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Colorectal Cancer Survivors’ Interest in Genetic
Testing for Hereditary Cancer:
Implications for Universal Tumor Screening
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Aims: Benefits of universal tumor screening for Lynch syndrome (LS), the most common form of hereditary
colorectal cancer (CRC), will be realized only if patients are interested in genetic counseling and testing. This
study explores interest in genetic testing for hereditary CRC among CRC patients who have never received
genetic counseling or testing. Methods: Using results from a cross-sectional survey of CRC patients (1=91) at
varying categories of risk for hereditary CRC, bivariate and multivariable analyses were conducted to compare
positive and negative attitudinal beliefs regarding genetic testing, risk perceptions, demographics, and tumor
stage of those who were interested in genetic testing (n=61) and those who were not interested or were not sure
(n=30). Results: Although significant at the bivariate level, gender, perceived relative risk of hereditary cancer,
employment status, and belief that genetic testing would help in preparing for the future were not significantly
related to interest in genetic testing when controlling for all other variables in a logistic regression model. The
two factors that remained significant include a single-item question measuring the belief that genetic testing is
warranted based on personal/family history and a positive attitudinal scale regarding the utility of genetic
testing in medical decision making and cancer prevention. Conclusion: Results have potential implications for

policies regarding universal tumor screening for LS.

Introduction

MONG INDIVIDUALS DIAGNOSED with colorectal cancer
(CRC), 2%—4% have Lynch syndrome (LS) (Lynch et al.,
2009). LS is a hereditary predisposition to CRC and certain
malignancies such as endometrial, gastric, and ovarian cancers
(Lynch et al., 2009). Historically, testing has been offered to pa-
tients at increased risk for LS based on personal and/or family
medical histories (Park et al., 1999; Umar et al., 2004). However,
in 2009, the Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) Working Group recommended all newly
diagnosed CRC patients be offered screening for LS (Re-
commendations from the EGAPP Working Group, 2009).
Following EGAPP recommendations, some centers have
established universal tumor screening policies (Peres, 2010).
Possible screening protocols include immunohistochemical
testing (with or without BRAF mutation testing) and/or mi-
crosatellite instability testing (Mvundura et al., 2010). With each
of these screening approaches, patients with an abnormal result
require subsequent germline DNA testing to confirm LS and
genetic counseling to discuss results and recommendations.
Diagnosing LS in CRC patients may lead to a more in-
formed discussion regarding surgical treatment options

(Natarajan et al., 2010) and alter non-CRC related cancer
screening recommendations (Balmaria et al., 2010). In addi-
tion, diagnosing LS in a CRC patient can lead to the pre-
vention of cancers in family members found to have LS
(Jarvinen et al., 2000).

Benefits of LS screening will be realized only if patients are
interested in pursuing genetic counseling and testing. In the
only peer-reviewed journal article to report follow-up data from
universal CRC tumor screening, only 27% of individuals who
screened positive pursued genetic counseling and testing (South
et al., 2009). Factors influencing the decision to follow up with
genetic counseling were not studied. Understanding CRC sur-
vivors” interest, motivations, and concerns regarding genetic
testing for hereditary CRC may help increase testing acceptance.

Relatively few studies have explored factors associated
with interest in or uptake of genetic testing for hereditary
CRC among CRC patients (Vernon et al., 1999; Kinney et al.,
2000, 2001; Esplen et al., 2001, 2007; Keller et al., 2002, 2004;
Loader et al., 2002; Hadley et al., 2003; Ramsey et al., 2003;
Balmana et al., 2004; Ramsoekh et al., 2007; Keogh et al.,
2009; Metcalfe et al., 2009). In addition to provider recom-
mendation (Esplen et al., 2007), interest in and uptake of
genetic testing among CRC patients has been consistently
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associated with or attributed to psychosocial factors (e.g.,
helping other family members; determining cancer risks for
offspring; improving one’s ability to make more informed
decisions about cancer treatment/screening; increasing
one’s ability to plan for the future, and more frequent worry
about CRC being hereditary) (Vernon et al., 1999; Kinney
et al., 2000, 2001; Esplen et al., 2001, 2007; Hadley et al., 2003;
Ramsey et al., 2003; Balmafia et al., 2004; Metcalfe et al., 2009).
Participants in most of these studies were already pursuing
genetic counseling/testing and/or were known to be at
high risk for hereditary CRC. In the few studies where this
was not the case (Kinney et al., 2000, 2001; Ramsey et al.,
2003), quantitative analyses were not performed to deter-
mine which attitudinal factors specific to genetic testing
outcomes were most strongly correlated with interest in
testing.

