
Abstract. Background: To investigate the clinical
usefulness of percentage free prostate-specific antigen
(%fPSA) and PSA velocity (PSAV) for detecting prostate
cancer in repeat biopsies in a population-based screening
cohort. Patients and Methods: In total, 178 men with serum
PSA levels within 2.1-10 ng/ml who underwent repeat
biopsies after initial negative biopsy results, were enrolled.
Prostate cancer detection rates with a Gleason score of 7
or more according to age, serum PSA, %fPSA, and PSAV
were investigated. The cumulative probability of detecting
cancer according to risk factors was also investigated.
Results: Out of 178 men who underwent repeat biopsy, 48
(27.0%) were diagnosed with prostate cancer during the
observation period, and pathological examination revealed
prostate cancer with a Gleason score of 7 or more in 17
patients (35.4%). In the multivariate logistic regression
analysis, %fPSA ≤12 at repeat biopsy and PSAV 
>0.40 ng/ml/year were determined to be independent risk
factors for prostate cancer, and %fPSA ≤12 at initial biopsy
and PSAV >0.40 for cancer of Gleason score 7 or greater.
The cumulative probabilities of developing high-grade
cancer after 5 years were 55.8% and 4.0% in men with
%fPSA ≤12 at initial biopsy and PSAV >0.40 , and in men
without both, respectively. There was a statistically
significant difference in probabilities between groups by the
log-rank test. Conclusion: The present results demonstrated

that %fPSA and PSAV were predictors of prostate cancer
with a Gleason score of 7 or more in repeat biopsy after a
negative initial biopsy on a population follow-up basis.

At present, prostate cancer is usually diagnosed based on
the pathological examination of ultrasound-guided
transrectal or transperineal core biopsy (1). The need for
prostate biopsy is based on the presence of elevated serum
prostate-specific antigen (PSA) and whether it is
associated with the presence of abnormal digital rectal
examination (DRE) findings. The management of
candidates who have a negative result in the initial prostate
biopsy may be a serious concern because negative biopsy
results cannot guarantee the absence of prostate cancer (2-
4). More than one-fourth of all prostate carcinomas are
missed during the first biopsy, and several markers,
including initial serum PSA, PSA kinetics, percentage of
free PSA (fPSA), pathological findings in initial biopsy,
and prostate volume, are significantly correlated with the
detection of prostate cancer in repeat biopsies (5, 6).
Previous studies have reported that a nomogram
comprising of several risk factors (e.g., PSA velocity
(PSAV), %fPSA, DRE findings, PSA density, and history
of abnormal pathological findings) may be useful for
determining the indication for a repeat biopsy (4, 7, 8).

However, since these risk factors have been determined on
an outpatient referral basis, an issue arose regarding
appropriate follow-up in a population-based screening for
men with a negative initial prostate biopsy (5). In such cases,
simple markers, such as age, serum PSA, and PSA-related
indices, should only be used for selecting screened patients
who need a repeat biopsy.

In the present study, we investigated the clinical usefulness
of serum PSA, %fPSA, and PSAV for detecting prostate
cancer, especially that with high Gleason scores in repeat
biopsies, on a population basis.
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Patients and Methods

Study population. Since 2000, annual population PSA-based
screening for prostate cancer has been provided for men aged 54-
69 years in Kanazawa City, Japan (9, 10). Serum total PSA (tPSA)
levels were measured in all participants using a Tosoh II PA kit
(Tosoh, Tokyo, Japan) as the primary screening modality, and serum
fPSA levels were measured in participants with tPSA levels within
the range of 2.1-10.0 ng/ml using an Immulyze Free PSA kit
(Nippon DPC Co. Ltd., Chiba, Japan). Between 2000 and 2002,
participants with serum tPSA levels >2.0 ng/ml were recommended
to undergo further examination by urologists at primary medical
care level clinics. After 2003, participants with serum tPSA >10.0
ng/ml and those with %fPSA ≤22.0, within the PSA reflex range of
2.1-10.0 ng/ml, were recommended to proceed to closer
examination (9, 10). Since 2012, the age range of participants has
expanded to 54-75 years.

