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BACKGROUND. We aimed to evaluate the value of macrophage inhibitory cytokine 1 (MIC-
1), human kallikrein 11 (hK11) migration inhibitor factor (MIF) in comparison to prostate-
specific antigen (PSA) and%fPSA and also to develop a%fPSA-basedANNwith the new input
factors to determine whether these additional markers can further eliminate unnecessary
prostate biopsies.
METHODS. Serum samples from 371 patients with prostate cancer (PCa, n¼ 135) or benign
prostate hyperplasia (BPH, n¼ 236) within the PSA range 0.5–20 mg/L were analyzed for total
PSA, free PSA, MIC-1, hK11, and MIF. ‘Leave one out’ ANN models with these variables and
prostate volume were constructed and compared to logistic regression (LR) and all single
parameters.
RESULTS. The discriminatory power of MIC-1, hK11, and MIF was less than that for PSA
despite significantdifferences inBPHcompared toPCapatients.At 90%and95%sensitivity, the
artificial neural networks (ANNs) were only significantly better than%fPSA if prostate volume
was included.
CONCLUSIONS. ANNs with the novel input factors of MIC-1, MIF, and/or hK11 and
additional use of prostate volume demonstrated significant advantage compared with %fPSA
and tPSA and may lead to a reduction in unnecessary prostate biopsies. Prostate
# 2005 Wiley-Liss, Inc.

KEY WORDS: prostate cancer; prostate-specific antigen; macrophage inhibitory cyto-
kine-1; macrophage migration inhibitory factor; human kallikrein 11;
artificial neural network

Abbreviations: ANN, artificial neural network; AUC, area under
receiver operating characteristic curve; BPH, benign prostatic
hyperplasia; DRE, digital rectal examination; hK11, human kallik-
rein 11; MIC-1, macrophage inhibitory cytokine-1; MIF, macrophage
migration inhibitory factor; PCa, prostate cancer; PSA, prostate-
specific antigen; %fPSA, percent free PSA; tPSA, total PSA.

Grant sponsor: Mildred-Scheel-Foundation; Grant number: 70-3295-
ST1; Grant sponsor: National Health & Medical Research Council,
Australia; Grant sponsor: New South Wales Health Research and
Development infrastructure grant.

*Correspondence to: Carsten Stephan, Department of Urology,
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INTRODUCTION

Measurement of prostate-specific antigen (PSA)
improves the early detection of prostate cancer (PCa),
which is one of themost commonlydiagnosed cancer in
men [1]. Elevated PSA levels are not unique to patients
with PCa and occur also in benign prostatic conditions
such as benign prostatic hyperplasia (BPH) or chronic
prostatitis [2]. The detection of molecular forms of PSA
improves the specificity of PSA testing [3,4], in par-
ticular the use of percent free PSA (%fPSA) [5]. In order
to reduce the large number of unnecessary prostate
biopsies (up to 75%), new markers and other methods
of individual risk estimation are urgently needed. This
study focused on new markers where overexpression
in PCa tissue has been proven and serum assays have
already been developed [6].

Macrophage inhibitory cytokine-1 (MIC-1) is amem-
ber of the transforming growth factor-b (TGF-b) super-
family, originally cloned from macrophages using
cDNA subtraction methodology [7]. MIC-1 is synthe-
sized as a 60 kDa dimer and is cleaved from its
propeptide by furin like proconvertases to release the
mature 25 kDa protein [8]. However in tumors and
tumor cell lines, MIC-1 is frequently secreted from cells
in an unprocessed, propeptide containing form. This
remains localized in tissues due to strong matrix
binding mediated by its propeptide [8]. MIC-1 is also
known by numerous synonyms including prostate-
derived factor (PDF) [9]. Elevation of tumor and/or of
serum MIC-1 levels has been documented in many
cancers. MIC-1 mRNA has been shown to be upregu-
lated in PCa compared to BPH and high compared to
low Gleason score tumors [10]. Recently, using a sen-
sitive sandwich ELISA assay [11], in a study of 1,000
patients, the use of serum MIC-1 in combination with
PSA and %fPSA determination significantly improved
the specificity of PSA for PCa detection [12].

