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Introduction
Prostate cancer (PCa) remains the second most common cancer in 
men in Europe after skin cancer. The incidence of clinically diagnosed 
prostate cancer is highest in northern and western Europe (>200 per 
100 000 men per year) [1]. The story of prostate cancer has been 
radically changed since the clinical introduction of the measurement 
of Prostate-Specific Antigen (PSA) levels. The first clinical application 
of this protein was as a prognostic marker for patients with a prostate 
cancer diagnosis and with this aim was approved by FDA (Food 
and Drug Administration) in 1986; In 1994, the FDA approved the 
serum PSA test, in combination with a digital rectal exam (DRE), for 
diagnostic screening of prostate cancer in the clinic [2]. 

However, the PSA should be considered as a tissue specific marker 
rather than a cancer specific assay and despite its value in detecting 
early-stage cancer and in the follow-up of patients with PCa it has 
some limitations in detecting clinically significant cancers leading 
to avoidable biopsies and treatment for indolent tumours [3].

For these reasons, the use of PSA as a diagnostic marker for 
prostate cancer and in the screening is still under debate worldwide 

[4]. Moreover, the indication for prostate biopsy according to 
elevated PSA led to a significant number of unnencessary biopsies, 
in particular in the so-called “grey zone” of PSA between 2 and 
10 ng/ml in which PSA derivatives such as PSA density and Free/
Total ratio are used. It has been estimated that 65-75% of men 
with PSA level between 3 and 10 ng/ml did not have a biopsy 
detectable cancer [5].

A continued and unselected use of PSA represents a significative 
increased cost for healtcare system with a high risk of over 
diagnosis and over treatment. Furthermore, prostate a biopsy is 
an invasive procedure with a not trascurable rate of complications 
and remain a significant burden for patients. It has been estimated 
that from 2006-2009, Medicare spent $450 million annually on 
PSA screening and subsequent diagnostic procedures [6]. Current 
efforts focus on the development of non-invasive biomarkers 
to distinguish between PCa and benign prostatic hyperplasia, 
aggressive and indolent forms of the disease, with the aim of 
reducing the number of biopsies performed.

The detection and upgrading rate of PCa has already been 
improved by the implementation of mpMRI-targeted combined 
with systematic biopsy. As mpMRI has many pitfalls such as cost, 
availability, reliability, access and generalizability from centres 
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ABSTRACT
Prostate cancer still represents the most common urinary malignancies and the second most common cancer in adult men after skin cancer. Prostate 
specific antigen (PSA) represents a milestone in the diagnosis and screening of prostate cancer since its introduction even considering its limitations in 
term of sensitivity and specificity.

The widespread use of PSA often led to unnecessary biopsies and to the diagnosis of indolent cancers that do not require treatment, therefore in the era 
of tailored personalized medicine there is a strong need for new markers that overcome PSA and that can help to identify the patients that have clinically 
significant disease that must be treated.

To date different urinary and serum biomarkers have been proposed in the diagnostic setting with promising results in terms of sensitivity and specificity, 
however, none of them have been routinely introduced in clinical practice.

In this review we reported the latest evidence for prostate cancer diagnosis in terms of urinary and blood biomarkers. 

Considering all the available markers, it is highly unlikely that one single assay could fit all the requirements and it seems appropriate to use the combination 
of different urinary and serum markers together with clinical parameters in order to guarantee a good diagnostic performance and to identify only clinically 
significant disease.
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of excellence, possibly, a predictive cost- efficient marker might 
assist with the identification of men who require further evaluation. 
However, available studies suggest a rather complementary 
effect of biomarkers in combination with mpMRI or clinical risk 
stratification tools to further improve the predictive accuracy. 

Hence there is an unmet need for new biomarkers in prostate 
cancer, remembering that the ideal biomarker would be non-
invasive, easily accessible, inexpensive and able to identify high 
risk, clinically relevant disease rather than an indolent cancer. In 
this review, we focus the attention on diagnostic biomarkers for 
prostate cancer and risk stratification markers used after the first 
diagnosis in order to select the right treatment for all the patients. 

