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diagnostic validity was evaluated by 
receiver-operating characteristic (ROC) 
curve analysis.

 

RESULTS

 

 Whereas the median concentration of hK2 
was not significantly different between 
patients with BPH or prostate cancer in any of 
the tPSA ranges, the f/tPSA, hK2/fPSA and 
hK2/(f/tPSA), and the hK2-based ANN outputs 
were always significantly different between 
patients with prostate cancer or BPH. Using 
ROC curve comparison, all variables were 
significantly better than hK2 in all ranges. The 
hK2-based ANN performed better than f/tPSA 
except in the 4–10 ng/mL tPSA range. At 90% 
and 95% sensitivity, the hK2-based ANN was 
also significantly better than f/tPSA in the 
1–4 ng/mL tPSA range. hK2/(f/tPSA) achieved 

equal results to the hK2-based ANN except in 
the range 2–20 ng/mL tPSA.

 

CONCLUSIONS

 

 The hK2-based ANN improves the outcome of 
f/tPSA but not hK2/(f/tPSA) in almost all 
analysed subgroups. When comparing the 
results at 90% and 95% sensitivity the hK2-
based ANN only performed significantly 
better than f/tPSA in the lowest tPSA range. 
Only in lower tPSA ranges do hK2-based 
ANNs show an advantage for further 
improving prostate cancer detection.
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OBJECTIVE

 

 To assess, using artificial neural networks 
(ANNs), human glandular kallikrein 2 (hK2), 
prostate-specific antigen (PSA), and 
percentage free/total PSA (f/tPSA), for 
discriminating between prostate cancer and 
benign prostatic hyperplasia (BPH).

 

MATERIAL AND METHODS

 

 Serum samples from 475 patients with 
prostate cancer (

 

n

 

 

 

=

 

 347) or BPH (

 

n

 

 

 

=

 

 128) 
within the PSA range of 1–20 ng/mL were 
analysed for tPSA, fPSA and hK2 (research 
assay, Toronto, Canada). Data were analysed 
in the ranges of 1–4, 2–4, 4–10, and 2–20 ng/
mL tPSA. Back-propagation ANN models with 
the variables PSA, f/tPSA, and hK2, hK2/fPSA 
and hK2/(f/tPSA) were constructed. The 

 

INTRODUCTION

 

Assessing PSA levels improves the early 
detection of prostate cancer, one of the most 
commonly diagnosed cancers in men [1]. 
Elevated PSA levels are not unique to patients 
with prostate cancer, as they can also occur in 
patients with no malignancy, e.g. BPH or 
chronic prostatitis [2]. Apart from the 
substantial overlap between prostate cancer 
and BPH in patients with PSA levels in the 
diagnostic ‘grey zone’ of 4–10 ng/mL, 
20–30% of patients with prostate cancer 
have PSA concentrations of 

 

<

 

4 ng/mL [3–5]. 
Recent data from a large screening study with 
2950 biopsied men after 7 years follow-up 
with PSA concentrations 

 

<

 

4 ng/mL had an 
increasing incidence of prostate cancer in the 
PSA ranges of 0–0.5 ng/mL (6.6% incidence), 
0.6–1 (10.1%), 1.1–2 (17%), 2.1–3 (23.9%), 
and 3.1–4 (26.9%) [5]. Thus, men with PSA 
concentrations of 2–4 ng/mL have a similar 

incidence of prostate cancer as men with PSA 
concentrations of 4–10 ng/mL. The use of the 
percentage free/total PSA (f/tPSA) can 
increase the specificity for prostate cancer 
detection by 

 

ª

 

20% at PSA concentrations of 
4–10 ng/mL [6]. At PSA concentrations 

 

<

 

4 ng/
mL, f/tPSA can also improve the cancer 
detection rate [7,8]. Other data at PSA 
concentrations of 2.6–4 ng/mL [9] and 
2–4 ng/mL showed only a small advantage of 
using f/tPSA to avoid unnecessary prostate 
biopsies [10].

PSA (or human kallikrein 3) belongs to the 
extended human kallikrein family that was 
recently given a new nomenclature [11]. 
Human glandular kallikrein 2 (hK2), another 
member of the human kallikrein family with 
the highest homology to PSA (

 

ª

 

 80% identity 
at the amino acid and DNA level) was reported 
to have additional value especially for the 
early detection of prostate cancer [12–16]. 

