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Abstract

Prostate cancer (PCA) is the second most common type of cancer in the world. Nevertheless, diagnosis is still based 
on nonspecific methods, or invasive methods which makes clinical decision and diagnosis difficult, generating risk of 
both underdiagnosis and overdiagnosis. Given the high prevalence, morbidity and mortality of PCA, new strategies are 
needed for its diagnosis. A review of the literature on available biomarkers for PCA was performed, using the following 
terms: prostate cancer AND marker OR biomarker. The search was carried out in Pubmed, Science Direct, Web of 
Science and Clinical Trial. A total of 35 articles were used, and PHI (Prostate Health Index) and the 4Kscore tests 
were identified as the best well-established serum markers. These tests are based on the evaluation of expression 
levels of several molecules. For analysis of urine samples, Progensa, ExoDXProstate, and Mi Prostate Score Urine 
Test are available. All these tests have the potential to help diagnosis, avoiding unnecessary biopsies, but they are 
used only in association with digital rectal examination and PSA level data. The search for biomarkers that can help 
in the diagnosis and therapeutic management of PCA is still in its initial phase, requiring more efforts for an effective 
clinical application.
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Introduction
Prostate cancer (PCA) is the most common type of 

cancer in men in the United States, excluding skin cancer. In 
2023, the estimated number of new cases was 288,300, with 
an estimated mortality of 34,700 (American Cancer Society – 
http://www.cancer.org/cancer/prostate-cancer.html). In Brazil, 
71,730 new PCA cases were estimated for each year in the 
three-year period 2023 - 2025 (Instituto Nacional de Cancer 
– http://www.inca.gov.br). PCA is one of the main causes 
of morbidity and mortality in men, being the second most 
common type of cancer and the fifth leading cause of cancer 
death worldwide, reaching 1.41 million cases and 370,000 
deaths in 2020. It is also the most frequently diagnosed cancer 
in men, in more than half of the world’s countries (World 
Health Organization – http://www.who.int/news-room/fact-
sheets/detail/cancer).

The early diagnosis of PCA, as well as other types of 
cancer, is related with a greater overall survival of patients. 
When diagnosis is achieved in the advanced stage, there is 
a significant reduction in patient survival. Also, the early 
detection of the tumor may represent less implications for 
the patient, slowing down the number of procedures and 
medications used, adverse events related to the disease and 
medications and, consequently, reflecting on a better quality 

of life (Resnick et al., 2013). Cancer is a heterogeneous 
pathology, with molecular variability that affects the response 
to treatment and the clinical course of the disease. Therefore, 
tools that allow optimizing patient care, such as markers for 
early diagnosis and therapeutic targets that allow efficient 
treatment are widely sought and studied (Cucchiara et al., 
2018).

PSA is a protein produced by prostate cells, and elevated 
blood levels where frequently measured in the presence of 
prostate disease. Nevertheless, as the name implies, it is a 
prostate specific marker, not a cancer specific molecule, and 
may present high levels in cases of prostate hyperplasia and 
prostatitis. PSA assessment can bring many benefits in PCA 
screening, as due to earlier diagnosis, it can reduce the risk 
of developing metastases (Hugosson et al., 2019). However, 
since it is not cancer specific, this marker evaluation can be 
associated with unwanted effects, such as anxiety when faced 
with a false-positive result or even performing unnecessary 
biopsies, which also present inherent risks, such as infections 
and bleeding. These situations could negatively affect the 
patient’s quality of life (Carlsson and Vickers, 2020).

Currently, according to the National Comprehensive 
Cancer Network (NCCN), for healthy men, an age of 40 to 
45 years is recommended for starting PCA screening, and 
continuing this procedure until the age of 75. This investigation 
is carried out in individuals over 75 years only in recommended 
cases (Carroll et al., 2019). In this scenario, there are cut-off 
points for the periodicity of PSA evaluation, since it not only 
helps in diagnosis, but also indicates a future risk. Therefore, 
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for PSA values   below 1 ng/mL, a periodicity of 8 to 10 years 
can be adopted, from 1 to 2.99 ng/mL, the periodicity must 
be from 2 to 4 years and above 3 ng/mL, the patient should 
be monitored more carefully and perform additional tests 
(Kovac et al., 2020). 

Considering that symptoms are not easily observed on 
early prostate cancers, most cases are diagnosed by screening 
tests. The first evaluation includes a digital rectal exam (DRE) 
and PSA blood test, but the actual diagnosis of PCA can 
only be made with a prostate biopsy (ACS, 2023; NCCN, 
2023). In order to reduce unnecessary biopsies and cases of 
overdiagnosis, and considering the limitations of DRE analysis 
(its sensitivity depends on the expertise of the physician, 
and if there is a large amount of inter-observer variability), 
an alternative is to perform magnetic resonance imaging 
(MRI) in patients with high levels of PSA. Although, it is still 
necessary to standardize this conduct, since biopsies performed 
only from an MRI result could lead to the non-detection of 
intermediate-risk tumors (Hugosson et al., 2022).

However, disease risk stratification and therapeutic 
decisions based only on PSA levels and prostate biopsy yield 
inaccurate results, which brings us back to the problems of 
overdiagnosis and overtreatment, in addition to interfering 
with the costs of health systems, which highlights the urgency 
of the search for new biomarkers. In this sense, currently, 
we still need to find specific molecular markers of PCA. The 
morbidity of the prostate biopsy exam and the treatments for 
this pathology (mainly radiotherapy and radical prostatectomy) 
make it necessary to establish more effective methods not 
only for the diagnosis of malignant neoplasm of the prostate, 
but also for the more accurate selection of the tumors that 
really are clinically relevant, that is, that can lead to patients 
death and effectively require more aggressive approaches. In 
this sense, this paper aimed to review the literature in order 
to describe the biomarkers currently used or potential for 
diagnosis, prognosis and management of PCA.

