
Abstract. Specificity of PSA has been enhanced by using
molecular forms of PSA and free PSA (fPSA) such as percent
free PSA (% fPSA), proPSA, intact PSA or BPHA and/or new
serum markers. Most of these promising new serum markers
like EPCA2 or ANXA3 still lack confirmation of outstanding
initial results or show only marginal enhanced specificity at
high sensitivity levels. PCA3, TMPRSS2-ERG, and other
analytes in urine collected after digital rectal examination
with application of mild digital pressure have potential to
preferentially detect aggressive PCa and to decrease the rate
of unnecessary repeat biopsies. The combination of these new
urinary markers with new and established serum markers
seems to be most promising to further increase specificity of
tPSA. Multivariate models e.g. artificial neural networks
(ANN) or logistic regression (LR)-based nomograms have
been recently developed by incorporating these new markers

in several studies. There is generally an advantage to
including new markers and clinical data as additional
parameters to PSA and % fPSA within ANN and LR models.
The results and unexpected pitfalls of these studies are shown. 

With 186,320 new cases of prostate cancer (PCa) expected in
the US in 2008, accounting for 25%  of all cancers in men,
this cancer has remained for more than 10 years as the
malignancy with the highest incidence in the Western world
(1). Without any doubt, prostate-specific antigen (PSA) plays
the major role in the management of PCa. PSA values are
directly related to a higher PCa probability (2-4) and no other
marker currently replaces PSA as a first-line marker for PCa
diagnosis. However, other non-malignant conditions of the
prostate such as benign prostate hyperplasia (BPH) can also
increase serum PSA and are often responsible for elevated
PSA values in the absence of biopsy-detected PCa (5). On the
other hand, several studies have shown that a single elevated
PSA value (6, 7) or the PSA velocity as PSA increase over
time (8, 9) can detect PCa with clinical sensitivities in the
presence of other benign diseases of the prostate. The
specificity of PSA remains problematic. With a positive PCa
detection rate of 20-40%  in initial biopsies, the dilemma of
low specificity and a low positive predictive value of only
25%  in a pooled meta-analysis at the cutoff >4.0 μg/L was
clearly shown (10). This results in many unnecessary biopsies.
Although there is a need to improve PCa detection it is even
more important to detect aggressive and life threatening
cancers and to stratify less-aggressive PCa which may best
managed with less-aggressive therapy or active surveillance.
The wide-spread use of PSA to detect early PCa has led to a
serious over-treatment problem (11). On the other hand, the
continuous mortality from PCa demonstrates delayed detection
in many patients. Results of two large randomized trials in
Europe and the USA are awaited in 2009/10 to show if PSA
screening can reduce PCa-related mortality. The additional
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performance of a digital rectal examination (DRE) is routine
in urological practice because some PCa can be detected only
with a suspicious DRE but comparing DRE and PSA shows a
clear advantage for PSA (12).

PSA remains the gold standard for staging or for
detection of biochemical recurrence in PCa patients. To
date, no other test shows the power to predict advanced or
metastatic PCa. An excellent review summarizing PSA
screening studies and the role of PSA for recurrence was
published recently by Lilja et al. (13).

PSA-based analysis such as PSA velocity, PSA density or
PSA doubling time have been extensively summarized (14,
15). However, a multivariate model incorporating PSA
velocity and % fPSA was not successful at improving PCa
detection (16).

Data from valid tissue markers such as hepsin, prostate
stem cell antigen, prostate-specific membrane antigen,
AMACR and others such as proteomic pattern for PCa have
been recently summarized elsewhere (17). AMACR is
currently used in biopsy tissue as a molecular pathology
parameter with p63 and cytokeratin as part of the triple-
antibody cocktail for PCa detection (18). 

Silencing of the glutathione-S-transferase pi (GSTP1)
gene by methylation is a frequent somatic genome alteration
reported in PCa and high grade prostate intraepithelial
neoplasia tissue (19). Data on GSTP1 hypermethylation in
urine sediment and serum have been inconsistent and has
been reviewed by others (20, 21). The use of PCa tissue
markers in multiplex urine analysis have been introduced
recently (22, 23) and the most interesting parameters will be
discussed later. Possible mechanisms of molecular alterations
in PCa such as upstream epigenetic changes and genetic
polymorphisms to downstream modulations through
alternative splicing and other post-translational processes
have been recently reviewed (24).

