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Abstract

Background—Cancer screening recommendations for patients with Lynch-like syndrome
(LLS) are not well defined. We evaluated adherence to Lynch syndrome (LS) screening
recommendations, cancer risk perceptions, and communication within the families among
colorectal cancer (CRC) survivors with LLS.

Methods—Thirty-four participants with LLS completed a questionnaire about risk perception,
adherence to LS screening recommendations, and communication with relatives. Clinical data
were obtained from medical records.

Results—Most participants (76%) believed they should undergo colonoscopy every 1-2 years.
Only 41% correctly interpreted their genetic tests as uninformative negative or as variant of
unknown significance for LS. Less than half had had an upper Gl endoscopy for screening
purpose. Among female participants, 86% had been screened for endometrial cancer and 71% for
ovarian cancer. Most participants had informed relatives about the CRC diagnosis and advised
them to undergo CRC screening, but only 50% advised female relatives to be screened for
endometrial cancer and only one-third advised relatives to have genetic counseling.

Conclusions—Most CRC survivors with LLS follow the same cancer screening
recommended for LS patients but do not understand the meaning of LLS. Greater care must be
devoted to communicating the implications of non-diagnostic germline mutation testing among
patients with LLS.
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Introduction

Lynch syndrome (LS) is an autosomal dominant syndrome resulting from a mutation in one
of the following DNA mismatch repair (MMR) genes: MLH1, MSHZ2, MSH6, or PMS2, or
in the EPCAM gene [1]. LS predisposes individuals to several cancers, mainly early-onset
colorectal cancer (CRC). Other LS-associated cancers include but are not limited to
endometrial (EC), gastric (GC), and ovarian (OC) [1-13].

LS is diagnosed based on the presence of a pathogenic germline mutation in the DNA MMR
genes or the EPCAM gene. Genetic counseling and testing should be offered to those
meeting the clinical criteria, including tumors that show microsatellite instability (MSI) or
loss of expression of DNA MMR protein [14].

Because LS mutation carriers are at increased risk for CRC, EC, and other cancers at an
early age, screening and preventive measures are recommended [14-16]. According to the
United States Multi--Society Task Force on CRC (USMSTF) [14], a colonoscopy is
recommended every 1-2 years, beginning at 20-25 or 2-5 years before the youngest CRC
diagnosis in the family (whichever is younger). For women, an annual pelvic examination
with endometrial sampling and a transvaginal ultrasound (TVU) are recommended
beginning at 30-35 or 10 years younger than the earliest known EC or OC diagnosis in the
family (whichever is younger). Additionally, an esophagogastroduodenoscopy (EGD) every
2-3 years beginning at 30-35 can be considered on the basis of patient risk factors, and an
annual urinalysis beginning at 30-35 is recommended. Hysterectomy and bilateral salpingo-
oophorectomy are recommended as a preventive measure for women with LS who have
completed childbearing or at age 40. Most of these recommendations are in agreement with
the National Comprehensive Cancer Network guidelines [15] and the Mallorca Group
guidelines [16].

Most studies examining adherence to screening recommendations in the LS population have
focused on CRC. Results have generally shown high rates of colonoscopy adherence in LS
mutation carriers [17-23], with some exceptions [24-26]. A few studies have examined
adherence to gynecologic screening. Among women with LS, adherence rates for CRC
screening are reported to be about 25% higher than those for gynecologic screening (76.4%
for CRC, 52.9% for endometrial biopsy, and 51.5% for TVU) [27].

Lynch-like syndrome (LLS), also known as tumor-Lynch, refers to a subgroup of patients
with CRC or other LS-related tumors that manifest MSI without MLHZ promoter
hypermethylation and show absence of immunohistochemistry (IHC) staining of the DNA
MMR proteins but do not have germline mutations or deletions in the DNA MMR genes or
in EPCAM. This group is estimated to account for as much as 70% of suspected LS patients
[28,29]. The average age of onset of CRC in LLS patients is similar to that of LS patients
(53.7 years compared with 48.5 years for LS) and lower than that of sporadic CRC patients
(68.8 years, p=.004) [28]. However, the standardized incidence ratio for CRC is lower in
LLS patients than in LS patients (2.12 compared with 6.04, p < .001), although still higher
than in the general population (1.20, p < .001) [28,29]. Little is known about the perceived
risk and current screening behaviors among LLS patients.
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We evaluated adherence to LS surveillance and screening recommendations among a sample
of CRC survivors with LLS. Secondary aims included assessing communication between
participants and their relatives about their cancer, genetic test results, and screening
recommendations.

