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Summary

Background: Endometrial carcinoma (EC) is the most common cancer of the female repro-
ductive tract in developed countries. The prognosis and 5-year survival rates are closely tied to
the stage diagnosis. Current routine diagnostic methods of EC are either lacking specificity or
are uncomfortable, invasive and painful for the patient. As of now, the gold diagnostic standard
is endometrial biopsy. Early and non-invasive diagnosis of EC requires the identification of new
biomarkers of disease and a screening test applicable to routine laboratory diagnostics. The
application of untargeted metabolomics combined with artificial intelligence and biostatistics
tools has the potential to qualitatively and quantitatively represent the metabolome, but its
introduction into routine diagnostics is currently unrealistic due to the financial, time and in-
terpretation challenges. Fluorescence spectral analysis of body fluids utilizes autofluorescence
of certain metabolites to define the composition of the metabolome under physiological con-
ditions. Purpose: This review highlights the potential of fluorescence spectroscopy in the early
detection of EC. Data obtained by three-dimensional fluorescence spectroscopy define the
quantitative and qualitative composition of the complex fluorescent metabolome and are use-
ful for identifying biochemical metabolic changes associated with endometrial carcinogenesis.
Autofluorescence of biological fluids has the prospect of providing new molecular markers of
EC. By integrating machine learning and artificial intelligence algorithms in the data analysis of
the fluorescent metabolome, this technique has great potential to be implemented in routine
laboratory diagnostics.
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POTENTIAL APPLICATION OF BODY FLUIDS AUTOFLUORESCENCE IN THE NON-INVASIVE DIAGNOSIS OF ENDOMETRIAL CANCER

Suhrn

Vychodiskd: Endometridlny karcindm (EC) je najcastejsou rakovinou zenského reprodukéného traktu vo vyspelych krajindch. Prognéza a pa-
trocnd miera prezitia Gzko suvisia so stadiom pri diagnostikovani. Sicasné rutinné diagnostické metddy EC su bud maélo Specifické alebo pre
pacientku neprijemné, invazivne a bolestivé. Aktudlne je zlatym diagnostickym Standardom endometridlna biopsia. V¢asnd a neinvazivnu dia-
gnostika EC vyzaduje identifikaciu novych markerov ochorenia a skriningovy test aplikovatelny do rutinnej laboratdrnej diagnostiky. Aplikacia
necielenej metabolomiky v kombindcii s nastrojmi umelej inteligencie a biostatistiky ma potencial kvalitativne a kvantitativne prezentovat meta-
bolém, ale jej zavedenie do rutinnej diagnostiky je zdovodu financnej, casovej aj interpretacnej narocnosti v sucasnosti neredlne. Fluorescencna
spektralna analyza telovych tekutin vyuziva autofluorescenciu urcitych metabolitov na definovanie zlozenia metabolému za fyziologickych pod-
mienok. Ciel* Tento prehladovy ¢lanok poukazuje na potencial fluorescenc¢nej spektroskopie pri v¢asnej detekcii EC. Data ziskané trojrozmernou
fluorescen¢nou spektroskopiou definuju kvantitativne aj kvalitativne zlozenie komplexného fluorescen¢ného metabolému a st vhodné na iden-
tifikaciu biochemickych metabolickych zmien spojenych s karcinogenézou endometria. Autofluorescencia biologickych tekutin ma perspektivu
poskytnut nové molekulové markery EC. Integraciou algoritmov strojového ucenia a umelej inteligencie pri datovej analyze fluorescen¢ného

metabolému ma tato technika velky potencial byt implementovana do rutinnej laboratérnej diagnostiky.

