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BACKGROUND: To date, no published nomogram for
prostate cancer (PCa) risk prediction has considered
the between-method differences associated with esti-
mating concentrations of prostate-specific antigen
(PSA).

METHODS: Total PSA (tPSA) and free PSA were mea-
sured in 780 biopsy-referred men with 5 different as-
says. These data, together with other clinical parame-
ters, were applied to 5 published nomograms that are
used for PCa detection. Discrimination and calibration
criteria were used to characterize the accuracy of the
nomogram models under these conditions.

RESULTS: PCa was found in 455 men (58.3%), and 325
men had no evidence of malignancy. Median tPSA
concentrations ranged from 5.5 �g/L to 7.04 �g/L,
whereas the median percentage of free PSA ranged
from 10.6% to 16.4%. Both the calibration and dis-
crimination of the nomograms varied significantly
across different types of PSA assays. Median PCa prob-
abilities, which indicate PCa risk, ranged from 0.59 to
0.76 when different PSA assays were used within the
same nomogram. On the other hand, various nomo-
grams produced different PCa probabilities when the
same PSA assay was used. Although the ROC curves
had comparable areas under the ROC curve, consider-
able differences were observed among the 5 assays
when the sensitivities and specificities at various PCa
probability cutoffs were analyzed.

CONCLUSIONS: The accuracy of the PCa probabilities
predicted according to different nomograms is limited
by the lack of agreement between the different PSA
assays. This difference between methods may lead to

unacceptable variation in PCa risk prediction. A more
cautious application of nomograms is recommended.
© 2011 American Association for Clinical Chemistry

Prostate cancer (PCa)5 detection relies on the measure-
ment of prostate-specific antigen (PSA) concentrations
(1, 2 ). An increased PSA value is directly associated
with a higher probability of having PCa (3–5 ), but be-
nign prostate hyperplasia or prostatitis can also cause
increases in serum PSA (6 ). Of all the molecular vari-
ables involving the total PSA (tPSA) concentration,
only the ratio of free PSA (fPSA) to tPSA [i.e., the per-
centage of free PSA (%fPSA)] is clinically relevant
and capable of avoiding unnecessary biopsies (7 ). Yet,
the low specificity of PSA and %fPSA remains
problematic.

Multivariate models, such as artificial neural net-
works or logistic regression– based nomograms, im-
prove PCa risk prediction by combining tPSA, %fPSA,
age, digital rectal examination (DRE) results, and/or
prostate volume (8, 9 ). The frequent use of nomo-
grams as PCa-classification models and for recurrence
prediction has recently been reviewed (8, 10 ). The in-
clusion of %fPSA in nomograms has improved the ac-
curacy of PCa diagnosis (11, 12 ). The nomograms
show an improvement in specificity (13 ) compared
with the use of %fPSA alone, but these prediction mod-
els were developed with data from different popula-
tions, used various tPSA intervals (e.g., 0 –20, 4 –10, or
0 –50 �g/L) and applied different PSA assays. To the
best of our knowledge, no one has analyzed whether
the use of different PSA and fPSA assays has an effect on
nomogram-based PCa prediction. Clinicians use some
nomograms that are available online in patient coun-
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seling, but without considering the inadequate compa-
rability of PSA results obtained with the various assays
and the effect on the probability calculated from the
nomograms. Despite the introduction of tPSA and
fPSA assays that are calibrated against WHO PSA ref-
erence materials, PSA values still cannot be used inter-
changeably (14, 15 ). Besides tPSA, %fPSA values also
differ between assays (15 ). External nomogram valida-
tion studies have not considered (11, 16 ) or have con-
sidered only partially (17, 18 ) the influence of PSA and
%fPSA assays.

The aim of this study was to evaluate the effect of
assay-dependent variation in PSA and %fPSA values
on nomogram-based PCa prediction. To this end, we
measured the PSA values of 780 patients simultane-
ously with 5 different PSA assays and used the results
from each of the assays to calculate the probability of
PCa from 5 different nomograms. The 2 nomogram
validation criteria— discrimination and calibration—
were used to assess the effect of PSA and %fPSA varia-
tion on the predictive results obtained with the nomo-
grams. This study also provided an external validation
of the nomogram models.

