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Objective.We investigate the prognostic role of β-catenin and L1 neuronal cell-adhesion molecule (L1CAM)
according to risk groups in endometrial carcinomas (EC).

Methods. A total of 335 EC patients were classified according to the ProactiveMolecular Risk Classifier for En-
dometrial Cancer. We evaluated the expression of ß-catenin and L1CAM using immunohistochemistry, and their
association with clinicopathological characteristics and survival.

Results. The expressions of β-catenin and L1CAM were observed in 10.4% of all patients, respectively, and
showed mutually exclusive pattern. While β-catenin expression was associated with endometrioid histology
(p=0.035) and low tumor grade (p=0.045), L1CAM expressionwas associatedwith non-endometrioid histol-
ogy (p< 0.001), high tumor grade (p< 0.001), lymphovascular space invasion (p=0.006), and advanced Inter-
national Federation of Gynecology and Obstetrics (FIGO) stage (p = 0.001). β-catenin expression was most
frequent in the no specific molecular (NSMP) group (26/35, 74.3%), followed by the DNA polymerase-ε-
mutated (POLE-mut) (6/35, 17.1%), and mismatch repair-deficiency (dMMR) (3/35, 8.6%). L1CAM expression
was most frequent in the p53-abnormal group (22/35, 62.9%), followed by the NSMP (6/35, 17.1%), dMMR
(4/35, 11.4%), and POLE-mut (3/35, 8.6%). Although both markers did not show statistical significance in multi-
variate analysis for both progression-free survival (PFS) and overall survival in entire cohort, β-catenin positivity
was identified as the sole factor associated with worse PFS in the high-intermediate risk subgroup (p = 0.001).

Conclusion. The expression of nuclear β-cateninmay serve as a potential biomarker for predicting recurrence
and guiding therapeutic strategies in high-intermediate risk EC patients.

© 2024 Elsevier Inc. All rights reserved.
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1. Introduction

Endometrial carcinoma (EC) is the most common gynecologic ma-
lignancy in developed countries, with increasing incidence and
gy, Seoul National University
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mortality rates over the past years [1]. Most patients present with
low-grade early-stage disease and have good outcomes. However,
some patients are diagnosed with high-grade advanced stages and
have a poor prognosis. Therefore, accurate risk classification is impor-
tant for selecting an appropriate adjuvant therapy.

In 2013, The Cancer Genome Atlas (TCGA) Research Network classi-
fied EC into four prognostically significant subgroups based on genomic
characteristics [2]. Inspired by this study, Talhouk et al. developed the
Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE),
a clinically applicable molecular-based classification using surrogate
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
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molecular markers [3]. Subsequent studies consistently demonstrated
theprognostic importance of the ProMisE systemand its high diagnostic
reproducibility [4,5]. The four subgroups are as follows: 1) DNA
polymerase-ε (POLE) ultra-mutated (POLEmut)with an excellent prog-
nosis, 2)mismatch repair-deficient (dMMR)with an intermediate prog-
nosis, 3) p53-abnormal (p53abn) with a poor prognosis, 4) no specific
molecular profile (NSMP) with an intermediate to excellent prognosis.
Because the NSMP group is defined by the exclusion of the signatures
of other groups, this group shows a highly heterogeneous prognosis—
good-to-intermediate prognosis in low-grade endometrioid endome-
trial carcinoma (EEC), intermediate outcome in high-grade EEC, and
poor prognosis in non-endometrioid carcinomas [6–10]. Considering
this heterogeneity and thewide range of prognostic outcomes, newmo-
lecular markers are required for risk stratification of this group to adopt
the most suited treatment approach.