The ratio of hK2 to fPSA and the combination 
of f/tPSA and hK2/fPSA within the PSA 
concentration ranges of 2–4 and 4–10 ng/mL 
enhances the discrimination between patients 
with prostate cancer or BPH [16]. Other 
studies have confirmed the advantage of 
using hK2 and its ratios in addition to 
fPSA and f/tPSA, especially at low PSA 
concentrations for detecting prostate cancer 
[12,14,15]. Also, hK2 shows potential to 
discriminate between high- and low-grade 
tumours, and stage 2 and 3 tumours [17,18].

Another approach to improve prostate cancer 
detection rates is the use of different models 
of logistic regression [19,20] and artificial 
neural networks (ANNs), by using f/tPSA 
together with PSA [21–24]. However, logistic 
regression has a limited capacity to handle 
very complex data, and ANNs are better 
for detection, especially of nonlinear 
relationships among multiple variables [25]. 
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These and other ANNs were trained with 
different input variables such as tPSA, f/tPSA, 
complexed PSA, age, race, family history, 
prostate volume, prostate volume indexes, 
findings from TRUS, or status of DRE 
[21–24,26–30]. As prostate volume (measured 
by TRUS) and status of DRE are more 
subjective measurements, they were not 
included in the present study. f/tPSA-based 
ANNs at low PSA levels (

 

<

 

4 ng/mL) have 
already clearly shown an increase in 
specificity of up to 

 

ª

 

50% at high sensitivity 
levels [22] or an increase in sensitivity at 95% 
specificity [24,30].

Thus, hK2 and f/tPSA-based ANNs can be used 
to avoid unnecessary prostate biopsies for 
prostate cancer detection [12,15,16,21,24,30]. 
The aim of the present study was: (a) to 
evaluate hK2 and PSA compared to f/tPSA, 
hK2/fPSA and hK2/(f/tPSA); (b) to develop an 
hk2- and f/tPSA-based ANN with the input 
factors tPSA, f/tPSA, hK2, hK2/fPSA, and hK2/
(f/tPSA) to compare it to an ANN with only 
tPSA and f/tPSA (without hK2); and (c) to 
establish whether ANNs including hK2 at 
different PSA ranges can help to eliminate 
unnecessary biopsies, especially at lower PSA 
ranges.

 

MATERIALS AND METHODS

 

The study included 475 urologically referred 
patients with a mean (range) age of 64 
(43–86) years with prostate cancer (

 

n

 

 

 

=

 

 347) 
or histologically-confirmed BPH (

 

n

 

 

 

=

 

 128) 
with PSA levels of 1–20 ng/mL. All patients 
had a TRUS-guided sextant or octant biopsy. 
The histological outcome of the patients with 
no malignancy (BPH group) was BPH with or 
without chronic prostatitis, but no evidence 
of prostatic intraepithelial neoplasia. The 
criteria for prostate biopsy in patients with 

 

<

 

4 ng/mL tPSA were either a suspicious DRE, 
abnormal TRUS findings, or abnormal tPSA 
velocity. The distributions of the patients 
within the different PSA ranges are shown in 
Table 1. Serum samples were collected 
between 1997 and 2001 at the University 
Hospital Charité Berlin, Germany, and stored 
at 

 

-

 

70 

 

∞

 

C until measurement. The tPSA and 
fPSA were assayed using the Immulite PSA 
and Immulite Free PSA assays (DPC, Los 
Angeles, CA, USA). hK2 was measured in 
Toronto (Canada) with a recently published 
research assay [31]. A correlation study of 21 
samples and six standards with the Beckman 
Coulter hK2 research assay [32] indicated 
55% higher median hK2 values with the 

Toronto research assay (Passing/Bablock: 
y 

 

=

 

 1.46

 

x

 

 

 

+

 

 9.49, 

 

r

 

 

 

=

 

 0.996).