Materials and Methods

STUDY GROUPS AND SAMPLES

The study population consisted of 455 PCa patients
and 325 men with no evidence of malignancy (NEM)
who had a tPSA value within the interval of 0.54 –23.4
�g/L as measured with the AxSYM assay (Abbott Di-
agnostics). The study population was previously de-
scribed, in detail, in another report (19 ). All men had
been referred to the Department of Urology or the af-
filiated outpatient department at the Charité – Univer-
sitätsmedizin Berlin, and samples of archival sera col-
lected between 2001 and 2004 were investigated
retrospectively. Disease status was confirmed histolog-
ically for all patients by prostate biopsy (8 –10 cores). A
total of 364 patients treated by radical prostatectomy
had pathologic stages pT1/pT2 (n � 263) or pT3/pT4
(n � 101) and Gleason scores �6 (n � 148) or �7 (n �
215; results not available for 1 patient). The clinical
stages for the remaining 91 patients were as follows:
T1/T2, n � 58; T3, n � 33. The biopsy Gleason scores
were �6 for 49 patients, �7 for 34 patients, and un-
available for 8 patients.

Blood samples were taken before any procedures
involving the prostate and at least 3– 4 weeks after pros-
tate manipulation. All samples were aliquoted and
stored at �80 °C. Two aliquots of unthawed samples
were analyzed in 2004 for the parallel measurement of
tPSA and fPSA by 5 different assays, as previously de-
scribed (15, 19 ). Prostate volume was measured by

transrectal ultrasound examination and using the pro-
late ellipse formula. All patients underwent DRE.

PSA ASSAYS AND MEASUREMENTS

tPSA and fPSA [or complexed PSA (cPSA)] concentra-
tions were measured with the following analyzers: Ax-
SYM (Abbott Diagnostics), ADVIA Centaur [Siemens
Healthcare Diagnostics; this assay measures cPSA in-
stead of fPSA (Siemens-c)], Access (Beckman Coulter),
Immulite 2000 [Siemens Healthcare Diagnostics; mea-
sures fPSA (Siemens-f)], and Elecsys 2010 (Roche Di-
agnostics). The assays that used the AxSYM, ADVIA,
and Elecsys analyzers were calibrated against the WHO
PSA standards (96/668 and 96/670), whereas the Ac-
cess and Immulite assays used their own calibrators.
The differences between these assays have previously
been described in detail (15, 19 ). %fPSA values were
determined from measurements obtained with these 5
assays. The PSA and %fPSA values used in a previous
study (19 ) were applied to nomogram predictions.

APPLICATION OF NOMOGRAMS

The data from all patients with complete sets of values
for the 5 PSA assays, age, prostate volume, and DRE
status were then used with the 5 different nomograms.
Table 1 lists the characteristics of the 5 nomograms.
Nomogram I is based on age, DRE, and tPSA. Nomo-
gram II uses these variables but also includes %fPSA
(11 ). Nomogram III, which is available at http://
www.nomogram.org/, was constructed by combining
age, DRE, tPSA, %fPSA, and sampling density (16 ).
The other 2 nomograms include age, DRE, tPSA, and
fPSA (nomogram IV) and the additional factors of
transrectal ultrasound and prostate volume (nomo-
gram V) (17 ).

STATISTICAL ANALYSIS

Statistical calculations were performed with SPSS 17.0
for Windows (IBM SPSS). Specifically, the Friedman
test was used to detect significant differences in multi-
ple samples. The Wilcoxon test was used for pairwise
comparison of groups, assays, or nomogram outputs. P
values �0.05 were considered statistically significant.
We used the Bonferroni correction to correct the re-
sults for pairwise comparisons involving multiple tests.

We used ROC curve analyses to evaluate the dis-
crimination capability of the nomograms, and we used
the test of Hanley and McNeil to compare areas under
the ROC curve (AUCs). MedCalc software (version
10.4.8.0; MedCalc Software) was used to compare sen-
sitivity and specificity data for the 5 nomograms at var-
ious cutoffs.