Recent studies have proposed that mutations in exon3 of CTNNB1
and expression of L1 neuronal cell-adhesion molecule (L1CAM) may
help further stratify the NSMP subgroup [11,12]. A subset of low-grade
early-stage EEC has CTNNB1 exon 3 mutation. Although this mutation
is associated with characteristics that showed a good prognosis
(endometrioid histology, lower tumor grade, younger patient age,
<50%myometrial invasion, and absence of lymphovascular space inva-
sion (LVSI)), it is also associated with decreased recurrence-free sur-
vival in EECs [13,14]. L1CAM is a transmembrane glycoprotein
belonging to the immunoglobulin family that plays an important role
in cell adhesion and migration [15]. Several studies have shown
L1CAM expression to be strongly associated with abnormal p53 expres-
sion and LVSI [16,17]. Moreover, L1CAM has been shown to stratify the
NSMP group [12]. However, contrary to these findings, a recent study
published by the TransPORTEC group reported that there was no prog-
nostic value of the expressions of β-catenin and L1CAM in high-risk
groups, and only the expression of ERwas identified as a favorable prog-
nostic factor [18]. The association between the expression of β-catenin
and L1CAMand the prognosis of endometrial cancer remains controver-
sial dependingon the cohort. In the ongoing PORTEC-4a trial, in addition
to POLE, MMR, and p53 status, CTNNB1mutation status and L1CAM ex-
pression were included in the risk grouping for high-intermediate-risk
endometrial cancer [19]. Therefore, it is necessary to verify the predic-
tive potential of prognostic biomarkers according to the risk group.
Thus, we evaluated the expression of β-catenin, a surrogate marker of
CTNNB1 mutation, and L1CAM and investigated their prognostic roles
in EEC patients.

2. Methods

2.1. Patients and samples

We reviewed the medical records and pathological reports of 335
patients with EC who underwent surgery at Seoul National University
Bundang Hospital between May 2006 and May 2018. We collected
data on age at diagnosis, histologic type, depth of invasion, LVSI, Inter-
national Federation of Gynecology and Obstetrics (FIGO) grade, FIGO
stage, and adjuvant treatment. Hematoxylin and eosin-stained tumor
sections were reviewed by two gynaecological pathologists to confirm
the diagnosis based on the 2020 WHO classification system [20]. Tu-
mors with endometrioid, serous, clear-cell, or mixed histology were in-
cluded in this study. None of the patients received any neoadjuvant
therapy. This retrospective protocol was approved by the institutional
review board, which waived the requirement for informed consent
(B-2008/628–304).

2.2. Molecular classification

We classified EC patients into fourmolecular subgroups using surro-
gatemarkers as previously described [3–5]. A droplet digital polymerase
chain reaction (ddPCR) system (Qx200 Droplet DigitalTM PCR System;
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Bio-Rad, Hercules, CA, USA) was used to identify five hotspot POLEmu-
tations (P286R, S297F, V411L, A456P, and S459F) [21]. Immunohisto-
chemistry (IHC) was performed using a tissue microarray (TMA) to
evaluate p53 and MMR protein (hMLH1, hMSH2, hMSH6, and PMS2)
expression. To overcome tumor heterogeneity, paired 2-mm cores
were taken from each tissue block and arranged in a new TMA block
using a trephine apparatus (SuperBioChips Laboratories, Seoul, Korea).
p53 staining was performed using a primary monoclonal antibody
(pre-diluted DO-7; Dako, Santa Clara, CA, USA). Strong nuclear positiv-
ity (>80% of tumor cells) or complete loss of expressionwas considered
aberrant expression. MMR proteins were stained with primary mono-
clonal antibodies against MLH1 (G168–728, 1:250; PharMingen, San
Diego, CA, USA), MSH2 (FE11, 1:50; Oncogene Research Products, Cam-
bridge, MA, USA), and MSH6 (GRBP·P1/2. D4, 1:200; Serotec Inc., Ra-
leigh, NC, USA) and PMS2 (A16–4, 1:200; PharMingen). A complete
loss of nuclear staining for any of the proteinswas considered abnormal
expression. If more than two molecular signatures were present, we
classified the cases into one of four groups based on the presence of
the POLE mutation > dMMR > p53abn [22,23].

Moreover, all patients were categorized according to the 2021
European Society for Medical Oncology-European Society of
Gynaecological Oncology-European Society for Radiotherapy & Oncol-
ogy (ESMO-ESGO-ESTRO) guidelines into one of five risk groups, with
and without integration of the molecular classification [24].