One of the most transforming discoveries in many years
has been the identification of gene fusion (translocation) of
the nuclear transcription factor genes ERG and ETV1 with the
5’DHT regulated promoter TMPRSS2 (25). The frequency of
this PCa specific gene fusion represents approximately 50%
of PSA-screened PCa (26). TMPRSS2 is an androgen-
regulated gene and is more commonly associated with
Gleason scores >7 (41%  versus 12% ) and more PCa deaths
and/or metastatic disease development (53%  versus 23% )
(27). A urinary test for the detection of TMPRSS2:ERG
fusion products has been developed using RNA amplification
and quantitative PCR (28). Apart from being promising
biomarkers, these fusion genes may be important for
prognosis and treatment selection. The gene-fusion products
are now candidates as targets for therapy. Important new data
on this topic have also been reviewed (29). 

New serum and urine markers and their application in
multivariate models will be described below.

Serum Markers

Free PSA and PSA complexes. In the early 1990s, two
independent groups discovered that PSA exists in different
molecular forms, such as free (unbound) PSA and PSA
bound to alpha1-antichymotrypsin (PSA-ACT) (30, 31). In
general, 65-95%  of the PSA is PSA-ACT, whereas free PSA
represents, on average, only 5-35%  of the total PSA (tPSA).
The relative amount of fPSA tends to be increased in benign
prostate hyperplasia (BPH) compared with PCa. Possible
explanations for these differences, including the clinical
impact on the ratio of free PSA (fPSA) to PSA (% fPSA),
have been reviewed (13, 32-34). The % fPSA can avoid
approximately 20-25%  of unnecessary biopsies in the PSA
range of 4-10 μg/L (35, 36). To date, % fPSA is the only
accepted routine reflex assay with PSA.

At least two other PSA complexes are also known to exist,
PSA-alpha2-macroglobulin (PSA-A2M) and PSA-alpha1-
protease inhibitor (PSA-API) (37, 38). Their clinical
relevance is limited due to the complicated technology
required to measure the PSA-A2M complex or due to the
relatively small amount of PSA-API related to total PSA
(tPSA). PSA assays do not detect the complex with A2M. The
sum of PSA-ACT and PSA-API is termed as complex PSA
(cPSA) and can be assayed by using a blocking antibody
against fPSA (39) but this method does not detect the PSA-
A2M complex. It had been initially proposed that cPSA can
be used as a single marker instead of % fPSA (40) but only
the ratio cPSA/tPSA can reach equivalent results compared
with % fPSA (41, 42). Possibly cPSA can be used as the
initial marker with a small advantage compared with tPSA. 

ProPSA. PSA is initially synthesized as a pre-proprotein with
261 amino acids. The removal of an amino-terminal leader
generates a 244 amino acid non-catalytic proform of PSA
named proPSA. The removal of the 7-residue propeptide
generates the catalytically active fPSA form, a 237-residue
single-chain enzyme. ProPSA is a distinct molecular form of
fPSA. fPSA exists in blood as a mixture of enzymatically
inactive forms including several truncated proPSA forms
with the propeptide N-terminally truncated at various
positions (43, 44). These different proPSA forms contain 1-
5 amino acids in the proleader peptide instead of the native 7
amino acids and were described as (-2)proPSA and (-
4)proPSA. In marked contrast to the rapid activation of the
native (-7)proPSA, the truncated (-2)proPSA is not activated
and accumulates in prostate tissue.

The (-7) and (-5)proPSA forms are detected by a research
assay (Roche Diagnostics, Penzberg, Germany) with limited
success to distinguish PCa from BPH and to separate
aggressive and non-aggressive PCa (45, 46). However, in a
study of 376 men with PCa undergoing prostatectomy, the
ratio (-5, -7)proPSA/% PSA was associated with higher
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Gleason grade (p=0.001) and non–organ-confined PCa
(p<0.0001) (47). 

