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Abstract. Endometrial carcinoma (EC) is one of the most
common gynecological malignant neoplasms, the prognosis
of which is strongly related to the time of diagnosis, with an
earlier diagnosis leading to a better prognosis. Therefore, effec-
tive diagnostic indicators and methods are needed to ensure
early detection. The present study explored the following in
EC: Circulating tumor cells (CTCs); the long noncoding RNAs
(IncRNAs) RP4-616B8.5,RP11-389G6.3 and carboxy-terminal
domain (CTD)-2377D24.6; and the methylation of cysteine
dioxygenase type 1 (CDOI) and CUGBP Elav-like family
member 4 (CELF4). In total, 85 patients, including 71 with
EC, and 14 without EC (NO-EC) but with uterine fibroids or
polyps, were included in the present study. In total, 46 patients
with EC and 8 NO-EC patients underwent CTC detection. In
the evaluation of the EC vs. NO-EC groups, the results showed
that the CTC-positive rate of the EC group was 80.43% and
that the area under the curve (AUC) value of CTCs was
0.8872 (P=0.0098). A total of 35 patients with EC and 14
NO-EC patients underwent detection of the RP4-616B8.5,
RP11-389G6.3 and CTD-2377D24.6 IncRNAs. When the
levels of the three IncRNAs RP4-616B8.5, RP11-389G6.3
and CTD-2377D24.6 were compared between the EC and
NO-EC groups, they were higher in the EC group; the P-values
were 0.0002, 0.0001 and <0.0001, respectively, and the AUC
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values were 0.8184, 0.8347 and 0.8265, respectively. In addi-
tion, a total of 35 patients with EC and 8 NO-EC patients
underwent CDOI and CELF4 DNA methylation analysis.
The positive rates of the methylated genes CDOI and CELF4
were 20% (7/35) and 5.71% (2/35), and the P-values of the
comparisons between the EC and NO-EC groups were 0.1748
and 0.5004, respectively; the AUC values were 0.6000 and
0.5286. Furthermore, the combination of CTCs, and IncRNAs
RP4-616B8.5, RP11-389G6.3 and CTD-2377D24.6 exhibited
high performance in the detection of EC (AUC=0.9375).

Introduction

Endometrial carcinoma (EC) is one of the most common gyne-
cological malignancies in developed countries (1). Notably, the
incidence of EC has been increasing in a number of countries,
including the United States, as well as in Europe and East Asia,
which may be due to a greater exposure to environmental risk
factors, such as obesity, increasing age (=55 years) and a shift
in female reproductive patterns (2-4). Moreover, the incidence
of EC is estimated to increase by 55% from 2010 to 2030 (5).
Current clinical data have indicated that the prognosis of
EC is closely related to the time of diagnosis, with an earlier
diagnosis associated with a better prognosis [International
Federation of Gynecology and Obstetrics (FIGO) stage I-I1];
for example, the 5-year survival rate has been reported to
decrease from 85% for stage I disease to 25% for stage IV
disease (6-8). Currently, EC is diagnosed by a combination
of transvaginal ultrasound (TVUS) and endometrial biopsy;
however, there is marked heterogeneity in the accuracy of
TVUS for detecting malignancies, as its sensitivity ranges
from 0.5 to 0.8 for gynecologic oncological diseases (9). On
the other hand, endometrial biopsy is invasive and uncomfort-
able for the patient, and pathological assessment sometimes
cannot be carried out due to the failure of the sampling owing
to the pain of the sampling process or problems of cervical
stenosis (10). Furthermore, the role of test results in guiding
personalized treatment plans requires more research support.
There are still unanswered questions regarding EC, including
a number in the domains of treatment toxicity, diagnostic
procedures and adjuvant therapy (11,12). Therefore, reliable
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detection of EC is necessary to ensure adequate treatment and
reduce EC-associated mortality.

With recent advancements in technology, researchers
have focused on developing robust and sensitive detection
methods, such as circulating tumor cell (CTC) detection, as
well as methods involving genomics, epigenomics and tran-
scriptomics (13,14). CTCs disseminate into the bloodstream
from either the primary tumor site or metastatic sites (15).
Consequently, the number of CTCs is higher in patients with
various types of cancer, such as lung cancer and breast cancer,
than in healthy volunteers (16,17). In a study of the detection
of EC CTCs, aminopeptidase N (CD13) was identified as an
alternative prognostic marker for both cervical and endome-
trial cancer, as its expression was detected in patients with EC
before surgery and after recurrence (18).

