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Colon Cancer Screening Practices
and Disclosure After Receipt of
Positive or Inconclusive Genetic Test
Results for Hereditary Nonpolyposis
Colorectal Cancer

Anne L. Ersig, PhD"?%; Donald W. Hadley, MS'; and Laura M. Koehly, PhD'

BACKGROUND: Patients who receive conclusive genetic test results for hereditary nonpolyposis colorectal
cancer (HNPCC) tend to adopt appropriate colorectal cancer screening behaviors and disclose their test
results. However, little is known about the disclosure processes or screening behaviors of individuals who
receive inconclusive genetic test results. This study compared endoscopy use and disclosure between
individuals with positive and inconclusive genetic test results, within a year after results were received.
METHODS: Individuals with a personal history of cancer and suspected of having HNPCC participated in
genetics education and counseling, underwent HNPCC testing, and received genetic test results (GCT)
within a prospective cohort study. Demographic, psychosocial, and behavioral data were obtained from
questionnaires and interviews completed before and after GCT. RESULTS: Index cases with inconclusive
genetic test results were less likely to screen within 12 months. Index cases who disclosed test results to
children within 6 months were more likely to screen within 12 months, controlling for mutation status. Index
cases with inconclusive genetic test results were less likely to share results with a healthcare provider
within 6 months. Index cases who disclosed genetic test results to healthcare providers within 6 months
were more likely to have endoscopy within 12 months. CONCLUSIONS: Genetic test results and disclosure
significantly affected colon cancer screening at 12-month follow-up. Interventions to improve adherence to
colorectal cancer screening should consider increased education of those receiving inconclusive results and en-
courage disclosure to healthcare providers and family members. Cancer 2009;115:4071-9. Published 2009 by
the American Cancer Society.*
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Colorectal cancer (CRC) is the third most common
cancer in the United States, with almost 150,000 new
cases diagnosed each year." Some families are at risk for
inherited forms of CRC, affecting multiple family mem-
bers in several generations. Hereditary nonpolyposis colo-
(HNPCC) is an

susceptibility syndrome that significantly increases risks

rectal cancer inherited cancer
for colorectal, endometrial, ovarian, stomach, and small
intestine cancers, among others.? HNPCC has been asso-
ciated with deleterious mutations in any 1 of 4 mismatch
repair genes (MSH2, MLH1, MSHG, PMS2).? Families at
risk for HNPCC are identified through clinical, patholog-
ical, and family history criteria.*> Cancers associated with
HNPCC typically develop at younger ages and progress
more rapidly than cancers in the general population; on
average, HNPCC-associated CRC is diagnosed about a
decade earlier than CRC in the general population.®

In a large prospective study, colonoscopy every 3
years in individuals at risk for HNPCC reduced the risk of
developing CRC by 62% and prevented disease-related
deaths. Colorectal cancers diagnosed in the study group
were detected at earlier stages.7 Persons known to carry a
deleterious mutation in an associated mismatch repair
gene, or strongly suspected of having HNPCC, should
undergo CRC screening through colonoscopy at an earlier
age (20-25 years vs 50 years) and more frequently (every
1-2 years vs every 5-10 years) than the general
population.®®

Genetic testing is 1 way for at-risk individuals and
families to clarify their risk for HNPCC-associated can-
cers. In families meeting criteria, genetic testing is first
offered to a family member diagnosed with an HNPCC-
associated cancer (index case). Identification of an
HNPCC-associated mutation in the index case allows at-
risk family members to consider focused testing for the
mutation. This enables clarification of disease risk and tar-
geted cancer screening; mutation carriers continue inten-
sive screening, whereas noncarriers revert to the general
population screening schedule.

