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Purpose: To investigate the efficacy of total prostate-specific antigen (tPSA) and free prostate-specific antigen (fPSA) for the es-
timation of prostate volume (PV) in pathologically-proven benign prostatic hyperplasia (BPH) patients.

Methods: From January 2010 to March 2013, 165 Korean men with a PSA less than 10 ng/mL who were diagnosed without
prostate cancer by prostate biopsy were enrolled. Patients were classified into three age groups: <60, 61-70, and > 70 years old.
The results were organized to estimate and compare the ability of serum tPSA and fPSA to assess the PV.

Results: Enrolled patients had a median age of 63.5 years (44 to 80), a median tPSA of 5.72 ng/mL, a median fPSA of 0.98 ng/mL
and a median PV of 53.68 mL, respectively. Among the associations between tPSA, fPSA, age, and PV, the highest correlation
was verified between fPSA and PV (r=0.377, P <0.0001); the correlation coeflicient between tPSA and PV was much lower (r=
0.262, P<0.001). All stratified age cohorts showed the same findings. The ROC curves (for PV greater than 30, 40, and 50 mL)
showed that fPSA (area under the curve [AUC] =0.781, 0.718, and 0.700) outperformed tPSA (AUC=0.657, 0.583, and 0.67) in
its ability to predict clinically significant PV enlargement.

Conclusion: Both tPSA and fPSA significantly correlated with PV in Korean men, while the correlation efficiency between fPSA
and PV was more powerful. fPSA may be a useful tool in making therapeutic decisions and follow-up management in BPH pa-

tients.
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INTRODUCTION

Prostate volume (PV) is powerful predictors of both lower uri-
nary tract symptom (LUTS) and benign prostatic hyperplasia
(BPH) as well as the response to medical therapies. Therefore, it
is clear that a knowledge of individual PV would be beneficial
for everyday management of patients presenting to physicians.
This undertaking has some problems, most notably fact that
digital rectal examination is relatively inaccurate in measuring
the correct prostate size when measured by either transrectal
ultrasound (TRUS) or other imaging modalities, such as com-

puterized tomography or magnetic resonance imaging. Because
imaging modalities accompany financial burden and limited
reproducibility, it is reasonable to search for alternative parame-
ters that could be used instead of PV.

Serum prostate-specific antigen (PSA) profiles are easily mea-
sured in clinical practice by serum collection. PSA profiles are
not only widely used as a screening and testing tool for prostate
cancer, but also is of substantial help in the management of men
with LUTS and BPH. In other words, PSA, as a parameter for
PV, can be used to evaluate the risks of either requiring surgery
or developing urinary retention [1].
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In general, the proportion of free or complexed PSA can be
used to improve the cancer specificity of the PSA assay. The per-
centage of PSA has been established as a useful refinement to
the indications for biopsy in men with normal digital rectal ex-
amination (DRE) and PSA [2,3].

Considering that both PV and serum PSA increase with age,
it seems acceptable to assume some relationship between serum
PSA and PV as well.

The aim of our study was to evaluate the diagnostic associa-
tions of serum PSA, free PSA, PV, and age among pathological-
ly-proven BPH patients.

MATERIALS AND METHODS

From January 2010 to March 2013, we reviewed the medical
records of male patients under the approval of a relevant ethics
committee. After routine initial baseline studies, these 165 men
underwent transrectal prostate biopsies owing to elevated PSA
levels of more than 4 ng/mL or abnormal DRE findings or ab-
normal hypoechoic lesions on TRUS. Only men with a PSA less
than 10 ng/mL who were pathologically diagnosed without pros-
tate cancer by prostate biopsy were enrolled and rebiopsy pa-
tients were excluded. For PSA testing, patients’ serum was ob-
tained before prostatic manipulations total PSA and free PSA
were evaluated retrospectively. PV was measured with TRUS
and PV was defined by measuring the height (H), width (W),
and length (L) of the prostate from two selected orthogonal views
and calculating the volume (V) as that of the corresponding el-
lipsoid formula: V=0.52x W x Hx L [4].

