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HIGHLIGHTS

« Recurrences in stage I, grade 1 endometrial cancer are infrequent but confer a poor prognosis.

* Recurrent cases have significantly higher rates of CTNNB1 mutations and MSI-H than non-recurrent controls.

* Among recurrent cases, CTNNB1 mutations most frequently occur in MSS tumors.

» CINNBI and MSI-H should be further evaluated as possible molecular markers in risk-stratification of endometrial cancer.
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Objectives. Stage I, grade 1 endometrial cancers have low recurrence rates and often do not receive adjuvant
therapy. We compared recurrent cases to matched non-recurrent controls to evaluate for molecular markers as-
sociated with higher risk of recurrence.

Methods. A case-control study including all cases of recurrent stage I, grade 1 endometrioid endometrial can-
cer at one institution in a ten-year period. Cases were matched to controls by age, BMI, weight and stage. Molec-
ular testing and immunohistochemistry were performed on archival tumor specimens: microsatellite instability
(MSI-H), mismatch repair status, POLE mutational status, and next-generation sequencing.

Results. 15 stage I, grade 1 endometrial cancer cases with recurrent disease and available tumor specimens
were identified. CTNNB1 and MSI-H were present at significantly higher rates in cases than controls (CTNNB1
60% vs. 28%,0R 3.9, 95%Cl 1.1-14.7, p = 0.04 and MSI-H 53% vs. 21%, OR 4.4, 95%Cl 1.1-17.0, p = 0.03). POLE mu-
tations were found in 0% of cases vs. 7% of controls (p = 0.54). Among specimens demonstrating microsatellite
stability (MSS), 100% of cases vs. 26% of controls had CTNNB1 mutations (p < 0.001). CTNNB1 wild type tumors
were MSI-H in 100% of cases vs. 19% of controls (p < 0.001).

Conclusions. Compared to controls, CTNNB1 mutation is present at significantly higher rates in recurrent stage
I, grade 1 endometrial cancers and is found most commonly in MSS tumors. MSI-H is also present at significantly
higher rates in recurrent cases. These markers may be useful for prognostic risk stratification and adjuvant ther-
apy decision-making in this otherwise low-risk population.
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1. Introduction

Endometrial cancer incidence and mortality are on the rise world-
wide [1-3]. In the United States, endometrial cancer is the most
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common gynecologic cancer with an estimated 63,230 new cases in
2018 — an increase from 40,100 in 2008 [3,4]. Stage I, grade 1 endome-
trial cancer is generally perceived as a surgically managed disease with
an excellent prognosis. Although 5-year survival for this group of tu-
mors is over 90% [5], when they do recur, they have an especially poor
prognosis and few treatment options [1]. Accurate risk-stratification is
therefore critical to the survival of stage I, grade 1 endometrial cancer
patients [1,6-8].
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The current clinical risk-stratification for endometrial cancer is
based on patient age and histopathologic factors of the tumor including
histology type, grade, surgical stage, tumor size, myometrial invasion
and lymphovascular space invasion (LVSI). Multiple large studies in-
cluding the Gynecologic Oncology Group (GOG) 33 trial, GOG 99 trial
and Post Operative Radiation Therapy in Endometrial Cancer (PORTEC)
trials have determined that these histopathologic factors are associated
with a higher risk of recurrence and metastases in endometrial cancer.
However, there is increasing evidence that risk-stratification of endo-
metrial cancer using these histopathologic factors is not entirely accu-
rate in predicting outcomes [8-13].

Recently, there is substantial evidence that molecular testing could
significantly improve the risk-stratification and prognostication of endo-
metrial cancer. Some of the most comprehensive data supporting mo-
lecular classification of endometrial cancer is from The Cancer Genome
Atlas (TCGA) study [12], which identified four distinct genomic endo-
metrial cancer subtypes with statistically different clinical outcomes.
The molecular markers that defined these genomic subtypes included
microsatellite instability (MSI-H), CTNNB1, TP53, and POLE hotspot mu-
tations [1,6,12,14,15]. Multiple studies have evaluated the TCGA data
and demonstrated reproducibility of the genomic subtypes and their as-
sociated prognoses, indicating that molecular classification of endome-
trial cancer has the potential to be a reliable and impactful addition to
the clinical risk-stratification of endometrial cancer [14-19].

