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Introduction

 PSA is a member of the kallikrein-related 
peptidase family (kallikrein-3, KLK3). It is secreted 
exclusively by the prostate gland. In 1994 PSA test 
received FDA approval as a screening aid for diag-
nosis of PCa. Up until then digital rectal examina-
tion (DRE) was used for the diagnosis of PCa, but 
its poor sensitivity, limited specificity and intra-
observer variability necessitated the introduction 
of a more sensitive diagnostic method [1]. 

 In the following decades until today, PSA use 
as a tumour marker continues to receive criticism. 
In most cases, the argument is about its lack of 
ability to define the progression potential of the 
disease, which usually results in overdiagnosis and 
overtreatment of patients. It is reasonable to as-
sume that a sensitive marker would not only reflect 
the current status but also the rate of change of 
the disease. For example, a sensitive marker could 
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Prostate specific antigen (PSA) is the most widely known 
screening test to detect prostate cancer (PCa). However, PSA 
testing has been recently put under the microscope mainly 
due to its weak correlation with prostate malignancy. In sev-
eral clinical trials the PSA-screening validity for the diag-
nosis of PCa was evaluated. PSA lacks the ability to define 
the progression potential of the disease usually resulting in 
overdiagnosis and overtreatment of patients. Therefore, the 
development of new “multivariate” prediction models for 
PCa that would combine the PSA screening marker (and 
probably PSA metrics) with better biomarkers and imaging 

techniques has become an evolving field. New screening tests 
and/or methods with increased specificity could reduce the 
number of men undergoing prostate biopsy - thus alleviating 
patients from the anxiety and the distress experienced by an 
unnecessary (negative) biopsy- and minimizes the healthcare 
cost. Herein, we reviewed the information on PSA and other 
novel tests that can assist in diagnosing clinically meaning-
ful prostate cancer.
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identify a small, rapidly growing tumour from a 
larger and indolent tumour.

PSA era – threshold for biopsy

 A commonly used PSA threshold for recom-
mending prostate biopsy is set at 4.0 ng/ml and has 
remained unchanged over time. For PSA between 
2-4 ng/ml the patient is screened regularly (usu-
ally yearly). Two hundred and one subjects with 
an initial PSA level of 4.1 to 10.0 ng/ml were fol-
lowed for a period of 1 to 12 years. From the 201 
men, 53 were diagnosed with prostate cancer at last 
follow-up (detection rate 26%). The initial serum 
PSA was 6.2±1.5 for men diagnosed with PCa and 
5.4±1.4 for men without PCa. Serum PSA at the 
last follow up was 42.8±210.0 and 5.0±2.9 ng/ml 
for men with and without PCa, respectively [2]. In 
2005 Schroder et al. in the framework of ERSPC 
evaluated the predictive value of PSA increase to 
PSA 3.0 ng/ml or greater in a 4-year period in 5.771 
men who presented low PSA values (less than 3.0 
ng/ml) at first screen. Four years later 662 men had 
PSA 3.0 ng/ml or greater (11.5%) and from them 

578 (87.3%) underwent biopsy. According to the re-
sults, the positive predictive value (PPV, the ratio of 
men with prostate cancer detected and the number 
of men who underwent biopsy) was between 19 and 
28% for men with baseline PSA less than 2.9 ng/ml. 
The PPV for men with PSA higher than 3.0 ng/ml 
at baseline that underwent biopsy was between 24 
and 30.0% for 3≤PSA≤9.9 ng/ml and 29% for PSA 
10 ng/ml or greater [3]. At higher PSA values (over 
20 ng/ml) the predictive value verified by tissue 
biopsy is greater than 87% [4].
 In a recent retrospective study of patients over 
50 year old, with PSA level of 4-10 ng/ml (range 
4-9.5 ng/ml, mean 6.3 ng/ml), the total PSA (tPSA) 
area under curve (AUC) was only 0.547, indicating 
that PSA is a poor predictor of the prostatic biop-
sies results [5]. 

Guidelines

 Since PSA was widely adopted, several studies 
have been carried out to accurately evaluate the 
benefit of PSA screening. The recommendations 
vary by organization (Table 1). 

