The Prostate 72:721^729 (2012)
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BACKGROUND. We developed a Korean Prostate Cancer Risk Calculator (KPCRC) for predicting the probability of a positive initial prostate biopsy using clinical and laboratory data
from a Korean male population (http://pcrc.korea.ac.kr). We compared its performance to
prostate-specific antigen (PSA) testing and the Prostate Risk Calculator 3 (PRC 3) based on
data from the Dutch part of European Randomized Study of Screening for Prostate Cancer
(ERSPC), which predicts biopsy results for previously unscreened men.
METHODS. Data were collected from 602 Korean men who were previously unscreened
and underwent initial ten-core prostate biopsies. Multiple logistic regression analysis was
performed to determine the significant predictors. Area under the receiver operating characteristic curve (AUC) and calibration plots of both calculators were evaluated.
RESULTS. Prostate cancer (PCa) was detected in 172 (28.6%) men. Independent predictors of
a positive biopsy included advanced age, elevated PSA levels, reduced volume of the transition
zone, and abnormal digital rectal examination findings. The AUC of the KPCRC was higher
than the PRC 3 and PSA alone on internal and external validation. Calibration plots of the
KPCRC showed better performance than the other models on internal and external validation.
Applying a cut-off of 10% of KPCRC implied that 251 of the 602 men (42%) would not have
been biopsied and that 12 of the 172 PCa cases (7%) would not have been diagnosed.
CONCLUSIONS. The KPCRC improves the performance of the PRC 3 and PSA testing in
predicting Korean population’s risk of PCa. It implies that Asian populations need their own
risk calculators for PCa. Prostate 72:721–729, 2012. # 2011 Wiley Periodicals, Inc.
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INTRODUCTION
Statistical and computational models have been developed to predict more accurately an individual’s
risk of harboring prostate cancer (PCa) at biopsy,
mostly because prostate-specific antigen (PSA) and
PSA-related measurements have proved to have limited value [1]. In a recent systemic review, 14 direct
comparisons between prediction model and PSA testing demonstrated a benefit from nomograms or artificial neural networks over PSA alone varying between
2 and 26% [2]. However, prediction models may
not apply well externally since widely varying risk
levels are generated for similar patients by different
models [1].
ß 2011Wiley Periodicals,Inc.

