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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
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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).

PSAis 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
t0 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).
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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 ef 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



Lawisch et al.

Vod

‘panoidde Jo uorordsns y3iy e s,210y) 1nq Asdoiq aA1snjouodur
$10T ©7p 12 unaed V{4 10U ‘sa1pnis Juowre SaLIBA 10 dA1E3DU B 9ARY Oy Sjudnjed 1oJ [njosn (1ASSVY OdV
10T v 12 oufopy A)N[IQISUds pue A9eInddy ‘[OAQ] JIB[NIJ[OW B JB 190UeDd 2)e)soid 10} SuIg ‘1d.1SD) uonejAyouiodAy YNJ anssi|, XANWIGUOD)
‘uoIs1oop Asdoiq oy 910§oq
papuswoday ‘sdnoid oruro
*120T “v 12 SUIPUSH 10UNSIP Ul SAN[BA JUIIIYIP 0} anp *(oI0wW 10 £, UOSEID))
G107 10 12 UK ‘san[eA Jono pouruLIaldp oN SSOUQAAISSAIZFe Jo 10301paid pue sisouderp Al 7X7d PUB [YJL ‘9OXOH VNIW auln XANIRRS
‘910T “Iv 12 peyzaul Y
‘910 “7v j2 suuio],
510 v 12 ddniny ‘pouruIop *SSOUOAISSAIZTR
SE10T v 12 TwerRS SoNJeA JJOIND OU [[1S 91 I |, Jo uonorpaid ym sisougord pue sisouder "DYT-ZSSHINL PUB £V VNIW auLn SdIN
JSEBISIP Y) JO SSIUIAISSAISTe Ay} ysijqe)sd dpy yey) s3sd) -Suise)s yOd
'S10)9B] [[eaY “UOISIOdP
'020C “*Iv 12 duonny, Jeuosiod 1930 pue VS oUi Yum -Asdoiq oy sopIng puy ‘2seasip uFuaq pue 109Ued "J4ddS pue
$R10C v 12 UBUIATON UONBUIQUIOD Ul PAsn 2q p[noys opeI3-mo[ wolj opeI3-y3Iy JRUTWLIOSIP ULD 159) Y], DY ‘€¥Od 10] VN YW [eWOSOXH auln e)S0IIXOXT
‘ouo[e pazAeue
"120T “v 12 sauoLig-olqny 9q1.Ue) "VDd noym anfeA
QT0T “IP1219pel] €YD UYSIY B YIIM SISBD dIe 1Y) ‘SIOY)O pue
IO P12 1O\ POYSI[QRIS [[9M JOU ST JOInd o |, VSd UM paurquiod udym uonorpard ynsar Asdorg cVOd auLn €VOd
‘onfea ‘sarsdoiq ayeysord
Jono & YSI[qeISO 0) SHIOYOD  AIBSS09UUN JO JOqUINU dU) 90NPal A6l pue sIsougerp ursdoye)
'610C /P 12 10qNA)S  JULISPIP Ul Pajen|eAd 9q 0} SPIIN v Od 2ao1dwr ued “ySd 921 YIm paulquio)) ‘uisdoyjeo g pue urpuodsoquuory ], wniog d pue urpuodsoquioay |,
‘Toued e jo yed oq 03
Pa3u pue ‘s100ued JO AJILIBA B UL ‘(SI1sAJeue YSd YIm paurquiood) 61-UneIdy|
L10T “1p 12 Ayediaey PoIB[N3aISAp 9q UBD SITBW A ], VOd Junoosep ur 1omod aanorpaid paaordug ‘61 pue gN'14 ‘VN'I4 wnIvg ‘g urwell ‘v urweqi,j
'610T “Iv 12 [9SSY *SUOT}IPUOD
20T ©1v 12 oxpIuuRy [BOIUI[O [eNPIAIPUT JUSIOPYIP  "SUOISIOIP Asdoiq ur djoy pue ‘soses ysu Y31y AJnuapy o Ul
510 v 12 YPjIdRd 0] 9Np PaId)[e 9q ULD SAN[BA “TId 10 VSd paIdife s sjuanjed Joy pajesrpuy pue ySd 198Ul ‘YSdJ ‘VSd [BI0L wnieg 910083
"120T “1v 12 uey *(sdnoi3
‘0T0T “1v j2 sudlsiieq OTUI}0 JUSISKIP Ul AJulewr) “(sarsdoiq "vsded (HD
£E10T “Ip 12 eUOPId] PaqLIOSap SPOIND JUAIBPI AIBSSOI9UUN PIOAR) SUOISIOAP [eorul]d ul sdjoy pue (VSdJ) VSd 991 ‘ySd [BI0], wnig Xopu[ YI[edH 21e)sold
'020T “[v 12 0eAOY]
$610C “Iv 12 uossoSny *SSOUAAISSIZSe 9)ed1pUl uasnuy
$610T “1v 12 [[01IRD) jou so0p pue A105103ds Mo ‘swojdwAs noy)m uewr Jo SuruseIog "VSd [e10L wnidg oyroadg onjeIsord
uoIs1Ip Asdoiq pue sisougerp ur d[ay yey) s)s9) - FUIUIRIIS VI
Q0UAIRJY sadejueApesiq sa3ejueApy IyIeworg ordweg Kessy