Based on early promising results with a combination of (-
2) proPSA and (-4)proPSA in an assay (Beckman Coulter, San
Diego, CA, USA) regarding the discrimination of PCa and
patients with no evidence of malignancy (NEM) (48) and
detection of aggressive PCa (49), there is now an automated
research assay available measuring only the (-2)proPSA
(p2PSA). New data show that p2PSA/fPSA (named % p2PSA)
had the greatest area under the ROC curve (AUC) with 0.69
followed by % fPSA (AUC: 0.61) (50). In addition, in the 2-10
μg/L tPSA range the % p2PSA had the largest AUC of 0.73
(50). Both proPSA assays, the (-5, -7)proPSA and (-2)
proPSA have been included in multivariate models and data
will be shown below. Helpful reviews on proPSA have been
published (51, 52).

BPSA (BPHA). BPSA (named BPH associated: BPHA) is
another form of fPSA that is identical to native PSA
containing 237 amino acids like PSA, but with 2 internal
peptide bond cleavages at Lys182 and Lys145, which
inactivates PSA and prevents it from forming complexes with
protease inhibitors (53, 54). BPSA is correlated with benign
disease and specifically with clinically benign prostatic
hyperplasia (55, 56). 

A review focused on BPSA has been published (57). In
line with the recently available automated p2PSA assay,
BPSA can also be measured on the same analyzer (Access
analyzer, Beckman Coulter). Recent data in 541 histologically
proven PCa and NEM patients showed an improved
discrimination between BPH and PCa for BPHA/tPSA (AUC
0.69) when compared with tPSA alone (AUC 0.59) but
% fPSA had the largest AUC at 0.775 (58). 

A combination of both assays, the p2PSA and BPHA on
the same analyzer, may be more advantageous than a
combination of (-2)proPSA, (-4)proPSA and BPSA (59). 

Intact fPSA. An additional form of fPSA is intact, non-native
PSA (inPSA), which has been identified in tissue and serum
(60). inPSA is not internally clipped but is inactive PSA that
does not form complexes with serum proteins. In a simplified
fPSA model, inPSA can be calculated by subtracting BPSA
and the sum of all proPSA forms from fPSA (51). The fPSA
in serum contains, on average, roughly equal proportions of
the 3 molecular forms. However, the relative amounts of
proPSA and BPSA vary significantly in individual patients.
The proportion of inPSA in serum is elevated in patients with
NEM and tends to be the inverse of the proPSA
concentration. A possible explanation for the correlation of
free PSA with benign tissue is the combined amounts of
BPSA and inPSA (32). 

Another specific monoclonal antibody to a free PSA form,
fPSA-I, detects only the non-clipped forms of free PSA (61).

Thus, the fPSA-I assay would be expected to detect both
proPSA and inPSA but not BPSA. Studies with fPSA-I have
yielded encouraging results for PCa detection (62, 63).
However, as yet no commercial assay for fPSA-I is available
and it is questionable if the sum of proPSA and inPSA, which
theoretically equals the difference of fPSA and BPSA, can be a
better tumor marker than the more PCa-specific proPSA alone. 

It should be noted that all of these PSA forms are worthy
of further research to determine whether they can improve
the accuracy of PCa detection. Initial results are mostly
promising and a combination into a panel of markers or
multivariate models with some of these markers may further
improve PCa detection. Since the mechanism of release into
blood is the same for all PSA isoforms i.e. disruption of the
prostate architectural integrity, molecular markers with a
distinctly different mechanism, and the direct detection of
PCa cells in urine are predicted to be more synergistic.
Nomograms with combinations of PSA and PCA3 have
already demonstrated synergy.

With the exception of proPSA, all other molecular forms
of fPSA failed to demonstrate consistently improved
specificity over PSA and % fPSA for PCa detection. A better
detection of BPH may not be a goal since patients often have
both PCa and BPH concurrently. 

The kallikrein family. Within the last decade, the human
kallikrein family has been identified, which contains at least
15 genes (64). From the initially known 3 kallikreins KLK1
to KLK3, the human glandular kallikrein 2 (KLK2) and
especially KLK3 (PSA), have been used as PCa serum
markers. A new nomenclature for all kallikrein genes
simplified their classification as KLK1 to KLK15 encoding
for the proteins KLK1 to KLK15 (65). Beside PSA, KLK2
has been shown to add information for detecting PCa (66,
67) but this marker is not used routinely for PCa detection
nor exists as a commercially available assay. Research assays
of KLK4 or KLK15 show only marginal success in PCa
diagnosis. Only KLK11 improves specificity of tPSA or
% fPSA in combination with both parameters (68). Due to
close relationships and similarities of all kallikreins and
differential expression of several kallikreins in PCa tissue,
applications for prognosis may be possible (17).