Patients were stratified into three age groups: less than 60,
60-70, over than 70. The relationships between total PSA (tPSA),
free PSA (fPSA), PV, and age were analyzed using the Pearson
correlation coefficient. Receiver operating characteristic (ROC)
curves were plotted to estimate and compare the ability of serum
tPSA and fPSA to assess the PV. All data were collated using
SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) and evaluated by
the Mann-Whitney U test, logistic regression test, and chi-square
test. P-value of less than 0.05 was considered statistically signifi-
cant.

RESULTS
Table 1 shows the baseline characteristics of the study population.

The group of 165 men with a mean age of 63.53+8.08 years
had a mean PV of 53.68 +£21.93 mL and mean total and free
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Table 1. Patient demographic data

Free PSA
(ng/mL)

0.83+0.49 50.48+20.51
1.01+0.54 53.06+18.77
1.17+0.65 60.09+28.70
0.98+0.56 53.68+21.93

Prostate

Age Meanage Total PSA
No.
volume (mL)

(yr) (yr) (ng/mL)
<61 56 5448+4.69 5.66+2.31
61-70 74 6541+274 567+2.18
>70 35 7402+2.69 5.89+2.43
Sum 165 63.53+8.08 5724226

Values are presented as mean + standard deviation.
PSA, prostate-specific antigen.

PSA of 5.72£2.26 and 0.98 £ 0.56 ng/mL.

Among relationships between tPSA, fPSA, age, and PV, the
highest correlation was found between fPSA and PV (r=0.377,
P <0.0001); the correlation coefficient between tPSA and PV was
much lower (r=0.262, P<0.001). The results indicated that the
PV was remarkably correlated with age and total and free PSA.

The correlation was found in all the cohort group: correlation
coefficient 0.198 in less than 61 years old group, 0.403 in 61 to
70 years old group, 0.447 in over than 70 years old group. ROC
curves were used to investigate which of fPSA and PSA had a
better predictive value for assessing prostate enlargement. Fig. 1
shows ROC curves for prediction of PV (30, 40, and 50 mL) us-
ing serum PSA and fPSA.

Area under the curves (AUCs) which revealed that fPSA had
reasonable diagnostic power for all stratified age cohorts and
showed simillar findings. The ROC curves (for PV greater than
30, 40, and 50 mL) showed that fPSA (AUC=0.781, 0.718, and
0.700) outperformed tPSA (AUC=0.657, 0.583, and 0.634) in
its ability to predict clinically significant PV enlargement. These
superiorities in all ages were statistically significant.

DISCUSSION

PV is perhaps the most extensively studied risk factor for BPH
progression. Men with a PV of >30 mL are more likely to have
moderate-to-severe symptoms (3.5-fold increase), decreased flow
rates (2.5-fold increase), and AUR (three- to four-fold increase)
than are men with a PV <30 mL [5]. So, PV information has
become more and more important because the PV strongly
predict BPH-related morbidity such as acute urinary retention
and the necessitate for surgery [6,7].

Generally, the typical method of measuring PV is TRUS [8].
But, TRUS is relatively painful and the equipment is not always
available in primary care settings. Moreover, TRUS is also not
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Fig. 1. Receiver operating characteristic (ROC) curves estimating various prostate volumes of total prostate-specific antigen (PSA)
and free PSA (fPSA). The areas under the curve of ROC curve for fPSA and PSA as methods used to estimate prostate volume by
prostate volume cutoff points (A) <30 mL, (B) 30-40 mL, and (C) >50 mL. AUC, area under the curve.

cost-effective and routine evaluation of patients with BPH. Ad-
ditionally, DRE is simple to perform and practical for estimat-
ing the PV, but it has been revealed that DRE underestimates
the real prostate size [9].

