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Simple Summary: While a significant number of ECs are successfully treated without recurrence,
some cases of EC still result in death even at its early stages. Incorporating molecular classification
enhances prognostic accuracy, aiding tailored treatments. This approach has been utilized by the
2021 ESGO/ESTRO/ESP guidelines and the updated 2023 FIGO classification. Our study employed
diverse surrogate markers for precise molecular classification, enriched by the established
prognostic marker, LICAM, to establish the Molecular-LICAM classification. This approach
effectively stratified NSMP subgroups, previously exhibiting intermediate prognosis between
POLE/MMR-D and p53 subgroups. We observed a distinct 85.8% subgroup with a 10-year Overall
Survival rate exceeding 95%, indicating a favorable prognosis, remaining 14.2% relatively poor
prognostic group, suggesting additional treatment. In multivariate analysis, the Molecular-L1CAM
classification showed an independent prognostic factor. Simplified L1CAM/p53 categorization,
practical when molecular tests aren't feasible, stayed an independent prognostic factor,
complementing risk stratification models.

Abstract: Aim: To improve risk stratification in early-stage endometrial cancer (EC), we performed
molecular classification, and LICAM immunohistochemistry (IHC) for additional risk assessment.
Method: We analyzed archival tumor tissue from 247 early-stage EC patients. POLE mutations were
detected using a Droplet digital polymerase chain reaction assay and Sanger sequencing, while the
mismatch repair (MMR) status was determined by MMR protein IHC and MSI test. Additionally,
we conducted IHC of p53 and LICAM. Results: The 247 ECs were categorized into four subgroups:
POLE-mutated (13.0%), MMR-deficient (27.9%), p53-abnormal (8.5%), and non-specific molecular
profile (NSMP, 50.6%). We further subcategorized NSMP subgroup into NSMP-L1CAMneg (44.9%)
and NSMP-L1CAMpos (5.7%), which we refer to as the molecular-LICAM classification. The
molecular-L1CAM classification was an independent prognostic factor for recurrence-free survival
(RFS) and overall survival (OS) (p <0.001, each). Similarly, the simplified LICAM-p53 categorization,
for practical use, remained an independent prognostic factor for RFS and OS (p <0.001, p =0.003,
respectively). Conclusion: Integrating the molecular-L1CAM classification or the simplified
L1CAM/p53 categorization can enhance risk stratification in early-stage EC, providing valuable
prognostic information to guide treatment decisions and improve patient outcomes.

Keywords: early-stage endometrial cancer; molecular classification; LICAM; risk stratification;
prognosis
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1. Introduction

Endometrial cancer (EC) is the most common gynecological cancer in developed countries, with
417,367 new cases and 97,370 deaths worldwide in 2020, as reported via GLOBOCAN data [1,2]. In
Korea, the rate of EC has seen a rapid increase recently (annual percent changes, 8.74%; 95% CI=4.99,
12.62) [3], and in 2018, a total of 3,182 women were newly diagnosed with uterine corpus cancer [4].
Patients diagnosed with localized EC (confined to the uterus) exhibit a favorable prognosis, with a
five-year relative survival rate exceeding 95%, in contrast to 68% and 17% for patients with local and
distant metastases, respectively [5]. More than 50% of ECs are diagnosed at an early stage and low-
risk disease and are managed with surgical treatment alone. In early-stage EC cases, adjuvant therapy
is only recommended for patients at high risk of recurrence after risk stratification.

With the introduction of the Cancer Genome Atlas (TCGA) molecular classification [6,7], a
clinically applicable surrogate-marker-based molecular classification system for EC was developed.
It categorizes ECs into four molecular subtypes: POLE mutation (POLEmut), mismatch repair
deficiency (MMR-D), p53 mutation (p53abn), and non-specific molecular profile (NSMP), using
POLE gene sequencing, mismatch repair (MMR) protein immunohistochemistry (IHC) or MSI tests,
and p53 IHC [8-11]. The POLE mutation subtype is characterized by mutations in the exonuclease
domain (EDM) of polymerase-e¢ (POLE) and exhibits a favorable prognosis [12-14]. The MMR-D
subtype is a microsatellite instable group, with mutations in the MMR genes resulting in
hypermutated tumors [15,16]. The p53 mutation subtype is characterized by p53 altered expression
and high copy number alterations [9]. The NSMP subtype represents cases with a non-specific
molecular profile.

The L1 cell adhesion molecule (LICAM; CD171) has been reported as a poor prognostic marker
in various solid tumors, including EC [17-20], colorectal cancer [21], gastric cancer [22,23], ovarian
cancer [24], and breast cancer [25]. This poor prognosis is attributed to the ability of LICAM to
enhance cell motility, promoting tumor cell invasion and migration.

