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Nomogram for Prediction of Prostate Cancer with Serum Prostate 
Specific Antigen Less than 10 ng/mL

Although prostate-specific antigen (PSA) is a very useful screening tool, prostate biopsy is 
still necessary to confirm prostate cancer (PCA). However, it is reported that PSA is 
associated with a high false-positive rate and prostate biopsy also has various procedure-
related complications. Therefore, the authors have devised a nomogram, which can be 
used to estimate the risk of PCA, using available clinical data for men with a serum PSA 
less than 10 ng/mL. Prostate biopsies were obtained from 2,139 patients from January 
1998 to March 2011. Of them, 1,171 patients with a serum PSA less than 10 ng/mL were 
only included in this study. Patient age, PSA, free PSA, prostate volume, PSA density and 
percent free PSA ratio were analyzed. Among 1,171 patients, 255 patients (21.8%) were 
diagnosed as PCA. Multivariate analyses showed that patient age, prostate volume, PSA 
and percent free PSA had statistically significant relationships with PCA (P < 0.05) and 
were used as nomogram predictor variables. The area under the (ROC) curve for all factors 
in a model predicting PCA was 0.759 (95% CI, 0.716-0.803).
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INTRODUCTION

Prostate cancer (PCA) is the fifth most common malignancy 
worldwide and the second most common in men (1, 2). PCA is 
the fifth common cancer and its prevalence is also the most 
rapidly increasing in Korea (3). Prostate-specific antigen (PSA) 
is a useful screening test for PCA. However, the confirmed diag-
nosis of PCA is made by a pathological examination. Prostate 
biopsy is usually performed when a patient has a high PSA or 
there are abnormal findings in either digital rectal examination 
or prostate imaging studies. Prostate biopsy is generally recom-
mended for patients with a serum PSA value more than 4 ng/mL. 
However, it was reported that patients with PSA at the range of 
2.0 to 4.0 ng/mL were also diagnosed with PCA. Additionally, 
the detection rate was ranged between 15% and 25% in these 
patients (4-7). For this reason, the PSA cut-off value remains 
controversial. It is reported that a lower specificity of PSA test is 
accounted for PCA detection rates on initial prostate biopsy 
ranged between 22.8% and 42.0% (8).
 Various procedure-related complications including pain on 
biopsy sites, hematuria, hematochezia, acute urinary retention, 
urinary tract infection (UTI) etc. have been reported and major 
complications sometimes present as much more serious prob-
lems to both patients and urologists. Febrile UTIs or urosepsis 
frequently require hospital admission for supportive care and 
antibiotic treatment (8, 9).
 Therefore, in this paper, a nomogram to predict the probabil-

ity of PCA has been developed using available clinical data for 
men with serum PSA values less than 10 ng/mL.  

MATERIALS AND METHODS

Prostate biopsies were obtained from 2,139 patients in our hos-
pital from January 1998 to March 2011. Of them, 1,171 patients 
with a serum PSA less than 10 ng/mL were selected for this study. 
Patient age at the prostate biopsy, PSA, free PSA, prostate vol-
ume, PSA density (PSAD) and percent free PSA were retrospec-
tively analyzed. 
 PSA and free PSA levels were measured by enzyme-linked 
immunoassay (EIA, R&D systems, US). Prostate volume (V) was 
estimated by measuring the height (H), width (W) and length 
(L) of the prostate on trans-rectal ultrasonography (TRUS) and 
by calculating on ellipsoid formula: V = 0.52 × H × W × L (10). 
PSAD was obtained by dividing PSA by prostate volume estimat-
ed by TRUS, and percent free PSA was obtained by dividing free 
PSA by total PSA. 
 Prostate biopsy was performed when PSA was more than 4 
ng/mL or when abnormal digital rectal examination (DRE) or 
mass lesions on imaging studies of prostate were detected. In 
recent years, ultrasound-guided trans-rectal 6-12 core prostate 
biopsy is often performed according to prostate volumes where-
as hypoechoic lesion directed biopsy in addition to sextant bi-
opsy was commonly performed in the past. Eight-core biopsy 
was performed for patients with prostate volume less than 30 g; 
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Table 1. Patients’ characteristics and comparison between positive and negative results on prostate biopsy

Parameters Total Positive biopsy Negative biopsy P value

No. of patients 1,171 255 (21.8%) 916 (78.2%)
Age (yr) 63.8 ± 9.7 (20-88) 66.2 ± 8.7 (22-88) 63.2 ± 9.8 (20-85) < 0.001*
Prostate volume (mL) 42.1 ± 20.3 (9.8-177.5) 34.2 ± 15.1 (10.5-92.6) 44.5 ± 21.1 (9.8-177.5) < 0.001*
PSA (ng/mL) 6.20 ± 2.15 (0.35-10.00) 6.56 ± 2.00 (0.47-10.00) 6.10 ± 2.18 (0.35-10.00) 0.003†

PSAD (ng/mL2) 0.177 ± 0.105 (0.009-0.631) 0.228 ± 0.119 (0.009-0.631) 0.162 ± 0.096 (0.014-0.617) < 0.001*
Percent free PSA (%) 16.4 ± 8.3 (2.0-55.4) 13.7 ± 7.4 (2.1-49.3) 17.2 ± 8.3 (2.0-55.4) < 0.001*
Gleason score
  ≤ 6
   7
  ≥ 8

6.9 ± 2.2
157 (61.6%)
  68 (26.7%)
  30 (11.8%)

*P < 0.001, †P < 0.005. PSA, prostate specific antigen; PSAD, prostate specific antigen density.