Method
The literature on the subject of prostate cancer and 

biomarkers in different tissues was reviewed in order to identify 
tests that are already standardized and potential targets aiding 
the diagnosis, prognosis and clinical management of patients 
with suspected prostate pathologies.

The Scoping Review was performed using the following 
search terms: prostate cancer AND marker OR biomarker AND 
diagnosis. The search was performed in Pubmed, Science 
Direct, Web of Science and ClinicalTrial databases. The filter 
included free full articles published in the last 10 years (2012 
to 2022). Review papers, unpublished data, comments, letters 
to the editor and responses to previous publications were 
excluded from the search. A total of 35 articles encompassing 
the research topic were obtained and used in this review.

Results
A total of 183 articles were found in the search, and 

from these, 35 were included in this study after peer review 
by reading the abstracts and, later, full text articles (Figure 1).

Sample biomarkers obtained by non-invasive 
techniques

Prostate biomarker research includes different classes 
such as DNA sequence changes, epigenetic changes (such 
as DNA methylation), gene expression changes, and protein 
markers. Biological samples used in the search for such 
markers can include blood, prostate tissue and urine. Some 
biomarkers are already being used in some countries to aid in 
diagnosis and prognosis without biopsy, or, in case of need for 
biopsy for confirmation, biomarkers contribute to the decision 
of therapeutic management, although there is still no global 
standardization for their use (Uhr et al., 2020).

Table 1 summarizes the main biomarkers described for 
assessing the diagnosis and prognosis of PCA.

The biomarkers and tests recommended by the NCCN 
2019 Guidelines include free PSA; Prostate Health Index 
(PHI), which uses total, free and p2PSA values and applies an 
algorithm to assess prostate health; 4Kscore, which evaluates 
the four PSA variants in the blood (total PSA, free PSA, intact 
PSA and human kallikrein 2 - hK2); and the ExoDxProstate 
(IntelliScore) which is a urine test that looks for RNA markers 
such as PCA3, ERG and SPDEF associated with high-grade 
PCA (Carroll et al., 2019). Nevertheless, it is important 
highlight that recommendations are updated frequently, and 
consequently the recommended tests could be changed. 

The possibility to use serum and/or urinary markers that 
indicate the presence of malignant alterations in the prostate 
allows the reduction of more invasive interventions, such as 
procedures for collecting tissue material for biopsies. This 
reflects in the patients’ better quality of life, reducing risks 
associated with the procedures, in addition to not generating 
anxiety and concern about procedures and possible diagnosis 
(Carlsson and Vickers, 2020).

The 4Kscore test is indicated for cases in which the 
serum total PSA dosage or DRE are altered. Thus, four markers 
are combined to predict the risk of PCA aggressiveness and, 
consequently, improve the assessment of the need for a biopsy. 
The evaluated markers are total PSA, free PSA, intact PSA 
and hK2. In this regard, total PSA and free PSA are general 
indicators for PCA with low specificity and do not represent 
the possible aggressiveness of the tumor. Intact PSA and hK2 
are present at low concentrations in the bloodstream in healthy 
individuals and changes in these patterns are associated with 
aggressive types of cancer. These parameters, combined with 
the patient’s clinical data according to age and the presence of 
palpable nodules on DRE, are associated with an algorithm 
that indicates the possibility of a future prostate biopsy being 
positive with a Gleason greater than 7, that is, with higher 
risk of aggression. A study evaluating 1,012 patients, 231 
with Gleason≥7, showed an excellent level of accuracy of 
4Kscore in the discrimination between patients with high-
risk disease who will benefit more from a biopsy compared 
to those with non-clinical significant tumor (Parekh et al., 
2015; Eyrich et al., 2021). 

Among markers measured in serum, Filamin A, Filamin 
B and Keratin-19, are also validated as markers through ELISA 
techniques and mass spectrometry. It was demonstrated that the 
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Figure 1 – Flow chart of the selection of reviewed articles. 183 articles were found in database searching, and 2 were excluded for being duplicated. 
Then, 139 studies were excluded after analyzing the title and abstract, as they did not comply with the established inclusion criteria. Finally, all 42 
articles were read in full, and 7 were excluded because they were reviews, letters to the editor, or responses to previous publications, resulting in a final 
number of 35 articles used in the present review.

combination of these markers’ dosage with PSA was superior 
to the isolated use of PSA in PCA diagnosis, in addition to 
the prediction of a high or low degree of aggressiveness, and 
allowing a differentiation between cancer and benign prostatic 
hyperplasia (Ravipaty et al., 2017).

As previously mentioned, in addition to serological 
markers, good indicators of prostate health can also be 
obtained from urine samples, as biomarkers derived from 
the prostate and tumor cells from this tissue can be released 
into the prostate fluid and urine. Also, the urine obtained after 
prostatic manipulation is enriched with molecules released by 
the procedure, allowing the search for markers and malignant 
prostate cells, DNA, RNA, proteins and other small molecules 
(Fujita and Nonomura, 2018). In this sense, the oldest genetic 
biomarker in urine, PCA3 (Prostate Cancer gene 3), stands out. 
This gene has its high expression in PCA cell lines and prostatic 
tumors. The commercial test implemented in 2006 is called 
Progensa, and is considered by some authors to be superior 
to PSA analysis in the early detection of PCA. However, 
although this marker has good sensitivity, detecting small 

tumor volumes, it is not a good predictor of aggressiveness or 
indicator of tissue invasion. Thus, this marker is not indicated 
to help in prognosis, and is also insufficient to contraindicate 
a biopsy in cases of indolent cancer (Auprich et al., 2011).