Klucéové slova

endometrialny karcindm — diagnostika— metabolomika - fluorescencia

Introduction

The most common malignancy of the fe-
male genital organs, endometrial cancer
(EC), is a heterogeneous group of tumors
whose biological behavior depends on
a variety of factors (age, type, grade and
stage of the disease), as well as several
genetic and epigenetic alterations. An-
nually, more than 300,000 new cases are
identified, accounting for around 8.2%
of all female cancer cases worldwide [1].
The incidence of EC is increasing rap-
idly, the highest in North America and
Western Europe, which is due to popu-
lation aging, higher prevalence of obe-
sity and metabolic syndromes [2]. More
than 90% of EC cases occur in women
older than 50 years, with a median age
of 63 years. Only about 4% of patients
are younger than 40 years.

When diagnosed at an early stage, EC
is generally well treatable and has an
excellent 5-year survival rate. However,
a delayed diagnosis leads to progres-
sion of the tumor worsening the overall
survival of the patient. Although relapse
occurs in roughly 15% of cases, there is
a lack of effective risk classification and
limited progress in treating recurrent or
metastatic disease [3]. This underscores
the need to enhance the early-stage
identification and stratification of pa-
tients with this form of cancer.

The dominant part of the cases is
caught in the early stage of the disease
according to The International Feder-
ation of Gynecology and Obstetrics
(FIGO) classification. The prognosis for
these patients is promising, e.g. with

FIGO stages | or I, 75-90% of women
survive 5 years. In advanced stages or re-
current tumors, the clinical course is very
poor, and the overall survival is short —
approximately 68% and 17 % in stages IlI
and IV, respectively [4].

Obesity is a major risk factor for EC and
is estimated to be responsible for 40% of
all endometrial cancer cases [5]. Other
risk factors include age, diabetes, hyper-
tension, polycystic ovary syndrome, use
of estrogen-only hormone replacement
therapy, and tamoxifen [6]. Females may
also have a familial predisposition to EC,
especially those who carry a pathogenic
variant in one of the genes required for
DNA repair (Lynch syndrome) or in PTEN
(Cowden syndrome) [71.

Early cancer diagnosis is crucial for
successful and effective medical inter-
vention. Nonetheless, many diagnostic
procedures are often invasive, uncom-
fortable and unpleasant for the pa-
tient, which significantly limits the will-
ingness of patients to undergo them as
a preventive measure. Women with sus-
pected EC undergo a variety of diag-
nostic tests, including transvaginal ul-
trasound scan (TVS), outpatient hyster-
oscopy (OPH), and endometrial biopsy
(EB). The diagnostic value of these tests
for EC is limited by their low specificity
(TVS), invasiveness and high level of dis-
comfort for patients (OPH, EB) [8].

The gold diagnostic standard is en-
dometrial biopsy (EB) (Fig. 1). However,
its disadvantages include severe pain
in women who have not given birth yet
and a high risk of failure during sample

collection. Guided biopsy hysteroscopy,
on the other hand, has better diagnostic
sensitivity but is expensive and has
a high outpatient failure rate. More than
30% of women experience severe pain
or a vasovagal episode during the pro-
cedure. Additionally, there exists a theo-
retical risk of cancer cell dissemination
into the peritoneum, with rare but life-
-threatening complications like uterine
perforation [9].

An ideal diagnostic approach for EC
detection should be simple, noninva-
sive, and could reliably detect all ECs at
an early stage of disease with few false-
positive or false-negative results. This
approach should also be used in the
screening of high-risk asymptomatic
women with Lynch syndrome who have
a high lifetime risk of developing EC[10].
Currently there are not any dependable
and accurate methods that can be intro-
duced as screening tests for this cancer
among the general population.