2.3. Assessment of β-catenin and L1CAM expression

β-catenin and L1CAM expression were determined by IHC using a
mouse anti-β-Catenin antibody (clone 14, BD Biosciences; 1:750) and
a rabbit anti-L1CAM antibody (clone 14.10, BioLegend, 1:100) on
TMA. β-catenin expression was scored according to the percentage of
positive nuclear staining in tumor cells (0 = no staining, 1 = ≤10%,
2 = 11–50%, and 3 = >50%); we defined β-catenin positivity as >10%
of tumor cells showing nuclear staining [25]. L1CAM expression was
scored according to the percentage of positive membranous staining
in tumor cells (0 = no staining, 1 = ≤10%, 2 = 11–50%, and 3 =
>50%); we defined L1CAM positivity as >10% of tumor cells showing
membranous staining [12]. Fig. 1 shows representative images of β-
catenin and L1CAM expression.

2.4. Statistical analysis

Relationships betweenmolecular subgroups and clinicopathological
data were evaluated using the χ2 test and Fisher's exact test. Survival
curves were created using the Kaplan–Meier method and compared
using the log-rank test. Progression-free survival (PFS) and overall sur-
vival (OS) were analyzed using the Cox proportional hazardsmodel. All
analyses were two-sided and significance was set at p< 0.05. All analy-
ses were performed using the IBM SPSS software (version 25.0; IBM
Corp., Armonk, NY, USA).

3. Results

3.1. Clinicopathologic characteristics

Table 1 shows the clinicopathological characteristics of the 335 pa-
tients. The mean age at diagnosis was 55.44 years (range:
24–83 years). The histological subtypes were defined as type I (pure
endometrioid) (301/335 patients; 89.9%) and type II or mixed (34/335
patients: 19 serous, 4 clear cell, and 11 mixed; 10.1%). The FIGO stages
at diagnosis were stage I (280/335 patients; 83.6%), stage II (6/335 pa-
tients; 1.8%), stage III (39/335 patients; 11.6%), and stage IV (10/335 pa-
tients; 3.0%). A total of 142 patients (42.4%) received adjuvant therapy
(radiotherapy: 50 patients [14.9%]; chemotherapy: 43 patients
[12.8%]; chemoradiotherapy: 49 patients [14.6%]). Of 99 patients who
received radiation with or without chemotherapy, 82 received pelvic
f Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
ización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Fig. 1.Representative images showing β-catenin (A–C) and L1CAM(D–F) protein expression. (A) Diffuse nuclear staining (Score 3), (B) focal nuclear staining (Score 1), and (C) absence of
nuclear staining (Score 0) ofβ-catenin. (D) Diffusemembranous staining (Score 3), (E) focal membranous staining (Score 1), and (F) absence ofmembranous staining (Score 0) of L1CAM
(200× magnification).

Table 1
Clinicopathologic characteristics of patients.

Characteristics Total ß-catenin-negative ß-catenin-positive p-value L1CAM-negative L1CAM-positive p-value

Age at diagnosis (years)
Mean (±SD) 55.44(±10.64) 55.96(±10.31) 51.00(±12.36) 0.009⁎ 54.73(±10.27) 61.54(±11.85) <0.001⁎

Histological subtype
Type I 301 (89.9%) 266 (88.7%) 35 (100.0%) 0.035⁎ 286 (95.3%) 15 (42.9%) <0.001⁎

Type II and mixed 34 (10.1%) 34 (11.3%) 0 (0%) 14 (4.7%) 20 (57.1%)
FIGO grade
Low (1–2) 262 (78.2%) 230 (76.7%) 32 (91.4%) 0.045⁎ 254 (84.7%) 8 (22.9%) <0.001⁎

High (3) 73 (21.8%) 70 (23.3%) 3 (8.6%) 46 (15.3%) 27 (77.1%)
Myometrial invasion
<1/2 238 (71.0%) 212 (70.7%) 26 (74.3%) 0.655 220 (73.3%) 18 (51.4%) 0.007⁎

≥1/2 97 (29.0%) 88 (29.3%) 9 (25.7%) 80 (26.7%) 17 (48.6%)
LVSI
Absent 239 (71.3%) 211 (70.3%) 28 (80.0%) 0.231 221 (73.7%) 18 (51.4%) 0.006⁎

Present 96 (28.7%) 89 (29.7%) 7 (20.0%) 79 (26.3%) 17 (48.6%)
FIGO stage
Early (I–II) 286 (85.4%) 254 (84.7%) 32 (91.4%) 0.284 263 (87.7%) 23 (65.7%) 0.001⁎