The European Randomized Study of Screening for
Prostate Cancer (ERSPC) risk calculator has been developed based on 6,288 Dutch, mostly Caucasian, participants in the screening arm of ERSPC study [3]. The
Prostate Risk Calculator 3 (PRC 3) of the ERSPC risk
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calculator estimates the chance of positive biopsy in
previously unscreened men according to the outcome
of transrectal ultrasound (TRUS), the outcome of digital rectal examination (DRE), ultrasound-assessed
prostate volume (PV), and PSA level [4].
Up to now, an external validation of the PRC 3
using Western patients was performed in only two
studies [1,4], but no studies have investigated its performance in Asian populations. In this study, we developed a Korean Prostate Cancer Risk Calculator
(KPCRC) for predicting the probability of a positive
initial prostate biopsy using data from a Korean male
cohort with ten-core biopsy and compared the performance of the KPCRC, the PRC 3, and PSA testing
alone. In addition, our model and the other two
models were validated externally using a data set
from an affiliated hospital to compare the performance directly.
MATERIALS ANDMETHODS
Study Population
Between January 2004 and December 2008, a total
of 670 cases of TRUS-guided ten-core biopsy were
performed when the PSA level was 4.0 ng/ml, a
palpable nodule upon DRE, or a hypoechoic lesion
upon TRUS. The procedure was performed after
obtaining written informed consent from all the
patients. We excluded 15 cases with incomplete medical records, five cases with a PSA level of 1,000 ng/ml
or more, and 48 cases of two or more repeated
biopsies. Therefore, 602 different cases of initial
TRUS-guided biopsy were used to develop the
KPCRC. With the same inclusion and exclusion criteria, 240 cases were collected at Korea University
Ansan Hospital (KUAH) for external validation.
Developing KPCRC
The factors we evaluated for the risk of a positive
biopsy included age, DRE findings, total PSA level,
free PSA level, % free PSA, TRUS findings, PV, prostate transitional zone volume (TV), PSA density
(PSAD), and PSAD of transition zone volume (PSADTZ). DRE was classified as normal or abnormal (any
prostatic nodule or induration). Serum PSA and free
PSA tests were performed using the automated
chemiluminescent microparticle immunoassay analyzer Architect i2000 (Abbott Diagnostic Laboratories,
Abbott Park, IL). TRUS findings were classified as
normal or abnormal (any presence of hypoechoic
lesion). The prostate was measured in three dimensions, and its volume was estimated using a modification of the prolate ellipsoid formula and recorded in
cm3 [0.523 (length (cm)  width (cm)  height (cm))]
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by TRUS [5]. After identifying the transitional zone
by TRUS, the volume was measured by the same
method described above. PSAD and PSAD-TZ were
calculated by dividing the serum PSA level by the
calculated PV and TV, respectively. A member of a
urology team performed a DRE on all patients before
the TRUS. A minimum of ten cores, including
samples from each case, with additional cores when
indicated were taken from suspicious areas. The biopsy specimens were examined for the presence of
cancer and were categorized using the Gleason score
by a pathologist.
Statistical Analysis
Continuous variables were expressed as either
the mean  standard deviation (SD), median [interquartile range], or numbers (percentage) of cases. Categorical variables were reported as the number of
occurrences and frequency. Student’s t-test and the
Pearson’s x2 test were used for statistical comparisons
of continuous and categorical variables, respectively.
Simple and multiple logistic regressions with a backward variable selection procedure were performed
to identify independent predictors of PCa in the
model-building set. PSA level, PV, and TV were logtransformed prior to analysis. A prediction equation
for positive biopsy was developed based on this
analysis.
The area under the receiver operating characteristic
curve (AUC) was calculated for the KPCRC, the PRC
3, and PSA for the Korean male cohort (583 patients)
whose PSA value was 3 ng/ml or more because the
PSA values of population cohort for developing the
PRC 3 were within this range [6]. Differences in predictive accuracy estimates were tested for statistical
significance with the method proposed by Hanley
and McNeil [7].
Performance characteristics of the risk calculators
were examined by calibration plots, where the x-axis
represents the predicted probability and the y-axis
represents the actual observed proportion of positive
biopsy [1]. Calibration was assessed by grouping
patients whose PSA value was 3 ng/ml or more into
11 groups (each comprising 48 or 49 patients in the
model-developing cohort and 21 or 22 in the cohort
for the external validation) with respect to their predicted probabilities and then comparing the mean of
each group with the observed proportion of men with
cancer. The sum of squares of the residuals (SSR) was
used to assess the deviation from perfect prediction
(the 458 line).
The models were externally validated using
KUAH data set of which PSA value was 3 ng/ml or
more in regard to predictive accuracy and
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performance characteristics with the ROC curves and
calibration plots, respectively.
Finally, the number of biopsies saved, positive predictive value, total and clinically significant (defined
as Gleason score 7) PCa lost according to threshold
probability for both calculators were counted and
compared with the expected number for each case if a
PSA-based decision was undertaken. The number of
biopsies saved means the number of negative biopsy
cases of which the predicted probability are below the
threshold probability.
All statistical outcomes were presented as the odds
ratio and the 95% confidence interval (CI) based on a
two-sided test using the SAS statistical package (Version 9.1; SAS Institute, Cary, NC). We regarded a Pvalue <0.05 as statistically significant.
RESULTS
The characteristics of the Korean male population
are shown in Table I. PCa was diagnosed in 172 men
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(28.6% of 602 cases), with 120 (19.9% of 602 cases)
being clinically significant. Among the cases with a
positive biopsy result, the assigned Gleason score was
2–4 in 5 cases (2.9%), 6 in 47 cases (27%), 7 in 35 cases
(20%), and 8–10 in 85 cases (50%). Age, PSA, PSAD,
and PSAD-TZ were significantly higher for positivebiopsy patients (P < 0.001). In contrast, PV and TV
were significantly lower in PCa-diagnosed patients
(P < 0.001). DRE and TRUS findings were also significantly different in both groups (P < 0.001). The
remaining 430 cases included 393 cases of benign
prostatic hyperplasia, 34 of prostatitis, and 3 of highgrade prostatic intraepithelial neoplasia. The characteristics of KUAH data set for external validation are
shown in Table II.
In the simple logistic regression analysis, all of the
variables listed above were statistically significant
predictors of PCa upon needle biopsy (all P < 0.001)
(Table III). In the multiple logistic regression analysis
with a backward variable selection procedure, the significant predictors of a positive prostate biopsy for all