In early-stage EC, precise risk assessment is crucial for providing more tailored treatment
recommendations, therapy avoiding overtreatment, and ultimately improving patient outcomes.
Clinicopathologic factors for determining risk groups include histologic type, histologic grade,
International Federation of Gynecology and Obstetrics (FIGO) stage, myometrial invasion, age, and
lymphovascular space invasion (LVSI) [26]. Recently, molecular classification has been integrated
into the European Society of Gynaecological Oncology (ESGO)/European Society for Radiotherapy
and Oncology (ESTRO)/European Society of Pathology (ESP) guidelines in 2021 [27]. In 2023, FIGO
staging was updated to encompass the latest advancements in pathology and molecular findings,
clinical trial results, prognosis, and survival data. The updated 2023 FIGO staging introduced new
subclassifications to incorporate molecular and histological staging systems. Specifically, when
molecular classification indicates p53abn or POLEmut status in stages I and II, this leads to the disease
being upstaged or downstaged (IICmp53abn or IAMPOLEmut)[28].

In our study, on 247 early-stage EC cases, we performed molecular classification using clinically
applicable surrogate markers and L1CAM immunohistochemical staining to gather additional
prognostic information. Furthermore, we collected comprehensive clinicopathological information
including the updated 2023 FIGO stage to explore its clinical significance, particularly in the context
of risk stratification.

2. Materials and Methods

2.1. Patients

From January 2013 to December 2018, 247 patients with early-stage EC, who underwent surgical
treatment at Seoul St. Mary’s Hospital were analyzed. All patients received close follow-up,
radiotherapy, chemotherapy, or sequential chemotherapy and radiotherapy based on their risk
stratification. Pathological slides of these patients were reviewed by two senior pathologists (Ahwon
Lee & Misun Lee) to confirm the pathological parameters, including histologic type and histologic
grade based on the 2020 WHO classification system [29], and tumor staging based on the 2009 FIGO
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staging system [30] and updated 2023 FIGO staging system [28]. During the pathological review,
represented tumor areas for tissue microarray (TMA) and molecular tests were selected, and cases
with insufficient remaining tumor tissue or without formalin-fixed, paraffin-embedded (FFPE) blocks
were excluded. This study was approved by the Institutional Review Board of Seoul St. Mary’s
Hospital (KC20SISI0979). Investigations were carried out following the rules of the Declaration of
Helsinki of 1975, revised in 2013.

2.2. Immunohistochemistry for p53, MMR proteins, and LICAM

Immunohistochemical staining was conducted using TMA. Two cores of 2 mm diameter tissue
were punched out from each representative tumor specimen and arrayed into a recipient block using
a manual microarrayer (Quick-Ray set, Unitma, Seoul, Korea). Each TMA block contained 40 cores of
EC.

IHC for p53 and MMR proteins (MLH1, MSH2, MSH6, and PMS2) was performed using primary
antibodies for p53 (clone DO7, Ventana Medical Systems, Tucson, USA), MLH1 (clone M1; Ventana),
MSH?2 (clone G219-1129; Ventana), MSH6 (clone SP93; Ventana), and PMS2 (clone A16-4; Ventana)
in a fully automated manner on a Ventana BenchMark ULTRA platform with an iVIEW DAB
detection system (Roche, Mannheim, Germany). The results of p53 IHC were interpreted as altered
expression (mutated type) staining, characterized by either the strong nuclear expression of tumor
nuclei (>80%) or the complete absence of the expression of tumor nuclei (0%) [29]. If there was no
nuclear expression observed in the tumor cells of the TMA, they were re-stained with the whole slide
to confirm the complete absence of the expression of tumor nuclei with retained internal control. The
results of MMR protein staining were interpreted as MMR protein loss if any of the following criteria
were met: the complete loss of the nuclear expression of both MLH1 and PMS, the loss of both MSH2
and MSHS6, the loss of MSHS6, or the loss of PMS2. Strong nuclear staining of normal endometrial
glands, stromal cells, and lymphoid cells adjacent to the tumor served as the internal positive control.
In cases where the MMR protein staining results were inconsistent with the MSI-PCR result, the
whole slide of the corresponding section was re-stained to verify the result.

IHC for LICAM was performed in line with the manufacturer’s protocol. For LICAM staining,
antigen retrieval was carried out in a pressure cooker (Electric Pressure Cooker CPC-600; Cuisinart,
East Windsor, USA) using 1x citrate buffer (pH 6.0). Sections were incubated with the primary
antibody L1CAM (clone 14.10; diluted 1:50; Biolegend, San Diego, USA) at room temperature (22—
25°C) in a humidified chamber. Sections were subsequently incubated with secondary antibodies
(EnVision+System-HRP labeled polymer anti-mouse, K4001, DAKO) at room temperature. The signal
of immunoreaction was amplified and revealed using a liquid DAB+ Substrate kit (GBI, Bothell, USA).
Subsequently, these slides were counterstained with Harris's hematoxylin (YD Diagnostics, Yongin,
Korea). If LICAM immunostaining showed positivity in 10% or more of the tumor cells, it was
considered LICAM-positive. The 10% cut-off was determined based on previous studies [31,32]

2.3. POLE Sanger Sequencing

Total genomic DNA was extracted from manually dissected whole tissue sections of FFPE blocks
using a QlAamp DNA FFPE tissue kit (QIAGEN, Venlo, Netherlands). PCR reaction was performed
using POLE exon 9-specific primer, POLE exon 13-specific primer, and POLE exon 14-specific primer
(Table S1) [33]. Bidirectional sequencing was performed using the same primers and BigDye
Terminator v3.1Cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) on a 3730x] DNA
analyzer (Applied Biosystems), as previously described [34].

