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Abstract

Hereditary endometrial carcinoma is associated with germline mutations in Lynch syndrome
genes. The role of other cancer predisposition genes is unclear. We aimed to determine the
prevalence of cancer predisposition gene mutations in an unselected endometrial carcinoma patient
cohort. Mutations in 25 genes were identified using a next generation sequencing based panel
applied in 381 endometrial carcinoma patients who had undergone tumor testing to screen for
Lynch syndrome. Thirty five patients (9.2%) had a deleterious mutation: 22 (5.8%) in Lynch
syndrome genes (3 MLH1,5 MSH2, 2 EPCAM-MSHZ, 6 MSH6, 6 PMS2) and 13 (3.4%) in 10
non-Lynch syndrome genes (4 CHEKZ, 1 each in APC, ATM, BARD1, BRCA1, BRCAZ, BRIP1,
NBN, PTEN, RAD51C). Of 21 patients with deleterious mutations in Lynch syndrome genes with
tumor testing, 2 (9.5%) had tumor testing results suggestive of sporadic cancer. Of 12 patients with
deleterious mutations in MSH6 and PMSZ, 10 were diagnosed at age >50 and 8 did not have a
family history of Lynch syndrome associated cancers. Patients with deleterious mutations in non-
Lynch syndrome genes were more likely to have serous tumor histology (23.1% v 6.4%, p=0.02).
The 3 patients with non-Lynch syndrome deleterious mutations and serous histology had
mutations in BRCAZ, BRIP1, and RAD51C. Current clinical criteria fail to identify a portion of
actionable mutations in Lynch syndrome and other hereditary cancer syndromes. Performance
characteristics of tumor testing are sufficiently robust to implement universal tumor testing to
identify patients with Lynch syndrome. Germline multi-gene panel testing is feasible and
informative, leading to the identification of additional actionable mutations.
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Introduction

The hallmarks of a hereditary cancer syndrome include early age of diagnosis, multiple
affected family members, and an increased lifetime risk of cancers associated with the
defined syndrome (1). Lynch syndrome is the prototypical hereditary cancer syndrome in
endometrial cancer and accounts for 2-6% of all endometrial cancers (2, 3). Lynch
syndrome is caused by autosomal dominant mutations in DNA mismatch repair genes
(MLH1, MSHZ2, MSH6, PMS2), and patients who carry a germline mutation in one of the
mismatch repair genes have a cumulative lifetime risk of endometrial cancer of 20-70% (4—
7). In addition to endometrial cancer, individuals who harbor deleterious mutations in Lynch
syndrome genes are at an increased lifetime risk of colorectal, ovarian, gastric, pancreatic,
biliary tract, small bowel, and urothelial cancers (8). While less common than Lynch
syndrome, Cowden syndrome, characterized by germline mutations in P7EN, also carries an
increased lifetime risk of endometrial cancer as high as 28% (9, 10).

Hereditary Breast and Ovarian Cancer syndrome is associated with germline mutations in
BRCA1 and BRCAZ. Patients who harbor germline mutations in BRCAI and BRCAZ carry
a lifetime risk of ovarian cancer (especially high grade serous carcinoma) of 39-54% and
11-27%, respectively (11-13). BRCA mutations are also associated with a number of
different cancers, most notably breast cancer, pancreatic cancer, and prostate cancer (14).
More recently, germline mutations in BRIP1, RAD51D, and RAD51C have been associated
with an increased lifetime risk of ovarian cancer ranging from 10-15% (15-19), with
RAD51Cand RAD51D associated with the serous subtype. While studies have evaluated the
risk of endometrial cancer in Hereditary Breast and Ovarian Cancer syndrome, most have
focused on serous cancers alone in the Ashkenazi Jewish population and have reported
conflicting results (20-24). Currently, there is no clear evidence that germline mutations in
BRCAI1, BRCAZ, RAD51D, RAD51C and BR/PI play a role in hereditary endometrial
cancer. Similarly, there is some anecdotal evidence of defects in DNA mismatch repair in
breast cancers from women initially suspected as having Hereditary Breast and Ovarian
Cancer syndrome, but subsequently showing absence of germline mutations in BRCAI and
BRCAZ (25). The 25 genes tested in this study were selected based on evidence supporting
their role in the development of hereditary cancers (Supplementary Table 1). While the
genes underlying Lynch syndrome are most commonly associated with hereditary
endometrial cancer, inclusion of additional hereditary cancer genes allows for the
investigation of other genes and the possible association with endometrial cancer.

