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Background: The percentage of free prostate-specific
antigen (%fPSA) has been shown to improve specificity
for the diagnosis of prostate cancer (PCa) over total PSA
(tPSA). A multicenter study was performed to evaluate
the diagnostic value of a %fPSA-based artificial neural
network (ANN) in men with tPSA concentrations be-
tween 2 and 20 �g/L for detecting patients with in-
creased risk of a positive prostate biopsy for cancer.
Methods: We enrolled 1188 men from six different
hospitals with PCa or benign prostates between 1996
and 2001. We used a newly developed ANN with input
data of tPSA, %fPSA, patient age, prostate volume, and
digital rectal examination (DRE) status to calculate the
risk for the presence of PCa within different tPSA
ranges (2–4, 4.1–10, 2–10, 10.1–20, and 2–20 �g/L) at the
90% and 95% specificity or sensitivity cutoffs, depend-
ing on the tPSA concentration. ROC analysis and cutoff
calculations were used to estimate the diagnostic im-
provement of the ANN compared with %fPSA alone.
Results: In the low tPSA range (2–4 �g/L), the ANN
detected 72% and 65% of cancers at specificities of 90%
or 95%, respectively. At 4–10 �g/L tPSA, the ANN
detected 90% and 95% of cancers with specificities of

62% and 41%, respectively. Use of the ANN with 2–10
�g/L tPSA enhanced the specificity of %fPSA by 20–
22%, thus reducing the number of unnecessary biopsies.
Conclusions: Enhanced accuracy of PCa detection over
that obtained using %fPSA alone can be achieved with
a %fPSA-based ANN that also includes clinical infor-
mation from DRE and prostate volume measurements.
© 2002 American Association for Clinical Chemistry

Prostate-specific antigen (PSA)7 is the most valuable tool
for early detection, staging, and monitoring of prostate
cancer (PCa) (1 ). Because PSA is almost organ specific, but
not cancer specific, increased PSA concentrations are
found in patients with PCa but are also observed in
patients with benign prostatic diseases. The low specific-
ity of total PSA (tPSA) for the detection of PCa has led to
the development of various approaches to improve the
specificity of PSA. Measurements of PSA density, PSA
transition zone density, and PSA velocity or doubling
time and the use of age- or race-specific reference ranges
have been proposed to increase the cancer detection rate
per biopsy performed (1, 2). Measurements of the molec-
ular forms of PSA have been shown to improve specificity
over tPSA alone (3, 4). Use of the percentage of free PSA
(%fPSA) in the tPSA range 4–10 �g/L can eliminate
�20–25% of unnecessary biopsies (5, 6). For tPSA values
�4 �g/L, the use of %fPSA has been reported to increase
specificity (7–9), but other studies have not confirmed this
finding (10, 11). It has been reported that %fPSA possibly
correlates with prostate volume (5, 12–15), age
(12, 13, 16), and other clinical variables (1, 17). Recently,
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%fPSA has been proposed as a primary decision tool for
first-time biopsy in men with a nonsuspicious digital
rectal examination (DRE) within the tPSA range 4–10
�g/L, as well as for lower PSA values (18, 19).

Since 1998, different models of logistic regression
(20, 21) and artificial neural networks (ANNs) (22 ) have
been introduced to improve the PCa detection rate (23 ).
These models include clinically relevant data and can add
substantial information for detecting PCa while avoiding
unnecessary biopsies in patients with benign prostates
(22, 24–30).

ANNs can predict the outcome of prostate biopsy in an
individual patient better than traditional statistics and are
able to handle a greater number of variables with nonlin-
ear relations than logistic regression (31 ). In a study of 656
men with tPSA in the range 4–10 �g/L, Finne et al. (22 )
could avoid approximately one-third of unnecessary bi-
opsies at 95% sensitivity for the detection of PCa. For the
lower tPSA range (2.6–4 �g/L), Babaian et al. (29 ) used a
combination of three different ANNs and could avoid
63.6% of unnecessary biopsies. Recently, we evaluated a
%fPSA-based ANN in 859 patients (tPSA range, 2–20
�g/L) using the variables tPSA, %fPSA, age, prostate
volume, and DRE status (30 ). The aim of the present
study was (a) to establish the performance of this ANN in
a multicenter study and (b) to demonstrate the improved
accuracy of ANNs for detection of PCa compared with
tPSA or %fPSA in clinical practice at different cutoffs.