Methods

Participants

The study was approved by the Institutional Review Board at The University of Texas MD
Anderson Cancer Center. Participants were recruited through MD Anderson’s cancer
registry and included CRC patients who had undergone tumor studies and genetic testing for
a LS mutation and were classified as having LLS.

Inclusion criteria were: (a) CRC diagnosis; (b) 18 years or older; (c) able to read English; (d)
able to be contacted by mail; (e) having a tumor that showed MSI-high (MSI-H) and/or
abnormal IHC staining for 1 or more of the DNA MMR proteins; (f) having undergone
genetic tests for LS and had no mutation or a variant of unknown significance identified; and
(9) having undergone genetic counseling at MD Anderson from 1996-2012, which included
an explanation of LLS and recommendations for cancer screening as if the patients had LS.

Exclusion criteria were: (a) negative or uninformative tumor studies for MSI or DNA MMR
proteins; (b) absence of available genetic test results; (c) pathogenic mutation, deletion, or
insertion found in genetic tests for DNA MMR genes or the EPCAM gene (indicating LS);
or (d) either BRAF mutation or MLHI promoter hypermethylation detected in tumor
samples taken from patients with abnormal staining for MLH1 (indicating sporadic CRC).

Data Collection Methods

Data were collected using a mailed questionnaire. Non-respondents were called 3 weeks
after mailing and given the option to receive a new questionnaire or complete the survey
over the phone. For individuals whom we were unable to contact by phone after 5 attempts,
a follow-up mailing was sent. An additional call was made at 6 weeks with the option to
complete the questionnaire over the phone.

Study Measures

Demographic data were obtained through self-report. MD Anderson medical records and
registry data were used to obtain participant and family medical data.

Surveillance and screening adherence—Participants self-reported the use of
colonoscopy, EGD, endometrial biopsy, and TVU within the past 6 months, 1 year, 2 years,
and 3 years or more before the survey (or never). Participants also were asked why they did
or did not have these tests.

Importance and need for screening—Participants were asked about the importance
of CRC, EC, OC, and GC screening. Responses ranged from not at all to very important.
Participants also were asked whether they believed they needed to be screened on the basis
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of personal or family history or their genetic test results. Participants were asked whether
they had been told to be screened and by whom.

Understanding the meaning of tumor studies and genetic test results—
Participants were asked to interpret their genetic test results. Possible responses were
positive (a gene mutation compatible with LS was discovered); uninformative negative (a
gene mutation was not discovered); variant of unknown significance (a gene mutation was
discovered but the mutation was not known to be associated with LS), or not sure.
Participants also were asked whether they believed they were at increased risk for LS.

Perceived risk of CRC relapse—Participants self-reported their perceived risk for
CRC relapse compared with other CRC survivors or with people their age who had never
had CRC. Responses ranged from much lower to much higher. Participants were asked how
often they should undergo a colonoscopy; possible responses were every 5 years, 3 years,
1-2 years, or 6 months.

Worry about CRC relapse—Three items from the Lerman cancer worry scale [30]
were used to measure participants’ relapse worries. Responses ranged from not at all worried
to worried almost all the time. Responses were dichotomized as “worried” or “not worried”.

Communicating with relatives about cancer, screening, and genetic tests—
Participants were asked to fill out a table about their communication with their relatives
regarding their CRC diagnosis and genetic tests. Participants also indicated whether they had
recommended that the relative undergo CRC and EC screening, genetic counseling, or
genetic testing.