Advanced (III–IV) 49 (14.6%) 46 (15.3%) 3 (8.6%) 37 (12.3%) 12 (34.3%)
Adjuvant treatment
Not done 193 (57.6%) 168 (56.0%) 25 (71.4%) 0.156 187 (62.3%) 6 (17.1%) <0.001⁎

Radiation therapy 50 (14.9%) 48 (16.0%) 2 (5.7%) 46 (15.3%) 4 (11.4%)
Chemotherapy 43 (12.8%) 41 (13.7%) 2 (5.7%) 25 (8.3%) 18 (51.4%)
Chemoradiation therapy 49 (14.6%) 43 (14.3%) 6 (17.1%) 42 (14.0%) 7 (20.0%)

Total 335 (100%) 300 (89.6%) 35 (10.4%) 300 (89.6%) 35 (10.4%)

Abbreviation: SD, standard deviation; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; L1CAM, L1 cell-adhesion molecule.
⁎ Statistically significant.
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external beam radiation and 17 received vaginal brachytherapy. During
follow-up, 14.3% of the patients experienced recurrence and 6.0%
died because of their disease. The median PFS was 91.7 months
(range: 0.6–202.7 months) and the median OS was 96.8 months
(range: 3.4–202.7 months).

The expressions of β-catenin and L1CAMwere observed in 10.4% of
all patients, respectively (Table 1). Both the markers were expressed in
mutually exclusive patterns. Of β-catenin-positive tumors, 17/35
(48.6%) showed moderate expression (score 2, 11–50%) and 18/35
(51.4%) showed strong expression (score 3, > 50%). Of L1CAM-
positive tumors, 23/35 (65.7%) showed moderate expression (score 2,
11–50%) and 12/35 (34.3%) showed strong expression (score 3, >
50%). β-catenin expressionwas associated with endometrioid histology
(p= 0.035) and low tumor grade (p= 0.045), however, was not asso-
ciatedwith depth of invasion, LVSI and FIGO stage (Table 1). In contrast,
L1CAM expression was associated with non-endometrioid histology
(p < 0.001), high tumor grade (p < 0.001), depth of invasion (p =
0.007), LVSI (p = 0.006) and advanced FIGO stage (p = 0.001)
(Table 1).

3.2. β-catenin and L1CAM expression in ProMisE subgroups

In total, 38 patients (11.3%) were classified as POLEmut, 67 (20.0%)
as dMMR, 51 (15.2%) as p53abn, and 179 (53.4%) as NSMP, according
to the ProMisE classification (Fig. 2). As shown in Fig. 2, 6/38 (15.8%) pa-
tients classified as POLEmut, 3/67 (4.5%) as dMMR and 26/179 (14.5%)
as NSMP were β-catenin positive. No patients classified as p53abn
showed β-catenin expression. Further, 3/38 (7.9%) patients classified
as POLEmut, 4/67 (6.0%) as dMMR, 22/51 (43.1%) as p53abn, and 6/
179 (3.4%) as NSMPwere L1CAM positive (Fig. 2). ß-catenin expression
was most frequent in the NSMP group (26/35, 74.3%), followed by the
DNAPOLEmut (6/35, 17.1%), and dMMR (3/35, 8.6%) groups. L1CAMex-
pression was most frequent in the p53 abn group (22/35, 62.9%),
followed by the NSMP (6/35, 17.1%), dMMR (4/35, 11.4%), and POLE-
mut (3/35, 8.6%) groups.