From the measured concentrations of tPSA, 
fPSA and hK2, the following ratios were 
calculated: f/tPSA, hK2/fPSA and hK2/(f/tPSA) 
(equivalent to hK2 

 

¥

 

 tPSA/fPSA). Data were 
analysed in the tPSA ranges of 1–4 and 
2–4 ng/mL, for a detailed analysis of these 
low tPSA ranges and in the tPSA ranges of 
2–20 and 4–10 ng/mL. For all tPSA ranges, 
ANN models were constructed with the 
MATLAB Neural Network Toolbox (The 
Mathworks, Natick, Mass, USA). A back-
propagation network was applied in which 
the input layer consisted of the five variables: 
tPSA, f/tPSA, hK2, hK2/fPSA and hK2/(f/tPSA) 
(termed the hK2-ANN) or the variables tPSA 
and f/tPSA only (termed the PSA-ANN). 
Various hK2-ANN models including only tPSA, 
f/tPSA and hK2, and including the hk2 ratios 
hK2/fPSA, hK2/tPSA and hK2/(f/tPSA), and 
with two to five hidden layers were evaluated. 
The best performance of the hK2-ANN was 
reached with the five-input layer tPSA, f/tPSA, 
hK2, hK2/fPSA and hK2/(f/tPSA), and no 
logarithmic transformation of the variables. 
The use of three (hK2-ANN) or two neurones 
(PSA-ANN) as a hidden layer was found to 
be optimal, and the output layer had one 
neurone representing the output value as the 

probability of prostate cancer. Every ANN 
model was evaluated by the ‘leave-one-out’ 
method, the logical extreme of cross 
validation. The data set of 

 

N

 

 patients was 
divided into a training set with 

 

N

 

-1 patients, 
i.e. all except one, who formed the test set. 
Permutations were then made so that each 
patient in turn was used as the test set and 
the other 

 

N

 

-1 patients formed the training 
set. For each of the 

 

N

 

-1 training sets an ANN 
was computed and applied to the separated 
patient in the test set. In this way 

 

N

 

 tests 
resulted in a bias-free estimator for the error 
rate of the ANN. Especially in small patient 
groups like those with a tPSA of 2–4 ng/mL, 
the benefit of this validation technique is the 
large training set, which is an advantage over 
our formerly used 10-fold cross validation 
[23,30].

The nonparametric Kruskal–Wallis test of 
variance, the Mann–Whitney 

 

U

 

-test, and the 
Spearman rank correlation coefficient were 
used to assess the results statistically. The 
diagnostic validity of tPSA, fPSA, hK2, the 
ratios f/tPSA, hK2/fPSA and hK2/(f/tPSA) and 
the ANN output value were evaluated by 
receiver-operating characteristic (ROC) curve 
analysis. Areas under the ROC curves (AUC) 
were compared using the GraphROC 2.1 for 
Windows [33] and MedCalc 7.2 (MedCalc 

 

TABLE 1 

 

Patients investigated in the four different tPSA ranges and median values for tPSA, f/tPSA, hK2, 
hK2/fPSA, hK2/(f/tPSA), and hK2-ANN outputs

 

Group/variable
tPSA, ng/mL 
1–4 2–4 4–10 2–20

N patients 128 83 232 430

 

Prostate cancer

 

n 65 52 183 334
tPSA, ng/mL 2.89* 3.0 6.31 7.15*
f/tPSA, % 13.68* 14.06* 9.25* 9.34*
hK2, ng/L 136.7 154.6 225.2 228.7
hK2/fPSA 416.4* 410.8* 388.6* 366.9*
hK2/f/tPSA 10.63* 11.67* 24.78* 25.71*
hK2-ANN 0.65* 0.80* 0.84* 0.90*

 

BPH

 

n 63 31 49 96
tPSA, ng/mL 1.93 2.97 5.79 5.2
f/tPSA, % 23.66 21.31 17.29 17.32
hK2, ng/L 125.7 160.8 232.7 207.2
hK2/fPSA 331.4 272.6 205.2 204.3
hK2/f/tPSA 5.2 6.38 13.68 12.32
hK2-ANN 0.36 0.51 0.74 0.52

 

*

 

P

 

 

 

<

 

 0.05 vs BPH
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Software, Mariakerke, Belgium). Significance 
was defined at 

 

P

 

 

 

<

 

 0.05.