Statistical Analysis

Results

Primary outcomes were adherence to LS cancer screening recommendations for CRC, EC,
OC, and GC. Secondary outcomes were need and importance of being screened for the
above cancers, interpretation of genetic test results, perceived risk of and worry about CRC
relapse. Summary statistics were calculated for continuous variables; frequencies were
calculated for categorical variables. Exploratory association tests were conducted using the
Fisher exact test to compare 2 categorical variables, the Kruskal-Wallis test to compare
categorical and continuous variables, and Spearman correlation to compare 2 continuous
variables (p < .05 was considered statistically significant). Stata v13.1 software (StataCorp
LP, College Station, TX) was used for all analyses.

Patient characteristics

78 questionnaires were mailed, 37 (47%) were returned, and the final sample included 34
participants (see Figure 1). Demographic and clinical characteristics are reported in Table 1.

Table 2 describes the CRC relapse risk perceptions and worry by our participants. While
most participants estimated their risk of CRC relapse to be higher than people their age who
had never had CRC, less than 1/3 believed that their CRC relapse risk was higher than that
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of other CRC survivors. Compared with participants who only had CRC, those with CRC
and another type of cancer were more likely to believe that they had an increased risk for
CRC relapse on the basis of their tumor test results (p=.038). Cancer worry was not
associated with any clinical parameter, including time from CRC diagnosis. Interestingly,
approximately 1/3 of participants were not sure whether their tumor studies or genetic test
results affected their relapse risk.

Screening behavior

26 participants (76%) believed they should undergo colonoscopy every 1-2 years; 3
participants (9%) thought they should do it even more frequently (every 6 months), and the
remaining participants (15%) believed they should repeat it every 3 years or more. CRC
relapse worry was associated with the belief that shorter intervals of screening are needed (p
=.006), but not with adherence. Almost all participants reported undergoing a colonoscopy
within the last 2 years.

19 participants (56%) reported undergoing EGD within the last 3 years. Only 10 participants
(53%) who had an UGI endoscopy did so as a part of routine screening or because of family
history. Cancer worry was associated with a stronger belief that upper gastrointestinal tract
screening is needed (p = .001), but not with adherence to EGD recommendations.

17 women participated in our study. Ten (59%) had undergone hysterectomy, oophorectomy,
or both; however, only one-third of them had done it to prevent cancer. Most other female
participants (6 patients, 86%) believed they needed to be screened for EC and OC. In fact,
almost all (6 participants, 86%) had undergone an endometrial biopsy within the last year,
and 5 (71%) had undergone a TVUS within the same period.

Table 3 summarizes participants’ beliefs about cancer screening and screening behavior. We
found statistically significant differences in beliefs about the importance of screening by
cancer type (p=.001). Unsurprisingly, screening behaviors also differed by cancer type (p
=.004).

Understanding the Meaning of Tumor Studies and Genetic Test Results

Most participants believed they had an increased risk for LS based on personal or family
history (23 participants, 68%) or tumor studies and genetic test results (25 participants,
74%); however, 59% did not understand the meaning of their tumor studies and genetic test
results. Twelve participants (37%) interpreted these results as positive for LS and 7 (22%)
were not sure what they meant. Only 13 (41%) recognized that the meaning of the test
results was either uninformative negative or variant of unknown significance.

Patient’s Risk perception and screening recommendations for family members

Table 4 describes our participant perceptions of relatives’ cancer risks and recommended
screening. Most participants believed their first-degree relatives are at higher risk for CRC as
well as LS (61% and 58%, respectively) compared to other people their age, and therefore
should be screened every 1-2 years. The rates were smaller for second- and third-degree
relatives.
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Communicating with Relatives about Cancer, Screening, and Genetic Testing

All participants reported their CRC diagnosis to at least 1 family member (mean + standard
deviation number of relatives informed: 8.7 + 6.1; median: 7; range: 1-30), and all patients
except 1 reported genetic test results to at least 1 relative. Genetic test results were disclosed
to 242 relatives (68%). The three most common reasons for nondisclosure were: 1) not in
contact with the relative, 2) assumption that the relative’s parents had told the relative, or 3)
belief that the relative was too old to need the information. The number of relatives
participants told about the CRC diagnosis was not associated with personal or family history
of another cancer or disease stage.