Materials and Methods
study groups and samples
The database consisted of complete data from 1188 pa-
tients (age range, 40–89 years). All 1188 men were inves-
tigated between March 1996 and October 2001 at one of
six hospitals: University Hospital Charité (Berlin; n �
859); Westfälische Wilhelms-University (Münster; n � 97);
Martini Hospital (Groningen), Nij Smellinghe Hospital
(Drachten), and University Hospital (Groningen; n � 148);
and Mount Sinai Hospital (Toronto, Canada; n � 84). The
indications for referral were increased PSA values, ob-
structive micturition symptoms, abnormal DRE, or biop-
sy-conformed PCa, which explains the high number of
PCa patients. In consequence, this population does not
represent a screening population. Only individuals with a
complete data set on PSA, %fPSA, age, prostate volume,
and DRE status were used in this study. No patient
received antiandrogen treatment before blood sampling,
and all patients had a tPSA value in the range 2–20 �g/L.

All 721 PCa patients (median age, 65 years; range,
40–86 years; median prostate volume, 30 cm3; range,
10–114 cm3) were diagnosed histopathologically by ultra-
sound-guided sextant or octant prostate biopsy. Five of
the six centers exclusively performed sextant biopsy,
whereas in one center (University Hospital Charité, Ber-
lin), the biopsy strategy was changed in September 1999
from sextant biopsies (n � 517) to octant biopsies (n �

342) with inclusion of two more lateral cores (near the
apex).

The 467 patients with benign prostates (median age, 65
years; range, 43–89 years; median prostate volume, 38
cm3; range, 14–114 cm3) were all histopathologically con-
firmed. The histologic diagnosis on the basis of tissue
obtained only by transurethral resection of the prostate or
open adenomectomy (n � 32) or transrectal ultrasound
(TRUS)-guided sextant or octant biopsy (n � 435) was
benign prostatic hyperplasia with or without chronic
prostatitis or no histologic abnormality, but no evidence
of prostatic intraepithelial neoplasia. Differentiation
based on the number of biopsy sessions and biopsy
history was not performed.

procedures
PSA determinations. Serum samples were collected before
any prostate manipulation or at least 3–4 weeks after an
earlier manipulation such as prostate biopsy, DRE, pros-
tate massage, TRUS, or cystoscopy. The blood samples
were centrifuged within 2–3 h after venipuncture, and the
supernatants (serum) were analyzed on the same day or
stored at �20 °C no longer than 48 h until analysis was
performed. Various studies showed that this approach of
sampling would not have a detrimental effect on fPSA
stability (32, 33).

In all six centers, total and free PSA were assayed using
the IMMULITE PSA and IMMULITE Free PSA assays
(Diagnostic Products). The assays are solid-phase, two-
site, sequential chemiluminescent immunometric tests
that are automatically performed on the IMMULITE au-
tomated analyzer with detection limits of 0.02 and 0.03
�g/L for fPSA and tPSA, respectively. The tests use both
polyclonal and monoclonal antibodies specific for PSA or
a monoclonal anti-PSA antibody specific only for fPSA.
The analytical performance and comparisons with other
PSA tests have been described previously (34, 35).

Prostate volume and DRE. Only well-trained urologists in
all participating centers determined prostate volume by
TRUS. The COMBISON 330 was used in Berlin and
Toronto, and the COMBISON 360 (Kretz Technik) was
used in all three Holland centers and in Münster. The
prolate ellipse formula [�/6(transverse diameter � ante-
rior-posterior diameter � cephalocaudal diameter)],
which is the most widely used in urology (36 ), was
applied as a sufficiently accurate method of prostate
volume estimation. Corresponding to data obtained in
other studies (37 ), the intra- and interobserver variations
in estimating the prostate volume by TRUS were between
12% and 15% at the University Hospital Charité, as
described previously (38 ), but they were not systemati-
cally studied in the other study centers. A DRE finding
nonsuspicious for cancer was defined as negative and a
finding suspicious for cancer as positive.
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statistical analyses
Conventional statistical calculations. We used the statistical
software SPSS 10.0 for Windows and SigmaPlot 2001 for
Windows (SPSS). The nonparametric Kruskal–Wallis test
of variance, the Mann–Whitney U-test, logistic regression
analysis with forward variable selection, and Spearman
rank correlations (rs) were carried out. The diagnostic
validity of tPSA, %fPSA, and the ANN was evaluated by
ROC curve analysis (39 ). The areas under the ROC curves
(AUCs) were compared by a nonparametric method using
the software GraphROC 2.1 for Windows (40 ). Signifi-
cance was defined as P �0.01.

