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Abstract

Uterine cancer is the numerous prevalent cancers of the female reproductive tract in industrialized as well as
developing countries and its probability is arising annually. There is a total of approximated 90,000 mortality and
382,000 instances newly cases treated annually globally. The desire to create and define biological markers for
the initial stages detection and therapy of uterine cancer is growing. We analyze the current state of biomarker
utilization for early detection, including their sensitivity and specificity, paving the way for timely interventions.
Several biomarkers, including P53, K-RAS, CA-125, HER2/neu, HE4, PTEN, MSI, ARID1A ,Ki-67, microRNAs,
DNA aneuploidy, estrogen and progesterone receptors are used for early detection, treatment, and prevention of
uterine cancer. Oncogene biomarkers such as VEGF, Hypoxia-inducible factor-1a (HIF-1a), and PI3K-AKT-
mTOR signalling pathways plays a crucial roles in cancer progression, offering promising targets for therapeutic
intervention and prognostic assessment. Prognostic and emerging biomarkers LICAM, MMR proteins, CTCs
shed form primary tumors into the bloodstream, offer insights into tumour dissemination and treatment response.
In conclusion, early detection through all biomarkers holds great promise for early diagnosis and treatment
advancements, as well as providing hope for better results and a higher standard of living for individuals in
future generations. This review aims to provide a holistic understanding of uterine cancer biology and its clinical

implications.
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Introduction

Uterine malignancy ranks as the fourth most prevalent
cause of gynecological cancer-related deaths among
women worldwide, resulting in 13,030 deaths anually
[1]. Uterine cancer, it is a malignancy highly arising from
the endometrium called as endometrial carcinoma [2].
Unusual bleeding from the uterus is the primary cause
of the early identification of most uterine malignancies.
About 10% of endometrial cancers are caused by an
inherited mutations [3]. Endometrioid adenocarcinoma
accounting for about 80-90% of cases and uterine sarcoma
are rare and aggressive cancer and accounting for only
about 1-3% of cases [4]. Uterine cancer appears to become
more common in postmenopausal women with substantial
hazards, including a higher age, being overweight,
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metabolic syndromes [2].

Uterine Cancer Frequency: Global Burden and Incidence
patterns

According to WHO, a total number of 123,907
estimated cases and 9.1% deaths was reported for 2020
in India [1]. According to the American cancer society’s
estimates, there will be 65,620 new cases of uterus region
tumors in 2020, 12,590 related to fatalities, and 90% of
cases will be caused by EC [4]. In 73% of all EC cases,
the female patients are elder than 54 years, despite the fact
that 75% of cases are detected at stage 1. By 2025, there
will likely be a 20.3% and 17.4% increase in new cases
and deaths, respectively [5].
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Various uterine cancer indicators were used to
identify the early detection of tumors including P53
gene, HER2/neu, (PTEN), CA-125, MSI, HE4, VEGF,
microRNAs, (HIF-1a) [6]. Prognostic biomarkers such
as LICAM, CTCs, MMR proteins. These biomarkers
play multifaceted roles in uterine cancer by informing
prognostic assessments, predicting treatment response,
monitoring disease progression and identifying targets
[7]. As we conclude, emphasizing its prevalence, and
significance of early detection with the help of different
biomarkers. By araising awareness, encouraging routine
screenings, and supporting ongoing research, to improve
diagnosis, treatment options and preventive efforts [8].

Exploring Biomarkers in Uterine Cancer: A Comprehensive
Analysis of Diagnostic and Prognostic Indicators

1.Tissue biomarkers:

1.1 P53

It is a cruicial biomarker for uterine cancer. Tumors in
the uterus can develop due to unchecked cell development
caused by mutations in the P53 gene [9]. P53 gene
like the Rb gene (Retinoblastoma protein), and it is a
tumour suppressor gene [10]. Nuclear measurement of
P53 antigen and P53 gene variants are present in 7-43%
of endometrial carcinomas. These characteristics are
commonly associated with tumours with lymphatic node
distant metastases, profound myometrial spread, higher
carcinoma level, advanced phase, and non-endometrioid
pathology [6]. P53 controls the differentiation, apoptosis,
and the cell cycle [6]. It can identify the presence of p53
mutations or abnormal expression levels and dangerous
malignancies which facilitates surgery, prophylactic
therapy, and enrollment plannings easier [11]. Based on
their p53 mutation status, approximately 15.9% of the
individuals have been classified to the highly hazardous
category requiring drug therapy and adjuvant radiotherapy
substantially increased survival10. It occurs in stages I-11
disease [6]. IHC to assess the somatic P53 mutations to
diagnose the endometrial biopsies in uterine malignancy.