In 1986, PSA testing was approved for the monitoring of men
with prostate cancer (PCa), and was recognized as a cancer de-
tection test in 1994 by the U.S. Food and Drug Administration.
In spite of its low specificity, PSA is the most widely used screen-
ing test for PCa and is helpful for prediction of those men with
BPH at risk for disease progression and therapeutic decisions
[10].

Several independent investigators verified the log-linear rela-
tionship between serum PSA and PV in different population
and races with similar results [11].

It was shown in a large sample of men with BPH that the to-
tal PSA level predicted the PV with an AUC ROC of 0.76 for a
PV >40 mL, with age-specific cutpoints of PSA level >1.6, >2,
and >2.3 ng/mL for men in their 50s, 60s, and 70s, respectively
[12]. Bohnen et al. [13] showed that total PSA was a more ac-
curate predictor of PV than digital rectal examination, with an
AUC ROC of 0.86 for PV > 40 mL. It was also shown that the
AUC ROC for PSA for the differentiation of PVs >50 or > 30,
>40, and > 50 mL was 0.79, 0.86, and 0.92.

There were continuous efforts to improve the diagnostic tools
for the detection of PCa. The most promising approach to im-
prove the specificity of PSA, particularly in the range lower than
10 ng/mL, is the measurement of molecular isoforms of PSA.
These are the disengaged fPSA and the complexed PSA bound
to al-antichymotrypsin. Several studies have shown an increase
in sensitivities and specificities, primarily in the PSA range of
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lower 10 ng/mL, for the ratio of free to total PSA (f/tPSA). They
affirm that f/tPSA can better distinguish between patients with
PCa and patients with a benign hyperplasia of the prostate
[14,15].

Previous reports have focused on the relationship between
total PSA and PV in general. Although there have been some
studies investigating the relationship between tPSA and PV in
patients with BPH, the relationship between fPSA and PV has
received little attention. According to previous report on free
and total PSA, there were strong relationship with PV, and they
found that both laboratory tools would be able to predict the
PV and the efficacy of total and free PSA showed no differences
[16]. Other study on free PSA showed a log-linear relationship
with PV and free PSA predicted PV more precisely than PSA in
BPH patients [17].

The Chinese study on 286 biopsy proven BPH patients, among
relationships between tPSA, fPSA, age, and PV, the correlation
between fPSA and PV was much stronger than that of tPSA
and PV. The ROC curves revealed that the efficacy of fPSA at
predicting threshold prostate sizes (30, 40, and 50 mL) showed
AUC ranging from 0.72 to 0.75, denoting better discrimination
of PV than that of tPSA [18].

Since fPSA is more dependent on the benign prostate tissue
volume than tPSA, we assumed that it may be less affected by
PCa in which serum PSA elevation occurs as a result of destroyed
normal prostatic structure. In other words, the more increase in
fPSA may result from a larger prostate, and the more cancer
contributes to a greater increase in tPSA than fPSA.

We confirmed that both tPSA and fPSA statistically correlat-
ed with PV. The ROC curves for PV >30, >40, and >50 mL
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showed that AUC of fPSA are 0.781, 0.718, and 0.700. These are
more efficient than that of tPSA: AUC=0.657, 0.583, and 0.67.

To the best of our knowledge, this study is the first to exam-
ine the relationship between PSA and PV in Korean men, and
to show the efficacy of free PSA at predicting more precise PV
in Korean men. Because of the ability to obtain more accurate
estimates of the PV without the help of more expensive, invasive
diagnostic evaluations, fPSA would introduce a more reasonable
contribution in the proper management of patients with BPH.

In conclusion, although tPSA significantly correlated with
PV in Korean men with biopsy-proven BPH, the correlation
between fPSA and PV was much stronger, and fPSA performed
significantly better than tPSA at predicting thresholds of PV.
fPSA may be used to estimate PV and could be a useful tool in
making therapeutic decisions and longitudinal follow-up in
Korean men with BPH.
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