Another new marker is the cytokine macrophage
migration inhibitory factor (MIF). MIF was first
described approximately 40 years ago, originally as a
product of T-lymphocytes, which is known to activate
macrophages and prevent their random migration.
Subsequently, MIF was recognized to be ubiquitously
expressed and have varied functions including regula-
tion of inflammatory and immune response, induction
of cell proliferation, angiogenesis, and inhibition of
tumor suppressor genes [13]. Upregulation of MIF
mRNA has been reported in PCa epithelial cells
compared to normal [14]. Additionally, using a sand-
wich ELISA [15], serum concentrations of MIF are
elevated in PCa patients, compared to BPH and control
patients [14].

The third newmarker, human kallikrein 11 (hK11) is
a serine protease of the human kallikrein family, which

has been recently expanded to include 15members [16].
All kallikreins including PSA (hK3) share important
similarities, including mapping at the same chromoso-
mal locus (19q13.4) or significant homology at both the
nucleotide and protein level [17]. Initially known as
trypsin-like serine protease [18], tissue expression of
the hK11 protein showed the highest levels in prostatic
tissue extracts and seminal plasma [19]. A study of
150 PCa and BPH patients demonstrated significantly
lower hK11 and hK11/tPSA ratio levels in PCa patients
than in BPH patients suggesting potential diagnostic
utility [20].

Other approaches to improve the PCa detection rate
are the use of different models of logistic regression
(LR) [21,22] and artificial neural networks (ANNs)
using %fPSA together with PSA [23–26]. Especially
ANNs have been increasingly used not only for
detection but also for staging and prognosis of PCa
[27–30]. A key advantage of ANNs compared with
conventional methods like LR is their ability to resolve
complex non-linear relations among variables, without
the need for any prior assumptions about these re-
lations. However, a true advantage of ANNs in com-
parison to LR is only partially seen [31,32]. In a
comparison of 28 studies, the ANN tied with LR in
50% of all cases and in the 8 largest studies with a
sample size >5,000, LR, and ANN tied in 7 cases [31].

The aims of this study were threefold. Initially, we
wished to evaluate MIC-1, MIF, and hK11 in compar-
ison to PSA and %fPSA for the diagnosis of PCa
as singlemarkers of disease.We then sought to develop
a %fPSA-based ANN using MIC-1, MIF, and/or hK11
and evaluated it for diagnostic sensitivity and specifi-
city. We also wished to determine the effect of ad-
ditional clinical information like prostate volume on
the diagnostic characteristics of our ANN.

MATERIALSANDMETHODS

Study Population

The study population consisted of 371 men seen at
the University Hospital Charité Berlin, Germany who
were initially selected between 1998 and 2002 for
studies on the diagnostic usefulness of ANNs in PCa
diagnostics, and have been described in detail pre-
viously [25,33,34]. The study included 136 patients
(mean ageþ SD, 62.7þ 5.9 years) with PCa stratified
according to the TNM classification andWHO grading
scale. From 79 PCa patients treated with radical
prostatectomy, the pathological stages were: pT2a,
pT2b, and pT2c (n¼ 61), pT3a and pT3b (n¼ 17), pT4
(n¼ 1). The grading of these operated patients were as
following: G1a and 1b (n¼ 3), G2a and G2b (n¼ 44),
G3a and G3b (n¼ 32). The diagnosis of two PCa
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patients was obtained by TURPwith stage T1a and T1b
(both G2). The remaining 55 PCa patients were
clinically staged as T1c (n¼ 10), T2a and T2b (n¼ 24),
T3a and T3b (n¼ 21) and treated with radiation
therapy, hormonal therapy, a combination of both or
watchful waiting. The grading of biopsies from these
55 PCa patients were: G1a and 1b (n¼ 5), G2a and G2b
(n¼ 41), G3a and G3b (n¼ 9).

