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Abstract Objective: To test the diagnostic performance of percent free prostate-specific an-
tigen (%fPSA) in predicting any prostate cancer (PCa) and high-grade prostate cancer (HGPCa)
in a retrospective multi-center biopsy cohort with a PSA level of 4.0e10.0 ng/mL in China.
Methods: Consecutive patients with a PSA of 4.0e10.0 ng/mL who underwent transrectal
ultrasound-guided biopsy were enrolled at 16 Chinese medical centers from January 1st,
2010 to December 31st, 2013. Total and free serum PSA determinations were performed using
three types of electro-chemiluminescence immunoassays recalibrated to the World Health Or-
ganization (WHO) standard. The diagnostic accuracy of PSA, %fPSA, and %fPSA in combination
with PSA (%fPSA þ PSA) was determined using the area under the receiver operating character-
istic (ROC) curve (AUC).
Results: A total of 2310 consecutive men with PSA levels between 4.0 and 10.0 ng/mL were
included, and the detection rate of PCa was 25.1%. The AUC of %fPSA and %fPSA þ PSA in pre-
dicting any PCa was superior to PSA alone in men aged �60 years (0.623 vs. 0.534, p < 0.0001)
but not in men aged 40e59 years (0.517 vs. 0.518, p Z 0.939). Similar result was yield in pre-
dicting HGPCa.
Conclusion: In a clinical setting of Chinese men with 4.0e10.0 ng/mL PSA undergoing initial
prostate biopsy, adding %fPSA to PSA can moderately improve the diagnostic accuracy for
any PCa and HGPCa compared with PSA alone in patients �60 but not in patients aged 40
e59 years.
ª 2015 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer (PCa) is the second-most frequently
diagnosed malignancy in men globally [1]. Although the
incidence of PCa in China is much lower than in Western
countries [2], PCa ranks as the fastest growing malig-
nancy with respect to incidence in recent years [3,4]
due to changing lifestyles and increasing health aware-
ness. Although new biomarkers are emerging, prostate-
specific antigen (PSA) and its derivatives remain the
most widely used and practical test to detect PCa.
Percent free PSA (%fPSA) has been demonstrated to
improve positive test results during prostate biopsy and
to reduce the number of unnecessary biopsies in men
with a moderately elevated serum PSA level
(4.0e10.0 ng/mL) in white and black populations [5,6].
The diagnostic accuracy (area under the receiver oper-
ating characteristic curve, AUC) has been reported to be
approximately 0.7 in patients with a PSA of 4.0e10.0 ng/
mL [7,8]. However, PCa is believed to differ epidemio-
logically and biologically between Western and East
Asian populations. First, the age-standardized PCa inci-
dence rate in China was reported to be 5.3/100,000 in
2012 by the World Health Organization (WHO), which
was only 1/12 of the rate in European populations and
1/18 of the rate in North Americans [9]. In addition, PSA
reference ranges have been reported to be much lower
in Chinese and Japanese populations [10,11]. Thus there
may also be some other differences in the application of
%fPSA in East Asian population.

Although several studies of %fPSA in China indicated an
improvement in diagnostic accuracy over PSA alone [12,13],
these studies were mostly published in Chinese journals
with limitations with respect to sample size. In this study,
we attempted to examine the effectiveness of %fPSA in a
retrospective multi-center Chinese cohort.

2. Methods and materials

2.1. Patients

This study was approved by the Institutional Review Board
of each of the participating hospitals. This study involved
2310 consecutive patients who underwent transrectal ul-
trasound (TRUS)-guided prostate biopsy in 16 participating
hospitals between January 1st, 2010 and December 31st,
2013. Patients visiting the outpatient department of urol-
ogy for health checkups and urinary symptoms with a PSA of
4.0e10.0 ng/mL were included in this study, regardless of
digital rectal examination (DRE) results. Patients with prior
biopsy, urinary tract infections, urinary retention or
instrumentation or catheterization of the urethra within 2
weeks and those received finasteride or hormonal treat-
ment were excluded. TRUS-guided systematic 8-, 10- and
12-core biopsies were performed in 490, 483 and 1337 pa-
tients, respectively.
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Table 1 Clinical variable in prostate cancer and negative
biopsy subjects.