Understanding genetic testing interest among CRC patients
at all levels of risk for hereditary CRC and identifying attitu-
dinal differences between patients based on their interest in
testing is necessary to develop a successful universal tumor
screening program. The specific purposes of this study are to
explore differences between CRC survivors who did and did
not express interest in having genetic testing for hereditary
CRC if it were made available to them and to determine which
factors most strongly correlate with interest in genetic testing.

Materials and Methods
Participant recruitment and data collection

Secondary data analysis was conducted on de-identified,
cross-sectional survey data that were collected between April
2005 and January 2006 at a comprehensive cancer center in
Florida. Individuals who were eligible for the study included
326 cancer registry patients who were diagnosed with CRC
between the years 1999 and 2004. Details regarding recruit-
ment are described by Vadaparampil et al. (2010).

Measures

Sociodemographic and medical characteristics. The
questionnaire asked participants to provide sociodemographic
information including age, race, ethnicity, marital status, edu-
cation, occupation, employment status, and income. Medical
characteristics including disease stage, treatment, and CRC
recurrence status were asked on the patient survey and verified
with medical records.

Intention to pursue genetic testing. Intention to pursue
genetic testing was assessed with a single question, “A genetic
test for hereditary colon cancer is a blood test to determine which
members of families have hereditary changes or alterations in certain
genes that may increase their risk of colon cancer. If such a test were
available to you, would you want to take the test?” Response op-
tions included: “yes, definitely”; “yes, probably”; “not sure”; “no,
probably not”; and “no, definitely not.” Responses were then
dichotomized by collapsing the yes categories into a single
group and the other three categories into a second group.

Risk perceptions. Perceptions of risk for hereditary CRC
were measured using three separate questions. The first
question, “Compared to a person with a similar personal and family
history of cancer, what do you think the chances are that you are a
carrier of an altered colon cancer gene?” Response options in-
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cluded: “much higher”; “higher”; “the same”; “lower”; and “much
lower.” The responses were later collapsed to form three per-
ceived relative risk categories (higher, the same, lower). The
second question asked, “On a scale from 0% to 100%, what do
you think your chances are of having an altered colon cancer gene,
where 0 is no chance of having it and 100 means you definitely have
it?” Responses were kept as a continuous variable which
captured the participants” perceived absolute risk. The third
question was used to represent whether participants felt their
risks were high enough to justify having genetic testing for
hereditary CRC. The question was, “Do you consider yourself to
be an appropriate candidate for this genetic testing, given your
personal and/or family history of cancer?” Response options in-
cluded: “yes, definitely”; “yes, probably”; “not sure”; “no, proba-
bly not”; and “no, definitely not.” Responses were then
dichotomized by collapsing the yes categories into a single
group and the other three categories into a second group.

Attitudes regarding genetic testing for hereditary CRC.
Attitudes about genetic testing for hereditary CRC were as-
sessed using a modified version of the “Motivations and
Concerns for GeNEtic Testing questionnaire” (Balmafia et al.,
2004). The modified scale consists of 27 items. As shown in
Table 1, the items cover five general categories: (1) gaining
knowledge for medical care and prevention, (2) fear of dis-
crimination, (3) familial influences on the decision to undergo
genetic testing, (4) planning for the future, and (5) inability to
cope with the test results. All items were rated on a 5 point
Likert-type scale (1=strongly disagree, 2=disagree, 3 =neither
agree nor disagree, 4=agree, 5=strongly agree). After removing
one item from two of the subscales, all five subscales exhibited
adequate to good internal consistency reliability with Cron-
bach’s alphas ranging from 0.71 to 0.94 (Table 1).

Average subscale scores were created for individuals who
answered six or more of the eight items from the “medical
care and prevention” subscale, four or more of the six items
from the “fear of discrimination” subscale, two or more of
the three items from the “negative familial influence” sub-
scale, two or more of the three items in the “planning for the
future” subscale, and three or more of the five items com-
prising the “inability to cope” subscale. Each subscale score
ranges from 1 to 5.

