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Abstract

Objective—Determine factors impacting the uptake of genetic counseling and results of genetic

testing following universal tumor testing for Lynch syndrome in patients with endometrial cancer.

Methods—The study population consisted of two unselected cohorts of endometrial cancer

patients, 408 identified retrospectively and 206 identified prospectively. Immunohistochemistry

for mismatch repair protein expression and/or microsatellite instability analysis was performed on

these tumors. MLH1 methylation analysis was performed on tumors with loss of MLH1 protein.

Tumor studies were considered suggestive of Lynch Syndrome if they showed

immunohistochemical loss of MSH2, MSH6, or PMS2, loss of MLH1 without MLH1 promoter

methylation, and/or microsatellite instability. Participants with suggestive tumor studies were

contacted and offered genetic counseling and testing.

Results—In the retrospective cohort, 11% had tumor studies suggestive of Lynch syndrome.

42% were seen for genetic counseling. A germline mutation was detected in 40%, and one had a

variant of uncertain significance. In the prospective cohort, 8.7% of patients had tumor testing

suggestive of Lynch syndrome. 72% were seen for genetic counseling. Germline mutations were
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found in 40%, and one had a variant of uncertain significance. Common challenges included

timing of re-contact, age, perceived lack of relevance, inability to travel, and limited insurance

coverage.

Conclusions—There are several barriers to genetic counseling and testing follow up after

universal tumor testing, and uninformative genetic test results present a management challenge. It

is important to consider these limitations when implementing an approach to screening

endometrial cancer patients for Lynch syndrome.

Background

Lynch syndrome is a hereditary cancer syndrome due to germline mutations in mismatch

repair (MMR) genes and is primarily characterized by an increased risk for colorectal and

endometrial cancer. Lynch syndrome is thought to account for 2-3% of all endometrial

cancers, and approximately 50% of patients with Lynch syndrome will present with a

gynecologic malignancy as their sentinel cancer (1, 2) . The identification of Lynch

syndrome-associated endometrial cancer has significant implications both for the patient and

her relatives. As these patients have an increased risk to develop subsequent primary

colorectal cancer (CRC), it is important to identify EC patients with Lynch syndrome to

implement heightened CRC screening. A diagnosis of Lynch syndrome also provides the

opportunity for cancer prevention in first-degree relatives, who have a 50% chance to have

Lynch syndrome themselves.

The optimal approach to detecting Lynch syndrome in women who present with endometrial

cancer is unclear. The Amsterdam criteria and Bethesda criteria, which rely on a

combination of young age of onset of cancer and family history factors, can be used to

identify a subgroup of cancer patients that are more likely to have Lynch syndrome (3, 4).

However, these criteria were developed with a primary focus on colorectal cancer and have

not been as extensively assessed in the endometrial cancer population. Thus, the Society of

Gynecologic Oncologists developed clinical screening criteria with a focus on gynecologic

cancer to assist providers in determining which patients should be considered for further

Lynch syndrome evaluation (5). Regardless of which criteria are used, a selective approach

has the potential to miss high-risk patients and families (6). In particular, individuals with

MSH6 mutations typically present with endometrial cancer at older ages and have less

extensive family histories of cancer (1). The penetrance of PMS2 mutations also appears to

be lower than that of MLH1 and MSH2 mutations. Thus, individuals with mutations in these

two genes are more likely to be missed by a selective screening strategy than those with

MLH1 and MSH2 mutations (7, 8). Given the importance of identifying families with Lynch

syndrome, a universal approach has been recently proposed and implemented at several

institutions (1, 9-11).