We conducted a literature search on pubmed and scopus including 
“prostate cancer markers” and “prostate cancer molecular 
biomarkers” “prostate cancer diagnosis” as key words. We decided 
to focus the attention on blood and urinary markers excluding 
tissue biomarkers that are less accessible, more expensive and 
not applicable in a diagnostic setting. 

Serum Biomarkers
Early studies on PSA have shown that in blood it exists in different 
forms, mostly complexed with serum protease inhibitors such as 
α1-antichymotripsin and ten to thirty percent exist in a free state. 
Indeed, the inactive form preproPSA after a 17 amminoacids cut 
at the amino-terminal end became proPSA that is inactive but can 
be found in prostate lumen. After a second cut of 7 amminoacid 
the mature enzyme, PSA, is generated and it is released in the 
bloo. Among the inactive fragments form proteolytic degradation 
of the mature enzyme the most represented are free PSA and the 
precursor proPSA [7]. 

The precurosr proPSA can be found in different forms containing 
a 7 ammino-acid pro-peptide and other various truncated pro-
peptide leader sequences such as the form with 5, 4 or 2 ammino-
acid (-2 proPSA). The isoform -2 pro-PSA is preferentially 
produced by malignant cells possibily for the alteration of these 
enzymatic reactions in tumor cells [8]. Therefore, the first adjunctive 
biomarkers to go beyond PSA have been developed from the 
possibility of identifiy in blood different isoform of PSA with a 
higher sensitivity and specificity for cancer. Serum markers are easy 
to obtain, inexpensive and ideal for screening and eary diagnosis.

Phi Index
The Prostate Health Index (PHI) is an FDA-approved serum test 
combines total PSA (tPSA), free PSA (fPSA), and the [-2] proPSA 
isoform using the formula (-2 proPSA/free PSA) × √total PSA 
(Beckman Coulter, Inc.) in order to create a score for selecting men 
at risk of having prostate cancer, particularly high-grade cancer 
(Gleason 7 or higher) [9]. After its introduction, the validity of the 
test has been confirmed by several studies [10-12]. A recent meta-
analysis of 24 clinical studies reported good diagnostic results for 
PHI with a pooled specificity 0.34, sensitivity 0.89, AUC 0.76 to 
detect prostate cancer [13]. Moreover, regarding the possibility 
of detecting high grade disease the study reported a specificity of 
0.34, a sensitivity 0.93, AUC 0.82 confirming a higher capacity to 
identify aggressive prostate cancer. Another metanalysis confirmed 
that PHI outperforms its single components in detecting high 
grade disease, with an overall specificity of 0.17 and sensitivity 
of 0.90 to detect Gleason disease of grade 3 + 4 and greater [14].

In particular in patients with PSA in the “grey zone” in another 
metanalysis PHI was found to have overcome PSA in terms of 
accuracy for detecting prostate cancer in another metanalysys 

[15]. Recently, the concept of “PHI density” was introduced with 
promising results by Tosojan et al the authors analysed a group 
of patients with PSA levels > 2.0 ng/ml, negative digital rectal 
examination (DRE) who underwent PHI testing and consecutive 
prostate biopsy [16].

Median PHI density was 0.70 for patients with significant PCa 
according to biopsy results [interquartile range (IQR) 0.43–1.21] 
compared to 0.53 (IQR 0.36–0.75) for insignificant or negative 
biopsies (p < 0.001). 

Therefore, the authors described a threshold of 0.43 and found a 
sensitivity of 97.9% and a specificity of 38.0% for detection of 
clinically significant PCa. Sensitivity for Gleason ≥7 PCa was 
100.0%. The diagnostic accuracy for detection was higher for PHI 
density (AUC = 0.84) compared to tPSA (AUC = 0.52), %fPSA 
(AUC = 0.75), and Phi alone (AUC = 0.76). 

Moreover, the possibility of adding PHI as an adjunctive tool 
to stratify patients that underwent multiparametric MRI have 
been esplored with promising results in terms of predictive value 
[17]. Added showed that PHI density outperforms PSA and PHI 
itself in detecting clinically significant cancer in a group of 241 
patients with elevated PSA and negative digital rectal examination. 
Moreover, considering 104 patients that underwent mpMRI, the 
combination of Pi-RADS ≥ 3 with PHID ≥ 0.44 identified nearly 
100% of clinically significant cancer. The authors concluded that 
using a threshold of 0.44 for PHI density, 35.3% of unnecessarty 
biopsies could be avoided [18].