Among endometrial cancers, risk-stratification is especially difficult
for early stage, low grade tumors. This population includes both tumors
that are cured with surgery, requiring no adjuvant therapy, and tumors
that have a higher risk of recurrence and therefore should be considered
for adjuvant therapy. The current clinical risk-stratification models at-
tempt to use histopathologic factors to determine which tumors among
this early stage, low grade population have a higher risk of recurrence
and should receive adjuvant therapy; however, as previously mentioned,
these risk-stratification models may not provide a completely accurate
prognostication [7-11,15]. For this reason, we used molecular testing to
evaluate recurrences among early stage, low grade endometrial cancer.
Our objective was to determine which molecular markers were associ-
ated with a higher risk of recurrence in stage I, grade 1 endometrioid en-
dometrial cancers.

2. Methods

Medical records at a single institution from January 2007 through
December 2017 were reviewed to identify cases of recurrent stage I,
grade 1 endometrioid endometrial cancer. We included patients age
18 to 99 and excluded those with no available pathology specimen.
This same medical record review was used to identify controls, which
were defined as patients with stage I, grade 1 endometrioid endometrial
cancer with no recurrence. All controls were required to have clinical
surveillance with no evidence of recurrence for a duration at least six
months longer than the longest time to recurrence of the cases. Controls
were matched to cases in a 2:1 ratio and were matched by age, BMI,
weight, stage.

Archival tumor pathology specimens were used for molecular test-
ing. Molecular testing was performed at the Colorado Molecular Corre-
lates Laboratory (CMOCO) and consisted of microsatellite instability
testing via the Promega MSI Analysis kit (Promega, Madison WI), POLE
mutational testing via a custom-designed Sanger sequencing assay,
and mutational testing of 67 genes by a next-generation sequencing
(NGS)-based assay For the NGS assay, library preparation was per-
formed using the ArcherDx VariantPlex Solid Tumor kit (ArcherDx,
Boulder, CO), sequencing was performed on the Illumina MiSeq plat-
form (Illumina, San Diego, CA), and analysis of raw sequence data was
performed using the ArcherDx Analysis platform (v5, ArcherDx). Mis-
match repair (MMR) immunohistochemistry (IHC) was performed on
archival tumor specimens to evaluate for deficiencies in MLH1, PMS2,
MSH2, and MSH6 markers.

All molecular variants noted as present by the bioinformatics analy-
sis algorithm were carefully vetted by trained personnel before being
reported. Several factors including variant allele frequency (VAF), read
depth at the position, complexity in reads supporting the variant, read
direction bias, strand bias, and sequencing noise in surrounding posi-
tions were considered in the process. The VAF cut-off used in our lab
for visualizing and reporting a variant is 3%. Population polymorphisms
were not reported.

Medical charts were abstracted for patient demographics, tumor
pathologic characteristics, and operative details. Patient and tumor
characteristics and the molecular testing results were compared using
chi-square and Fisher's exact tests.

3. Results

We identified 311 women with stage I, grade 1 endometrioid endo-
metrial cancer. Of those, 18 (6%) had recurrent disease. Of the 18 recur-
rent cases, 15 had available tumor specimens. None of these recurrent
cases received adjuvant therapy following initial surgical management.
Median time to recurrence among these 15 cases was 48 months and
the longest time to recurrence was 80 months. Recurrence location
was at the vaginal cuff in 8 of 15 cases (53%), pelvic lymph nodes in 3
of 15 (20%) and para-aortic lymph nodes or elsewhere in the abdomen
in4 of 15 (27%) (Table 1).

From the 311 women with stage I, grade 1 endometrioid endome-
trial cancer, we identified 30 matched non-recurrent controls. All 30
controls had clinical surveillance >86 months and no evidence of endo-
metrial cancer recurrence. One of these controls had a poor tissue sam-
ple that was ultimately inadequate for molecular testing, resulting in 29
total controls with adequate tissue samples. Cases and controls were
matched by age at diagnosis, BMI, weight and stage. Cases and controls
also did not differ in surgical approach (Table 2).

