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Abstract
Background: Early detection of prostate cancer is a possible means of decreasing the mortality and increasing
the quality of life.
Methods: We included 92 patients retrospectively in Sardjito Hospital. Patients received prostate biopsy due to
having abnormal serum prostate specific antigen (PSA) level (>4 ng/ml) and DRE. The relationship between the
possibility of prostate cancer and the following variables were evaluated including: age, PSA level, prostate volume,
DRE finding and family history. By using chi-square analysis, multiple logistic regressions, receiver operating
characteristic (ROC) curve were drawn based on the predictive scoring equation to predict the possibility of prostate
cancer. Using the predictive equation, we design a normogram for predicting prostate cancer risk called prostate
cancer risk calculator. All analyses were performed with SPSS, version 18.0.
Results: We analyzed 92 patients with PSA >4 ng/ml. It showed the relationship between the possibility of
prostate cancer and the following variables, including: age (p<0.001), PSA level (p<0.001), DRE finding (p<0.001)
family history (p<0,001) and prostate volume (p=0.04). Using a predictive equation, we design a calculator for
predicting prostate cancer followed by receiver-operating characteristic curve analysis, it showed the sensitivity
90.4% and specificity 85% in predicting the possibility of prostate cancer.
Conclusion: Age, prostate volume, PSA, DRE finding and family history are factors associated prostate cancer.
They can be used as independent predictor to predict prostate cancer.

Keywords: Early detection; Logistic regression; Prostate cancer risk
calculator

Introduction
Prostate cancer is the second most commonly found cancer in the
world and also the sixth most common cause of cancer death in newly
found male cancer patient (14%) and from the total death caused by
cancer in men in 2008 (6%) [1]. What exactly causes the initiation and
progression of prostate cancer is still unidentified at the moment but a
number of studies have mentioned that genetic, race, diet and
environmental factors play important roles in the development of the
above mentioned medical condition [2-4].
In the last 20 years to 30 years, the development of science have
discovered factors that can probably aid in identifying low or high risk
male individuals regarding the mounting number of prostate cancer
with the right and proper screening tool [5]. Prostate specific antigen
(PSA), is one of the prostate cancer screening indicator that is used
initially. The fall in the incidence of prostate cancer between the year
1992 and 1995 occurred after PSA was used as a screening tool [6].
Nevertheless, the use of PSA in screening for prostate cancer is still
controversial because of the high cost, bias, over diagnosis and
overtreatment that is preventing clinical expertise from taking the
right decision [6,7]. Yang et al. [8] discovered that the use of PSA for
screening was ineffective to detect prostate cancer.
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In the last decade, a number of nomograms have been developed to
predict and help in making decision to perform biopsy on patients
with prostate cancer. In general, a number of predictive factors which
mainly used for predicting prostate cancer are including total PSA
value, digital rectal examination (DRE) and patient’s age. However,
several other predictive factors may also be enclosed such as race,
family history, previous prostate biopsy, prostate volume, negative
history of positive findings in prostate biopsy, number of core biopsies
and percentage of free-PSA [9].
Presently, calculators to predict prostate cancer are available across
the globe which are called Prostate Cancer Prevention Trial-Risk
Calculator (PCPT-RC), European Randomized Study of Screening for
Prostate Cancer-Risk Calculator (ERSPC-RC) and Indonesian Prostate
Cancer Risk Calculator (IPCRC) [2]. All of these tools are using two
different populations but the identified factors can help to decide
whether a particular is required to undergo biopsy. These factors
include total PSA value, PSA velocity, PSA density, DRE, family
history, race, patients age, prostate volume, ultrasonography (USG),
and abnormal Magnetic Resonance Imaging (MRI), previous history of
α-reductase inhibitors consumption and biopsy. These calculators can
assist specialists and general physician to determine the next steps to
be taken, the possibility of performing biopsy and also the frequency of
follow-up [2,7,10], making decision, determining the possibility to
perform prostate biopsy.
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The aim of this study is to develop a tool such as a calculator that
could be used to predict the occurrence of prostate cancer in Sardjito
Hospital, thus, helping clinician in, and scheduling appropriate
outpatient visit for patients with high risk of prostate cancer.