Despite being a good marker, PCA3 has limitations 
and has been studied in combination with other potential 
markers, in order to establish disease prediction algorithms. 
ExoDXProstate is a test that also helps in prostate biopsy 
decision and is measured in urine, being indicated for patients 
with PSA values between 2 and 10 ng/ml. This test evaluates 
the combined gene expression of PCA3 and two other markers, 
ERG and SPDEF, generating a score that will be used in 
association with biopsy results (Tutrone et al., 2020). This 
test helps predict high-grade prostate cancer and can be 
applied as a marker of aggressiveness (McKiernan et al., 
2018). With the same approach of markers associated with 
PCA3, MiPS (Mi Prostate Score Urine Test) stands out. This 
test evaluates, by multiplex technique, the TMPRSS2:ERG 
fusion gene and PCA3, associating them with serum levels 
of PSA. According to Salami et al. (2013), the combined use 
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of these markers showed a better test’s predictive power for 
the presence of prostate cancer as compared to the same tests 
evaluated separately or when only the PSA serum level was 
evaluated. These markers help the early detection of prostate 
cancer. A study carried out with 1,225 patients observed 
that the application of this test combination improves the 
isolated serum PSA prostate cancer prediction performance, 
predicting not only the presence of PCA in the initial phase, 
but also indicating aggressive cancer. Thus, this combination 
is validated and can be used to estimate the individual risk 
(Tomlins et al., 2016).

Thrombospondin-1 (TSP-1) is a potent inhibitor of tumor 
angiogenesis and is important in controlling the malignant 
neoplasm’s growth (Vallbo and Damber, 2005). The regulation 
of TSP expression seems to be related with several pathways, 
including the P53 tumor suppressor gene, and the inactivation 
of these genes seems to be related with a decrease in TSP-
1 expression and an increase in the angiogenic phenotype 
of the tumor (Su et al., 2010). Some studies have shown a 
decrease or even absence of this marker expression in cases 
of prostate tumor, while the expression keeps high in cases 
of prostatic hyperplasia and prostatic intraepithelial neoplasia 
(PIN) (Vallbo and Damber, 2005). Combinations of TSP-1 
with other genes such as metalloproteinase-9 were evaluated, 
and a 2.8 times greater risk of developing prostate cancer was 
observed in patients with the combination of these markers. 
It has been shown that castration of rats with malignant 
prostate cancer induces the production of TSP-1 by the 
prostatic epithelium, while androgen replacement decreases 
its production. In humans, androgen deprivation decreased 
vascular endothelial growth factor (VEGF) expression and 
increased TSP-1 expression in human prostate carcinoma 
(Sfar et al., 2007).

A study conducted by Steuber et al. (2019) evaluated 
476 men before performing a prostate biopsy, and analyzed 
serum thrombospondin and cathepsin D serum, combined 
with the percentage of free PSA. After taking into account 
results and outcomes, authors concluded that these analyses 
led to a better diagnosis of CaP, and reduced the number of 
unnecessary biopsies.

SelectMDx test evaluates HOXC6, TDRD1 and DLX1 
gene expression. Leyten et al. (2015) conducted a gene 
expression study for a prostate cancer panel, evaluating 39 
promising genes, and after a first analysis, selected eight 
genes. Afterwards, a combination of the expression of three 
genes in urine was indicated as a promising marker, as it 
presented greater accuracy in the prediction of aggressive 
prostate cancer with Gleason score greater than or equal to 
7. This panel was also compared to the isolated evaluation 
of PCA3, and showed superior results. This panel proved to 
be efficient for identifying aggressive cancer even in patients 
with low serum PSA (Leyten et al., 2015).

More recently, Hendriks et al. (2021) analyzed 599 
patients with SelectMDx and concluded that the test is able 
to avoid unnecessary biopsies, minimizes the detection of 
low-grade PCA and misses only 10% of high-grade PCA, in 
addition to having better results when used in combination with 
multiparametric magnetic resonance imaging of the prostate 
(image test capable of evaluating pathologies in the prostate 

region under different parameters: anatomy and prostatic 
morphology, cellularity, and vascularization of the lesion).

Sample biomarkers obtained by invasive/tissue 
techniques

Although the search for non-invasive techniques is 
increasingly present and urgent, understanding the mechanisms 
involved in tumor progression is crucial for developing new 
strategies that could focus different processes, including 
minimizing the invasion of adjacent tissues and metastases. 
Therefore, the evaluation of markers in tissue material obtained 
by biopsy can also help in the diagnosis and prognosis. The 
marker Urokinase plasminogen activator (uPA) is known as 
an important component of tumor progression. uPA is highly 
expressed in malignant tumor cells and its activity is related 
to the conversion of plasminogen into plasmin, which acts 
in fibrinolysis regulation. Due to this activity, this molecule 
is able to hydrolyze components of the connective tissue 
of the matrix tissue. In addition, it has an activating action 
on metalloproteinase zymogens (MMPs). These enzymes 
hydrolyze components of the extracellular matrix, helping 
in the process of tumor invasion and metastasis. Therefore, 
uPA components can be used as diagnostic and prognostic 
markers for several types of cancer, also serving as therapeutic 
targets. The detection of high expression of uPA, uPAR (uPA-
receptor) and PAI-1 (plasminogen activator-1 inhibitor) can 
help in the clinical follow-up of the patient, intensifying the 
follow-up and evaluating possibilities of adjuvant therapy 
(Kimura et al., 2020).