The 235 patients with histopathology proven BPH
(67.7þ 7.6 years) were untreated and had disease
confirmed by transrectal ultrasound-guided sextant
or octant prostate biopsy, transurethral resection or
open adenomectomy. Since all patients were urologi-
cally referred the population of this study was not a
screening population. The digital rectal examination
(DRE) statuswas suspect in 53%of thePCapatients and
9.3% of the BPH patients. Previously, archived (at
�808C) and unthawed serum samples were used for
serum marker determination. Selection criteria were
availability (at least 1.5 ml in 4 vials) since samples
were used also for other studies. All serum samples
were taken before any diagnostic procedure or surgery
of the prostate, and at least 3 weeks after DRE, prostate
biopsy or transrectal ultrasound. The study was per-
formed in accordance with the ethical standards of the
Helsinki Declaration and was approved by the local
ethical board of the hospital. Prostate volumes deter-
mined by transrectal ultrasound using the prolate
ellipse formula (height�width� length� 0.52) were
taken from the records and were available from 288 of
371 men.

METHODS

Total PSA (tPSA) and free PSA were assayed in
Berlin, Germany using the IMMULITE PSA and
IMMULITE Free PSA assays (DPC, Los Angeles, CA).
SerumMIF was quantified in 200 ml duplicate samples
using an enzyme linked immunosorbent assay
(DuoSet, Cat. no. DY289; R&D Systems, Minneapolis,
MN) as described by Meyer-Siegler et al. [15] and our
group [35]. MIC-1 serum concentration was deter-
mined with 50 ml triplicates using an in house ELISA
assay, previouslydescribed indetail [36,37]. Estimation
of hK11 concentrations was performed in Canada by
immunofluorometric serum assay [19]. All measure-
ments were performed in duplicate as described [20].

Data were analyzed in the tPSA ranges 0.5–20 mg/L
(n¼ 371, group I) and 2–10 mg/L (n¼ 226, group II)
because the ‘‘gray zone’’ of tPSA is becoming more
important especially for valuing of new markers for
PCa detection. For those patients with prostate volume
available, the tPSA ranges 0.5–20 mg/L (n¼ 288, group
III) and 2–10 mg/L (n¼ 174, group IV) were also
analyzed. Because of a possible loss of �20% of all

patients, we did not exclude the first two groups
without available prostate volume. For all four groups,
ANN models were constructed with the MATLAB
Neural Network Toolbox (The Mathworks, Natick,
MA).A feed forwardedback-propagationnetworkwas
applied in which the input layer consisted of the
variables: tPSA, %fPSA, age, MIF, MIC-1, hK11 and, if
available, prostate volume. Various ANNmodels with
the typical structure of three layers (input, hidden, and
output layer) with inclusion of tPSA, %fPSA, age and
one, two or all three new markers and also with
inclusion of prostate volume (4, 5, 6 or 7 input neurons)
and a various number of 2–5 neurons in the hidden
layers were evaluated. The best performance of the
ANNs were achieved with three neurons as hidden
layers so that finally three neurons were used. Each
ANN model was evaluated by the leave-one-out
method, which has been previously described in detail
[38]. Briefly, in a data set ofNpatientsN separate times,
the ANN is trained on all data except for one patient
and a prediction is made for this patient. By using the
leave-one-out method for the ANN there is no need for
a validation within the training run. Each patient is
ones the tested person, while all others were the
training population. To get the best generalization of
the ANN (i.e., to avoid overfitting), we used a routine
that automatically sets the optimal performance func-
tion (Bayesian regularization) within the training run
as also used by Finne et al. [23]. The evaluation of the
model is made by computing the average error of all N
predictions. The ANN output ranged from 0 (low PCa
risk) to 1 (high PCa risk). The output values of the
training run were then used to build the receiver-
operating characteristic (ROC) curve. Thus, further
testing is not necessary by using the leave one-out
method.

Statistical Analysis

Statistical analyses were performed using the statis-
tical software package, SPSS 11.5 for Windows
(SPSS, Chicago, IL). Differences between groups
were assessed with the Kruskal–Wallis test of variance
or the Mann–Whitney U-test. Correlation between
serum markers and clinical information were assessed
using the Spearman rank correlation coefficient. LR
without forward or backward stepwise analysis
was estimated by using the same variables as for
ANN analysis. The diagnostic validity of tPSA,%fPSA,
MIF, MIC-1, and hK11 as well as the ANN and
LR output values were evaluated by ROC curve
analysis. The areas under the ROC curves (AUC) were
compared using the GraphROC 2.1 for Windows [39]
and MedCalc 8.0 (MedCalc Software, Mariakerke,
Belgium). Significance was defined as P< 0.05 or
P< 0.01 for correlation analyses.
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RESULTS