Prostate
cancer

Negative
biopsy

p Value

n 579 1731
Age

Mean (SD) 69.41 (7.73) 65.85 (8.87)
Median (IQR) 70.00 (11.00) 66.00 (11.00) <0.0001a

PSA
Mean (SD) 7.31 (1.61) 7.11 (1.66)
Median (IQR) 7.40 (2.60) 7.10 (2.80) 0.0102a

Percent free PSA
Mean (SD) 0.151 (0.078) 0.170 (0.082)
Median (IQR) 0.140 (0.091) 0.158 (0.102) <0.0001a

Prostate volume
Mean (SD) 42.29 (22.78) 52.03 (27.61)
Median (IQR) 36.45 (21.75) 45.97 (32.10) <0.0001a

No. of biopsy cores
Mean (SD) 11.31 (1.87) 10.95 (1.98)
Median (IQR) 12.00 (2.00) 12.00 (2.00) <0.0001a

SD, standard deviation; IQR, interquartile range; PSA, prostate
specific antigen.
a Mann-Whitney U test.
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2.2. PSA measurement and biopsy techniques

Peripheral blood samples were obtained within 2 weeks
prior to DRE and prostate biopsies. Three types of PSA/fPSA
electro-chemiluminescence immunoassays were used in the
participating hospitals: Abbott AxSYM, Beckman Coulter
Access, and Roche Elecsys 2010 with recalibration to the
WHO standard (PSA-WHO 96/670) using an appropriate
correction factor. Prostate volume (PV) was calculated
using the equation D1 � D2 � D3 � (p/6) and the three
dimensions of the prostate as measured by TRUS.

2.3. Statistical analysis

The ManneWhitney U test was used to analyze the total
PSA, %fPSA, PV, and age because of the non-normal distri-
bution of these parameters. Univariate logistic regression
analyses were used to assess the correlations between
clinical parameters and biopsy results. A multivariate lo-
gistic regression model was used to predict PCa risk. The
demographic and clinical variables used in the model
included age, logarithm of PSA, logarithm of %fPSA and
logarithm of PV because the logarithm of these parameters
fit the model better than the raw data. We combined PSA
and %fPSA using logistic regression (%fPSA þ PSA) to esti-
mate the effectiveness of the combination of these two
parameters. Receiver operating characteristic (ROC) curves
were calculated for PSA, %fPSA and %fPSA þ PSA by plotting
the sensitivity versus 1-specificity for predicting any PCa
and for predicting high-grade prostate cancer (HGPCa,
Gleason score �7). The areas under the ROC curves (AUC)
were used to measure the diagnostic accuracy of PSA,
%fPSA, and %fPSA þ PSA. The statistical significance of any
difference was calculated using a z test. All of the statis-
tical analyses were performed using the SPSS v.17.0 (SPSS
Inc., Chicago, IL, USA) and MedCalc v.10.4.7.0 (MedCalc
Software bvba, Mariakerke, Belgium). All of the p-values
were two-sided, and p < 0.05 was considered statistically
significant.

3. Results

The PCa detection rate for the whole cohort was 25.1%. The
median %fPSA was 14.0% in the PCa group and 15.8% in the
negative biopsy group (p < 0.0001, ManneWhitney U test).
The median age of PCa patients was 70 years, significantly
higher than the median age of men with a negative biopsy
(median 66 years, p < 0.0001). The median total PSA was
significantly higher in the PCa group compared with the
negative biopsy group (p Z 0.010). The median PV was
smaller in PCa patients than in patients with a negative
biopsy (36.45 vs. 45.97 mL, p < 0.0001). The number of
biopsy cores was higher in the PCa group compared with the
negative biopsy group (mean 11.31 vs. 10.95, p < 0.0001)
(Table 1). The rate of positive DRE averaged 13.1% in the
cohorts but it ranged from 8.1% to 32.0% at different hos-
pitals. Considering the subjective nature of DRE, we
decided not to include DRE results in the predictive model.

