (1.9) 0.055°
Interested 9.3 (2.0)
TC knowledge scale No interest/DK 4.5 (2.5) 0.069"
(0-10) Interested 5.1 (2.3)

“1 = Strongly Agree, 2 = Agree, 3 = Don’t Know, 4 = Disagree, 5 = Strongly

Disagree.

*Marginal significance with P-value <0.10.
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crimination, pain, and cost were less likely to agree with an
interest in genetic testing. Men who agreed with the statement
“I would not have the genetic test because there may not be
treatments that will prevent me from getting testicular cancer”
were less likely to agree with an interest in genetic testing.

Perceived TC Susceptibility (P = 0.55) and TC Knowledge
(P = 0.69) were marginally significant measures associated
with interest in testing. Those who were most likely to indicate
an interest in testing were least likely to endorse the statement
that they would test ONLY for their own health care (P <
0.000). Factors not significantly associated with interest in ge-
netic testing (P < 0.10) were gender, education, disease af-
fected status, health insurance status, TC knowledge, genetic
knowledge, perceived TC susceptibility, and global distress.

We ran the multiple logistic regression analyses with the
variables above that were significant in the univariate analyses
in two ways: first without adjusting for familial clustering, and
finally with Proc Survey Logistic Regression, to adjust for fa-
milial clustering. The results were similar. The more conserva-
tive Proc Survey Logistic results are presented in Table 4 sum-
marizing the seven variables that remained significantly
associated with interest in genetic testing.

The variable most strongly associated with interest in GT
was family social support (OR = 78.4; CI = 8.9-688.2). The
interaction between having a child and interest in testing for
the health of the children was significant (OR = 4.1; CI =
1.7-9.5, P < 0.01, F = 10.5). People with children who agreed
with the statement that they would test “for the sake of the
children’s health” were 3 times more likely to be interested in
genetic testing than not interested. This relationship was sig-
nificant only for those who had at least one child.

Other significant variables associated with higher test inter-
est were greater endorsement of physician recommendation
(OR = 2.5; CI = 1.4—4.5) and cancer distress (OR = 1.2; CI =
1.0-1.3) as well as slightly younger age. Those least concerned
about insurance status were more likely to be interested in
genetic testing (OR 2.0; CI = 1.4-2.4). Those most likely to say
that they would test ONLY for their own health care were least
likely to be interested in genetic testing (OR 1.5; CI = 1.0-2.1).

DISCUSSION

This analysis represents the first data related to interest in
genetic testing for susceptibility to familial testicular cancer. It
included both men (either cancer survivors or their at-risk
male relatives) and women (their female relatives and spouses)
from high-risk families. The majority (66%) of our FTC study
participants expressed an interest in having a genetic test for
susceptibility to familial testicular cancer, within 6 months of
such a test becoming available. In the final multivariate analy-
sis, the independent variables that remained statistically asso-
ciated with interest in testing were family social support, the
interaction between having a child and wanting testing for the
sake of children’s health care, physician recommendation to
undergo testing, cancer distress, and younger age. Those who
were less likely to be interested in testing more often endorsed
concern about health insurance discrimination, and interest
ONLY for one’s own health care.

Social support, as measured by the family support subscale
of the DUSOCS, showed a highly significant (OR = 78.4; CI =
8.9—688.2) relationship with interest in genetic testing. While
the confidence interval is wide, this is the strongest association
that we observed. We noticed that a large percentage (90%) of
people with a high family social support score were interested
in genetic testing. Conversely, very few people with high
amounts of social support were not interested, resulting in a
very small cell size for this latter subset of participants.

Our observation about social support and genetic testing
being related (not necessarily causal) is consistent with other
studies.3* Prior studies have found that lower social support at
the time of testing may be associated with greater risk of both
short- and long-term emotional distress.5>%> To the extent that
a decision regarding genetic testing is a difficult and stressful
event, the active involvement of a highly supportive family may
facilitate making such a choice. Therefore, it may be worth-
while to develop novel and efficient tools to better assess dif-
ferent domains of social support of those undergoing genetic
testing, and to actively encourage cultivation of other sources
of support (e.g. friends, coworkers, members of one’s religious
community) when the family is found to be unavailable for

Table 4

Covariates associated with interest/non-interest in genetic testing in multivariate logistic regression analyses (adjusted for family clustering on N = 220)

Multivariate logistic regression

Independent variable odds ratio 95% CI P-values
Family social support (DUSCOS) 78.4 8.9-688.2 <0.01
Interaction of having children*For the health of my children 4.1 1.7-9.5 <0.01(Wald F = 10.51)
If my physician recommended 2.5 1.4-4.5 <0.01

Not interested in test due to concern re: insurance discrimination 2.0 1.4-2.4 <0.01

Not interested in test ONLY for own healthcare 1.5 1.0-2.1 <0.04

Distress (intrusion) 1.2 1.0-1.3 <0.01

Age 0.96 0.93-0.99 <0.03
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support. Efforts along these lines are being pursued in families
with Hereditary Breast/Ovarian Cancer.%*

We found that respondents with children were three times
as likely to be interested in testing, and were more likely to
endorse the statement that they were interested in testing for
the sake of their children’s health. Those most interested
tended to disagree with the statement that they would have a
genetic test ONLY for their own health care. These findings are
consistent with previous studies which have found that provid-
ing information that can be used for health care decision-mak-
ing by family members, particularly children, is one of the most
important independent variables associated with interest in
and/or intention to obtain genetic testing for a variety of he-
reditary cancers.®>-%¢ These findings make sense in that our
study participants recognize that genetic medicine is family
medicine.