Genetic analysis technology based on CRISPR/Cas9 has 
helped to understand mechanisms of tumor progression and 
therapeutic resistance. This, consequently, allowed the search 
for new genetic markers that could help the identification and 
development of new therapeutic targets. This technology has 
shown that the heterozygous deletion of 17p allows a selective 
dependence on RBX1 (ubiquitin ligase E3 Ring-box 1) in 
castration-resistant metastatic PCA. RBX1 activates POLR2A, 
elevating RNAP2-mediated mRNA synthesis. Thus, the 
combined inhibition of RNAP2 and RBX1 suppresses tumor 
cell growth synergistically, improving the efficiency of the 
RNAP2 inhibitor conjugated antibody. Therefore, RBX1 
may be a therapeutic target for metastatic castration-resistant 
prostate cancer with heterozygous 17p deletion (Li et al., 2018).

The Prolaris test (Myriad Genetic Laboratories, Salt Lake 
City, UT) is a genetic panel that combines the evaluation of the 
expression of 31 genes, associated with cell cycle progression 
already identified as involved in the development of PCA. 
The sample used is formalin-fixed tissue collected for biopsy 
or radical prostatectomy. The result obtained after analyzing 
gene expression and applying algorithms can help not only 
to establish the patient’s prognosis, but also determine the 
intensity of follow-up for this patient and the indication for 
therapy (Cuzick et al., 2012; Freedland et al., 2013).

Oncotype Dx Genomic Prostate Score (GPS) (Genomic 
Health, Inc., Redwood City, CA), based on a RT-PCR 
technique, assesses gene expression of 12 genes associated 
with prostate cancer carcinogenesis. Such genes have effects 
on the induction of angiogenesis, cell proliferation and tissue 
organization. Tissue samples obtained by biopsy and already 
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included in paraffin can be used, helping in their testing after 
an initial biopsy, at the time of diagnosis. After applying the 
genetic algorithm, scores are established for the patient’s 
sample, ranging from 0 to 100, the higher the number, the 
more aggressive the tumor, allowing the determination of 
the prognosis and determining the patient’s management, 
assessing the need for immediate treatment (Van Den Eeden 
et al., 2018).

Promark test (Metamark Genetics, Inc Cambridge, MA) 
analyzes eight proteins and allows a good prognosis assessment 
through algorithms indicative of tumor aggressiveness, in 
addition to helping in the therapeutic decision, and establishing 
the best management for each patient (Shipitsin et al., 2014).

DNA-ploidy is a cytogenetic evaluation test that 
allows the identification of the chromosome’s number. Using 
cytometry, the technique allows the indication of the DNA 
content in a cell, and the distribution of DNA among the 
cells of a tissue. Thus, its combination with the search for 
chromosomal deletions associated with the development of 
PCA may be clinically useful in the management of patients, 
which may indicate a worse prognosis (Lennartz et al., 2016). 

Regarding the therapeutic decision and patient 
management, the Decipher test is a commercial kit for 
the evaluation of gene expression and determines the risk 
stratification of newly diagnosed patients. This panel was 
applied in 150 patients referred for adjuvant radiotherapy 
and 115 patients referred for salvage radiotherapy after 
prostatectomy. After the gene expression analyses, there 
were changes in the management of some patients in both 
groups, improving the quality of each patient’s management 
(Gore et al., 2017).

Liquid biopsy

Liquid biopsy consists of the real-time analysis of tumor 
cells or their products (such as free nucleic acids, vesicles 
or extracellular proteins) released into the blood or other 
body fluids, allowing the analysis of germline and somatic 
mutations, gene expression and signaling pathways. DNA and 
RNA circulating cellular fragments, which are released into 
the bloodstream, are stable for minutes or hours, and contain 
molecular alterations identical to the cells of origin, which 
allows the indirect analysis, in real time, of several genomic 
tumor alterations, such as mutations and rearrangements. 
Despite advances in the diagnosis and treatment of solid 
tumors, metastases remain the main cause of death in patients, 
and are more difficult to detect/diagnose. In addition, as 
mentioned earlier, the tumor is not homogeneous, making the 
analysis by tissue biopsy difficult, because it only accesses a 
small cell group, while liquid biopsy would have the ability 
to detect and analyze different cell types (Heidrich et al., 
2020). Thus, liquid biopsy may have applicability in diagnosis, 
therapy, prognosis and patient follow-up.

A review by Ponti et al. (2021) addressed the analysis of 
free DNA and its fragmentations in liquid biopsies, showing that 
although there are differences in the quantifications performed 
in the different groups analyzed (PCA, benign prostatic 
hyperplasia, and controls), the methodologies used still differ 
greatly, generating different results, difficult to be compared.

Many of the biomarkers mentioned in Table 1 are also 
evaluated through liquid biopsy, making the analysis more 
specific, through the use of markers already well established 
in the literature, and also more accessible, as it is an easily 
obtainable sample (Matuszczak et al., 2021).

The number of publications about biomarkers assessed 
by liquid biopsy in PCA has increased dramatically in recent 
years, and there are several types of approach (there is an 
exponential increase in publications in Pubmed from 2012). 
Considering the differential diagnosis between PCA and 
benign prostatic hyperplasia, there is the advantage that other 
body fluids, in addition to serum or plasma, can be used with 
high sensitivity, such as urine and seminal fluid, due to their 
proximity to the prostate. Wang et al. (2021) demonstrated 
that liquid biopsy can bring important benefits in discovering 
mechanisms of resistance to treatment in patients with PCA, 
guiding therapeutic selection and early therapeutic switching 
during disease progression. Also, it has been indicated the 
possibility of assessing the aggressiveness of the disease 
through liquid biopsy (Ruiz-Plazas et al., 2021).