Univariate logistic regression analyses indicated that
older age, higher PSA, lower %fPSA, and larger PV corre-
lated with a positive biopsy (p < 0.0001, p Z 0.0097,
p < 0.0001, p < 0.0001, respectively). Multivariate logistic
regression analyses indicated that lower %fPSA, older age,
higher PSA, and smaller PV were independent predictors of
prostate cancer in all patients (Supplementary Table 1,
p Z 0.0002, p < 0.0001, p Z 0.0073, p < 0.0001,
respectively).

In patients aged 40e54 years, both %fPSA þ PSA failed
to improve the diagnostic accuracy compared with PSA
alone (Table 2, AUC Z 0.610 and 0.580, respectively,
p Z 0.595). In patients aged 55e69, 70e75 and over 75
years, %fPSA þ PSA improved the diagnostic accuracy of
any PCa compared with PSA alone (Table 2, p Z 0.003,
p Z 0.004, p Z 0.001, respectively, z-test). The ROC curve
predicting any PCa for patients aged 55e69, 70e75 and
over 75 years were illustrated in Figs. 1 and 2.

We further tested performance of %fPSA þ PSA in several
age ranges and found out that %fPSA þ PSA was not more
effective than PSA in predicting any PCa or HGPCa in pa-
tients aged 40e59 years (p Z 0.939 and 0.847, Table 2,
Supplementary Table 2, Figs. 1B, 2B). However, for patients
aged �60 years, %fPSA þ PSA outperformed PSA in the ROC
curve analysis to predict any PCa and HGPCa (p < 0.0001
and p < 0.0001, Table 2, Supplementary Table 2, Figs. 1C,
2C).

Since other factors may have influence on the diagnostic
accuracy, we stratified the patients into different group by
age, PV, and biopsy schemes (Table 2, Supplementary Table
2). We found that %fPSA þ PSA failed to outperform PSA
alone to predict any PCa and HGPCa in patients with
different PVs. Additionally, %fPSA þ PSA outperformed PSA
alone to predict any PCa and HGPCa in patients who un-
derwent 8- and 12-core biopsies (the difference for 12-core
scheme for HGPCa failed to reach the commonly recognized
level of significance with pZ 0.072) but not in patients who
underwent 10-core biopsies.



Table 2 Diagnostic accuracy of total PSA and %fPSA stratified by age, prostate volume and biopsy techniques.

n AUC AUC improvement p valueb

PSA (95% CI) %fPSA (95% CI) %fPSA þ PSA (95%CI)

Age (year)
40e54 142 0.580 (0.404e0.756) 0.575 (0.432e0.718) 0.610 (0.445e0.776) 0.030 0.595
55e69 1168 0.529 (0.500e0.558) 0.590 (0.562e0.619) 0.596 (0.555e0.636) 0.067 0.003
70e75 515 0.562 (0.518e0.606) 0.635 (0.591e0.676) 0.641 (0.591e0.691) 0.079 0.004
>75 370 0.530 (0.478e0.582) 0.657 (0.607e0.706) 0.663 (0.604e0.722) 0.133 0.001
40e59 411 0.518 (0.440e0.597) 0.516 (0.441e0.592) 0.517 (0.439e0.596) 0.001 0.939
�60 1709 0.534 (0.504e0.564) 0.620 (0.591e0.650) 0.623 (0.594e0.653) 0.089 <0.0001

PV (mL)a

< 30 447 0.606 (0.552e0.660) 0.532 (0.478e0.587) 0.611 (0.558e0.665) 0.006 0.532
30e39.9 437 0.533 (0.476e0.590) 0.509 (0.452e0.567) 0.532 (0.475e0.590) 0.001 0.920
40e49.9 334 0.528 (0.454e0.602) 0.503 (0.432e0.574) 0.529 (0.454e0.604) 0.001 0.750
�50 764 0.543 (0.488e0.598) 0.563 (0.508e0.618) 0.569 (0.514e0.624) 0.024 0.281

Biopsy technique
8-cores 490 0.545 (0.486e0.604) 0.604 (0.544e0.664) 0.613 (0.551e0.675) 0.068 0.016
10-cores 483 0.557 (0.491e0.624) 0.543 (0.475e0.610) 0.566 (0.495e0.636) 0.008 0.616
12-cores 1337 0.531 (0.497e0.565) 0.575 (0.542e0.609) 0.577 (0.544e0.611) 0.047 0.013