scoring equation to predict the possibility of PCa using chi-square
analysis, Kolmogorov-Smirnov test, multiple logistic regression and
receiver operating characteristic (ROC) curve. We regarded a P value
<0.05 as statistically significant.
The logistic model is as follows:

Materials and Methods

ln(odds):
A0+β1(lpsa-lpsac)+β2(lvol-lvolc)+β3(lage-lagec)
+β4(DRE)+β5(HYS)

Study population
This is a retrospective-analysis study using a case control design. We
collected and reviewed them in order to evaluate the possibility of
prostate cancers based on patient’s age, PSA serum concentration,
prostate volume, digital rectal examination, and family history in
Sardjito Hospital Yogyakarta before 2015. We excluded patients below
40 years old and volume below 10 ml. PSA was measured using PSA
Enzyme Immunoassay using PSA monoclonal antibody. 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)]) by TAUS/TRUS.
DRE was classified as normal or abnormal (any prostatic nodule or
induration). The biopsy specimens were examined for the presence of
cancer and were categorized using the Gleason score by a pathologist.
All variables data were collected from medical record. High risk PCa
was defined as clinical stage >T2b and/or Gleason score 7 and/or PSA
>10.0 ng/ml.

Statistical analysis
The relationship between the possibility of prostate cancer and its
variables were evaluated. The association of each factor with its
diagnosis was assessed by simple logistic regression analysis. Multiple
logistic regression analysis with backward selection was used to
determine which factors were independent predictors of PCa in the
model-building set. A prediction equation for prostate cancer
prediction was developed based on the final logistic regression model.
Multiple logistic regression analysis with a backward variable selection
procedure was used to determine which factors were independent
predictors of prostate cancer in the model-building set. PSA level,
prostate volume, and age were log-transformed prior to analysis. A
prediction equation for prostate cancer prediction was developed
based on the final logistic regression model. We calculated a predictive

Odds is defined as p/(1-p) where p (in the case of this example) is
the probability to detect prostate cancer. Ln(odds) is often abbreviated
as logit. A0 (the model constant) and, β1 to β5 are the parameters to be
estimated by fitting the model to the dataset. The latter four
parameters are associated with the predictors PSA, prostate volume,
age and DRE findings, respectively. Lpsa is the 2log(PSA), lpsac=the
mean value of 2log(PSA). Lvol is the 2log(prostate volume), lvolc=the
mean value of 2log(vol). Although, arbitrary in principle base 2
logarithms were used as they enable the interpretation of PSA and
prostate volume in terms of doubling which is more pragmatic than
using for example base 10 logarithms which would necessitate
interpretation in terms of 10-fold increases. DRE is the outcome of the
digital rectal exam, 0 is assumed to correspond to normal, 1 to
abnormal finding. 4HYS is the family history and 1 for positive. All
analyses were performed with SPSS, version 18.0.

Results
In this study, we analyzed 92 patients with PSA >4 ng/ml. From the
analysis we had found that the average for age, PSA value, prostate
volume and International Prostate Symptom Score (IPSS) are 69.39
years old; 35.97 ng/ml, 51.86 cm3 and 21.05 respectively. In terms of
the age of patients, there is no apparent difference between high risk
and low risk groups of patients of developing prostate cancer (69.08 vs.
69.8 years old). Patients in low risk groups on average are older and
have higher IPSS score when compared to high risk groups (57.685 vs.
47.25 years old and 21.57 vs. 20.6, respectively). Additionally, the
average PSA value is higher in high risk groups when compared to low
risk groups (52.27 vs. 16.08 ng/ml respectively). Roughly about 39.2%
of patients in high risk groups have abnormal DRE findings whereas
about 50% of them have positive family history for prostate cancer
(Table 1).