In our study, knowledge of testicular cancer as measured by
the TCKS and knowledge of genetics principles as measured by
the GKS were not statistically associated with interest in genetic
testing. Perhaps knowledge is necessary but not sufficient to
make informed choices about genetic testing, and that per-
sonal values and feelings are more influential. We anticipated
that the levels of genetic and medical knowledge of participants
would generally be low, and have, therefore, been providing a
standardized TC and genetic education module following
completion of the questionnaire to our study participants who
attend clinic, as a routine part of our clinical protocol (manu-
script in preparation).

In the current study, physician recommendation supporting
the value of genetic testing was an important variable associ-
ated with FTC testing interest (OR = 2.5; 95% CI = 1.4—4.5).
Physician recommendation has consistently been shown to in-
fluence people’s attitudes toward, and decisions about, various
medical interventions for members of cancer-prone families,
including genetic testing, tamoxifen chemoprevention, pros-
tate cancer screening, and mammography utilization after re-
ceiving a BRCAT negative result.>1-¢*=72 High-risk patients’ re-
liance upon physician recommendation in guiding their health
care decision-making is particularly noteworthy given recent
trends away from an authoritarian relationship between phy-
sician and patient, toward a partnership model of health care.
It underscores how critically important it is for physicians to
have the knowledge and skill set required to provide authori-
tative, accurate and family-centered genetic information to
their high-risk patients, who face very difficult and compli-
cated decisions.'®73-75> Much of this genetic information has
evolved over the past decade, and is unfamiliar even to physi-
cians whose specialty interests regularly bring them into con-
tact with patients in need of this advice.”® This speaks to a need
for continuing education for non-genetics health care provid-
ers, and for active collaborations and referrals between provid-
ers and genetics professionals.

Our results support observations made in other cancer sus-
ceptibility disorders that cancer distress or worry are prevalent
in women and men seeking cancer genetic counseling, and that
they are positively associated with interest in, and uptake of,
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genetic education, counseling and testing '9:67-77-79_ Effective
genetic counseling has been shown in some cases to reduce
cancer worry as well as unrealistic risk perception and test
expectations.’?-82 Consequently, cancer genetic counseling for
TC should also address the issue of cancer distress prior to
attempting a decision regarding testing.

Fear of genetic discrimination remains a social barrier to
genetic testing. While the vast majority of study participants
(95%) currently had health insurance, those who expressed
greater concern that participation in genetic testing for FTC
might affect their insurance status reported less interest in ge-
netic testing. (OR = 2.0; 95% CI = 1.4-2.4) This is consistent
with similar fears expressed by participants in studies on ge-
netic testing for hereditary pancreatitis, Alzheimer disease,
prostate cancer and colon cancer.5%7:83.84 In the absence of a
comprehensive, nationwide legal prohibition against genetic
discrimination in health insurance underwriting, and coupled
with mistrust of existing laws®> perhaps due to warnings re-
garding the potential for such discrimination that have become
part of standard pretest informed consent process (despite the
lack of evidence suggesting that this is really a major
problem?®9), it is hardly surprising that these concerns should
comprise a deterrent to cancer susceptibility mutation testing.

While the results of this first study of interest in genetic
testing for familial TC provide important insight into factors
that may influence subsequent uptake in testing if such a test
were to become available, there are also certain limitations that
should be considered. Our findings may not be generalizeable
to members of all families with TC, in that our data comprise a
cross-sectional assessment of individuals and families who vol-
unteered to participate in a gene discovery study that required
them to travel from home to the NIH Clinical Center for a
two-day research evaluation. However, the diversity of referral
sources (urologists, oncologists, genetic counselors, self-refer-
ral from the study website, patient advocacy group and others)
and recruitment of families from throughout the U.S. are study
strengths.

It is clear that reported test interest does not reflect actual
uptake of genetic testing. Our purpose was not to predict actual
uptake of genetic testing but rather to characterize a novel pop-
ulation of families with multiple testicular cancers. Other stud-
ies of interest in genetic testing obtained interest ranging from
20% to 95% among women at risk of breast cancer while actual
test uptake and returning for disclosure were considerably
less.17:23:30.87-92 A recent systematic review of uptake rates for
breast cancer genetic testing found a mean hypothetical uptake
of 66% and mean actual uptake of 59%.9% Stated interest has
also been high with lower actual uptake for colon cancer, Hun-
tington’s disease, Alzheimer’s disease and alcoholism.26:94-97
There are many potential reasons why interest does not always
translate into testing, including many of the barriers that we
identified such as cost, pain, inconvenience and fear of insur-
ance discrimination or social stigma. Additionally, there may
be unrealistic expectations among those seeking testing as typ-
ified in a study by Press et al. in which study participants were
most interested in a test that didn’t exist (one with a high pos-
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itive predictive value (PPV) followed by an effective noninva-
sive preventive therapy), and least interested in the test that
does exist (less than certain PPV, low negative predictive value,
and limited invasive, objectionable therapeutic options).*® These
authors concluded that careful counseling would be needed to
prevent health care providers from recommending a test to pa-
tients that will subsequently disappoint them. We consider exam-
ination of the interest in genetic testing as an evidence-based ap-
proach to understanding the beliefs, knowledge, feelings, attitudes
and social context of this under-studied population, rather than
to assume that they will seek genetic testing at the same rates as
they indicated their interest.

Further research is needed once susceptibility genes have
been identified to show whether increased genetic information
such as susceptibility test results will lead to improved medical
management of members of FTC families. We will have to
await the discovery of more definitive genetic etiologic data to
answer this question. During the interim, this study enhances
the literature on interest in genetic testing by focusing on rel-
evant psychological and social factors which TC survivors and
their families considered important when contemplating the
use of new genetic technologies.
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