ANN. The ANN models were constructed with the SPSS-
extramodule Neural connection 2.0 (SPSS). The ANN was
evaluated, trained, tested, and used to enhance the detec-
tion of PCa within the tPSA range 2–20 �g/L, including
subsets of this range. We used a back-propagation net-
work in which the input layer consisted of five variables:
tPSA, %fPSA, patient age, prostate volume, and DRE
status. The hidden layer used three neurons and the
output layer had one neuron representing the output
value as the probability of PCa. ANN comparisons includ-
ing ROC curve analysis were studied with all 1188 pa-
tients as well as with subsets of trained and tested patient
values within the different PSA ranges. For the whole PSA
range, for example, we used data from 1000 patients for
training, from which 100 patients were used for validation
of the ANN within the training run. The established ANN
was then tested using data from the remaining 188
patients.

For all five tPSA ranges, the ANN model was trained
initially and then tested. The training and testing sessions
were repeated 10 times so that each of the patients was set
once in the testing group. This procedure of cross-valida-
tion avoids overtraining of the ANN. The sum of correctly
identified patients in the 10 runs was the overall number
of correctly classified patients. The developed back-prop-
agation ANN is a feed-forward network. The activation
function of the three hidden layers and the output layer
was the hyperbolic tangent function, which produces
output values between �1 and 1.

A Borland Delphi 5 computer program called “Pros-
tataClass” was constructed for an input of the five vari-
ables and an outcome of a value between 0 and 1, which

constitutes the cancer probability. With this program, it is
possible to choose a 90% or 95% specificity cutoff for tPSA
input values of 2–4 �g/L or a 90% or 95% sensitivity
cutoff for tPSA input values of 4.1–10 and 10.1–20 �g/L.
The output value automatically indicates the patient’s risk
depending on the used cutoff.

Results
correlation of %fpsa to clinical data and its
diagnostic validity
The distribution for all 1188 patients, including their
median tPSA values within the different tPSA ranges 2–4,
4.1–10, 10.1–20, 2–10, and 2–20 �g/L, is shown in Table 1.
The tPSA was significantly lower for patients with benign
prostates in all tPSA ranges (P �0.001), but not in the
tPSA range 10.1–20 �g/L (P � 0.23). %fPSA was signifi-
cantly lower (P �0.001) in PCa patients in all analyzed
tPSA ranges.

In all 721 PCa patients, %fPSA was negatively corre-
lated with tPSA (rs � �0.31; P �0.01). In PCa patients,
%fPSA was positively correlated with age (rs � 0.28; P
�0.01) and prostate volume (rs � 0.26; P �0.01).

In the 467 patients with benign prostates, %fPSA was
positively correlated with age (rs � 0.29; P �0.01) and
with prostate volume (rs � 0.33; P �0.01). All other
variables, such as age, PSA, DRE, and ANN output, were
negatively correlated with %fPSA. Age was not statisti-
cally different between patients with PCa or benign
prostates across the different tPSA ranges.

Prostate volume was significantly higher in patients
with benign prostates for all subgroups. Prostate volume
as a factor influencing %fPSA was analyzed. The %fPSA
was positively correlated with prostate volume in both
PCa patients (rs � 0.26; P �0.01) and those with benign
prostates (rs � 0.33; P �0.01) for the entire tPSA range. An
abnormal DRE was reported in 551 (46%) of all patients,
whereas the remaining 637 (54%) had nonsuspicious DRE
results.