Currently, the ClinicalTrials.gov database (clinicaltrials.
gov) registers 214 clinical trials with the terms “prostate 
cancer” and “circulating tumor cells”, 47 trials related to 
the term “circulating tumor DNA” and 24 related to “liquid 
biopsy”, reinforcing the potential of this methodology in 
studies involving prostate pathologies.

In its 2023 update, the NCCN recommends biomarker 
testing only for sporadic cancers, and only for individuals 
with metastatic disease, metastatic castration-resistant prostate 
cancer, patients who have had radical prostatectomy, or for 
patients in any stage of cancer but life expectancy greater 
than 10 years. However, the tests cited as most recommended 
(Decipher, Oncotype DX and Prolaris) evaluate tissue samples 
obtained by biopsy (NCCN, 2023). Despite advances in finding 
candidate genes for suitable biomarkers, few have been used 
in a clinical setting. That is, the search for biomarkers for PCA 
in non-invasive samples is still at an early stage. 

The assays PHI, 4Kscore test, PCA3 tests (such as 
Progensa) and ConfirmMDx have been recommended to help 
in biopsy decision, by identifying patients at low risk, where 
biopsy should be avoided (minimizing risks) and reducing 
the diagnosis of non-clinically significant tumors. Besides, 
the tests are also considered in cases where patients have a 
negative biopsy, but screening tests such as PSA and DRE 
are altered, which could raise the suspicion of a biopsy with 
a false negative result. That is, these tests have been used in 
the decision to perform a biopsy, or else in the evaluation of 
a new biopsy in case of suspicion of a false negative result. 
(ACS, 2023).

On the other hand, the new markers that analyze tissue, 
although they can help in prognosis, have the disadvantage of 
needing an invasive sample. In fact, they can also help in the 
treatment decision, since some patients have indications of 
active surveillance, while others may need definitive therapy, 
like radiotherapy or surgery. It is important to point out that 
there are also cases that need to undergo from the active 
surveillance to a therapy decision (NCCN, 2023).
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Finally, the identification of PCA susceptibility genetic 
markers, as well as genetic markers associated with clinical 
outcomes, is another important field of research. In our 
laboratory, research has been carried out with important 
contributions in the field of biomarkers for prostate cancer 
and benign prostatic hyperplasia, such as associations with 
polymorphisms in the apoptosis genes BCL-2, FASL and BAX 
(da Silva Lawisch et al., 2022), HLA-G variant (Zambra et 
al., 2016) and polymorphisms in the CCR2 and CCR5 genes 
(Zambra et al., 2013).

Final considerations
Considering the high age at the time of PCA diagnosis 

and the low aggressiveness of some tumors, the real indication 
for the use of more invasive procedures, such as biopsies or 
surgeries for radical prostatectomy should be better evaluated. 
In addition, the use of therapies for cancer treatment, such 
as radiotherapy or chemotherapy, must be evaluated taking 
into account the benefits against the possible risks. It should 
be noted that these therapies present numerous risks for 
the patient, with several adverse events reported, which 
may reflect on the patient’s quality of life, such as urinary 
or erectile dysfunction events, acute toxicities, leading to 
excessive hospitalization, and contributing to the increase 
of hospital expenses.

According to the data published in recent years regarding 
PCA incidence, it becomes evident that this pathology will 
continue to grow worldwide, and as a result, the search for 
more sensitive and specific biomarkers could help in early 
diagnosis and guide the best therapeutic approach, ensuring 
better chances of prognosis. Therefore, the search for PCA 
diagnosis and prognosis markers in minimally or non-invasive 
samples, such as serum and urine, should increase. Thus, it 
will be possible to avoid the use of invasive procedures for 
the collection of tissue material in patients who effectively do 
not have the need for such an evaluation. The analysis from 
tissue material still has the disadvantage that the tumor is not 
homogeneous, and the tissue biopsy restricts the analysis to the 
removed part. Also, in cases where serum markers indicate the 
need for tissue biopsy, the application of more complete tests, 
such as analysis of gene and/or protein expression mentioned 
above can contribute to better patient management, allowing 
the best therapeutic choice for each case. 

Conflict of Interests
The authors declare that there is no conflict of interest 

that could be perceived as prejudicial to the impartiality of 
the reported research.

Authors Contributions
GKSL and JABC conceived this study, GKSL performed 

the main review of the study, analyzed the data, and wrote the 
initial version of the manuscript; GMD and VB participated 
in the review and data analyses; RAS performed a critical 
clinical review of the article; JABC supervised this study; 
all authors read and approved the final version.

References
Alinezhad S, Väänänen RM, Tallgrén T, Perez IM, Jambor I, Aronen 

H, Kähkönen E, Ettala O, Syvänen K, Nees M et al. (2016) 
Stratification of aggressive prostate cancer from indolent 
disease-Prospective controlled trial utilizing expression of 11 
genes in apparently benign tissue. Urol Oncol 34:255.e15-22.

Assel M, Sjöblom L, Murtola TJ, Talala K, Kujala P, Stenman UH, 
Taari K, Auvinen A, Vickers A, Visakorpi T et al. (2019) A four-
kallikrein panel and β-microseminoprotein in predicting high-
grade prostate cancer on biopsy: an independent replication 
from the finnish section of the European Randomized Study 
of Screening for Prostate Cancer. Eur Urol Focus 5:561-567.

Auprich M, Bjartell A, Chun FK, de la Taille A, Freedland SJ, 
Haese A, Schalken J, Stenzl A, Tombal B and van der Poel 
H (2011) Contemporary role of prostate cancer antigen 3 in 
the management of prostate cancer. Eur Urol 60:1045-1054.