There are several important factors to consider when deciding on an approach to screen

endometrial cancer patients for Lynch syndrome. Whether one chooses to utilize a universal

versus a selective approach, it is vital to consider and ensure optimal follow up with genetic

counseling for patients identified as potentially high-risk. Previous studies have shown the

uptake of genetic counseling and testing after positive tumor studies via prospective

universal screening is low (9, 10). Additionally, of those with abnormal tumor studies that
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undergo genetic testing, as many as 42-88% will not have an identifiable germline mutation,

which presents a clinical challenge (11-13). Management guidelines for these patients are

less clear than for those with a germline MMR mutation, and predictive genetic testing for

relatives is not available. Several barriers to genetic counseling and testing have been

identified in both endometrial and colorectal cancer patients, including insufficient family

history collection, lack of referral, insufficient insurance coverage/cost of the appointment,

anxiety for the results, lack of interest, patient/family not wanting to know information

regarding cancer risks, and lack of understanding regarding benefits of genetic testing and

available preventive measures (10, 14, 15).

Recently, investigators at our institution have identified potential Lynch Syndrome-

associated endometrial cancer via two different approaches, neither of which depended on

clinical criteria such as age of cancer diagnosis or family history for selection. In the first

approach, a retrospective IRB-approved research protocol used tumor testing to identify

potential patients with Lynch Syndrome-associated endometrial cancer. In the second

approach, tumor testing was prospectively performed on all newly diagnosed endometrial

cancer patients as part of standard clinical care. For both approaches, genetic counseling of

potential Lynch Syndrome patients was indicated. The purpose of this study was to

determine factors impacting the uptake of genetic counseling and results of genetic testing

following universal tumor testing for Lynch syndrome in patients with endometrial cancer.

Materials and Methods

Study Populations and Procedures

Participants in cohort 1 (retrospective cohort; n=408) were identified retrospectively. After

obtaining Institutional Review Board approval, cases of endometrial cancer involving

women who underwent hysterectomy at MD Anderson Cancer Center through 2011 were

identified. Beginning with the most recent cases, endometrial cancers were included if the

patient was 18 years of age or greater and sufficient tissue from the surgery was available

for molecular analysis. Endometrioid and non-endometrioid histologies of endometrial

carcinoma were included. All hysterectomies were pathologically reviewed by a

gynecologic pathologist (RRB). Immunohistochemistry (IHC) for DNA MMR protein

expression (MLH1, MSH2, MSH6, and PMS2) was performed on all cases. MLH1

methylation analysis was performed on tumors with IHC loss of MLH1. Microsatellite

instability (MSI) analysis was performed on two participants with normal IHC results

(positive tumor expression of MLH1, MSH2, MSH6, and PMS2) but personal and/or family

histories particularly suggesting Lynch Syndrome. Tumor studies were considered

suggestive of Lynch syndrome if they showed IHC loss of MSH2, MSH6, or PMS2, loss of

MLH1 without MLH1 promoter methylation, and/or if the tumor was MSI-low or MSI-high.

Participants with tumor studies suggestive of Lynch syndrome were contacted by mail and

follow-up telephone calls. All were offered genetic counseling and IHC-directed germline

genetic testing. Genetic testing was performed at Mayo Medical Laboratories, ARUP

Laboratories, or Myriad Genetic Laboratories. Clinicopathologic data collected from

medical records were reviewed retrospectively. Barriers to re-contacting and genetic

counseling in the retrospective cohort were identified by both the investigative team based
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on clinician interactions during the re-contacting process and by participant verbal report.

Due to the length of time to re-contact (measured in years from time of cancer diagnosis to

time of re-contact) and low uptake of genetic counseling in this cohort, we also examined

possible demographic differences between participants who attended genetic counseling

versus those who did not. T-tests (for continuous variables) and Fisher's exact tests (for

categorical variables) were conducted to determine demographic differences between those

who attended genetic counseling vs. those who did not. Participants who had previously

consulted with genetic counseling or who were deceased at the time of re-contact were

excluded from these analyses.