For all tPSA ranges (2–4, 4.1–10, 10.1–20, 2–10, and
2–20 �g/L), the specificities at 90% and 95% sensitivity
and the sensitivities at 90% and 95% specificity for the
absolute %fPSA values were calculated (Tables 2 and 3).
These %fPSA values were the so-called “cutoffs” at spe-
cific points (e.g., 90% sensitivity or specificity). There was

Table 1. Patients investigated within the tPSA ranges 2–4, 4.1–10, 10.1–20, 2–10, and 2–20 �g/L.a

tPSA range,
�g/L

All patients PCa patients Patients with benign prostates

n tPSA, �g/L % fPSA Volume, cm3 n tPSA, �g/L % fPSA Volume, cm3 n tPSA �g/L % fPSA Volume, cm3

2–4 219 3.0 15.5 32 72 3.1 12.5 27 147 2.9b 16.2b 33c

4.1–10 606 6.7 11.4 33 374 6.8 9.8 29 232 6.5b 14.3c 39c

10.1–20 363 13.6 9.0 35 275 13.7 7.9 31 88 12.6 13.0c 55c

2–10 825 5.8 12.2 32 446 6.3 10.1 29 379 4.8c 15.5c 37c

2–20 1188 7.3 11.1 33 721 8.6 9.3 30 467 5.8c 15.0c 38c

a The median tPSA, %fPSA, and prostate volume values, as well as their significances between PCa patients and patients with benign prostates, are shown.
b,c Mann–Whitney U-test: b P �0.01; c P �0.001.
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a clearly visible downward trend of %fPSA with higher
tPSA values as shown in Tables 2 and 3.

ann and roc analyses
For the tPSA ranges 2–4, 4.1–10, 10.1–20, 2–10, and 2–20
�g/L, the ANN with the five variables tPSA, %fPSA, age,
prostate volume, and DRE status was evaluated sepa-
rately (Table 4). Comparison of ANN to logistic regression
for all investigated PSA ranges showed no differences.
The ANN and the logistic regression method correctly
identified 80–82% and 79–81%, respectively, of all pa-
tients. However, this confirms our earlier findings and
those of other studies (30, 41). Table 2 summarizes the
specificities for tPSA, %fPSA, and ANN for the given
sensitivities at 90% and 95% for all investigated tPSA
ranges. The number of unnecessary biopsies saved by use
of %fPSA or ANN compared with tPSA was calculated as
the differences between the specificity cutoffs. Table 3
shows the sensitivities for the given specificities 90% and
95%.

Use of the ANN demonstrated a significant further
enhancement over %fPSA in avoiding unnecessary pros-
tate biopsies, with specificities �20–30% higher than

those obtained for %fPSA alone. Compared with tPSA
alone, the specificities in the different tPSA ranges in-
creased even more. At given sensitivities, the ANN
showed �20–45% higher specificities.

The ANN generally gave an output value between 0
(low PCa risk) and 1 (high PCa risk). In some cases the
value was �0 or �1, which was of no further relevance.
On the basis of this ANN, we developed the computer
program ProstataClass, in which a physician can easily
input the five variables and obtain the ANN output.8 One
example is demonstrated in Fig. 1. In the PSA range 2–4
�g/L, Fig. 1 depicts a hypothetical patient 1 with a tPSA
of 3 �g/L, a %fPSA of 8%, a prostate volume of 20 cm3,
and a nonsuspicious DRE, who should undergo a biopsy
(Fig. 1A). A slight increase of the prostate volume gives no
indication for a biopsy (Fig. 1B). If the age were lowered
by 10 years, the same variables (prostate volume, 25 cm3)
would produce a biopsy recommendation. A 50-year-old
hypothetical patient with tPSA of 5 �g/L, %fPSA of 10%,

8Copies of the program may be obtained from Dr. Stephan at
carsten.stephan@charite.de.

Table 2. Specificities at given sensitivities for tPSA, %fPSA, and the ANN value in all PSA ranges investigated.

tPSA range,
�g/L Sensitivity, %

Specificity,a % Cutoffsb

tPSA %fPSA ANN %fPSA ANN

2–4 90 25 (19–32) 20 (15–27) 38 (31–45) 23.7 0.04
95 19 (14–25) 14 (9.2–19) 22 (17–29) 26.8 �0.04

4.1–10 90 20 (16–25) 34 (29–40) 62 (57–67) 17.3 0.39
95 10 (7.3–14) 21 (16–26) 41 (36–47) 19.4 0.27

