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Abstract
Being one of the most common types of cancer, prostate cancer requires a specific diagnostic
approach, using modern, highly sensitive, and specific diagnostic methods. An analysis of existing methods
will allow us to determine the most effective strategies for early detection and control of the disease.
The purpose of this study. To summarize existing data on the diagnostic algorithm for prostate
cancer, identify the strengths and weaknesses of each of the procedures used, and evaluate the impact and

effectiveness of modern diagnostic methods.

Methods and materials. Information was searched and analyzed in Google Scholar, PubMed,

Elsevier, Web of Science, and Medline databases. The review includes data from meta-analyses, randomized
controlled trials, systematic reviews, and clinical trials. Duplicate articles have been deleted, information
verified, and irrelevant works excluded. As a result, 75 full-text documents and abstracts were selected,
providing a comprehensive analysis of the problem under consideration.

Conclusion. Combined approaches increase the accuracy of pancreatic cancer diagnosis. PSMA-PET
improves the detection of metastases, but remains expensive and difficult to access in developing countries.
A liquid biopsy has potential, but requires improved sensitivity. Transrectal ultrasound examination remains
an important tool, but its diagnostic value is limited. A magnetic resonance imaging-targeted biopsy reveals
more clinically significant prostate cancer than a systematic biopsy. Artificial intelligence in diagnostics
requires development, but its use should be regulated.

Keywords: prostate cancer diagnosis, prostate cancer screening, prostate cancer biomarkers,
digital rectal examination, early detection of prostate cancer.

Introduction

Prostate cancer (hereinafter — PCa) is one of
the most common cancers in the world, ranking as
the second most common among men worldwide,
with approximately 1,467,854 new cases in 2022,
accounting for 7.3 % of all new cancer cases. In
2022, PCa caused about 397,430 deaths, making it a
significant factor in cancer mortality among men [1].
PCa affects middle-aged men aged 45 to 60 years
and is the leading cause of cancer mortality in West-
ern countries [2]. Obesity, malnutrition, tobacco and
alcohol use, family history, racial differences, and
age are potential risk factors associated with PCa
[3]. Uneven access to early diagnosis and treatment
in low-income countries remains a serious prob-
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lem, leading to worse disease outcomes [4]. Early
diagnosis allows for a wider range of less invasive
treatments and increases the likelihood of effective
management. When detected at an early stage, the
S-year survival rate is nearly 100 %, and the 10-year
survival rate is 99 % [5]. This indicator decreases
significantly as the disease progresses to the late
stages, where it can drop to 47.7 %, depending on
the presence of metastasis and other factors. [6; 7].
PCa varies from indolent to aggressive forms. After
diagnosis, staging is crucial for prognosis, treatment,
and follow-up. Despite advancements, PSA testing
and rectal examination remain key for screening,
while multiparametric magnetic resonance imag-
ing (mpMRI) plays a central role in local diagnosis,
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particularly for targeted biopsy, though indications
remain debated. Nuclear medicine and new radio-
pharmaceuticals (choline, 68Ga) have enhanced me-
tastasis, lymph node, and relapse detection [8].

The review examines various methods of
PCa diagnosis, including traditional approaches
such as PSA, digital rectal examination (hereinafter
— DRE), mpMRI, and prostate biopsy (hereinafter
— PB), as well as new technologies like artificial
intelligence (hereinafter — Al), genomic markers,
and improved imaging techniques to enhance the
accuracy of diagnosis and risk stratification.

The purpose of this study. To summarize
existing data on the diagnostic algorithm for PCa,
identify the strengths and weaknesses of each of the
procedures used, and evaluate the impact and effec-
tiveness of modern diagnostic methods.

Novelty. This study presents an original re-
view and critical analysis of modern methods for di-
agnosing PCa from the radiologist’s perspective. The
work emphasizes the role of mpMRI in combination
with new approaches, including machine learning,
automated PI-RADS assessment, and the integra-
tion of positron emission tomography (hereinafter —
PET). This enables well-founded recommendations
for individualizing diagnostic strategies.

Methods and Materials

A comprehensive search for information
was conducted in the databases Google Scholar,
PubMed, Elsevier, Web of Science, and Medline
for this literature review. Articles published be-
tween 2014 and 2024 were selected and reviewed;
earlier studies were included due to their relevance.

The search was conducted using the follow-
ing keywords: prostate cancer diagnosis, prostate
cancer screening, prostate cancer biomarkers, digital
rectal examination, early detection of prostate can-
cer, prostate-specific antigen, PB techniques, artifi-
cial intelligence in prostate cancer, and PSMA PET
in prostate cancer. The following meta-analyses,
reviews, randomized controlled trials, systematic re-
views, and clinical trials were selected for analysis.
Duplicate articles were deleted, data was checked,
and irrelevant works were excluded, after which 75
full-text documents and abstracts were selected to
provide complete information on the problem.