Empirical risk for hereditary cancer. Empirical risks were
calculated based on self-reported family medical history data
and verified by matching patient reported data with cancer
registry records. Participants were considered to be at mod-
erate to high risk for hereditary cancer if they met the fol-
lowing NCCN criteria (Levin et al., 2003): (1) early age onset of
CRC (<age 50), (2) clustering of same or related cancer in a
first degree relative, (3) multiple CRCs in a patient, or (4) >10
adenomas in the same individual. Low risk patients were
categorized by the absence of all aforementioned risk criteria.

Data analysis

Data were analyzed using SPSS 19.0. Descriptive analyses
were performed for all participants. Bivariate comparisons
were made between those who indicated that they would
have genetic testing and those who would not or were not
sure if they would have genetic testing using independent
samples t-tests for continuous variables and chi-square tests
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TaBLE 1. LisT oF ITEMS INCLUDED IN EACH OF THE FIVE SUBSCALES FROM THE MODIFIED MOTIVATIONS
AND CONCERNS ABOUT GENETIC TESTING FOR HEREDITARY CANCER SYNDROMES

Medical Care and Prevention (o=0.935)

I want to learn my test result, so I can get appropriate medical care.

If T have an altered gene, I want to know.

Learning my results will help me to prevent cancer in the future.

I want to know what my chances are of getting cancer again.

Learning my test results will allow me to plan better for the future.

Learning my results will help my doctor and me to make a plan for monitoring for signs of cancer.
Learning my results will help my doctor and me make decisions about treatment.

I want to learn my results, so I will know my children’s chances of getting cancer.

Fear of Discrimination (o=0.829)

I am worried about losing my health insurance if I have an altered cancer susceptibility gene.

I may be discriminated against if I learn my results.

If I have an altered cancer susceptibility gene I will not be able to obtain or maintain life insurance.
Having an altered cancer susceptibility gene will make it difficult for my family members to get or keep health insurance.
I am worried about the consequences if my employer finds out my results.

I won’t be able to control who gets to learn my results.
Negative Familial Influence (o=0.728)

Some of my children don’t want to know whether we have an altered cancer susceptibility gene.

My partner will be angry if I go ahead with testing.

My partner does not want to know whether I have an altered cancer susceptibility gene.
It is important for my partner that I am tested. (reverse coded)®

Future Planning (o=0.768)

Learning my results will help me make decisions about marriage and family.

Knowing that I DO have an altered cancer susceptibility gene will help me to live my life to the fullest.
Knowing that I DO NOT HAVE an altered cancer susceptibility gene will help me to live my life to the fullest.
Learning my results will help me make decisions about having children.”

Inability to Cope (=0.705)

I do not know how I would cope with knowing that I have an altered cancer susceptibility gene.
It seems wrong to have this type of testing. Time will tell if I have an altered gene.

Learning my results will be upsetting to me.

It would be overwhelming to know that I have an extremely high chance of developing cancer.

Knowing my results will change how I feel about myself.

“Question was not included in the final subscale due to reliability concerns.
Cronbach’s alphas for the final subscales are listed in parentheses next to each subscale.

for categorical variables. Variables from bivariate analyses
that were statistically significant at a two-sided critical alpha
of <0.05 were entered as a single block into a logistic re-
gression model to determine whether they remained statisti-
cally significant (p<0.05) after controlling for other variables
in the model. Only cases with complete data were used in the
logistic regression model.

Results
Sample

Of the 326 eligible participants, 128 could not be reached
during the data collection period, leaving 198 potential par-
ticipants for the study. After being contacted by the study
coordinator, 16 failed to meet eligibility and 75 declined study
participation. Among those who were contacted and met
eligibility criteria, the response rate was 59% (1n=107).

From this sample of 107, those who answered “yes” or had a
missing response to the following questions were excluded
from the current study: (1) Have you had a counseling session
with a health care provider (i.e., a genetic counselor or nurse spe-
cialist) to determine if you would be a candidate for genetic testing
for colon cancer? (n=9); and (2) Have you ever had a genetic test
(i.e., a nurse or other health care professional drew your blood) to see
if you carried a gene that may put you at risk for hereditary cancer?