The traditional approach to identifying the germline mutation associated with a suspected
hereditary cancer is to use the patient’s personal and family history to target a specific
syndrome and then test for the specific gene or genes associated with that syndrome. Given
the overlap of cancer types between syndromes, it is advantageous in certain settings to test
for more than one hereditary syndrome simultaneously. Multi-gene panels utilizing next
generation sequencing can be performed rapidly for germline deleterious mutations
associated with multiple hereditary cancer syndromes using a single blood sample (26, 27).
Evaluation of a multi-gene panel has the potential to provide knowledge regarding the
influence of genes other than mismatch repair genes in hereditary endometrial cancer. The
objective of the current study was to determine the incidence of germline mutations in Lynch
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syndrome and other hereditary cancer genes in an unselected cohort of well-characterized
endometrial cancer patients. From this study, we can begin to examine the clinical and
pathological characteristics of patients with and without germline mutations who have tissue
testing results (immunohistochemistry, microsatellite instability analysis, and MLH1
methylation analysis) suggestive of Lynch syndrome.

Clinical Data

Following Institutional Review Board approval (PA13-0391), unselected cases of
endometrial carcinoma treated at The University of Texas MD Anderson Cancer Center were
identified using a departmental tumor bank. Beginning with the most recent cases,
endometrial carcinomas were included if the patient was 18 years of age or greater, received
treatment at MD Anderson, and had sufficient blood available in the tumor bank for
germline analysis. Relevant clinical data were extracted from physician and genetic
counselor notes as well as patient intake forms, all available in the electronic medical record.
Patients were classified as meeting or not meeting the Society of Gynecologic Oncology 5-
10% criteria which aim to identify patients with a greater than 5-10% chance of having an
inherited predisposition to endometrial cancer. These criteria are based on age of
endometrial cancer diagnosis, presence of family members with Lynch syndrome associated
cancers, and personal history of Lynch syndrome associated cancers (28). Tumor testing to
screen for potential Lynch Syndrome was performed as previously described in a CLIA-
designated clinical laboratory in the Division of Pathology & Laboratory Medicine, MD
Anderson Cancer Center (29). Pathologic data, immunohistochemistry results for mismatch
repair proteins (MLHI1, MSHZ2, MSH6, PMS2), microsatellite instability (MSI) status, and
ML HI methylation analysis results were abstracted from the pathology report for
hysterectomy specimens if available.

Multi-Gene Next-Generation Sequencing Assay for Germline Assessment

DNA from patient white blood cells was analyzed for germline mutations in a panel of 25
genes associated with hereditary cancer syndromes (MLH1, MSHZ2, MSH6, PMSZ,
EPCAM, PTEN, STK11, TP53, BRCA1, BRCAZ, APC, ATM, BARD1, BMPRIA, BRIPI,
CHI, CDK4, CDKNZA, CHEK?Z, bi-allelic MUTYH, NBN, PALB2, RAD51C, RAD51D,
SMAD4) as previously described (26, 27). Sample preparation for next-generation
sequencing was performed using the RainDance Thunderstorm emulsion polymerase chain
reaction (PCR) system (RainDance Technologies, Billerica, Mass). Next-generation
sequencing was performed using the Illumina HiSeq2500 (Illumina Inc., San Diego, Calif).
Large rearrangements were identified using quantitative dosage analysis of the data obtained
from next-generation sequencing. In addition, deletions and duplications were identified
using a custom microarray comparative genomic hybridization (CGH) chip (Agilent
Technologies, Santa Clara, California). Multiplex ligation-dependent probe amplification
analysis for large rearrangements in PMS2and CHEKZwas performed to distinguish
homologous pseudo genes and actual gene regions (30). Variants were classified using
American College of Medical Genetics and Genomics recommendations and Myriad
Genetics, Inc. data (31, 32). Gene variants that were deemed deleterious or suspected
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deleterious were considered mutations. If a patient had a deletion in EPCAM that extended
into MSH?Z, then this patient was counted as one mutation in EPCAM-MSHZ2. MUTYH
variants were considered deleterious only if bi-allelic. Mono-allelic MUTYH mutation
carriers were counted and reported separately. Variants of unknown significance were
counted and reported separately.