Results

History of prostate cancer diagnosis

PCa detection has evolved from basic to
advanced methods. Until the 1970s, DRE was the

primary tool, but its low sensitivity and specificity
often led to late-stage detection [9]. In the 1990s,
PSA testing became key in early PCa detection, but,
like DRE, it lacks strict specificity. In the 1980s,
a 4.0 ng/mL threshold was adopted without vali-
dation, thereby excluding biopsies at lower levels
and fostering a mistaken belief in low PCa risk.
This approach was later revised [10]. Transrectal
ultrasound examination (hereinafter — TRUS) and
a systematic biopsy have become the gold standard
for PCa diagnosis. In the early 1990s, a systematic
approach to PB, proposed by Hodge et al, became
widespread [11]. The evolution of magnetic reso-
nance imaging (hereinafter — MRI) since the 1980s
has significantly enhanced PCa detection, providing
detailed images to identify and characterize tumors.
Recent developments include the use of biomarkers
in urine and blood to enhance diagnostic accuracy
and reduce the number of unnecessary biopsies. Al
models, particularly Deep Learning, are continu-
ally evolving to aid in diagnosis, prediction, and
support clinical decisions [9; 11; 12]. Research on
the use of Al in the diagnosis of PCa is developing
rapidly. Al can improve all stages of the standard
diagnostic process, including histological image
analysis, Gleason staging, mpMRI interpretation,
and disease course prediction [9].

Prostate-specific antigen

PSA is a biomarker secreted by prostate epi-
thelial cells, a normal component of ejaculate, and
a precursor to adenocarcinoma. It is widely used
for screening asymptomatic patients and detect-
ing PCa [13]. Despite the debate about screening,
in many countries, PSA and DRE tests are part of
routine medical examinations for men, especially
those over 50 or at higher risk [14]. The purpose of
screening is to identify the disease at the stage of its
natural development when treatment can be carried
out to prevent death or negative consequences [13].
As a rule, PSA levels above 4.0 ng/mL are consid-
ered elevated and may lead to a recommendation
for PB. The PSA test exhibits particularly high sen-
sitivity at values exceeding 20 ng/mL. The use of
free-to-total PSA (hereinafter — f/t PSA) indices,
the ratio of PSA to prostate volume (hereinafter —
PSAD), and the rate of increase in PSA (hereinafter
— PSA V) increases its accuracy [15]. Since PSA
levels increase with age, some doctors establish a
higher threshold (e.g., 5 ng/mL) for older men and a
lower threshold (e.g., 2.5 ng/mL) for younger men.
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Oesterling et al. proposed taking age reference val-
ues into account to improve cancer detection rates
in young men. They recommended the following
thresholds: 2.5 ng/mL for men aged 40 years, 3.5
ng/mL for men aged 50 years, 4.5 ng/mL for men
aged 60 years, and 6.5 ng/mL for men aged 70 years
and older.

After establishing PCa, PSA levels are mon-
itored to assess the effectiveness of treatment and
detect any recurrence [16]. The PSA test helps di-
agnose prostate conditions like benign prostatic hy-
perplasia and prostatitis in men with urinary symp-
toms. Its widespread use in the USA and Europe
remains controversial due to overdiagnosis, leading
to mixed results in preventive screening programs
[17,18], which led to an increase in the number of
unnecessary biopsies, often revealed asymptomatic
or clinically insignificant forms of cancer, which
adversely affected the mental health of patients,
causing anxiety and depression [19]. PSA has a
relatively low specificity, as confirmed by recent
research findings. In a research paper by Ehirem-
hen Ozah et al., the specificity index was 12.1%. A
more effective result is obtained with a combina-
tion of DRE and PSA. Numerous studies have dem-
onstrated that the combination of DRE and PSA
has a higher diagnostic value for PCa. In this study,
the sensitivity in combination was 91.7 %, and the
specificity was 91.4 % [20]. These figures are con-
firmed by A.A. Abdrabo et al., who reported 100 %
and 92 %, respectively [21]. Thus, when combined,
these methods significantly exceed the results of in-
dividual methods.

The low accuracy of PSA led to the use of
another indicator, PSA density, as a more reliable
predictor of PCa. Calculated as PSA level divided
by prostate volume, PSAD > 0.15 ng/mL? increases
cancer risk and improves detection accuracy over
PSA alone [22]. Seo Yeon Youn et al. found high
consistency between ultrasound and MRI in mea-
suring prostate volume. Both methods aligned well
with the gold standard, though MRI tended to over-
estimate volume, while ultrasound underestimated
it [23]. The prostate volume calculated from MRI
data allows using PSAD as an effective parameter
for assessing the risk of PCa before biopsy, espe-
cially in patients with negative or ambiguous MRI
results. The likelihood of clinically significant PCa
(csPCa) in the study by Shu Wang et al. It was low,
at 4 % in patients with a negative MRI before bi-
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opsy and 6 % in patients with foci rated at 3 points
on the PI-RADS scale (Likert scale). A biopsy may
be less justified at PSAD below 0.10 ng/mL [24].

Puncture of the prostate gland

Initially, PB was performed using a biopsy
needle when abnormalities were detected. While
transrectal access remains common, transperineal
biopsy is gaining popularity due to improved accu-
racy [25]. Systematic biopsy protocols, such as the
sextant method, involve taking three samples from
each prostate side and were effective for detecting
TRUS-detected lesions [26]. However, the sextant
protocol has a high false-negative rate, especially
for apical and lateral lesions [27]. Transrectal ex-
tended biopsy (10-12 samples) increases sensitivity
and is now the diagnostic standard, supplementing
sextant biopsy with lateral zone samples. Transrec-
tal saturated biopsy (20-30 samples) is used in cas-
es of high cancer suspicion after negative biopsies,
detecting 34 % of cases with two prior negative
results. Transperineal template biopsy (50-70 sam-
ples) under anesthesia reduces missed diagnoses to
5 % compared to 30-40 % with transrectal biopsy,
improving the detection of small lesions [28]. To
optimize sampling, new biopsy schemes were de-
veloped, such as the Ginsberg’s scheme for prostate
biopsy (Figure 1) [29], which divides the prostate
into three sectors per side, taking 24-32 samples
for larger prostates, ensuring high detection rates.
Biopsy analysis remains a key diagnostic method,
as tissue samples are examined microscopically for
the presence and spread of cancer. Results may be
negative (no cancer), positive (cancer detected), or
suspicious (abnormal but uncertain cells) [30].

