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Abstract

Background. The growing epidemiological burden of prostate cancer, projected for 2025,
combined with the diagnostic limitations of prostate-specific antigen (PSA), necessitates the
search for new strategies in precision oncology.

Aim. This review article analyzes the evolution of diagnostic methods, pointing to the need to
move from traditional serum markers to non-invasive liquid biopsy.

Material and methods. We synthesize the current state of knowledge on established urinary
biomarkers and present a novel approach using saliva as a source of information on cancer
status.

Results. The paper discusses the potential of metabolic profiling (sialic acid, citrate),

identification of new protein biomarkers (S100P), analysis of specific microRNA signatures
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depending on the stage of the disease, and the role of the oral microbiome in pathogenesis and
risk stratification.

Conclusions. We conclude that salivary and urinary biomarkers represent a rapidly developing
experimental direction in prostate cancer diagnostics. Preliminary studies indicate promising
diagnostic performance; however, the majority of available evidence is based on pilot and case—
control studies and requires further large-scale validation before clinical implementation.
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1. Introduction

Prostate cancer is one of the greatest challenges of modern oncology, being the most frequently
diagnosed malignant cancer among men in the United States and worldwide, excluding non-
melanoma skin cancers [1-3]. It is predicted that in the United States alone, 313,780 new cases
of this disease will be recorded in 2025, making it the most frequently diagnosed cancer in the
male population [1,4] . Globally, in 2020, the number of new cases was approximately 1.41
million, and current projections indicate a sustained upward trend in both incidence and
prevalence through 2046 [5,6]. This disease is the second most common cause of cancer deaths
in men in the USA, accounting for an estimated 35,770 deaths in 2025 [1].

Although the five-year survival rate for localized disease exceeds 99%, the prognosis drastically
worsens for metastatic disease, where the rate drops to 30% [5,7].

The central element of clinical diagnosis and monitoring remains prostate-specific antigen
(PSA), a serine protease secreted by the luminal epithelial cells of the prostate gland [8].
Although PSA levels are significantly higher in patients with cancer compared to healthy
individuals, making it a preferred marker in diagnosis and monitoring of treatment response
this marker lacks adequate specificity. Increased PSA levels can result from benign prostatic
hyperplasia (BPH), prostatitis, and other non-cancerous conditions, which makes it impossible
to reliably distinguish between benign and malignant changes based on this parameter alone
[9-13]. A significant limitation is the fact that about 15% of men with a negative PSA result
have cancer detectable in a biopsy, which underscores the need to search for markers with

higher sensitivity and specificity [13,14].



In light of these limitations, modern medicine focuses on identifying biomarkers that enable
early detection, precise determination of the stage of the disease, and prognosis [14,15]. Besides
established tissue and urine markers, the use of salivary biomarkers such as miRNA, sialic acid,
S100P protein, or spectral changes detected by spectroscopy is becoming a promising direction,
which may offer a non-invasive diagnostic alternative [16-19]. In this article, we summarize
the current state of knowledge on key molecular and genetic markers and present perspectives
for novel diagnostic methods, including microbiome and saliva metabolite analysis, in the
context of precision medicine.

1.1. Molecular landscape
While PSA remains the foundation of screening tests, its limitations in differentiating between

benign and malignant changes have forced the search for more precise tools. Modern prostate
cancer diagnostics is evolving towards a panel of markers that include not only proteases, but
also specific membrane antigens, non-coding RNA, gene fusions, and advanced multigene tests.
1.2. Limitations and optimization of enzyme markers

Prostate-specific acid phosphatase (PAP), historically used as a routine laboratory test, like PSA,
is not fully satisfactory as a standalone diagnostic marker, although it is being studied as a
prostate-specific indicator alongside newer parameters [9,12,20]. To increase the diagnostic
specificity of PSA itself and distinguish cancer from benign prostatic hyperplasia (BPH),
clinical practice has introduced PSA isoforms, such as free PSA (fPSA) and complexed PSA
(cPSA), as well as parameters related to the volume of the gland [21].