The prevalence of deleterious mutations in each of the 25 genes was tabulated and exact
95% confidence intervals were calculated by the Clopper-Pearson method. Demographic,
clinical, and pathologic characteristics were compared using the chi-square test for
categorical variables and the t-test/ ANOVA for continuous variables. As this is primarily a
descriptive study, there were no formal adjustments for multiple comparisons. P values less
than or equal to 0.05 were considered statistically significant. Analyses were performed
using SAS for Windows version 9.3.

A total of 447 patients with endometrial carcinoma were identified with available clinical
data. Sixty-six patients had insufficient DNA for germline testing, resulting in 381 patients
included in this analysis. Most (365/381) had previously undergone tumor testing
(immunohistochemistry, MSI analysis, and MLHI methylation) for evaluation of possible
Lynch Syndrome. As summarized in Table 1, cases were representative of an endometrial
cancer patient population with a mean age of diagnosis 61 years and the majority with stage
| or 11, grade 1 or 2 endometrioid-type endometrial carcinomas.

The spectrum of germline mutations detected is summarized in Table 2 and Supplemental
Tables 2 and 3. Thirty five patients (9%, 95% confidence interval (Cl) = 6.48 — 12.54) had a
deleterious mutation in one of the 25 genes examined. Twenty two patients (6%, 95% CI =
3.65 — 8.61) had a deleterious mutation in Lynch syndrome genes, including 3 MLHI1, 5
MSH2Z, 2 EPCAM-MSHZ, 6 MSH6, and 6 PMS2 mutations. Thirteen patients (3%, 95% CI
= 1.83 - 5.76) had a deleterious mutation in non-Lynch syndrome genes including 4 CHEK?2
and 1 each in APC, ATM, BARD1, BRCA1, BRCAZ, BRIP1, NBN, PTEN, RAD51C.
Mutations in high penetrance genes (Lynch syndrome genes, BRCA1, BRCAZ, PTEN, and
APC) accounted for 74% of the deleterious mutations detected.

Important clinical and pathological characteristics for patients with deleterious germline
mutations are summarized in Table 3. We have previously shown that patients with Lynch
syndrome germline mutations are more likely to have endometrial tumors centered on the
lower uterine segment (33) and a lower body mass index (34). Compared to patients with no
deleterious mutation, patients with deleterious germline mutations in Lynch syndrome genes
were younger at diagnosis (mean 52 v 62 years, p<0.01), less likely to be overweight (64% v
86%, p=0.01), more likely to have a tumor in the lower uterine segment (30% v 8%,
p<0.01), and more likely to meet the Society of Gynecologic Oncology guidelines for
genetic assessment referral (59% v 24%, p=0.01). Of note, 3 patients (14%) with deleterious
germline mutations in Lynch syndrome genes were diagnosed at age greater than 60 years,
and 41% of the patients with a Lynch syndrome deleterious mutation did not meet the
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Society of Gynecologic Oncology criteria for genetic assessment referral. 21 of 22 patients
with deleterious mutations in Lynch syndrome genes had available tumor testing results.
Two (10%) of these patients had a deleterious mutation (1 PMS2and 1 MSH6) and intact
immunohistochemistry expression of mismatch repair proteins without MSI, suggestive of a
sporadic cancer. Patients with deleterious germline mutations in non-Lynch syndrome genes
were more likely to have endometrial carcinomas with serous histology (23% v 6%, p=0.02)
than patients without a deleterious mutation. No other predictors of deleterious mutations in
non-Lynch syndrome genes were identified.