Liquid biopsy (hereinafter — LB)

LB is an alternative to traditional biopsy, an
innovative tool in the field of personalized medi-
cine, for the minimally invasive diagnosis of clini-
cally significant abnormalities in various types of
cancer in real-time. LB allows isolating the circu-
lating tumor DNA (hereinafter — ctDNA), circulat-
ing tumor cells (hereinafter — CTCs), and free cir-
culating DNA (hereinafter — cfDNA) from blood
samples and other biological fluids [31; 32]. The
discovery of CTCs has drawn attention to liquid bi-
opsy as a potential diagnostic tool for PCa. CTCs
serve as both prognostic and predictive biomark-
ers, enabling the early detection of metastases and
facilitating the monitoring of treatment. Recent
studies have found 613 CTCs per 1.7 mL in PCa
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Figure 1. Ginsberg’s scheme for prostate biopsy [29]

patients, compared to 6 CTCs per mL in healthy
donors. The number of CTCs in seminal biopsies
correlated with PSA levels, particularly in patients
with metastatic castration-resistant PCa (hereinaf-
ter — mCRPC) [32]. LB shows promise but is lim-
ited by its low tumor content, specificity, and chal-
lenges in isolating biomarkers. However, it offers
a potential minimally invasive alternative to tissue
biopsy for real-time patient monitoring [31].
Biparametric and Multiparametric MRI
MRI is a valuable tool in the diagnosis and
treatment of PCa. In diagnostics, it is preferable to
use devices with a magnetic field strength of 3.0 T;
1.5 T is the minimum acceptable value. The study
showed that the sensitivity of mpMRI ranged from
42 % to 100 %, and the specificity from 12 % to
100 % [33]. Another study found an mpMRI sensi-
tivity of 86 % and a specificity of 99 % for detect-
ing clinically significant PCa [34]. The PICTURE
study showed that mmMRI helps to avoid repeat
biopsies with high sensitivity to significant can-
cer. However, the choice of the assessment thresh-
old affects the risk of missing aggressive tumors
and overdiagnosis [35]. The PROMIS trial (2017)
showed that mmMRI reduces unnecessary biop-
sies by 27 % and improves diagnostic accuracy. A
quarter of men could have avoided a biopsy, and
a negative mpMRI result indicates a low risk of
clinically significant cancer. The method reduces
the overdiagnosis of minor tumors and improves
the detection of aggressive forms. However, in case
of suspicious findings, a biopsy remains necessary
[36]. Biparametric MRI (hereinafter — bpMRI) is a
promising alternative to mpMRI for PCa diagnosis.
Studies show that bpMRI is not inferior to mpMRI
in detecting csPCa and provides comparable diag-
nostic accuracy. Among the advantages of bpMRI
are reduced examination time and lower cost, as
there is no need for dynamic contrast enhancement
(hereinafter — DCE), which makes the method more

accessible for clinical practice. However, the ab-
sence of DCE may reduce sensitivity in detecting
small or less aggressive tumors. Additional studies
are needed to confirm the effectiveness of bpMRI in
various clinical patient groups. Thus, bpMRI is an
economically and practically advantageous method
that can be used in routine clinical practice without
compromising diagnostic accuracy [37-39].

To assess the risk of clinically significant
PCa, the Prostate Imaging Reporting and Data Sys-
tem (PI-RADS) standardizes the interpretation of
mpMRI results. The system helps detect clinically
significant PCa (Gleason >7, volume >0.5 mL, in-
vasion). In the PI-RADS system, the assessment
of the MR structure of the prostate gland is based
on the classical classification of the zonal structure
of the prostate, as described by J. E. McNeal [40].
The PI-RADS system standardized interpretation,
allowing risk stratification and prediction of ag-
gressiveness prior to biopsy. Clinical trials and na-
tional guidelines have confirmed its effectiveness.
mmMRI also aids in staging and planning treat-
ment, influencing the therapeutic tactics [41]. The
current version of PI-RADS v2.1 has the following
advantages: updated assessment criteria reduce the
number of false-positive and false-negative cases,
there is a clear gradation of foci and separation of
prostate zones, as well as improved stratification of
patients [42]. A study by O. Onder et al. We evalu-
ated the long-term follow-up results of 1,359 pa-
tients after mp-MRI of the prostate gland and the
prognostic value of PI-RADS. The greatest risk of
csPCa was found with PI-RADS 5 (HR = 29.52)
and PI-RADS 4 (HR = 14.46), as well as with high
mPSAD (HR = 3.12), elderly age, and the absence
of previous biopsies.