The nomograms were calibrated according to
Harrell et al. (20 ) by using calibration plots in a dia-
gram. The results were used as a performance measure
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of the agreement between the predicted probabilities
and observed outcomes. The points of these calibration
plots are constructed with the predicted probability of
a positive biopsy result on the x axis and the observed
frequency of PCa-positive biopsies on the y axis. For
this purpose, the 780 patients were subdivided into 20
groups (i.e., each group being 5% of the entire study
group) of 39 men, according to the order of their re-
spective predicted PCa probabilities. The mean ob-
served outcomes and predicted probabilities were cal-
culated for each group. A cubic smoothing spline was
computed to suppress random fluctuations in the
graphical representation and to expose the relationship
between the predicted probabilities and observed out-
comes. Figures were developed with MATLAB (Math-
Works). To determine the consistency between these
pairs, we computed the intraclass correlation coeffi-
cient (ICC), where a value of 1 is ideal. The ICC is a
measure of consistency, which is obtained by multiply-
ing the Pearson correlation coefficient by a correction
factor that is based on the means and SDs of the ob-
served outcomes and predicted probabilities [see Lin et
al. (21 )].

Results

NOMOGRAM-BASED PREDICTIONS OF PCa ACCORDING TO PSA

ASSAYS

Table 2 summarizes the clinical data and PSA values
measured with the 5 assays for each of the study groups
(58.3% PCa, 41.7% NEM). The median tPSA values
obtained for the 5 assays were always significantly dif-
ferent except for the 2 lowest tPSA values for the Abbott
and Siemens-c assays (Table 2). The highest values
were observed with the Siemens-f assay. The largest
median differences in %fPSA results were detected be-
tween the Siemens-c and Siemens-f assays.

Table 1 summarizes the predicted PCa probabili-
ties, which are the median values of the respective in-
dividual PCa probabilities of all patients. For every no-
mogram, the pairwise comparison of the predicted
probabilities was significantly (P � 0.0001) dependent
on the PSA assay, except for the Abbott and Siemens-c
assays. Nomogram IV had the most diverse results,
with median PCa probabilities of 0.59 and 0.76 for the
Abbott assay and the Siemens-f assay, respectively. In
addition, we observed remarkable differences between

Table 1. Characteristics of the nomograms used and predicted probabilities of PCa.

Characteristics

Nomogram

I II III IV V

Input variables Age, DRE, PSA Age, DRE, PSA,
%fPSA

Age, DRE, PSA,
%fPSA,
sampling
densitya

Age, DRE, PSA,
%fPSA

Age, DRE, PSA,
%fPSA,
prostate
volume, TRUSb

Patients, nc 4193 1762 1162 1509 1509

PSA range, �g/L 0–50 0–50 Not given 0–20 0–20

PSA assay Not given Not given Not given Tandem Rd and
AxSYM

Tandem Rd and
AxSYM

Reference Karakiewicz et
al. (11 )

Karakiewicz et
al. (11 )

Chun et al. (16 ) Kawakami et al.
(17 )

Kawakami et al.
(17 )

Predicted PCa probabilities of
the study cohort
according to PSA assaye

Abbott 0.25 (0.11–0.72)f 0.42 (0–0.92)g 0.59 (0.02–0.95)g 0.59 (0.02–0.97)g 0.48 (0.01–1.00)g

Siemens-c 0.24 (0.11–0.70)f 0.45 (0–0.93)g 0.59 (0.02–0.96)g 0.61 (0.02–1.00)g 0.50 (0.01–0.99)g

Beckman Coulter 0.26 (0.11–0.73) 0.49 (0–0.93) 0.65 (0.02–0.97) 0.68 (0.01–0.98) 0.56 (0.01–1.00)

Siemens-f 0.26 (0.11–0.74) 0.54 (0.01–0.94) 0.70 (0.06–0.97) 0.76 (0.03–1.00) 0.62 (0.03–1.00)

Roche 0.26 (0.11–0.77) 0.50 (0.02–0.94) 0.66 (0.07–0.98) 0.71 (0.03–0.98) 0.57 (0.02–1.00)

a Sampling density is the ratio between prostate volume and biopsy cores.
b TRUS, transrectal ultrasound.
c Number of patients used for constructing the nomogram.
d Tandem R is the radioimmunoassay of Hybritech, Inc. (now Beckman Coulter).
e Data are for the respective individual PCa probabilities of all PCa patients and are expressed as the median (range). The pairwise Wilcoxon test yielded P values

�0.001 (statistically significant) for all assay comparisons, except as noted for the Abbott and Siemens-c PSA assays.
f P � 0.76.
g P � 0.05.