 

RESULTS

 

For all the tPSA ranges, hK2 was not 
significantly different between patients with 
BPH or prostate cancer (

 

P

 

 

 

=

 

 0.07–0.81, 
Table 1). At a tPSA of 2–4 and 4–10 ng/mL, 
tPSA also was not significant (

 

P

 

 

 

=

 

 0.33 and 
0.17), but in the other ranges the values 
differed significantly between groups (both 

 

P

 

 

 

<

 

 0.001). The ratios f/tPSA, hK2/fPSA and 
hK2/(f/tPSA) were, in every calculation, 
significantly different between patients with 
prostate cancer or BPH (

 

P

 

 

 

<

 

 0.001–0.019). The 
ratio hK2/tPSA never reached significance 
(

 

P

 

 

 

=

 

 0.23–0.97). For age, there was no 
significant difference between patients with 
prostate cancer and those with BPH at the 
lower tPSA ranges of 1–4 and 2–4 ng/mL 
(

 

P

 

 

 

=

 

 0.25 and 0.61). However, in the two other 
tPSA ranges, which included more patients, 
the age differed significantly (

 

P

 

 

 

=

 

 0.004 and 
0.03), with a median age of 65 years for 
patients with BPH and 64 years for patients 
with prostate cancer.

ROC analyses of each tPSA range for hK2, 
tPSA, f/tPSA, hK2/fPSA, hK2/(f/tPSA) and for 
the respective ANN models in all tPSA ranges 
used the output value. The AUCs and the 
significance levels compared to the hK2-ANN 
output are shown in Table 2. For the AUC 
comparison, hK2 was always outperformed by 
all other variables except tPSA in the ranges of 
4–10 and 2–4 ng/mL tPSA (

 

P

 

 

 

=

 

 0.24 and 0.19). 
tPSA only reached similar results to f/tPSA, 
hK2/fPSA and hK2/(f/tPSA) in the range of 
1–4 ng/mL tPSA (

 

P

 

 

 

=

 

 0.08–0.74). However, 
applying the recently recommended matching 
procedure to avoid unequal tPSA distributions 
when comparing f/tPSA or other new markers 
to tPSA [34], the AUC for tPSA (0.50) at tPSA 

1–4 ng/mL was significantly less (

 

P

 

 

 

<

 

 0.001) 
than the AUCs for f/tPSA (0.69), hK2/fPSA 
(0.72), hK2/(f/tPSA) (0.71) or the hK2-ANN 
(0.74). If the comparison is done without 
matching each patient with prostate cancer 
to each with BPH with the nearest possible 
tPSA concentration, then the AUC for tPSA 
(0.685, see Table 2) was not significantly 
different to that for f/tPSA (0.71), but only 
because more patients with BPH have 
relatively low tPSA concentrations, giving a 
subsequent tPSA misdistribution. In all other 
ranges, tPSA already had significantly smaller 
AUCs than f/tPSA, both hK2 ratios and the 
hK2-ANN. Thus, the matching procedure was 
not necessary for all other comparisons. As 
seen in Table 2, f/tPSA was outperformed in 
all analysed tPSA ranges by the hK2-ANN 
except for the range of 4–10 ng/mL tPSA 
(

 

P

 

 

 

=

 

 0.88). Comparing f/tPSA to the hK2 ratios 
(hK2/fPSA and hK2/(f/tPSA)), there were no 
significant differences (

 

P

 

 

 

=

 

 0.13–0.72) except 
for the range of 2–20 ng/mL tPSA, where 
f/tPSA was significant compared to hK2/fPSA 
(

 

P

 

 

 

=

 

 0.005). The ratio hK2/(f/tPSA) gave results 
equal to the hK2-ANN in the ranges of 1–4, 
2–4 and 4–10 ng/mL tPSA, but not in the 
largest tPSA range of 2–20 ng/mL.

The PSA-ANN was equal to f/tPSA, and only 
better than f/tPSA in the range of 1–4 ng/mL 
tPSA (AUC: 0.735, 

 

P

 

 

 

=

 

 0.045). The AUCs for the 
PSA-ANN with tPSA and f/tPSA in the tPSA 
ranges of 2–4 (0.659), 4–10 (0.771) and 
2–20 ng/mL (0.793) were equal to f/tPSA. In 
the range of 1–4 ng/mL tPSA (

 

P

 

 

 

=

 

 0.074) and 
in the range of 4–10 ng/mL tPSA (

 

P

 

 

 

=

 

 0.11) 
the hK2-ANN was not significantly better 
than the PSA-ANN. However, at 2–4 and 2–20 
ng/mL tPSA, the hK2-ANN outperformed the 
PSA-ANN.