Long noncoding RNAs (IncRNAs) have an important role
in the epigenetic regulatory network, and can regulate gene
expression and post-transcriptional processes by influencing
the structures of protomers, chromatin and transcription
factors (19). A number of studies have reported that some
IncRNAs affect various hallmarks of human cancer, such as
replicative immortality, antagonism of cell death and evasion
of immunosurveillance (20,21); therefore, IncRNAs, such
as RP4-616B8.5, RP11-389G6.3, carboxy-terminal domain
(CTD)-2377D24.6, AC138904.1 and AC099329.2, are
used as biomarkers in numerous cancer diagnoses (22,23).
Ding et al (24) reported that the combination of IncRNAs
RP4-616B8.5, RP11-389G6.3 and CTD-2377D24.6 had good
performance (P<0.0001) in EC diagnosis. Xin et al (25)
reported that low RP11-395G23.3 expression was signifi-
cantly associated with advanced histological grade and
lymphovascular space invasion in patients with EC, and
that RP11-395G23.3 may be a target for the diagnosis and
treatment of EC.

Cytosine methylation of DNA within CpG dinucleotides is
the most well-researched epigenetic alteration in humans (26).
Hypermethylation of the CpG islands of gene promoters can
silence genes, and this is the basis of the clinical use of a
number of biomarkers (27,28). DNA methylation is a highly
stable molecular feature that can be detected in tumor tissues
and cells (29,30). During malignant transformation, EC cells
acquire two main types of aberrant DNA methylation patterns:
Local DNA hypermethylation and global DNA hypomethyl-
ation (31). Qi et al (32) reported that hypermethylated cysteine
dioxygenase type 1 (CDOI) and CUGBP Elav-like family
member 4 (CELF4) could serve as triage strategy biomarkers
in the non-invasive examination of endometrial malignant
lesions, and the sensitivity and specificity of CDOI/CELF4
dual-gene methylation assay for endometrial atypical hyper-
plasia and endometrial cancer reached 84.9 and 86.6%,
respectively. CDOI and zinc finger protein 454 hypermeth-
ylation has also been verified in histological samples from
patients with EC and atypical hyperplasia (AH) compared
with those from patients with benign and normal endometria
(P<0.001) (33).

To increase the efficacy of EC screening, a combination
of major biomarkers, namely, CTCs, IncRNAs (RP4-616BS8.5,
RP11-389G6.3 and CTD-2377D24.6) and DNA methylation
(CDOI and CELF4), was evaluated in the present study to
construct a better diagnostic model for EC.

Materials and methods

Specimens. A total of 85 patients, including 71 with EC, and
14 without EC (NO-EC) but with uterine fibroids or polyps,
were enrolled from The First Affiliated Hospital of Soochow
University (Suzhou, China) between March 2023 and March
2024. All enrolled patients were female; aged 32-84 years (mean
age, 57.75 years); and had provided written informed consent
before participation in the present study, with permission given for
sample collection and analysis. The present study was approved by
the Ethics Committee of The First Affiliated Hospital of Soochow
University (approval no. 2021.351). The diagnostic criteria for EC
were based on the 2014 World Health Organization Classification
of Tumours of the Female Reproductive Organs. The samples
were collected before any anticancer drug treatment. The specific
clinical information of the subjects is shown in Table I and the
groups are shown in Fig. 1.

CTC enrichment and detection. A total of 46 patients with EC
and 8 NO-EC patients underwent CTC detection. Peripheral
blood (PB) samples (4 ml/patient) were collected before
surgery or treatment, stored in EDTA tubes (Becton, Dickinson
and Company) and CTCs were detected within 6 h using the
CytoBot® 2000 system (Holosensor Medical Technology Ltd.).
Before CTC detection, PB mononuclear cells (PBMCs) were
isolated from the PB. Briefly, 4 ml density gradient separa-
tion solution (Shenzhen DAKEWE Bio-engineering Co., Ltd.)
and a diluted blood sample (4 ml PB with an equal volume
of phosphate buffer, pH 7.0; Biological Industries) were added
sequentially to a sterile 15-ml centrifuge tube and centrifuged
at 700 x g for 20 min at room temperature. The PBMCs were
then carefully pipetted into a new 15-ml centrifuge tube,
washed twice with 5-10 ml PBS (pH 7.2) and centrifuged at
500 x g for 5 min at 25°C.