PSA Variation in Nomograms
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the predicted probabilities obtained with the various
nomograms, which ranged from 0.24 for nomogram I
to 0.76 for nomogram IV, despite the fact that nomo-
grams I and II and nomograms IV and V were estab-
lished by the same group. Three patients, with tPSA
values of approximately 2, 7, and 16 �g/L, exemplify
the fact that different PCa probabilities are obtained
when the results of different PSA assays are used, irre-
spective of the other variables (Table 3). Whereas the
difference between algorithms in the probability of
PCa between the lowest and highest tPSA increases
with higher tPSA values, the difference in probabilities
between the lowest and highest %fPSA values appears
to be large for all 3 patients.

DISCRIMINATIVE ABILITY OF THE NOMOGRAMS ACCORDING TO

PSA ASSAYS

The AUC as an overall discriminative criterion. The abil-
ity of a nomogram to distinguish between PCa and
NEM patients is termed discrimination, which is gen-
erally assessed by AUC analysis. A comparison of AUCs
for the nomograms with data from the same PSA assay
(Table 4) revealed significantly (P � 0.001) lower
AUCs for nomogram I (0.79 – 0.80) compared with the

other nomograms (0.82– 0.87), with the exception of
the comparison of nomograms I and IV for the
Siemens-c assay (P � 0.033). No differences between
the other nomograms were observed. The reason for
the lower AUCs for nomogram I may be because no-
mogram I is the only one that does not include %fPSA.

Comparing the AUCs for the 5 PSA assays within
the same nomogram showed clinically irrelevant dif-
ferences (AUCs �0.03).

Assessment of prediction ability according to various
cutoffs. Although AUC values represent the overall
measure of the discriminative ability of a given model,
it is most important to analyze the sensitivity and spec-
ificity values from ROC curve analyses from the nomo-
grams over a certain range of outputs. Therefore, we
applied data for different PSA assays to the nomograms
and compared the sensitivity and specificity curves
(Fig. 1) as a function of sensitivity or specificity on the
y axis and the respective cutoff probability used for the
nomogram on the x axis. The curves are obviously dif-
ferent. For example, the specificities obtained with the
Siemens-f and Abbott assays for nomogram IV (Fig.
1D) at a chosen nomogram probability were 43% and
73%, respectively, whereas the sensitivity varied from

Table 2. Characteristics of the study groups.

Characteristic All patients PCa patients NEM patients

Patients, n 780 455 325

Age, yearsa 64 (40–85) 63 (43–79) 66 (40–85)

Prostate volume,a cm3 38 (10–180) 34 (10–110) 46 (13–180)

Positive DRE, n 304 (39%) 276 (61%) 28 (8.6%)

tPSA, �g/La,b,c

Abbott 5.6 (0.54–23.4) 6.63 (0.67–23.4) 3.98 (0.54–22.9)

Siemens-c 5.5 (0.69–24.5) 6.54 (0.70–20.7) 4.01 (0.69–24.5)

Beckman Coulter 6.54 (0.49–27.0) 7.68 (0.86–24.0) 4.61 (0.49–27.0)

Siemens-f 7.04 (0.76–24.9) 8.48 (0.96–24.3) 5.15 (0.76–24.9)

Roche 6.53 (0.56–29.5) 7.69 (1.18–25.7) 4.71 (0.56–29.5)

%fPSA, %a,b,c

Abbott 16.2 (3.7–73.8) 12.7 (3.9–71.7) 22.5 (3.7–73.8)

Siemens-cd 16.4 (0.5–72.4) 12.9 (0.5–63.1) 22.2 (2.2–72.4)

Beckman Coulter 13.1 (2.5–69.4) 10.4 (3.1–49.9) 18.4 (2.5–69.4)

Siemens-f 10.6 (0.7–54.3) 8.2 (0.7–45.3) 14.6 (2.3–54.3)