2.4. Droplet digital PCR reaction assay to detect POLE mutation

The Droplet digital PCR (ddPCR) was performed using a ddPCR system (QX200 Droplet Digital
PCR System; Bio-Rad, Hercules, CA, USA) and a commercial kit (Droplex POLE Mutation Test,
Gencurix, Seoul, South Korea) as per the manufacturer’s recommended protocol [34]. In brief, after
thermal cycling, the plate was loaded to measure the endpoint fluorescence signal from each droplet
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using a Qx200 Droplet Reader (Bio-Rad). The droplet reader was connected to a laptop computer
running data analysis QuantaSoft software (v1.6.6.0320; Bio-Rad) and run data analysis was carried
out as follows: Each individual droplet was defined on the basis of the fluorescent amplitude as being
either positive or negative. The threshold was determined manually based on the amplitude of
positive control wells containing wild-type genomic DNA and standard positive DNA. The numbers
of positive and negative droplets were distinguished by the threshold, and the given numbers were
used for calculating the concentration target in terms of copies/pL. The threshold values of P286R,
S297F, V411L, A456P, and S459F were (3000), (3500), (2800), (3200), and (3400), respectively, which
were adjusted according to each test condition. According to the fluorescent signal of the negative
control, the cut-off for POLE mutation was 26 copies/20 uL or a mutation index (MI, %, mutant copies
for each mutation/the mutant copies of the internal control) >0.3%.

2.5. Microsatellite instability test using PNA probe-mediated real-time PCR

We performed a microsatellite instability (MSI) test with a U-TOP MSI Detection Kit Plus
(Seasun Biomaterials, Daejeon, Korea), a peptide nucleotide acid (PNA) probe-mediated real-time
PCR-based MSI test, as previously described [15]. The U-TOP MSI Detection Kit Plus detects the MSI
status by using amplicon melting analysis of five quasi-monomorphic mononucleotide repeat
markers (NR21, NR24, NR27, BAT25, and BAT26) and an internal control. Samples with alterations
in more than one MSI marker were determined as MSI-H, whereas samples with an alteration in a
single MSI marker or no alteration were determined as MSI-L or MSS, respectively. MSI-L and MSS
were grouped together for statistical analysis based on a previous report of no significant
clinicopathological or molecular differences between MSI-L and MSS colorectal cancer [15].

2.6. Statistical Analysis

All of the statistical analyses were performed using SPSS software (version 25.0; IBM Corp.,
Armonk, NY, USA). The relationship between EC molecular classification and clinicopathological
features was analyzed using the chi-square test. The Kaplan—-Meier method was used to estimate the
recurrence-free survival (RFS) or overall survival (OS), and the differences were compared using the
log-rank test. The OS was determined as from the pathologic diagnostic date to the last follow-up or
the date of the patient’s death, while RFS was defined as the period from the date of primary surgery
to the date of cancer recurrence. The prognostic factors were analyzed using Cox’s proportional
hazard regression model, including those that were statistically significant in the univariate analysis.
For statistical significance, a P-value < 0.05 was considered significant.

3. Results

3.1. Patient characteristics

Table 1 shows the clinicopathological characteristics of the 247 patients. The mean age at
diagnosis was 55.73 years (range: 30-83 years). The histological subtypes consist of 222 endometrioid
carcinoma (89.9%) and 25 non-endometrioid carcinoma (9.7%; 9 serous, 1 clear cell, 2 mixed, 4
dedifferentiated, 2 mucinous, and 7 carcinosarcoma). The 2009 FIGO stages at diagnosis were stage
IA (174/247 patients, 70.4%), stage IB (54/247 patients, 21.9%), stage 1I (17/247 patients, 6.9%), and
stage III (3/247 patients, 0.8%). The updated 2023 FIGO stages at diagnosis were stage 1 (179/247
patients, 72.5%) and stage II (68/247 patients, 27.5%).

Table 1. Patient demographics.