Organization Year Cut-offs for biopsy 
(ng/ml)

Screening interval 
(ng/ml)

Reference

National Comprehensive Cancer Network 2016 3.0 Age 45-75
PSA <1.0 → every 2-4 yrs

PSA 1.0-3.0 → every 1-2 yrs
PSA >3.0 → every 0.5-1 yrs

Age >75
PSA >3.0 → every 1-4 yrs (select patients)

[12]

Melbourne Consensus Statement 2014 ND ND [13]

American College of Physicians 2013 ND PSA ≥2.5 → every 1 yr [14]

American Urological Association 2013 ND every 2 yrs [15]

European Association of Urology 2013 ND PSA >1.0 → every 2-4 yrs
PSA ≤1.0 → every 8 yrs

[16]

U.S. Preventive Services Task Force 2012 ND ND [17]

American Society of Clinical Oncology 2012 ND ND [18]

Canadian Urological Society 2011 ND ND [19]

American Cancer Society 2010 2.5 (select patients)
4.0 (most patients)

PSA ≥2.5 → every 1 yr
PSA <2.5 → every 2 yrs

[20]

Japanese Urological Association 2010 4.0 
Age specific 

50-64 yrs → 3.0
65-69 yrs → 3.5
>70 yrs → 4.0

PSA ≤1.0 → every 3 yrs
PSA 1.1-4.0 → every 1 yr

[21]

American College of Preventive Medicine 2008 ND ND [22]

ND: not defined

Table 1. Prostate specific antigen screening guidelines by organization 
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 The two largest randomized screening trials 
were conducted by the American Urological As-
sociation and the European Association of Urology 
in order to accurately evaluate the benefit of PSA 
screening: the United States Prostate, Lung, Colo-
rectal, and Ovarian (PLCO) Cancer Screening Trial 
[6] and the European Randomised Study of Screen-
ing for Prostate Cancer (ERSPC) [7], respectively. 
 Briefly, a total of 76,693 men, aged 55-74, par-
ticipated in the PLCO trial that lasted 8 years, from 
1993 to 2001. After randomization in the control 
and screening arm, men were offered an annual 
PSA test for 6 years and DRE for 4 years. No dif-
ference in mortality was recorded between the two 
arms of the trials after 13 years of follow up [8,9].
 The ERSPC trial was initiated in 1994. A total 
of 182,160 men, aged 50-74 years, from eight dif-
ferent European countries participated. Screening 
was performed every 2-4 years and men underwent 
prostate biopsies when PSA was over 3.0 ng/ml. 
The relative PCa mortality after 11 and 13 years 
was significantly reduced in the screening arm by 
21% [10,11].
 The limitations of the PLCO trial include the 
substantial level of “contamination” (use of PSA 
and DRE) of the control group and the lack of defi-
nition of a PSA threshold for biopsy. On the con-
trary, cut-offs of 2.5 and 3.0 ng/ml were used in 
the ERSPC trial but the participation of multiple 
centres using different screening intervals and PSA 
thresholds for biopsy increased the heterogeneity 
of data. 

Discrepancy of the results

 The discrepancy of the results could be at-
tributed to: (a) Important differences in design 
and conduct of the screening trials, including the 
protocol of the study, the number of participants, 
the definition of the groups, the frequency of PSA 
screening etc. (b) Biopsy threshold. Controversy 
exists over the threshold level for performing a bi-
opsy at whether it should be lowered to improve 
the test sensitive, since only 20 to 30% of biopsied 
men with a PSA value greater than 4.0 ng/ml are 
detected with prostate cancer. A lower threshold 
would inevitably lead to a reduced specificity and 
an increased number of unnecessary biopsies.
(c) Body weight of the patients. Both stable obesity 
and weight gain are correlated with a decreased 
PSA velocity, and thus making it harder to detect 
changes in circulating PSA [23]. Total, free, and 
complexed PSAs were lowest in 3251 obese men 
≥40 years in the 2007–2010 National Health and 
Nutrition Examination Survey [24]. Obesity results 
in greater body mass index (BMI) values and the 

study of Vidal et al., in 2015 contradicts the above 
since the authors concluded that BMI doesn’t af-
fect the accuracy of prebiopsy PSA to predict 
PCa in men with a previous negative biopsy [25].
(d) Medications. Aspirin users have significantly 
lower baseline PSA levels than non-users [26]. (e) 
Ethnicity of the patients. According to Tang et al. 
(2012), Chinese men 50 years-old or younger had 
a lower baseline PSA level and higher PSA veloc-
ity (PSAV) compared with African American and 
white American men [27]. Non-Hispanic blacks 
have higher total PSA and complexed PSA than 
Hispanic and non-Hispanic white men in the USA 
[24].