30 participants recommended CRC screening to 223 of 300 of their second- and third-degree
relatives (74%), and 22 participants recommended EC screening to 45 of 90 of their second-
and third-degree female relatives (50%). 63% Participants advised 67 of 202 relatives (33%)
to undergo genetic counseling. Although the genetic test results were all inconclusive, 21
participants reported recommending genetic testing to 85 of 208 relatives (41%).

Discussion

Among CRC survivors with LLS, most worried about and believe that they were at increased
relapse risk. Therefore, they adhered to CRC screening recommendations as if they had been
diagnosed with LS. Adherence to gynecologic cancer screening recommendations also was
high; however, most CRC survivors with LLS in our study had not undergone EGD to screen
for GC. Participants adhered to the screening recommendations in parallel with a lack of
understanding of the meaning of the genetic test results and the impact of those results on
screening recommendations. Participants informed most of their relatives about the CRC
diagnosis and advised them to undergo CRC screening; however, only half of the female
relatives were advised to be screened for EC, and one-third of relatives were recommended
to undergo genetic counseling.

There are three potential explanations for how LLS-associated cancers show MSI and lack
DNA MMR proteins but do not show DNA MMR germline mutations [29,31]. First,
individuals with LLS may have other, non DNA MMR germline mutations; second, they
may have DNA MMR mutations that are not identifiable by current detection methods; third,
a different pathologic process within the tumors, not involving germline mutations, such as
biallelic somatic mutation [32-34], biallelic MLH1 promoter methylation, or mutation
coupled with loss of heterozygosity [33,34] may cause the tumors to manifest MSI. Other
possible causes of LLS-associated cancers could include false-positive results showing the
MSI [34] or biallelic mutation of the MUTYH gene [35].

Thus, LLS is a heterogeneous group, including patients with both hereditary and sporadic
cancers. The only way to distinguish between these two groups is by sequencing the tumor’s
DNA MMR genes, which is not routinely done. Consequently, clinicians are limited in their
knowledge of which LLS patients should and should not receive LS screening. Until this
issue is resolved, the USMSTF guidelines recommend that LLS patients and their relatives
continue LS surveillance [14]; the NCCN guidelines state that no consensus has been
reached, and genetic testing of the corresponding gene be performed on tumor DNA to
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assess somatic mutations, although the efficacy of this method has not been proven [15].
Therefore, it is not surprising that physicians lack confidence in the genetic diagnosis of
these patients and are unsure which screening recommendations should be offered, if any.
LLS is particularly challenging for physicians who, even for patients with a clear LS
diagnosis, do not always make the correct recommendations [27,36,37]. Our results indicate
that LLS patients believe they should be screened, and most did undergo screening for LS-
related cancers, even though they did not understand the meaning or screening implications
of their genetic test results.

Participants had a high rate of adherence to LS-associated cancer screening
recommendations. These high rates of adherence among LLS patients are consistent with the
high rates of colonoscopy adherence among LS patients [17-23], as well as with studies
showing that female LS patients have higher rates of adherence to CRC screening than
gynecologic screening [27].

Stoffel et al reported that among 174 LS probands, 98% reported disclosing their LS status
to at least 1 first-degree relative; however, only 62% reported having disclosed the
information to a second- or third-degree relative. The main predictor of information sharing
was a mutation-positive proband [38]. In our study, all LLS participants (hone having a
positive mutation status) reported their CRC diagnosis to at least 1 relative, and only 1 did
not report genetic test results to relatives. Only about 2% of participants’ first-degree
relatives were not informed of the CRC diagnosis; in contrast, about 30% of second-degree
and 40% of third-degree relatives were not informed. Our results show that LLS patients
behave similarly to LS patients when it comes to disclosing information to relatives, even in
the absence of a definitive (genetic-based) LS diagnosis.