Characteristics Total

Age 55.73 (30-83)
opP

Hysterectomy 7 (2.8%)

Hys+BD 27 (10.9%)
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Hys+BD+LD 213 (86.2%)
Histologic type
Endometrioid 222 (89.9%)
Non-endometrioid 25 (10.1%)
Histologic grade
Low 193 (78.1%)
High 54 (21.9%)
LVSI
Absent 199 (80.6%)
present 49 (19.8%)
Myoinvasion
<50% 188 (76.1%)
>50% 59 (23.9%)
FIGO stage 2009
IA 174 (70.4%)
IB 54 (21.9%)
IIA 17 (6.9%)
11B 2 (0.8%)
FIGO stage updated 2023
IA 142 (57.5%)
IB 29 (11.7%)
IC 8 (3.2%)
ITA 9 (3.6%)
11B 13 (5.3%)
IIC 46 (18.6%)
Prognostic risk group”
Low 132 (53.4%)
Intermediate 25 (10.1%)
High intermediate 41 (16.6%)
High 51 (20.6%)
Advanced 0 (0.0%)
Adjuvant treatment
None 193 (78.1%)
Radiotherapy 40 (16.2%)
Chemotherapy 9 (3.6%)
Chemoradiotherapy 5 (2.0%)

Recur/Distant meta
Absent

present

NA

209 (84.6%)
36 (14.2%)
3 (1.2%)

BD, Bilateral salpingo-oophorectomy; LD, Lymph node dissection; LVSI, lymphovascular space invasion; FIGO,
International Federation of Gynecology and Obstetrics; *risk stratified according to the European Society for
Medical Oncology (ESMO), European Society for Radiotherapy & Oncology (ESTRO) and European Society of
Gynaecological Oncology (ESGO) consensus guideline.

Patients were risk stratified according to the European Society for Medical Oncology (ESMO),
ESTRO, and ESGO consensus guidelines [26]. The mean follow-up period was 70.2 months (range:
0.3-126.1 months). During the follow-up, 14.2% of the patients experienced disease recurrence and
8.9% of patients died because of their disease. Kaplan-Meier survival analysis demonstrated reliable
differences between clinical risk groups(Figure S1).
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3.2. Molecular classification using surrogate markers and its clinical significance

Among a cohort of 247 patients with early-stage EC, POLE EDM hotspot mutations were found
in 32 patients (13.0%). They consisted of P286 (c.857 C>G, exon9) (n=16), V411L (c.1231 G>T/C, exon13)
(n=12), A456P (c.1356 G>C, exonl4) (n=1), and S459F (c.1376 C>T, exonl4) (n=3). MMR protein loss,
determined through MMR protein IHC, was found in 67 patients (27.1%). The MSI test revealed 51
cases of MSI-H (20.6%), 10 cases of MSI-L (4.0%), 185 cases of MSS (74.9%), and 1 case where the test
failed. Discrepant cases between the MMR protein IHC and MSI test were a total of 28 cases (IHC
negative and MSI-H, 6 cases; IHC positive and MSI-L or MSS, 22 cases). We classified cases with
MMR protein loss detected by MMR protein IHC, as well as those with MSI-H identified by an MSI
test, as MMR-D. The p53 IHC was positive in 22 cases (8.9%). Four cases in which POLE mutation
and MMR protein loss by IHC or MSI-H using an MSI test were simultaneously observed were
classified as the POLEmut subtype [35]. One case in which MMR protein loss by IHC, MSI-H using
an MSI test, and p53 altered expression were simultaneously observed was classified as an MMR-D
subtype [35]. The 274 ECs were classified into one of the four molecular subgroups; 32 (13.0%) were
POLEmut, 69 (27.9%) were MMR-D, 21 (8.5%) were p53abn, and 125 (50.6%) were NSMP ECs.

The POLEmut subtype showed a significant association with the endometrioid histologic
subtype compared to non-endometrioid carcinoma (p=0.026). The MMR-D subtype was found to be
associated with LVSI (p=0.033). Additionally, the p53abm subtype exhibited significant associations
with the non-endometrioid histologic subtype, and histologically high-grade tumors (p<0.001, each).
Kaplan-Meier analysis for RFS and OS demonstrated reliable differences between molecular
subgroups (Figure 1A,B, p=0.001, each). The five-year RFS and OS for patients with POLE mutation
were 100% each. Notably, none of the patients with POLEmut experienced disease recurrence or
succumbed to the disease. Mortality was observed in patients with MMR-D (4.3%, 3/69), p53abn
(28.6%, 6/21), and NSMP (10.4%, 13/125). Patients with MMR-D, p53abn, and NSMP ECs showed a
5-year RFS of 93.7%, 55.0%, and 82.4%, respectively, and a 5-year OS of 95.5%, 75.2%, and 91.5%,

respectively.
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Figure 1. Survival analysis according to the molecular classification and molecular-L1CAM
classification of early-stage endometrial cancer. Kaplan-Meier curves are shown for (A,C) recurrence-
free survival and (B,D) overall survival of 247 patients. POLEmut, DNA polymerase epsilon-mutated;
MMR-D, mismatch repair-deficient; p53abn, p53 mutated; NSMP, no specific molecular profile.
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3.3. LICAM expression and its impact on prognosis and molecular classification

L1CAM was positive in 26 patients (10.5%). According to molecular subgroups, LICAM
overexpression was noted in 3.1% (1/31), 1.44% (1/69), 47.6% (10/21), and 11.2% (14/125) in the
POLEmut, MMR-D, p53abn, and NSMP subgroups, respectively. LICAM expression was correlated
with old age, the non-endometrioid histologic subtype, the histological high grade, and myometrial
invasion (p=0.001, p<0.001, p<0.001, and p =0.022, respectively).