Barisiene M, Bakavicius A, Stanciute D, Jurkeviciene J, Zelvys A, 
Ulys A, Vitkus D and Jankevicius F (2020) Prostate Health 
Index and Prostate Health Index Density as diagnostic tools 
for improved prostate cancer detection. Biomed Res Int 
21:9872146.

Carlsson SV and Vickers AJ (2020) Screening for prostate cancer. 
Med Clin North Am 104:1051-1062. 

Cooperberg MR, Davicioni E, Crisan A, Jenkins RB, Ghadessi M 
and Karnes RJ (2015) Combined value of validated clinical 
and genomic risk stratification tools for predicting prostate 
cancer mortality in a high-risk prostatectomy cohort. Eur 
Urol 67:326-333.

Cucchiara V, Cooperberg MR, Dall’Era M, Lin DW, Montorsi F, 
Schalken JA and Evans CP (2018) Genomic markers in prostate 
cancer decision making. Eur Urol 73:572-582.

Cullen J, Rosner IL, Brand TC, Zhang N, Tsiatis AC, Moncur J, Ali 
A, Chen Y, Knezevic D, Maddala T et al. (2015) A biopsy-
based 17-gene genomic prostate score predicts recurrence 
after radical prostatectomy and adverse surgical pathology 
in a racially diverse population of men with clinically low- 
and intermediate-risk prostate cancer. Eur Urol 68:123-131.

Cuzick J, Berney DM, Fisher G, Mesher D, Møller H, Reid JE, 
Perry M, Park J, Younus A, Gutin A et al. (2012) Prognostic 
value of a cell cycle progression signature for prostate cancer 
death in a conservatively managed needle biopsy cohort. Br 
J Cancer 106:1095-1099.

da Silva Lawisch GK, Biolchi V, Kaufmann G, Nicolai G, Capitaneo 
E, Rosembach TR, Zang J, Brum IS and Chies JAB (2022) The 
role of FASL, BCL-2 and BAX polymorphisms in Brazilian 
patients with prostate cancer and benign prostatic hyperplasia. 
Mol Biol Rep 49:9445-9451

Eyrich NW, Morgan TM and Tosoian JJ (2021) Biomarkers for 
detection of clinically significant prostate cancer: contemporary 
clinical data and future directions. Transl Androl Urol 10: 
3091-3103.

Fan YH, Pan PH, Cheng WM, Wang HK, Shen SH, Liu HT, Cheng 
HM, Chen WR, Huang TH, Wei TC et al. (2021) The Prostate 
Health Index aids multi-parametric MRI in diagnosing 
significant prostate cancer. Sci Rep 11:1286.

Feng FY, Huang HC, Spratt DE, Zhao SG, Sandler HM, Simko 
JP, Davicioni E, Nguyen PL, Pollack A, Efstathiou JA et al. 
(2021) Validation of a 22-gene genomic classifier in patients 
with recurrent prostate cancer: an ancillary study of the NRG/
RTOG 9601 randomized clinical trial. JAMA Oncol 7:544-552.

Fradet V, Toren P, Nguile-Makao M, Lodde M, Lévesque J, Léger 
C, Caron A, Bergeron A, Ben-Zvi T, Lacombe L et al. (2018) 
Prognostic value of urinary prostate cancer antigen 3 (PCA3) 



Prostate tumor markers 9

during active surveillance of patients with low-risk prostate 
cancer receiving 5α-reductase inhibitors. BJU Int 121:399-404.

Freedland SJ, Gerber L, Reid J, Welbourn W, Tikishvili E, Park J, 
Younus A, Gutin A, Sangale Z, Lanchbury JS et al. (2013) 
Prognostic utility of cell cycle progression score in men with 
prostate cancer after primary external beam radiation therapy. 
Int J Radiat Oncol Biol Phys 86:848-853.

Fujita K and Nonomura N (2018) Urinary biomarkers of prostate 
cancer. Int J Urol 25:770-779.

Gore JL, du Plessis M, Santiago-Jiménez M, Yousefi K, Thompson 
DJS, Karsh L, Lane BR, Franks M, Chen DYT, Bandyk M 
et al. (2017) Decipher test impacts decision making among 
patients considering adjuvant and salvage treatment after 
radical prostatectomy: interim results from the multicenter 
prospective PRO-IMPACT study. Cancer 123:2850-2859.

Grupp K, Roettger L, Kluth M, Hube-Magg C, Simon R, Lebok P, 
Minner S, Tsourlakis MC, Koop C, Graefen M et al. (2015) 
Expression of DNA ligase IV is linked to poor prognosis 
and characterizes a subset of prostate cancers harboring 
TMPRSS2:ERG fusion and PTEN deletion. Oncol Rep 
34:1211-1220. 

Heidrich I, Ačkar L, Mohammadi PM and Pantel K (2020) Liquid 
biopsies: Potential and challenges. Int J Cancer 148:528-545.

Hendriks RJ, van der Leest MMG, Israël B, Hannink G, YantiSetiasti 
A, Cornel EB, Hulsbergen-van de Kaa CA, Klaver OS, 
Sedelaar JPM, Van Criekinge W et al. (2021) Clinical use of the 
SelectMDx urinary-biomarker test with or without mpMRI in 
prostate cancer diagnosis: A prospective, multicenter study in 
biopsy-naïve men. Prostate Cancer Prostatic Dis 24:1110-1119. 

Hugosson J, Roobol MJ, Månsson M, Tammela TLJ, Zappa M, 
Nelen V, Kwiatkowski M, Lujan M, Carlsson SV, Talala KM 
et al. (2019) A 16-yr follow-up of the European randomized 
study of screening for prostate cancer. Eur Urol 76:43-51.