Metabolomics in tumor detection
Metabolomics is a holistic approach in
understanding biochemical processes in
the biological system. It is a rapidly de-
veloping discipline that uses analytical
techniques in conjunction with sophisti-
cated statistical methods to comprehen-
sively characterize the metabolome. The
metabolome represents the total com-
position of metabolites present in an or-
ganism under physiological and patho-
physiological conditions. Metabolites
are not only substrates of metabolic
reactions but also represent signaling
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Fig. 1. Comparison of current diagnostic methods. (Created with Biorender).
MS — mass spectrometry, NMR — nuclear magnetic resonance

molecules controlling a wide range of
cellular processes. All biological systems
are defined by the genome, transcrip-
tome, proteome and metabolome. How-
ever, only the metabolome characterizes
the overall phenotype of an organism.
The metabolism of tumor cells differs
from that of healthy cells. Metabolic re-
programming is a key feature of can-
cer. Oncometabolites provide cancer
cells with energy and necessary sub-
stances used in biosynthesis, prolifer-
ation, invasion and metastasis, which
can cause resistance to drug therapies.
Cancer-related metabolites are by-prod-
ucts of cellular processes that result from
neoplastic transformation and cell pro-
liferation as well as the body’s immu-
nological (inflammatory) response to
malignancy [11]. Such metabolites are
quantitatively different from those re-
sulting from non-malignant cellular pro-
cesses and therefore have the potential
to serve as biomarkers for cancer detec-
tion. The human metabolome is inher-

ently dynamic and evolves in tandem
with the progressive nature of malig-
nancy. Therefore, studying the metab-
olome has the potential to identify bio-
markers of a given carcinogenic process.

Most metabolomic studies conducted
today are focused on tissues, organs, or-
ganoids or their extracts. This approach
is valuable because it allows for a de-
tailed exploration of the under nor-
mal conditions and detect any altera-
tions or disruptions that may be linked
to diseases or disorders. Unfortunately,
organ and tissue extractions are highly
invasive, so unless it involves a mus-
cle or selective tissue biopsy, it is gen-
erally limited to studying animal mod-
els. On the other hand, biofluids can be
obtained relatively noninvasively, which
makes them ideal for studying living
specimens, including humans. Biofluids
serve as near-ideal proxies for organs or
tissues as their constituents closely re-
flect the metabolic activity of the organ
from which they are derived or the or-

gans which they bathe. Because blood
bathes all organs and tissues, it serves as
a reasonably good metabolic proxy for
the entire organism [12].

The human metabolome is a di-
verse group of relatively low molecu-
lar weight compounds that result from
both endogenous and exogenous pro-
cesses. The main goal in metabolomics
is to generate a reliable clinical metab-
olomic profile for the maximum num-
ber of metabolites in a biological sam-
ple. However, target metabolites differ in
several chemical and physical properties
such as hydrophobicity, acidity, charge,
pKa and particle size, moreover metabo-
lites can be present in very different con-
centrations. Simultaneous identification
of all metabolites in a single assay is ex-
tremely challenging.

Currently the dominant method in me-
tabolomics analysis involves the combi-
nation of mass spectrometry (MS) with
chromatographic separation to effec-
tively isolate and identify metabolites
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Tab. 1. Representative fluorophores identified in various cancers.
:Idue:rt:::\:re Type of cancer Biological material Source
ovarian cancer blood, urine [18]
NAD(P)H prostate cancer tissue [19]
breast cancer tissue, blood [20]
FAD different etiology urine [21]
porphyrins different etiology urine [21]
pteridines ovarian cancer urine [22]
collagen cervical cancer tissue [23]
tryptophan malignant melanoma urine [24]
kidney cancer blood, urine [25]
tyrosine colorectal carcinoma blood [15]
FAD - flavin adenine dinucleotide, NAD(P)H - nicotinamide adenine phosphate

within biological samples [13].This ap-
proach provides high-resolution data for
metabolite detection, allowing research-
ers to discern a wide array of molecules.
MS is undoubtedly a powerful tool in me-
tabolomics, offering exceptional sensi-
tivity and the ability to detect a diverse
range of metabolites. Yet, it is important
to note that nuclear magnetic resonance
(NMR) spectroscopy also plays a signifi-
cant role in this field. NMR provides com-
plementary information, offering advan-
tagesin terms of non-destructive analysis,
reproducibility, and the capacity to iden-
tify and quantify metabolites without
the need for extensive sample prepara-
tion. Hence, the choice between MS and
NMR often depends on the specific goals
of a metabolomics study and the nature
of the samples being analyzed. However,
the complexity of the data generated by
both necessitates the use of specialized
statistical and bioinformatics tools for ef-
fective data analysis, interpretation, and
integration [14].