However, it should be emphasized that the PSA level is influenced by a number of factors
unrelated to cancer, which complicates the interpretation of the results. Research indicates that
obesity and diabetes may paradoxically lower PSA levels through mechanisms of hemodilution
(increased plasma volume) and changes in steroid hormone levels, creating a risk of false
negative diagnoses [22]. Additionally, the use of medications such as finasteride or metformin
is also associated with a decrease in the level of this marker [22].

In response to these limitations, new-generation tests have been developed. The Prostate Health
Index (PHI), which combines total PSA, free PSA, and the [-2]proPSA isoform, shows higher
effectiveness in detecting clinically significant prostate cancer compared to PSA alone [23].
Similarly, the 4Kscore test, which analyzes an algorithm of four kallikreins (total PSA, free
PSA, intact PSA, and human kallikrein 2 (hK2)) along with clinical data, allows for more
effective stratification of the risk of aggressive disease (Gleason >7) [23]. Despite its clinical



utility, the test is limited by cost, availability and the lack of universal reimbursement in many
healthcare systems. It should be emphasized that multiparametric prostate MRI is currently the
most important complementary tool to PSA testing, significantly reducing unnecessary biopsies.
Therefore, any novel biomarker should be evaluated not only against PSA alone, but also in
combination with MRI-based diagnostic pathways.

1.3. Tissue specificity: PSMA, AMACR, and Galectin-3

In contrast to markers with a broad expression profile, prostate-specific membrane antigen
(PSMA) laexhibits overexpression in tumor tissue compared to normal prostate or BPH [11,24].
PSMA, a transmembrane protein with glutamate carboxypeptidase activity, is considered a
highly specific marker for prostate cancer, particularly in its advanced and metastatic forms
[20,25]. It should be noted that PSMA currently plays a more significant role as a theranostic
target in imaging and radionuclide therapy rather than as a standalone non-invasive screening
biomarker. The expression of PSMA is regulated by the androgen receptor (AR) pathway and
DNA repair mechanisms, and its high level correlates with resistance to castration [26].
Although the name suggests exclusive specificity for the prostate, PET/CT imaging studies
using ligands such as [68Ga]Ga-PSMA-11 or [18F]-JK-PSMA-7 confirm its expression in other
tissues, including salivary glands, kidneys, and the neovasculature of other solid tumors [26,27].
Concurrently, in immunohistochemical diagnostics of prostate cancer significantly increased
alpha-methylacyl-CoA racemase (AMACR) plays a crucial role [11,28]. AMACR is commonly
used in diagnostic panels, often in combination with basal cell markers (HMWCK, 34BE12)
[15]. An interesting addition to this landscape is galectin-3 (Gal-3), a B-galactoside-binding
protein that is a substrate for PSA. It has been shown that in tumor tissue, Gal-3 undergoes
proteolytic cleavage by PSA, which changes its biological functions, promoting angiogenesis
and resistance to apoptosis, and its level in the tissue paradoxically decreases as the cancer
progresses [29].

1.4. Advancements in molecular and genetic markers

Advancements in understanding the pathogenesis of prostate cancer have led to the
identification of the TMPRSS2 gene fusion, which is a significant step forward [11,30].
However, the most specific molecular marker currently recognized is prostate cancer antigen 3
(PCA3) which acts as a non-coding RNA that is overexpressed in tumor tissue [12]. PCAS,
detected in urine, showed an encouraging sensitivity and specificity profile in studies [30].

Modern tests, such as ExoDx Prostate (which analyzes exosomal RNA of PCA3, ERG, and



SPDEF genes) and SelectMDx (which measures the mRNA levels of HOXC6 and DL X1 genes),
utilize these findings, offering a non-invasive assessment of the risk of high-grade cancer
(Gleason >7), which helps avoid many unnecessary biopsies [23].