Although recent advances in genetic testing have
improved rates of mutation detection,” historically, up to
50% of index cases receive inconclusive genetic test
results,” further categorized as a variant of uncertain sig-
nificance (VUS) or indeterminate. A VUS is a change in
DNA sequence, compared with the reference sequence,

whose functional meaning is not known or is not associ-
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ated with disease in other HNPCC families.'® Indetermi-
nate genetic test results indicate a failure to detect changes
in the DNA sequence of the genes under study,11 and
include the possibility of true-negative and false-negative
studies. A true-negative study reflects the true absence
of an associated germ-line mutation. A false-negative
study could result from 1) limitations of mutation detec-
tion technology, or 2) a limited number of genes under
study.

Index cases receiving inconclusive genetic test results
buc still suspected of having HNPCC remain at high risk
for HNPCC-associated cancers. They and their family
members should continue recommended intensive screen-
ing. However, unlike biological relatives of mutation-pos-
itive index cases, family members of inconclusive index
cases would not benefit from genetic testing for HNPCC.

In previous studies, HNPCC mutation carriers tend
to follow screening recommendations, although adher-
ence varies.'>'* Colonoscopy use appropriately declines
among noncarriers, although some continue with hypervi-
gilant screening.lz'14 Little is known about CRC screen-
ing behaviors in families suspected of having HNPCC but
without identified HNPCC mutations. Inconclusive
genetic test results may be more difficult to interpret than
mutation-positive test results, and their implications for
cancer risk may be unclear.">'® Inconclusive HNPCC
genetic test results affect disclosure of test results’” and
emotional response to cancer risk,"” but their effect on
health behaviors is unknown.

Relational factors, such as communication, encour-
agement, and support, could affect cancer screening. Dis-
cussions about CRC screening, encouragement to screen,
and family support are positively associated with CRC
screening among at-risk relatives of colon cancer
patients.'®2° Similarly, individuals who discuss their risks
for HNPCC-associated cancers may be more likely to
screen appropriately. Interactions with social network
members can influence health behaviors, but additional
study s needed.*"* Family communication about
HNPCC and cancer screening may be of particular im-
portance in families without identified mutations.
Because family members would not benefit from genetic
testing, they are less likely to pursue genetic counseling.
Communication may play an important role in informing
family members of their risk for HNPCC-associated can-

cers, and the need for intensive cancer screening.23
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Table 1. Criteria for Study Entry

Personal history of colon (or HNPCC-associated) cancer* and at least 1 of the following family or medical history criteria

Family history criteria
Family history meeting Amsterdam criteria (AC) (I or Il)

At least 3 relatives with histologically proven colorectal cancer (AC I) or HNPCC-associated cancer (AC Il) with 1 being a first-degree relative

of the other 2
At least 2 successive generations affected

Colorectal (or HNPCC-associated) cancer diagnosed younger than age 50 years in at least 1 relative

Family history suggestive of HNPCC

1 second-degree (or closer) and 1 third-degree (or closer) relative with an HNPCC-associated cancer

1 affected family member must have 1 of the following:
Right-sided colon cancer
Multiple primary HNPCC-associated cancers
Diagnosis of cancer before age 51 years
Medical history criteria
Multiple primary HNPCC-associated cancers

Diagnosis of colorectal (HNPCC-associated) cancer at <40 years of age

HNPCC indicates hereditary nonpolyposis colorectal cancer.

*In all cases, tumor blocks were requested for microsatellite instability (MSI) studies. Tumors were classified as MSI-high, MSI-low, and MS-stable based on
the number of positive markers in the assay. Persons whose tumors were MSI-low or MS-stable were excluded from our analyses.

The purpose of this study was to examine colon can-
cer screening by endoscopy and disclosure of genetic test
results among index cases at risk for HNPCC in the year
after genetic test results were received. Of particular inter-
est were the effects of mutation status (mutation-positive
vs inconclusive) and disclosure of the genetic test result to

others on endoscopy completion.