Fluorescence spectroscopy as

a promising metabolomics tool
Significant diagnostic potential is pro-
vided by sophisticated fluorescence
spectroscopy techniques, which are
applicable to the analysis of both bio-
logical fluids and tissues. These tech-
niques are particularly advantageous in
the field of metabolomics, and their ef-

ficacy is enhanced by the innate fluores-
cence of certain biologically significant
molecules, which are considered endog-
enous fluorophores.

To identify or characterize minimally al-
tered biological material, three-dimen-
sional recordings of various scanned fluo-
rescence spectra (excitation-emission
matrices - EEM, and synchronous fluo-
rescence matrices — SFM), which describe
the mixture as a whole, can be utilized
(mixtures of fluorophores) [15]. The coor-
dinates of the fluorescence centers, their
intensity of fluorescence as well as the
minor characteristics given by the con-
tours create a unique image ‘fingerprint’.
This graphic depiction is exceedingly pre-
cise because it is the result of the distinct
internal composition of metabolites and
their mutual interactions. It represents
fluorescent metabolome. Every change in
the composition of the biological material
disturbs the very fine balance of internal
relationships, which results in a change in
the fingerprint. The measured variation in
the fingerprint automatically reflects the
variation in the biological material's com-
position. If such fingerprints are related
to specific physiological (pathological)
changes, they provide enough informa-
tion for diagnostic assessment [16].

Native fluorescent metabolites
Autofluorescence refers to the inher-
ent property of certain molecules within

biological materials to emit fluorescent
light when excited by a light source.
These molecules, known as endoge-
nous fluorophores, include various com-
pounds such as vitamins, coenzymes,
structural proteins, and other metabo-
lites that are naturally present in tissues,
body fluids, or cells (Tab. 1). This intrin-
sic fluorescence property is character-
istic of conjugated polycyclic and aro-
matic compounds, including vitamins
like folic acid, essential coenzymes such
as NAD(P)H and FAD, structural pro-
teins like collagen and elastin, lipids,
advanced glycation end products, por-
phyrins, aromatic amino acids, and their
derivatives [17].

When exposed to an appropriate ex-
citation wavelength, these endogenous
fluorophores emit fluorescent signals
that can be captured and analyzed. This
intrinsic property of molecules allows
for the development of diagnostic tech-
niques that rely on analyzing the altered
fluorescence signals in blood, urine, or
tissues, which can provide valuable in-
sights into cancer development and fa-
cilitate early detection and risk assess-
ment (Tab. 1).

The key advantage of utilizing fluo-
rescence lies in its sensitivity and ease
of application, making it another choice
for metabolic profiling. With remarka-
ble sensitivity, fluorescence techniques
can detect and quantify low concen-
trations of specific metabolites, a fea-
ture that is invaluable in discerning sub-
tle changes within biological systems.
Furthermore, the straightforward test-
ing procedures associated with fluores-
cence assays and equipment enhance
their accessibility to researchers and cli-
nicians, facilitating a range of applica-
tions from basic scientific research to
clinical diagnostics. Moreover, the natu-
ral fluorescence of biochemically signif-
icant molecules positions fluorescence
techniques as a cost-effective option for
rapid screening or diagnosis of various
diseases. Changes in the concentration,
ratios, or the presence of atypical fluoro-
phores can be linked to disease-related
processes within the body. For instance,
carcinogenesis can profoundly influence
metabolite concentrations, thereby af-
fecting how tissues and body fluids scat-
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Fig. 2. Fluorescent metabolites of tryptophan. Tryptophan metabolic pathways produce fluorescent metabolites detectable in body
fluids. Fluorescent intermediates are highlighted in blue. (Created with Biorender).
EC - endometrial cancer, IDO - indolamine 2,3-dioxygenase, MAO — monoamine oxidase

ter and absorb light. Therefore, fluores-
cence techniques are well-suited for
metabolic profiling due to their excep-
tional sensitivity and the intrinsic fluo-
rescence of biologically important mol-
ecules and non-destructive analysis.
Fluorescence is a desirable option be-
cause of these characteristics for deci-
phering metabolic complexities and for
diagnostic uses of selected diseases [26].