L1CAM overexpression showed a strong association with worse RES (5-year RFS 29.9% vs.
91.8%, p<0.001) and OS (5-year OS 58.7% vs. 96.2%, p<0.001) (Figure 2A,B). In the molecular subgroup
analysis, LICAM overexpression was statistically significantly associated with worse RES and OS (5-
year RFS 16.8% vs. 90.1%, p<0.001; 5-year OS 53.8% vs. 96.2%, p<0.001, respectively) only in the NSMP
subgroup. In the p53abn subgroups, there were trends indicating that LICAM overexpression might
be associated with worse RES and OS, but these trends did not reach statistical significance.
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Figure 2. Survival analysis according to LICAM expression and L1CAM/p53 categorization of early-
stage endometrial cancer. Kaplan-Meier curves are shown for (A,C) recurrence-free survival and (B,D)
overall survival of 247 patients.

Building upon these findings and drawing from previous literature references [18-20], we
proceeded to subcategorize the NSMP subgroup into the NSMP-L1CAMneg and NSMP-L1CAMpos
groups (from now on, we will call it molecular-L1CAM classification). Kaplan—-Meier analysis for RES
and OS demonstrated reliable differences between molecular-L1ICAM subgroups (Figure 1C,D,
p<0.001, each). In the molecular-L1CAM classification, patients with POLEmut, MMR-D, and NSMP-
L1CAMneg (212/247, 85.8%) demonstrated favorable outcomes, in contrast to patients with p53abn
and NSMP-L1CAMDpos (35/247, 14.2%) who had less favorable outcomes (10-year OS 95.8% vs. 50.3%,
p<0.001).
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3.4. Enhanced Risk Stratification in Early-Stage EC by integrating Molecular-L1CAM Classification or
L1CAM/p53 Categorization

A comprehensive analysis of the clinical characteristics of molecular-L1CAM classification was
conducted (Table 2). The results revealed significant associations with various factors, including
histologic type (p<0.001), histologic grade (p<0.001), updated 2023 FIGO stage (p<0.001), and clinical
risk group (p=0.001). Using multivariate analysis, the molecular-L1CAM classification was found to
be an independent predictor of both RFS (p<0.001) and OS (p<0.001). Additionally, when the clinical
risk groups were categorized as low, intermediate, and high, the intermediate-risk group was
associated with worse RFS (p=0.009) compared to the low-risk group (Table 3).

Table 2. Clinicopathological characteristics according to molecular-L1CAM classification in early-
stage endometrial cancer patients (n=247).

NSMP-L1CAM NSMP-L1CAM

Characteristics n=247 PO::;I;M ngg-D P fliazllm neg pos v :;m
n=111 n=14

Age 0.111
<60 185 25 (13.5%) 56 (30.3%) 12 (6.5%) 84 (45.4%) 8 (4.3%)

>60 62 7 (11.3%) 13 (21.0%) 9 (14.5%) 27 (43.5%) 6 (9.7%)

or 0.390
Hysterectomy 7 0 (0.0%) 2 (28.6%) 1 (14.3%) 3 (42.9%) 1 (14.3%)

Hys+BD 27 1 (3.7%) 5(18.5%) 2 (7.4%) 16 (59.3%) 3 (11.1%)
Hys+BD+LD 213 31 (14.6%) 62(29.1%) 18 (8.5%) 92 (43.2%) 10 (4.7%)
Histologic type <0.001
Endometrioid 222 32 (14.4%) 65(29.3%) 8 (3.6%) 106 (47.7%) 11 (5.0%)
Non-endometrioid 25 0 (0.0%) 4(160%) 13 (52.0%) 5 (20.0%) 3 (12.0%)
Histologic grade <0.001
Low 193 26 (13.5%) 55(285%) 6 (3.1%) 103 (53.4%) 3 (1.6%)

High 54 6 (11.1%) 14 24.6%) 15 (27.8%) 8 (14.8%) 11 (20.4%)

LVSI 0.120
Absent 199 28 (14.1%) 49 (24.6%) 18 (9.0%) 94 (47.2%) 10 (5.0%)

Present 48 4 (8.3%) 20 (41.7%) 3 (6.3%) 17 (35.4%) 4 (8.3%)
Myoinvasion 0.107
<50% 188 26 (14.4%) 50 (26.6%) 18 (9.6%) 87 (46.3%) 7 (3.7%)

>50% 59 6 (10.2%) 19 (32.2%) 3 (5.1%) 24 (40.7%) 7 (11.9%)