Differences Between PCa and BPHPatients
andCorrelations

Median values for tPSA, %fPSA, MIC-1, MIF, hK11,
age, prostate volume (if available), the LR output,
and the ANNoutput for the four analyzed groups I–IV
in the two tPSA ranges, with and without available
prostate volume, are given in Table I. TPSA, %fPSA,
age, and MIC-1 were significantly different between
PCa and BPH in all four groups (hK11 in three
groups) whereas MIF could only reach borderline sig-
nificance level (P¼ 0.045) in group I. Prostate volume,
the LR and ANN outputs were also significantly
different (P< 0.0001) between PCa and BPH in all
groups.

WhereasMIC-1 (rS¼ 0.49 each,P always<0.01, if not
indicated) and hK11 (rS¼ 0.26 and 0.29) correlated only
with age and to themselves (rS¼ 0.3 each) in both
analyzed tPSA ranges, MIF did not correlate at all with
tPSA, %fPSA, MIC-1, hK11, age or prostate volume in
both analyzed tPSA ranges and also if separately
examining PCa and BPH patients. This is in agreement
with our owndata, whichwere published recently [35].
Agewas correlated toprostate volume inboth analyzed
tPSA ranges (rS¼ 0.24) and to %fPSA (rS¼ 0.28 and
0.36). PSA correlated to prostate volume (rS¼ 0.25)
which was mostly an effect of BPH patients where the
correlation was much stronger (rS¼ 0.56) than in the
PCa patients (rS¼ 0.19, P¼ 0.045). The %fPSA corre-
lated significantly to prostate volume (rS¼ 0.26
and 0.45). Lastly, the only negative correlation was

observed between PSA and%fPSA in both tPSA ranges
(rS¼�0.4 and �0.25).

ANNandROCAnalyses

ROC comparisons were performed in all analyzed
groups I–IV, for all available parameters, as well as for
the respective ANN and LR models using their output
values (Table II). Prostate volume as a single parameter
reached an AUC of 0.67 (tPSA range 0.5–20 mg/L,
group III) and an AUC of 0.795 (group IV). As seen in
Table II, none of the new markers MIC-1, hK11 or MIF
could reach the discriminatory power of tPSA nor
%fPSA (P< 0.0001) with exception of MIC-1 compared
to tPSA (P¼ 0.42) in group IV. If analyzing data for all
patients in group I, MIC-1 and hK11 did not differ
(P¼ 0.9), but were significantly better than MIF
(P¼ 0.022 and 0.009). With the exception between LR
and ANN (P¼ 0.385), all other comparisons reached
the significance level of P¼ 0.001. Thus, the LR
(P¼ 0.001) and ANN model (P¼ 0.0003) could signifi-
cantly increase the performance of %fPSA.

For the LR andANN calculation, different combina-
tions of input factors were tested (e.g., exclusion of age,
tPSA, %fPSA, volume, one, two or all newmarkers). In
group I, theANNmodelwith all available input factors
(tPSA, %fPSA, age, MIC-1, hK11, and MIF) reached an
AUC of 0.843, whereas exclusion of MIC-1, hK11, MIF
or even PSA gave similar AUCs of 0.858, 0.844, 0.842,
and 0.855. The exclusion of %fPSA significantly
deceased the AUC to 0.8, but the ANN model with
exclusion of age performedbest and reached anAUCof
0.862. However, the LR model with inclusion of all
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TABLE I. Patients Within the Groups and MedianValues for tPSA, %fPSA, MIC-1, hK11, MIF, Age,Volume, LR, and ANN
Outputs

Parameter BPH PCa

tPSA
range group

0.5–20 mg/L,
group I

2–10 mg/L,
group II

0.5–20 mg/L,
group III

2–10 mg/L,
group IV

0.5–20 mg/L,
group I

2–10 mg/L,
group II

0.5–20 mg/L,
group III

2–10 mg/L,
group IV

number 235 143 173 102 136 83 115 72
tPSA (mg/L) 4.0* 4.7* 4.1* 5.25** 8.05 5.9 7.8 5.85
%fPSA (%) 16.9* 16.0* 16.9* 16.05* 8.4 9.0 8.3 8.5
MIC-1 (ng/L) 971** 905** 932** 915** 798 781 806 747
hK11 (ng/L) 0.167** 0.174** 0.162** 0.157 0.141 0.139 0.137 0.143
MIF (mg/L) 0.204** 0.212 0.187 0.199 0.159 0.158 0.152 0.156
Age in years 68* 67* 67* 67* 63 63 63 62
Gland volume n.a. n.a. 43 49 n.a. n.a. 30 28
LR output 0.16* 0.173* 0.156* 0.132* 0.625 0.5 0.713 0.617
ANN output 0.183* 0.151* 0.056* 0.121* 0.686 0.582 0.859 0.714