After closer examination by urologists, systematic transrectal
ultrasound (TRUS)-guided prostate biopsy (8-12 cores) was
basically recommended in men with any abnormal findings after re-
evaluating PSA, DRE, or TRUS. If individuals disagreed with
undergoing prostate biopsy or were not recommended to undergo
biopsy by urologists, they would be followed-up by annual PSA
tests at subsequent population screenings.

In cases of prostate cancer diagnosis, pathological tumor grading
was reported by local pathologists, and clinical staging was
determined according to the Union for International Cancer Control
tumor node metastasis classification published in 1997 (11), based
on the results of DRE, TRUS, computed tomography, magnetic
resonance imaging (MRI), and bone scan at each urological
department. Medical information, including PSA levels at the
primary screening, biopsy results, and clinicopathological findings,
was reported to the office of the Kanazawa Medical Association.

In the Kanazawa population-based cohort, 22,252 men
participated in the 14-year screening program from 2000 to 2013,

and 1,792 men (8.1%) underwent prostate biopsy during this period.
Out of the 1,792 men, 499 (27.8%) were pathologically diagnosed
with prostate cancer based on the initial biopsy results, and 247
(13.8%) underwent repeat biopsy after initial negative biopsy
results. The indication for repeat biopsy was based on the decision
of treating urologists; however, elevated serum PSA was used as the
indicator in most cases. Of the men who underwent repeat biopsy,
those with tPSA levels >10 ng/ml were excluded. Consequently, 178
men with tPSA levels of 2.1-10 ng/ml who underwent repeat biopsy
after initial negative biopsy results were enrolled into the present
study. We calculated PSAV as follows: [PSA (latest biopsy)−PSA
(initial biopsy)]/number of years between PSA tests, and
investigated the risk of detecting prostate cancer according to age,
serum PSA level, %fPSA at biopsy, and PSAV. The time of the
detection of prostate cancer was calculated from the date of the
initial biopsy, and the men without evidence of cancer were
censored at the date of the latest biopsy.

Statistical analysis. This retrospective study received Institutional
Review Board approval (Kanazawa University 1558). Comparisons
between two groups were performed using the Mann–Whitney U-
test. The risk of prostate cancer detection was analyzed by
univariate and multivariate logistic regression models based on age,
serum tPSA, %fPSA, and PSAV categorized by two groups. The
probability of detection of prostate cancer with Gleason score 7 or
greater according to risk factors, including initial %fPSA and PSAV,
was examined by Kaplan–Meier analysis, and the significance of
the differences was analyzed by the log-rank test. All statistical
assessments were performed, and the figures were prepared using
commercially available software (SPSS Statistics; IBM, Armonk,
NY; and Prism; GraphPad Software, San Diego, CA, USA). In all
analyses, p<0.05 indicated statistical significance.

Results

The results of prostate repeat biopsies after negative initial
biopsy in men eligible for this study are shown in Table I.
Out of the 178 men who subsequently underwent repeat
biopsies, 48 (27.0%) were pathologically diagnosed with
prostate cancer during the observation period. In terms of
prostate cancer detection, there were no statistically
significant differences in age and serum tPSA levels at initial
and latest biopsy between patients with prostate cancer and
men without prostate cancer. The %fPSA at initial and latest
biopsy and the value of change in %fPSA were significantly
lower in the patients with prostate cancer than in the men
without cancer. PSAV from initial to latest biopsy was
significantly higher in patients with prostate cancer than men
without cancer. The observation period and the number of
prostate biopsies was not statistically significantly different
between the two groups.

The clinical characteristics of the patients with prostate
cancer detected by repeat biopsies are shown in Table II.
Among 48 patients, one (2.1%) had locally advanced cancer,
and one (2.1%) had metastatic disease. The pathological
examination revealed prostate cancer with Gleason score of
7 or more in 17 patients (35.4%).

ANTICANCER RESEARCH 35: 5031-5036 (2015)

5032

Figure 1. Cumulative probability of developing prostate cancer with a
Gleason score (GS) of 7 or greater during follow-up according to the
percentage of free prostate-specific antigen (%fPSA) at initial biopsy
and PSA velocity (PSAV). %fPSA ≤12 and PSAV >0.40 ng/ml/year were
each scored as 1 point, and cases were then categorized into three
groups with 2 points, 1 point, and 0 points, respectively. 