New diagnostic markers for PCa

 The quest for the identification of next gen-
eration PCa biomarkers is in progress. The recent 
years several new biomarkers have been investigat-
ed, including urine prostate cancer gene 3 (PCA3) 
score, [-2]-isoform of proPSA, Prostate Health Index 
(PHI) and the four-kallikrein panel [28-30].
 PCA3 gene is a non-coding RNA (ncRNA) that 
is highly expressed in PCa cells. PCA3 is strongly 
overexpressed in malignant prostate tissue com-
pared to benign or normal adjacent prostatic tis-
sue. Studies performed during the last 3 years have 
shown that PCA3 test has a better diagnostic ability 
than PSA, total PSA and free/total PSA (f/tPSA) in 
predicting a positive biopsy result [31,32], although 
in 2013 Goode et al. pointed out that PCA3 is not 
superior to PSA in the repeat biopsy population 
[33]. The prognostic value of PCA3 increases signif-
icantly when the PCA3 results are combined with 
PCa risk factors such as age, PSA, DRE and prostate 
volume [34] or PSA density (PSAD) [32]. 
 Free PSA is found in several subforms, includ-
ing a precursor form of PSA (proPSA). All forms 
of proPSA are enzymatically inactive [35] and the 
most stable form is p2PSA [36]. According to Ste-
phan et al. (2013), p2PSA had better clinical per-
formance for predicting PCa - as indicated by the 
largest area under the ROC curve- than the per-
cent fPSA and tPSA (AUC=0.63 vs 0.61 and 0.56, 
respectively) but inferior than PHI and the percent 
p2PSA (AUC=0.63 vs 0.74 and 0.72, respectively) 
[37]. Similar AUCs and results were reported by 
Filella et al., in 2014 [38]. The superiority of per-
cent p2PSA and PHI over tPSA and percent fPSA 
in patients with a tPSA range of 2-10 ng/ml was 
also demonstrated by Lazzeri et al. in 2013 [39] and 
over PSAD by Guazomni et al. in 2011 [40].
 Prostate Health Index is a mathematical for-
mula (PHI=([-2]proPSA/freePSA) x √PSA) that com-
bines total PSA, free PSA and [-2] proPSA [41]. The 
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PHI was approved by the FDA in 2012 for men 
older than 50 years with a tPSA between 4 and 10 
ng/ml and negative DRE. In a large multicenter 
trial of PHI for PCa detection, PHI showed greater 
specificity for distinguishing prostate cancer on 
biopsy compared with PSA or percent fPSA [42] 
with an AUC of 0.70 compared with 0.65 for per-
cent fPSA and 0.53 for PSA [43]. Similar findings 
were also recorded in a previous study of “grass-
root” population [44]. The superiority of the PHI 
and p2PSa to predict biopsy outcome over total 
and free PSA was also established in the PRO-PSA 
Multicentric European Study [39].
 The four-kallikrein panel (4Kpanel) is a model 
that incorporates human kallikrein type 2 (hk2), 
tPSA, fPSA, and intact PSA (iPSA) [28]. Multiple 
kallikrein panel measured in blood of men with 
PSA>3.0 ng/ml improved AUC from 0.68 to 0.83 
and from 0.72 to 0.84 for the laboratory (labora-
tory sending blood results to a doctor) and clinical 
(clinical consultation between a patient and a doc-
tor) models, respectively. Implementation of this 
multivariable model would have reduced the num-
ber of biopsies by 57% [29]. The higher accuracy of 
4Kpanel model was also confirmed by a latter study 
[45]. According to Stattin et al. (2015) the kallikrein 
panel could be used as an aid to assist biopsy deci-
sion making in men with elevated PSA [46]. In a 
recent meta-analysis in 2014 by Voigt et al., the 
use of the kallikrein panel not only improves pa-
tient outcomes but also reduces costs. Almost 48 to 
56% of current prostate biopsies could be avoided, 
resulting in annual US savings approaching up to 
$1 billion [47]. 
 Other molecular markers include the TM-
PRSS2 fusion genes that occur specifically in PCa 
[48], the GSTP 1 gene associated with PCa progres-
sion [49,50] and histone methyltransferase EZH2 
gene which is shown to overexpress in metastatic 
PCa [51]. Trials that attempted to combine genes 
with PCA3 in order to increase detection of PCa 
have also been conducted [52].