In a systematic review for biomarkers in prostate cancer 
management, PHI reached a level of evidence = 1 for discriminating 
between indolent and aggressive prostate cancer, confirming his 
additional utility compared to classical parameters such PSA [3]. 
Finally, data from two different studies suggest a role for PHI as 
an adjunctive tool to be included in multivariable standard risk 
calculators for men with elevated PSA candidates for prostate 
biopsy: the predictive accuracy of the Prostate Cancer Prevention 
Trial [PCPT] and the European Randomised Study of Screening 
for Prostate Cancer [ERSPC] risk calculators was improved 
including PHI score [19,20].

4 K Score
The 4K score is a test that evaluate the levels of four different 
kallikrein markers (tPSA, % fPSA, intact PSA, hK2), combined 
with clinical features such as age and digital rectal examination 
findings in order to define the risk of high-grade disease. These 
panel of proteins was firstly introduced by Vickers et al. and in 
men with elevated PSA showed an improved diagnostic accuracy 
compared to PSA alone, leading the authors to conclude that the 
application of the test in 1000 men with elevated PSA would reduce 
the number of biopsies by 513 avoiding the risk on an unnecessary 
procedure [21]. These results have been confirmed even in another 
a population-based case control study that confirmed the role of 
4K score in reducing the number of unnecesessary biopsies in 
patients with elevated PSA [22].

Another study with a multi-institutional cohort of 1012 men 
undergoing biopsy in the USA showed an AUC of 0.82 (95% CI: 
0.79–0.85) for high-grade cancer, showing excellent diagnostic 
performance for the test with a possible reduction of more than 
30 % of prostate biopsies with delayed diagnosis in only 1.3-4.7% 
of Gleason ≥7 PCa cases [23]. Together with PHI the 4k score is 
mentioned in the EAU guidelines as a potential marker to be used 
in patients with PSA in the grey zone as a useful risk assessment. 
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In a study on 513 patients with elevated PSA who underwent 
prostate biopsy, Nordstrom showed that both these tests outperform 
PSA level alone with a similar AUC both for predicting any grade 
PCA [69.0 (4K score) vs. 70.4 (PHI)] as well as high-grade PCa 
(71.8 vs. 71.1). The authors defined a cut off value for PHI at 39 
and for 4K score at 10 % and found that 29 % of biopsies could 
be avoided if the scores would have been used [24].

In a recent metanalysis by Russo et al. Twenty-eight studies 
including 16,762 patients have been evaluated. The pooled data 
showed a sensitivity of 0.89 and 0.74 for PHI and 4K panel, 
respectively, for PCa detection and a pooled specificity of 0.34 
and 0.60 for PHI and 4K panel, respectively. The derived area 
under the curve (AUC) from the hierarchical summary receiver 
operating characteristic (HSROC) showed an accuracy of 0.76 
and 0.72 for PHI and 4K panel respectively. For high-grade PCa 
detection, the pooled sensitivity was 0.93 and 0.87 for PHI and 4K 
panel, respectively, whereas the pooled specificity was 0.34 and 
0.61 for PHI and 4K panel, respectively. The derived AUC from 
the HSROC showed an accuracy of 0.82 and 0.81 for PHI and 
4K panel, respectively. Both PHI and the 4K panel provided good 
diagnostic accuracy in detecting overall and high-grade PCa [13].

Serum Proteins 
A recent study evaluating 500 serum specimens reported the 
development of a novel serum protein panel of three prostate cancer 
biomarkers, Filamin A, Filamin B, and Keratin-19 (FLNA, FLNB, 
and KRT19) using multivariate models for disease screening and 
prognosis [25]. The combination of these prostate biomarkers with 
PSA testing was better than PSA alone in identifying prostate cancer 
(AUC for panel of FLNA, FLNB, age, PSA, 0.64; PSA alone AUC, 
0.58) and improved the prediction of high risk disease (AUC for 
panel of FLNB, age, and PSA, 0.81; PSA alone AUC, 0.71), low 
risk disease (AUC for panel of FLNB, age, PSA, and low Gleason 
Score, 0.72; PSA alone AUC, 0.63), and the prediction of cancer 
versus benign prostatic hyperplasia (AUC for panel of FLNA, 
KRT19, and age with PSA, 0.70; PSA alone AUC, 0.58). 