10.1–20 90 12 (7.2–20) 40 (31–49) 62 (53–71) 15.1 0.45
95 5.7 (2.3–12) 26 (19–35) 39 (30–48) 18.3 0.38

2–10 90 30 (26–34) 31 (27–35) 53 (49–58) 19.4 0.27
95 21 (17–25) 13 (10–16) 33 (29–37) 24.1 0.03

2–20 90 31 (28–35) 34 (31–38) 61 (57–65) 17.6 0.24
95 22 (19–25) 23 (2–26) 35 (32–39) 21.6 0.02

a Specificities and their 95% confidence intervals (in parentheses) at sensitivity cutoffs of 90% and 95% for all investigated tPSA ranges.
b Cutoffs for %fPSA and the values obtained with the ANN at the given sensitivities of 90% and 95%.

Table 3. Sensitivities at given specificities for tPSA, %fPSA, and the ANN value in all PSA ranges investigated.

tPSA range,
�g/L Specificity, %

Sensitivity,a % Cutoffsb

tPSA %fPSA ANN %fPSA ANN

2–4 90 6.9 (2.8–14) 28 (19–38) 72 (62–81) 9.6 0.32
95 4.2 (1.2–11) 9.7 (4.7–18) 65 (55–75) 6.5 0.8

4.1–10 90 19 (15–22) 26 (23–30) 61 (57–66) 7.4 0.77
95 7.5 (5.4–10) 13 (10–16) 48 (44–53) 5.6 0.83

10.1–20 90 5.5 (3.4–8.3) 44 (39–49) 73 (68–77) 7.2 0.72
95 2.5 (1.2–4.8) 31 (26–36) 55 (50–60) 6.0 0.93

2–10 90 21 (18–24) 27 (23–30) 59 (56–64) 8.1 0.85
95 14 (11–17) 14 (11–17) 35 (31–39) 6.0 0.89

2–20 90 26 (23–29) 32 (29–35) 64 (61–67) 7.5 0.77
95 9.2 (7.5–11) 20 (18–23) 45 (42–48) 6.0 0.91

a Sensitivities and their 95% confidence intervals (in parentheses) at specificity cutoffs of 90% and 95% for all investigated tPSA ranges.
b Cutoffs for %fPSA and the values obtained with the ANN at the given specificities of 90% and 95%.
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prostate volume of 25 cm3, and a nonsuspicious DRE
would show an ANN output of “risk”, whereas the same
patient with a %fPSA of 12% would have the output “no
risk”. With this program, it is possible to use the %fPSA-
based ANN to decide whether to biopsy.

On the basis of multiple tests of the performance of the
five individually established ANNs within the five vari-
ous tPSA ranges, we also established ANNs for the PSA
ranges 2–10 and 10.1–20 �g/L, according to the require-
ments necessary for urologic practice.

ROC analyses for tPSA, %fPSA, and the ANNs were
performed for all tPSA ranges separately using the tPSA
values, %fPSA values, and the calculated ANN values to
draw the related ROC curves (Fig. 2, A–D). Because there
were no differences between the curves calculated with
matched data, as we recently recommended to avoid
misdistribution of data (39 ), the curves were calculated
with all patients. Additionally, we compared the ROC
curves for tPSA, %fPSA, and the ANN obtained in Berlin,
as the center with highest number of patients (n � 859),
with those obtained at the other centers (n � 329). There
were no differences between the AUCs, showing that the
overall outcome of the study previously published was
not center affected (30 ).

For all tPSA ranges, with the exception of 2–4 �g/L
tPSA (P � 0.33), the ROC curves for %fPSA were signif-
icantly above those for tPSA (P �0.01). All curves for the
different ANNs were significantly above the curve for
%fPSA (Fig. 2, A–D). In the tPSA range 2–4 �g/L, the
ANN performed better than %fPSA at the specificity
cutoffs of 90% and 95% compared with the 4–10 �g/L
tPSA range (Table 3). Especially at the clinically important
sensitivity cutoffs of 90% or 95% (PSA values �4 �g/L),
the use of an ANN provided an advantage over use of
%fPSA cutoffs alone.