MATERIALS AND METHODS

Study Population and Procedures

The study population included adults, 18 years of age or
older, with a personal history of at least 1 HNPCC-associ-
ated cancer, who met study criteria (Table 1). The proto-
col was approved by the institutional review boards of the
participating institutions (National Human Genome
Research Institute [Protocol #95-HG-0165]; National
Naval Medical Center [Protocol # NNMC.1995.0045]).
All participants gave written informed consent. Index
cases were referred to the research team through colon
cancer clinics at the National Institutes of Health and
National Naval Medical Center between November 1995
and December 2004. After an initial consent process, a
family cancer history was obtained, and medical records
were requested to confirm diagnoses. Tumor blocks were
obtained for microsatellite instability testing, to deter-
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mine whether molecular testing for HNPCC was appro-
priate. Patients meeting study criteria were offered
participation, including genetics education and counsel-
ing, and the option of genetic testing. Participants com-
pleted a baseline assessment and a scripted genetics
education session, including comprehensive information
about HNPCC, recommendations for cancer screening,
and a discussion about the potential risks and benefits of
genetic testing. A client-centered counseling session
occurred to facilitate decisions about genetic testing. To
ensure consistency, members of 1 research team enacted
all study procedures. Those who pursued genetic testing
had a blood sample drawn, with sequencing of the mis-
match repair genes MLHI and MSH2 completed by a
Clinical Laboratories Improvement Act—approved labora-
tory. Index cases received test results in person, 2 to 6
months after collection, accompanied by a support person
of their choice. Index cases received verbal and written rec-
ommendations for cancer screening, based on published
guidelines.”* After completion of study procedures, par-
ticipants returned to the care of their primary healthcare
providers. Research team members encouraged discussion
of cancer screening recommendations with primary
healthcare providers. Participants received a supportive
telephone call 1 to 2 weeks after provision of results. Fol-
low-up telephone assessments occurred 6 and 12 months

after genetic test results were received.
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Measures

Outcome variable

The outcome variable of interest was endoscopic
CRC screening in the year after genetic test results were
received. Recommendations for persons at risk for
HNPCC include complete examination of the colon
through endoscopy. (Colonoscopy is recommended;
however, in persons with <60 cm of colon remaining fol-
lowing resection, flexible sigmoidoscopy provides com-
plete surveillance of the remaining colon. The term
“endoscopy,” as used here, represents complete examina-
tion of the colon through cither procedure.) Endoscopy
screening was assessed by asking 2 questions: “Have you
had a colonoscopy (flexible sigmoidoscopy) done in the
past 6/12 months?” on the 6- and 12-month surveys,
respectively. Response options were yes or no. A variable
for cumulative screening was created, which accounted for

affirmative answers at either time point.

Predictor variables

Mutation status and communication of the genetic
test result were selected as predictor variables, to deter-
mine whether they significantly affected CRC screening
in the year after HNPCC genetic test results were
received.

Mutation status was defined by the index case’s
genetic test results. Mutation positive referred to the iden-
tification of a deleterious mutation in either mismatch
repair gene. Inconclusive referred to either no detectable
sequence alteration or the identification of a genetic vari-
ant of uncertain significance.

Communication of genetic test results was assessed
at 6-month follow-up. Index cases were asked, “Have you
shared your genetic test results with your (spouse/parents/
children/siblings/friends/healthcare provider) since your
last contact with us?” For each relation, response options
were yes, no, and does not apply. Analyses controlled for
living family members within each group.

Covariates

Covariates were selected because of their potential
effect on CRC screening, as demonstrated in previous
studies.””?’ Sex, marital status, and number of first-
degree relatives (FDRs) with cancer were assessed via self-

report and included as covariates in all analyses. Cancer
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diagnoses in family members were confirmed through
review of medical records when available and permitted.
The final covariate was screening in the year before genetic
test results were received. This identified participants who
adhered to the recommended screening interval (every 1-
2 years). Prior year screening was assessed at baseline by
asking, “When was your last colonoscopy (flexible sigmoi-
doscopy) done?” Response options were within the past
year, between 1 and 3 years ago, >3 years ago, and never.
Responses were collapsed into endoscopy within the past

year and no endoscopy within the past year.

Analyses

We hypothesized that CRC screening practices in the year
after genetic test results were received would differ based
on mutation status. We also examined whether communi-
cation of test results to others within 6 months differed
based on mutation status, and whether communication
affected endoscopy use at 12-month follow-up.