Table 4 summarizes age at diagnosis, tumor histology, and family history for patients with
deleterious germline mutation in non-Lynch syndrome genes. Of the 13 patients with
deleterious mutations in non-Lynch syndrome genes, 5 (39%) were of non-endometrioid
histology. Neither of the deleterious mutations in BRCAI or BRCAZwas clinically
recognized prior to this study. Both patients with a deleterious mutation in PTEN and APC
previously presented with clinical histories consistent with Cowden Syndrome and Familial
Adenomatous Polyposis, respectively. The patient with a deleterious mutation in PTEN
presented with a personal history of uterine and breast cancer and autism as well as a family
history of breast, colon, and thyroid cancer. The patient with a deleterious mutation in APC
had a screening colonoscopy following her uterine cancer diagnosis given a family history of
colon cancer. On screening colonoscopy, the patient was found to have polyposis consistent
with Familial Adenomatous Polyposis. Note that the ages of endometrial cancer diagnosis
(35 and 28 years, respectively) for these 2 women were substantially younger than the mean
age for women with a deleterious mutation in a Lynch syndrome gene (52 years).

Tumor testing (immunohistochemistry for DNA mismatch repair proteins, MSI analysis,
ML HI methylation analysis) has emerged as a useful tissue screening tool to help identify
patients at risk for harboring a Lynch syndrome mutation. It is well known that patients who
are tissue screen positive may not subsequently have a germline Lynch syndrome gene
mutation detected. Of the 365 patients that had tumor testing performed, 51 (14%) were
tissue screen positive defined as loss of MLH1 expression (without MLHI methylation) or
loss of MSHZ2, MSH6, or PMSZ2 by immunohistochemistry. Patients with MSI-high tumors
lacking MLH1 methylation but with intact immunohistochemistry expression of mismatch
repair proteins were also considered tissue screen positive. Thirty of these patients (63%)
had tumor testing results suggestive of Lynch syndrome, but were found to have no germline
mutation in Lynch syndrome genes. As shown in Table 5, patients with deleterious germline
mutations in Lynch syndrome genes were diagnosed at a younger age compared to tissue
screen positive but Lynch syndrome germline negative patients (mean 52 v 60 years,
p<0.01). However, there were no significant differences in BMI, tumor location, and family
history between patients with deleterious mutations in Lynch syndrome genes, and screen
positive patients with no identifiable deleterious mutation. Interestingly, when examining
BMI, tumor location (lower uterine segment vs. corpus), the Society of Gynecologic
Oncology criteria, and family history of Lynch-associated cancer, there is a graded
difference between the Lynch syndrome deleterious mutations, tissue screen positive/
germline Lynch syndrome deleterious mutation negative, and sporadic cancer groups. For
example, the percentage of screen positive/germline Lynch syndrome deleterious mutation
negative patients with a family history of Lynch-associated cancer was 42%, greater than
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that for the sporadic patients (33%) but less than that for the Lynch syndrome deleterious
mutation patients (59 patients). In addition, the endometrial cancer patients who are tissue
screen positive but Lynch syndrome germline mutation negative tend to have clinical and
pathological features which are intermediate between patients with identified Lynch
syndrome germline mutations and patients with sporadic endometrial cancer (no Lynch
syndrome mutation and not tissue screen positive).