TABLE I. Clinical Characteristics of the Study Population Usedto Develop the Korean Prostate Cancer Risk Calculator

Variable
Age (years)
Age, no. (%)
<40 yr
40–49 yr
50–59 yr
60–69 yr
70–74 yr
75 yr
No. of abnormal DRE finding
PSA (ng/ml)
PSA level, no. (%)
<2.5 ng/ml
2.5–3.99 ng/ml
4–9.99 ng/ml
10–19.99 ng/ml
20 ng/ml
Free PSA (ng/ml)
No. of abnormal TRUS findings
Prostate volume (cm3)
Prostate volume, no. (%)
<30 cm3
30–59 cm3
60–89 cm3
90–119 cm3
120 cm3
Prostate transitional zone volume (cm3)
PSAD (ng/ml/cm3)
PSAD-TZ (ng/ml/cm3)

All cases
(602 cases)

Cancer group
(172 cases)

Non-cancer group
(430 cases)

P-value

65.67  9.11

68.69  7.50

64.46  9.42

<0.001

8 (1.3)
22 (3.7)
90 (15.0)
282 (46.8)
118 (19.6)
82 (13.6)
149 (24.8%)
6.77 [4.41:12.19]

0 (0.0)
2 (1.2)
11 (6.4)
87 (50.6)
40 (23.2)
32 (18.6)
94 (54.7%)
20.31 [8.72:79.24]

8 (1.9)
20 (4.6)
79 (18.4)
195 (45.4)
78 (18.1)
20 (11.6)
55 (12.8%)
5.72 [3.95:8.33]

<0.001

40 (6.6)
83 (13.8)
286 (47.5)
83 (13.8)
110 (18.3)
1.05 [0.67:1.91]
241 (40.0)
38.7 [28.4:52.6]

2 (1.2)
8 (4.6)
39 (22.7)
37 (21.5)
86 (50.0)
1.96 [0.95:7.77]
110 (64.0)
33.8 [25.4:48.3]

38 (8.8)
75 (17.4)
247 (57.5)
46 (10.7)
24 (5.6)
0.92 [0.56:1.40]
131 (30.5)
40.3 [30.0:54.1]

175 (29.1)
320 (53.2)
89 (14.8)
10 (1.6)
8 (1.3)
17.1 [10.6:27.0]
0.17 [0.11:0.34]
0.39 [0.22:0.87]

69 (40.1)
79 (45.9)
19 (11.1)
3 (1.7)
2 (1.2)
13.9 [9.0:21.0]
0.61 [0.26:2.02]
1.82 [0.63:4.62]

106 (24.6)
241 (56.1)
70 (16.3)
7 (1.6)
6 (1.4)
19.1 [11.8:29.0]
0.13 [0.09:0.21]
0.30 [0.19:0.49]

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
0.005

<0.001
<0.001
<0.001

DRE, digital rectal examination; PSA, prostate-specific antigen; TRUS, transrectal ultrasound; PSAD, PSA density; PSAD-TZ, PSAD of
transition zone volume; yr, years.
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TABLE II. Clinical Characteristics of KUAHData Set for External Validation

Variable
Age (years)
Age, no. (%)
<40 yr
40–49 yr
50–59 yr
60–69 yr
70–74 yr
75 yr
No. of abnormal DRE finding
PSA (ng/ml)
PSA level, no. (%)
<2.5 ng/ml
2.5–3.99 ng/ml
4–9.99 ng/ml
10–19.99 ng/ml
20 ng/ml
Free PSA (ng/ml)
No. of abnormal TRUS findings
Prostate volume (cm3)
Prostate volume, no. (%)
<30 cm3
30–59 cm3
60–89 cm3
90–119 cm3
120 cm3
Prostate transitional zone volume (cm3)
PSAD (ng/ml/cm3)
PSAD-TZ (ng/ml/cm3)