Roche 12.5 (2.1–51.8) 10.3 (3.1–36.9) 16.9 (2.1–51.8)

a Data are presented as the median (range).
b Within each study group, the Friedman test showed significant (P � 0.05) differences between the assays for tPSA and %fPSA. Multiple comparisons of the

particular assays showed significant differences (P values at least �0.05) except for the difference in tPSA results between the Abbott and Siemens-c assays. These
results of multiple comparisons were confirmed by pairwise comparisons of the assays (Wilcoxon test; P values �0.0001 for all comparisons except for differences
in tPSA between the Abbott and Siemens-c assays (all, P � 0.86; PCa, P � 0.16; NEM, P � 0.14).

c PCa and NEM patients had significantly different median tPSA and %fPSA values (P � 0.0001, Wilcoxon test) for each assay.
d %fPSA for the Siemens-c assay was calculated as: 100 � (cPSA/tPSA � 100).
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81% (Siemens-c assay) to 95% (Siemens-f assay). On
the other hand, at the clinically important sensitivity
cutoff of 95% (see Table 1 in the Data Supplement that
accompanies the online version of this article at http://

www.clinchem.org/content/vol57/issue7), the speci-
ficity shows large variation within 1 nomogram when
the 5 assays are compared. These data (Fig. 1; see Table
1 in the online Data Supplement) demonstrate that

Table 3. Predicted PCa probabilities according to the nomogram and the PSA assay for 3 exemplary patients
with different PSA concentrations.

Assay (PSA, �g/L; %fPSA)

PCa probability for nomogram

I II III IV V

Patient A: PSA � 2 �g/L; NEM patient; age, 66 years; prostate volume, 45 cm3;
nonsuspicious DRE resulta

Abbott (2.36; 36.4%) 0.18 0.08 0.20 0.16 0.11

Siemens-cb (2.71; 33.6%) 0.18 0.10 0.23 0.18 0.13

Beckman Coulter (3.39; 23.3%) 0.19 0.21 0.38 0.32 0.28

Siemens-f (3.4; 19.7%) 0.19 0.265 0.43 0.38 0.23

Roche (3.53; 22.95%) 0.19 0.21 0.38 0.32 0.22

Patient B: PSA � 7 �g/L; PCa patient; age, 68 years; prostate volume, 72 cm3;
nonsuspicious DRE resultc

Abbott (5.98; 18.7%) 0.22 0.31 0.4 0.49 0.19

Siemens-cb (6.35; 17.2%) 0.22 0.34 0.43 0.54 0.22

Beckman Coulter (7.25; 14.2%) 0.23 0.41 0.49 0.63 0.27

Siemens-f (7.88; 10%) 0.24 0.5 0.57 0.76 0.35

Roche (7.11; 13.5%) 0.23 0.42 0.5 0.64 0.28

Patient C: PSA � 16 �g/L; PCa patient; age, 54 years; prostate volume, 41 cm3;
suspicious DRE resultd

Abbott (14.2; 19.8%) 0.54 0.69 0.74 0.63 0.61

Siemens-cb (13.7; 24.4%) 0.53 0.6 0.67 0.54 0.55

Beckman Coulter (16.0; 13%) 0.56 0.81 0.83 0.78 0.72

Siemens-f (17.5; 7.3%) 0.58 0.88 0.89 0.91 0.82

Roche (16; 14.2%) 0.56 0.79 0.82 0.76 0.7

a NEM patient with assay-specific PSA measurements and calculated %fPSA values.
b %fPSA for the Siemens-c assay was calculated as: 100 � (cPSA/tPSA � 100).
c PCa patient with assay-specific PSA measurements and calculated %fPSA values.
d PCa patient with assay-specific PSA measurements and calculated %fPSA values.