Table 6 summarizes age of diagnosis and family history for the individual Lynch syndrome
mutations. For deleterious mutations in MLH1, MSHZ, and EPCAM-MSHZ, 80% of
patients were diagnosed at age less than 50 years, 90% of patients met the Society of
Gynecologic Oncology criteria for genetic assessment referral, and 90% have a documented
family history of Lynch syndrome associated cancer. Conversely, for deleterious mutations
in MSH6 and PMS2, 83% of patients were diagnosed at age greater than 50 years, 67% did
not meet the Society of Gynecologic Oncology criteria, and 67% did not have a documented
family history of Lynch syndrome associated cancers.

The sensitivity and specificity of the Society of Gynecologic Oncology criteria for
identifying patients with deleterious mutation in Lynch syndrome genes were 59% and 75%,
respectively, compared to 90% and 91% for tumor testing with immunohistochemistry for
mismatch repair proteins, MSI analysis, and MLHI methylation for cases involving MLH1
protein loss by immunohistochemistry. As expected, tumor testing with
immunohistochemistry, MSI, and MLHI methylation, did not identify patients with non-
Lynch syndrome gene mutations.

Discussion

To our knowledge, this is the first report of multi-gene hereditary cancer panel testing in an
unselected endometrial carcinoma cohort. The hereditary cancer panel incorporated genes
known to be associated with hereditary endometrial cancer in addition to other known
hereditary cancer syndromes. Similar to previous studies, we found that 6% of this
population has a deleterious germline mutation consistent with Lynch syndrome. Thirteen
patients were found to have a deleterious mutation in non-Lynch syndrome genes.
Interestingly, 5 of these 13 patients had endometrial carcinomas that were non-endometrioid
histology; these are clinically the most aggressive endometrial cancers with the highest risk
of mortality. While there is a well-established association between BRCA mutations and
serous ovarian carcinomas, previous studies that have evaluated the role of BRCA mutations
in uterine serous carcinomas have produced conflicting results. Three studies have reported
on the incidence of BRCA founder mutations in patients with uterine serous carcinoma and
Ashkenazi Jewish ancestry. Biron-Shental et al. evaluated 22 patients with uterine serous
cancer and found that 6 patients had a germline mutation in BRCAI or BRCAZ, accounting
for 27% of patients (23). Lavie et al. also reported 8 BRCAZ and BRCAZ mutations in a
series of 59 uterine serous cancers (22). Differently, Levine et al. evaluated a series of 199
Ashkenazi Jewish patients with endometrial carcinoma that included 17 serous carcinomas.
There were 3 BRCA germline mutations identified overall in this population, but no
mutations were identified in the serous cancers specifically (20). Of note, one of the BRCA
mutations identified in our study was a founder mutation, but neither reported Ashkenazi
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Jewish ancestry. Two additional studies have evaluated BRCA mutations in the general
uterine serous cancer patient population. Goshen et al. reported no germline mutations in
BRCAI or BRCAZin 56 patients with serous uterine cancer (24). Pennington et al evaluated
a larger series of 151 uterine serous cancers for germline mutations in BRCAI1, BRCAZ,
MLHI, MSHZ2, MSH6, PMSZ, and 10 Fanconi anemia- BRCA pathway genes. In their
cohort, 4.7% of patients were found to have germline mutations, with 3 BRCA1 mutations, 2
CHEKZ mutations, and no BRCAZ mutations identified (21). While Pennington et al
included BRIPI1 and RAD5IC in their analysis, there were no mutations identified in their
patient population. There were 26 serous cancers included in our patient cohort and 3 had a
germline mutation in genes associated with hereditary ovarian cancer (BRCAZ, RAD51C,
and BRIPI), accounting for 11.5% of this patient population (13, 16, 17). The patient with a
BRCAZ mutation reported one family member with a postmenopausal breast cancer and
both patients with a RAD51C and BR/P1 mutations reported a family history of pancreatic
cancer. None of these patients reported a family history of ovarian cancer and were not
previously identified clinically for genetic assessment referral. One patient with BRCA1
germline mutation had an endometrioid-type endometrial carcinoma; she also reported no
family history of cancer.