Our study has several limitations. It is based on a limited number of patients and does not
compare screening behavior between LLS and LS patients. Furthermore, the variation in
time since testing and the range time of when testing was done could have an impact on
what information was provided during counseling. However, it is the first study, to the best
of our knowledge, to address LLS from the patients’ perspective. Our findings enable health
care providers who counsel LLS patients to better understand their knowledge, beliefs, and
behaviors to prevent recurrence and additional LS-associated cancers for both themselves
and their relatives. Further studies are needed to better understand how beliefs and behaviors
differ between LLS and LS patients, as well as how information about cancer screening is
communicated within LLS families.

Our results indicate that most LLS-associated CRC survivors believe they are at increased
risk for relapse, follow most of the LS screening recommendations, and communicate with
their relatives about their CRC and genetic test results; however, most do not attribute their
risk to the results of their tumor studies or genetic testing and do not recommend that their
relatives undergo genetic counseling. Greater care must be devoted to communicating the
implications of MSI-H status and nondiagnostic germline mutation test results to help
patients understand the complex and uncertain implications of the testing. This can be done
by defining the clinical terms to make them be more understandable by patients. Better
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understanding of the genetic basis and natural history of LLS is needed to tailor genetic
counseling and screening recommendations for LLS-affected CRC survivors.
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78 LLS patients contacted
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41 patients did not respond

Excluded:

1 — Confirmed LS
1 - MLH1 methylation
1 - No germline tests were taken

\/
37 (47%) patients returned completed
questionnaires
>
\/

34 questionnaires from LLS patients
were analyzed

Figure 1.

Flowchart showing response rate and exclusions for the survey data collected.
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Participant demographic and clinical characteristics (n = 34)

Table 1

Characteristic

No. (%)

Mean age (standard deviation, range)

Mean age at colorectal cancer diagnosis (standard deviation, range)

Female
White
Married
Education >high school
Income >$50,000
Personal history of another cancer
Family history of cancer
Cancer involved the right colon
Synchronous tumor
Synchronous polyps
Stage Il or IV
MSI-H (n=31)
Immunohistochemistry staining
Normal
MLH1
MSH2
MSH6
MLH1 and MSH6
MSH6 and PMS2
Genetic testing
Uninformative negative

Variant of unknown significance

53.9 years (11.5 years, 35.1-77.7 years)
47.6 years (10.9 years, 31-75 years)

17 (50)
29 (85)
29 (85)
30 (88)
26 (76)
12 (35)
32 (94)
25 (74)
0(0)
6 (18)
16 (47)
31 (100)

3(9)
20 (59)
8 (24)
13
13
10

22 (65)
12 (35)
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Table 2

Colorectal cancer (CRC) relapse risk perceptions and worry among participants (n = 34)

Page 13

Item Response No. (%)
Risk for CRC relapse compared with risk of developing CRC in age-matched peers who have Higher or much higher 26 (76)
never had it

Risk for CRC relapse compared with other CRC survivors Higher or much higher 10 (29)
Increased risk for CRC relapse on the basis of tumor studies Yes 18 (53)
Increased risk for CRC relapse on the basis of genetic test results Yes 16 (47)
Risk of CRC relapse on the basis of family history of cancer compared with other people Higher or much higher 18 (53)
Worries about CRC relaps Sometimes, often, or all the time 25 (74)
Influence of worry on mood Somewhat or a lot 6 (18)
Influence of worry on daily activities Somewhat or a lot 3(9)
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Table 4

Participant perceptions of relatives’ cancer risks and recommended screening, by type of relative
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No. of participants with the belief (%)

For second- and third- degree

Belief For first-degreerelatives relatives

Relatives have a higher risk than other people their age to develop 20 (61) f 12 (40) i

colorectal cancer

Relatives should undergo colonoscopy every 1-2 years or less 20 (61) t 11 (38) s
Relatives may be at increased risk for Lynch syndrome * 19 (58) t 11 (37) 7

*

Correctly understood test results as uninformative negative or variant of unknown significance.
to_

n = 33 responses.
i _

n = 30 responses.

ﬁn =29 responses.
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