Survival without csPCa decreased with
the growth of PIRADS: PI-RADS 1-2: 99.1 % (1
year), 96.5 % (3 years), 93.8 % (5 years). PIRADS
3: 94.9 %, 90.9 %, 89.1 %. PIRADS 4: 56.6 % at
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all stages. PIRADS 5: 24.2 %. With PI-RADS 3,
low mPSAD (< 0.15 ng/mL2) was associated with
a lower risk of csPCa, whereas with PI-RADS
4-5, the probability of csPCa was high, requiring
histological confirmation [43]. The ASIST study
showed that MRI before biopsy reduces the failure
rate of active surveillance (hereinafter — AS failure)
by 50 % and slows down the progression of PCa.
The prospective multicenter study involved 273
patients with GGI1, divided into two groups: one
underwent systematic biopsy, the other underwent
MRI with systematic and targeted biopsy. After 2
years, AS failure was 35% in the group without
MRI and 19 % in the group with MRI (p = 0.017),
and clinically significant cancer (Grade Group > 2)
was detected in 23 % without MRI and 9.9 % with
MRI (p = 0.048). Differences in AS failure among
medical centers were noted only in the MRI group
(p = 0.019). Thus, an MRI scan before a biopsy re-
duces the likelihood of failure to actively monitor
and progress the disease; however, the effectiveness
of this method may depend on the specific medical
center. The study confirms the value of MRI in the
strategy of active surveillance of patients with PCa
[44]. The introduction of new techniques will ex-
pand the possibilities of MRI, reduce the need for
invasive procedures, and accelerate the choice of
treatment tactics [40]. A significant disadvantage of
mmMRI is the variability of results due to the com-
plexity of interpretation, the lack of uniform crite-
ria, and the varying levels of qualification among
radiologists [44].

Transrectal ultrasound examination

TRUS is widely used for the diagnosis and
biopsy of PCa, but its sensitivity (~40-50 %) and
specificity are limited, which often leads to the
missed detection of tumors. TRUS is the gold stan-
dard for PCa biopsy [45]. The procedure lasts ap-
proximately 10 minutes, is performed under local
anesthesia, and does not require expensive equip-
ment, making it an affordable and cost-effective op-
tion. The ease of use and absence of radiation make
it one of the most common methods of diagnosing
PCa. [46] Modern methods, such as contrast-en-
hanced ultrasound (CEUS) and elastography, en-
hance diagnostic accuracy, with sensitivities of up
to 90 % when using shear wave elastography [47;
48]. CEUS is an ultrasound method that involves
the intravenous injection of gas—filled microbub-
bles to assess microvascular perfusion. Microbub-
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bles (1-10 microns) penetrate capillaries, providing
better visualization of microcirculation compared
to spectral Doppler ultrasound, which captures only
vessels larger than 1 mm. CEUS evaluates blood
flow exclusively, without penetrating the surround-
ing tissues [49]. The MRI-TRUSE fusion biopsy
combines the advantages of MRI accuracy and
ultrasound accessibility, achieving a sensitivity of
~88 %. Increased efficiency is achieved by combin-
ing ultrasound with modern methods, such as CEUS
and elastography, as elastography enhances cancer
detection by 15 %. Currently, minimally invasive
techniques are becoming increasingly important
among the possible treatment options for local-
ized PCa, one of which is high-intensity focused
ultrasound ablation of the prostate (HIFU - High
Intensity Focused Ultrasound) [31]. In HIFU, high-
intensity ultrasonic energy is focused on a fixed
target. Exposure of a large amount of energy to a
focused area leads to cell destruction and coagu-
lation necrosis by two mechanisms: heat exposure
and cavitation [28]. These treatments show promis-
ing results, but their role requires further research,
especially in comparison with mpMRI [47; 48].
Positron emission tomography CT and MRI
Despite various diagnostic methods, results
remain uncertain in some patients. NCCN recom-
mends 18F-flucyclovine PET-CT for biochemical
recurrence after prostatectomy, while EAU prefers
PSMA PET-CT, which is the most accurate for re-
lapse, staging, and treatment planning. New tracers,
including GRP-targeting agents and 18F-FDHT,
show promise for castration-resistant PCa. A study
conducted in 2022, which included 30 patients with
suspected prostate cancer with PSA levels in the
«gray zone» of 2-10 ng/mL and Pi-RADS 3 accord-
ing to mpMRI, and were examined on PET CT with
PSMA, showed a high sensitivity (86 %), specific-
ity (100 %), diagnostic accuracy (86 %) and positive
prognostic significance (100 %) of the method. The
negative prognostic significance was 27 % [49; 50].
A prospective single-center study (UCLA, USA)
compared PSMA PET-CT and 18F-flucyclovin
PET-CT to detect biochemical recurrence of PCa
with PSA levels <2.0 ng/mL in 50 patients. Recur-
rence rate: PSMA 56 % (28/50), 18F-flucyclovin
26 % (13/50), p=0.0026. In the pelvic lymph nodes:
PSMA 30 % (15/50), 18F-flucyclovin 8 % (4/50),
p=0.0034. Outside the pelvis: PSMA 16 % (8/50) vs
18F-flucyclovin 0 % (0/50), p=0.0078 [51-54]. The
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criteria for recurrence of PCa after local therapy are
determined by an increase in PSA >0.2 ng/mL after
radical prostatectomy (RP) and >2 ng/mL above na-
dir after radiation therapy [55]. The introduction of
PSMA-PET has significantly enhanced the detection
of PCa recurrence. PSMA-PET is more sensitive at
low PSA levels compared to PET with 11C-choline
and CT. Additionally, MRI and biopsy are important
follow-up procedures after radiation therapy:.
mpMRI, which combines morphological
and functional sequences (T1, T2, DWI, DCE), has
become widely used over the past decade to detect
clinically significant cancers and currently plays
a key role in conducting targeted biopsies [56].
A systematic review and meta-analysis by Laura
Evangelista et al. involving a total of 50 studies and
2,104 patients has shown that PET MRI is highly
sensitive in detecting primary PCa. The cumulative
sensitivity in the analysis of patients was 94.9 %,
and the detection of relapses reached 80.9 %, espe-
cially when using radiolabeled PSMA ligands [57].
In a study by B. Grubmiiller et al., PSMA
PET MRI correctly detected PCa in 119 out of 122
patients (97.5 %). Eighty-one patients were treated
with radical prostatectomy and pelvic lymphad-
enectomy. The stage T accuracy was 82.5 % (con-
fidence interval [CI] 73-90; P < 0.001), for stage
T2 — 85 % (95 % CI, 71-94; P < 0.001), for T3a —
79 % (95 % CI, 43-85; P < 0.001), for T3b — 94 %
(95 % CI, 73-100; P <0.001), and for stage N1 —93
% (95 % CI, 84-98; P < 0.001). PSMA-PET/MRI
altered treatment strategies in 28.7% of patients,
resulting in the initiation of systemic therapy or ra-
diation therapy (n = 16) or the selection of an ac-
tive surveillance approach (n = 19) [58]. The MRI
component of PET/MRI with 68Ga-PSMA-11 is
particularly effective for detecting local relapses,
especially at PSA levels below 1.69 ng/mL [59].
PET-MRI assesses local and regional spread, while
PET-CT is superior for detecting distant bone and
visceral metastases [59]. Despite the high cost,
lengthy scans, and the need for qualified special-
ists, PET/MRI accurately detects tumors and me-
tastases, facilitating personalized treatment. The
development of technologies and the integration of
Al can accelerate the implementation of the method
and increase its effectiveness [60].
Biomarker-based diagnostics
The US National Cancer Institute defines
biomarkers as molecules in blood, tissues, or fluids