Table III shows the results of univariate and multivariate
logistic regression analysis for prostate cancer detection
based on age, serum tPSA level, %fPSA, and PSAV from
initial to latest biopsy. In the category setting of this study,
the majority of participants were within the serum tPSA
range of 2.1-4.0 ng/ml at initial biopsy (64.0%) and had a
PSAV of ≤0.40 ng/ml/year (56.7%). On univariate and
multivariate analysis, %fPSA ≤12 at latest biopsy and PSAV
>0.40 were determined to be significant predictors for
detecting prostate cancer. Regarding prostate cancer with
Gleason score of 7 or more, serum tPSA levels of 2.1-4.0
ng/ml at initial biopsy, %fPSA ≤12 at initial and latest
biopsy, and PSAV >0.40 were determined to be significant
predictors for detecting these carcinomas on univariate
analysis, and %fPSA ≤12 at initial biopsy and PSAV >0.40
were determined to be those on multivariate analysis.

Kaplan–Meier curves of the cumulative probabilities of
developing prostate cancer with Gleason score of 7 or more
categorized by %fPSA at initial biopsy and PSAV are shown
in Figure 1; %fPSA ≤12 and PSAV >0.40 ng/ml/year were
each scored as 1 point, and cases were then categorized into
three groups: there were  26 (14.8%), 94 (53.4%), and 56
(31.8%) men with 2 points, 1 point, and 0 points,
respectively. The probability of developing prostate cancer

of Gleason score 7 or more after 5 years (95% confidence
interval) were 55.8% (28.5%-83.1%), 14.8% (3.08%-26.5%),
and 4.0% (0%-11.7%), in men with 2 points, 1 point, and 0
points, respectively. There were statistically significant
differences in the these probabilities between men with 2
points and those with 0 or 1 points on the log-rank test.

Discussion

Several studies, including our previous study, demonstrated
that the risk of prostate cancer development significantly
increases with higher baseline PSA range (12-15). In men with
a serum PSA <1.0 ng/ml, the risk of being diagnosed with
cancer in the next 4-7 years after initial screening is very low
(below 1.0%), and based on these results, individualized
screening intervals for men with baseline serum PSA levels of
≤1.0 ng/ml are recommended in clinical guidelines for prostate
cancer (i.e. 8 years in the European Association of Urology
guidelines, 3 years in the Japanese Urological Association
guidelines) (1, 16). In contrast, the optimal protocol for the
screening management of men with serum PSA above cut-off
levels, especially after negative biopsy results, remains unclear
(1, 6). The positive rates in subsequent prostate biopsies after
negative initial biopsy results were reported to be 10-47% in a
previous study (5), and these high rates indicate that the
management of candidates who have a negative result in initial
biopsy is a serious concern.
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Table I. Clinical characteristics of men who underwent subsequent
repeat prostate biopsies after negative results on initial biopsy.

Variable Prostate Nonprostate p-Value
cancer cancer

Men (n) 48 130
Age at initial biopsy 64 (62-66) 63 (61-65) 0.1892
(years)
Serum PSA at initial 3.25 (2.6-4.2) 3.50 (2.7-4.4) 0.3996
biopsy (ng/ml)
Free PSA at initial 12.4 (10.0–16.0) 14.3 (11.0-18.0) 0.0459
biopsy (%)
Serum PSA at latest 4.85 (4.4-6.4) 4.55 (3.4–6.0) 0.1844
biopsy (ng/ml)
Free PSA at latest 10.6 (9.0–13.0) 14.1 (11.0-18.0) <0.0001
biopsy (%)
Initial latest biopsy 33.8 (23-44) 35.8 (23–54) 0.4024
(months)
PSAV 0.515 (0.23-0.82) 0.297 (0.07-0.68) 0.0172
(ng/ml/years)
Free PSAV 0.038 (0.01-0.07) 0.032 (0.00-0.08) 0.7419
(ng/ml/year)
Change of % −1.61 (−3.9-0.5) −0.14 (−2.5-1.8) 0.0292
free PSA
Number of 2 (2–2) 2 (2–2) 0.5631
biopsy (n)

Data are median values (interquartile range). Mann–Whitney U-test.
PSA, prostate-specific antigen; PSAV, prostate-specific antigen velocity.