Image guided targeted prostate biopsy 
techniques

 A positive DRE and an abnormal PSA are com-
monly followed by a prostate biopsy. The system-
atic transrectal ultrasound (TRUS) guided biopsy of 
the prostate is the gold standard in prostate can-
cer diagnosis using the sextant method (6-core). In 
recent years, the number of cores selected for bi-
opsy has increased (up to 18 cores). A recent study 
showed that although the addition of 4 lateral pe-
ripheral samples (10-core) does not increase cancer 
detection rate (compared to the sextant method), 

addition of the 4 paramedian peripheral samples 
(14-core) would detect 16% more tumours in pa-
tients with PSA density <0.15 than the 10-core 
scheme [53]. 
 The introduction of magnetic resonance imag-
ing (MRI) in prostate biopsy is attracting increasing 
interest among urologists. Multi parametric MRI 
(mpMRI) has acquired a significant role in prostate 
cancer surveillance as it is used to exclude PCa in 
men with elevated PSA and to monitor the disease 
burden during active surveillance and after focal 
therapy [54,55]. Superiority of MRI-guided biopsy 
(MRI-GB) over TRUS-guided biopsy (TRUS-GB) 
was reported by Pokorny et al. in 2014. According 
to the authors the MRI-GB had a greater detection 
rate compared to TRUS-GB (69.7 versus 56.5%). 
The clinical negative predictive value (NPV) for 
intermediate/high risk PCa were 71.9 and 96.9%, 
respectively [56]. In 2014 Itatani et al. also reported 
a high NPV for mpMRI estimated at 89.6% for sig-
nificant prostate cancer [57]. Thus, mpMRI could 
be used before biopsy to eliminate clinically sig-
nificant prostate cancer. Hoeks et al. (2012) and 
Vourganti et al. (2012) aimed to address the cancer 
detection ability of MRI-GB in men that had elevat-
ed PSA and one or more negative TRUS-GB session 
[58,59]. The MRI-GB revealed a significant amount 
of non detectable cancers by the TRUS-GB (41%) 
of which 87% of them were clinically significant 
[58]. A similar number of undetectable cancers by 
TRUS-GB (37%) were also diagnosed by MRI-GB 
in the study of Vourganti et al. [59].
 In 2014 Quentin et al. compared MRI-guided 
in-bore biopsy with standard systematic TRUS-GB 
(12-core) in men with PSA greater than 4 ng/ml 
(median PSA 6.7 ng/ml). Although the two meth-
ods showed similar detection rate (53.1%), the MRI 
guided in-bore biopsy required significantly fewer 
cores than the TRUS-GB (5.3 versus 12 per patient) 
and revealed a higher percent of cancer involve-
ment per biopsy core. Combination of the two meth-
ods increases the detection rate up to 60.9% [60].
 Magnetic resonance imaging/transrectal ul-
trasound fusion guided biopsy (MRI/TRUS fusion-
guided biopsy) has been proven a significant meth-
odology to improve prostate cancer detection [61], 
especially for clinically significant tumours [62]. 
In these two studies the mean PSA of the partici-
pants was 9.50 and 9.85 ng/ml and it was clearly 
shown that the application of MRI to target cores 
enhances the detection of cancer than the standard 
biopsy methods (2 to 6-core depending on lesion 
size in the Kuru et al. study (2013) [62] and 12-core 
in the Rastinehad et al. study (2014) [61]). Fusion-
guided biopsy also exceeds TRUS-GB in detecting 
anteriorly located PCa [63]. 
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 According to the American Urological Asso-
ciation and the Society of Abdominal Radiology’s 
Prostate Cancer Disease-Focused Panel, every pa-
tient with a prior negative biopsy should be con-
sidered for prostate MRI, especially if there are 
clinical indications of prostate cancer [64]. The use 
of mpMRI adds upfront costs so the cost efficacy 
of MRI should be carefully evaluated [65]. In an 
earlier study, the total costs of MRI and MRI-GB in 
men with suspicion of prostate cancer were compa-
rable to the costs of TRUS-GB, but MRI strategy re-
sults in a higher improvement in quality of life [66].

Conclusions

 The current diagnostic strategy for PCa de-
pends heavily on PSA testing, which results in a 
problematic overdiagnosis and overtreatment of 
patients. In the last decade substantial progress has 
been recorded in the area of developing new tests 
that can assist in diagnosing prostate disease and 

facilitating the discrimination of aggressive PCa 
from non aggressive indolent PCa. So far, none of 
the novel biomarkers for PCa can stand alone due 
to the heterogeneous nature of prostate cancer and 
“multivariate” models (including genetic-based 
markers, serologic protein markers, urinary-based 
markers and imaging techniques) seem to become 
the method of choice in order to overcome each 
biomarker cons. The improved diagnostic sensitiv-
ity and specificity of these models would upgrade 
the treatment/prevention strategies, reduce the 
number of men undergoing unnecessary biopsies, 
relief the patients from the anxiety and the distress 
and minimize the healthcare cost. In the meantime, 
large scale clinical studies will continue to evalu-
ate the evolving biomarkers and/or methods and 
will lead to updated guidelines.
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