Variables

All (n=92)

Low Risk Groups

High Risk Groups

p-value

Age (y), X/median

69.39/71

69.8/71.5

69.08/71

<0.001*

PSA (ng/ml), X/median

35.97/16

16.08/10.95

51.27/23.50

<0.001*

IPSS, mean/median

21.04/21

21.57/21

20.6/21

<0.001*

Prostate volume (ml), X/median

51.86/48.8

57.85/55.24

47.25/44.50

0.04*

Low risk groups (%)

High risk groups (%)

Abnormal digital rectal examination

43.5

4.3

39.2

<0.001#

Positive family history

57.6

7.6

50

<0.001#

#chi-square

analysis, *Kolmogorov-Smirnov test

Table 1: Characteristic of research variables.
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The existing variables are divided into several categories (such as
DRE and family history) and continuous variables (such as PSA,
patient’s age and prostate volume). These variables are analyzed as
predictive factors such as age. PSA, patient’s age and prostate volume
were then analyzed using 2-log transformed and centered for construct
a better prediction models.
Lpsa is 2log(PSA), Lage is 2log(AGE), lagec is the mean value of
Logistic regression analysis has shown lpsac=4.4, lvolc=5.6,
lagec=6.1, β0=3.8, β1=0.2, β2=2.3, β3=1.8, β4=2.2 and β5=4.6 (Table
2).

2log(AGE).

Predictive factors

OR

95%CI

p-value

AGE, 2-log centered

4.11

1.02-16.5

0.046

PSA, 2-log centered

5.57

1.16-26.76

0.032

Prostate volume, 2-log centered

3.24

1.01-15.2

0.024

Digital rectal examination, 1/0

6.33

1.36-29.54

0.019

Family history, 1/0

12.03

3.09-46.89

<0.001

PSA=Prostate specific antigen (1=Positive; 0=Negative);
Family history (1=Positive; 0=Negative)

Table 2: Multivariable Logistic regression analysis.
A logistic formula is thus constructed as:
Logit=3.8-0.2 (lpsa-4.4)-2.3 (lvol-5.6)-1.8 (lage-6.1)-2.2 (DRE)-4.6
(HYS)
From multivariate analysis, we found that the sensitivity and
specificity of this instrument to be 90.4% and 85% respectively.

Figure 2: Prostate cancer risk calculator. Male patient, 65-year-old
with PSA value of 16.8 ng/ml and prostate volume 45.7 cm3. DRE
finding is abnormal and this patient also has positive family history
of prostate cancer. The calculated risk for prostate cancer is 93.07%.
The cut off value was 48%. It means that the patients have the
possibility of a positive biopsy result if this calculator showed value
more than 48 % and it could be considered for urologist to perform
prostate biopsy.
A prostate cancer predicting calculator is developed based on the
results of logistic regression analysis of the predictive factors as stated
in Table 2. This newly developed calculator is then applied using
Microsoft Visual C#. An Example of the application of this calculator
can be seen in case 1 and case 2 below (Figures 1-3).