MIC-1. An immunoassay in 1,000 men for macrophage
inhibitory cytokine 1 (MIC-1) showed it to be an independent
predictor of the presence of PCa and tumors with a Gleason
score >6 (69). A diagnostic algorithm (MIC-PSA score) based
on serum levels of MIC-1, tPSA and % fPSA potentially
reduced the number of unnecessary prostate biopsies by 27%
(69). Data from another study showed also significant lower
MIC-1 serum concentrations for PCa compared with BPH but
the AUC for MIC-1 reached only 0.6 and was lower than the
AUC for PSA (0.64) and % fPSA (0.69), respectively (70). 
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MIF. Another marker, the cytokine macrophage migration
inhibitory factor (MIF), was elevated in serum of PCa patients
compared with BPH patients (71). MIF strongly correlated to
tPSA (rs=0.61) in 509 analyzed patients, but unfortunately a
histological diagnosis of PCa was only available in 152
patients, making interpretation of these data difficult (71).
Another group could not confirm these data in 213 PCa and
BPH patients, showing no correlation of MIF to tPSA
(rs=–0.05). In addition, MIF values were in fact decreased and
not significantly higher in PCa (72). A third study using the
MIF assay also found decreased MIF values in PCa compared
with BPH and a low AUC of 0.54 for MIF (70). 

Caveolin. An immunoassay with specificity for caveolin-1
(cav-1), the major protein component of caveolae, which
appear to mediate molecular transport, cell adhesion and
signal transduction activities in a cell, showed highest
concentrations in 102 PCa patients (median: 0.463 μg/L)
compared with 81 healthy men (0.324 μg/L) and 107 BPH
patients (0.172 μg/L) (73). Unfortunately, PSA was not
available for all patients (73). The same group measured
cav-1 in serum of 419 PCa patients with a median serum
level of 1.01 μg/L being 2-fold higher than in the previous
study (74). However, data are yet to be confirmed. 

EPCA. An assay for a nuclear matrix protein in serum, the so-
called early PCa antigen (EPCA) showed highly promising
values with 92%  diagnostic sensitivity and 94%  specificity in
a small cohort of 46 patients including 12 PCa (75). A study
performed with a larger cohort of 385 men resulted in a 92%
diagnostic specificity and a 94%  sensitivity with an AUC of
0.89 (76). However, methodological deficiencies have been
identified and the validation of this marker by other
researchers is needed (77). Analysis of a second EPCA
epitope, the EPCA-2.19 revealed in 328 patients a 100%
specificity at 91%  sensitivity with an AUC of 0.98 (78).
Independent studies have not yet been completed. 

IGF. High serum levels of insulin-like growth factor 1 (IGF-1)
have been retrospectively shown to be associated with the future
development of PCa (79). However, this could not be confirmed
in screening studies (80, 81). In plasma, most IGF-1 is bound to
several binding proteins, of which IGFBP-3 is the major one.
However, adjustment for IGFBP-3 has not been found to
modulate the impact of IGF-1 on the PCa risk (79). A recent
meta-analysis of 12 prospective studies in ~3700 men indicated
that high circulating IGF-I concentrations are associated with a
moderately increased risk for prostate cancer (82).

PSP94. While an investigation in 1993 found no differences
between PCa, BPH and controls in serum concentrations of
prostatic secretory protein of 94 amino acid residues
(PSP94) (83), a recent study in 1,212 men (49.2%  with

PCa) using a sandwich enzyme-linked immunosorbent assay
showed significantly lower values in PCa (84). Among a
subgroup of 649 men with lower PCa risk, PSP94 could
discriminate aggressive PCa from moderate grade disease
(Gleason score 7) and low grade disease (p=0.007) (84).
PSA and % fPSA were not able to distinguish between
patients with different grades in this group.

Multivariate analysis showed that PSP94-binding protein
(PSPBP) and the bound/free PSP94 ratio were independent
predictors of biochemical relapse following radical
prostatectomy (85).