Participants in cohort 2 (prospective cohort; n=206) were identified prospectively through

the MD Anderson Gynecologic Oncology Center. These participants had hysterectomy for

endometrial cancer performed at our institution between 08/01/2012 and 08/31/2013. On

08/01/2012, a clinical initiative to improve the identification of Lynch syndrome-associated

endometrial cancer was initiated. For all patients undergoing endometrial cancer surgery at

our institution, microsatellite instability analysis and IHC for MLH1, MSH2, MSH6, and

PMS2 was performed. For tumors with IHC loss of MLH1, reflex MLH1 methylation

analysis was performed. Patients were provided with an education document in their pre-

operative packet explaining the rationale for performing these tumor studies. Patients with

tumor testing results suggestive of Lynch Syndrome were informed of these results and

offered a referral for genetic counseling by their gynecologic oncologist. Attempts were

made to schedule genetic counseling appointments in conjunction with patients' other clinic

appointments. All patients attending genetic counseling were offered IHC-directed germline

genetic testing. Patients with MSI-low tumors but positive IHC expression of all 4 MMR

proteins were offered germline MSH6 genetic testing. Clinicopathologic data collected from

medical records were reviewed retrospectively.

Results

Both endometrial cancer patient cohorts had similar clinical and pathological characteristics,

including age, BMI, tumor histology, tumor stage, and family history characteristics (Table

1).

Genetic Testing Outcomes (Retrospective Cohort)

In the retrospective cohort, 45/408 (11%) had tumor studies suggestive of LS (Figure 1).

19/45 (42%) were seen for genetic counseling at our institution, and 15/19 (79%) proceeded

with genetic testing. 6/15 (40%) were found to have a deleterious or suspected deleterious

mutation (Table 2). One patient was found to have a variant of uncertain significance. 4/6

germline mutation carriers met clinical criteria for a genetic counseling referral based on a

personal history of colorectal cancer, a family history of colorectal and/or endometrial

cancer in a first-degree relative, a family history of colorectal or endometrial cancer

diagnosed before age 50 in a first, second, or third degree relative, or a family history of a

germline MMR mutation (16). Of the six patients with a germline mutation, 5 had IHC loss

of a MMR protein. The sixth had retained positive IHC expression of MMR proteins but the

tumor was MSI-low. Because the patient was young (age 51 years) and the tumor was
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situated in the lower uterine segment, genetic testing was offered (17). A suspected

deleterious MSH6 mutation was identified that was predicted to result in the production of a

non-functional MSH6 protein. All other participants with MMR-deficient tumors who

underwent germline testing had no detectable mutation (53%).

Genetic Testing Outcomes (Prospective Cohort)

18/206 (8.7%) patients had tumor testing suggestive of Lynch syndrome, including 5 who

had MSI-low tumors with intact positive IHC expression of all 4 MMR proteins (Figure 2).

Genetic counseling attendance in the prospective cohort compared favorably to what was

seen in the retrospective cohort. Of those seen for genetic counseling, 10/13 (77%)

underwent germline testing. 4/10 (40%) patients tested were positive for a deleterious

mutation (Table 2). 5/10 (50%) had no detectable mutation, and one had a variant of

uncertain significance in the MSH6 gene. Excluding those with MSI-low tumors with intact

IHC, 4/7 (57%) had a germline mutation and 4/18 (22%) with tumor studies suggestive of

Lynch syndrome had a mismatch repair gene mutation.

Barriers to Re-Contacting and Genetic Counseling (Retrospective Cohort)

The retrospective cohort had a much lower proportion of patients attending a genetic

counseling appointment. We next sought to identify possible reasons for the low uptake of

genetic counseling in the retrospective cohort. We detected statistically significant

differences in age at diagnosis, time to initial re-contact (in months), and age at time of re-

contact between participants who attended genetic counseling and those who did not.

Participants who were diagnosed with EC at younger ages and those who were re-contacted

closer to the time of their initial diagnosis were more likely to attend genetic counseling

(Table 3). Barriers to re-contacting included patient death and outdated contact information

(Table 4). Barriers to genetic counseling included perceived lack of relevance, inability to

travel to Houston, limited insurance coverage, and previous genetic counseling/testing at

another institution (Table 4).