‘sisouSo1d pue sisouSerp ) 10J PoqLIdSIP SIONIEWOIq Ulet Y], — | A[qEL



Prostate tumor markers

‘sdnoi3 uonerndod juaroyip

TayalL
pue ‘DYI-zSSIJNL ‘TNOIS
‘I3INIAS ‘NOHY ‘LOTVI ‘€VOd
‘IX1d ‘ATVNOVI YOVIAV

'020T /v 12 zo1od Ul pajepIfea Suroq [[1S SI 1S9} oYL 'SSOUOAISS0I3Se JO SIsA[eue pue sisouserq ‘TINSDV Jo uorssaxdxad N onssI, TINdq OIdINT
-odures oAIseAul ‘szowny projdip
® PIJU puB ‘SIAIBWOI] JAYI0 yum syuoned 0y paredwoo sisouSold 1ood Jo st
(M UOTRUIqUIOD UT PIzATeur pasearoul ue oAey siown) projdrpuou ym syusned ‘Jjunowre
'910¢ “v 12 Z)\Ieuuo| 9q 0} SpPISU )s9) [BIDUID) 'sadA} 100ULD [BIOAS UL JONTEW O1)SouS0I] jueIIoqe SN JO JUSWSSassy onssi], Apro1d-vNQa
-o1dwes Asdoiq e spasu pue
‘§0100s o103ds uosea[n) Asdoiq *9SBISIp 9AISSAI3Te IXOdA
yna syusned uo pauiogiad JO 3yst1 10jeaIs & Sunedrpur sa100s 1ysiy yim (001 9Sd ‘SNA ‘6VASH ‘TSSAd ‘YAVINS
p10Z v 12 wisndiyg 9q 03 Jueow AJUO ST 1S9 YL, 0] () WOIJ) 9109 B S PIssaIdXd SI J[NSa1 s} Y], ‘T1ND ‘1'TIAQ :$o1W0301] onssI] Srewold
dgSL 6IASYANL FAdIS
PAITLVATO ‘IdVOEVY LHADd
‘IdSVT ‘€dVDOI ‘INddA ‘TSTHL
"120T “1v 12 Suoq “(o7duwes 9AISBAUL) UOIEULIGUOD 1X4d ‘IDdIAN INTINVD
'§10¢ /v J2 S10q10d00)) Asdorq 1a)e Suop oq UEd pue NS SISRISEIOW  DZAGN) TEUVI LONV HOTIMZ
SL10T “Iv 12 210D ‘VOd pauguod uegio 10y A[uQ pue K)1jelIow ‘ssQudAIssIIIe Jown) sazAeuy ‘IdVSNN ‘GIAN :uoissa1dxa ouon) anssi], 1ydeq
1Y ISdD
‘DL ‘ASdLV [4V TXdL ‘PdyAS
"S10T “v 12 I[N “(o[dues 9AISEAUT) UOTEUIGUOD ‘IVITOD ‘NOF ‘TIWdL ‘TIWLSD
10T “p 12 w1y Ksdo1q 1913 duop 9q ued pue *(SISBISEIOUI) SSOUQAISSIISSE ‘NSD ONTH ‘TVSadS ‘TITY
10T 7P 72 U US(J UBA ‘YDd pauyuod uesio 10 A[uQ pue (uoneoynens JSU sozA[eur) JUSUNedN) SOPIND  DETFH ‘TdDHZY ‘uoissaidxo suon anssi], SdD xgedKioouQ
‘Kwoyodyeysoxd
2107 v 12 yo1Zn)) 10 Asdoiq 1033e A[UO SUOP 2q UL *(SISBISLIOW ‘SSOUQAISSAISTe 100uBd
10T “Ip 72 pue[paaI] os ‘ojdues aAISeAUI UB SPION s101pa1d) 2100s u0Issa1Z01d 9[04d [[90 SozATeUY *(souad 1¢) uorssardxa suan onssI, SLIe[0I]
£333e13s Judun A 3Y) IpIng 03 dpPyY ey $3s9) - sisougoad yDOJ
Q0UAIRYY sadejueApesiq sagejueApy IoyIRWIONg ordweg Kessy

Ju0) - 1 AqEL



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 7.SP-
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 ef 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
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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 uPA4, 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 RBXI (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
RNAP?2 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 ef 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
etal., 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 ez 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 ez 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.

Areview 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 ef 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).



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 CCRS5 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.
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