1.2 PTEN (Phosphatase and Tensin Homolog)

The mutation, which inhibits growth of malignancies
and serves as a cruicial biomarker for uterine cancer
[12]. The genes PTEN abnormalities was associated
with a reduced risk of P53 amplification, the initial
stages carcinoma, and prolonged patient life for uterine
carcinomas [6]. PTEN role is regulating cell growth,
preventing the formation of tumors, and maintaining
genomic stability. The patients with wild-type PTEN
mutations exhibited significantly better 8-year overall
survival who had endometrioid-type endometrial cancer.
A carcinoma samples from women with EC that had been
preserved in beeswax and used for antigen-antibody were
examined for PTEN [6]. Tumor marker PTEN is involved
in the pathophysiology of endometrial cancer due to its
changes of the P13-AKT activating chainl [2]. Phase-2
studies for female patients with EC that are invasive
or recurrence and evaluated the efficacy of letrozole,
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erlotinib, and temserolimus respectively [12]. It is
advanced or recurrent and occurred stage I-II [6]. These
targeted therapies can be tailored to inhibit the abnormal
signalling caused by PTEN mutations [13].

2. Protein based biomarkers:

2.1 HER?2 (Human Epidermal Growth factor receptor
2)/neu

Approximately 30% of endometrial squamous
cancers exhibit high HER2 or neu binding protein and
overexpression tests [ 14]. Neu is a kind of brain tumor that
was created from a rodent tumor of the brain gene cell.
The HER2 protein may contribute to the growth of cancer
cells [15]. Certain cases of uterine serous carcinoma may
include HER2 gene amplifications, which may lead to the
cancer behaving more aggressively. HER2 testing is used
to find advanced or recurrent endometrial malignancies
that may respond to drugs that target the HER2 protein
[4]. HER2 amplification and overexpression is a predictive
biomarker for a poor response to EGFR inhibitor therapy
[16]. HER2 positive endometrial serous carcinomas may
respond to targeted therapies, such as trastuzumab which
specifically target cells with HER2 amplifications [14].

2.2 Estrogen and Progesterone Receptors

Estrogen, if unopposed, can rapidly induce high
endometrial and promote the growth of EC [17]. As a
precursor of estrogen, progesterone inhibits the levels
of the ER, prevents breakdown of cells, and stimulates
the growth of cells to PR [17]. Estrogen stimulates
epithelial proliferation by binding to its receptors,
while progesterone inhibits growth and promotes cell
differentiation [18]. Remarkably, women who ovulate and
produce progesterone have a significantly lower risk of
developing endometrial cancer [18]. These hormones work
by controlling the uterine synthesis of certain genomes
[19]. The hormonal therapy in EC is additionally related
to uterine and PR positive energy [20].

2.3 Ki-67

Ki-67 expression serves as a widely utilized marker
for cellular proliferation, and it is increasingly employed
in pre-surgical window studies for endometrial cancer as
a primary measure of outcome. Its expression is specific
to the cell cycle and effectively reflects the level of cell
proliferation, making it a valuable tool for evaluating
tumour proliferation activity and biological behaviour
[13, 19]. Immunohistochemistry allows for the observation
of Ki-67 expression. It is considered an indicator of
biological aggressiveness and is associated with tumour
progression. When combined with the enzyme activity
of Cyclin-dependent kinase 4/6 (CDK4/6SA), high
CDK4/6SA and high ki-67 expression (>15%) are linked
to progression-free survival (PFS) and can serve as
independent prognostic factors for individuals with early
endometrial cancers who do not require adjuvant therapy
based on standard clinicopathological classification [18].
In stages II-IV disease, high CDK4/6SA appears to be
associated with a more favourable prognosis and increased
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sensitivity to chemotherapy [6, 20].

2.4 ARIDI14

ARIDI1A, or AT-rich interactive domain 1 A, is a gene
that has been identified as a potential tumour suppressor
gene due to its frequent mutations [6]. This gene codes
for a protein involved in chromatin remodelling, which is
crucial for regulating gene expression. Mutations or loss
of expression in the ARID1A gene have been detected
in various cancers, particularly in uterine cancer where
alterations are associated with specific subtypes like
endometrioid and clear cell carcinomas [6, 13]. These
alterations are believed to impact tumour initiation
and progression by affecting key cellular processes
such as cell cycle regulation, DNA repair, and cell
differentiation. A study involving 535 primary endometrial
cancers revealed that the loss of ARID1A expression
was significantly linked to endometrioid and clear-cell
histology, as well as to younger age, lower tumour grade,
and diploid cancer cells. Despite its association with deep
myometrial invasion, the loss of ARID1A expression
did not result in a significant decrease in disease-specific
survival [13].