Discussion

Most studies of follow up genetic counseling and testing have focused on patients with

colorectal cancer. Previous studies in CRC patients undergoing genetic testing for Lynch

syndrome have revealed gender differences in both motivations for pursuing genetic testing

and psychosocial functioning/distress (18, 19). While these studies did not specifically

address barriers to genetic counseling and testing, they do suggest that gender may impact

the process of Lynch syndrome evaluation. In addition, there may be differences in rates of

referral depending on the syndrome itself or the organ primarily affected by the syndrome.

Previous studies assessing other hereditary cancer syndromes have suggested under-referral

for Lynch syndrome genetic counseling versus BRCA1/2 genetic testing in patients with

gynecologic cancer (20). Additionally, the uptake of genetic counseling has been shown to

be lower in patients with EC versus those with ovarian cancer (21). While there are

significant differences between Lynch syndrome and hereditary breast and ovarian cancer

syndrome, these studies do suggest that gender may impact genetic counseling referral rates

through differences in the syndrome itself or the organ primarily affected by the syndrome.
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As barriers to this process may vary between CRC and EC patients, it is thus important to

assess the factors impacting genetic counseling and testing in patients who present with

endometrial cancer as well. This study is one of few that have focused on barriers to the

identification of endometrial cancer patients with Lynch syndrome. Our data suggest that

compliance with follow up genetic counseling and testing is less than 100%, which is

consistent with previous literature (9-11). The uptake of genetic counseling and testing was

much higher in the prospective cohort, in which re-contact was done in real time, than in the

retrospective cohort, in which re-contact was sometimes years after the initial diagnosis.

This is consistent with one of the significant predictors of attendance to genetic counseling

within the retrospective cohort – time since diagnosis. Some of the barriers to genetic

counseling we identified have been noted in previous studies, including lack of insurance

coverage for the genetic counseling visit, perceived lack of relevance, and adjusting to a

cancer diagnosis (10, 22). These barriers may be addressed by addressing health literacy

issues, misconceptions, and emphasizing the clinical utility of genetics (22). Additionally,

our study identified unique barriers not previously reported, such as being unable or

unwilling to return to our institution, age at diagnosis and at re-contact, and time to re-

contact. A study of 245 EC patients suggested that having a genetic counselor contact the

patient directly to schedule an appointment and explain the tumor study results may be one

reason for the higher rate of genetic counseling uptake in their study (76%) (11).

Incorporating this service delivery model along with eliminating other barriers to genetic

counseling (such as insurance coverage) may improve the uptake of genetic counseling, and

therefore the identification of individuals with Lynch syndrome. Other genetic counseling

service delivery models, including telemedicine, may also help eliminate this barrier.

Additionally, it is important to note that length of time between tumor testing and follow-up

genetic counseling may be a significant barrier in EC patients, which suggests that timely

completion of tumor testing and genetic counseling referral is important.

Once endometrial cancer patients are seen for genetic counseling, the uptake of germline

genetic testing is high (15/19 in the retrospective cohort, and 10/13 in the prospective

cohort). This suggests that one of the most significant barriers to the identification of EC

patients with Lynch syndrome is actually getting patients to genetic counseling. Once they

are seen, the most common reason for declining genetic testing is lack of insurance

coverage. Current insurance coverage guidelines for Lynch syndrome testing vary for CRC

vs. EC patients, particularly for patients with tumor studies suggestive of Lynch syndrome,

which suggests a possible area for improvement.

The other challenge identified in our study relates to the results of germline genetic testing.

In these two unselected cohorts of endometrial cancer patients, 60% of patients with tumor

studies suggestive of Lynch syndrome did not have an identifiable germline MMR mutation.