FIGO stage 2009 0.403
IA 174 25 (14.4%) 46 (264%) 16 (9.2%) 81 (46.6%) 6 (3.4%)

1B 54 6 (11.1%) 17 (31.5%) 2 (3.7%) 22 (40.7%) 7 (13.0%)

II 17 1(5.9%) 5(29.4%) 3 (17.6%) 7 (41.2%) 1(5.9%)

I 2 0 (0.0%) 1(50.0%) 0 (0.0%) 1 (50.0%) 0 (0.0%)

;I];O stage updated <0.001
IA 142 21 (14.8%) 37(261%) 5 (3.5%) 78 (54.9%) 1(0.7%)

IB 29 3(10.3%) 8(Q7.6%)  1(3.4%) 16 (55.2%) 1(34%)

IC 8 0 (0.0%) 2 (25.0%) 2 (25.0%) 2 (25.0%) 2 (25.0%)

A 9 1(11.1%) 2(222%)  0(0.0%) 6 (66.7%) 0 (0.0%)

1B 13 1(7.7%) 8(615%)  0(0.0%) 3(23.1%) 1(7.7%)

Iic 46 6 (13.0%) 12 (26.1%) 13 (28.3%) 6 (13.0%) 9 (19.6%)
Prognostic risk group” <0.001
Low 131 21 (16.0%) 35(26.7%) 4 (3.1%) 70 (53.4%) 1(0.8%)
Intermediate 25 3 (12.0%) 7 (28.0%) 1 (4.0%) 13 (52.0%) 1 (4.0%)

High intermediate 41 5 (12.2%) 14 34.1%) 2 (4.9%) 14 (34.1%) 6 (14.6%)

High 50 3 (6.0%) 13 (26.0%) 14 (28.0%) 14 (28.0%) 6 (12.0%)
Adjuvant treatment 0.077
None 193 26 (13.5%) 50 (25.9%) 14 (7.3%) 94 (48.7%) 9 (4.7%)
Radiotherapy 40 6 (15.0%) 14 35.0%) 3 (7.5%) 14 (35.0%) 3 (7.5%)
Chemotherapy 9 0(0.0%) 2(22.2%) 3(33.3%) 3 (33.3%) 1 (11.1%)

Chemoradiotherapy 5 0(0.0%) 3 (60.0%) 1 (20.0%) 0 (0.0%) 1 (20.0%)
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BD, Bilateral salpingo-oophorectomy; LD, Lymph node dissection; FIGO, International Federation of
Gynecology and Obstetrics; LVSI, lymphovascular space invasion; MMR-D, mismatch repair-deficient; p53abn,
p53 mutated; NSMP, no specific molecular profile; POLEmut, DNA polymerase epsilon-mutated;*risk stratified
according to the European Society for Medical Oncology (ESMO), European Society for Radiotherapy &
Oncology (ESTRO) and European Society of Gynaecological Oncology (ESGO) consensus guideline.

To simplify the risk stratification process for practical use, we opted to use only the p53 and
L1ICAM IHC results instead of the molecular-L1CAM classification, which involves the POLE
mutation test. The patients were categorized as LICAM/p53-negative if both LICAM and p53 IHC
were negative (209/247,84.6%), and as L1CAM/p53-positive if either LICAM or p53 IHC were
positive (38/247, 15.4%). The LICAM/p53-positive group exhibited a strong association with worse
RFS (5-year RFS 45.4% vs. 92.8%, p<0.001) and OS (5-year OS 69.6% vs. 96.5%; 10-year OS 56.0% vs.
95.8%, p<0.001) compared to LICAM/p53-negative group (Figure 2C,D). In the multivariate analysis,
the L1ICAM/p53 categorization remained an independent prognostic factor for both RFS (p<0.001)
and OS (p=0.003). Additionally, when the clinical risk groups were categorized as low, intermediate,
and high, the intermediate-risk group was associated with worse RFS (p=0.005) compared to the low-
risk group, and similarly, high-risk group was associated with worse RFS (p=0.020) compared to the
intermediate-risk group. A high histologic grade was associated with worse OS compared to a low
histologic grade (p=0.017) (Table 4).

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.
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Table 3. Univariate and Multivariate Cox regression analysis of prognostic variables for recurrence free survival and overall survival in 247 patients with early-stage endometrial

cancer.
RFS (O]
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Parameters Hazard ratio (95% CI) P Hazard ratio (95% CI) P Hazard ratio (95% CI) P Hazard ratio (95% CI) P
age (<60 vs >60 years) 2.319 (1.174-4.582)  0.015 - 0.368 (03159-0.852)  0.020 -
Histologi
S008I ype . 5.260 (2.518-10.990) <0.001 - 10.431 (4.485-24.259) <0.001  2.738 (0.963-7.787) 0.059
(endometrioid vs non-endometrioid)
Histologic grade
4. 2.515-9. .001 - .120 (3.709-22.42 .001 -
(grade 1,2 vs grade 3, high grade) 889 (2.515-9.506)  <0.00 9.120 (3.709 3) <0.00
Prognostic risk group
intermediate 5.007 (1.923-13.036) <0.001  3.700 (1.392-9.836) 0.009  5.283(1.401-19.917) 0.014 -
high 7.856 (3.046-20.263) <0.001  2.557 (0.875-7.468) 0.086  11.054 (3.082-39.650) <0.001 -
Updated 2023 FIGO stage 6.051 (3.007-12.177)  <0.001 - 5130 (2.151-12.237)  <0.001 -