Molecular testing results demonstrated that recurrent cases had a
high frequency of PTEN (80%), PIK3CA (60%), and CTNNB1 (60%) muta-
tions, a low frequency of TP53 mutations (7%), and no POLE hotspot mu-
tations (0%). Controls had a high frequency of PTEN mutations (86%) and
alow frequency of MSI-H (21%), TP53 (14%), and POLE hotspot (7%) mu-
tations. The frequency of both CTNNB1 mutations and MSI-H was signif-
icantly higher among cases than controls (CTNNB1 60% vs. 28%, OR 3.9,
95%Cl 1.1-14.7, p = 0.04 and MSI-H 53% vs. 21%, OR 4.4, 95%CI
1.1-17.0, p = 0.03). There was no significant difference in the frequency
of any other molecular marker between cases and controls, including
PTEN, PIK3CA, KRAS, TP53 and POLE hotspot mutations (Table 3). The
full mutational analysis is available in Table 5 in the supplemental mate-
rial. Among specimens demonstrating microsatellite stability (MSS),
100% (7/7) of cases and 26% (6/23) of controls had CTNNBI mutations
(p <0.001). CTNNB1 wild type tumors were MSI-H in 100% (6/6) of
cases vs. 19% (4/21) of controls (p < 0.001). Among recurrent cases, 7
of 9 (78%) CTNNB1 mutant tumors were MSS, and 6 of 8 (75%) MSI-H tu-
mors were CTNNB1 wildtype (Table 4).

4. Discussion

In this case-control study, we found that cases of recurrent stage I,
grade 1 endometrioid endometrial cancer had a significantly higher rate
of CTNNB1 and MSI-H than matched non-recurrent controls. These find-
ings indicate that these markers are associated with a risk of recurrence

Table 1
Recurrence location among 15 cases.

Recurrence location Number, n Percentage, %
Vaginal cuff 8 53%
Pelvic 3 20%
Abdominal 4 27%
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Table 4
Microsatellite stability and CTNNB1 mutation status in cases and controls.

Table 2
Characteristics of cases and controls.
Variable Cases (n = 15) Controls (n = 29) p value
Age 57 (47-69) 59 (44-71) 0.53
BMI 33.1(21.6-53.8) 34.2 (20.6-53.0) 1.00
Weight (kg) 83.5 (57.2-165.1) 87.1 (51.9-145.6) 1.00
Stage 0.60
1A 13 (87%) 27 (93%)
IB 2 (13%) 2 (7%)
Surgical route 0.21
Abdominal 8 (53%) 21 (72%)
Minimally invasive 7 (47%) 8 (28%)

in this low-risk tumor population and could therefore be considered for
use in risk stratification of endometrial cancers.

CTNNBI1 is a gene involved in the Wnt signaling pathway, which con-
trols cell differentiation and proliferation. Mutations in the Wnt path-
way and in CTNNBI specifically have been found to be associated with
carcinogenesis in a number of different cancer types [7,20,21]. The find-
ing in our study that CTNNB1 mutation is associated with recurrence in
endometrial cancer is supported by recent data looking at molecular
classification of endometrial cancer. First, the TCGA study identified a
distinct genomic subgroup of endometrial cancers described as copy-
number low: endometrioid tumors characterized by high frequency of
CTNNB1 mutations, microsatellite stability, and low mutation rates
[12]. A subsequent analysis of only endometrioid tumors involved in
the TCGA study demonstrated that tumors with Wnt pathway activa-
tion and CTNNB1 mutations specifically had a worse overall survival, es-
pecially in comparison to other low grade endometrioid tumors [20].
These findings were then reinforced by Kurnit et al., who demonstrated
a significantly decreased recurrence-free survival in stages I-II and
grades 1-2 endometrial cancers with CTNNBI mutations [7].

Deficiencies in the MMR genes MLH1, PMS2, MSH2, and MSH6 can be
the result of germline or somatic mutations. Tumors with MMR defi-
ciencies have an accumulation of mismatched base-pairs in microsatel-
lite regions and therefore a detectable change in the length of the
microsatellite region, which is termed microsatellite instability, or
MSI-H [22]. MMR deficiencies and MSI-H are a well-known event in en-
dometrial cancer, present in up to 40% of endometrial cancer cases
[6,23]. However, the impact of MMR deficiencies and MSI-H on out-
comes is not well understood as previous studies have produced incon-
sistent findings on progression-free and overall survival. Our data,
however, is congruent with the results of the GOG 210 trial, which is
one of the largest studies evaluating the association of MMR deficiencies
and endometrial cancer outcomes. The GOG 210 trial included endome-
trial cancers of all stages and grades and found that women with MMR
deficiencies had lower progression-free survival than women with in-
tact MMR (Hazard Ration 1.37, p < 0.05, 95%CI 1.00-1.86) [23].