CTCs were detected using the CytoBot 2000 system, a
novel CTC platform based on advanced technology, including
microfluidics and immunoenrichment. Briefly, CTC capture
chips were manufactured using a metal mesh with pores
measuring 15 ym in diameter, and gold-covered polymers
and the purified anti-human CD326 (Ep-CAM) capture anti-
body (cat. no. 324202; BioLegend, Inc.) were seeded onto the
surface to form a capture chip with unique functionality. In the
present study, the PBMCs were resuspended in PBS (pH 7.2)
to a volume of 300 1 and were loaded onto the capture chip.
CTCs were captured and stained by the CytoBot® 2000 system
using the preset procedures and pre-prepared reagents from
the CTCs detection kit (Holosensor, Inc.).

The immunofluorescence staining was carried out
using the CytoBot 2000 system and the CTCs detection kit
(Holosensor, Inc.), and the indicators used were Alexa Fluor®
488 anti-pancytokeratin (CK), PE anti-human CD45 anti-
bodies and DAPI. The cell types were determined under a
fluorescence microscope [RX50M; Sunny Optical Technology
(Group) Company Limited]. The evaluation criteria of CTCs
was CK*CD45 DAPI*, and the threshold for CTC positivity
was a CK*CD45'DAPI* CTC number of 22.

Tissue sample collection, RNA isolation and reverse
transcription-quantitative PCR (RT-gPCR) analysis. In
total, 35 patients with EC and 14 NO-EC patients underwent
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Figure 1. Patient groups. A total of 85 patients, including 71 patients with
EC and 14 NO-EC patients with uterine fibroids or polyps, were included.
A total of 46 patients with EC and 8 NO-EC patients underwent CTC
detection. A total of 35 patients with EC and 14 NO-EC patients underwent
RP4-616B8.5, RP11-389G6.3 and carboxy-terminal domain-2377D24.6
IncRNA detection. A total of 35 patients with EC and 8 NO-EC patients
underwent cysteine dioxygenase type 1 and CUGBP Elav-like family
member 4 DNA methylation analysis. Of the patients with EC, 14 underwent
TMB analysis and 16 underwent MSI-H analysis. CTC, circulating tumor
cell; EC, endometrial carcinoma; IncRNA, long noncoding RNA; MSI-H,
microsatellite instability-high; NO-EC, without EC; TMB, tumor mutational
burden.

RP4-616B8.5, RP11-389G6.3 and CTD-2377D24.6 IncRNA
detection. Tumor tissues, paracancerous tissues (at a I-cm
distance from tumor tissues), uterine fibroid and polyp
tissues were obtained during surgery before treatment. Total
RNA was extracted using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and RNA was subsequently
reverse transcribed into cDNA with a PrimeScript RT
reagent kit (Takara Biotechnology, Ltd.) according to
the manufacturer's protocol. The expression levels of
RP4-616B8.5, RP11-389G6.3 and CTD-2377D24.6 IncRNAs
were measured by qPCR using the Hiff gPCR SYBR Green
Master Mix (Shanghai Yeasen Biotechnology Co., Ltd.) and
the QuantStudio 6 system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The qPCR conditions were as follows:
Pre-denaturation at 95°C for 10 min; followed by 40 cycles
of denaturation at 95°C for 10 sec, annealing at 60°C for
10 sec and extension at 70°C for 30 sec; and a hold at 95°C
for 15 sec, 60°C for 1 min. The positive standard was a Cq
value of <40. The expression levels were normalized to the
levels of GAPDH mRNA and were calculated using the ACq
method (34). The primers used for analysis are listed in
Table II.

CDOI and CELF4 DNA methylation analysis. In total,
35 patients with EC and 8 NO-EC patients were included
in this analysis. For clinical testing, cervical epithelial cells
and endocervix cells were collected using a cervical brush
or cervical epidermal cell sampler. In this experiment, the
cervical epidermal cell samples were scraped from subjects
with endometrial cell collectors (SAP-I) and were placed
in sample preservation solution (cat. no. AM7020; Thermo
Fisher Scientific, Inc.). Genomic DNA was extracted using
the TTANamp Genomic DNA Kit (cat. no. DP304; Tiangen
Biotech Co., Ltd.) and 20 u1 DNA eluent was obtained.

A custom-developed bisulfite conversion kit (meth-
ylation detection sample pretreatment kit; Holosensor Medical

Table II. Primer sequences used for reverse transcription-
quantitative PCR.