(stage 1 vs stage 2)
Molecular-L1CAM classification

12.323(6.222-24.407 .001 156 (4.142-20.244 .001  12.713 (5.324-30. .001  7.575 (2.574-22.2 .001
(POLEmut, MMR-D, NSMP-L1CAMneg vs p53abn, NSMP-L1CAMpos) 323(6 07) <0.00 9.156 ( 0.244) <0.00 3(5.324-30.358) <0.00 575 (2.5 90) <0.00

RFS, Recurrence free survival; OS, Overall survival; FIGO, International Federation of Gynecology and Obstetrics; POLEmut, DNA polymerase epsilon-mutated; MMR-D,
Mismatch repair-deficient; p53abn, p53-mutated; NSMP, No specific molecular profile; HR, Hazard ratio; Cl, Confidence interval.

Table 4. Univariate and Multivariate Cox regression analysis of prognostic variables for recurrence free survival and overall survival in 247 patients with early-stage endometrial

cancer.
RFS 0os
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Parameters Hazard ratio (95% CI) P Hazard ratio (95% CI) P Hazard ratio (95% CI) P  Hazard ratio (95% CI) P
age (<60 vs >60 years) 2319 (1.174-4582)  0.015 0.368 (03159-0.852)  0.020
Histologi
Histologictype 5260 (2.518-10.990)  <0.001 10.431(4.485-24.259)  <0.001
(endometrioid vs non-endometrioid)
Histologi d
1StoT0BIc prace 4889 (2.515:9.506)  <0.001 9.120(3.709-22.423) <0.001 3.788 (1.266-11.336) 0.017
(grade 1, 2 vs grade 3, high grade)
Clinical risk
intermediate 5.007 (1.923-13.036)  <0.001 3.987 (1.514-10.500) 0.005 5.283(1.401-19.917) 0.014
high 7.856 (3.046-20.263)  <0.001 3.369 (1.208-9.394) 0.020 11.054(3.082-39.650) <0.001
2023 FI
Updated 2023 FIGO stage 6.051 (3.007-12.177)  <0.001 5.130(2.151-12.237)  <0.001

(stage 1 vs stage 2)
L1CAM-p53 expression

. . . 9.736(4.990-18.997)  <0.001 6.908 (3.302-14.454) <0.001 11.040(4.627-26.338) <0.001 5.116 (1.774-14.748) 0.003
(both negative vs. either positive)

RES, Recurrence free survival; OS, Overall survival; FIGO, International Federation of Gynecology and Obstetrics; HR, Hazard ratio; Cl, Confidence interval.
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4. Discussion

While a significant number of ECs are successfully treated without recurrence, some cases of EC
still result in death even at its early stages. In the recent ESGO/ESTRO/ESP guidelines, it is
recommended to classify EC into four distinct molecular subgroups to tailor adjuvant therapy [27].
In the updated 2023 FIGO staging system, the use of molecular classification is encouraged, and if
the molecular subtype is known, "m" was added for molecular classification. Especially in early-stage
EC, major changes were made including new substages that reflect the molecular alteration of POLE
and p53 genes. On the other hand, it has been reported that positive LICAM expression was
associated with poor prognosis in all patients with EC [18-20], in stage I EC[32], and with p53 wild-
type EC [20]. Additionally, our study demonstrated positive LICAM expression as a poor prognostic
factor in the overall early-stage EC (5-year RFS 29.9% vs. 91.8%, p<0.001; 5-year OS 58.7% vs. 96.2%,
p<0.001) (Figure 2A,B) and specifically within the NSMP molecular subgroup of early-stage EC (5-
year RFS 16.8% vs. 90.1%, p<0.001; 5-year OS 53.8% vs. 96.2%, p<0.001).

When we further categorized the NSMP group, which demonstrates an intermediate prognosis
between the POLEmut/MMR-D group and the p53abn group, based on the LICAM IHC result, we
observed a distinct separation of a subgroup with a 10-year OS rate over 95%, suggesting a favorable
prognosis. This subgroup comprises the POLEmut/MMR-D/NSMP-L1CAMneg groups (212/247,
85.8%). With this Molecular-L1CAM classification, we effectively differentiated good prognostic
group by eliminating the intermediate prognostic group (Figure 1).