This is consistent with other similar studies in unselected populations (11-13, 23). This may

reflect limitations in current genetic testing technology or the possibility of a sporadic

mechanism for the tumor study results. However, the positive predictive value (PPV) of

tumor studies for germline mutation status has not been as thoroughly investigated in other

studies assessing the efficacy of universal MSI/IHC in endometrial cancer. In highly

selected patient populations, such as those in the Colon Cancer Family Registry who were

ascertained on the basis of young age at diagnosis or family history, a higher PPV is noted
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than in the unselected population-based cohorts (13). In this study of 1061 unselected MSI-

high colorectal cancer patients, approximately 12% had a detectable germline MMR

mutation, as compared to 70% in the highly selected patient cohort. It is well established that

screening tests perform more poorly when applied to a population-based cohort versus a

high-risk cohort, in which the prior probability of having the disease is lower. If one extends

this concept to tumor screening for Lynch syndrome, when one moves to a more universal

tumor testing approach, the PPV of the screening test (MSI and/or IHC) declines.

Management of patients with mismatch repair deficient (MMRD) tumors (defined by

microsatellite instability or IHC loss of a MMR protein) but who lack a germline MMR

mutation (MMRD+/germline-) poses a clinical conundrum, as published guidelines do not

address this cohort. This is a relatively under-recognized limitation of universal tumor

testing that has not been adequately addressed in recent Lynch syndrome literature.

Rodriguez-Soler et al. recently published a study estimating colorectal cancer risk in a

Spanish cohort of CRC patients (24). They demonstrated that those with MMRD tumors but

no detectable germline MMR mutation had lower risks of second primary colorectal cancer

and non-colorectal Lynch syndrome-related cancers than individuals with a germline

mutation (Lynch syndrome), but higher than those with sporadic CRC. This data suggests

the possibility that individuals with MMRD+/germline- tumors represent a mixed group of

people who truly have Lynch syndrome but with undetectable mutations and those who do

not have Lynch syndrome but rather a sporadic cause for their mismatch repair deficient

tumor. The finding of biallelic somatic mutations also suggests the possibility of a sporadic

cause for some MMRD tumors (25). Alternatively, Lynch syndrome may be a

heterogeneous syndrome, with some families having extensive histories of related cancers

and other families having less impressive cancer histories, similar to those seen in families

with MSH6 and PMS2 mutations.

In a health-care environment with limited resources, when deciding how to implement a

screening strategy for Lynch syndrome, one needs to consider how to spend these resources

- family history assessment, genetic counseling, and/or universal tumor testing. Increased

genetic counseling resources may be necessary in order to improve genetic counseling

uptake and limit the time gap between tumor study results and follow up genetic testing.

Advocating for improved insurance coverage for germline genetic testing in endometrial

cancer patients with abnormal tumor studies may also help reduce the number of patients

declining testing due to lack of insurance coverage. It is also important to factor in the cost,

both financial and emotional, associated with failure to detect a germline mutation in

patients with mismatch repair deficient tumors. Most of the mutation-positive (Lynch

syndrome) cases in the current study occurred in individuals who met our previously

established clinical screening criteria, which suggests an alternative approach to identifying

endometrial cancer patients with Lynch syndrome (16). A limitation of a universal tumor

testing approach compared to a selective approach is a lower germline mutation yield, with

its associated lack of clinical management guidelines. A limitation of a selective approach is

the potential to miss patients with Lynch syndrome. When implementing a Lynch syndrome

screening protocol for endometrial cancer patients, it is important to consider these factors.
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One of the strengths of our study is the incorporation of clinical populations with the

inherent challenges that cannot be appreciated in a purely research-based cohort. Thus, this

study accounts for real-life health care encounters, which adds a different perspective to the

existing body of literature on how to optimally identify endometrial cancer patients with

Lynch syndrome. An additional strength of our study is the inclusion of two separate patient

cohorts, thereby increasing the number of patient encounters and sample size. Limitations

include the retrospective design of those in cohort 1; small sample size of patients with

Lynch syndrome, which limits our ability to detect significant demographic differences in

those who were seen for genetic counseling versus those who were not; inability to control

for time from diagnosis to re-contact in the retrospective cohort; and inability to re-contact

all patients for genetic counseling and testing. We are continuing to attempt to re-contact

patients, as well as attempting to eliminate the barriers to genetic counseling and testing.