Descriptive statistics were constructed for all varia-
bles, and were compared between groups (mutation-posi-
tive vs inconclusive) using a chi-square test. Logistic
regression models were fitted to examine whether muta-
tion status was associated with screening 12 months after
receipt of test results, controlling for covariates. Logistic
regression models were also fitted to examine whether dis-
closure of results within 6 months was associated with
screening 1 year after genetic testing, controlling for cova-
riates. Disclosure analyses were first completed without
consideration of mutation status, then repeated, control-
ling for mutation status. Analyses were conducted in SPSS
version 14.0 for Windows (SPSS, Inc., Chicago, IlI).
Pvalues <.05 were considered significant.

RESULTS

Sample Characteristics

Sixty-nine individuals participated (59.4% male; 91.3%
Caucasian; 76.8% married). Their mean age was
47.75£10.97 years (range, 25-74 years), and the mean
number of FDRs with cancer was 1.97 + 1.30. Just over
half (55.1%, n=138) received mutation-positive genetic
test results; the remaining 44.9% (n=31) received
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Table 2. Index Case Demographics

Mutation Age, y % Women % Caucasian % Married No. FDRs Type of

Status With Cancer*  Cancer (%)

Mutation-positive 47.05 + 10.56 52.6 89.5 78.9 2.26 +1.2 Colorectal (60.5)
Kidney (NOS) (2.6)
Multiple cancers (36.8)

Inconclusive 48.61 £ 11.57 67.7 93.5 74.2 1.61 £ 1.35 Colorectal (71)

Ovarian (6.5)
Endometrial (3.2)
Multiple cancers (19.4)

FDR indicates first-degree relative; NOS, not otherwise specified.
*Significant difference between groups, P =.039.

inconclusive genetic test results. Demographic data
according to test result are presented in Table 2.

CRC Screening

Of the 69 index cases, 33.3% (n = 23; 16 mutation-posi-
tive) completed CRC screening by endoscopy in the year
before they received their genetic test results. In the year
after receipt of genetic test results, 69.6% (n=48; 30
mutation-positive) of index cases had an endoscopy.
Screening participation for the year before and the year af-
ter receipt of genetic test results was compared between
groups. As expected, there was no significant difference
between mutation-positive versus inconclusive index cases
for screening the year before test results were received
(P=.26). However, in the year after receiving genetic test
results, index cases who received inconclusive genetic test
results were significantly less likely to have an endoscopy
than mutation-positive index cases (odds ratio
[OR] =0.19; P=.01; Table 3).

Communication Patterns

There were no significant differences between groups
regarding disclosure of genetic test results to spouses,
parents, siblings, children, or friends at 6 months (data
not shown). In large part, index cases disclosed their
genetic test results to their living parents (92.1%), living
siblings (96.6%), and, if married, spouses (90.6%). The
majority of index cases with children (78.6%) shared their
test results with their offspring, and approximately 78.3%
shared their test results with a friend. There was a signifi-
cant difference in disclosure of genetic test results to
healthcare providers. Index cases who received inconclu-
sive genetic test results were significantly less likely to dis-
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Table 3. Logistic Regression Results: Mutation Status and
Screening Practices at 12-Month Follow-Up

OR 95% CI
Covariates
Screening year prior to genetic testing 1.48 0.42-5.23
Married 2.01 0.51-7.96
Male 0.512 0.15-1.77
No. of FDRs with cancer 0.475* 0.27-0.82
Variable of interest
Test result (inconclusive) 0.2037 0.06-0.74

OR indicates odds ratio; Cl, confidence interval; FDR, first-degree relative.
*P <.01.
P <.05.

close their results to a healthcare provider within 6
months, compared with mutation-positive index cases
(67.7% vs 89.5%, respectively; P=.01).