Tryptophan metabolism is

a source of native fluorophores
Tryptophan, an essential amino acid,
plays a significant role in the autofluo-
rescence diagnostics of various cancers,
including EC. In the realm of metabo-
lomics, tryptophan and its metabolites
have garnered attention for their po-
tential as biomarkers due to their abil-
ity to influence the intrinsic fluores-
cence of biological materials. Alterations

in tryptophan metabolism have been
linked to numerous pathological condi-
tions, and their detection through au-
tofluorescence can offer valuable in-
sights. Specifically, the concentration of
degradation products of tryptophan in
blood has been investigated in relation
to conditions like breast cancer. The re-
lationship between tryptophan metab-
olites and steroid hormones in breast
cancer has shown promise [27]. While
the diagnostic potential of tryptophan
and its metabolites is still under explo-
ration in EC, these compounds could
provide valuable fluorescence signals
for early detection, risk assessment, and
diagnostic stratification, enhancing the
non-invasive nature of EC diagnosis.
Tryptophan (Trp) is metabolized by
three different metabolic pathways:
kynurenine, serotonin and indole (Fig. 2).
The intermediate products of these met-

abolic pathways are several fluorescent
compounds that are excreted in the
urine and blood. The primary pathway
of tryptophan catabolism in the liver is
its degradation via the kynurenine path-
way (KP). It is estimated that up to 95%
of dietary Trp is metabolized via KP, 90%
of which is catabolized in the liver, with
minor extrahepatic KP having a signif-
icant role in immune activation. Dys-
regulation of the kynurenine pathway
is thought to be a mechanism of tumor
immune escape via enzymatic activity of
indolamine 2,3-dioxygenase (IDO) pro-
duction. Immunometabolic dysregula-
tion mediated by the IDO1 enzyme is
thought to protect EC cells from T cell-
-induced cytotoxicity, thereby actively
creating an immunosuppressive envi-
ronment. It depletes the tissue micro-
environment of the essential amino acid
Trp by converting it into the immuno-
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suppressive metabolite Kyn. Altered IDO
enzyme activity is found in a wide range
of human malignancies, e.g., including
endometrial carcinoma [28].
Tryptophan is a precursor of serotonin
(5-hydroxytryptamine — 5-HT), which is
involved in the physiological regulation
of several behavioral and neuroendo-
crine functions. The serotonin pathway
is also localized in the lining of the gas-
trointestinal tract and is involved in 90%
of serotonin production in the body.
Serotonin is also accepted as a sub-
strate of IDO1, mostly during prolonged
IDO1 enzyme activity [28]. By mitochon-
drial monoamine oxidase, serotonin is
metabolized to 5-hydroxyindole-3-ace-
tic acid, which is excreted in the urine.
According to recent findings, the ser-
otonergic pathway is also involved in
tumor angiogenesis. Several studies
have demonstrated the role of serotonin
and 5-HT receptor subtypes in cell pro-
liferation, angiogenesis, invasion, migra-
tion and metastasis. Genetic models of
several cancers, such as ovarian, breast,
kidney, and pancreatic cancer cells, have
shown that serotonin levels in tumors
play a key role in tumor growth [29].
Microbial degradation of tryptophan
produces a myriad of active indole de-
rivatives via a pathway known as the in-
dole pyruvate metabolic pathway. The
microbiome is a key component of the
tumor microenvironment and influ-
ences cancer initiation, promotion, and
response to therapy; therefore, it is clear
that tryptophan metabolism via mi-
crobial transformation to indole com-
pounds is altered in carcinogenesis.