that indicate normal or pathological processes. They
are classified as diagnostic, prognostic, or predic-
tive, forming the basis of precision medicine [61].
PSA screening risks overdiagnosis and overtreat-
ment, prompting the development of new biomark-
ers. TMPRSS2-ERG, PCA3, and kallikrein (FI, 4K)
improve PSA accuracy and reduce unnecessary bi-
opsies. Guidelines recommend them in conjunction
with standard methods, with risk calculators aiding
in personalized cancer assessment [62].

The Prostate Health Index (hereinafter —
PHI) includes measurements of levels of -2prop-
sa, percentage of free PSA (fPSA), and total PSA
(tPSA). The values are combined using the formula
(-2 proPSA/fPSA) x VtPSA [63]. The NCCN 2015
guidelines recommend using PHI for PCa early de-
tection, but not as a primary test for all patients. PHI
should be used before biopsy and when choosing
treatment tactics [64]. A study conducted among
892 men without previously diagnosed PCa, with
normal DRE results and PSA levels in the range
of 2-10 ng/mL, showed that the PHI index with a
value of 80 % provides 95 % sensitivity and sig-
nificantly higher specificity (area under the curve
(hereinafter — AUC) 0.703) compared with tPSA
and %fPSA. This confirms that an increase in the
PI index is associated with an increased risk of ag-
gressive PCa and a positive biopsy [65].

The 4Kscore test is an enhanced blood test
used to assess the risk of aggressive PCa. It com-
bines four biomarkers (tPSA, fPSA, intact PSA
(hereinafter — iPSA), and human kallikrein 2 (here-
inafter — hK2)) within a patented algorithm, along
with clinical factors such as treatment outcomes
and patient age, to estimate risk from 0 % to 100 %.
The test is designed to detect indolent tumors that
do not require immediate intervention.

The primary validation of the 4Kscore test
was conducted in 2008 on a cohort of 740 men
from the Gothenburg segment of the European
Randomized Study of Screening for Prostate Can-
cer (hereinafter — ERSPC). Men with a PSA level
of 3 ng/mL or higher who had not previously under-
gone screening underwent a biopsy at six points. In
combination with age, DRE results, and tPSA lev-
els, the 4Kscore panel significantly improved the
prognosis of high-grade PCa (Gleason score >7),
increasing the AUC from 0.68 to 0.83, demonstrat-
ing its clinical usefulness. Further studies involving
740 people with similar PSA levels demonstrated
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that incorporating a 4K panel into existing clinical
factors increased the AUC for detecting high-grade
PCa from 0.87 to 0.90, confirming the test’s reli-
ability under various conditions [65]. In a study of
531 men from Stockholm County with PSA levels
between 3 and 15 ng/mL, 4Kscore and PHI tests
were compared. 4Kscore and PHI showed similar
accuracy in predicting PCa (AUC 69.0 and 71.8
for 4K, 70.4 and 71.1 for PHI). Both tests outper-
formed the model using PSA and age (p < 0.0001),
but had no significant differences between them.
With a 10 % risk threshold for high-grade cancer,
biopsy was avoided in 29 % of cases, but diagnosis
was delayed in 10 % of men with aggressive cancer.
A limitation is the lack of data on rectal examina-
tion and biopsy decisions based solely on PSA [66].