Urine Markers

Annexin A3. Annexin A3 (ANXA3) is a calcium-binding
protein with lower production in PCa than in BPH, prostate
intraepithelial neoplasia, and healthy tissues (86). ANXA3 in
tissue was also able to stratify 969 PCa intermediate-risk
patients into high- and low-risk subgroups (87). Quantification
by ANXA3 using Western blots of 591 urine samples showed
significantly lower values in PCa compared with BPH
patients, with low specificities at high sensitivities but an
improved sensitivity at high specificities compared with tPSA
(88). However, the combination of ANXA3 and PSA (AUC
0.81) had higher AUC compared with % fPSA (0.73) (88). 

PCA3. Prostate cancer antigen 3 (PCA3), also known as DD3,
is a non-coding RNA produced almost exclusively in the
prostate and has been shown to be 66-fold overexpressed in PCa
tissue compared with normal prostate tissue (89). The
commercially available test APTIMA® (Gen-Probe) uses
transcription mediated amplification (90) and in a large
European prospective multicenter study clearly demonstrated a
greater probability of a positive repeat biopsy with increasing
PCA3 scores (91). In those 463 men, the PCA3 score was
significantly higher in men with Gleason score ≥7 versus <7,
and “significant” versus “indolent” PCa indicating a possible
role to predict aggressiveness and stage (91). Furthermore,
PCA3 has the advantage compared with PSA that it is
independent of prostate volume (91), correlates to tumor
volume (92, 93) and may even predict extracapsular tumor
extension (93). In a recent study of a small population, data
from 62 prostatectomy specimens showed a trend of PCA3 to
correlate with expression of the progression marker EZH2 (94). 

Methylation markers. A multicenter study of DNA methylation
markers in urine-based assays with a clinical prototype has
recently been published (23). This multiplexed, quantitative
methylation-specific PCR assay consisting of the 3
methylation markers, GSTP1, RARB and APC, and an
endogenous control, was tested in 234 patients from 9
clinical sites (23). In two independent cohorts, where the
multiplexed assay was combined with serum tPSA, DRE
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status and age, the AUCs of 0.69 and 0.65 showed only
marginal overall success (23). However, a good correlation
of GSTP1 with the number of tumor-positive or suspicious
cores on biopsy or higher tumor volumes in samples that
exhibited methylation for either GSTP1 or RARB indicated
some potential use as an aid for prostate biopsy (23). 

GOLM 1. GOLM1 is consistently up-regulated in PCa and
has been demonstrated at the protein level. Prostate epithelial
cells were identified as the cellular source of GOLM1
expression using laser capture microdissection technique
(95). GOLM1 transcript levels in urine sediments (AUC
0.62) were a significant predictor of PCa outperforming PSA
(AUC 0.495) (95). This indicates that up-regulation of
GOLM1 expression and its appearance in patients’ urine has
potential as a novel biomarker for clinically localized PCa.

Simultaneous measurement of potential discriminative
urine metabolites including sarcosine and combined analysis
with other markers should be investigated (96, 97). The
recent upsurge in studies of molecular assays for PCa cells in
urine and metabolites associated with PCa in urine highlight
the value of this specimen to provide increased specificity
and prognostic value for PCa compared with current serum
immunoassays. 

Multivariate Models with Available New Markers

When estimating the diagnostic validity of the single tumor
marker PSA it is obvious that lower thresholds increase
sensitivity with the caveat of lower specificity. Consequently,
this results in more unnecessary biopsies. Higher cutoff levels
increase the specificity but many PCa are missed. One
approach to predict the likelihood of a positive prostate biopsy
is to combine PSA and other markers with classification
models like logistic regression (LR)-based nomograms,
artificial neural networks (ANN), classification and regression
tree analyses and risk-group systems. Nomograms have been
widely utilized for different indications to detect PCa, predict
recurrence, extracapsular extension or lymph node invasion
compared with other classification models (98). Nomograms
show advantages compared with the PCa risk calculator, and
PSA alone (99). Some author groups concluded in summaries
(98, 100) and others in comparison studies (101-103) that
nomograms are more accurate and have better performance
characteristics than other alternatives. In contrast, several other
studies (104-106) and reviews (107, 108) showed advantages
for ANN compared with LR-based nomograms. Disparate
results from the same group favoring LR (102) or ANN (105),
or lack of advantage for LR when considering different PSA
assays (101, 109) show that ambivalent results may be due to
population or input parameter differences rather than true
methodological differences. When comparing both LR and
ANN in large populations (>5,000), they tie in 7 out of 8

studies (108). This strongly supports the notion that there is
no mathematical advantage for either method. A summary on
the differences and similarities of these models from a
technical point of view of both LR and ANN and further
classification models such as linear discriminant analysis,
support vector machines or nearest neighbour classifier can be
recommended for further details (107). 