3.3. β-catenin and L1CAM expression in the ESMO-ESGO-ESTRO risk group

Patients were classified into five risk groups according to the
ESMO-ESGO-ESTRO guidelines [24]. When the molecular
Fig. 2. β-catenin (A) and L1CAM (B) expression in the various ProMisE subgroups. Represente
mismatch repair deficiency; NSMP, no specific molecular profile; L1CAM, L1 cell-adhesion mol
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classification was unknown, 172 patients were classified as low
risk (51.3%), 43 (12.8%) as intermediate risk, 59 (17.6%) as high-
intermediate risk, 50 (14.9%) as high risk, and 11 (3.3%) as advanced
risk. After molecular classification, 182 patients were classified as
low-risk (54.7%), 39 (11.7%) as intermediate-risk, 39 (11.7%) as
high-intermediate, 62 (18.6%) as high-risk, and 11 (3.3%) as ad-
vanced risk (Fig. 3). In total, risk group classification of 35 patients
(10.4%) was altered after the molecular classification of tumors
was known. Sixteen patients were reclassified as low-risk after mo-
lecular classification of POLEmut. Further, 3 and 14 patients were
reclassified as intermediate-risk and high-risk, respectively, after
molecular classification of p53abn. Two patients with FIGO Stage 3
disease and POLEmut were unclassifiable.

The percentage of patients showing the β-catenin and L1CAM ex-
pression in the unknownmolecular classification group was as follows:
β-catenin positive: 22/172 (12.8%) low, 6/43 (14.0%) intermediate, 4/59
(6.8%) high-intermediate, 2/50 (4.0%) high, and 1/11 (9.1%) advanced;
L1CAM positive: 4/172 (2.3%) low, 5/43 (11.6%) intermediate, 5/59
(8.5%) high-intermediate, 18/50 (36.0%) high and 3/11 (27.3%)
advanced. After molecular classification, the percentages of patients
showing β-catenin and L1CAM expression were changed as follows:
β-catenin positive: 25/182 (13.7%) low, 4/39 (10.3%) intermediate,
3/39 (7.7%) high-intermediate, 1/62 (1.6%) high, and 1/11 (9.1%)
advanced; L1CAM positive: 4/182 (2.2%) low, 5/39 (12.8%) intermedi-
ate, 2/39 (5.1%) high-intermediate, 21/62 (33.9%) high and 3/11
(27.3%) advanced.

3.4. Survival analysis

Weperformed survival analysis based on β-catenin and L1CAMpos-
itivity in entire cohort (Table 2). Although L1CAM expression showed
an association with worse PFS (p = 0.014) and OS (p = 0.009) in uni-
variate analysis, it did not show statistical significance in multivariate
analysis for both PFS and OS. β-catenin expression did not show statis-
tical significance in risk stratification for both recurrence (p = 0.767)
and survival (p = 0.675). In entire cohort, advanced FIGO stage (p =
0.025; HR, 2.220; 95% CI, 1.104–4.464) and adjuvant chemotherapy
and chemoradiation therapy (p = 0.022; HR, 3.642; 95% CI,
1.210–10.962, and p = 0.001; HR, 5.320; 95% CI, 1.898–14.914, respec-
tively)were associatedwithworse PFS, and tumor gradewas associated
d as absolute numbers and percentages. Abbreviations: POLE, DNA polymerase ε; dMMR,
ecule.
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Fig. 3. The shifts of patients between molecular unknown and known classification ac-
cording to 2021 ESMO-ESGO-ESTRO risk groups. Abbreviations: ESMO-ESGO-ESTRO,
European Society for Medical Oncology-European Society of Gynaecological Oncology-
European Society for Radiotherapy & Oncology; NA, not applicable.

Table 3
Factors associatedwith progression-free survival inhigh-intermediate risk sub-
group (n = 39).

Factors Univariate (p-value)

FIGO grade
high (3) vs. low (1–2) 0.146

LVSI
present vs. absent 0.382

Molecular subgroup
NSMP vs. dMMR 0.170

Adjuvant treatment
RT vs. not done 0.856
CT vs. not done 0.435
CRT vs. not done 0.723
RT vs. CT/CRT 0.302/0.564

ß-catenin
positive vs. negative 0.001⁎

L1CAM
positive vs. negative 0.635

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics;
LVSI, lymphovascular space invasion; NSMP, no specific molecular group;
dMMR, mismatch repair-deficiency; RT, radiation therapy; CT, chemotherapy;
CRT, chemoradiation therapy; L1CAM, L1 cell-adhesion molecule.
⁎ Statistically significant.
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with worse OS (p = 0.020; HR, 6.516; 95% CI, 1.337–31.747) in multi-
variate analysis.