The specificities of hK2, tPSA, f/tPSA, hK2/
fPSA, hK2/(f/tPSA) and the hK2-ANN for the 
given sensitivities at 95% and 90% are 

summarized in Table 3. It is evident that there 
are large differences for the significance 
levels compared to the ANN. In the range of 
1–4 ng/mL tPSA, only hK2/(f/tPSA) performed 
as well as the hK2-ANN at both sensitivity 
limits. Conversely, there were no significant 
differences between all variables in the range 
of 2–4 ng/mL tPSA at 90% and 95% 
sensitivity. At these limits, f/tPSA was never 
significantly different to the hK2-ANN in the 
ranges of 2–4, 4–10 and 2–20 ng/mL tPSA. 
The hK2/(f/tPSA) ratio also performed as well 
as the hK2-ANN at these limits in the ranges 
of 1–4, 2–4 and 4–10 ng/mL tPSA. However, 
in the range of 2–20 ng/mL tPSA, the hK2-
ANN outperformed all others except for the 
f/tPSA.

Data at 90% and 95% specificity are given for 
all four tPSA ranges in Table 4. However, only 
the low tPSA ranges of 1–4 and 2–4 ng/mL 
are of interest for these limits, and are 
consequently described below. The hK2-ANN 
almost always outperformed hK2 and tPSA 
but was never different from f/tPSA in the low 
tPSA ranges. There was no improvement for 
the hK2-ANN if compared to hK2/(f/tPSA). The 
hK2-ANN performed significantly better than 
all variables at both specificity limits in the 
range of 2–20 ng/mL tPSA.

Despite some advantage for the ANN models 
in the lower tPSA ranges compared to f/tPSA, 
the outcome of the ratio hK2/(f/tPSA) and the 
hK2-ANN for the AUC was quite similar, with 
a significant difference only for the large tPSA 
range of 2–20 ng/mL. At 90% and 95% 
sensitivity, f/tPSA performed as well as the 
hK2-ANN in all tPSA ranges between 2 and 
20 ng/mL. At 90% sensitivity, hK2/(f/tPSA) 
also performed identically to the hK2-ANN, 
except in the 2–20 ng/mL tPSA range. At 90% 
and 95% specificity the hK2-ANN could also 
not improve upon f/tPSA or hK2/(f/tPSA) 
when analysing the lower tPSA ranges.

 

TABLE 2 

 

Areas under ROC curves for hK2, tPSA, f/tPSA, hK2/fPSA, hK2/(f/tPSA) and the hK2-based ANN in all tPSA ranges

 

tPSA,
ng/mL

Area under ROC curve, (

 

SEM

 

) 
hK2 tPSA f/tPSA hK2/fPSA hK2/(f/tPSA) hK2-ANN

1–4 0.570 (0.051)‡ 0.685 (0.047)† 0.710 (0.046)* 0.666 (0.048) 0.757 (0.043) 0.753 (0.044)
2–4 0.516 (0.068)‡ 0.565 (0.066)‡ 0.655 (0.060)† 0.673 (0.062)* 0.685 (0.060) 0.736 (0.055)
4–10 0.535 (0.052)‡ 0.564 (0.046)‡ 0.784 (0.039) 0.770 (0.037) 0.770 (0.036) 0.781 (0.035)
2–20 0.561 (0.035)‡ 0.629 (0.033)‡ 0.795 (0.025)‡ 0.737 (0.028)‡ 0.768 (0.025)‡ 0.859 (0.019)

 

* 

 

P

 

 

 

<

 

 0.05; † 

 

P

 

 

 

<

 

0.01; ‡ 

 

P

 

 

 

<

 

0.001 vs the ANN.
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DISCUSSION

 

The use of f/tPSA improves the specificity for 
tPSA, especially in the 4–10 ng/mL range and 
at tPSA concentrations 

 

<

 

4 ng/mL [6–9]. In the 
present study in all patient groups, calculating 
f/tPSA provided a substantial improvement in 
the AUCs compared to tPSA except for the 
range of 1–4 ng/mL tPSA. However, when 
applying the matching procedure [34] in the 
range of 1–4 ng/mL tPSA, the AUC for tPSA is 
0.50 instead of 0.685, and subsequently there 
is also a significant benefit to using f/tPSA 
(AUC 0.69 instead of 0.71). Similar data have 
been partly published elsewhere [23] for the 
performance of f/tPSA.