Primer Sequence, 5'-3'
CTD-2377D24.6-F TTCCGGTGTCCAGATGTTCA
CTD-2377D24.6-R AAGGTGAGTTGGGGAGGATG
RP4-616B8.5-F ATGAGTGTGGCAGCCTATGT
RP4-616B8.5-R AACTCCTGACCTCGTGATCC
RP11-389G6.3-F GGCCTTGAGAGATAGAGGGG
RP11-389G6.3-R ATACGTCCTTCCCATCCTGC

GAPDH-F
GAPDH-R

GCACAGTCAAGGCTGAGAATG
ATGGTGGTGAAGACGCCAGTA

F, forward; R, reverse.

Table III. Primer sequences used for DNA methylation detection.

Primer Sequence, 5'-3'

CDOIF ATCAACGTTTATATTTTTAAGTTATCG

CDOI R GACTTAGACCCTCTACTAATCCG

CDOI FP FAM-CATTCTATTTCGGGCGCGGAGAT
GCGG-BHQ1

CELF4F ATCTCCATGTATATAAAGATGGITACG

CELF4 R GATATAAGAACTATAACTTAATCCG

CELF4 FP ROX-ATACCTATAACGGGTTCGGTAGT

AGTT-BHQ2

CDOI, cysteine dioxygenase type 1; CELF4, CUGBP Elav-like
family member 4; F, forward; R, reverse; FP, fluorescent probe; FAM,
carboxyfluorescein; BHQ, Black Hole Quencher; ROX, Rhodamine X.

Technology Ltd.) was used to convert the extracted DNA
into bisulfite and obtain the transformed bis-DNA. Finally,
CDOI and CELF4 amplification was performed on an ABI
7500 device (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The reaction mixture consisted of the PCR solution and
primer probes, and the transformed bis-DNA samples were
added to the mixture. The reaction conditions were as follows:
Pre-denaturation at 96°C for 5 min, followed by 45 cycles
of denaturation at 94°C for 15 sec and annealing at 60°C for
35 sec, and a hold at 25°C for 10 min. The positive standard
was a Cq value of <38. The primers used for the analysis are
listed in Table III.

Statistical analysis. Statistical analyses, including receiver
operating characteristic (ROC) curve analysis, paired
Student's t-test and unpaired Student's t-test, were performed
using GraphPad Prism 10.1.2 software (Dotmatics). P<0.05
was considered to indicate a statistically significant difference.

Results

Diagnostic value of CTC detection. CTC detection, a classic
screening method for tumors, has been applied effectively in
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numerous types of cancer (35-37). In the present study, CTC
detection was used to evaluate patients with EC and NO-EC
patients. The results of CTC enrichment and detection are
shown in Fig. 2 and Table I. The classic staining characteristics
of the CTCs were CK*CD45 DAPI* (Fig. 2A).

A total of 54 subjects, including 46 patients with EC and
8 NO-EC patients, underwent CTC detection. The total CTC
positivity rates for all patients with EC, those with stage |
EC, those with stage II EC and those with stage III EC were
80.43% (37/46), 82.05% (32/39), 50% (2/4) and 100% (3/3),
respectively (Fig. 2B). In the present study, no patients with
stage IV EC underwent CTC detection. Among the 8 NO-EC
patients, the CTC positivity rate was 0% (0/8), and the
threshold for CTC-positive patients was a CK*CD45 DAPI*
CTC number of =2. The number of CTCs was significantly
increased in patients with EC compared with in NO-EC
patients (Fig. 2C). In addition, CTCs performed well in
distinguishing between the EC and NO-EC groups, with
an area under the curve (AUC) value of 0.8872 (Fig. 2D).
These findings indicated that CTCs had a good effect on EC
diagnosis.

Diagnostic value of IncRNA detection in EC.Ding et al (24)
measured the IncRNAs RP4-616B8.5, RP11-389G6.3 and
CTD-2377D24.6 in clinical samples, and reported that they
had good diagnostic performance regarding histological
subtype (P=0.0001), advanced clinical stage (P=0.011) and

clinical grade (P<0.0001) in patients with EC. The present
study evaluated the IncRNAs RP4-616B8.5, RP11-389G6.3
and CTD-2377D24.6 in patients with EC and NO-EC
patients by RT-qPCR analysis; however, the results obtained
were different from the results of the previous study (24).
The expression levels of the RP4-616B8.5, RP11-389G6.3
and CTD-2377D24.6 IncRNAs were not significantly
different between tumor (n=35) and paracancerous (n=35)
tissues according to the results of RT-qPCR (P=0.2730,
0.0517 and 0.5180, respectively; Fig. 3A, E and I) and
ROC curve analyses (AUC=0.5380, 0.5747 and 0.5192,
respectively; Fig. 3C, G and K). However, the performance
of RP4-616B8.5, RP11-389G6.3 and CTD-2377D24.6
in distinguishing the EC group (n=35) from the NO-EC
group (n=14) was good (Fig. 3B, F and J), with AUC
values of 0.8184, 0.8347 and 0.8265, respectively (Fig. 3D,
H and L).