n.a., not available.
*P< 0.0001, when compared to PCa.
**P< 0.05, when compared to PCa.
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parameters had the largest AUC of 0.853. The wald
coefficients in the LRmodel revealed the largest impact
on the power of the LR model for %fPSA (wald
coefficient: 30.2) and tPSA (28.6) followed by age
(14.7), hK11 (2.3), MIF (1.5) whereas MIC-1 had a value
of 0. To simplify the comparisons, only those ANN and
LR models were taken and compared which achieved
the largest AUC. For group II, the ANN model with
exclusion of age and the LR model with all input
parameters performed best, and in group III the ANN
and the LR model with exclusion of MIC-1 performed
best. Thewald coefficients in the LRmodel for group III
revealed the largest values for tPSA (24.9), %fPSA
(18.1), and prostate volume (16.5) followed by age (9.0),
hK11 (2.0), MIF (1.7), and MIC-1 (0.24). The largest
AUCs in group IV were obtained in the ANN model
with exclusion of age and in the LR model with
exclusion of MIC-1. Data for group II (Table II) indicate
again that none of the newmarkers reached theAUCof
tPSA and that MIC-1, hK11, and MIF showed no
difference to each other but significance betweenMIC-1
and MIF (P¼ 0.006). The %fPSA performed signifi-
cantly better than tPSA (P< 0.0001) but again the
%fPSA had a significantly smaller AUC in comparison
to LR (P¼ 0.003) andANN (P¼ 0.004), whereas LR and
ANN performed equally to each other (P¼ 0.92).
Analyses in all patients with available prostate volume
(group III) showed that MIC-1, hK11, and MIF did not
differ from each other (P from 0.2 to 0.63) and that
%fPSA was significantly better than tPSA. Interest-
ingly, the ANN model could reach significance to the
LRmodel (P¼ 0.0013) and reached anAUCof>0.9 (see
Fig 1). In group IV, similar results were calculated
compared to group III. Again the three new markers
did not differ (P from 0.055 to 0.43) and the LR and
ANNmodelperformed significantly better than%fPSA
but were equal to each other (P¼ 0.86).

Cutoff Analyses

The specificities for tPSA,%fPSA,MIC-1, hK11,MIF,
the LR, and the ANNmodels for the given sensitivities
at 90% and 95% are summarized in Table III. In all
comparisons, the respective LR and ANN models
were significantly better than MIC-1, hK11 or MIF
(P< 0.0001). Compared to tPSA, the ANN models
always reached significance (P from 0.02 to <0.0001).
However, compared to %fPSA, neither the ANN (P
from 0.23 to 1) nor the LR models (P from 0.15 to 0.94)
could demonstrate an improvement in specificity at
90% sensitivity, and at 95% sensitivity, if analyzing
the groups I and II without the inclusion of prostate
volume. When analyzing the specificities at 90%
sensitivity in group III (Table III), the ANN model
was significantly better than all other parameters
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including the LR model with a specificity of 80%
compared to 55% (LR) and 30% (%fPSA) or 29%
for tPSA. As one of the key results of this study is
also shown in Figure 1. However, at 95% sensitivity
the difference in specificity between the ANN
model (40%) and tPSA (22%) or %fPSA (24%) was
smaller but still significant. Alternatively, the LR
model showed a non-significant, but higher specificity
(48%, P¼ 0.48) compared to the ANN model. Results
from group IV revealed similar significance levels
compared to group III. Again, at 90% sensitivity
the ANN model performed significantly better than
all other variables (P from 0.045 to <0.0001). However,
at 95% sensitivity the ANN performed only equally
to %fPSA (P¼ 0.45) and moreover, the LR model
was significantly better than the ANN model
(P¼ 0.0009) and also better than %fPSA (P¼ 0.044).
Data at 90% and 95% specificity are not included
because only high sensitivities are of interest in this
clinical situation.

