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Abstract: Objective: We aim to investigate the differential value of volume-adjusted prostate specific antigen (PSA)
derivatives in the diagnosis of prostate cancer. Method: A retrospective study was performed among 374 cases that
needed to receive prostate biopsy procedure in our hospital from 2014.1.1 to 2015.10.31. All the patients received
a 10-core systemic biopsy procedure with the trans-peritoneal access guided by transrectal ultrasound. Clinical
parameters were documented, including PSA, prostate volume, pathological results, etc. Patients were divided into
several subgroups, according to different PSA level and transrectal ultrasound findings. The diagnosis of prostate
cancer was determined by the pathological evaluation of the biopsy specimen. Result: In the 374 cases, 164 cases
(43.9%) were prostate cancer. 154 cases (41.2%) had visually suspicious lesion detected by transrectal ultrasound.
136 cases (36.4%) had a serum level of PSA ≤ 10 ng/ml. Transition zone PSA density showed a better diagnostic
efficacy than PSA density and peripheral zone PSA density did in all subgroups, especially in PSA grey-zone (conventionally, 4-10 ng/ml). Besides, transition zone PSA density was elevated consistently with the rise of the grade
groups of Gleason score. Conclusion: Transition zone PSA density can be used as a complementary prostate specific
antigen derivative for the detection of prostate cancer, and therefore it may help to reduce the incidence of the unnecessary biopsy. In addition, it is a potential predictor for the prognosis of prostate cancer, to some extent.
Keywords: Volume-adjusted PSA derivatives, transperineal prostate biopsy, prostate cancer, transrectal ultrasound

Introduction
Prostate specific antigen (PSA) seemed to be
the most successful and useful tumor biomarker in the last century, since it had a great contribution to the reduction in the overall mortality
of prostate cancer (PCa) during the past 30
years [1]. However, PSA testing also has brought
the great controversy to physicians on the subsequent overdiagnosis and overtreatment of
PCa, which reached the peak in the year of
2012 when the U.S. Preventive Services Task
Force (USPSTF) made the recommendations
against PSA as a routine screening tool for PCa
in western countries [2]. Thus, different types
of PSA derivatives, novel biomarkers, genetic
scoring systems, etc. have been developed to

improve the detection of PCa and the evaluation of its clinical significance.
It was implied that PSA density (PSAD) can help
reduce the numbers of unnecessary prostate
biopsy, but its sensitivity and specificity remained unsatisfactory [3]. Two pioneer researches
have described the efficacy of peripheral zone
PSA density (PZPSAD) [4, 5], which showed the
promise of this PSA derivative in the detection
of PCa. Nevertheless, these researches took
less consideration into the two key points of the
relation between PSA and PCa. One is the tissue heterogeneity in prostate gland, which
means PCa, benign prostate hyperplasia (BPH),
prostatic inflammation may spontaneously exist in the same prostate gland, and they all can
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Table 1. Clinical variable in prostate cancer and non-prostate cancer subjects
Benign (N=210, mean ± SD**) Malignant (N=164, mean ± SD)
Age (years)
67.70±8.13
71.41±7.58
PSA* (ng/ml)
14.71±16.57
95.00±224.71
Total prostate volume (ml)
43.76±20.11
56.01±25.23
PSA density (ng/ml2)
0.28±0.31
2.28±6.28
Transition zone volume (ml)
18.86±12.33
31.23±22.06
Transition zone PSA density (ng/ml2)
0.74±1.47
7.17±25.60
Peripheral zone volume (ml)
24.90±12.61
24.77±9.28
Peripheral zone PSA density (ng/ml2)
0.68±0.99
3.93±9.32

P value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.914
<0.001

*PSA: prostate specific antigen. **SD: standard deviation.