Although there are a number of studies that have evaluated CTNNB1
mutations, MMR deficiencies and MSI-H in endometrial cancers, our
study is the first to do so in a low-risk population. With our study

Table 3
Frequencies of molecular markers in cases and controls in order of decreasing frequency.

Cases Controls p value

(%) (%)
PTEN 80 86 0.68
PIK3CA 67 48 0.34
CTTNB1 60 28 0.04
MSI-H 53 21 0.03
KRAS 27 35 0.74
PIK3R1 27 35 0.74
TP53 7 14 0.65
MLH1 7 3 1.00
POLE hotspot 0 7 0.54

Full list of mutational analysis available in Table 5 in supplemental material.

Cases,n =15 MSS
7/15 (47%)

CTNNB1 wildtype
0/7 (0%)

CTNNB1 mutant
7/7 (100%)
CTNNB1 wildtype

MSI-H 6/8 (75%)

8/15 (53%) CTNNB1 mutant
2/8 (25%)

Controls, n = 29 MSS CTTNB1 wildtype

23/29 (79%) 17/23 (74%)
CTNNB1 mutant
6/23 (26%)
CTTNB1 wildtype

MSI-H 4/6 (67%)

6/29 (21%) CTNNB1 mutant

2/6 (33%)

population being strictly defined as stage I, grade 1 endometrioid endo-
metrial cancers that did not receive adjuvant therapy, we have elimi-
nated incongruent variables that exist when evaluating endometrial
cancers of a variety of stages and grades. Our study population is
therefore one of our study's main strengths. The sample size of our pop-
ulation is small, due to the rarity of recurrence in stage I, grade 1
endometrioid endometrial cancers, but our case-control design allows
for effective analysis of this small population.

Our study is also unique in that we evaluate CTNNB1 mutations and
MSI-H in both their association with disease recurrence and their rela-
tionship with each other. Among recurrent cases, 100.0% of specimens
demonstrating microsatellite stability (MSS) had CTNNB1 mutations
and 100.0% of specimens with CTNNB1 wildtype demonstrated MSI-H.
Also among recurrent cases, the large majority of CTNNBI mutant tu-
mors had no MMR deficiencies or MSI-H (7 of 9, 78%), and the large ma-
jority of MSI-H tumors had no CTNNB1 mutations (6 of 8, 75%). CTNNB1
mutations and MSI-H are associated with a higher risk of recurrence in
our population of stage I, grade 1 endometrioid endometrial cancers,
but their associations with disease recurrence are clearly independent
of each other, making the CTNNB1 mutation and MSI-H independent
risk factors.

The molecular data demonstrated in this study, in combination with
TCGA data and other previously mentioned studies, supports the use of
molecular markers in risk-stratification of endometrial cancer. Clinical
risk-stratification is used to make critical adjuvant therapy decisions
and therefore accurate prognostication is imperative. Current risk-
stratification systems for endometrial cancers are based on age and his-
topathologic factors. However, there is recent data demonstrating that
these current risk-stratification systems (GOG99, PORTEC2) have diffi-
culty in discriminating between endometrial cancers of low, intermedi-
ate and high risk of recurrence [13,16]. It follows that this incomplete
prognostication has significant implications on treatment and out-
comes: some patients are unnecessarily exposed to the morbidities of
adjuvant therapy, while other patients are at increased risk of poor out-
come due to lack of adequate treatment [1,6,13,16]. The consequences
of inaccurate risk-stratification are especially applicable to the patient
population we have studied—stage I, grade 1 endometrioid endometrial
cancers—who are stratified into adjuvant therapy versus expectant
management following surgery. Recent data produced by TCGA and
Talhouk et al. have demonstrated that molecular classification of endo-
metrial cancers is both reproducible and reliably associated with clinical
outcomes [12,16]. Therefore, an integrated risk-stratification system
utilizing the combination of molecular markers, histopathologic factors
and age should be considered in order to achieve more effective prog-
nostication and better outcomes for endometrial cancer patients [6].
Based on our data, CTNNB1 and MSI-H could be markers included in
such an integrated risk-stratification system for stage I, grade 1
endometrioid endometrial cancers. Further evaluation of these markers
in a larger cohort would help to confirm their prognostic value.
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Supplementary data to this article can be found online at https://doi.
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