In the following pages most of the already mentioned new
markers were analyzed regarding their performance in LR
and/or ANN models. 

PSA, % fPSA and cPSA based multivariate models. After
initiation of ANN models into PCa diagnostics in 1994 by
Snow et al. (110) one important further improvement was
the introduction of % fPSA into clinical routine use (36).
Soon after, several LR and ANN studies incorporating
% fPSA showed a further improvement of up to 50%
specificity compared with % fPSA alone (104, 105, 111,
112). A recent review summarizes all these studies with
additional aspects of commercial PSA assays (113). A
valuable comparison of all available ANN and LR studies to
detect PCa has been recently published by Schröder and
Kattan (114). 

An ANN was published in 2003 from a model based on 7
clinical features including age, race, family history,
International Prostate Symptom Score, DRE, tPSA and cPSA
(106). An evaluation of 5 different tPSA assays including
fPSA or cPSA in 780 patients found similar high AUC for
the ANN model with cPSA/tPSA (0.89) compared with
those models including % fPSA (AUC 0.88-0.89) (115). The
ANN for those 5 different tPSA assays is freely available
online (http://www.charite.de/pcaberlin/ann5/ann5.html) and
differences in this study are mostly based on assay variations
and not on population variances, which limited other earlier
ANN and LR comparisons (116, 117). Especially for the use
of cPSA in a limited tPSA range, a new method called
discordance analysis characteristics (DAC) promises to be
useful in improving PCa detection (118). A view of this
program is given in Figure 1. 

Free PSA subforms in multivariate models. A study on a
relatively small population using the (-5, -7)proPSA and
KLK2 showed only marginal success when using LR to
distinguish between BPH and PCa (45). Another investigation
in 898 patients from two centers showed only in the referred
group in the 4-10 μg/L tPSA range that a leave-one-out
(LOO) ANN model including the two variables % fPSA and
(-5, -7) proPSA could reach the same performance as a
routinely used ANN with PSA, % fPSA, age, prostate volume
and DRE (119). However, at 95%  sensitivity the ANN could
not improve specificity compared with % fPSA (119). 

The (-2)proPSA assay measured with an automated
research assay (named as p2PSA) showed in an initial study
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in 123 men that the LR model with % p2PSA had the
greatest AUC compared with % fPSA and % p2PSA (50).
However, this advantage diminished in the 2-10 μg/L tPSA
range, with equal AUC (0.73) for % p2PSA and the LR
model (50). 

The first study with the new automated p2PSA assay in
combination with LR and ANN models in 586 patients by
using tPSA, % fPSA, % p2PSA and age but not prostate
volume showed the highest AUCs for the LOO ANN and LR
model (0.85 and 0.84) and best specificities (ANN: 62.1%
and 45.5% ; LR: 53.1%  and 41.2% ) compared with tPSA
(22.7%  and 11.4% ) and % fPSA (45.5%  and 26.1% ) at
90%  and 95%  sensitivity (120). These ANN models also did
not require prostate volume like the (-5, -7)proPSA-based
ANN (119) but the advantage over % fPSA was consistently
significant at both 90%  and 95%  sensitivity. Furthermore,
% p2PSA was better than tPSA and % fPSA at distinguishing
between pT2 and pT3, and Gleason score <7 and ≥7 PCa,
indicating a possible role in the preferential detection of
aggressive and clinically significant tumors (120). 

Data from the first study on the automated BPHA assay
and an ANN application showed a further improved
discrimination between BPH and PCa when comparing
% fPSA (AUC: 0.775) or BPHA/tPSA (AUC 0.69) with a
LOO ANN (AUC: 0.81) with Bayesian regularization
utilizing the input factors age, prostate volume, tPSA,
% fPSA and BPHA/tPSA (58). Within the 0-10 μg/L tPSA

range the ANN model with BPHA/tPSA also reached the
best specificities (53.9%  and 44.5% ) compared with the
ANN without BPHA/tPSA (50%  and 40.6% ) and % fPSA
(40.9%  and 27.2% ) at 90%  and 95%  sensitivity.
Incorporation of BPHA/tPSA into an ANN model increased
the specificity compared with % fPSA by 13%  and 17% , at
90%  and 95%  sensitivity (58). Possibly, the automated
BPHA assay can be used as an additional tool to improve
PCa detection for instance in combination with p2PSA by
incorporating those new markers into an ANN. 