A recent report by Yurgelun et al. evaluated the role of multi-gene panel testing in patients
with a clinical history consistent with Lynch syndrome. The majority of patients included in
this large registry based series presented with colorectal cancer, but there were 292 patients
with endometrial cancer included. Of these, 2 BRCAI, 2 BRCAZ, 1 CHEKZ, and 1 ATM
germline mutation were identified (27). This study differs from the current patient cohort in
that the patient population was higher risk for germline mutations given that all patients
included had a clinical history suggestive of Lynch syndrome. In addition, given that this
was a registry based study, there was no information available regarding the histologies of
the individual mutation carriers. Despite these differences, this study reinforces the findings
that a proportion of endometrial cancer patients have a germline mutation in BRCAI,
BRCAZ and other hereditary cancer predisposition genes. Larger studies, in uterine serous
cancers specifically, are needed to address the role of hereditary breast and ovarian cancer
genes in hereditary endometrial cancer. It is currently unclear if female relatives of uterine
serous carcinoma patients with germline mutations in BRCA1, BRCAZ or other genes are
also at risk of developing this aggressive endometrial malignancy. Based on the results of
our study and the cumulative published literature, testing patients with serous uterine cancer
for germline mutations in multiple hereditary cancer genes has potential clinical implications
that include interventions for breast or ovarian cancer.

Four patients (endometrioid histology x 3; clear cell histology x 1) were found to have a
mutation in CHEKZ, making it the most common non-Lynch syndrome deleterious mutation
identified in this patient cohort. A germline mutation in CHEKZ (1100delC) was first
identified in 2002 and since then has been associated with an increased risk of breast cancer
(35). In addition, CHEKZ mutations have also been associated with prostate, thyroid, renal
and questionably colorectal cancer (36—38). Pennington et al. did identify 2 CHEK?
mutations in their series of patients with uterine serous carcinoma, but no studies to date
have found CHEKZ mutations associated with other endometrial cancer histologies (21).
Two of four patients with CHEKZ mutations in our study reported a family history of breast
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cancer. The risk of breast cancer associated with CHEKZ has been shown to be higher in
individuals with a family history of breast cancer. NCCN guidelines recommend annual
breast MRI screening for patients who have a lifetime risk of 20% or greater based on gene
mutation status or family cancer history. In our study population, 8 patients with deleterious
germline mutation in BRCA1, BRCAZ, CHEKZ, ATMand PTEN would fall under this
recommendation highlighting the clinical implications of finding germline mutations outside
of Lynch syndrome in this patient population (39).

One strength of our study is the ability to compare germline mutation analysis with tumor
testing results to differentiate germline Lynch syndrome positive cases from screen positive
patients with no identifiable Lynch syndrome germline mutation or so called “Lynch-like
syndrome (LLS)” cases. In our study, the only significant difference between germline
positive cases and screen positive cases was mean age of diagnosis, 51.7 versus 59.6,
respectively. There were no differences in BMI, tumor location, whether patients met the
Society of Gynecologic Oncology criteria or documented family history of Lynch syndrome
associated cancers when comparing cases with Lynch syndrome deleterious mutation and
screen positive patients. This raises an important clinical question of how to best manage
patients with endometrial cancer that are tissue screen positive, germline Lynch syndrome
mutation negative. Recommending more frequent colonoscopy than the general population
is an important option.

There have been recent advances that help explain some of these cases, including cases with
a loss of expression of mismatch repair protein, but no germline mutation identified. Rhees
et al. reported a novel inversion of exons 1-7 of MSHZ2in 6/10 cases in which
immunohistochemistry showed loss of MSHZ protein expression with no identifiable
deleterious mutation by germline testing (40). While 5 patients in the current study had
MSHZ mutations, an additional 12 patients had loss of MSHZ expression on
immunohistochemistry with no identifiable mutation in MSHZ2. MSHZ inversion analysis
was not incorporated into the current gene panel and may explain a portion of these cases. In
addition, two groups have reported mismatch repair gene somatic mutations in carcinomas
with loss of mismatch repair proteins on immunohistochemistry but no germline mutation
identified (41,42). Based on these findings, MSHZ inversion testing and somatic mutation
screening could potentially provide an explanation for a porportion of tissue screen positive,
germline negative cases. A stepwise approach incorporating these techniques may help to
prevent unnecessary increased colorectal screening as well as ease patient anxiety for those
who have no identifiable germline mutation via routine germline testing.