All cases
(240 cases)

Cancer group
(88 cases)

Non-cancer group
(152 cases)

P-value

66.38  10.80

69.4  9.40

64.61  11.19

<0.001

4 (1.7)
11 (4.6)
43 (17.9)
78 (32.5)
50 (20.8)
54 (22.5)
29 (12.1%)
8.67 [5.63–14.32]

0 (0.0)
1 (1.1)
11 (12.5)
32 (36.3)
15 (17.1)
29 (33.0)
21 (23.9%)
11.00 [8.30–28.83]

4 (2.6)
10 (6.6)
32 (21.1)
46 (30.2)
35 (23.0)
25 (16.5)
8 (5.3%)
7.12 [5.02–10.78]

0 (0.0)
8 (3.3)
137 (57.1)
55 (22.9)
40 (16.7)
1.18 [0.73–2.31]
78 (32.5)
32.0 [24.5–45.0]

0 (0.0)
1 (1.1)
36 (10.9)
23 (26.2)
28 (32.8)
1.50 [0.92–3.21]
37 (42.1)
29.0 [23.0–40.9]

0 (0.0)
7 (4.6)
101 (66.5)
32 (21.0)
12 (7.9)
1.05 [0.70–1.83]
41 (27.0)
34.0 [25.0–49.7]

<0.001

105 (43.8)
109 (45.4)
17 (7.1)
6 (2.5)
3 (1.3)
14.8 [9.0:22.0]
0.29 [0.16:0.49]
0.69 [0.32:1.18]

46 (52.3)
40 (45.4)
2 (2.3)
0 (0.0)
0 (0.0)
13.6 [9.0:18.0]
0.49 [0.29:0.96]
1.05 [0.72:2.12]

59 (38.8)
69 (45.4)
15 (9.9)
6 (3.9)
3 (2.0)
15.8 [9.8:27.5]
0.22 [0.13:0.34]
0.48 [0.25:0.87]

0.017

0.006

<0.001
<0.001

0.004
0.016
0.026

0.015
<0.001
<0.001

DRE, digital rectal examination; PSA, prostate-specific antigen; TRUS, transrectal ultrasound; PSAD, PSA density; PSAD-TZ, PSAD of
transition zone volume; yr, years.

TABLE III. The Simple and Multiple Logistic Regression Model Analyzing the Predictors of Prostate Cancer Detection
Upon Initial Prostate Biopsy
Simple logistic regression
Variable
Age
DRE
Log(PSA)
Log(free PSA)
Abnormal TRUS findings
Log(P-volume)
Log(T-volume)
Log(PSAD)
Log(PSAD-TZ)

OR (95% CI)

P-value

1.06 (1.04–1.08)
8.22 (5.44–12.4)
4.31 (3.29–5.65)
2.74 (2.12–3.40)
4.05 (2.79–5.88)
0.46 (0.30–0.70)
0.51 (0.39–0.68)
5.75 (4.24–7.80)
5.04 (3.83–6.62)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Multiple logistic regressiona
OR (95% CI)

P-value

1.05 (1.02–1.08)
4.90 (2.79–8.61)
4.62 (3.38–6.32)

0.003
<0.001
<0.001

0.23 (0.15–0.34)