In another retrospective study, two other cancer related proteins 
have been study such as thrombospondin-1 and cathepsin D, two 
glycoproteins with increased levels in patients with prostate cancer 
that are currently being evaluated in combination with the free to 
total PSA ratio. This panel of proteins was found to be superior to 
serum PSA alone in predicting a positive biopsy in men with PSA 
levels of 2–10 ng/ml, a prostate volume of ≥35 ml and negative 
DRE, reducing the number of unneeded biopsies [26].

Germline Mutations
About 9% of men with PCa have truly hereditary disease, which 
is associated with an onset 6–7 earlier than nonhereditary cases, 
but does not differ in other ways, apart from African descent with 
a more aggressive course of disease as well as for breast cancer 
predisposition gene 2 (BRCA2) carriers [27].

In a large recent study among 3607 men with a personal diagnosis 
of prostate cancer who were referred for genetic testing, 620 
(17.2%) had positive germline variants, of which only 30.7% 
were variants in BRCA1/2. Positive variants in HOXB13, a gene 
associated only with prostate cancer risk, were identified in 30 
patients (4.5%). DNA mismatch repair variants with substantial 
known therapeutic implications were detected in 1.74% of variants 
in the total population tested [28].

Prospective studies confirmed the association between BRCA2 
mutations and aggressive PCa, with the evidence that in patients 

with this mutation, a specific screening for prostate cancer 
must be done, considering the higher risk of aggressive disease 
compared to general population [29]. The prospective IMPACT 
targeted screening study confirmed a higher incidence of PCa, at 
a younger age and with more clinically significant tumours only 
in BRCA2mutation carriers compared with noncarriers [30].

Despite these evidences to date there is no clear indication for 
germline testing in the diagnostic setting, but it is widely accepted 
the importance of researching these mutations in patients with 
metastatic PCa, in patients with a strong family history (brother, 
father or multiple family members with PCa at age <60 yrs) 
or patients with more cancers on the same side of the family 
consistent with hereditary breast and ovarian cancer.

Urinary Biomarkers
Urine has emerged as a promising non-invasive source of 
biomarkers. Compared with blood, urine contains material that 
directly originates from the prostate gland. Moreover, after digital 
rectal examination, the prostatic fluids containing molecules, cells 
and other substances derived from prostate cancer are exuded into 
the urine. Using sensitive assay or when these substances are in 
urine in large amount it is possible to detect prostatic fluids even 
without manipulation.

PCA3 
PCA3 is a prostate-specific long noncoding RNA (lncRNA) 
biomarker detectable in urine obtained after rectal examination. 
Compared with benign tissue, PCa cells show a 66-fold 
upregulation of PCA3 transcript levels, which is measured by 
qPCR by the Progensa test [31]. 

After promising results in the validation studies, it has been 
approved by FDA for men with a prior negative biopsy and 
no evidence of atypical small acinar proliferation (ASAP) to 
help clinicians and patients decide whether to forego a repeat 
biopsy based on a threshold result of 25 [32]. The same threshold 
was considered in another study by Gittelman et al. in 466 men 
undergoing repeat biopsy showing the possibility of avoid 48 % 
of unnecessary biopsies missing only 8 high-grade cancers [33].

In a recently published meta-analysis including 65 studies, the 
pooled overall diagnostic sensitivity, specificity, positive likelihood 
and negative likelihood ratio, and 95% CIs for predicting clinically 
significant were 0.68 (0.64 – 0.72), 0.72 (0.68 – 0.75), 2.41 (2.16 
– 2.69), 0.44 (0.40 – 0.49), respectively [34]. However, there were 
some deficiencies of included studies such as differential verification 
bias, and a lack of clear inclusion and exclusion criteria leading the 
authors to the conclusion that more rigorous studies are needed for 
validate the test in the PCa diagnosis. Contrary to PSA, the PCA3 
expression does not seem to be affected by inflammation, trauma 
or prostate volume, but increases with tumour volume [35]. 