There was a further improvement when hK2 
and its ratios were added to tPSA and f/tPSA 
[12,15,16]. In the present study, hK2 alone 
could not enhance the specificity of tPSA 
or f/tPSA as a single variable. This is in 
agreement with data on 937 patients reported 

by Partin 

 

et al.

 

 [16], who found no difference 
in hK2 levels between patients with prostate 
cancer or BPH, although other studies on 
fewer patients have reported a difference 
[12,15]. The ratio hK2/fPSA was significantly 
different between patients with prostate 
cancer or BPH, but did not improve the 
performance compared to f/tPSA (ROC 
analysis). The ratio hK2/(f/tPSA) performed 
better than hK2/fPSA (a larger AUC in three 
of four comparisons) and was only once 
outperformed by the hK2-ANN for the ROC 
analysis in the range of 2–20 ng/mL tPSA. 
This ratio of hK2/(f/tPSA) improved the 
discrimination between prostate cancer 
and BPH in another study but was no 
different from f/tPSA [12]. We found the same 
behaviour, with no differences between 
hK2/(f/tPSA) and f/tPSA.

Nevertheless, a key result of the present study 
is the better performance of the hK2-ANN 
than f/tPSA. In three of four ROC 

comparisons, the hK2-ANN performed 
significantly better than f/tPSA. Only in the 
tPSA range of 4–10 ng/mL was there no 
difference between f/tPSA and the hK2-ANN. 
Thus, especially for patients with a tPSA of 

 

<

 

4 ng/mL, the use of hK2-ANNs has a 
significant advantage over f/tPSA. These 
findings might become more important, 
as recent data indicate a high prevalence 
(23.9–26.9%) of prostate cancer in men with 
2–4 ng/mL tPSA [5]. The additional use of hK2 
in combination with an ANN therefore seems 
promising to improve patient selection for 
prostate biopsy, especially for a tPSA of 

 

<

 

4 ng/mL. Even if the advantage of the hK2-
ANN to the ratio hK2/(f/tPSA) was only 
marginal, only these ANN models reached 
significance for f/tPSA, but not hK2/(f/tPSA). 
Notably, the greatest advantage of the hK2-
ANN with significance to all other variables 
(Table 2) was achieved using the largest 
patient group at the range of 2–20 ng/mL 
tPSA (

 

n

 

 

 

=

 

 430). Further analysis with more 

 

TABLE 3 

 

Specificities at 90% and 95% sensitivity for hK2, tPSA, f/tPSA, hK2/fPSA, hK2/(f/tPSA) and the hK2-based ANN

 

tPSA,
ng/mL

Sensitivity
%

Specificities, % (95% CI) 
hK2 tPSA f/tPSA hK2/fPSA hK2/(f/tPSA) hK2-ANN

1–4 90 9.5 (4.3–18.2)‡ 28.6 (19.4–39.5)† 12.7 (6.5–21.9)† 22.2 (14–32.7)* 31.7 (22.2–42.8) 42.9 (32.3–54)
95 4.8 (1.3–12.1)† 15.9 (8.9–25.6)* 11.1 (5.4–20.1)* 7.9 (3.2–16.2)* 12.7 (6.5–21.9) 25.4 (16.7–36.1)

2–4 90 25.8 (13.6–42) 16.1 (6.6–31.3) 6.5 (1.1–19.5) 29 (16.1–45.4) 19.4 (8.8–35) 25.8 (13.6–42)
95 6.5 (1.1–19.5) 16.1 (6.6–31.3) 6.5 (1.1–19.5) 9.7 (2.7–23.6) 9.7 (2.7–23.6) 9.7 (2.7–23.6)