PCA3 or DD3 is a prostate-specific mRNA
biomarker that modifies the expression of the PCA3
gene in urine samples collected after DRE. Stud-
ies have shown that PCA3 levels are 10-100 times
higher in 53 out of 56 prostate tissue samples com-
pared to neighboring unchanged prostate tissue.
PCA3 was absent in non-representative tissues, but
was present in normal prostate tissue and benign
prostatic hyperplasia (BPH) [64]. The Progensa
PCA3 test, which detects PCA3 and PSA mRNA
in urine samples, has predominant diagnostic po-
tential. Combined data from 46 studies involving
12,295 individuals demonstrated encouraging sen-
sitivity (0.65) and specificity (0.73) in detecting
PCa, with an area under the curve of 0.75. Elevated
PCA3 levels are associated with an increased risk
of developing PCa and help identify patients who
may require a biopsy [67; 68].

IsoPSA is a blood test that assesses PCa risk
by detecting PSA structural isoforms using an aque-
ous two-phase system. A study by Eric A. Klein
et al. (888 men, 2015-2020) across eight centers
evaluated IsoPSA for diagnosing high-grade PCa
(Gleason >7) and any PCa (Gleason >6) in men
>50 years with PSA >4 ng/mL referred for biopsy.
IsoPSA showed an AUC of 0.783 for high-grade
PCa and 0.770 for any PCa, outperforming total
and free PSA. It helped avoid 46 % of biopsies for
high-grade cancer and 42 % for any PCa in low-risk
patients. In another study (J.M. Scovell et al., 900
men with PSA > 4 ng/mL) [69], IsoPSA reduced
biopsy recommendations by 55 % and MRI rec-
ommendations by 9 %, thereby lowering diagnos-
tic invasiveness and patient stress [70]. Literature
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suggests that [soPSA can be integrated into clinical
practice considering insurance coverage, cost, MRI
quality, and shared decision-making between doc-
tors and patients [71].

The Mi-prostate score (hereinafter — MiPS)
is a predictive algorithm that incorporates serum
PSA levels and urine biomarkers, including PCA3
and TMPRSS2:ERG. MiPS has demonstrated the
ability not only to detect the presence of PCa be-
fore biopsy, resulting in a 35-47% reduction in un-
necessary biopsies, but also to predict high-severity
PCa during biopsy, making it a valuable tool for
assessing individual risk. MiPS has obvious disad-
vantages related to the availability of a high level of
technical knowledge and platform capabilities for
effective implementation. The algorithm highlights
an important limitation related to the differences in
the prevalence of the TMPRSS2: ERG gene fusion
among various racial groups. Studies have shown
significant differences: This fusion is present in
50 % of Caucasians, 31.3 % of African Americans,
and 15.9 % of Japanese. The potential implica-
tions of this difference regarding the applicability
of MiPS in patients from other countries remain
uncertain and should be considered by healthcare
providers [68; 72].

The Stockholm-3 (hereinafter — STHLM3)
test combines PSA levels, protein biomarkers
(tPSA, fPSA, iPSA, hK2, MIC1, MSMB), genetic
markers, and clinical data to improve PCa risk as-
sessment. It distinguishes aggressive from indo-
lent forms and reduces unnecessary biopsies while
maintaining accuracy. Initially validated in Swe-
den, its use is limited by high cost, complexity, and
availability, which is currently restricted to Swe-
den. Integration into clinical guidelines is expected,
especially for men with high PSA levels or genetic
risk [73].

New biomarkers help reduce overdiagnosis,
identify high-risk patients, and enable personalized
treatment. However, ongoing clinical trials high-
light the need for careful patient selection to ensure
reliable data for their application [68].

Artificial intelligence

Al, particularly machine learning, plays a
crucial role in overcoming the limitations of current
PCa diagnostic methods. This technology enables
the analysis of large amounts of data and the predic-
tion of outcomes, facilitating more accurate and per-
sonalized diagnosis and treatment. Machine learning
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is utilized to enhance diagnosis, prediction, and im-
age analysis, such as MRI and CT scans, as well as to
identify biomarkers, including IncRNA and miRNA,
that aid in stratifying patients and determining treat-
ment effectiveness. Algorithms have been developed
that can analyze genetic data, assess the severity of
the disease’s aggressiveness, and predict its progres-
sion. The application of machine learning in clini-
cal practice presents new opportunities for manag-
ing prostate cancer (PCa) data, thereby enhancing
patient treatment [74]. Recent advances include Al
models that detect cancerous tissue with greater ac-
curacy than traditional methods. In the UCLA study,
an Al tool detected PCa with an accuracy of 84 %,
surpassing the doctors’ accuracy of 67 % [75]. O. J.
Pellicer-Valero et al. have presented a fully automat-
ed deep learning-based system for prostate mpMRI
analysis, which utilizes the Retina U-Net algorithm
to identify tumor foci, segment them, and predict the
Gleason Scale group (hereinafter — GGG). Based on
ProstateX and IVO test data, the system achieved an
AUC 0f 0.96-0.95, a sensitivity of 1.00, and a speci-
ficity of 0.79-0.80 for GGG=>2, surpassing the IVO
radiologist’s PI-RADS accuracy. 4 (0,88/0,56) [76].