Even reported a statistically significant correlation between 
extracapsular extension and higher median PCA3 scores (48.8 vs. 
18.7, P 1⁄4 0.02). Using a cut-off of 47, they found a sensitivity of 
57%, a specificity of 94%, positive and negative predictive values 
of 80% and 84%, respectively. PCA-3 has been extensively used 
for the evaluation of the need of a second biopsy in patients with a 
first negative biopsy and a clinical suspect of PCa, however even 
if results in this setting are still uncertain, the FDA approved the 
Progensa test in this setting of patients [36]. 

Notably, a globally accepted cut-off for PCA3 does not exist and 
for example in the pre-biopsy setting a role has been showed 
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with promising results when a cut off value of 60 has been used 
[37]. Nevertheless, in a head-to-head comparison in biopsy naive 
patients, the PHI index outperformed PCA 3 in avoiding the 
diagnosis of indolent prostate cancer [38].

Combining the PCA3 score with mpMRI showed a significantly 
higher score in patients with suspicious mpMRI findings (52 vs. 
21, P < 0.001). The combination of these two diagnostic tests 
improved the predictive accuracy to 91.8% in men with PI- RADS 
III lesion. Performing repeat biopsy in these men revealed PCa in 
five out of 15 men. [39-40]. These results confirmed that PCA3, 
like many of the other biomarkers discussed, performs best when 
used as part of a model that includes other clinical factors (such 
as PSA, percent free PSA, prostate volume, age, family history) 
and it is really useful in men with a negative biopsy who are 
contemplating a repeat biopsy. 

TMPRSS2 – ERG 
The fusion of an androgen receptor regulated gene promoter 
and the N-terminally deleted ERG coding sequence is the most 
common PCa-specific driver gene alteration detected in urine 
following a DRE [41,42]. Although being significantly associated 
with malignancy in biopsy specimens (P 1⁄4 0.0145), especially 
in men with a PSA of 4 ng/ml or less, no association with clinical 
stage or Gleason score could be detected [43]. A meta-analysis, 
including patients treated with radical prostatectomy, could neither 
prove a significant correlation between TMPRSS2-ERG fusion 
and biochemical recurrence (BCR) [95% confidence interval (CI), 
0.86 – 1.17, relative risk 1.00] nor cancer specific mortality (95% 
CI, 0.47 – 2.09, relative risk 0.99) [44]. Although TMPRSS2-ERG 
is the most common alteration, it remains absent in 35 – 50% of 
white PCa patients, 73% of Asian and 75% of African ancestry 
PCa patients [45]. 

Combined Urinary Markers: The MiPS Score
Starting from the evidence for TMPRSS2-ERG fusion gene have a 
significant predictive value for significant prostate cancer, its role 
in comination with PCA-3 have been explored with promising 
results [46]. Showed in 108 prebiopsy post-DRE urine samples 
(72% diagnosed with PCa) that PCA3 plus TMPRSS2:ERG 
increase the test sensitivity from 62% for PCA3 alone to 73% 
for both markers. 

The rational basis of this association and the possibility of reducing 
the false positive rate of PCA-3 using the combination with 
TMPRSS2-ERG fusion gene have been shown in a study [47]. A 
clinical algoritm combining serum PSA, PCA3 and TMPRSS2-
ERG in urine after digital rectal examination have been proposed 
in a group of 48 patients by Salami et al. showing the highest 
sensitivity in predicting prostate cancer for PCA3 (93%) and the 
highest specificity for TMPRSS2-ERG (87%). Therefore, the 
authors proposed a clinical agloritm to select patients for biopsy 
when PSA is < 10 ng/ml in which combining this serum and 
urinary biomarkers the highest specicifity and sensitivity could 
be reached [48]. 

In the same regard that combination of biomarkers such as 
TMPRSS2:ERG with other clinical parameters might have 
increased diagnostic value, Tomlins et al. designed and validated 
logistic regression models based on TMPRSS2:ERG, PSA and 
PCA3 status and created a score (Mi Prostate score; MiPS). The 
authors found that the statistical models that incorporated MiPS 
models had significantly greater AUC than models incorporating 
only PCA3 plus PSA (AUC 0.751; p < 0.001) [49]. 