Table II. Clinical characteristics of the patients diagnosed by repeat biopsy.

Characteristic No. of patients (%)

Age at diagnosis (years)
55-64 1 (2.1)
60-64 10 (20.8)
65-69 31 (64.6)
70-75 6 (12.5)

Gleason score
≤6 29 (60.4)
7 12 (25.0)
8-10 5 (10.4)
Unknown 2 (4.2)

PSA at diagnosis (ng/ml)
2.1-4.0 11 (22.9)
4.1-7.0 26 (54.2)
7.1-10.0 11 (22.9)

Clinical stage
T1c N0 M0 36 (75.0)
T2 N0 M0 6 (12.5)
T3b N0 M0 1 (2.1)
T3a N0 M1a 1 (2.1)
Unknown 4 (8.3)

PSA, Prostate-specific antigen; T, tumor; N, node; M, metastasis.



To improve the cancer detection rate in repeat biopsies,
several markers, including initial serum PSA, PSA kinetics,
%fPSA, pathological findings of initial biopsy and prostate
volume, have been reported (5, 6), and a nomogram
comprising these risk factors may be useful for selecting an
indication of repeat biopsy (4, 7, 8). Moreover, multi-
parametric MRI may potentially have clinical use in aiding
the diagnostic pathways of men at risk (17). However, these
risk factors and modalities can be obtained on an outpatient
clinic basis during follow-up and not during screening follow-
up, given the imbalance of cost and clinical benefit. For men
with a negative initial biopsy who are followed-up by
population screening, simple markers that can be obtained
and determined easily and objectively should be used for
selecting screened patients who need a repeat biopsy.

In the present study, we retrospectively investigated the
detection rate and cancer characteristics of prostate cancer in
repeat biopsies using our population-based screening cohort.
The Kanazawa population-based screening cohort is now
prospectively establishing a database including individual
medical information on screening and biopsy results and
clinicopathological features of prostate cancer detected during
screening. One of the unique characteristics of the Kanazawa

population-based screening cohort is a dataset of %fPSA in
participants with serum PSA levels of 2.1-10.0 ng/ml, and we
previously reported that %fPSA was a strong predictor of
future cancer detection and unfavorable cancer features in
prostate biopsy in men with tPSA levels of 2.1-10.0 ng/ml
during population screening (18). In the present study, we
demonstrated that %fPSA and PSAV were independent risk
factors for the detection of prostate cancer in repeat biopsies
in men with serum tPSA within this range during the
population screening follow-up.

PSAV is a useful marker for identifying men at risk of
aggressive prostate cancer. However, the usefulness of PSAV
alone to predict prostate cancer on repeat biopsies has been
reported as being limited (19, 20). The optimal PSAV
threshold also remains unclear [0.75 ng/ml/year (19) and 0.48
(5)] because it may depend on the background of the study
population, including serum PSA range at initial and repeat
biopsies and patient ethnicity. Considering that persistent PSA
>10 ng/ml is traditionally agreed upon as a clear indication for
repeat biopsy (21), the PSAV threshold should be calculated
in the population with serum tPSA ≤10 ng/ml to be useful in
the clinical setting. Our present study demonstrated that PSAV
>0.4 ng/ml/year was an independent predictor for detecting
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Table III. Logistic regression analyses for prostate cancer detection according to age, serum total prostate specific antigen (PSA), and %free PSA
in men with total PSA level of 2.1-10.0 ng/ml who underwent repeat biopsies.

Prostate cancer detection Cancer of Gleason score ≥7

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
   
Variable No. OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Age at initial biopsy (years)
≤64 108 1 (Reference) 1 (Reference)
≥65 70 1.29 (1.15-1.36) 0.463 1.39 (0.51-3.80) 0.520

PSA at initial biopsy (ng/ml)
2.1-4.0  114 1 (Reference) 1 (Reference) 1 (Reference)
4.1-10.0  64 0.66 (0.32-1.35) 0.253 0.21 (0.05-0.97) 0.045 0.23 (0.05-1.10) 0.066