Discussion

Traditional PCa detection methods, includ-
ing PSA testing and rectal examination, remain the
primary methods in the early stages; however, their
low specificity leads to overdiagnosis and unneces-
sary biopsies. TRUS is widely used, but its sensi-
tivity is limited. A systematic biopsy is the «gold
standard», but it has the risk of missing the tumor
and false negative results. MRI-guided biopsy in-
creases the detection of clinically significant PCa
and reduces overdiagnosis, but requires high ac-
curacy. mpMRI has improved tumor imaging, es-
pecially with PI-RADS; however, PI-RADS 3 re-
mains diagnostically uncertain, requiring a combi-
nation with biomarkers (e.g., PSAD). PSMA-PET
has become the new standard for the detection of
relapses and metastases, surpassing PET with 11C-
choline, especially at PSA <2 ng/mL, which calls
into question the Phoenix criteria. LB, including
CTCs and ctDNA analysis, is promising for nonin-
vasive monitoring; however, it does not yet replace
traditional biopsy. Modern 4Kscore, PHI, PCA3,
and IsoPSA enhance risk stratification and reduce
the number of unnecessary biopsies. Al is actively
used for MRI analysis, histology, and forecasting,
thereby increasing diagnostic accuracy, but it re-

quires validation and standardization.

Conclusion

Combined approaches (mpMRI, biomark-
ers, Al, and PSMA-PET) enhance the accuracy of
PCa diagnosis. PSMA-PET enhances metastasis
detection but remains expensive and less acces-
sible. LB is promising but requires improved sensi-
tivity. TRUS retains diagnostic value but has limi-
tations. MRI-targeted biopsy is more effective than
systematic biopsy in detecting clinically significant
PCa. Al in diagnostics needs further development
and clear regulation. Despite advancements, high
costs, a shortage of specialists, and limited acces-
sibility remain barriers. The future of diagnostics
lies in a personalized approach, Al integration, and
improved availability of advanced technologies.
Expanding patient access, especially for high-risk
groups, and systematizing diagnostic strategies are
crucial for more efficient early detection of PCa.
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KYBIK ACTBI BE3IHIH KATEPII ICITTH TUATHOCTHUKAJIAY DBOJIOLUSCHI: AJIb-
MALUASJIAH "KACAH/IbI MHTEJITEKTKE JAEWTH: OIEBU LIOJY

E. A. AxmeToB, M. A. /l:)kakunos, b. A. Kounes, K. A. AuapeeBa®,
. 11I. Mlepynaaes, 3. C. Makue:xaHoBa, A. P. Amanrasbl, A. K. Capcenoaes,
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«¥ITTBIK FBUIBIMU OHKONOTUSUIBIK opTanbiFey XKILC, Ka3akcran, Actana
*Koppecnondenm asmop

AHaarTna
Karepmi icikTiH €H Ken TapaliFaH TypJepiHiH 0ipi 0051a OTBIPHIN, KybIK aCThI O€31HIH KaTepi iCiriybiK
acThl Oe3iHIH KaTepJi iciri 3aMaHayH, KOFapbl Ce31MTall JKOHE HAKThl IUAarHOCTUKAIBIK 9iCTep/Il KOJAaHa
OTBIPBIMN, OenTii Oip TMArHOCTUKAJIBIK TOCUI KaxeT etefi. KonnaHnbicTarsl oficTepai Tanaay aypyabl epTe
aHBIKTAy MECH OAKBUIAYIBIH €H THIMJII CTPaTeTUSUIAPBIH aHBIKTANTBI.
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3epmmeyoiy makcamol. KyblK acThl 0€31HIH Karepil ICITIHAET1 IUarHOCTUKAJBIK alTOPUTM TYy-
panel O6ap JAepeKTep/Il Kaambliay, KOJIJIAHBLIATHIH MPOIEIypaIapAbIH dPKANCHICHIHBIH KYIITI JKOHE QJICI3
JKaKTapblH aHBIKTAY, Ka31pri AMarHOCTUKAJIBIK 9/11CTEP/IIH 9Cepl MEH TUIMAUIITIH Oaranay.

Qoicmep men mamepuandap. Google Scholar, PubMed, Elsevier, Web of Science xone Medline
JEPEKKOpIapbIHIaFbl aKMaparThl 137ey koHe Tanaay. lllomyra Meta-aHanusnep, paHIoMH3alUsIaHFaH
OaxkplIaHATBIH 3€pTTEYNEp, KYHedl IIONMylap JKOHE KIMHHMKAJIBIK 3€pTTEylep JepeKTepl Kipel.
KaiiTanaHatelH MaKanagap ajJbIHBII TaCTaNIbl, aKIapaT TEKCEPLl )KOHE MaHbI3/Ibl €EMEC KYMBICTAp aJlbl-
HBIT TacTaibl. HoTmkeciHae KapacThIPBUIBIT OTHIPFAH MOCEIIE KaH-)KaKThI TAJIAy/lbl KAMTaMachl3 €TeTIH
75 TOJBIK MOTIHAL KYKaTTap MEH JIepPeKci3 Ky>KaTTap TaHAaJl bl

3epmmey nomuoicenepi. BIpIKTIpIATEH ToCIIACp YUKBI O€31HIH KaTepii iCITiH IMarHOCTUKAIAYIbIH
Ionairin aprreipaabsl. PSMA-pet meractazmapibl aHBIKTAy[bl sKaKcapTaibl, OipakK JaMyIlbl eJiepiaec
KBIMOAT JK0HE KOJI KeTimal emec. CyHbIK OMOTICUSIHBIH QyieyeTi 6ap, OipaK ce3IMTaABIKThI KaKCApTYIabl
KaKeT erelil. TpaHCpeKTalmbabl YIBTPAABIOBICTHIK 3€PTTEY MaHBI3IBI Kypasl OonbIn Kana Oepemi, Oipak
OHBIH JUArHOCTUKAJIBIK MOHI IIEKTEYN. MarHUTTIK-Pe30HAHCTHIK MAKCATThI OMOTICHSI KYHelll OHOTICHsIFa
KaparaH/a KJIMHUKAJIBIK MAaHbI3Ibl KATEPJIl 1CIKTI aHBIKTalIbl. J{narHoCTHKaaFrpl JKacaHIbl MHTEIJUICKT J1a-
MYl KQXKET eTefl, O1paK OHBI KOJIJIaHy HAKThl PETTENTyl KepeK.