In another study the TMPRSS2-ERG and PCA3 were evaluated 
in addition to the European Randomised Study of Screening for 
Prostate Cancer (ESPRC) risk calculator has diagnostic tool in 
the urine samples of 443 men. 196 of the group had a diagnosis 
of prostate cancer and both PCA 3 and TMPRSS2-ERG showed 
an increased predictive value compared to EPRS test alone [50]. 

The combination of TMPRSS2:ERG and PCA-3 have been tested 
for the prediction of aggressive prostate cancer (Gleason 7 or 
higher) in a population of 516 men, confirming an improved 
specificity compared to PSA and high sensistivity for aggressive 
disease (93%).The authors conclude that Forty-two percent of 
unnecessary prostate biopsies would have been averted by using 
the urine assay results to select men for biopsy [51]. However, 
to date only a statistical significance has been shown for this test 
without a real impact compared to available clinical features and 
this is not enough to consider this biomarker clinically valid.

SELECT MDX
SELECTMDX (MDxHealth, Inc, Irvine, California, USA) is 
a test that analyses mRNA-based biomarkers HOXC6 (urinary 
homeobox C6) and DLX1 (distal-less homeobox 1) in post DRE 
urine samples; it has been shown to be a promising tool to identify 
aggressive cancer even in patients wit low PSA [52]. In 2015 
Van Neste et al. developed a multimodal risk score in which 
select MDX was included in a model with traditional risk factors 
(DRE, psa, history of familiar prostate cancer) with an AUC of 
0.90 (95% CI: 0.87 – 0.93) for prediction of clinically significant 
PCa. To evaluate the clinical utility of the model, a decision 
curve analysis was performed, and the model was compared to 
other decision-making models (e.g., Prostate Cancer Prevention 
Trial risk calculator with or without PCA3 test). Hereby, a total 
reduction of biopsies by 42% and a decrease of unnecessary 
biopsies by 53% could be observed for a model with a negative 
predictive value of 98% for Gleason ≥7 PCa [53].

Moreover, it has been shown that strategic use of SelectMDx in 
patients with PSA levels of > 3 ng/ml can lead towards a reduction 
of overdiagnosis and overtreatment and ultimately reduce total 
costs per patient and increase health-related quality of life [54]. 
Considering the primary role of MRI in the diagnostic setting of 
PCa, correlated this score with high- grade disease on biopsy and 
mpMRI findings [55]. They found a significant correlation with 
suspicious lesions on mpMRI (P < 0.001). Moreover, a statistical 
correlation between the SelectMDx score and the PI- RADS score 
was reported (P < 0.01). 

The definitive role of SelectMDx might be considered as an 
additional parameter together with clinical, histopathological 
features and imaging, but its future application in daily routine 
remains to be further assessed taking into account public health 
strategies and resource availability. 

EXO DX
EVs are small vesicles of 30–1000 nm in diameter that are secreted 
from various cell types, normal epithelial cells, immune cells and 
cancer cells. EVs in urine after prostate massage include exosomes 
and prostasomes. Exosomes, containing RNAs, DNAs and 
proteins, have been shown to be involved in tumour progression 
and a rich potential source of tumour biomarkers, especially for 
profiling analysis of their miRNAs content [56].

One of the promising potential biomarkers are prostate cancer-
related exosomes that can deliver various pro-oncogenic molecules 
between cancer cells and from cancer to normal cells to induce 
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malignant transformation [57]. In 2009, Nilsson et al. reported 
that prostate cancer-derived exosomes, which contain the prostate 
cancer-specific markers of PCA3 and TMPRSS-ERG, were 
detected in urine after prostate massage of patients with prostate 
cancer [58].

EXO106, an algorithm that associates PCA3 and ERG exosomal 
mRNA levels, demonstrated good clinical performance in 
predicting high-grade disease (Gleason score 7) with negative 
predictive value (NPV) and positive predictive value of 97.5% 
and 34.5%, respectively, in 195 non-DRE urine samples of men 
undergoing a prostate biopsy [59]. Moreover, the median EXO106 
score correlated with histologic grade of prostate cancer.