Diagnostic value of CDOI and CELF4 DNA methylation.
DNA methylation detection has been widely used in cancer
screening studies (38-40). Huang ef al (41) reported that a
panel comprising any two of the three hypermethylated
genes, BHLHE22, CDOI and CELF4, reached a sensitivity
of 91.8% and specificity of 95.5%. In view of the good perfor-
mance that has previously been reported, the present study
performed a CDOI and CELF4 DNA methylation analysis.
CDOI and CELF4 were detected in 35 EC samples and 8
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Figure 3. Diagnostic performance of the RP4-616B8.5, RP11-389G6.3 and CTD-2377D24.6 IncRNAs in EC. ACq of RP4-616B8.5 in (A) tumor (n=35) and
paracancerous (n=35) tissues, and (B) EC (n=35) and NO-EC (n=14) tissues, as determined by RT-qPCR; GAPDH was used as the reference gene. ““P<0.001.
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ROC, receiver operating characteristic.

NO-EC samples (Fig. 1; Table I). The positive rates of CDOI
and CELF4 methylation were 20% (7/35) and 5.71% (2/35)
in EC, respectively, and these values were lower than those
reported in other studies (32,33,40-42). CDOI and CELF4
DNA methylation did not significantly differ between the
EC (n=35) and NO-EC (n=8) groups (P=0.1748 and 0.5004,
respectively; Table I). In addition, the AUC values were

only 0.6000 and 0.5286 for CDOI and CELF4 methylation,
respectively (Fig. 4A and B).

To better understand the diagnostic performance of these
biomarkers, CTCs and IncRNAs (RP4-616B8.5,RP11-389G6.3
and CTD-2377D24.6) were combined, and the AUC value
reached 0.9375 (Fig. 4C), thus indicating that CTCs and these
IncRNAs had good performance in distinguishing the EC and
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Figure 4. Diagnostic performance of IncRNAs in EC. ROC curve analysis of (A) CDOI and (B) CELF4 DNA methylation in EC (n=35) and NO-EC (n=8)
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CDOI, cysteine dioxygenase type 1; CELF4, CUGBP Elav-like family member 4; CTD, carboxy-terminal domain; EC, endometrial carcinoma; IncRNA, long
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NO-EC groups. When all three groups of tumor markers were ~ present study investigated the effects of MSI-H status and
combined, the AUC value was also 0.9375 (Fig. 4D). These =~ TMB on EC invasion and tumor volume. TMB was detected
results revealed that the diagnostic performance was not mark-  in 14 patients with EC, and its association with the depth of
edly improved after adding methylated genes. muscle infiltration (<1/2 or =1/2) or tumor volume (<2 cm or

=2 cm) was evaluated. The results revealed that high TMB
Associations of microsatellite instability-high (MSI-H)  was not significantly correlated with muscle infiltration
status or tumor mutational burden (TMB) with tumor inva-  (P=0.4637; Fig. 5A) or tumor volume (P=0.4637; Fig. 5B).
siveness and tumor volume. MSI-H and TMB are predictive = Moreover, MSI-H status was detected in 16 patients with
biomarkers for immune checkpoint inhibitors (43). MSI is an  EC, and muscle infiltration (P>0.9999; Fig. 5C) and tumor
indicator of DNA instability and represents a novel cascade  volume (P=0.1676; Fig. 5D) were not significantly correlated
in the carcinogenesis of EC in which MSI mutates hMSH6  with MSI-H status. These findings indicated that MSI-H
(C8), increases gene instability, and leads to the accumula-  status and TMB were not significantly associated with tumor
tion of mutations in other cancer-related genes (44). The invasion and tumor volume in EC.
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Figure 5. Correlation analysis of TMB and MSI-H status with invasiveness and tumor volume. (A) Correlation analysis of TMB and muscle infiltration (n=14).
(B) Correlation analysis of TMB and tumor volume (n=14). (C) Correlation analysis of MSI-H status and muscle infiltration (n=16). (D) Correlation analysis of
MSI-H status and tumor volume (n=16). MSI-H, microsatellite instability-high; TMB, tumor mutational burden.