Total 2310 0.536 (0.515e0.556) 0.575 (0.555e0.595) 0.580 (0.554e0.607) 0.045 0.001

PSA, prostate specific antigen; %fPSA, percent free PSA; AUC, areas under the receivers operating characteristic (ROC) curve; PV,
prostate volume.
a Prostate volume available for 1991 patients.
b z-test comparing %fPSA þ PSA vs. PSA alone.
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We further tested the performance of %fPSA þ PSA and
PSA in patients aged 40e59 and over 60 years with further
stratification by PV and biopsy scheme. The results indi-
cated that %fPSA þ PSA was not superior to PSA alone in
patients aged 40e59 years but was significantly better than
PSA alone in patients aged over 60 years in different PV
Table 3 Clinical variable of patients aged 40-59 years and
�60 years.

Age p value

40-59 �60

n 411 1784
Positive rate 16.8% 27.6% <0.0001a

Age
Mean (SD) 54.7 (4.4) 69.8 (6.2)
Median (IQR) 56 (5) 69 (10) <0.0001b

PSA
Mean (SD) 7.23 (1.61) 7.16 (1.65)
Median (IQR) 7.20 (1.70) 7.20 (1.80) 0.476

Percent Free PSA
Mean (SD) 0.127 (0.070) 0.175 (0.081)
Median (IQR) 0.118 (0.081) 0.161 (0.102) <0.0001b

Prostate volume
Mean (SD) 43.5 (25.0) 51.3 (27.2)
Median (IQR) 38.1 (22.1) 45.1 (31.2) <0.0001b

No. of biopsy cores
Mean (SD) 11.2 (2.0) 11.1 (2.0)
Median (IQR) 12 (2) 12 (2) <0.0001b

SD, standard deviation; IQR, interquartile range; PSA, prostate
specific antigen.
a Chi-square test.
b Mann-Whitney U test.
categories and with different biopsy schemes for predicting
both any PCa or HGPCa.

4. Discussion

To the best of our knowledge, this is the first study to
systematically evaluate the effectiveness of %fPSA in a
large multi-center Chinese cohort. Our results suggest
that in a clinical setting of Chinese men with
4.0e10.0 ng/mL PSA undergoing initial prostate biopsy,
adding %fPSA to PSA can moderately improve the diag-
nostic accuracy for any PCa and HGPCa compared with
PSA alone in patients �60 years but not in patients aged
40e59 years.

Although the Prostate, Lung, Colorectal and Ovarian
(PLCO) Screening Trial investigators suggested that race
and ethnicity had little effect on %fPSA [14], the PLCO
study included few East Asians living in their country of
origin. Actually, the efficacy of %fPSA in East Asians remains
controversial. For example, %fPSA was identified as one of
the most important PSA-derived parameters to predict the
risk of PCa in Japanese patients [15]. However, a multi-
center prospective study in a Korean population demon-
strated that %fPSA failed to exhibit any improvement
compared with PSA in patients aged 50e65 years [16]. In
another pilot study from Malaysia, the author indicated
that %fPSA was not effective for PCa detection, neither
[17].

A meta-analysis of Chinese populations indicated a
moderate diagnostic benefit of %fPSA over PSA [13].
Nevertheless, statistical heterogeneity was detected in
many of the analyses, and detailed information that would
help to explain this heterogeneity was not reported
(population, PSA assay type and reference standards used,



Figure 1 ROC curves of %fPSA (red), PSA (blue), and PSA þ %fPSA (green) for the detection of PCa in different age groups. (A)
Whole cohort; (B) 40e59 years; (C) over 60 years; (D) 55e69 years; (E) 70e75 years; and (F) over 75 years.