Because of the lack of variability in disclosure to
parents, siblings, and spouses, analyses of the association
between disclosure and screening focused on disclosure to
friends, children, and healthcare providers. Disclosure to
friends was not significantly associated with screening. In
analyses that did not control for mutation status, disclo-
sure of genetic test results to children was not significantly
associated with endoscopy (OR =4.76; P=.006), but dis-
closure of test results to healthcare providers was
(OR=4.32, P=.03). When controlling for test resul,
disclosure to children was significantly associated with en-
doscopy (OR =5.20; P=.05), but disclosure to a health-
care provider was not (OR =2.76; P=.15).

DISCUSSION

We found that index case mutation status was signifi-
cantly associated with CRC screening behavior and
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disclosure of genetic test results to healthcare providers.
Index cases with inconclusive genetic test results were sig-
nificantly less likely to have endoscopy in the year after
genetic test results were received, compared with muta-
tion-positive index cases. Index cases with inconclusive
genetic test results were also significantly less likely to
share their results with a healthcare provider within
6 months. Disclosure of genetic test results was signifi-
cantly associated with CRC screening behaviors. The
effect of disclosure to a healthcare provider on endoscopy
was significant in analyses that did not control for muta-
tion status; index cases who disclosed their genetic test
results to a healthcare provider within 6 months were
more likely to have endoscopy within a year. When con-
trolling for mutation status, index cases who disclosed
genetic test results to their children within 6 months were
significantly more likely to have endoscopy within a year,
compared with index cases who did not share their test
results with their children.

Although previous studies have demonstrated the
emotional impact of inconclusive genetic test results,17
this study is among the first to demonstrate their behav-
ioral impact. One possible explanation for lower rates of
screening among inconclusive index cases might be misin-
terpretation of their results as truly negative, with an asso-
ciated decrease in perceived risk for cancer and decline in
cancer screening.”® This false reassurance hypothesis has
not been examined in families at risk for HNPCC. Misin-
terpretation of inconclusive genetic test results could
result in a decline in screening similar to that seen among
confirmed noncarriers.'>'# Alternatively, avoidance of
screening behaviors could be 1 possible response to the
emotional impact of inconclusive genetic test results.'”
Among siblings of CRC patients, increased cancer-related
distress led to a decrease in screening intentions.”” The
difference in endoscopy completion is particularly inter-
esting because the analysis controlled for family history,
and all participants had a personal history of at least 1
HNPCC-associated cancer. In addition, the same study
team provided genetic counselings and education, using
the same protocol. This highlights the importance of the
test result and its interpretation for screening behavior.

Genetic test results also have the potential to affect
communication choices.'>?° In the current study, index
cases with inconclusive genetic test results were signifi-

cantly less likely to share their results with healthcare pro-
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viders within 6 months, compared with mutation-positive
index cases. Again, this could be because of misinterpreta-
tion of inconclusive genetic test results; index cases might
assume that the lack of an identified mutation is not essen-
tial to share with their healthcare providers. Alternatively,
index cases with inconclusive results are typically coun-
seled that a causative mutation could still be found as
technology improves and the number of genes under
study increases.'® They may be waiting for conclusive
genetic test results to share with their healthcare providers.
Index cases with inconclusive results may also be con-
cerned that their healthcare providers will misinterpret
their results and limit access to CRC screening.

Interactions with others can also affect cancer
screening behaviors.'”?° In this study, index cases who
shared their genetic test results with their children within
6 months, regardless of the specific genetic test result,
were significantly more likely to have endoscopy within
1 year. Parents may share genetic test results with children
for multiple reasons, including raising children’s aware-
ness of their own risks for disease.”” This could positively
affect children’s cancer screening behaviors. In sharing
genetic test results and information abourt disease risk,
parents may believe they are accountable to their children
for their actions. Parents may also strive to act as role
models in demonstrating appropriate screening behavior.
Part of the genetic legacy of women with cancer includes
the hope that their diagnosis will impress on their children
the need for cancer screening and early diagnosis.** This
is viewed as a generally positive outcome of a negative
health legacy, with affected parents hopeful that early and
regular cancer screening by their at-risk children®* will
mitigate their risk. In families without identified HNPCC
mutations, parental role modeling may be an effective
way to educate younger family members about the need
for screening. The number of cases analyzed in the present
study did not allow examination of the effect of gender on
modeling screening behavior, which should be pursued in
future research.