DISCUSSION

PSA is currently viewed as the most useful tumor
markers for PCa detection, staging, and prognosis [1].
For early detection and improvement of specificity
compared to tPSA, %fPSA has demonstrated its value
[2]. Nevertheless, neither PSA nor %fPSA can accu-
rately predict the aggressiveness of PCa or the rate
of postoperative biochemical failure. New improved
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Fig. 1. Receiver-operating characteristic (ROCcurve analysis) of
tPSA, %fPSA,MIC-1, hK11,MIF, LR, and ANNoutput for those 288
patients with prostate volume available in the tPSA range 0.5 ^
20mg/L (group III), SE: standarderror, lineat90%sensitivity.
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biomarkers are urgently needed especially for the
identification of Gleason 4/5 tumors [40].

The results from this study indicate that serum
measurements of MIC-1, hK11 or MIF, used as in-
dividual markers, could not improve PCa detection
compared with tPSA and %fPSA. The %fPSA-based
ANNs we developed using MIC-1, MIF, and/or hK11
performed significantly better compared to%fPSA and
tPSA. Additionally, inclusion of prostate volume as a
clinical parameter further improved the diagnostic
capacity of the ANNmodel (80% specificity) compared
to %fPSA (30% specificity) at the 90% sensitivity cutoff,
but this improvement was significantly diminished
at the 95% sensitivity cut-off. Consequently, %fPSA-
based ANNs with MIC-1, hK11, MIF, and prostate
volumemay be helpful to reduce unnecessary biopsies.
Thus, approaches like ANN and LR models with their
capability to significantly reduce prostate biopsies are
promising tools to overcome the dilemma of over-
diagnosis and subsequently over-treatment of PCa in
the PSA era because it has not been proven that PCa
mortality is significantly decreased due to screening
with PSA alone.

The reason that some of the individual markers may
perform poorly when used as single markers is
probably a reflection of the complex biology of tumor
cytokine production. In the case ofMIC-1, our previous
results indicate that MIC-1 serum concentrations were
significantly lower in PCa patients [12]. A likely reason
for this unusual finding is that incompletely processed
MIC-1, containing the propeptide region is tightly
bound to the extracellular matrix of PCa and cannot
easily diffuse into the circulation [8]. Additionally, as
the Gleason sum increases, extracellular matrix bind-
ing of MIC-1 generally decreases with a concomitant
rise in serum MIC-1 levels. Consequently, using a
single cut-off, MIC-1 would perform poorly as a single
marker, as higher grade tumors would tend to be
missed. However, in combination with markers that
behave in a more linear unidirectional fashion such as
%fPSA, sensitivity and specificity may well be en-
hanced. For example, in BPH and PCa patients with a
marginally depressed %fPSA, consideration of the
MIC-1 level might more accurately classify them into
benign versus malignant disease. Conversely, tumors
with a normal %fPSA might be distinguished from
BPH on the basis of a depressed MIC-1. It is likely
that similarly complex regulatory factors may apply
also to MIF.

LikeMIC-1, the cytokineMIFwas also been found to
be overexpressed in PCa epithelial cells compared to
normal prostate cells [14]. Additionally, MIF serum
concentrations are elevated in the sera of PCa patients
compared with BPH and controls [14]. In the study
by Meyer-Siegler et al. [14] MIF strongly correlated

to tPSA (rS¼ 0.61) in 509 analyzed patients, but
unfortunately a histological diagnosis of PCa was only
available in 152 patients making interpretation of
this data difficult. In the current study, MIF did not
correlate to any other parameter including tPSA
(rS¼�0.04, P¼ 0.43) and furthermore, MIF values
were decreased and not significantly higher. These
results are in agreementwith a recent study byMichael
et al. [35] and seemingly at oddswith the small studyby
Meyer-Siegler et al. [14]. This apparent contradiction
may be due to differing stages of disease of patient
enrolled in the individual studies. Despite MIF show-
ing the weakest performance of all the new markers
with a smaller AUC and lower specificities at the given
cutoffs compared to tPSA and %fPSA, this parameter
had a substantial value within an ANN. It is note-
worthy that a parameter without correlation to tPSA or
to %fPSA might be more suitable for an ANN
compared to another marker with a correlation to
tPSA, like hK2, similar to the situation encountered
with MIC-1.