Table 4. ROC curve analysis: comparison of resulting AUCs according to the nomogram and the PSA assay.a

Assay

Resulting AUC for nomogramb

I II III IV V

Abbott 0.79 (0.016) 0.87 (0.012) 0.86 (0.013) 0.84 (0.014) 0.85 (0.013)

Siemens-c 0.79 (0.016) 0.86 (0.013) 0.85 (0.013) 0.82 (0.015)c 0.85 (0.014)

Beckman Coulter 0.79 (0.016) 0.87 (0.012) 0.86 (0.013) 0.85 (0.014) 0.85 (0.014)

Siemens-f 0.80 (0.016) 0.87 (0.013) 0.86 (0.013) 0.85 (0.013) 0.85 (0.013)

Roche 0.79 (0.016) 0.86 (0.013) 0.86 (0.013) 0.84 (0.014) 0.84 (0.014)

a The between-nomogram AUC comparisons (i.e., within rows) indicated always significantly lower (P � 0.001) AUCs for nomogram I, compared with all of the
other nomograms, except for the comparison between nomograms I and IV for the Siemens-c assay (P � 0.033).

b Data are presented as the AUC (SE).
c The between-assay AUC comparisons (i.e., within columns) shows significantly lower values (P � 0.05) only for nomogram IV for the Siemens-c PSA assay,

compared with the AUCs obtained with the Abbott, Beckman Coulter, and Siemens-f assays (all significance levels are after the Bonferroni correction).
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Fig. 1. (A–E), Sensitivity and specificity broken down by the chosen PCa probability cutoffs for the 5 different assays
in each of 5 nomograms showing different discrimination between PCa and NEM.
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sensitivity and specificity data must be considered as
important criteria, rather than only the global AUC
measurements, in characterizing the effect of PSA in-
terassay variation (Table 4).

CALIBRATION OF THE NOMOGRAMS ACCORDING TO THE PSA

ASSAYS

The concordance between the PCa probability pre-
dicted by the nomograms and the real (observed) rate
of PCa can be visually represented in a calibration plot,
which is considered a measure of a model’s quality.
With total concordance, there is no difference between
predicted probabilities and observed rates, and all
points lie on the 45° line. Fig. 2 shows the calibration
differences due to assay-dependent PSA values for all of
the nomograms. In general, differences between ob-
served PCa rates and predicted PCa probabilities de-
pend on both the PSA assay used and the correspond-
ing nomogram. Only the Siemens-f assay shows
excellent performance in nomogram V, with an ICC of
almost 1 (Fig. 2E). In contrast, Fig. 2A shows large dif-
ferences between the observed PCa rates and predicted
PCa probabilities, with up to 2-fold underestimation of
the PCa rate, regardless of the PSA assay that is applied
to the nomogram. These data indicate a weak perfor-
mance of nomogram I, regardless of the PSA assay that
is used. The main reason for this inferior validity for
nomogram I is the absence of the %fPSA value.

Discussion

Numerous nomograms have been developed to predict
PCa risk and to facilitate the process of prostate biopsy
decision-making for the clinician (22 ). All of these
tools use the PSA value as a decisive variable for risk
stratification, in addition to such other variables as a
suspicious DRE result and prostate volume. External
validations of various nomograms have most often
been performed by applying the nomograms to differ-
ent populations (16, 18 ). Table 1 shows that the differ-
ent results obtained with the different PSA assays
greatly affect the reliability of PCa risk prediction with
nomograms.

It is well established that the use of different PSA
assays generally yields different tPSA and %fPSA values
(14, 23 ), despite the introduction of WHO PSA stan-
dards to improve the interchangeability of PSA results
among the various assays (14 ). Thus, assay calibration
is only partially responsible for the differences between
the assays in PSA estimation (15 ). An analysis of PCa
probabilities that used nomograms IV and V in a sep-
arate cohort of approximately 640 men (24 ) revealed
lower medians with the WHO-calibrated data than
with the Hybritech-calibrated data (see Table 2 in the
online Data Supplement). Aside from the variation in

tPSA, differences in %fPSA are also responsible for the
variation in PCa probabilities. For example, the PCa
probability ranged from 0.49 for the Abbott assay to
0.76 for the Siemens-f assay when predictions were
made with nomogram IV, as seen in 1 patient (patient
B in Table 3). The predicted PCa probabilities obtained
with nomogram IV for the other 2 patients also dem-
onstrated large variation (between 0.16 and 0.38, pa-
tient A in Table 3; between 0.54 and 0.91, patient C in
Table 3).