The optimal strategy to identifying endometrial cancer patients with Lynch syndrome

remains a moving target; however, this study highlights some of the unique clinical issues

that should be considered when deciding on an approach.

Conclusions

This study highlights the real-world clinical implications of a universal tumor testing

program to identify endometrial cancer patients with Lynch syndrome. There are several

barriers to this process, including genetic counseling and testing uptake, and uninformative

genetic test results. It is important to consider these limitations and barriers when

implementing an approach to screening endometrial cancer patients for Lynch syndrome.

Additional studies are necessary to determine the most efficacious, cost-effective approach

to identifying endometrial cancer patients with Lynch syndrome.
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Research Highlights

- Genetic counseling follow up after Lynch syndrome tumor testing is

important

- Barriers include perceived lack of relevance, age, location, and insurance

coverage

- Uninformative germline test results after tumor testing pose a management

challenge
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Figure 1. Retrospective Cohort
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Figure 2. Prospective Cohort
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Table 1

Study Population Demographics.

Clinical Features Retrospective Cohort
(n=408)

Prospective Cohort
(n=206)

Median age at diagnosis (years) 61 62

Range (18-92) (30-86)

BMI (kg/m2) mean (SD) 34.7 (9.4) 35.2 (10.7)

Histology N (%) 336 (82.4) 157 (76.2)

Endometrioid 72 (17.6) 49 (23.8)

Non-Endometrioid

Grade N(%)

1 & 2 299 (73.3) 147 (71.3)

3 109 (26.7) 59 (28.6)

Stage N (%)

I & II 326 (79.9) 159 (77.2)

III & IV 82 (20.1) 47 (22.8)

Family History of colon or endometrial cancer N(%)*

Yes 99 (24.7) 56 (27.2)

No 302 (75.3) 150 (72.8)

*
7 patients lacked sufficient family history documentation in the medical record
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Table 3
Demographics of patients seen for genetic counseling vs. not seen (Retrospective Cohort)

Characteristic Not seen for genetic counseling (n=23) Seen for genetic counseling (n=10) p-value

Age at diagnosis (years) 0.006

 Mean (SD) 63 (8.7) 54.5 (8.1)

 Min-Max 50 – 87 43 - 68

Time to initial re-contact (years) 0.002

 Mean (SD) 5.3 (2.2) 2.4 (1.4)

 Min-Max 1.6 - 11.2 0.9 - 4.9

Age at time of re-contact 0.001

 Mean (SD) 69 (9.0) 57.3 (7.2)

 Min-Max 56.8-93.8 50.2-69.8

BMI (kg/m2) 0.803

 Mean (SD) 31.8 (6.3) 31.3 (9.8)

 Min-Max 23.6 - 43.7 19.4 - 52.8

Family history of colon or endometrial cancer 0.646

 No 19 (82.6) 7 (70.0)

 Yes 4 (17.4) 3 (30.0)

Within greater Houston area (50 miles) 0.701

 No 13 (56.5) 7 (70.0)

 Yes 10 (43.5) 3 (30.0)

4 patients were excluded from this analysis as they were deceased at time of re-contact, and 8 were excluded as they had previously consulted with
genetic counseling.
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Table 4
Barriers to Re-contacting and Genetic Counseling/Testing in Retrospective Cohort

Barriers to re-contacting* (n=37) Barriers to genetic counseling and testing* (n=28)

• Patient death (n=5)

• Perceived lack of relevance (n=6)

• Outdated contact information (n=5)

• Unable/unwilling to travel to Houston (n=5)

• Limited insurance coverage for genetic counseling and/or testing (n=4)

• Underwent genetic counseling/testing at another institution (n=2)

*
may not add up to 100% as some participants had multiple barriers identified
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