One survey with fPSA-I using a logarithmic combination
of fPSA-I, % fPSA and tPSA showed only a slightly higher,
but non-significant AUC (0.773) compared with fPSA-
I/tPSA (0.755) (63). In the 2-10 μg/L tPSA subgroup only
the AUC of logarithmic fPSA-I, % fPSA and tPSA (0.706)
and fPSA-I/tPSA (0.704) were significantly larger compared
to the AUC of tPSA (0.602) (63). 

A panel of the kallikrein markers with % fPSA, intact PSA
and KLK2 in a screening cohort of 740 men improved the
AUC from 0.68 to 0.83 compared with a model including
only age and PSA (121). Multiple kallikrein forms measured
in blood may predict the result of the biopsy. 

Kallikreins and other serum markers in multivariate models.
The incorporation of other kallikreins into PSA and % fPSA
based ANN was first performed with KLK2, which only
slightly increased specificity over % fPSA (45, 122). At the
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Figure 1. “ProstataClass” program (German version) with age, PSA assay (5 possibilities), total PSA, percent free PSA, prostate volume and status
of digital rectal exam as input factors. Example of the ANN output indicating lower risk at the 95%  sensitivity level.



low tPSA range 1-4 μg/L, the KLK2 and % fPSA ANN
model was also able to significantly improve specificity at
high sensitivity cutoffs compared with % fPSA, but this was
not possible within the tPSA range 4-10 μg/L (122). 

After initial promising results on KLK11, which showed
improved specificity in combination with % fPSA (68),
another subsequent study again showed marginal improvement
of PCa differentiation from BPH when using a % fPSA and
KLK11 based ANN (123). While the AUC with 0.84 for the
ANN was significantly larger than for % fPSA, significantly
better specificities at 90%  sensitivity for the ANN compared
with tPSA and % fPSA but not KLK11/tPSA could only be
reached in a subpopulation with a higher PCa risk and % fPSA
values <15%  (123). 

Incorporation of the other already mentioned new serum
markers MIC-1 and MIF into the % fPSA and KLK11 based
ANN showed an improved AUC (0.86) compared with
% fPSA (0.81) but no difference at 90 or 95%  sensitivity (70).
However, when also including prostate volume, the advantage
for the ANN with KLK11, MIC-1 and MIF compared with
% fPSA was always visible (70). Application of kallikreins
and their role in multivariate models and other biomarkers
have been reviewed extensively (17, 113, 124, 125).

Two studies have been published on IGF-1 as input factor
in a multivariate model (126, 127). Whereas the discriminatory
value of KLK2 and IGF-1 alone was absent between PCa and
NEM patients within the diagnostic “gray zone”, the
KLK2/fPSA ratio at tPSA 4-10 μg/L and the IGF-1/fPSA ratio
at tPSA >10 μg/L showed the largest odds ratio in multivariate
analysis. However, for all 345 patients, % fPSA had the best
odds ratio (126). The AUC comparison showed a slight
advantage for KLK2/fPSA (0.74) and IGF-1/fPSA (0.75)
compared with % fPSA (0.71) at tPSA 4-10 μg/L (126). A
similar improvement in AUC for IGF-1/fPSA (0.75) compared
with % fPSA (0.69) was observed in another study of 586
patients at tPSA 4-10 μg/L (127). An LR model confirmed the
higher potential of the IGF-1/fPSA ratio to discriminate benign
prostate disease from PCa (crude odds ratio for IGF-1/fPSA:
4.74) and at 90%  sensitivity IGF-1/fPSA had a 10%  higher
specificity compared with % fPSA (127).

Multivariate analysis of PSP94 in a study with 1,212 men
showed an improved AUC (0.74) for a model with PSP94
and % fPSA compared with the baseline model with age,
DRE, ethnic background and tPSA (AUC: 0.66) and those
models with PSP94 or % fPSA alone (each 0.72) (84).
Further, among a subgroup of 649 men with tPSA <20 μg/L,
the model with both PSP94 and % fPSA (AUC: 0.75) clearly
improved performance of the baseline models with tPSA
(0.56), % fPSA (0.64) or PSP94 alone (0.67) (84). 