Hugosson J, Månsson M, Wallström J, Axcrona U, Carlsson SV, 
Egevad L, Geterud K, Khatami A, Kohestani K, Pihl CG et al. 
(2022) Prostate cancer screening with PSA and MRI followed 
by targeted biopsy only. N Engl J Med 387:2126-2137.

Kimura S, D’Andrea D, Iwata T, Foerster B, Janisch F, Parizi MK, 
Moschini M, Briganti A, Babjuk M, Chlosta P et al. (2020) 
Expression of urokinase-type plasminogen activator system 
in non-metastatic prostate cancer. World J Urol 38:2501-2511. 

Klein EA, Cooperberg MR, Magi-Galluzzi C, Simko JP, Falzarano SM, 
Maddala T, Chan JM, Li J, Cowan JE, Tsiatis AC et al. (2014) 
A 17-gene assay to predict prostate cancer aggressiveness in the 
context of Gleason grade heterogeneity, tumor multifocality, 
and biopsy undersampling. Eur Urol 66:550-560.

Kovac E, Carlsson SV, Lilja H, Hugosson J, Kattan MW, Holmberg 
E and Stephenson AJ (2020) Association of baseline prostate-
specific antigen level with long-term diagnosis of clinically 
significant prostate cancer among patients aged 55 to 60 
years: A secondary analysis of a cohort in the prostate, lung, 
colorectal, and ovarian (PLCO) cancer screening trial. JAMA 
Netw Open 3:e1919284.

Lennartz M, Minner S, Brasch S, Wittmann H, Paterna L, Angermeier 
K, Öztürk E, Shihada R, Ruge M, Kluth M et al. (2016) The 
combination of DNA ploidy status and PTEN/6q15 deletions 
provides strong and independent prognostic information in 
prostate cancer. Clin Cancer Res 22:2802-2811.

Leyten GH, Hessels D, Smit FP, Jannink SA, de Jong H, Melchers 
WJ, Cornel EB, de Reijke TM, Vergunst H, Kil P et al. (2015) 
Identification of a candidate gene panel for the early diagnosis 
of prostate cancer. Clin Cancer Res 21:3061-3070. 

Li Y, Liu Y, Xu H, Jiang G, Van Der Jeught K, Fang Y, Zhou Z, Zhang 
L, Frieden M, Wang L et al. (2018) Heterozygous deletion 
of chromosome 17p renders prostate cancer vulnerable to 
inhibition of RNA polymerase II. Nat Commun 9:4394.

Matuszczak M, Schalken JA and Salagierski M (2021) Prostate 
cancer liquid biopsy biomarkers’ clinical utility in diagnosis 
and prognosis. Cancers (Basel) 13:3373. 

McKiernan J, Donovan MJ, Margolis E, Partin A, Carter B, Brown 
G, Torkler P, Noerholm M, Skog J, Shore N et al. (2018) A 
prospective adaptive utility trial to validate performance of a 
novel urine exosome gene expression assay to predict high-
grade prostate cancer in patients with prostate-specific antigen 
2-10ng/ml at initial biopsy. Eur Urol 74:731-738. 

Parekh DJ, Punnen S, Sjoberg DD, Asroff SW, Bailen JL, Cochran 
JS and Zappala SM (2015) A multi-institutional prospective 
trial in the USA confirms that the 4Kscore accurately identifies 
men with high-grade prostate cancer. Eur Urol 68:464-470.

Partin AW, Van Neste L, Klein EA, Marks LS, Gee JR, Troyer DA, 
Rieger-Christ K, Jones JS, Magi-Galluzzi C, Mangold LA et 
al. (2014) Clinical validation of an epigenetic assay to predict 
negative histopathological results in repeat prostate biopsies. 
J Urol 192:1081-1087.

Perdona S, Bruzzese D, Ferro M, Autorino R, Marino A, Mazzarella 
C and Terracciano D (2013) Prostate health index (phi) 
and prostate cancer antigen 3 (PCA3) significantly improve 
diagnostic accuracy in patients undergoing prostate biopsy. 
Prostate 73:227-235.

Rannikko A, Leht M, Mirtti T, Kenttämies A, Tolonen T, Rinta-
Kiikka I, Kilpeläinen TP, Natunen K, Lilja H, Lehtimäki T 
et al. (2022) Population-based randomized trial of screening 
for clinically significant prostate cancer ProScreen: A pilot 
study. BJU Int 130:193-199.

Ravipaty S, Wu W, Dalvi A, Tanna N, Andreazi J, Friss T, Klotz A, 
Liao C, Garren J, Schofield S, et al. (2017) Clinical validation 
of a serum protein panel (FLNA, FLNB and KRT19) for 
diagnosis of prostate cancer. J Mol Biomark Diagn 8:323

Resnick MJ, Koyama T, Fan KH, Albertsen PC, Goodman M, 
Hamilton AS, Hoffman RM, Potosky AL, Stanford JL, Stroup 
AM et al. (2013) Long-term functional outcomes after treatment 
for localized prostate cancer. N Engl J Med 368:436-445.

Rubio-Briones J, Casanova J, Dumont R, Rubio L, Fernandez-Serra A, 
Casanova-Salas I, Domínguez-Escrig J, Ramírez-Backhaus M, 
Collado A, Gómez-Ferrer A et al. (2021) Liquid biopsy-based 
exo-oncomiRNAs can predict prostate cancer aggressiveness. 
Cancers (Basel) 13:250. 