4–10 90 26.5 (16.5–39)† 10.2 (4.2–20.5)† 53.1 (40.4–65.4) 6.5 (16.5–39)† 36.7 (25.3–49.5) 46.9 (34.6–59.6)
95 8.2 (2.9–18)† 6.1 (1.7–15.4)† 22.4 (13.2–34.6) 20.4 (11.6–32.3)* 22.4 (13.2–34.6) 32.7 (21.7–45.4)

2–20 90 25 (17.9–33.4)‡ 22.9 (16.1–31.2)‡ 41.7 (33.2–50.6) 31.3 (23.5–40)‡ 34.4 (26.4–43.2)† 51 (42.2–59.8)
95 13.5 (8.2–20.8)‡ 12.5 (7.4–19.6)† 28.1 (20.7–36.7) 16.7 (10.8–24.3)† 17.7 (11.7–25.5)† 31.3 (23.5–40)

 

*

 

P

 

 

 

<

 

 0.05; † 

 

P

 

 

 

<

 

0.01; ‡ 

 

P

 

 

 

<

 

0.001 vs the ANN.

 

TABLE 4 

 

 Sensitivities at 90% and 95% specificity for hK2, tPSA, f/tPSA, hK2/fPSA, hK2/(f/tPSA) and the ANN

 

tPSA,
ng/mL

Specificity
%

Sensitivities, % (95% CI) 
hK2 tPSA f/tPSA hK2/fPSA hK2/(f/tPSA) hK2-ANN

1–4 90 15.4 (8.6–24.9)† 21.5 (13.6–31.7)† 38.5 (28.4–49.5) 30.8 (21.5–41.6) 38.5 (28.4–49.5) 38.5 (28.4–49.5)
95 7.7 (3.1–15.7)† 15.4 (8.6–24.9)* 27.7 (18.8–38.3) 21.5 (13.6–31.7) 33.8 (24.2–44.8) 27.7 (18.8–38.3)

2–4 90 7.7 (2.7–17)† 19.2 (10.9–30.6)† 30.8 (20.4–43) 25 (15.5–36.9)† 36.5 (25.4–48.9) 42.3 (30.7–54.7)
95 5.8 (1.6–14.6)† 11.5 (5.2–21.8)* 25 (15.5–36.9) 7.7 (2.7–17)* 13.5 (6.6–24) 21.2 (12.4–32.7)

4–10 90 7.1 (4.3–11.1)‡ 15.3 (11.1–20.4)‡ 33.3 (27.6–39.5)† 48.1 (41.8–54.4) 49.2 (42.9–55.5) 50.3 (44–56.6)
95 3.3 (1.5–6.5)‡ 11.5 (7.9–16.2)‡ 21.3 (16.5–26.9)† 34.4 (28.6–40.7)† 32.8 (27.1–39)† 43.7 (37.5–50.1)

2–20 90 12 (9.2–15.3)‡ 13.2 (10.3–16.6)‡ 42.8 (38.3–47.5)‡ 45.5 (40.9–50.2)‡ 47.3 (43.7–52)‡ 68.6 (64.1–72.8)
95 6.6 (4.5–9.3)‡ 9.9 (7.3–13)‡ 30.5 (26.4–35)‡ 21 (17.4–25)‡ 31.4 (27.3–35.9)‡ 57.8 (53.1–62.3)

 

*

 

P

 

 

 

<

 

 0.05; † 

 

P

 

 

 

<

 

0.01; ‡ 

 

P

 

 

 

<

 

0.001 vs the ANN.
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patients within the subgroups might also 
improve the outcome of a trained hK2-ANN, 
but the wide PSA range might also contribute 
to this good result. To our knowledge, a 
combined analysis of hK2 measurements 
within an ANN has not been reported to date. 
The equal performance of the PSA-ANN with 
only tPSA and f/tPSA in the tPSA ranges of 
1–4 and 4–10 ng/mL to the hK2-ANN limits 
the advantage of the hK2-based ANN.