Free PSA at initial biopsy (%)
>12.0 106 1 (Reference) 1 (Reference) 1 (Reference)
≤12.0 72 1.71 (0.88-3.33) 0.116 5.66 (1.76-18.2) 0.004 4.64 (1.24-17.4) 0.023

PSA at diagnosis (ng/ml)
2.1–4.0  59 1 (Reference) 1 (Reference)
4.1–10.0  119 1.97 (0.92-4.22) 0.081 1.72 (0.54-5.52) 0.363

Free PSA at diagnosis (%)
>12.0 94 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
≤12.0 84 3.89 (1.90-7.95) <0.001 3.58 (1.73-7.41) 0.001 10.3 (2.28-46.6) 0.002 3.93 (0.76-20.3) 0.102

PSAV (ng/ml/years)
≤0.4 101 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
>0.4 77 2.94 (1.48–5.84) 0.002 2.26 (1.12-4.58) 0.023 3.66 (1.23-10.9) 0.020 3.56 (1.08-11.8) 0.037

Change in % free PSA
No change,  increase 88 1 (Reference) 1 (Reference)
Decrease 90 1.94 (0.99-3.83) 0.055 1.95 (0.69-5.54) 0.208

CI, Confidence interval; OR, odds ratio; PSAV, prostate-specific antigen velocity.



prostate cancer in men with serum tPSA of 2.1-10.0 ng/ml,
which was lower than those in previous studies. These findings
indicate that the PSAV thresholds that were previously
associated with cancer detection in repeat biopsies may not be
appropriate for use in the Japanese population, with
diagnostically gray areas of tPSA levels.

The usefulness of %fPSA in detecting prostate cancer in
repeat biopsies is well known, and the thresholds of %fPSA
were reported to be 10-30% (21, 22). Our present study
showed that %fPSA ≤12 at the latest biopsy was a significant
predictor for detecting prostate cancer and high-grade cancer.
Interestingly, %fPSA ≤12 at the initial biopsy was an
independent risk factor for detecting prostate cancer with
Gleason score of 7 or greater. This finding is clinically relevant
because men with %fPSA ≤12 should be carefully followed-
up after presenting a negative initial biopsy. Cumulative risks
for the detection of prostate cancer with Gleason score 7 or
more were simply divided by the combinations of values of
%fPSA at initial biopsy and PSAV, which were determined as
independent predicting factors in our present study (Figure 1).
Cumulative risk was very high in the men with low %fPSA at
initial biopsy and high PSAV, and in contrast, prostate cancer
with Gleason score of 7 or greater was diagnosed in only one
of the men with high %fPSA and low PSAV during the
observation period. Regarding population screening follow-up,
there is a growing awareness of the potential for over-diagnosis
and over-treatment of cases of 'insignificant' or 'minimal'
prostate cancer, particularly with the use of low cutoff levels
of serum tPSA as in our screening system. Although further
examination is needed, simple risk stratification combining
%fPSA at initial biopsy and PSAV may become a useful
method for selecting screened patients who need repeat biopsy.

The present study had several limitations related to the
retrospective nature of the analysis in this screening cohort.
Firstly, there were possible biases related to the time from
initial to latest biopsy because of the irregular intervals of re-
screening and the different decisions of urologists. Secondly,
repeat prostate biopsy methods, including extended biopsy,
were different between the several participating Institutions
in the population screening program. Thirdly, noncancer-
related PSA increase secondary to inflammation (23) could
not be excluded in the present study because PSAV was
calculated from two points of serum PSA. Fourthly, we did
not account for abnormal pathological findings including
high-grade prostatic intraepithelial neoplasia and atypical
small acinar proliferation in the initial biopsy, which have
been reported as risk factors for cancer on repeat biopsy (6).
Further prospective large-scale studies using fixed repeat
biopsy intervals are, therefore, needed. However, the present
study results show that in simple risk stratification, %fPSA
combined with PSAV was an independent risk factor for
detecting high-grade prostate cancer in repeat biopsy on a
population screening basis. Our present results contribute to

the establishment of individualized and natural history-
adjusted screening systems for men with serum tPSA of 2.1-
10 ng/ml; the %fPSA values on initial biopsy may decide
individual intervals to the next PSA test after negative initial
biopsy, and PSAV may provide more information for the
adequate timing of repeat biopsy.
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