Discussion

In the bloodstream of patients with solid tumors, the ratio of
CTCs to white blood cells has been reported to be 1:10°-1:107,
thus these cells are considered quite rare. Even so, the
prognostic role of CTCs has been clearly demonstrated in
numerous types of cancer (45). Magbanua ef al (46) reported
that the CTC trajectory pattern over the course of treatment
was a good predictor of progression-free survival (PFS) and
overall survival (OS). CTC counts of =2 and 5 per 7.5 ml have
also been shown to be associated with reduced PFS and OS in

patients with non-small cell lung cancer (47). Chen et al (48)
reported that the CTC test accurately identified patients who
were at a high risk for prostate cancer, allowing for the early
intervention and effective treatment of patients. There are a
number of types of sorting methods for CTCs, including
the dielectrophoretic DLD method (49), the DEPArray™
system (50), emerging microfluidic technologies (51),
dielectrophoretic enrichment (52) and the negative-selection
enrichment method (48,53,54).

In the present study, CTCs were detected using the CytoBot®
2000 system, which works based on microscale meshes with a
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nanofunctionalized coating that enables the efficient capture of
CTCs (55). The results revealed that the positive rate for CTCs
in patients with EC was 80.43%. The AUC value between EC
and NO-EC groups was 0.8872, indicating that CTC detection
had a good screening performance on EC.

IncRNAs are a class of RNA transcripts that are >200
nucleotides long (56). It has been reported that some IncRNAs
have specific effects on tumor screening. For example, risk
scores have been obtained for IncRNAs RP4-792G4.2 and
RP11-325122.2 in glioblastoma, and their scores can be used for
risk assessment (57). Additionally, RP11-54H7.4 is a possible
prognostic target for tongue squamous cell carcinoma (58).
Furthermore, the performance of the three-IncRNA signature
comprising RP4-616B8.5,RP11-389G6.3 and CTD-2377D24.6
has been reported to be higher in EC than in paracancerous
tissue (24). On the basis of existing studies, the present study
explored whether combining more indicators could improve
the performance of a diagnostic model for EC.

In the present study, the levels RP4-616B8.5,RP11-389G6.3
and CTD-2377D24.6 were measured in tumor tissues (n=35)
and matched paracancerous tissues (n=35). However, these
three indicators did not significantly distinguish tumor tissue
from paracancerous tissue (P=0.2730,0.0517 and 0.5180). The
present study further evaluated whether these three indica-
tors were effective in distinguishing between the EC (n=35)
and NO-EC (n=14) groups. Notably, the performance of
these indicators in differentiating the EC group (n=35) from
the NO-EC group (n=14) was good (P=0.0002, 0.0001 and
P<0.0001, respectively). Therefore, the IncRNAs RP4-616BS.5,
RP11-389G6.3 and CTD-2377D24.6 may be suitable for
distinguishing between the EC and NO-EC groups.

Qi et al (32) reported that the CDOI/CELF4 dual-gene
methylation assay had high sensitivity and specificity for AH
and EC. Similarly, Krasnyi et al (42) reported that CDOI and
CDH13 gene methylation could predict early EC treatment
outcomes. In the present study, methylated CDOI and CELF4
were used to distinguish the EC group from the NO-EC
group; however, the AUC values were only 0.6000 and 0.5286,
respectively. Notably, when methylated CDOI and CELF4
were added into the CTCs and IncRNAs panel, these two
indicators could not improve the screening performance. The
reason for this result may be only two methylated genes (CDOI
and CELF4) were assessed. In addition, due to limited cell
samples, the present study could not simultaneously conduct a
number of molecular biology experiments. In the future, more
gene indicators could be added and next generation sequencing
may be used to improve EC screening performance.

MSI-H status and TMB are cancer-related condi-
tions (43,44). The present study investigated whether these two
indicators were related to the depth of muscle infiltration or
EC tumor volume; however, the results revealed no significant
correlation.

In conclusion, in the differentiation between EC and NO-EC
groups, the performance of the combined model comprising
CTCs and three IncRNAs (RP4-616B8.5, RP11-389G6.3 and
CTD-2377D24.6) was promising.
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