1.5. Genetic and prognostic markers

In the field of genetics, although research indicates the predictive value of certain genetic
markers (e.g. SNP, BRCA2), their usefulness in routine screening has historically been limited
[30]. However, this situation is changing thanks to the introduction of Polygenic Risk Scores
(PRS). Studies such as BARCODEL have shown that PRS based on genetic variant analysis
(SNP) from germinal DNA (collected from saliva, for example) allows for the effective
identification of men with an increased risk of disease, even with low PSA values [23]. Tests
such as Stockholm3 integrate clinical data, protein markers, and over 100 genetic variants
(SNPs), which significantly improves the detection of clinically significant prostate cancer
compared to PSA alone [23].

Changes in tumor suppressor genes (p53, pl6, Rb) and overexpression of genes such as
telomerase or hepsin are still being studied as potential indicators [24,31]. It is also worth noting
the identification of thirteen mast cell markers associated with prognosis [32]. Despite the wide
range of molecules tested, this integrated approach combining genetics with proteomics appears
to be the successor to traditional diagnostics based solely on PSA.

2. Materials and methods

To prepare this review, a multi-stage analysis of scientific literature was conducted, focusing
on the identification, characterization, and clinical assessment of the usefulness of new
biomarkers of prostate cancer in body fluids. Electronic databases PubMed, ScienceDirect, and
Google Scholar were searched using advanced search strategies based on keywords in the field
of urologic oncology, molecular diagnostics, and analytical chemistry. The search included
medical terms (MeSH) and key phrases such as "prostate cancer,” "liquid biopsy," "saliva,"
"urine,"” "biomarkers,” "S100P," ‘"citrate,” "mIRNA," "exosomes,” and "ATR-FTIR
spectroscopy.” To precisely narrow the results to the most relevant studies, individual keywords
were combined using Boolean logic operators (AND, OR). This allowed for the effective
combination of general cancer-related keywords with specific detection methods (e.g., "prostate
cancer AND saliva AND spectroscopy” or "biomarkers OR metabolic profiling").

The time frame of the review was divided functionally, depending on the topic being discussed.
Articles published before 2015, dating back to the late 1990s. In the 20th century, they were



mainly used to outline the historical background and discuss the established role and limitations
of the PSA antigen. However, for innovative diagnostic methods, such as metabolic profiling,
microbiome analysis, detection of S100P protein in saliva, or biospectroscopy, the analysis was
limited to reports from 20152025, with a particular emphasis on works published after 2020,
to ensure the timeliness of the technological and clinical data presented. Only full-text original
and review papers in English that provided quantitative data on diagnostic effectiveness in
human studies were included in the final analysis, rejecting reports that did not meet the criteria
for scientific reliability.

3. Non-invasive fluid diagnostics: urine and saliva

The development of precision oncology is forcing a shift away from invasive procedures
towards biomarkers available in body fluids. Liquid biopsy, which includes urine and saliva
analysis, is becoming a key area of research, offering the possibility of monitoring the dynamics
of cancer in real time.

3.1. Advanced urine analysis

In the context of urinary biomarkers, prostate cancer antigen 3 (PCA3) remains the cornerstone
of molecular diagnostics, a non-coding RNA that is overexpressed in tumor tissue, reaching
levels 66 times higher than in normal tissue [33—35]. Research has shown that PCA3 is elevated
in over 95% of primary prostate cancer cases, making it a highly sensitive indicator [34].
Urinary tests based on PCA3, such as the FDA-approved PROGENSA system, offer much
higher specificity than serum PSA tests [34,36]. This diagnosis is supplemented by the detection
of the TMPRSS2-ERG gene fusion. This specific chromosomal aberration occurs in 30-50% of
newly diagnosed patients and can be effectively detected in urine samples taken after digital
rectal examination (DRE) [37,38]. Incorporating the TMPRSS2-ERG fusion into diagnostic
panels significantly increases their predictive value [39].

However, diagnostics now go beyond established genetic markers, focusing on the analysis of
metabolic reprogramming. Unlike healthy epithelial cells, which secrete significant amounts of
citrate (due to the inhibition of the enzyme aconitase by high zinc concentrations), cancer cells
reactivate the Krebs cycle (TCA) to produce energy [22]. This results in a drastic decrease in
citrate concentration in tumor tissue and body fluids, including urine, which is considered a
metabolic hallmark of prostate cancer [22]. The level of citrate in urine was shown to be

significantly lower in patients with prostate cancer compared to those with benign prostatic



hyperplasia (BPH), making it a promising marker for differentiating the physiology of cancer
from benign changes [22].