Figure 1: Prostate cancer risk calculator male patient, 65-year-old
with PSA value of 2.5 ng/ml, and prostate volume 45.7 cm3. There
are no abnormal findings during digital rectal examination and
there is no family history of prostate cancer. The calculated risk for
prostate cancer of this patient is 0.86%.
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Figure 3: ROC curve of prediction in having a positive biopsy.
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Discussion
The evaluation of risk factors of patients with prostate cancer is very
beneficial to determine treatment course, patient’s consultation and
especially in confirming clinical diagnosis. The risk factors such PSA is
inadequate as prostate cancer predictor due to its low specificity
whereas DRE has a low sensitivity. Therefore, combination of these risk
factors on every individual in the development of prostate cancer
diagnosis are mandatory in order to providing better results in
determining diagnosis and deciding whether it is required to perform
prostate biopsy [8,11]. Recently, there has been a rapid increase of the
incidence of prostate cancer in Indonesia due to an increase in PSA
screenings even though the incidence in Asia is lower than in Western
countries [3].
Henrnandez et al. [9] in their multivariate analysis showed that the
increase in age, total PSA, low free PSA, abnormal DRE, AfricanAmerican, positive family history, a large number of previous core
biopsies and previous positive history of biopsy increases the risk for
prostate cancer as well as for obtaining high-grade biopsy results. Up
until now, there have been no clear grounds on when to start or to stop
screening. Although PSA-based screening can reduce PCa-specific
mortality, population-based PCa screening programs are not yet
acceptable to many because of the high numbers of unnecessary tests
and the detection of PCa that would never cause any harm (over
diagnosis) [10].
A number of studies have been found that ERSPC-RC has a good
predictive and strength and is more accurate in predicting the risk of
developing prostate cancer when compared to PCPT-RC [1,3,10,12].
Nevertheless, no studies have been conducted to validate the
application of these instruments in Asian countries. Lee et al. [3] had
found that ERSPC-RC increased prostate cancer predictive capability
when compared to PCPT-RC and PSA in a cohort study conducted in
Korea. These differences, however, have not shown a statistically
significant benefit in implementing these screening tools in a Korean
Health centers.

more useful than PSAD because there was no significant difference
between the AUC values between the ERSPC-RC and PSAD [3].
Asia populations were also have a normogram to predict prostate
cancer such as Indonesian Prostate Cancer Risk Calculator [2] and
Korean Prostate Cancer Risk Calculator (KPCRC) [19]. From the
logistic regression analysis as a model for IPCRC, there were some
differences compared to other risk calculator. Coefficient for PSA in
IPCRC was 0.62 lower than ERSPC, of 1.1 and PCPT 0.85. It was
similar with prostate volume of 0.04 in IPCRC lower than ERSPC of
1.36. But IPCRC had higher coefficient in DRE findings of 3.99 than
ERSPC of 0.8 and PCPT 0.91. The differences was due to low incidence
of PCa in our population and most of our patients came in a more
severe conditions and were not suitable for screening (eg. had urinary
retention) [2]. The ROC analysis of IPCRC showed high sensitivity and
specificity in predicting prostate cancer with area under curve (AUC)
0.938 (95%CI 0.93-0.95) in our study population. The AUC was higher
than the PCPT (AUC 0.70) and the ERSPC (AUC 0.79) [15]. This
indicated that IPCRC might be better in differentiating patient with
PCa and BPH, but further validation and comparison in a larger
population is still needed [2].
The effect of DRE and family history in our study in the clinical
setting were stronger. This difference may be explained by
interobserver variation for DRE outcome, and by the fact that in the
clinical cohort more advanced PCa were found (PT2) than in the
screening.
In this study, we added the family history that wasn’t included in
IPCRC. This study has several limitations. First, it has fewer numbers
of samples in developed this calculator. Indonesian prostate cancer risk
calculator was developed from 1957 men in Indonesian but PCPT was
developed from 18,882 men while ERSPC developed from 6,288 men.
The result may have been influenced by the heterogenicity of patients
and biopsy technique. This device will be of limited use for general and
finally, validation and comparison to other predictor devices is still
needed.

There were two known common risk calculators for screening in the
world; ERSPC-RC and PCPT-RC. ERSPC-RC is a better prediction
tool of prostate cancer after biopsy than the PCPT-RC [9,13]. Several
studies showed that the performance of the PCPT-RC for predicting
prostate cancer is superior to the prediction accuracy of PSA testing
alone [9,14] and ERSPC [13]. However, in several studies, PCPT-RC
has been shown as not universally applicable in the population of men
with elevated PSA (above 3.0 ng/mL) [15,16].

Conclusion

The PCTP-RC may overestimate the risk of finding prostate cancer
[17]. This result could be due to that the PCPT-RC model was fitted on
a population of primarily healthy men with PSA less than 3.0 ng/mL
and above 55 years of age [18]. The accuracy of the PCPTRC on such a
healthy population of men are not ruled out by the current validation
study since no cohorts of this type were included [16,17].
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