(n=4). Lastly, participants were excluded if they did not an-
swer the question regarding their interest in genetic testing
(n=>5). Once exclusions were made, 91 participants remained.

The final sample (n=91) was predominately male (59.3%),
White (94.4%), married (69.2%), had attended at least some
college (65.5%), retired (52.2%), and had health insurance
(97.8%). The average age of participants at the time of the
study was 65.0 years (SD=11.9, range=35-93). Additionally,
81.2% were diagnosed with CRC at or after age 50, 60.9% had
a Stage 1 or 2 tumor, and 59.3% were at low risk for having
hereditary CRC based on family and medical history records.

Differences based on interest in genetic testing

Results from comparisons between those who would have
genetic testing (1 =61) and those who would not or were not
sure if they would have genetic testing (1n=30) are shown in
Tables 2 and 3. Those who would have genetic testing scored
significantly higher on the “Prepare for the Future” and
“Medical Care and Prevention” attitudinal subscales. Groups
also differed in terms of gender, employment status, per-
ceived risk relative to others, and belief that their risk makes
them an appropriate candidate for genetic testing.

Table 4 shows results from the logistic regression model.
After controlling for other variables in the model, the belief
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TABLE 2. CoMPARISONS OF COLORECTAL CANCER PATIENTS WHO WoUuLD Not
AND THOSE WHO WouLD HAVE GENETIC TESTING WITH REGARD TO AGE, PERCEIVED ABSOLUTE RISK
OF HEREDITARY COLORECTAL CANCER, AND GENETIC TESTING ATTITUDE SUBSCALES
Not have test/not sure Would have test
n=30 n=61

Variable n® mean (SD) mean (SD) t daf p
Age 90 68.66 (14.15) 63.21 (10.32) 1.85° 43 0.071
Perceived absolute risk® 73 48.67 (31.9) 55.8% (30.3) -0.93 71 0.350
Inability to cope with results® 84 2.64 (0.76) 2.29 (0.75) 1.79 82 0.077
Negative familial influence® 80 2.12 (0.72) 1.92 (0.77) 1.07 78 0.288
Fear of discrimination® 83 2.59 (0.71) 2.43 (0.86) 0.82 81 0417
Prepare for the future? 84 2.71 (1.02) 3.38 (0.97) -291 82 0.005¢
Medical care and preventiond 84 2.94 (0.94) 4.00 (0.75) -5.53 82 <0.0001°¢

*Total number of participants varies due to missing responses for some items.

PSatterthwaite test statistic used due to unequal variances.

“Values for perceived absolute risks are percentages with a possible range of 0%-100%.
9Values indicate averages of attitudinal items rated on a scale from 1 to 5.
“Independent samples t-test is statistically significant at a two-sided critical alpha level of 0.05.

that risk justifies genetic testing and a higher score on the
“Medical Care and Prevention” subscale both significantly
increase the odds of intention to pursue genetic testing. All
other variables were not statistically significant. The logistic
regression model was able to correctly classify 84.5% of the
individuals into one of two groups, those who were definitely
or probably interested in genetic testing and those who were
not interested or were unsure.

Discussion

Results from this exploratory study provide several in-
sights that may be useful when implementing universal tu-
mor screening for LS. Universal tumor screening presents an
opportunity to identify most of the estimated 28% to 50% of
individuals with LS who would not otherwise be identified
with the common practices of limiting tumor screening to

TaBLE 3. CoMPARISON OF THOSE WHO WouLp AND THOSE WHO WouLp NoT HAVE GENETIC
TESTING WITH REGARD TO DEMOGRAPHIC AND CATEGORICAL HEREDITARY CANCER RISK VARIABLES

Not have test/not sure

Would have test

Variable n (%)* n (%) x df p

Gender (n=91)
Female 17 (56.7) 20 (32.8) 4.75 1 0.029°
Male 13 (43.3) 41 (67.2)

Employment status (1=90)"
Employed 5 (16.6) 26 (43.3) 6.23 1 0.012°
Unemployed /retired 25 (83.3) 34 (56.7)

Education level (12=90)¢
High school or less 13 (43.3) 18 (30.0) 1.57 1 0.210
At least some college 17 (56.7) 42 (70.0)

Tumor Stage (1=86)"
Stage 0 or 1 10 (35.7) 13 (22.4) 4.34 2 0.114
Stage 2 11 (39.3) 17 (29.3)
Stage 3 or 4 7 (25.0) 28 (48.3)