Meanwhile, researchers are focusing on extracellular vesicles (EVSs) in urine, which protect
miRNA from degradation [40].A review of studies indicates that the miRNA panel, including
miR-21-5p and miR-375, is an effective tool for differentiating cancer patients from healthy
controls, and analysis of the isomiRs of these microRNAs in urinary exosomes may offer higher
sensitivity than analysis of the mature forms [40].

3.2. Saliva as a reservoir of biomarkers

Saliva, an ultrafiltrate of plasma, contains a wide spectrum of proteins that reflect the
physiological state of the organism. A significant positive correlation between serum PSA
concentration and its level in saliva was demonstrated in oncological patients [41,42]. However,
it should be noted that although the average concentrations of free and total PSA differ between
healthy and diseased individuals, the ratio of the free to total fraction (f/t) in both fluids remains
similar in the control group, which limits the diagnostic usefulness of this parameter in isolation
[41]. However, the potential of saliva goes beyond PSA alone. This fluid was found to contain
a range of other glycoprotein biomarkers that can aid in the detection of cancer, such as c-erbB-
2, cancer antigen 125 (CA 125), CA 19-9, CA 15-3, and carcinoembryonic antigen (CEA)
[41,42].

However, the spectrum has been significantly expanded to include new, highly specific
indicators. The calcium-binding protein S100P has been proposed as a potential experimental
salivary biomarker, however current evidence remains insufficient for clinical application[18].
Clinical-control studies have shown that the concentration of S100P in saliva is significantly
higher in men with prostate cancer (mean 10.2 £ 0.4 ng/mL) compared to the group with benign
prostatic hyperplasia (BPH, 2.7 £ 0.2 ng/mL) [18]. This parameter shows a strong positive
correlation with serum concentration (r=0.82) and has an area under the curve (AUC) of 0.928,
confirming its high potential in differentiating malignant from benign changes [18].

3.3. Metabolic Profiling

In recent studies, special attention has been paid to sialic acid (SA). Analyses showed a specific
concentration gradient of this metabolite in saliva: the highest values were observed in patients
with confirmed prostate cancer, intermediate values in those with bone metastases, and the
lowest in those with benign prostatic hyperplasia (BPH) [16]. This method has significant

predictive value. The level of SA (measured in relation to PSA) was shown to be significantly



higher in high-risk patients compared to low-risk and intermediate-risk groups [16]. This
parameter is characterized by high diagnostic accuracy, achieving a sensitivity of 85.7% and
specificity of 95.3% [16]. The metabolic profile of saliva is supplemented by the detection of
sarcosine and related metabolites using capillary electrophoresis coupled with mass
spectrometry (CE-MS) [43].

Recent research has expanded this panel to include inorganic and enzymatic markers. It has
been shown that concentrations of zinc, urea, creatinine, and BB creatine kinase (CK-BB) are
significantly higher in the saliva of prostate cancer patients compared to the BPH group [44].
In particular, zinc, which is key to prostate physiology, shows a strong correlation between
serum and saliva concentrations (r=0.76), suggesting that its accumulation in tissue is reflected
in body fluids [44]. The opposite trend is observed for melatonin as its level in saliva is
significantly lower in cancer patients (82.1 ng/L) compared to BPH (127.2 ng/L), which may
reflect systemic circadian rhythm disorders [44]. Although alterations in citrate and zinc
metabolism represent a well-established hallmark of prostate cancer biology, their direct
application as standalone diagnostic biomarkers remains limited and requires further
technological standardization.