Tyiiin ce30ep: Kyvik acmul Oe3iniy Kamepii iCieiHiy OUAZHOCMUKACHI, KYblK acmbl Oe3iHiy Kamepii
iCieiHiy CKpuHUHel, KyblK acmbl Oe3iniy Kamepii icieiniy buomapkepiepi, mik iwekmi caycaknen mexcepy,
KVbIK acmbl Oe3iHiy kamepii iciein epme aHbIKMay.
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N. 1. Hlepyaaaes, 3. C. Makue:xanoBa, A. P. Amanra3sl, A. K. Capcenoaes,
A. C. KaobLoexoBa, . C. bepikbaeB
TOO «HarmumonanpHBIA HAYYHBIN OHKOJIOTHYECKUN 1IeHTp», Kazaxcran, Actana
*Koppecnonoupytowuii asmop

AHHOTALUSA

SBnsisicb oHUM U3 HanOoJiee pacpOCTPAHEHHBIX BUIOB paka, paK MpeICTaTeIbHOM jkese3bl TpeOy-
eT K ceOe onpeeNIeHHbIN TMarHOCTUYECKUN MOAX0/1, C TPUMEHEHUEM COBPEMEHHBIX, BLICOKOUYBCTBUTEb-
HBIX U CNEUU(UYHBIX METOJOB JAMATHOCTUKHU. AHAJINU3 CYLIECTBYIOIIUX METOAOB MO3BOJUT ONPENEIUTh
HanOosee 7((HEKTUBHBIE CTPATETUH JIJII PAHHETO BBISIBJICHUS U KOHTPOJISI 3a00JI€BaHNUS.

L]env uccneoosanus. O000ILIEHNE CYIECTBYIOIINX JaHHBIX O AMAarHOCTHUYECKOM aJITOPUTME MpU
pake MpesCTaTeNIbHOM JKee3bl, BHISBJICHNE CHIIBHBIX U CIA0bIX CTOPOH Ka)XAO0W M3 MPUMEHSEMBIX MpoLie-
Iyp, OLEHUTH BIUSHUE U 3(PPEKTUBHOCTh COBPEMEHHBIX METOJI0B TUATHOCTUKHU.

Memoowl u mamepuanwi. IlpoBenen nmouck u ananu3 nHopmarmu B 6azax ganHbsix Google Scholar,
PubMed, Elsevier, Web of Science u Medline. B 0030p BKJItOUEHBI TaHHBIE METAaHAINU30B, PaHIOMHU3H-
POBAHHBIX KOHTPOJUPYEMBIX HCCIIECIOBAHMMA, CHUCTEMaTHUYECKUX O030pOB M KIMHUYECKUX HCIBITAHUM.
Jy6nukatsl crateil ObUTn yaanieHbl, HH(OpMalus MPOBEpEHa, a HepelleBaHTHbIE paboThl UCKIIIOUEHbI. B
pe3yabrare 0TOOpaHo 75 MOJHOTEKCTOBBIX TOKYMEHTOB U aOCTPakTOB, 00€CMEUNBAIOIINX BCECTOPOHHUI
aHaJIM3 paccMaTpuBaeMoil MpoOIeMbI.

Bv1600b1. KoMOMHMpPOBaHHBIE MOAXO/ABI MOBBIILIAIOT TOYHOCTh AMATHOCTHKHU paka MOJKETyI0YHON
xene3bl. PSMA-IIOT ynyuniaer BbIsIBICHHE METACTa30B, HO OCTAETCS JOPOrOCTOSAIIUM U TPYIHOJOCTYII-
HBIM B pa3BUBAIOIIUXCS cTpaHax. JKuakocTHast OMOICUSl UMEET MOTeHIIUal, HO TpeOyeT ymydIlleHus JyyB-
CTBUTEJIBHOCTHU. TpaHCPEKTAIbHOE YIBTPA3ByKOBOE HCCIIEJOBAHUE OCTAECTCS BaXKHBIM HUHCTPYMEHTOM, HO
€ro IMarHoCTUYecKasi IeHHOCTh OrpaHnyeHa. Maruuto-pe3oHaHCHast TapreTHasi OMorcHsl BBISBISIET 00JIb-
1€ KIMHUYECKH 3HAYMMOI0 paka, YeM cucTeMarnueckasi onomncusi. VIcKkycCTBEHHBIM UHTEIEKT B TUATHO-
CTHKE TpeOyeT pa3BUTHUs, HO €r0 MPUMEHEHHUE JTOJIKHO OBITh YETKO PErIaMEHTUPOBAHO.
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Knroueegwie cnosa: ouacnocmuxa paka npedcmameﬂbHoﬁ Jicejiesvl, CKpUHUHe paxka npe()cmame/zb—
HOUL dicenesul, 6u0/wap1<epbl paka npe()cmameﬂbHoﬁ Jicejiesnl, najlbyesoe peKknailbHoe MCC/Z@@OGaHue, pan-
Hee 6blislIeHUe paKka npedcmamefleoﬁ HCENE3bL.
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