Without controlling for test result, index cases who
disclosed their genetic test results to their healthcare pro-
viders within 6 months were more likely to have endos-
copy within a year. Healthcare providers may be
important motivators of cancer screening. Women at risk
for HNPCC who share their genetic test results with their

physicians are significantly more likely to have
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endometrial cancer screening than women who do not
share their genetic test results with their physicians.”
Encouragement to screen for colon cancer from a health-
care provider significantly impacts colon cancer screening
among relatives of patients with colon cancer.'”*’ In the
general population, simply having a primary healthcare
provider is associated with having a colonoscopy.34 Pro-
viders who are aware of a patient’s mutation status and
risk for disease may be more likely to encourage screening.
Under many health insurance plans, referrals from a pri-
mary healthcare provider are necessary to obtain special-
ized care, including screening exams. Healthcare provider
referrals may be of particular importance in families at
risk for HNPCC, because CRC screening should begin at
a young age. Primary healthcare providers must recognize
the importance of a family history of CRC, understand
the need for early, frequent screening, and refer patients
for colonoscopy. Providing the genetic test result to the
healthcare provider may be 1 way at-risk individuals
ensure this awareness among their healthcare providers. It
is essential that healthcare providers understand the impli-
cations of inconclusive genetic test results in the context of
a significant family history of disease.

Limitations

Several characteristics of the current study have the poten-
tial to limit the generalizability of the findings. First, index
cases all participated in the same research study. This can
be a threat to the external validity of the findings.?” Repli-
cation of these findings would provide additional evidence
that they are not a function of the current study protocol
or sample. This study also provided genetic education,
counseling, and testing away from participants’ usual
sources of medical care (eg, oncologists, primary care pro-
viders), and relied on participants to share genetic test
results with their primary clinicians. The processes
described here might differ if genetic testing were
requested by an oncologist or primary care physician in a
clinical setting; in that case, the test results would be
returned to the patient’s clinician. Whether the clinician
obtains the genetic test results directly from the labora-
tory, or from the patient, what is important is that the cli-
nician can appropriately interpret the information and is
knowledgeable about current screening guidelines. Sec-
ond, the study sample lacked ethnic diversity; most sub-
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jects self-identified as Caucasian. HNPCC affects persons
of all races and ethnic groups, although the exact pheno-
type may vary slightly.>® Future studies should attempt to
increase the ethnic diversity of participants. Data not
included in this analysis could also affect screening behav-

iors, such as elapsed time since cancer diagnosis.

Conclusions

These findings reveal some important differences between
mutation-positive and inconclusive index cases. The
genetic test result affected CRC screening behaviors and
disclosure of the results to a healthcare provider. Disclo-
sure of murtation status to children and healthcare pro-
viders was important for endoscopy completion.
Additional research could expand on these findings.
Exploring interpretation of inconclusive genetic test
results would provide additional insight. Evaluating rea-
sons for screening decisions could help determine why
index cases with inconclusive genetic test results were less
likely to screen. Assessing reasons for or against test results
disclosure could provide additional insight, particularly
because participants were encouraged to share their
genetic test results with their healthcare providers. Know-
ing more about these reasons could help in the develop-
ment of interventions designed to maximize disclosure to
healthcare providers and other essential social network
members.

These findings have implications for clinical care of
individuals at risk for hereditary cancer syndromes. To
ensure appropriate cancer screening among at-risk popu-
lations, healthcare providers should receive comprehen-
sive education regarding risk factors for hereditary cancer
syndromes, genetic testing, and recognizing family histor-
ies that warrant more intensive screening than the recom-
mendations put forward for the general population, or for
persons with an affected first-degree relative. Developing
interventions to facilitate disclosure of genetic test results
to healthcare providers and children could also have a sig-
nificant impact on cancer screening behaviors and, ulti-

mately, the health of those at risk for HNPCC.
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