In this study, we intended to detect the five most frequently occurring pathogenic variations
within exons 9, 13, and 14 of the POLE EDM by Sanger sequencing or ddPCR. These mutations
collectively account for 84% of the known POLE pathogenic mutations [36]. To detect all reported
pathogenic mutations, next-generation sequencing (NGS) testing, including the POLE EDM (exon 9-
14), is currently available. However, caution should be exercised due to the possibility of false-
positive interpretations. For the MMR-D subtype classification, we conducted both IHC testing for
all four MMR proteins (MLH1, MSH2, MSH6, and PMS2) and MSI testing. A case was classified as
MMR-D if either the MMR protein IHC or MSI testing came out positive. In the updated 2023 FIGO
staging, MSH6 and PMS2 IHC are recommended as simplified surrogate markers for TCGA
molecular classification [28]. The primary use of IHC is recommended because it directly identifies
the absent MMR protein(s), while PCR-based MSI tests are not thoroughly validated in non-colorectal
cancer including endometrial cancer [16]. In this study, we found four additional cases categorized
into the MMR-D subgroup by additionally performing MSI tests. The differences and similarities of
absent MMR proteins and MSI-H in EC need more evaluation. Regarding p53 IHC, cases with altered
expression were classified as the p53abn subtype only if they did not belong to the POLEmut or
MMR-D subtypes. This classification strategy for multiple classifiers was based on various factors,
including morphologic features, the frequent subclonal overexpression of p53, hierarchical clustering
study with TCGA data, and clinical outcomes [35]. In our study, MMR proteins and p53 IHC were
performed using TMA, which may not fully represent the entire tumor lesion. To address this concern,
cases with p53 null expression or discrepancies between the MMR protein IHC and MSI test results
were re-examined on whole-slide sections.

Upon classifying early-stage EC into molecular subtypes, the frequencies of the POLEmut,
MMR-D, p53abn, and NSMP subtypes were found to be 13.0%, 27.9%, 8.5%, and 50.6%, respectively.
In the PORTEC cohorts for early-stage EC, their frequencies were 6%, 26%, 9%, and 59%, respectively
[37]. In a PORTEC cohorts study, they only detected the POLE EDM mutation in exons 9 and 13. We
additionally detected POLE A456P and S459F mutations in exon 14 (n=4).

In the univariate analysis, several factors were found to be statistically significant for worse RFS
and OS. These factors include old age, non-endometrial histologic type, high histologic grade, higher
prognostic risk group, higher FIGO stage, and the p53abn/NSMP-L1CAMpos subgroup of molecular-
L1CAM classification (Table 3). However, in the multivariate analysis, the molecular-L1CAM
classification, and the intermediate prognostic risk group, when compared to the low prognostic risk
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group, were identified as independent prognostic factors for RFS, while molecular-L1CAM
classification alone remained as an independent prognostic factor for OS.

In clinical practice, the application of molecular classification for all EC patients is challenging
due to economic or medical insurance reasons. Specifically, the POLE mutation test poses additional
challenges, as it requires repetitive sequencing or targeted NGS due to the dispersed hotspot regions
encompassing exons 9-14. With this background, we developed a simplified classification method
using only an IHC-omitting molecular test and still providing additional prognostic information to
the traditional clinical risk group, which is known to have limitations due to subjectivity in histologic
type and grade. In our study, we introduced the L1ICAM/p53 categorization, which categorizes
patients based on the combined results of p53 and LICAM IHC. The L1CAM/p53-positive group
exhibited a worse prognosis compared to the LICAM/p53-negative group (10-year OS, 56.0% vs.
95.8%, p<0.001) (Figure 2). Furthermore, when we included the L1ICAM/p53 categorization instead
of the molecular-L1CAM classification in the multivariable analysis, both RFS and OS were
confirmed to be independent prognostic factors (Table 4).

There are several limitations in this study, being that it was a retrospective study conducted in
a single institution, with a relatively small sample size, particularly for cases of the NSMP-L1CAMpos
subtype. Therefore, further validation through a large-scale, prospective multicenter study is
necessary to confirm and generalize our findings.

5. Conclusion

In conclusion, our study aimed to enhance risk stratification in early-stage EC by integrating
either the molecular-L1CAM classification or the simplified LICAM/p53 categorization. Both the
molecular-L1CAM classification and L1CAM/p53 categorization proved to be independent
prognostic factors for both RFS and OS. Despite the limitations of being a single-institution
retrospective study with a relatively small sample size, our findings indicate the potential benefit of
integrating immunostaining-based L1CAM/p53 categorization into the current risk-stratification
approach, particularly in cases where molecular test is unavailable. We acknowledge the need for
further validation through large-scale, prospective multicenter studies to confirm the utility of our
proposed classification method.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: Survival analysis of four groups according to the clinical risk group of
early-stage endometrial cancer. Kaplan-Meier curves are shown for (A) recurrence-free survival and (B) overall
survival of 247 patients.; Table S1: Primer sequences for POLE Sanger sequencing.
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