3.Gene based biomarkers:

3.1 K-RAS (Kristen rat sarcoma viral oncogene homolog)
It is a predictive marker linked to numerous cancer
detection and therapy [21]. The proto-oncogene k-RAS
generates a GTPase it plays a role in the cell signalling
system. Genetic variations in the K-RAS gene can result
in unregulated growing and are commonly connected
to a number of cancers [22]. K-RAS encodes a 21-Kda
transmitting molecule that K-RAS expresses connects
the MAPK and PI3K/AKT pathways to the stimulated
transmembrane reeptor [22]. K-RAS abnormalities
occur arise early in the pathway leading to endometrial
carcinoma [6]. K-RAS mutations promotes down
regulations, increased cell division, and finally cancer.
6% of samples with high endometrial have these
K-RAS alterations. K-RAS mutations may response to
chemotherapy and a high risk of recurrence [23].

3.2 Microsatellite instability (MSI)

11-45% of endometrioid uterine malignant tumors have
MSI, a sign of abnormalities in the repair of mismatched
DNA proteins. Five consensus markers are used to perform
MSI (BAT genes25, BAT cells26, D2S123, D5S346, and
D17S5250) [6]. The MSI+ study indicates that aberrant
methylation may be the first stage in the formation of the
mutator profile during uterus carcinogenesis [24]. Tumor
samples immunohistochemical profiling is carried out in
NCIC-CGT Trials [6]. It is a predictive biomarker for
cancer immunotherapy. A surgical therapy is no effective
therapy for individuals suffering from progressed and
occurring again EC. 30% of E.C patients (MSI) arises due
to DNA mismatch repair gene dysfunction, contributing
to the oncogenic mechanism of the disease [25]. This
endometrioid endometrial carcinoma detected with MSI
and treated with surgery and adjuvant radiotherapy [6, 25].
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3.3 MicroRNAs

MicroRNAs, which are small non-coding RNAs, play
a significant role in various transcriptional processes,
including carcinogenesis [6, 13]. They can be detected in
multiple bodily fluids. The expression of 138 miRNAs
differs between normal and malignant endometrial tissues
[6]. These regulatory RN A molecules have diverse cellular
functions and pathological implications. They function
by modulating gene expression after transcription,
repressing genes, and are crucial in carcinogenesis [13].
They are encoded by genes in the human genome and
target approximately 60% of mammalian genes. Specific
miRNAs are expressed in different tissues, and their
dysregulation has been observed in various diseases and
carcinogenesis [13, 22]. In the case of carcinogenesis,
they modulate oncogenes and tumour suppressor genes.
Some miRNAs exhibit differential expression between
different stages of the disease and could potentially
be used to distinguish between early and advanced
stages. Upregulation of miR-944 and miR-301 has been
associated with less than 50% myometrial invasion and
improved overall survival in early-stage endometrioid
endometrial cancers [6, 24]. On the other hand, miR-149,
miR-34b, miR-221, and miR-152 are downregulated
in endometrial cancer. These miRNAs have also been
identified as biomarkers in various body fluids such as
plasma, saliva, breast milk, and urine. However, further
validation of these findings in larger cohorts is necessary.
Nonetheless, urine microRNAs hold promises as potential
biomarkers in gynecological cancers [13, 25].

3.4 DNA aneuploidy

Aneuploidy, characterized by a high number of
chromosomes, is a prevalent genetic mutation observed
in cancer cells [6, 13]. Mutations in genes responsible
for tumor suppression and the absence of mismatch
repair genes have been associated with aneuploidy. DNA
aneuploidy results from irregularities in cell division
regulation and chromosome segregation processes, often
caused by mutations in genes controlling the cell cycle,
DNA repair mechanisms, and chromosomal stability
[13]. The disruption of these processes can lead to
the accumulation of cells with abnormal chromosome
numbers, contributing to the development and progression
of uterine cancer. Aneuploid tumours make up 16-28% of
endometrial malignancies and are strongly correlated with
lymph node involvement, non-endometrioid histology,
high tumor grade, and age at diagnosis. Patients with
aneuploid malignancies typically exhibit significantly
lower survival rates when considering common clinical
and pathological factors [6, 13].