When we applied fixed PCa probability cutoffs,
the differences between different assays in sensitivity
and specificity increased when we used nomograms
that take %fPSA into account (Fig. 1, B–E). Therefore,
tPSA assay variation seemed to have a more moderate
impact on PCa probability values than the variation in
%fPSA, a result that has already been shown (25 ). This
conclusion is documented in the examples of 3 patients
with different tPSA concentrations (Table 3). The spec-
ificities also demonstrated large variation at a given
PCa probability, such as 0.5. Specificities for the
Siemens-f and Abbott data were �30% different at a
0.5 PCa probability when nomogram IV was used (Fig.
1D). These data suggest that the nomograms showed
large differences in discrimination power, whereas
overall AUC values did not (Table 4). Predictions based
on ROC curve analyses are based on rank-order statis-
tics (26 ). This approach is insensitive to systematic er-
rors in calibration, an issue that has recently been re-
viewed (27 ); therefore, AUC comparisons alone are
not appropriate for the validation of risk calculators.
ROC curve analysis has been criticized when it is used
as the only tool to differentiate between 2 cohorts
(28, 29 ), and results can be misinterpreted (18 ). Our
results, however, confirm reviewed data (8, 22 ) that
show a general advantage of %fPSA-based multivariate
models for PCa detection.

Calibration differences in PCa probabilities are
also important, as Fig. 2 demonstrates. Yet nomogram
I (Fig. 2A), which does not account for %fPSA results,
showed only marginal variation among the PSA assays
for predicted PCa probabilities and observed PCa rates
but had the lowest overall ICC value. In addition, no-
mogram I showed the largest difference between ob-
served rates and predicted PCa probabilities, with an
approximately 2-fold higher observed PCa rate. This
detection rate clearly improved in nomograms that in-
cluded %fPSA in the calculations. On the other hand,
the variance between the assays was much larger for
nomograms that included %fPSA, a finding that is es-
pecially evident with nomogram IV. Thus, external val-
idation of multivariate models requires a thorough as-
sessment of the potential contributions of calibration
analysis when attempting to estimate the concordance
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Fig. 2. (A–E), Calibration plots with cubic smoothing splines for the respective observed rates and predicted PCa
probabilities for 5 different assays.

Plots show the assay effect on accuracy and performance characteristics. The ICC, a measure of the consistency of the observed and
predicted values, is given for the data for each assay. To calculate the ICC, we subdivided the 780 patients into 20 groups in the order
of predicted PCa probability. The mean observed rates and predicted probabilities were then computed for each group.
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between predicted PCa probabilities and observed PCa
rates.

Interestingly, nomograms IV and V, which were
developed with data from the Beckman Coulter and
Abbott PSA assays, had relatively low ICC values (Fig.
2, D and E) for these 2 assays. This result indicates that
the effect of the assays on PCa prediction seems to be
superimposed on other effects. These contradictory re-
sults are most likely caused by differences in the char-
acteristics of the cohorts used to build the nomograms,
compared with our cohort. In addition to the effect of
the variation contributed by the different PSA assays,
39% of the patients in our cohort had suspicious DRE
findings (Table 2). This rate is different from the rates
for the cohorts upon which the nomograms were based
(11, 16, 17 ). Although Kawakami et al. (17 ) and Chun
et al. (16 ) found only 17.5% and 20.3% of all patients,
respectively, with a suspicious DRE result, the 3 co-
horts used to develop nomograms I and II had higher
rates of suspicious DRE findings (31.1% overall) (11 ).

Additionally, the prevalence of PCa in our popu-
lation (58.3%) was higher than the prevalences in the
cohorts used to develop the 5 nomograms, which var-
ied from 35.2% to 41.9% (11, 16, 17 ). These differ-
ences may also have an impact on nomogram perfor-
mance in external validations.

The study is limited by both the inclusion of only 5
available nomogram-based models and the retrospec-

tive study design. Unfortunately, none of the other no-
mograms available for PCa risk prediction were suit-
able for our data (30 –33 ). In some cases, nomograms
were available, but they had been developed with small
cohorts (34 ).

In summary, the present study has provided 2
main conclusions. First, our results demonstrate
that nomogram-based PCa prediction is influenced
by the type of PSA assay that is used. Second, AUC
comparison alone is insufficient, and calibration
analysis is recommended for validation of models.
The dependence on PSA assay calls into question the
general applicability of these models without con-
sidering the suitability of a specific PSA assay for a
given model.
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