Table 2. Univarivate and multivariate analysis of factors associated with prostate 
cancer

Parameters
Univariate analysis Multivariate analysis

P value P value OR (95% CI)

Age < 0.001* < 0.001* 1.081 (1.056-1.107)
Prostate volume < 0.001* < 0.001* 0.964 (0.951-0.978)
PSA 0.003† 0.007† 1.133 (1.035-1.242)
Percent free PSA < 0.001* < 0.001* 0.940 (0.912-0.968)

*P < 0.001, †P < 0.005. Adjusted for prostate volume and Gleason score. PSA, pros-
tate specific antigen; OR, odds ratio; CI, confidence interval.

ten-core biopsy was performed for patients with prostate vol-
ume between 30-50 g; and 12-core biopsy was performed for 
patients with prostate volume greater than 50 g. 
 Relationships between the associated factors and PCA were 
examined by univariate and multivariate regression analyses 
using a Statistical Package for Social Sciences (SPSS version 18.0, 
Chicago, IL, USA). A nomogram was developed with significant 
factors using the statistical software package R, version 2.12.2 (R 
Development Core Team, available from: http://www.r-project.
org) and its regression modeling strategies. Statistical significance 
was determined at the level of α = 0.05.

Ethics statement
This study was reviewed and approved by the institutional re-
view board of Pusan National University Hospital (IRB approved 
protocol: No. E-2012125). Since this study was performed as a 
retrospective study using the database and medical records, in-
formed consent was waived by the board.

RESULTS

Of 2,139 patients who underwent prostate biopsy, 1,171 patients 
had a serum PSA level less than 10 ng/mL. The mean age was 
63.8 ± 9.7 (20-88) yr; the mean prostate volume was 42.1 ± 20.3 
(9.8-177.5) mL; the mean PSA was 6.20 ± 2.15 (0.35-10.00) ng/
mL; the mean PSAD was 0.177 ± 0.105 (0.009-0.631) ng/mL2; 
and the mean percent free PSA was 13.7 ± 7.4 (2.0-55.4)%. The 
mean number of biopsy cores was 9.1 ± 2.2.
 Among 1,171 patients, 255 patients (21.8%) had a positive bi-
opsy result and were diagnosed with PCA accordingly. The mean 
ages of the positive biopsy group and the negative biopsy group 
were 66.2 ± 8.7 (22-88) yr and 63.2 ± 9.8 (20-85) (P < 0.001); the 
mean prostate volumes of each group were 34.2 ± 15.1 (10.5-
92.6) mL and 44.5 ± 21.1 (9.8-177.5) mL (P < 0.001); the mean 
PSAs of each group were 6.56 ± 2.00 (0.47-10.00) ng/mL and 
6.10 ± 2.18 (0.347-10.0) ng/mL (P = 0.003); the mean PSADs of 
each group were 0.228 ± 0.119 (0.009-0.631) ng/mL2 and 0.162 
± 0.096 ng/mL2 (0.014-0.617) (P < 0.001); and the mean percent 

free PSAs of each group were 13.7 ± 7.4 (2.1-49.3)% and 17.2 ±  
8.3 (2.0-55.4)% (P < 0.001), respectively. The mean Gleason score 
of the PCA group was 6.5 ± 0.9 and the number of patients with 
a Gleason score less than 6, 7 and more than 8 were 157 (61.6%), 
68 (26.7%) and 30 (11.8%) (Table 1).
 Univariate analyses showed that patient age (P < 0.001), pros-
tate volume (P < 0.001), PSA (P = 0.003), PSAD (P < 0.001) and 
percent free PSA (P < 0.001) had statistically significant relation-
ships with a positive prostate biopsy result. Multivariate analy-
ses showed that patient age (P < 0.001), prostate volume (P =  
0.007), PSA (P < 0.001) and percent free PSA (P < 0.001) had 
statistically significant relationships with positive biopsy result 
(Table 2).
 Patient age, prostate volume, PSA and percent free PSA were 
determined as nomogram predictor variables. Nomogram was 
developed with these significant factors using the statistical soft-
ware package R and its regression modeling strategies (Fig. 1).
 The area under the receiver operating characteristic curve 
(ROC) for 4 factors in a model predicting PCA was 0.759 (95% 
confidence interval, 0.716-0.803). The area under ROC for only 
PSA for predicting PCA was just 0.577 (95% confidence interval, 
0.532-0.623) (Fig. 2).