3.4. MicroRNA

The use of modern nanotechnologies, such as nanographene oxide, has enabled the non-
invasive detection of nucleic acids in saliva. Specific microRNA expression patterns have been
identified that are dependent on the stage of the disease. miR-141 is significantly elevated in
patients with advanced cancer, while overexpression of miR-21 is characteristic of early stages
of the disease [16]. This discovery suggests that a panel-based study of salivary miRNAs can
serve as a non-invasive method for early diagnosis and monitoring of progression [45,46].
Recent studies on salivary exosomes have also confirmed that lowering the levels of miR-331-
3p and miR-200b allows differentiating prostate cancer from benign changes with a positive
predictive value of 71% [47]. However, most studies on circulating miRNAS in prostate cancer
are based on relatively small cohorts and lack prospective, multi-center validation.

3.5. Integrated concept and perspectives

An analysis of available data leads to the conclusion that the future of prostate cancer
diagnostics does not lie in the search for one ideal biomarker, but in the integration of many
biological signals from different body fluids. Despite the growing number of indicators

discovered, no single marker has proven to be fully satisfactory for early detection, determining



the stage of the disease, or predicting its course [13-15]. Even the most established PSA fails
in about 15% of men with cancer detectable in biopsy who present negative test results [13].
3.6. Biomarker synergy

It is postulated that the solution to this problem is a panel approach, combining markers with
different specificities. Research has shown that the correlation between miR-21 expression and
serum PSA levels allows for higher diagnostic and prognostic accuracy than using either of
these markers alone [48]. Similarly, combining PCA3 with other indicators, such as PSA or
TMPRSS2-ERG fusion, significantly improves diagnostic precision [36,39]. An example of
such synergy is also the measurement of sialic acid levels directly on the PSA molecule, which
allows for more precise stratification of risk in patients [16].

3.7. Saliva as a new diagnostic window

The prospect of using saliva as an easily accessible biological material is a promising direction
for precision medicine. The stability of miRNA in extracellular fluids and the possibility of
non-invasive detection of miR-141 and miR-21 using advanced nanotechnologies may
revolutionize screening [16]. Moreover, the discovery of specific microbiological signatures in
saliva that overlap with the bacterial flora of the prostate suggests the existence of an "oral
cavity-prostate” axis. The presence of bacteria such as Pauljensenia or Oribacterium may
indicate a potential causal effect or early risk marker, which requires further translational
research [17,49]. Importantly, currently available data demonstrate only associative
relationships and do not allow for causal inference.

A promising development in point-of-care (POC) diagnostics is the use of Fourier transform
infrared spectroscopy (ATR-FTIR) [19]. A large screening study of nearly 1,000 samples used
a simple dip test (dip the swab in saliva), obtaining spectra in the range of 4,000-650 cm™ [19].
The use of chemometric algorithms (PCA-QDA) allowed for distinguishing patients with
prostate cancer from the control group with high accuracy: 97% in the training set and 93% in
the test set, with clinical sensitivity reaching 100% and specificity 92% [19]. These results
originate primarily from pilot studies and experimental laboratory settings. This method is
particularly sensitive to changes in the lipid profile, as confirmed by independent studies [50].
The ratio of lipid band intensities 1458/1396 cm™ was shown to decrease significantly in
patients with prostate cancer, while the ratio 2923/2957 cm™! increased, reflecting age-
dependent changes in fatty acid chain structure [50]. At the current stage, ATR-FTIR

spectroscopy should be regarded as a research tool with translational potential, rather than a



clinically validated diagnostic method. Additionally, the high cost of equipment and lack of
standardized clinical protocols remain significant barriers to widespread implementation.

3.8. Genetic risk stratification and microbiome

Saliva also serves as a non-invasive source of germinal DNA for calculating polygenic risk
scores (PRS). The BARCODEZ1 study showed that using PRS based on genetic variants isolated
from saliva can effectively identify men with an increased genetic risk who have clinically
significant prostate cancer detected by biopsy in 40% of cases, often even with low PSA values
[23].