In our study, of 22 patients found to have Lynch syndrome germline mutations, 55% had
MSH6 and PMS2 mutations. Previous studies have shown that women who carry MSH6
mutations have an increased risk of endometrial cancer compared to those with MLHI and
MSHZ mutations (43, 44). More importantly, patients with MSH6 and PMS2 mutations did
not present with clinical histories that are classically seen with Lynch syndrome. In contrast
to patients with MLHI, MSHZ, and EPCAM-MSHZ mutations, the majority of patients with
MSH6 and PMS2 mutations were diagnosed at age greater than 50 years, did not meet the
Society of Gynecologic Oncology criteria, and did not have a documented family history of
Lynch syndrome associated cancers. This raises the question of whether there are two
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distinct presentations of Lynch syndrome-associated endometrial cancer. So-called “typical
Lynch syndrome-associated endometrial cancer” presents with early age of endometrial
cancer diagnosis, significant family history for Lynch syndrome associated cancers, and
multiple cancers within the same patient. These patients are more likely to have mutations in
MLHI and MSHZ according to our data. In contrast, women with “atypical Lynch
syndrome-associated endometrial cancer” present at later age of diagnosis and lack
significant family history. According to our data, as many as 67% of endometrial cancer
patients with MSH6 or PMS2 germline mutations would not be identified using Society of
Gynecologic Oncology clinical screening criteria. One approach that has been proposed is
universal tissue screening for all newly diagnosed endometrial cancer cases. Even this
approach does not capture all patients with germline Lynch syndrome mutations and is not
expected to identify patients with mutation in hereditary cancer genes outside of Lynch
syndrome. In our study, there were 2 Lynch syndrome germline mutations identified, 1
PMS2and 1 MSH6, associated with intact positive immunohistochemistry expression of
mismatch repair proteins. There was insufficient tumor for MSI analysis for these 2 patients.

One limitation of our study is that clinical characteristics were collected retrospectively from
patient questionnaires and dictated physician notes in the electronic medical record which
could lead to incomplete personal and family histories. In addition, all patients were
collected from a large referral cancer center which may have an overall higher risk of
hereditary cancer than the general endometrial cancer patient population. With a total of 35
germline mutations identified, making definitive conclusions regarding individual genes is
difficult. Our data do suggest that a patient population more enriched in non-endometrioid
endometrial carcinomas may be enriched in germline mutations, particularly in non-Lynch
syndrome genes.

Our conclusions from this study are three-fold. First, a significant percentage of endometrial
cancer patients with Lynch syndrome are not recognized using current clinical criteria, as
they present with later age of diagnosis or with limited or no family history of Lynch
syndrome associated cancers. Second, the performance characteristics of tumor testing are
sufficiently robust to utilize universal tumor testing in all newly diagnosed endometrial
carcinomas to identify patients with Lynch syndrome who may be missed by current referral
guidelines. Tumor testing does not identify mutation carriers beyond Lynch syndrome.
Third, germline multi-gene hereditary cancer panel testing is feasible and informative in a
large series of unselected endometrial carcinoma cases. In addition to the Lynch mutation
carriers, two percent of patients were identified with cancer predisposition gene mutation
with available NCCN management guidelines. The clinical relevance of identifying these
additional gene mutation carriers should be explored in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Characteristics of study population.