Next, we performed further subgroup analysis to identify factors
influencing PFS within each risk group that was reclassified based
on molecular classification. β-catenin positivity was identified as
the sole factor associated with worse PFS in the high-intermediate
risk subgroup (p = 0.001) (Table 3). L1CAM positivity did not show
statistical significance for both recurrence and survival in any
subgroups.
Table 2
Factors associated with survival in the entire cohort (n = 335).

Progression free survival

Factors Univariate Multivariate

p-value p-value Haza

Histology
non-endometrioid vs. endometrioid <0.001⁎ 0.948

FIGO grade
high (3) vs. low (1–2) <0.001⁎ 0.843

LVSI
present vs. absent <0.001⁎ 0.487

Molecular subgroup
p53-abn vs. POLE <0.001⁎ 0.878
p53-abn vs. dMMR <0.001⁎ 0.860
p53-abn vs. NSMP <0.001⁎ 0.877
NSMP vs. POLE 0.051
NSMP vs. dMMR 0.573
dMMR vs. POLE 0.029⁎

FIGO stage
high (III, IV) vs. low (I, II) 0.001⁎ 0.025⁎ 2.22

Adjuvant treatment
RT vs. not done 0.031⁎ 0.202
CT vs. not done <0.001⁎ 0.022⁎ 3.642
CRT vs. not done <0.001⁎ 0.001⁎ 5.320
RT vs. CT 0.074
RT vs. CRT 0.004⁎

L1CAM
positive vs. negative 0.014⁎ 0.178

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascu
match repair-deficiency; NSMP, no specific molecular group; RT, radiation therapy; CT, chemo
interval; NA. not applicable.
⁎ Statistically significant.
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4. Discussion

In this study, we evaluated the expression of β-catenin and L1CAM
in ECs and explored their potential as prognostic markers. We revealed
that β-catenin positivity was identified as the sole biomarker predicting
recurrence in the molecular classification known-high-intermediate
risk group.

Previous studies reported that CTNNB1 exon 3 mutations are associ-
ated with worse outcomes and intermediate prognoses in patients with
low-grade early-stage EC [11,13,26]. Furthermore, some studies have
proposed that CTNNB1-mutant EC may be regarded as a fifth molecular
subgroup of EC [27,28]. β-catenin, encoded by CTNNB1, is an adherent
junction protein that plays an important role in the Wnt signaling
Overall survival

Univariate Multivariate

rd ratio (95% CI) p-value p-value Hazard ratio (95% CI)

<0.001⁎ 0.840

<0.001⁎ 0.020⁎ 6.516 (1.337–31.747)

0.008⁎ 0.601

<0.001⁎ 0.997
<0.001⁎ 0.894
<0.001⁎ 0.900
0.255
0.131
NA

0 (1.104–4.464) 0.015⁎ 0.789

0.073 0.604
(1.210–10.962) <0.001⁎ 0.328
(1.898–14.914) 0.002⁎ 0.156

0.101
0.412

0.009⁎ 0.351

lar space invasion; p53-abn, p53-abnormal; POLE, DNA polymerase epsilon; dMMR, mis-
therapy; CRT, chemoradiation therapy; L1CAM, L1 cell-adhesion molecule; CI, confidence

f Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
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pathway. CTNNB1 exon 3 mutations cause nuclear accumulation of β-
catenin protein, and activation of theWnt/β-catenin signalingpathway,
leading to carcinogenesis and progression of EC by inducing the tran-
scription of target genes [29]. Recent studies have attempted to validate
nuclear β-catenin expression in place of the identification of CTNNB1
exon 3 mutations. Kim et al. reported that nuclear β-catenin expression
had 100% specificity in detecting CTNNB1 mutations from wild type,
though the low sensitivity (84.9%), and suggested IHC can be used as
an initial screening test [25]. Travaglino et al. performed a systematic
review of 15 observational studies, and pooled estimates of nuclear β-
catenin expression showed 88% sensitivity and 85% specificity in detect-
ing CTNNB1 exon 3 mutation [27]. In the subsequent meta-analysis
results, nuclear β-catenin expression showed a sensitivity and specific-
ity of 85% and 98%, respectively, in predicting CTNNB1 exon 3mutations
[30]. These results confirm nuclear β-catenin accumulation as an accu-
rate surrogate of CTNNB1 mutation, revealing a considerably excellent
specificity. Despite its low sensitivity, β-catenin IHC is less expensive,
has a shorter turnaround time than CTNNB1 sequencing, and is routinely
examined in pathological practice. Therefore, although β-catenin IHC
may not entirely correlate, it can serve as a useful surrogate marker
for predicting the presence of CTNNB1mutations in biopsies or resected
EC samples.