4. Serum Biomarkers:

4.1 CA-125 (Cancer antigen-125)

A blood sample called the Cancer Antigen-125 test
is used to measure the amount of the protein cancer
antigen-125 within the blood [26]. Cancer Antigen-125
values that are higher than 35 u/ml were recently detected
in 11-34% of uterine carcinoma patients6. Elevations of
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CA-125 have been associated with endometriosis, uterine
fibroids, and other malignancies [26]. Elevated levels CA-
125 can also be caused by menstruation and pregnancy
[26]. Preoperative serum antigen concentrations are
all linked with lymphatic status, cancer grade, phase,
depth of myometrial invasion [6]. Numerous research
has looked into whether the serum CA-125 assay can
give more data to help identify patients who require a
lymphadenectomy because they have an elevated risk of
developing preclinical extra-uterine distribution. A more
accurate diagnostic to differentiate between abnormal
uterine bleeding and endometrial carcinoma is CA-125
[19].

4.2 HE4(Human epididymis protein 4)

HE4, an overexpressed glycoprotein in EC patient’s
serum, and it serves a valuable treatment and outlook
biomarker [27]. HE4 is linked with weak predictive
indicators, like as phase, myometrial spread, and tumors
in lymph nodes, and aiding in treatment decisions and
predicting responses to progestin therapy and need
adjuvant therapy in early-stage EC [28]. Serum the
amount of CA-125 and the protein HE4 have been shown
to be analytically effective in identifying uterine cancer
and its connected dangerous characteristics in women
who have either menstrual signs or a confirmed diagnosis
[29]. The study emphasizes its utility in preoperative risk
stratification, aiding the determination of individuals at
increased risk among those with uncommon endometrioid
uterine cancer, potentially guiding the decision for
lymphadenectomy [27]. Cancer biomarkers with high
efficacy and specificity are essential the accurate detection
of recurrent endometrial cancer [30]. The threshold point
for EC was 52.40 mmol/L, having an accuracy 57.35%
and an affinity of 76.38% [31]. Elevated HE4 levels are
consistent across all stages of EC and exhibit higher
sensitivity for detecting early-stage cases compared to
CA-125[30].

5. Oncogenes

Oncogenes possess the capacity to expedite the
progression of the cell cycle and induce the expression
of various factors that promote tumour growth [13, 26].
These proteins undergo significant mutations and are
overexpressed in numerous cancer types. Oncogenes
originate from proto-oncogenes, which play a crucial role
in regulating cell growth and differentiation. These genes
play roles in cell growth, proliferation, and differentiation,
and their dysregulation can contribute to the development
and progression of uterine cancer [13, 20].

5.1 Vascular endothelial growth factor

VEGEF, a homodimeric protein with molecular weight
of 40-45 kDa, is secreted by a diverse range of cells in
both physiological and pathological circumstances [6].
Tumour growth and the formation of metastases heavily
rely on angiogenesis. This biological process is modulated
by pro-angiogenic and anti-angiogenic factors [6, 13].
VEGF, an essential mitogen for endothelial cells, exerts
its effects through specific receptors, namely flt-1 and

N. Deepthi Priya, et al: Biomarker Panel for Early Detection in Uterine Cancer: A Review

flk-1/KDR receptors. In endometrial carcinoma, elevated
VEGF expression is often linked to advanced tumour
stage, high tumour grade, deep myometrial invasion,
lymph vascular space involvement and lymph node
metastases. Elevated levels of VEGF and other angiogenic
markers are connected to reduced survival rates in EmCa
[21]. Therapeutic interventions targeting VEGF, such as
bevacizumab, hold promise for inhibiting tumour growth
in EmCa. VEGF plays a key role in stimulating the
formation of new blood vessels from pre-existing ones,
providing oxygen and nutrients to the growing tumour.
This process facilitates tumour growth, invasion into
surrounding tissues, and ultimately metastasis to distant
sites [6, 13, 15].