Use of urine marker PCA3 in novel multivariate models.
Recently, first results on the combination of PCA3 and the
TMPRSS2-ERG gene fusion product have been presented

(128, 129). The first study combined both urinary analytes in
108 patients (129). While in the 78 PCa patients the semi-
quantitative RT-PCR analysis followed by hybridization for
the TMPRSS2-ERG detection had a sensitivity of 37% , the
PCA3 assay had a sensitivity of 62%  and the combination of
both parameters increased sensitivity to 73%  (129). More
importantly, in those men with persistently elevated tPSA
levels and a history of negative biopsies the positive predictive
value of TMPRSS2-ERG fusion transcripts was 94%  (129). 

The second study had data available from serum PSA in
addition to the urinary measured PCA3 and the TMPRSS2-
ERG in 105 patients (128). PCA3 alone had an AUC of 0.65
when comparing the 32 PCa and 73 NEM patients, while the
combination of PCA3 and TMPRSS2-ERG increased the AUC
to 0.77. Further addition of serum PSA to PCA3 and
TMPRSS2-ERG resulted in an AUC of 0.80 (128). At 67%
sensitivity, 77%  specificity was achieved when combining all
three input parameters. Both the LR and individual cut-off
approaches produced the same sensitivity and specificity results. 

Data from both studies showed synergy between PCA3
and TMPRSS2-ERG assays for predicting biopsy outcome
and suggest that further improvement in diagnostic accuracy
could be achieved using LR-based nomograms that also
incorporate serum PSA. 

There might be more promising results when incorporating
also other serum parameters such as % fPSA or p2PSA into
urinary-based measurements of PCA3 and TMPRSS2-ERG
to detect PCa. Prospective data of 252 PCa patients with 9
years of follow-up indicated that the TMPRSS2:ERG fusion
was highly associated with aggressive PCa (Gleason score
>7) and PCa-related death (27). Thus, PCA3 and TMPRSS2-
ERG do have a potential to be used, especially to detect
aggressive and life-threatening PCa. 

Multivariate regression analysis in a multiplexed model,
including SPINK1, PCA3, GOLPH2 and TMPRSS2:ERG
showed significantly greater AUC (0.758) than PCA3
(0.662) or serum PSA (0.51) alone (22). 

The other recent multiplexed survey with the 3 methylation
markers, GSTP1, RARB and APC in urine showed an
improved AUC of 0.65 for the multivariate combination of all
3 markers, tPSA, DRE status and age compared with tPSA
(0.54), the 3 markers together (0.6), and the clinical data
tPSA, DRE and age together (0.6) (23). However, the AUC
increase was not statistically significant (23).

Conclusion

The use of % fPSA and especially the incorporation of this
ratio into multivariate models increased the specificity of PSA
in the last decade. Of all molecular forms of fPSA, 
(-2)proPSA measured with an automated p2PSA assay most
likely further improves the specificity of % fPSA but only
within LR and ANN models. After initial promising results

Stephan et al: New Markers and Models for PCa Detection (Review)

2595



especially for the kallikrein KLK2, no marker of the kallikrein
family besides PSA (KLK3) has been used so far in the
clinical routine diagnosis of PCa. Of all new serum markers,
EPCA2 had the most promising initial results, with extremely
high sensitivities and specificities, but these findings are yet
to be confirmed. PCA3 as a urine marker has the potential to
detect PCa in previous biopsy-negative patients and especially
to detect aggressive PCa. Here, most studies from different
working groups are in line with the first positive data. The
combination of TMPRSS2-ERG gene fusion data, PCA3 or
other new urine markers and serum markers should be tested
in the future as one of the most promising models to further
increase the specificity of tPSA. A combination of the results
from individual assays for PCA3, gene fusion and PSA forms
may enable significantly improved management of PCa
including early detection, prognosis and treatment selection.
This review also showed that critical examination of LR-based
nomograms and ANNs designed to predict the risk of a
positive prostate biopsy for PCa is necessary and that, to date,
both methods should be used in preference to single markers
or other classification models. 
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