<0.001

OR, odds ratio; CI, confidence interval; DRE, digital rectal examination; PSA, prostate-specific antigen; TRUS, transrectal ultrasound;
P-volume, prostate volume, T-volume, prostate transitional zone volume; PSAD, PSA density; PSAD-TZ, PSAD of transition zone
volume.
a
Backward variable selection procedure was applied.
The Prostate
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patients were age, DRE findings, the logarithmic
transformations of PSA level, and TV (Table III). The
prediction equation and its variables were described
previously [8]. As for continuous variables such as
age, PSA, and TV, the value itself was put into the
equation. The age range was 36–89 years, the PSA
range was 0.45–893, and the range of TV was 3–120.
As for the categorical variable of DRE finding, 0 was
used in the equation when normal, and 1 was used
when abnormal. Using this equation, we developed a
novel KPCRC. The calculator is available on the following website: http://pcrc.korea.ac.kr.
A significantly higher AUC was observed for the
KPCRC and the PRC 3 compared with PSA testing
alone, with the KPCRC achieving the highest predictive accuracy (Fig. 1). The accuracy of the predicted
probability (AUC of each model) was 0.90 (95%
CI ¼ 0.89–0.92), 0.88 (95% CI ¼ 0.86–0.90), and 0.83
(95% CI ¼ 0.83–0.4) for the KPCRC, the PRC 3, and
PSA, respectively.
The calibration plots for the entire cohort showed
that the PRC 3 tends to overestimate risk, with the
KPCRC showing overall better calibration (SSR of
0.02 for the KPCRC vs. 0.03 for PSA and 0.42 for the
PRC 3). The KPCRC showed very good calibration for
all over the predicted probabilities (Fig. 2).
These models were externally validated using
the KUAH data set. A higher AUC was observed for
the KPCRC than the PRC 3 and PSA testing alone,
which did not reach clinical significance (Fig. 3). The
accuracy of the predicted probability (AUC of each

model) was 0.80 (95% CI ¼ 0.74–0.86), 0.78 (95%
CI ¼ 0.71–0.84), and 0.72 (95% CI ¼ 0.65–0.79) for the
KPCRC, the PRC 3, and PSA, respectively. The
KPCRC showed overall better calibration than the
other models (SSR of 0.08 for the KPCRC vs. 0.09 for

Fig. 1. Receiver operating characteristic curves of the KPCRC,
PRC 3, and PSA alone on the model-developing cohort of PSA
3.0 ng/ml.

Fig. 3. Receiver operating characteristic curves of the KPCRC,
PRC 3, and PSA alone on KUAH data setof PSA 3.0 ng/ml.

Fig. 2. Calibration plots depicting the agreement between predicted and observed probabilities of positive biopsy of the KPCRC,
PRC 3, and PSA alone on the model-developing cohort of PSA
3.0 ng/ml.
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PSA and 0.16 for the PRC 3, Fig. 4). Taken together,
the KPCRC showed better predictive accuracy than
the PRC 3 and PSA testing alone.
Table IV shows the number of biopsies saved, positive predictive value, and the number of total and
high-grade cancers missed according to threshold
probability for both calculators, along with the missed
cancers if a PSA-based decision was undertaken using
602 Korean patients data for developing the KPCRC.
In the threshold probability of 5% in the KPCRC
group (numbers of biopsies were 467), the number of
biopsies saved and positive predictive value (PPV) in
the KPCRC group were better than those in the
threshold probability of 15% in the PRC 3 group
(numbers of biopsies were 468). Applying PSA cut-off
4.0 ng/ml would result in 479 biopsied cases; however, the number of PCa cases lost would be considerably higher (10 PCa lost vs. two in the KPCRC group).
In the threshold probability of 10% in the KPCRC
group (numbers of biopsies were 338), the number of
biopsies saved was similar in both groups and PPV in
the KPCRC group was better than that in the threshold probability of 30% in the PRC 3 group (numbers
of biopsies were 330).

Fig. 4. Calibration plots depicting the agreement between predicted and observed probabilities of positive biopsy of the KPCRC,
PRC 3, and PSA alone on KUAH data setof PSA 3.0 ng/ml.