5.2 Hypoxia-inducible factor-1a

HIF-a, also known as hypoxia- inducible factor 1,
plays a crucial role in regulating cellular processes in
responses to hypoxic conditions. When oxygen levels are
low, HIF-a is synthesized and builds up within cells and
translocate to the nucleus where it acts as a transcription
factor, regulating the expression of genes involved
in various processes including angiogenesis, glucose
metabolism, cell proliferation, and metastasis [13, 25].
Numerous HIF-1a downstream genes, totalling more than
one hundred, have been pinpointed with diverse roles
including erythropoiesis/iron metabolism, angiogenesis,
vascular tone, matrix and glucose metabolism, cell
proliferation/survival, and apoptosis. A study revealed that
HIF-a expression was present in close to 49% of EmCa.
In uterine cancer, upregulation of HIF-a contributes to
tumour progression by promoting angiogenesis, allowing
the tumour to obtain the necessary oxygen and nutrients
for growth, as well as enhancing metastatic potential
[13, 19].

5.3 PI3K-AKT-mTOR signalling pathway

Endometrial carcinoma often exhibits alterations in
the PI3K-PTEN-AKT signalling pathway, which is the
pathway most frequently affected in this type of cancer
[6, 13]. The PTEN-PIK3-mammalian target of rapamycin
[mTOR] signalling pathway is involved in the control
of various biological functions such as cell growth,
proliferation, apoptosis, and angiogenesis. Changes in
this pathway are prevalent in endometrioid endometrial
carcinoma [13]. The PTEN gene product acts as a lipid
phosphatase, eliminating phosphate groups from key
intracellular phospho-inositide signalling molecules,
thereby inhibiting the activity of the PI3K-AKT-mTOR
pathway [5, 6]. The malfunction of PTEN results in an
excessive activation of this pathway. Alterations in these
pathways are commonly seen in endometrioid endometrial
cancer, with about 80% of cases showing these changes.
In endometrial cancer, the most prevalent mutations
involve the PIK3CA gene, with PTEN mutations present
in 24-36% of cases and associated with a poor prognosis.
The identification of mTOR, a serine/threonine kinase,
as a promising target for cancer treatment has arisen
from pharmacological research aimed at exploring the
effects of the natural antibiotic rapamycin, known for its
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immunosuppressive and anti-cancer properties6,13,18.

6. Empowering Early Detection.: Unveiling Current and
Emerging Prognostic Biomarkers in Uterine Cancer
Research

6.1 L1 cell adhesion molecule (L1CAM)

LICAM transcription was a significant predictive
indicator in early-phase EECs, but lower in advanced-
stage EECs and NEECs [32]. Aggressive uterine
malignancies are linked to elevated LICAM protein
with a higher chance of recurrence [32, 33]. Cell
membrane protein LICAM is a member of the antibody
(Ig) supergene group and is found in 200-220KDA [33].
The cellular adhesive a compound is vital for the growth
of the central nervous system, as well as for neural
movement and invasion of tumor cells [33]. In various
malignancies, including endometrial cancer, increased
L1CAM levels in cancerous cells speeds up the course
of many malignancies, including endometrial cancer,
by improving mobility of cells, spread, and metastasis
[33, 34]. Recent studies have identified L1CAM positivity
in 7-18% of early-stage endometrial cancers, indicating
an increased chance of cancer relapse within a little -risk
patient group [34]. LICAM protein has been linked to
stage 3 histology tests, non-endometrioid histopathology,
nodular illness, and an increased likelihood of metastatic
tumor growth. This has the potential to improve surgical
choice of elevated risk malignancies and their response
to adjuvant chemotherapy in clinical practice [34]. In the
L1CAM plus category, 50% of recurrent illness occurred
as isolated in uterine recurrences, while the other 50%
resulted in distant metastasis and 1% of LICAM negative
group [33, 34].

6.2 Mismatch Repair Proteins (MLHI, MSH2, MSHG6,
PMS2)

Approximately 20-30% of individuals with tumours
of the uterus, exhibit imperfect MMR technique in their
tumors, with research relying on hysterectomy samples,
while clinical diagnostics typically utilize preoperative
biopsies [35]. Faulty MMR-induced higher frequency of
mutations raises the chances that a tumor inhibitor change
may become ineffective and cause cancer [36]. Damage to
the MMR system, which removes genetic abnormalities
created during differentiation of cells, causes MSI, which
is characterized by a build-up of incorrect matches
in repeated patterns, leading to hypermutated tumors
[36, 37]. The immunoassay examination of MMR
molecules (MLH1, MSH2, MSH6) any defects may be
evaluated with PCR-based MSI assays [37, 38].

Does the response to adjuvant treatment in uterine
cancer depend on the MMR status?