A groundbreaking area of research is the analysis of the saliva microbiome, which revealed
statistically significant associations between 42 bacterial species (belonging to 24 genera and
17 families) and prostate cancer [17]. Specific types of bacteria have been identified whose
presence is associated with an increased risk of disease. They include: Oribacterium,
Pauljensenia, Campylobacter A, Catonella, Lachnoanaerobaculum, and RUG343 [17]. In
contrast, species that exhibit potential protective or inhibitory effects (odds ratio <1) include:
Aggregatibacter, Solobacterium, Streptococcus, and Gemella [17]. The hypothesis of the
existence of the "oral cavity-prostate" axis is supported by research showing the presence of the
same bacterial species in the oral cavity and prostate secretion in 70% of patients suffering from
chronic prostatitis or BPH, suggesting a potential causal relationship [49]. However, one should
be cautious when interpreting these relationships. Large-scale population studies, such as those
conducted on the Atlantic PATH and ATP cohorts, suggest that while there are some taxonomic
associations (e.g., an increase in the relative abundance of Alloprevotella rava), the overall
diversity of the oral microbiome does not show drastic changes in the case of prostate cancer,
unlike the strong signals observed in colorectal cancer. This suggests that the salivary
microbiome may be a secondary marker rather than a standalone screening tool [49]. The oral—
prostate cancer link remains highly speculative and requires mechanistic confirmation.

3.9. Clinical implications: PSMA and salivary gland metastases

In terms of clinical and teranostic aspects, the presence of a specific prostate membrane antigen
(PSMA) in salivary glands is significant. Patients with prostate cancer who underwent a study
using the systemically administered radiolabel [18F]DCFPyL showed high uptake in the
salivary glands and increasing secretion of the radiolabel into saliva over time [51]. The
physiological uptake in the salivary glands has also been confirmed for newer tracers, such as

[18F]-JK-PSMA-7, which is crucial for planning radioligand therapy to avoid gland damage
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[26,27]. Although this phenomenon is mainly relevant for radiotherapy planning, literature also
notes rare cases of prostate cancer metastases directly to the parotid gland [52].

4. Discussion

An analysis of available data leads to the conclusion that the future of prostate cancer
diagnostics does not lie in the search for one ideal biomarker, but in the integration of many
biological signals from different body fluids (Table 1). Despite the growing number of
discovered indicators, no single marker has proven to be fully satisfactory for early detection,
determining the stage of the disease, or predicting its course [13-15]. Even the most established
PSA fails in about 15% of men with cancer detectable in biopsy who present negative test
results [13].

It is postulated that the solution to this problem is a panel approach, combining markers with
different specificities. A promising direction is combining PSA with metabolic markers.
Because the level of citrate decreases in the tumor (due to the reactivation of the TCA cycle),
and the level of PSA increases, their simultaneous analysis in body fluids can drastically
increase diagnostic specificity, eliminating false-positive results resulting from, for example,
BPH [22]. Also at the molecular level, combining PCA3 with other indicators, such as PSA or
TMPRSS2-ERG fusion, significantly improves diagnostic precision [36,39]. New research
indicates that incorporating saliva-derived polygenic risk scores (PRS) into these panels allows
for more precise stratification of patients before referral for MRI or biopsy [23].

The prospect of using saliva and urine as easily accessible biological materials is a promising
direction for oncology. Standardization of extracellular vesicle (EV) isolation methods will play
a key role, as EVs are a stable carrier for a panel of miRNAs (e.g., miR-21, miR-375) and allow
for the assessment of tumor aggressiveness without the need for invasive tissue biopsy [40].
The implementation of ATR-FTIR biospectroscopy as a rapid screening test in primary care
may also prove highly valuable. The possibility of obtaining an immediate result based on a
biochemical saliva "fingerprint,” with sensitivity exceeding traditional methods, paves the way
for inexpensive and mass screening [19].

The major limitations of currently available studies include small sample sizes, heterogeneity
of analytical methods, lack of prospective multi-center validation, limited cost—effectiveness

analysis and insufficient comparison with MRI-based diagnostic strategies.

Table 1. Comparative characteristics of key prostate cancer biomarkers in various body fluids.
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* Indicates presence detected in research but not yet used routinely in clinical practice.