TABLE IV. Number of Biopsies Saved, Positive Predictive Value, Total and Clinically Significant (Defined as Gleason Score
7) Prostate Cancers Lost According toThreshold Probability in the Range of 5 ^30% for the KPCRC and PRC 3, Compared
With the Expected ResultsWhen the Cut-Offof a PSALevelwas 4.0 ng/ml

Threshold
probability (%)

Biopsies, no.
(A)

Biopsies saved, no.
(B) (%, B/602)

PCa detected,
no. (C)

PPV
(%, C/A)

PCa lost,
no. (D) (%, D/172)

Clinically
significant
lost, no.
(E) (%, E/172)

5
KPCRC
PRC 3
10
KPCRC
PRC 3
15
KPCRC
PRC 3
20
KPCRC
PRC 3
25
KPCRC
PRC 3
30
KPCRC
PRC 3
PSA cut-off  4.0
Total

467
580

132 (21.9)
21 (3.49)

170
171

36.4
29.5

2 (1.2)
1 (0.58)

2 (1.2)
1 (0.58)

338
533

251 (41.7)
67 (11.1)

160
170

47.3
31.9

12 (7.0)
2 (1.2)

275
468

306 (50.8)
128 (21.3)

152
166

55.3
35.5

20 (11.6)
6 (3.5)

10 (5.8)
3 (1.7)

228
413

344 (57.1)
177 (29.4)

143
160

62.7
38.7

29 (16.9)
12 (7.0)

16 (9.3)
6 (3.5)

203
364

366 (60.8)
224 (37.2)

140
158

69.0
43.4

32 (18.6)
14 (8.1)

16 (9.3)
7 (4.1)

175
330
479
602

384 (63.8)
253 (42.0)
113 (18.8)

130
153
162
172

74.3
46.4
33.8
28.6

42 (24.4)
19 (11.0)
10 (5.8)

20 (11.6)
8 (4.7)
5 (2.9)

4 (2.3)
1 (0.58)

KPCRC, Korean Prostate Cancer Risk Calculator; PRC 3, Prostate Risk Calculator 3; PSA, prostate-specific antigen; no., numbers; PCa,
prostate cancer; PPV, positive predictive value.
The Prostate
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DISCUSSION
There has been a substantial body of evidence
demonstrating that PSA has predictive value for PCa
detection [9]. However, PSA levels depend on other
clinical factors such as age and the prostate size
[10,11]. Therefore, it would be reasonable to make a
decision whether to perform prostate biopsy based on
statistical model incorporating other clinical factors
than PSA alone. Many efforts have been attempted to
develop predictive models for PCa based on clinical,
laboratory, and/or ultrasound parameters in order to
improve the rates of PCa detection [12–17]. However,
a recent systematic review of nomograms showed
that many of them were not validated externally although the performance of nomograms improved
that of PSA alone [2].
Nomograms are useful only for populations of
men who resemble closely the population from which
the nomogram was derived [2]. Therefore, the nomogram or risk calculator based on data from Western
population should be validated externally when applied to other population than Western, especially
Asian population. To the best of our knowledge, no
study has been performed addressing this topic.
Without considering the characteristics of the study
cohort and the cohort from which the risk calculator
was derived, it might be unreasonable to say one
calculator is superior to another. For this reason, it
should be certified that the characteristics of Western
and Asian populations are comparable before assessing which one is better between the KPCRC and the
PRC 3. One study revealed that PSA levels in
Singapore-Chinese men were higher than that in US
Whites and that PCa incidence in Singapore-Chinese
men were lower than that in US Whites [18]. Although the studies comparing Asian and Western
patients in PCa are rare, many articles have been published about racial differences between Blacks and
Whites [19,20]. Another study analyzing 2004–2005
data from the Surveillance, Epidemiology, and End
Results Program reported that between Whites and
Blacks, there were statistically significant differences
in clinical characteristics of PCa patients such as
age, PSA level, Gleason score, and tumor stage [21].
Taking these results into consideration, it can be
expected that there are major differences in the characteristics of patients with PCa among races. Of
course, there is some possibility that the characteristics of study patients in our model and the ERSPC
may be different.
The major different point in the study cohort between the KPCRC and the PRC 3 is the numbers of
biopsy cores (10 cores in this study vs. six in ERSPC)
[3]. Because the patients in our study were enrolled