Perceived relative risk (n=82)°
Lower than others 10 (35.7) 7 (13.0) 6.88 2 0.032°
Equal to others 13 (46.4) 27 (50.0)
Higher than others 5 (17.9) 20 (37.0)

Risk justifies genetic test (n=91)
Yes 5 (16.6) 47 (77.0) 29.94 1 <0.001°
No/uncertain 25 (83.3) 14 (23.0)

Empiric risk for hereditary CRC (1=91)
Medium to high 16 (53.3) 21 (34.4) 2.98 1 0.084
Low 14 (46.7) 40 (65.6)

?Column percentages for each variable are adjusted for missing data and may not total 100 due to rounding error.
PChi-square test is statistically significant at a two-sided critical alpha level of 0.05.

“Total number is <91 due to missing responses.
CRC, colorectal cancer.
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TABLE 4. LoGISTIC REGRESSION RESULTS SHOWING THE ESTIMATES AND ADJUSTED ODDS
OF INTENTION TO PURSUE GENETIC TESTING IF IT WERE AVAILABLE (1=79)

Variable Estimate (SE) Odds ratio® 95% CI P
Gender

Male Reference Reference

Female —0.30 (0.68) 0.74 0.20-2.81 0.661
Employment status

Unemployed/retired Reference Reference

Employed 0.19 (0.82) 1.21 0.243-5.98 0.818
Perceived relative risk

Higher than others Reference Reference

Same as others —-0.23 (0.87) 0.80 0.15-4.40 0.796

Lower than others 0.89 (1.04) 241 0.31-18.56 0.398
Risk justifies genetic testing

No Reference Reference

Yes 2.55 (0.82) 12.75 2.58-62.93 0.002°
Medical care and prevention (attitudinal subscale)* 1.86 (0.78) 6.39 1.37-29.70 0.018°
Prepare for the future (attitudinal subscale) —0.65 (0.63) 0.52 0.15-1.79 0.302

?Odds ratios are adjusted for all other variables in the model.
POdds ratio is statistically significant at a critical alpha level of 0.05.

“Scale ranges from 1 to 5; for every 1 point increase on the scale there is a 6.39-fold increase in the odds of wanting genetic testing when

controlling for all other variables in the model.

patients who fulfill family history or age criteria (Hampel
et al., 2008, Mvundura et al., 2010).

Evidence to recommend universal tumor screening for LS is
strong (Palomaki et al., 2009; Recommendations from the
EGAPP Working Group, 2009; Sjursen et al., 2010; Trane et al.,
2010); however, there is little evidence regarding real-life
effectiveness of screening programs (Hall, 2010). Tumor
screening will be effective only if CRC patients are interested in
genetic testing. The current study found that the percentage of
CRC survivors interested in genetic testing for hereditary CRC
(67%) was comparable to the percentage found by Kinney et al.
(2000) in a survey of 98 CRC patients (72%). These two studies
provide the only published estimates that could be identified
regarding interest in genetic testing among CRC patients who
are not already known to be at high risk for hereditary cancer or
pursuing genetic counseling. Nevertheless, the level of interest
in genetic testing reported in these two studies may not be
representative of CRC patients in general due to sampling is-
sues and potential participation bias. Nonparticipants would in
all likelihood be less inclined to pursue genetic testing for many
of the same reasons they chose not to participate in the re-
spective surveys (e.g., medical complications from cancer
treatment). As such, it is possible that a substantial proportion
of CRC patients (at least 28%—-33%) are not interested in or are
uncertain whether they would undergo genetic testing for he-
reditary CRC if it were made available to them.

Based on results from the current study, lack of interest in
genetic testing may be partially explained by a lack of belief
that personal and/or family history makes individuals ap-
propriate candidates for testing. This finding is clinically rele-
vant because universal tumor screening programs that require
informed consent may have relatively low rates of uptake un-
less patients are convinced that they are appropriate candidates
for screening. Automatic screening of all tumors may be more
successful because a positive screen, even in the absence of a
strong family history of cancer, may lead to increased interest
in confirmatory germline testing if it convinces patients that

they are appropriate candidates for such testing. However, the
only published data currently available from a center per-
forming automatic screening on tumors from all CRC patients
suggests that this approach may not necessarily lead to in-
creased test uptake as only 27% of those who screened positive
proceeded with genetic counseling (South et al., 2009).