Diagnostic
Biomarker Molecule Type/ Method Clinical significance and characteristics Source
Material
Significantly elevated in prostate cancer vs
. o . . BPH.
S100P Calcium-binding protein = Saliva, Serum ) . [18]
Strong saliva-serum correlation (r=0.82).
AUC>0.92.
) Significant decrease in cancer (TCA cycle
Urine, Semen,
Citrate Metabolite ) reactivation). [22]
Tissue
Specific marker for cancer cell metabolism.
Biochemical "fingerprint" analysis. 93%
Spectral Signature = ATR-FTIR Spectroscopy | Saliva (swab) accuracy in detecting prostate cancer (test [19]
set).
Decrease in 1458/1396 cm™ ratio and
Lipid Profile Lipids (IR band ratios) Saliva increase in 2923/2957 cm! in prostate cancer. = [50]
Age-dependent.
) Elevated levels in saliva of prostate cancer
Zinc Trace element Saliva, Serum [44]

patients vs BPH.

) . Decreased levels in saliva and serum of
Melatonin Hormone Saliva, Serum ) [44]
prostate cancer patients vs BPH.

) ) ) Higher concentration in saliva in the prostate
CK-BB Kinase isoenzyme Saliva, Serum [44]
cancer group compared to BPH.
Gold standard, but low specificity; does not
PSA Serine protease Serum, (Saliva*) distinguish BPH from cancer. In saliva, fit = [44]
ratio is close to normal.
) ) Highly specific for tumor (up to 66-fold
PCA3 Non-coding RNA Urine . . . [40]
overexpression); not present in normal tissue.
Present in extracellular vesicles. Isoforms

miR-21/miR-375 MicroRNA (EVs) Urine, Saliva ) ) ) ) ) o [40]
(isomiRs) improve diagnostic sensitivity.

miR-331-3p/miR- Decreased in prostate cancer. Positive
MicroRNA (EVs) Saliva o [53]
200b predictive value of 71%.
Level correlates with stage.
Sialic Acid (SA) Metabolite Saliva Sensitivity: 85.7%, Specificity: 95.3% (on = [16]
PSA).
PRS  (Polygenic ) . Identification of high genetic risk group; 40%
. Germline DNA Saliva . o [23]
Risk Score) biopsy accuracy in this group.

) ) ) ) . Genera Pauljensenia, Oribacterium linked to
Microbiome Bacterial DNA Saliva, Tissue . ) [49]
risk; oral-prostate axis.

5. Conclusions

Prostate-specific antigen (PSA) remains the standard for screening but suffers from low
specificity, leading to overdiagnosis and unnecessary biopsies. The rising epidemiological
burden of prostate cancer necessitates new, non-invasive diagnostic strategies, such as liquid

biopsies using saliva and urine. Saliva has emerged as a valuable diagnostic material containing
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proteins like S100P, metabolites including citrate and sialic acid, and microRNAs. S100P, a
calcium-binding protein, is significantly elevated in the saliva of patients with prostate cancer
compared to those with benign prostatic hyperplasia (BPH) and shows a strong correlation with
serum levels. Metabolic reprogramming in cancer cells leads to the reactivation of the TCA
cycle and a significant decrease in citrate levels in tissue and fluids, serving as a metabolic
hallmark of the disease. Specific salivary microRNA signatures, including miR-21, miR-141,
and exosomal miR-331-3p/miR-200b, allow for the differentiation of cancer stages and
distinction from benign conditions. ATR-FTIR biospectroscopy offers a rapid, non-invasive
method to detect biochemical "fingerprints™ in saliva, distinguishing prostate cancer patients
with high accuracy. Saliva-derived DNA enables the calculation of Polygenic Risk Scores (PRS)
to identify men at high genetic risk, improving patient stratification before biopsy. While the
oral microbiome shows some associations with prostate cancer risk (e.g., specific bacterial
genera), overall diversity changes are less prominent than in other cancers like colorectal cancer.
Salivary and urinary biomarkers should be considered promising adjunct tools that may
complement, but not replace, existing diagnostic pathways pending further validation.
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