Autofluorescence

of body fluids

One of the most common biological ma-
terials used for clinical examinations in
human medicine is blood. However, it
requires minimal invasive sampling. It
contains many substances, such as pro-
teins, whose composition is changed
in various diseases. Masilamani et al.
first demonstrated the relationship be-
tween porphyrins and cell proliferation
in an animal model, and a year later,
they extended the same study to human
blood [18]. The work focused on the pos-
sibility of diagnostics of different cancer

types by measuring porphyrins autoflu-
orescence in serum, and it confirmed
alterations in cancer patients, but dif-
ferent malignancies could not be distin-
guished from each other. The EEM ap-
plication was used for screening and
real-time diagnosis of cervical precan-
cers with 75-90% specificity and high
sensitivity [30]. In the field of gastroen-
terology, EEM can be used to diagnose
colon cancer [31].

In the realm of oncological diagnos-
tics, urine analysis has gained substan-
tial attention due to its potential to un-
cover early-stage malignancies. Urine
contains a plethora of biomolecules, in-
cluding metabolites, proteins, and cel-
lular components, whose fluorescence
properties can be perturbed by neoplas-
tic processes. Due to the close proximity
of the urethra to the vagina, naturally re-
leased tumor metabolites have the po-
tential to contaminate the urine. Urine is
an ideal non-invasive specimen for bio-
marker detection due to the possibility
of repeated collection and patient com-
fort during collection. A wide variety of
substances can be found in urine that
may serve as potential biomarkers of EC.
These substances include many endoge-
nous metabolites as well as tumor DNA,
peptides/proteins, malignant cells, and
secreted organelles such as extracellular
vesicles. Investigating each of these tar-
gets to identify biomarkers requires the
use of specialized techniques such as cy-
tology, spectroscopy, genomics, tran-
scriptomics, proteomics, and metabo-
lomics [32]. To date, several studies have
been published showing the potential
of urinary biomarkers in the diagnosis of
EC[33,34].

Proteins and peptides excreted in
urine are less complex and more stable
compared to plasma proteins, provid-
ing an advantage in identifying novel
biomarkers. EC cells can be identified in
urine, especially in women with symp-
toms of bleeding, for example by micro-
scopic evaluation of urine (cytology) or
using single-cell sequencing technol-
ogy [35]. On the other hand, tumor DNA
may be excreted by the kidneys or may
result from the breakdown of malignant
cells contaminating the urine. Character-
ization of tumor DNA, including assess-

ment of DNA concentrations, presence
of mutations, and methylation status in
urine, has great potential to provide rel-
evant biomarkers and requires further
research [32].

Autofluorescence of corpus uteri
Researchers were able to identify altered
levels of aromatic amino acids in tissue
(eutopic endometrium) [36], serum [37],
follicular fluid [38], urine [39] and en-
dometrial fluid [40] of human subjects
with endometriosis. Autofluorescence
has been investigated for intraoperative
guidance during gynecological cancer
surgeries. Studies, such as the one by Ra-
manujam et al., have demonstrated the
use of autofluorescence to differentiate
tumor margins from healthy tissue in
real-time, aiding in achieving complete
tumor resection [41].

The metabolome is a dynamic system
and is susceptible to environmental and
genetic changes thus, hormonal varia-
tions throughout the menstrual cycle
phases could have implications on the
levels of amino acids. Dutta et al. state
that the catabolic state induced in re-
sponse to injury in endometriosis leads
to increased breakdown of endogenous
protein and release of free amino acids
in circulation [36]. This statement agrees
with their study, where they found an
inverse relationship of amino acid lev-
els between tissue and serum. The many
similarities of endometrial cells to neo-
plastic cells, such as high proliferation,
angiogenesis, anti-apoptosis, and cell
invasion have been extensively recog-
nized in the literature [42,43]. All these
characteristics require a high catabolic
state from which amino acids could be
serving as an important supply since
they can be interconverted to the TCA
cycle intermediates and support energy
requirements for fast-growing endome-
trial cells.