As one of the 15 kallikreins, hK11 was expected to
confirm the recently obtained and promising results
from a study by Nakamura et al. [20]. Our recent data
confirmed this publication [20] by measuring signifi-
cant lower results in PCa patients. However, the ratio
hK11/tPSA (AUC: 0.753 group I and 0.659 group II)
could only reach the AUC of PSA but not %fPSA
(see Table II). This is in contrast to data obtained by
Nakamura et al. [20] where the authors found a
significantly larger AUC for hK11/tPSA and %fPSA
(each 0.83) compared to tPSA (0.69). However, as seen
with the othermarkersMIC-1 andMIF, the hK11values
contributed to the ANNwhich was significantly better
than %fPSA. The hK11 assay has also been reported to
be a useful prognostic factor in ovarian cancer [41].

Overall it is clear that ANNs are superior to %fPSA
and the addition of MIC-1, MIF, and hK11 further
enhance this diagnostic superiority. In all four ROC
comparisons, the ANN performed significantly better
than%fPSA. This is reflected in the increase in theAUC
from 0.05 (group I and II) to 0.08 (group IV) and 0.22
(group III) when comparing %fPSA with the ANN
output. The greatest improvement in diagnostic capa-
city occurred when prostate volume was included in
the ANN for analysis of the patient group at the tPSA
range 0.5–20 mg/L (Table II). This improvement was
beyond the individual discriminatory capacity of
prostate volume, which had an AUC of only 0.67 and
is likely to be due to its capacity to further classify
whether serum marker production is normal or
abnormal. For example, with MIC-1, while MIC-1
serum level is significantly lower in localized PCa, the
quotient of serumMIC-1 per unit of prostate volume is
significantly higher than in BPH [12]. Some of us have
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previously shown that ANNs significantly decrease
unnecessary biopsies with the inclusion of five ANN
input factors (tPSA, %fPSA, age, prostate volume, and
the status of the DRE) in a multi-center study of 1,188
patients [33]. However, DRE, while being an important
urological investigation is notoriously subjective
depending on the experience of the clinician. Conse-
quently, the exclusion of DRE and inclusion of the
relatively objective clinical parameter prostate volume
with significant improved diagnostic accuracy is a
notable finding.

It is clear that there are limitations in ANNs when
examining the cutoffs of 90% and 95% sensitivity in a
number of groups despite at 90% sensitivity the
specificity for the ANNmodel reached 80% (group III)
and 67.6% (group IV) whereas %fPSA had a specificity
of only 30% and 42%. This relatively large increase in
specificity by 26% to 50% is comparable with own data
[33]. The comparison of ANN and LR regarding AUC
(Table II) and cutoff analysis at 90% and 95% sensitivity
(Table III) showed in three of four (AUC) and five of
eight (cutoff) calculations no differences betweenANN
and LR models indicating a relatively equal perfor-
mance of both methods which is in concordance to
other comparisons [31].On the other side, theANNand
LR were significantly better than the other in the
remaining four comparisons. Thus, ANN and LR
methods showed both advantage and disadvantage to
each other.

On the other hand, there was no advantage for using
the ANN or the LR models compared to %fPSA in
five of eight cutoff comparisons (Table III). However, a
number of ANN and LR models provided significant
advantage over the use of %fPSA alone showing that
all three new markers can contribute to the improved
performance of ANN. These results indicate that
the improved performance of an ANN is likely to be
achieved if the new input factors are not or
weakly correlated to tPSA or %fPSA. Using these
criteria, MIC-1, hK11, and especiallyMIF were suitable
candidates to improve the ANN diagnostic accuracy,
even in the face of poor performance as single
markers when compared to the benchmarks of tPSA
and %fPSA.

In conclusion, these data show that the ANNs
with the new input factors MIC-1, MIF, hK11, and
especially the clinical parameter prostate volume
were significantly better compared with %fPSA
and may be helpful in reducing unnecessary prostate
biopsies.
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