When additional treatment is administered to women
with MMR-deficient uterine malignancies, the chance
of recurrence rate declines than that of women with
MMR-proficient tumors. The MMR status is no longer
linked to variations in advancement in progression-free
survival or overall survival on multivariable analysis [37].
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6.3 CTCs (circulating Tumor Cells)

The existence of circulating malignant cells in the
bloodstream has been studied in a potentially non-invasive
biomarker for cancer prognosis and predicting therapeutic
response, including in uterine cancer [39, 40]. They detect
both genetic and epigenetic mutations [13]. According
to following surgery unhealthy outcomes, individuals
with a prior identification of dangerous EC were further
separated into two groups: high-intermediate probability
(grade2-3, endometrioid, myometrial spread, and phase
I-1I) and highly hazardous (grade 3, non-endometrioid,
myometrial damage in phase [1I-1V). In examining highly
hazardous EC individuals, the evaluation of CTCs is
important because preliminary uterine cancer people who
have identifiable CTCs may benefit from further adjunct
treatments [39,40].

7. Future Prospects of Biomarkers in Uterine cancer:

Revolutionizing Early Detection and Personalized
Therapies.

7.1 Liquid Biopsies

The ability of Blood-based biomarkers, which include
tumor cells in circulation (CTCs) along with circulation
tumor genomes (ctDNA), to identify tumors in uterine
cancer is being researched at an early stage and monitor
treatment response more effectively than present methods
[41, 42]. These non-invasive tests involve the anlysis
of various biomarkers, such as circulating tumor DNA
(ctDNA), and microRNAs, in bodily fluids like blood
or urine [42]. Liquid biopsies may detect tumor-specific
molecular alterations in blood samples before clinical
symptoms manifest, enabling earlier diagnosis and
intervention. Liquid biopsies may help identify residual
disease or recurrence after primary treatment, allowing
for prompt intervention and surveillance [41].

7.2 Genomic and Proteomic Profiling

Advances in genomic and proteomic technologies
allow for comprehensive analysis of tumors. Identifying
specific genetic mutations, epigenetic changes, and protein
markers can aid in personalized treatments strategies
and targeted therapies [43]. Genomic profiling involves
analysing the genetic alterations, such as mutations,
chromosomal rearrangements, present in the tumours
DNA. Genomic profiling can identify mutations in genes
like PTEN, TP53, PIK3CA, and CTNNBI1 which can
inform prognosis and treatment. Proteomic profiling
examines the expression levels and modifications of
proteins within the tumor tissue or body fluids [41, 44].
Proteomic analysis may reveal overexpression or activation
of proteins like HER2/neu oestrogen and Progesterone
receptor [40, 45].

7.3 Metabolomic Markers

Metabolomic profiling can reveal unique metabolic
signatures associated with uterine cancer. Analysing
metabolites in tissues or body fluids may offer valuable
diagnostic and prognostic information [41, 44]. Alterations

Asian Pacific Journal of Cancer Biology* Vol 9+ Issue 2

205



apjcb.waocp.com

in lipid metabolism, such as changes in fatty acid
composition or lipid signalling molecules, have been
associated with uterine cancer development and
progression. Dysregulation of energy metabolism
pathways, such as glycolysis, tricarboxylic acid (TCA)
cycle, and oxidative phosphorylation, is common in
cancer cells. Abnormalities in nucleotide metabolism,
including purine and pyrimidine biosynthesis pathways,
can influence cancer cell proliferation and DNA synthesis
[41, 45, 46].

7.4 Exosomal Biomarkers

Exosomes are small vesicles released by cancer cells
containing biomolecules. Analysing exosomal content,
including proteins, nucleic acids, and lipids, can provide
information about tumor progression, metastasis, and drug
resistance [41,47, 48]. Exosomes play a role in cell-to-cell
communication and can carry various biomolecules,
including proteins, nucleic acids (such as DNA, RNA, and
microRNAs), lipids, and metabolites [41, 49].

In conclusion, Biomarkers including p53, PTEN,
HER2, Ki-67, kras, MSI, VEGF and HE4 collectively offer
a comprehensive profile for diagnosing and monitoring
uterine cancers. These biomarkers provide valuable
insights into tumor characteristics, molecular pathways,
and prognosis, aiding in personalized treatment strategies
and improving patient outcomes. The emerging biomarkers
L1CAM, MMR proteins and CTCs integrating into clinical
practice holds potential for improving early detection, risk
stratification, and therapeutic decision-making in uterine
cancers. These advancements signify a research and
personalized medicine in the battle against this disease.
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