Discussion
When PSA alone is used to predict the probability of PCa
within the 4–10 �g/L tPSA range, �75% of all biopsies
will be negative. The discovery of molecular forms of PSA
renewed clinical research in enhancing the specificity in
this tPSA range and have been more beneficial than other
calculated markers, such as PSA density and velocity or
age-adjusted cutoffs (1, 17). Within the last few years, it
has been clearly demonstrated that the use of %fPSA can
significantly improve specificity by �15–25% compared
with tPSA, with only a minimal loss of sensitivity in
detecting PCa (5, 6, 13). This has been shown for the 4–10
�g/L tPSA range as well as for the lower ranges, 2.6–4
and 2.5–4 �g/L tPSA (7, 8). Our data confirm the im-
proved diagnostic accuracy with %fPSA. Recommenda-
tions regarding %fPSA cutoffs have been discussed pre-
viously (30 ).

ANNs were introduced into urologic decision making
in 1994 by Snow et al. (23 ). Since that time, several studies
have been performed using ANNs or conventional algo-
rithms to enhance the detection of PCa (41, 42). In 1998,
Carlson et al. (20 ) introduced a logistic regression model
that included %fPSA, tPSA, and patient age. The authors
found an 11% increase in specificity over the use of %fPSA

Table 4. PCa and benign prostatic hyperplasia patients
correctly classified by ANN in the tPSA ranges 2–4, 4.1–

10, 10.1–20, 2–10, and 2–20 �g/L.
tPSA ranges, �g/L

2–4 4.1–10 10.1–20 2–10 2–20

No. of patients investigated 219 606 363 825 1188
No. of patients correctly

classified
184 479 301 644 832

Percentage of patients
correctly classified

84% 79% 83% 78% 78%

Fig. 1. Sample windows from the ProstataClass program.
Examples of the ANN output indicating risk (A) at the 95% specificity cutoff or no risk (B) at the 90% specificity cutoff based on individual factors keyed into the program
for each hypothetical patient. Additional details are discussed in the text.

Clinical Chemistry 48, No. 8, 2002 1283



alone within the 4–20 �g/L tPSA range (20 ). Virtanen et
al. (21 ) used another logistic regression model and an
ANN incorporating %fPSA, tPSA, DRE status, and hered-
ity factors at tPSA from 3 to 10 �g/L. The results provided
better diagnostic accuracy for PCa detection, with %fPSA
and DRE status as the most powerful predictors. Data
generated in the present study support DRE status and
%fPSA as being the best input variables to detect PCa. A
comparison of logistic regression and ANN models by
Finne et al. (22 ) for the tPSA range 4–10 �g/L included
prostate volume but not age. At 95% sensitivity, the
specificities of %fPSA, logistic regression, and ANN were
19%, 24%, and 33% respectively.

The main aim of our study, however, was to establish
a clinically usable program for the individual calculation
of PCa risk. With differently calculated ANNs for the five
tPSA ranges, we demonstrated significantly better perfor-
mance for the ANNs compared with %fPSA in enhancing
the specificity and sensitivity. ROC data and the compar-
ative data for sensitivities and specificities, respectively,
verify the high diagnostic validity and the advantage of
using the ANN values instead of just %fPSA cutoffs for
the decision to biopsy. The positive and negative predic-
tive values were also significantly better for the ANNs
compared with %fPSA or tPSA alone (data not shown).
However, it should be pointed out that the ROC analysis

Fig. 2. ROC curves for tPSA (——–), %fPSA (� � � �), and the ANN (� � �).
Corresponding ROC curves for the tPSA ranges 2–4 �g/L (A), 4.1–10 �g/L (B), 10.1–20 �g/L (C), and 2–10 �g/L (D). Mean (SE) AUCs: (A), tPSA, 0.62 (0.04); %fPSA,
0.64 (0.04); ANN, 0.86 (0.03); (B), tPSA, 0.57 (0.02); %fPSA, 0.70 (0.02); ANN, 0.85 (0.02); (C), tPSA, 0.54 (0.04); %fPSA, 0.76 (0.03); ANN, 0.88 (0.02); (D), tPSA,
0.66 (0.02); %fPSA, 0.71 (0.02); ANN, 0.84 (0.01).
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data and predictive values calculated from our referred
population do not generalize to populations with other
prevalences.