Exosome Diagnostics Inc. (Cambridge, MA, USA) developed 
the ExoDx prostate Intelliscore urine exosome assay that is an 
exosomal RNA-based test to assess ERG, PCA3 and SPDEF 
expression and calculate a score. All three genes play a significant 
pro-oncogenic role in prostate cancer. This test predicted high-
grade prostate cancer (Gleason≥7 (3+4)) with NPV > 0.9 for 
men aged≥50 years with PSA of 2–10 ng/ml who underwent the 
initial biopsy [60]. This test showed an improved identification 
of patients with higher-grade prostate cancer among men with 
elevated PSA levels and could reduce the number of patients 
selected for unnecessary biopsy.

Mir Sentinel Test
The Sentinel PCa Test determines the presence or absence of 
PCa, the miR Sentinel CS Test aims to distinguish patients with 
low-risk PCa (GS 6) from intermediate and high-risk disease 
(Gleason score 7a to 10), and the miR Sentinel HG Test stratifies 
men within the low and favourable intermediate-risk group (GG1 
or GG2) vs. those with high-risk (GG3 – 5) disease. The test is 
a platform that analyses the small noncoding RNA from urinary 
exosomes. In a study by Wei-Lin et al. validated the test analysing 
the urinary exosomes of 235 participants and using a case-control 
sample of 1,436 subjects. The results published by Wei-Lin were 
very promising; miR Sentinel PCa shows a sensitivity of 94%, a 
specificity of 92%, a PPV of 92% and an NPV of 94%. Similar 
performance characteristics were reported for the two other 
tests miR Sentinel CS and miR HG [61]. This test might help to 
distinguish between patients who could benefit from a definitive 
therapy and those who might be eligible for active surveillance. 
As necessary for all biomarkers, these assays need to undergo 
stringent assessment but might lead to important changes in future 
PCa diagnosis/management. 
 
Conclusion
Promising results have been recently reported on blood and urinary 
biomarkers for PCa diagnosis and management. Considering the 
broad area of application for biomarkers, it is highly unlikely 
that there will be one specific biomarker that meets all demands 
according to a one fits all principle. In the future, an accurate, 
personalized PCa management will probably be determined by 
sequential use of biomarker panels, artificial intelligence and new 
imaging modalities such as mpMRI, PSMA-PET/CT and contrast-
enhanced or high-resolution microultrasound. This approach might 
make invasive diagnostics redundant, personalize clinical care and 
drive precision medicine forward for the care of our PCa patients. 
Therefore, further studies for a concrete clinical application of 
these biomarkers must be conducted, both for PCa screening both 
for having adjunctive tools to discriminate indolent cancer from 
aggressive disease and to tailor the right therapeutic approach 
for PCa patients. 

Table 1: Biomarkers according source, accuracy, mention 
in EAU (european Association of urology) guidelines, fda 
approval

SOURCE DIAGNOSTIC 
ACCURACY

EAU  FDA
APPROVAL

PHI 
TEST

Blood  AUCs 24

Any grade 70.4 (95% 
CI: 66.1–74.8)
Gleason ≥7 71.1 (95% 
CI: 66.0–76.2)

 
Yes Yes

4 k Score Blood
 AUCs 24

Any grade 69.0 (95% 
CI: 64.5–73.4)
Gleason ≥7 71.8 
((95% CI: 66.8–76.7) 

Yes Yes

Serum 
Proteins 

Panel
Blood

 AUCs 25 *

Any grade 0.70 [95% 
CI 0.60, 0.80]
Gleason ≥7 0.81 [95% 
CI 0.70, 0.90]

Not 
mentioned

No

PCA 3 Urine
 AUC 34

Any grade 0.76 (95% 
CI: 0.72–0.79)

Yes Yes

MiPS 
score

Urine 
 AUC 49

Any grade 0.71 
Gleason ≥6 0.72 

Yes Not needed

Select 
MDX

Urine
 AUC 53 **

Any grade 0.90 (95% 
CI, 0.85–0.95)

Yes Yes

Exo Dx Urine
 AUCs 59

Any grade 0.71 [95% 
CI 0.64, 0.78]
Gleason ≥7 0.76 [95% 
CI 0.69, 0.83]

Yes No

Mir 
Sentinel 

Test

Urine Sensitivity 94% 61

Specificity 92% 61
No No

*in combination with PSA
** in combination with PSA and clinical factors 
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