There are some other limitations of the 
hK2-ANN results; looking at the clinically 
important limits of 90% and 95% sensitivity, 
the advantages of the ANN models decrease. 
In all tPSA ranges except 1–4 ng/mL tPSA, the 
hK2-ANN had no advantage over f/tPSA 
(Table 3). For lower tPSA concentrations, the 
90% or 95% specificity limits became more 
important. Two ANN studies [23,24] have 
already emphasized the clinical usefulness of 
high specificity limits to avoid many false-
positive tests. Again, in the present study the 
ANN had no advantage over f/tPSA in the two 
tPSA ranges up to 4 ng/mL. These findings 
show the limitations of the serum variable 
hK2 even if a powerful ANN based on this and 
other variables is generated. The distribution 
between prostate cancer and BPH, where the 
larger proportion is presented by prostate 
cancer (73% of all patients) also influences 
ROC analyses. In the range of 1–4 ng/mL tPSA, 
the incidence of prostate cancer and BPH is 
almost equal, but prostate cancer is over-
represented in higher tPSA ranges, and this 
influences the positive and negative 
predictive values but not the sensitivity or 
specificity or AUC values. In the present study 
we therefore calculated the latter variables 
(Tables 2–4) but not the predictive values. 
However, in comparison to screening 
populations with 25–30% of patients with 
prostate cancer, the 70–75% of patients with 
prostate cancer in the present study 
represents the real proportions in our clinic as 
a cancer centre. Therefore, the ANN results of 
this investigation might not be transferable to 
other (screening) populations but might be 
useable in our future studies.

There are no commercially available hK2 
assays, and there is no universally accepted 
calibrator for hK2 as there is for PSA. Three 
hK2 assays have been used for most hK2 
testing to date: the assay in the present study 
[31]; the Beckman Coulter total hK2 assay 
[35]; and the Turku hK2 assay [36]. The 
present assay measured about 1.5 times 
higher hK2 concentrations than the Beckman 

Coulter assay. The latter assay and the Turku 
hK2 assay were recently compared by Haese 

 

et al.

 

 [37] and Blijenberg 

 

et al.

 

 [38], and the 
differences between them could not be 
attributed to calibration differences. As these 
three hK2 assays are not commercially 
available, none have been fully developed 
to reduce variability in the way that 
commercially available PSA and fPSA assays 
have been. Additionally, the recognition of 
free and complexed hK2, where a newly 
developed assay was recently described [39], 
is not known from the research assay used in 
the present study, which might also cause 
differences.

Although almost all studies to date have 
indicated promising results with hK2, there 
are general concerns about hK2 as a new or 
even as an additional marker for diagnosing 
prostate cancer. Promising results with hK2 
have been published since 1998, but so far no 
hK2 assay has been used as a routine clinical 
assay. The limited advantage of hK2 compared 
to f/tPSA might be a reason for this; if hK2 
itself cannot improve the discrimination 
between prostate cancer and BPH, the hK2-
based ANN can only marginally improve this 
discrimination. This has been shown only in 
the tPSA ranges of 2–4 and 2–20 ng/mL, 
comparing it to the PSA-ANN.

Stamey 

 

et al.

 

 [40] could see no rationale as to 
why hK2, with its 80% homology to PSA, 
should independently improve prostate 
cancer detection beside PSA and f/tPSA. 
Nevertheless hK2 is a very different protein 
biochemically and physiologically, and is 
found primarily in the free form, unlike PSA 
which is found primarily in the complexed 
form [41]. As hK2 appears to have value in 
particular patients and in particular PSA 
ranges when combined with tPSA and fPSA 
assay data, perhaps its full value will not be 
realized until it is incorporated into a 
commercially available standardized 
multiplexed assay with these and other 
analytes [42].

In conclusion, the present data show that the 
hK2-ANN improves the outcome of f/tPSA in 
almost all analysed subgroups based on the 
AUC. The best performance of the hK2-ANN 
was seen with all patients and at low tPSA 
concentrations (

 

<

 

4 ng/mL). The advantage of 
the hK2-ANN decreased if the hK2/(f/tPSA) 
ratio or the PSA-ANN was compared to the 
hK2-ANN. The results at 90% and 95% 
sensitivity and specificity showed no 

improvement in the hK2-ANN performance 
compared to f/tPSA or hK2/(f/tPSA) except in 
the range of 1–4 ng/mL tPSA. However, the 
results should be interpreted with caution 
until larger patient groups, especially 
including more patients with no cancer, have 
been analysed. In patients with low tPSA 
values the use of hK2 in combination with an 
ANN might improve the discrimination 
between prostate cancer and BPH.
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