We recommend a first-time biopsy in the low tPSA
range (2–4 �g/L) at a specificity of 95% to avoid general
biopsies. In this low PSA range, the ANN considerably
outperforms %fPSA and further enhances the sensitivity
from 10% (%fPSA) to 65% (Table 3).

Regarding the high number of unnecessary biopsies,
especially in the tPSA range 4.1–10 �g/L, we want to
avoid a general biopsy within this tPSA range and rec-
ommend an ANN-based first-time biopsy based on the
90% or 95% sensitivity cutoffs. At these sensitivities, the
specificity increased from 34% to 62% and from 28% to
72%, respectively.

For high tPSA values (10.1–20 �g/L), we recommend a
general biopsy but would not rebiopsy if the ANN value
indicates a cancer risk �5% (95% sensitivity). This strat-
egy minimizes the risk of missing cancers and saves
repeat biopsies in �30% of all patients. Taken together,
for all calculated tPSA ranges, the ANNs for 2–10 �g/L
PSA and 10.1–20 �g/L PSA demonstrated significantly
better performance than tPSA and %fPSA alone.

We are now routinely using the two ANNs for 2–10
and 10.1–20 �g/L tPSA. However, it must be emphasized
that these data are valid only if the IMMULITE PSA and
free PSA assays are used within this ANN because these
were the assays used for the training and testing. Several
studies have demonstrated large differences between PSA
assays (35, 43); therefore, the output data may change
with other assays.

The most recent data on an ANN at the 2.5–4 �g/L
tPSA range from Babaian et al. (29 ) demonstrated a
remarkable enhancement of specificity at a 92% sensitivity
cutoff, from 11% (%fPSA) to 62% (ANN). This ANN was
established on a combination of three different ANNs
using %fPSA, tPSA, age, and two other serum values as
input variables, but not DRE or prostate volume (29 ). Our
data in the low tPSA range (2–4 �g/L) are analogous to
these promising results. At 90% specificity, the ANN
achieved 72% sensitivity, whereas tPSA (7%) and %fPSA
(28%) had significantly lower results. The advantages of
our ANN approach include its applicability for the whole
tPSA range and the possibility of easy clinical use. The
cutoffs designated for the different PSA ranges must be
confirmed in further clinical use. A first-time biopsy
based on %fPSA at 4–10 �g/L tPSA was recently pro-
posed (18 ). Our trained ANN may help avoid more
unnecessary first-time prostate biopsies than the use of
%fPSA alone. While this article was under review, one
similar study was published (44 ). The authors applied an
ANN for the PSA range 2.5–10 �g/L with similar cutoffs
for the low PSA range (95% specificity) and the 4–10 �g/L
PSA range (95% sensitivity). Using PSA, %fPSA, prostate
volume, and the additional volume-related ANN-input
values, they achieved areas under the ROC curves for the
ANN of 0.913 and 0.876 for the PSA ranges 2.5–4 and

4–10 �g/L, respectively. These results confirm the useful-
ness of PSA, %fPSA, and prostate volume-based ANNs
for early detection of PCa.

In preliminary studies, other molecular forms of PSA
and human glandular kallikrein 2 and other kallikreins
have shown promise in improving the differentiation
between PCa and noncancer patients (45–49). Therefore,
it is likely that in the near future these new molecular
forms of PSA and other kallikreins (especially human
glandular kallikrein 2) may add substantial information in
extended ANNs including these markers and %fPSA.

As the ANN is used in clinical practice, more data will
be generated that can be used to constantly update and
improve the training of the algorithm. Undoubtedly,
ANN technology can help in the diagnostic process for
urologists, and available clinical and immunoassay data
can be used to better assess the patient’s risk of PCa and
whether a biopsy is indicated.

In summary, we developed a diagnostic algorithm based
on both immunoassay (Immulite PSA and IMMULITE
free PSA) data and clinical data of age, prostate volume,
and DRE status to enhance the performance of %fPSA to
further reduce the number of unnecessary biopsies within
the tPSA range 2–10 �g/L and to reduce the number of
repeat biopsies at 10.1–20 �g/L tPSA. This ANN, which is
based on data from referred populations, has to be
validated prospectively in screening and other popula-
tions. In the future, ANNs could be used and hopefully
expanded with new and promising input data to decrease
the number of unnecessary biopsies in detecting PCa.
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