The current study also suggests that the benefits of genetic
testing for hereditary CRC are more important than the bar-
riers in the decision making process among this population
of CRC patients who had not received genetic counseling/
testing. These attitudinal factors were similar to those com-
monly reported among other populations, including: clinic
samples of CRC patients who were pursuing genetic coun-
seling/testing (Vernon et al., 1999; Esplen et al., 2001; Balmarfia
etal.,2004); individuals at moderate to high risk for hereditary
CRC who underwent genetic counseling as part of a research
study (Hadley et al., 2003; Esplen et al., 2007); CRC patients
who participated in focus groups (Kinney et al., 2001; Ramsey
et al., 2003); and 98 CRC patients, the majority of whom were
at low risk for hereditary CRC (Kinney et al., 2000).

After controlling for other variables in the model, the cur-
rent study failed to find statistically significant relationships
between interest in genetic testing and various demographic
factors including age, gender, disease stage, level of education
attained, and employment status. Among the few studies of
CRC patients where significant relationships between demo-
graphic variables and genetic testing interest/uptake were
found, the magnitude of associations appeared to be relatively
small in most cases (Vernon et al., 1999; Kinney et al., 2000;
Loader et al., 2002; Keller et al., 2004). Given that demographic
variables generally cannot be altered, attitudinal factors that
strongly correlate with interest in genetic testing may serve as
better leverage points or targets for increasing interest in ge-
netic testing in order to maximize the effectiveness of uni-
versal tumor screening for LS.

Although interest in genetic testing may be a necessary
precursor for action, uptake of testing is generally lower
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than interest (Keller et al., 2004). One potential reason for
the discrepancy between interest and uptake may be finan-
cial barriers. Costs associated with tumor screening range
from ~$250 to $500, depending on the laboratory and
screening strategy. Whereas, costs associated with confirma-
tory germline testing for LS are higher, generally around $900
to $3,000 depending on the number of genes tested. The per-
centage of participants in this study who would be willing to
pay $2,000 for genetic testing (13.6%; data not shown) was
substantially lower than the 67% who were interested in
having genetic testing. Assessing the maximum amount that
individuals would be able/willing to pay and determining the
likelihood that insurance would cover costs associated with
both tumor screening and gene sequencing may be helpful
before implementing universal tumor screening as this will
likely affect screening interest, uptake, and overall effective-
ness. Unfortunately, published information regarding insur-
ance coverage for LS screening and germline testing is limited.

The current study provides data to refine assumptions used
in modeling the cost-effectiveness of universal tumor screening.
A previous paper modeling universal tumor screening assumed
that 2/3 of CRC patients will pursue voluntary screening; and
of those who screen positive, all will undergo confirmatory gene
sequencing (Mvundura et al., 2010). In a more recently pub-
lished cost-effectiveness study, the baseline assumption was
that screening would be performed on all CRC tumors and 90%
of probands with CRC would accept confirmatory gene se-
quencing following a positive screen (Ladabaum et al., 2011).
Our findings suggest these percentages may be overestimates.

Although results from this study illuminate important con-
siderations when implementing universal tumor screening for
LS, findings should be considered in light of certain limitations.
First, interest in genetic testing may substantially change when
patients are given results from a positive tumor screen. Second,
the relatively small sample size may result in limited power to
detect small effect sizes and likely contributes to the large
confidence intervals associated with the calculated odds ratios.
Third, not all factors that might correlate with testing interest
were measured. Specifically, worry about carrying a cancer
susceptibility gene should be included in future studies.
Fourth, the cross-sectional nature of the current study does not
allow for causation to be determined. Fifth, nonrandom re-
cruitment methods, a relatively homogeneous sample with
regard to certain demographic characteristics, and potential for
nonresponse bias may limit the ability to generalize study
findings. Lastly, attitudes toward genetic testing may have
shifted since this data were collected. However, no published
studies describing changes in genetic testing attitudes over the
last six years could be identified. Given these limitations, ad-
ditional studies are needed that explore factors associated with
patients” intentions to pursue genetic testing in response to a
positive tumor screen and determine how well intentions cor-
respond with uptake of genetic counseling/testing.
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