The potential application of autoflu-
orescence analysis in diagnosing EC
through blood or urine samples holds
promise but requires further research
and validation (Fig. 3). Although autoflu-
orescence has proven its efficacy in diag-
nosing various cancer types using differ-
ent body fluids, applying this method to
EC diagnosis poses unique challenges.
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Fig. 3. Prospective workflow for fluorescence metabolite research in EC. The figure displays a visual comparison of the current fluo-
rescent metabolomics (in blue frames) and outlines its perspective implementation in diagnostics through mathematical proces-
sing of fluorescence data, aided by artificial intelligence and machine learning (in the green frame). (Created with Biorender).

Al - artificial intelligence, EC — endometrial cancer

This malignancy, originating in the uter-
ine lining, typically involves diagnostic
techniques such as biopsies, imaging,
and histopathology. Endometrial tissue
consists of multiple cell types and un-
dergoes dynamic changes throughout
the menstrual cycle. This complexity
could affect the reliability and specificity
of autofluorescence signals.

Comparing traditional and

fluorescent metabolomics

Traditional metabolomics methods, such
as MS and NMR, have long dominated
metabolic research due to their ability to
provide data on thousands of metabo-
lites. However, despite their prevalence
in research settings, these methods
come with significant drawbacks that
limit their utility in routine diagnostics.
Both MS and NMR are often expensive,
analytically complex, and pose chal-
lenges in data evaluation, making their

integration into routine diagnostic prac-
tices impractical. While these techniques
excel in research and biomarker discov-
ery, they remain less suited for wide-
spread clinical applications.

When it comes to applying autofluo-
rescence to EC diagnosis, the complex-
ity of the disease and the use of blood or
urine samples present significant chal-
lenges. The composition of body fluids,
invaluable for non-invasive analysis, is
influenced by various factors, including
diet, hydration, and individual variations
in metabolites. These variations can in-
troduce hurdles in establishing stand-
ardized protocols for autofluorescence
analysis, as the baseline levels of endog-
enous fluorophores may differ among
individuals. Nevertheless, despite these
challenges, the non-invasive nature of
body fluid analysis through autofluores-
cence offers a promising avenue for im-
proving EC diagnosis.

In contrast, 3D fluorescence spectros-
copy, though historically underutilized
in diagnostics, offers a promising alter-
native. It boasts advantages such as ease
of use, simultaneous detection of mul-
tiple metabolites, non-destructive sam-
ple analysis, and monitoring of differ-
ent metabolic changes. Overcoming the
historical dominance of MS and NMR in
metabolomics, recent advancements in
artificial intelligence (Al) and machine
learning present a solution to the chal-
lenges faced by 3D fluorescence spec-
troscopy. Al can assist in data analysis,
metabolite identification, and standard-
ization, making this technique a more
attractive option for diagnostic applica-
tions. Its non-destructive nature and the
ability to monitor metabolic changes
have the potential to complement tra-
ditional metabolomic approaches, ul-
timately contributing to more compre-
hensive and effective diagnostic tools.
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Conclusion

In conclusion, autofluorescence emer-
ges as a promising diagnostic approach
for endometrial cancer, offering insights
through the examination of body fluids
such as blood and urine, as well as direct
analysis of tumor tissues. This non-inva-
sive technique capitalizes on the intrin-
sic fluorescence properties of endoge-
nous molecules, enabling the detection
of subtle molecular changes associated
with cancer development. By examining
these altered autofluorescence patterns,
we gain valuable insights into the meta-
bolic alterations and biomarker profiles
linked to this malignancy. In essence,
autofluorescence diagnostics provide
a promising avenue for improving the
identification and understanding of en-
dometrial cancer, underscoring its po-
tential to transform the landscape of
cancer diagnosis and patient care.
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