Clinical Characteristic (N=381) | N (%)

Age at Diagnosis, mean (SD) | 61 (11)
Age at Diagnosis <50
Yes 50 (13)
No 331 (87)
Race
Caucasian 265 (70)
African-American 34 (9)
Hispanic 66 (17)
Asian 14 (4)
Native American 2(1)
BMI
Underweight 3(1)
Normal Weight 58 (15)
Overweight 79 (21)
Obese 241 (63)
FIGO Stage
I 266 (70)
I 25 (7)
n 55 (14)
v 34 (9)
Unknown 1(0)
FIGO Grade?
1 35 (9)
2 215 (56)
3 131 (34)
Histology
Endometrioid 289 (76)
Serous 26 (7)
Clear Cell 10 (3)
Mixed 44 (12)
Carcinosarcoma 7(2)
Undifferentiated 5(1)

1 - . .
Non-endometrioid carcinomas were designated as grade 3.
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Spectrum of germline mutations detected.

Table 2

Gene (N=381)

| No. of Patient with DM

% of Patient with DM (95% CI)

Any Deleterious Mutation | 35 9 (6.48-12.54)
Lynch Syndrome Genes 22 6 (3.65-8.61)
MLHI1 3 1(0.16-2.28)
MSHZ2 5 1(0.43-3.04)
EPCAM-MSH2! 2 1(0.06-1.88)
MSH6 6 2 (0.58-3.40)
PMS2 6 2 (0.58-3.40)
Non-Lynch Syndrome Genes 13 3(1.83-5.76)
PTEN 1 0 (0.01-1.45)
BRCAI 1 0 (0.01-1.45)
BRCAZ 1 0(0.01-1.45)
APC 1 0 (0.01-1.45)
ATM 1 0 (0.01-1.45)
BARD1 1 0(0.01-1.45)
BRIP1 1 0(0.01-1.45)
NBN 1 0 (0.01-1.45)
RADS5IC 1 0(0.01-1.45)
CHEKZ 4 1(0.29-2.67)

'ZTwo patients with EPCAM-MSHZ2 mutations had mutations in both MSHZ2and EPCAM, these were counted as a single mutation.
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Summary of non-Lynch mutations.

Table 4

Page 16

Gene Mutation Age at Diagnosis | Histology Family History
APC €.847C>T (p.Arg283*) 28 Endometrioid Bladder Cancer — FDRZ unknown age
CRCZ-FDR 47
ATM €.2921+1G>A 76 Endometrioid Breast Cancer — SDR unknown age
Renal Cancer — SDR unknown age
BARD1 €.1690C>T (p.GIn564*) 59 Mixed Serous and Clear Breast Cancer — SDR unknown age
Cell
BRCA1 ¢.5266dupC (p.GIn1756Profs*74) 55 Endometrioid None
BRCA2 ¢.5073dupA (p.Trp1692Metfs*3) 58 Serous Breast Cancer — FDR 79
BRIP1 €.2114_2118del (p.Lys705Thrfs*10) | 58 Serous Pancreatic Cancer — FDR 61
CRC - SDR unknown age
CHEK2 €.1100del (p.Thr367Metfs*15) 60 Endometrioid None
CHEK2 €.1100del (p.Thr367Metfs*15) 52 Endometrioid Breast Cancer — SDR 35
CHEK2 €.1100del (p.Thr367Metfs*15) 56 Endometrioid Breast Cancer — SDR 60
Breast Cancer — TDR 60
Gastric Cancer — SDR 50
CHEK2 | c¢.1100del (p.Thr367Metfs*15) 57 Clear Cell None
NBN c.11del (p.LeudArgfs*16) 78 Endometrioid Breast Cancer — FDR 55
PTEN €.697C>T (p.Arg233*) 35 Endometrioid Breast Cancer — SDR 70
CRC - SDR unknown age
RAD51C | del exons 6-9 78 Serous Pancreatic Cancer — FDR 62

'ZFDR = first degree relative,

2
CRC = colorectal cancer,

3SDR =second degree relative
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