727

since 2004, 10 or more cores were taken from the
biopsy procedure according to the extended biopsy
schemes. It was reported that the sextant protocol
leaves some portion of cancers undetected compared
with results obtained from a more extensive biopsy
protocol [22]. In addition, some authors suggested
that increasing the numbers of biopsy cores would
improve the detection of clinically significant PCa
and the predictive accuracy of the Gleason score,
while not increasing the detection of potentially insignificant cancer [23–25].
In the evaluation using calibration plots, risk underestimation would be expected from the PRC 3
since significantly higher numbers of cores were
taken in our study. Nevertheless, the PRC 3 showed
definite overestimation for predicted probabilities
from 20 to 80%. Several reasons could account for its
discrepancy, mainly due to difference in predictive
variables of each calculator. First, TV was one of the
variables of the KPCRC while PV was one of the variables of PRC 3. In the statistical model, a small PV
resulted in a higher predicted probability [3,9]. It has
been reported that, for any given age or PSA level,
total PV is lower in Japanese than in Caucasian men
[26,27]. Therefore, smaller PV in our cohort resulted
in a higher probability in PRC 3. In addition, Gupta
et al. [28] suggested that Asian men might produce
more PSA per unit PV than Caucasian men. As a
result, the PRC 3 with a relatively higher value of PSA
level may give higher predicted probability than the
observed one. Finally, TRUS finding was included in
variables of the PRC 3, not in the KPCRC. In our
cohort, hypo-echoic lesion was detected in about 30%
of patients in non-cancer group. This result may contribute to the risk overestimation of PRC 3.
We can just increase the cut-off level of the
predicted probability in order to increase PPV in the
statistical model detecting PCa. However, increasing
the cut-off level necessarily coincides with missing
cancer diagnoses. A key question is whether the numbers of clinically significant cancers missed with this
multivariate approach was acceptable. In our PCa
cohort, 70% of patients had Gleason scores 7 or more.
In the range of threshold probability 5–30% calculated
by either KPCRC or PRC 3, proportion of clinically
significant cancers occupied about half of the total
PCa lost (Table IV). It was reported that the proportion of Korean patients with Gleason scores 7 or
higher was more than half of each subgroup throughout the clinical stages and PSA ranges [29]. It seems
that PCa in Korean men exhibit poor differentiation
regardless of the initial serum PSA level or clinical
stage at presentation unlike Western population.
This may be due to smaller PV of an Asian population, which was suggested by another study [30].
The Prostate
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Considering these results, it would be appropriate
that the cut-off be set not to miss PCa diagnosis for
Korean patients. In the threshold probability of 15%
in the KPCRC group, more than 50% of total biopsy
cases would be saved. However, more than 10% of
PCa would be missed. In the threshold probability of
10% in the KPCRC group, 42% of total biopsy cases
would be saved and 7% of PCa lost. These expected
numbers were better or similar compared to PSA cutoff of 4 ng/ml and the threshold probability of 30% in
the PRC 3 group.
The web-based calculator necessarily needs special
equipments such as a desktop computer and internet
access. Now that internet access is easily available
throughout Korea and most of the physicians use
the electronic medical records in their office, this webbased calculator can be used by both physicians and
patients without any difficulty. It constitutes the first
study comparing the performance of the PRC 3 based
on Western data with that of KPCRC based on Asian
data by the ROC curves and the calibration plots.
Knowing that performing biopsy purely based on the
PSA level lacks specificity, predictive models incorporating prebiopsy risk factors can improve the
detection of PCa and reduce unnecessary biopsy
simultaneously. These risk factors may differ among
populations. Therefore, it would be necessary to investigate the characteristics of each population when
considering a prostate biopsy. Predictive models do
not replace clinical judgment or patient preference,
but it may be useful in providing valuable information before a prostate biopsy [1]. As a consequence of
the improved predictive accuracy, more individualized screening could be achieved.
CONCLUSIONS
As a conclusion, the calculators developed by regression analysis improved the performance of PSA
alone in predicting PCa. In addition, the KPCRC outperformed the PRC 3 in estimating individual risk of
PCa in Korean male population and deciding the
need for initial prostate biopsy. This may be due to
the difference between the populations, on which the
calculators were based. The KPCRC is freely available
on the internet; therefore, it can provide physicians
and patients with practical information that can be
used in deciding whether to undergo prostate biopsy.
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