Ponti G, Maccaferri M, Percesepe A, Tomasi A and Ozben T (2021) 
Liquid biopsy with cell free DNA: new horizons for prostate 
cancer. Crit Rev Clin Lab Sci 58:60-76.

Ruiz-Plazas X, Altuna-Coy A, Alves-Santiago M, Vila-Barja J, 
García-Fontgivell JF, Martínez-González S, Segarra-Tomás J 
and Chacón MR (2021) Liquid biopsy-based exo-oncomiRNAs 
can predict prostate cancer aggressiveness. Cancers (Basel) 
13:250.

Salami SS, Schmidt F, Laxman B, Regan MM, Rickman DS, Scherr 
D, Bueti G, Siddiqui J, Tomlins SA, Wei JT et al. (2013) 
Combining urinary detection of TMPRSS2:ERG and PCA3 
with serum PSA to predict diagnosis of prostate cancer. Urol 
Oncol 31:566-571.

Sfar S, Saad H, Mosbah F, Gabbouj S, Chouchane L (2007) TSP1 
and MMP9 genetic variants in sporadic prostate cancer. Cancer 
Genet Cytogenet 172:38-44.

Shipitsin M, Small C, Choudhury S, Giladi E, Friedlander S, Nardone 
J, Hussain S, Hurley AD, Ernst C, Huang YE et al. (2014) 
Identification of proteomic biomarkers predicting prostate 
cancer aggressiveness and lethality despite biopsy-sampling 
error. Br J Cancer 111:1201-1212.

Su F, Pascal LE, Xiao W and Wang Z (2010) Tumor suppressor 
U19/EAF2 regulates thrombospondin-1 expression via p53. 
Oncogene 29:421-431. 



Lawisch et al.10

Steuber T, Tennstedt P, Macagno A, Athanasiou A, Wittig A, Huber R, 
Golding B, Schiess R and Gillessen S (2019) Thrombospondin 
1 and cathepsin D improve prostate cancer diagnosis by 
avoiding potentially unnecessary prostate biopsies. BJU Int 
123:826-833. 

Tomlins SA, Day JR, Lonigro RJ, Hovelson DH, Siddiqui J, Kunju 
LP, Dunn RL, Meyer S, Hodge P, Groskopf J et al. (2016) 
Urine TMPRSS2: ERG plus PCA3 for individualized prostate 
cancer risk assessment. Eur Urol 70:45-53.

Tutrone R, Donovan MJ, Torkler P, Tadigotla V, McLain T, Noerholm 
M, Skog J and McKiernan J (2020) Clinical utility of the 
exosome based ExoDx Prostate (IntelliScore) EPI test in men 
presenting for initial Biopsy with a PSA 2–10 ng/mL. Prostate 
Cancer Prostatic Dis 23:607-614.

Uhr A, Glick L and Gomella LG (2020) An overview of biomarkers 
in the diagnosis and management of prostate cancer. Can J 
Urol 27:24-27. 

Vallbo C and Damber JE (2005) Thrombospondins, metallo proteases 
and thrombospondin receptors messenger RNA and protein 
expression in different tumour sublines of the Dunning prostate 
cancer model. Acta Oncol 44:293-298.

Van Den Eeden SK, Lu R, Zhang N, Quesenberry CP Jr, Shan J, 
Han JS, Tsiatis AC, Leimpeter AD, Lawrence HJ, Febbo 
PG et al. (2018) A biopsy-based 17-gene genomic prostate 
score as a predictor of metastases and prostate cancer death 
in surgically treated men with clinically localized disease. 
Eur Urol 73:129-138

Wang Y, Wang Z, Gang X and Wang G (2021) Liquid biopsy in 
prostate cancer: current status and future challenges of clinical 
application. Aging Male 24:58-71.

Wei JT, Feng Z, Partin AW, Brown E, Thompson I, Sokoll L, Chan 
DW, Lotan Y, Kibel AS, Busby JE et al. (2014) Can urinary 

PCA3 supplement PSA in the early detection of prostate 
cancer? J Clin Oncol 32:4066-4072.

Wojno KJ, Costa FJ, Cornell RJ, Small JD, Pasin E, Van Criekinge W, 
Bigley JW and Van Neste L (2014) Reduced rate of repeated 
prostate biopsies observed in ConfirmMDx clinical utility 
field study. Am Health Drug Benefits 7:129-134.

Zambra FM, Biolchi V, de Cerqueira CC, Brum IS, Castelli EC and 
Chies JÁ (2016) Immunogenetics of prostate cancer and benign 
hyperplasia--the potential use of an HLA-G variant as a tag 
SNP for prostate cancer risk. HLA 87:79-88.

Zambra FM, Biolchi V, Brum IS and Chies JA (2013) CCR2 and 
CCR5 genes polymorphisms in benign prostatic hyperplasia 
and prostate cancer. Hum Immunol 74:1003-1008.

Internet Resources
ACS – American Cancer Society, http://cancer.org/ (accessed 22 

august 2023).
Carroll P, Kellogg Parsons J, Andriole G, Bahnson RR, Carlsson S 

and Castle EP (2019) NCCN Clinical Practice Guidelines - 
Prostate Cancer Early Detection, Version 2.2019, https://www.
nccn.org/professionals/physician_gls/pdf/prostate_detection.
pdf (accessed 22 august 2023)

NCCN – National Comprehensive Cancer Network, Prostate Cancer 
Guidelines, Version 3.2033, http://nccn.org/ (accessed 22 
august 2023).

Associate Editor: Lavínia Schüler-Faccini

License information: This is an open-access article distributed under the terms of the 
Creative Commons Attribution License (type CC-BY), which permits unrestricted use, 
distribution and reproduction in any medium, provided the original article is properly cited.