%fPSA in Chinese population 111
etc.). In light of these findings, a recent report from
Guangzhou, China, indicated that the %fPSA failed to
provide a diagnostic benefit over PSA in patients with a
PSA of 2.5e10.0 ng/mL or 10.0e20.0 ng/mL [12]. The re-
sults of that study appear to contradict our results; how-
ever, there was no stratified analysis based on age in that
study. In our data set, the AUC of %fPSA was also close to
the AUC of PSA for the whole cohort, but %fPSA out-
performed PSA in the older subgroup. Thus, their findings
do not in contradict our findings. Furthermore, the authors
studied limited cohorts of 274 and 284 patients with PSA
values of 2.5e10.0 ng/mL or 10.1e20.0 ng/mL,
respectively.
Figure 2 ROC curves of %fPSA (red), PSA (blue), and PSA þ %fPSA
Whole cohort; (B) 40e59 years; (C) over 60 years; (D) 55e69 years
The impact of age on the diagnostic accuracy of %fPSA
remains controversial in Western populations [18,19].
Our results shed light on the influence of age on the
diagnostic performance of %fPSA, which had a lower AUC
compared with reports in Western population [8,20]. In
accordance with findings in Korea [16,21], we provide
evidence that %PSA is effective in older populations (�60
years) but not in younger patients (<60 years).

There are several factors that may account for the inef-
fectiveness of %fPSA in younger patients in our study. First,
themedian %fPSAwas only 11.8% in the 40e59 year-old group
(Table 3); by contrast, the median values increased to 18.0%
and 18.7% in patients aged 70e75 and over 75 years. The
(green) for the detection of HGPCa in different age groups. (A)
; (E) 70e75 years; and (F) over 75 years.
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median %fPSA was also lower in younger patients than in
older patients in the Korean report (PCa: 15.8% vs. 17.0%;
benign: 16.7% vs. 20.4%). For instance, a cutoff of 10.0% was
reported to lead to a detection rate of 56% in a Western
population. However, the detection rate in patients <60
years with %fPSA less than 10.0% is only 19.1% in our data set.
Second, the incidence of PCa is quite low in both Chinese and
Korean patients [22] aged under 60 years (16.9% in our
cohort). As reported in the Prostate Cancer Prevention Trial,
the incidence of PCa is 18.6% in patients with a PSA<4.0 ng/
mL and 30.0% in patients with a PSA of 3.1e4.0 ng/mL [23].
Although there is not a direct relationship between a lower
incidence and a poorer diagnostic performance for %fPSA,
there are reports that %fPSA is of better diagnostic accuracy
in patients with a PSA of 4.0e10.0 ng/mL (detection rate
49.0%) [7] thanwith a PSA of 2.51e4.0 ng/mL (detection rate
24%) [24] in the Western population. In this data set, the PCa
detection rate increased to 33.6% and 35.1% in patients aged
70e75 and over 75 years, respectively, and the AUCs of %fPSA
also increased substantially (Fig. 1E, F). Third, reports on the
diagnostic performance %fPSA have mostly been performed
in theUnited States and in European countrieswith screening
projects. However, the clinical setting ismuchmore complex
in China. Fourth, DRE result was not included in the analysis
whichmay be a contributing factor for the ineffectiveness of
%fPSA in younger age, however, %fPSA was still effective in
the older patients regardless of DRE result.

Several circumstances must be taken into consideration
when drawing conclusions from this data set. First, 16
different institutes and three different assays were involved
in PSA testing. However, the variability of the total and fPSA
results among the commercial assays was decreased by
calibration. Second, there is no national PSA-based PCa
screening program in China. Significant clinical differences
exist between this outpatient cohort and screening cohorts
in Western countries. Nevertheless, the population in this
study reflects a practical clinical scenario in China and East
Asian countries without systematic screening projects.
Third, there is an inherent limitation of multi-center studies
because the biopsies were performed by different physicians
and examined by different pathologists. Fourth, although
there were more than 2000 cases in this data set with 411
cases aged 40e59 years old, this ineffectiveness may still be
the result of a limited sample size. Despite of this caveat, our
data represent the effectiveness of %fPSA in an actual
practical setting for Chinese men. These findings should be
validated in follow-up prospective studies.

5. Conclusion

In a clinical setting of Chinese men with 4.0e10.0 ng/mL
PSA undergoing initial prostate biopsy, adding %fPSA to PSA
can moderately improve the diagnostic accuracy for any
PCa and for HGPCa specifically compared with PSA alone in
patients �60 years but not in patients aged 40e59 years.
These findings should be validated in further prospective
studies.
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