DISCUSSION

Millions of men undergo prostate biopsy to detect PCA each 
year in the world (14). Although prostate biopsy is performed 
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Fig. 1. Nomogram for prediction of prostate cancer with serum prostate-specific antigen less than 10 ng/mL at prostate biopsy. PSA, prostate specific antigen.
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Fig. 2. Receiver operating characteristic curves for nomogram in predicting with 4 fac-
tors (Patient’s age, PSA, prostate volume, percent free PSA) and only PSA. ROC, re-
ceiver operating characteristic; PSA, prostate specific antigen; AUC, area under curve.
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with caution, various procedure-related complications after 
prostate biopsy may occur. An increase in the incidence of in-
fection after trans-rectal prostrate biopsy has been reported in 
some recent studies (14-16). Moreover, some authors reported 
that the cut-off value of PSA for prostate biopsy has been low-
ered from 4.0 ng/mL to 2.5 ng/mL (4-7). Having lowered the 
cut-off value of PSA for prostate biopsy, it is expected that more 
prostate biopsy will be performed resulting in a higher incidence 
of procedure-related complications and additional financial 
burden. In the view of this, the decision on the performance of 

prostate biopsy must be carefully made considering the proba-
bility of PCA and the risk of procedure-related complications, 
especially in patients with serum PSA less than 10 ng/mL. No-
mograms to predict the probability of PCA have been developed 
in some parts of the world, however, there is only one study of 
Japanese men with serum PSA less than 10 ng/mL (17).
 Carlson et al. (18) created an algorithm to predict PCA, but 
their model did not report a definite AUC. More importantly, 
the subjects of their study only included the population with a 
PSA value between 4 ng/mL and 10 ng/mL excluding the popu-
lation with lower PSA levels which is the common clinical pre-
sentation today. Eastham et al. (19) devised a model after study-
ing group of 700 patients whose PSA values were less than 4 ng/
mL. Other studies had investigated the prostate cancer with 
high er than 10 ng/mL (20-22). Among Patients with a PSA value 
great er than 10 ng/mL, 36%-76% of them were diagnosed with 
PCA by prostate biopsy. It was thought that most of patients 
with a PSA value greater than 20 ng/mL were highly probable 
to have prostate cancer, therefore, these nomograms which in-
cluded pati ents with high PSA had less worth. 
 In our study, patient age (P < 0.001), prostate volume (P =  
0.007), PSA (P < 0.001) and percent free PSA (P < 0.001) had 
statistically significant relationships with positive biopsy result 
at multivariate analysis and used as nomogram predictor vari-
ables. In some studies, multiple values were used as a predictor 
of PCA, such as age, PSA, percent free PSA, family history of PCA, 
abnormal DRE findings and races (18-22). In some ways, DRE 
is a different result between individuals, so we excluded the DRE 
results as a predictor of PCA. 
 Nam et al. (16) used 6 factors including age, PSA, percent free 
PSA, family history of PCA, abnormal DRE findings and races 
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to develop a predicting model for PCA and the predictive value 
was reached up to 74%. Karakiewicz et al. (20) developed a no-
mogram to evaluate the risks of PCA including age, PSA level, 
percent free PSA, and DRE and showed the total AUC of the mo-
del was 0.69. Optenberg et al. (21) developed a model to predict 
the risk of PCA on prostate biopsy using 633 patients and the 
total AUC of the model was 0.808. Eastham et al. (19) devised a 
model with a group of 700 patients whose PSA values were less 
than 4 ng/mL and whose DRE findings were abnormal and the 
AUC of the model was 0.75. Zaytoun et al. (22) conducted a study 
about the risk of PCA with 1,551 men who underwent prostate 
biopsy, using patient age, race, PSA, percent free PSA, family 
history of PCA, and DRE findings as prognosis factors. Univari-
ate and multivariate logistic regression models of analysis sug-
gested that all 6 risk factors were statically significant. Using the 
nomogram, the total AUC for all factors in predicting PCA was 
0.73 (95% CI, 0.71-0.76), and the AUC for PSA alone was 0.55 
(95% CI, 0.69-0.74). In this study, the AUC for 4 factors in the 
model was 0.759 (95% CI, 0.716-0.803) and the AUC for only PSA 
was just 0.577 (95% CI, 0.532-0.623; Fig. 2). In study with highest 
AUC, they included patients with a PSA value less than 20 ng/mL, 
therefore, higher PCA detection rates may be expected. 
 There are three limitations that need to be acknowledged and 
addressed regarding the model developed in this study. The 
first limitation is that this study has failed to consider the poten-
tial false-negative rate of prostate biopsy. The second limitation 
is that this study has conducted as a retrospective analysis with-
out consideration of DRE which was performed several differ-
ent urologists. The third limitation is that the data used in this 
study has been obtained from a single institution. Therefore, 
prostate biopsy protocol at other institutions may produce dif-
ferent results. 
 It is expected that the nomogram developed in this study will 
be useful to predict the risk of PCA on prostate biopsy. The ROC 
curve evaluated the accuracy of the predicted probability was 
75.9% for the model whereas it was 57.7% when a PSA value 
was considered alone. The prediction rate of PCA with this no-
mogram was higher than that of other existing nomograms but 
further external validation of the nomogram will be required.
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