A recent study reported that abnormal β-catenin expression in the
stage I-II NSMP subgroup was significant on multivariate analysis for
vaginal recurrence, and adjuvant radiation therapy could significantly
decrease the recurrence [31]. These findings are line with our results,
demonstrating worse PFS in the molecular classification-known high-
intermediate risk subgroup with β-catenin positivity. The study by the
TransPORTEC group mentioned earlier focused exclusively on the
high-risk group, indicating that the expression of β-catenin is
prognostically significant in the early stage, endometrioid, and NSMP
subgroups [18]. Taken together, these results suggest that the expres-
sion of nuclear β-catenin could serve as a biomarker to determine the
implementation of adjuvant therapy in the high-intermediate risk sub-
group.

A similar frequency of β-catenin expression was observed in the
POLEmut (15.8%) and NSMP (14.5%) groups, but it was rare in the
dMMR (4.5%) and the p53abn group (0%), consistent with the 2013
TCGA data [2]. β-catenin expression in the POLEmut group is likely in-
fluenced by proofreading errors and ultramutation. Nonetheless, there
were no significant prognostic differences based on β-catenin expres-
sion in the low-risk subgroup mainly including POLEmut group.

Previous studies have reported that L1CAM expression induces
tumor cell migration, invasion, epithelial-mesenchymal transition
(EMT), and chemoresistance [15,32]. Some studies have shown the
the potential prognostic role of L1CAM expression in predicting recur-
rence in NSMP EC patients [12,33]. In this study, L1CAM exhibited asso-
ciations with worse PFS and OS in the univariate analysis of the entire
cohort. However, these associationswere not demonstrated in themul-
tivariate analysis for PFS and OS. This is believed to be because L1CAM
expression is predominantly observed in non-endometrioid histology,
high grade, and advanced stage EC, suggesting that it does not act as
an independent prognostic factor. These results align with the context
that L1CAM was not confirmed as an independent prognostic factor in
the TransPORTEC study targeting high-risk EC patients [18]. The prog-
nostic impact of L1CAM expression in the high-intermediate risk
group was not confirmed in our cohort, and further validation in larger
cohorts is deemed necessary.

Compared with previous studies, L1CAM expression was the
highest in the p53abn group and showed similar frequency; how-
ever, overall L1CAM expression in the entire EEC cohort was slightly
lower than that reported in other studies [12,34,35]. L1CAM expres-
sion was observed in 8.6% of the patients in the POLEmut group,
6.0% in the dMMR group, and 3.3% in the NSMP group. This suggests
that the tendency of L1CAM to exhibit focal rather than diffuse
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expression may have led to its underestimation in TMA due to
intratumoral heterogeneity.

Previous research in colon cancer has identified L1CAM as a target
gene of the β-catenin signaling pathway, and some authors suggest
that the transcription factor Slug and β-catenin regulate L1CAM expres-
sion, inducing EMT in EC [36,37]. However, in this study, β-catenin and
L1CAM were expressed in a mutually exclusive pattern. Similarly, a re-
cent study showed a mutually exclusive pattern of β-catenin and
L1CAM expression [38]. This suggests that there are other pathways in
the regulation of L1CAM expression that are not associated with β-
catenin in EC.

This study was limited by a relatively small cohort study and single-
center retrospective design. In addition, β-catenin and L1CAM IHC are
known to show intratumoral heterogeneity, whichmay limit their eval-
uation in TMA.

In conclusion, we demonstrated that β-catenin and L1CAM were
expressed in a mutually exclusive pattern, and β-catenin posiyivity
was identified as the sole biomarker predicting recurrence in themolec-
ular classification known-high-intermediate risk group of EC. Therefore,
evaluation of nuclearβ-catenin expressionmay serve as a potential bio-
marker for predicting recurrence and guiding therapeutic strategies in
high-intermediate risk endometrial cancer patients.
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