PZPSAD and TZPSAD) in the
detection of PCa in the patients from the south Chinese
Han population who needed
the prostate biopsy, which is
probably helpful to reduce the
unnecessary prostate biopsy.
Materials and methods
From 2014.1.1 to 2015.10.31,
we consecutively recruited
the patients who needed to
receive the prostate biopsy
procedure because of the
suspicion of PCa in Huashan
Hospital, Fudan University,
China. The indication of the
prostate biopsy in our hospital is the elevated PSA level
above 4 ng/ml, or nodules
Figure 1. The ROC curve (AUCs) for prostate specific antigen (PSA), PSA dendetected by transrectal ultrasity (PSAD), transition zone PSA density (TZPSAD) and peripheral zone PSA
sound (TRUS). 374 patients
density (PZPSAD) as continuous variables in predicting PCa in all patients.
who met the criteria were
included in the study and all
influence the serum level of PSA [6]. The other
patients signed informed consent. The study
is that the expression of tissue PSA is less in
was approved by the IRB of Huashan Hospital.
PCa than normal structure while the leakage of
Patients received a 10-core systemic biopsy
PSA into blood has a great impact on the elewith the transperineal access guided by TRUS.
vated serum level in patients with PCa [7]. As it
Before the biopsy, the local anesthesia was
is widely acknowledged that PCa usually occurs
delivered with 1% lidocaine. And all the biopsy
in peripheral zone while BPH is more likely to
procedures were performed by an urologist and
occur in transition zone of prostate, it seems
a physician of ultrasonic medicine, both of who
that the influence of transition zone PSA densihad the experience of over 200 cases of the
ty (TZPSAD) on PSA should also be taken into
collaboration in the procedures. The biopsy
consideration for the decision making of prosspecimen was formalin-fixed and paraffintate biopsy.
embedded. The sections were stained with
hematoxylin and eosin. Two pathologists indeTherefore, our research aimed to evaluate the
pendently evaluated the sections and delivered
diagnostic efficacy of PSA derivatives (PSAD,
Gleason scores to the cases of PCa, which
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Table 2. AUCs*, sensitivity and specificity of best cut-off value and specificity at 90% sensitivity for
prostate specific antigen (PSA), PSA density (PSAD), transition zone PSA density (TZPSAD) and peripheral zone PSA density (PZPSAD) in patients with PSA of ≤ 10 and >10 ng/ml
Factors
All patients (N=374)

AUC

Best Cut-off
Sensitivity % Specificity %
value

PSA

0.756

17.35 ng/ml

65.2%

80.5%

32.4% (7.42 ng/ml)

PSAD density

0.820 0.278 ng/ml2

78.6%

73.8%

50.5% (0.184 ng/ml2)

Transition zone PSA density 0.839 0.694 ng/ml2

80.5%

79,0%

51.0% (0.371 ng/ml2)

Peripheral zone PSA density 0.762 0.743 ng/ml2

67.1%

75.5%

33.3% (0.317 ng/ml2)

PSA ≤ 10 ng/ml (N=136) PSA

52.9%

66.7%

22.7% (2.97 ng/ml)

PSAD density

0.572

0.719 0.175 ng/ml2

7.42 ng/ml

58.8%

79.4%

29.4% (0.095 ng/ml2)

Transition zone PSA density

0.769 0.265 ng/ml2

85.3%

57.8%

36.4% (0.185 ng/ml2)
12.7% (0.125 ng/ml2)

Peripheral zone PSA density 0.617 0.255 ng/ml
PSA>10 ng/ml (N=238)

Specificity at 90% sensitivity % (Cut-off value)

73.5%

51.0%

PSA

0.768

17.35 ng/ml

82.3%

62.0%

33.3% (12.54 ng/ml)

PSAD density

0.831 0.465 ng/ml2

77.7%

73.1%

51.9% (0.295 ng/ml2)

Transition zone PSA density 0.835 0.795 ng/ml2

86.9%

68.5%

73.8% (0.715 ng/ml2)

Peripheral zone PSA density 0.767 0.755 ng/ml2

83.8%

58.3%

30.6% (0.535 ng/ml2)

2

*AUC: areas under the receiver operator curve.

Figure 2. The ROC curve (AUCs) for prostate specific antigen (PSA), PSA density (PSAD), transition zone PSA density (TZPSAD) and peripheral zone PSA
density (PZPSAD) as continuous variables in predicting PCa in patients with
PSA ≤ 10 ng/ml.

would be judged by a third pathologist when
two pathologists made the different diagnosis.
The clinical parameters such as age, PSA level,
peripheral zone volume of prostate gland (PZV),
transition zone volume of prostate gland (TZV),
nodules detected by TRUS, the pathological
type and Gleason score were recorded. We
used TRUS to measure total prostate volume
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(TPV) and TZV with the formula for a prolate ellipsoid (length × width × height × 0.52).
TPV minus TZV equals to PZV.
Prostate-specific antigen densities (PSAD), PSAD for peripheral zone (PZPSAD), PSAD for
transition zone (TZPSAD) were
calculated by dividing PSA by
TPV, PZV, and TZV, respectively. The nodules detected by
TRUS were defined as the positive findings. According the
novel prostate cancer grading
system [8], we reclassified
the patients by the new five
grades based on the revised
original Gleason score: group
1 (Gleason score ≤ 6), group 2
(Gleason score 3+4=7), group
3 (Gleason score 4+3=7), group 4 (Gleason score 8), and
group 5 (Gleason score 9-10).

The statistical analysis was
conducted with the software
of IBM SPSS Statistics Version 20 (IBM Corp.
U.S.A.). The difference of the means of age,
PSA level, TPV, PSAD, PZV, TZV, PZPSAD,
TZPSAD were compared by the independent
samples t-test. Areas under the receiver operating characteristic (ROC) curve (AUC) were
applied to evaluate the performances of PSA,
PSAD, PZPSAD and TZPSAD in detecting PCa.
The cut-off value was simultaneously identified
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Table 3. AUCs*, sensitivity and specificity of best cut-off value and specificity at 90% sensitivity for prostate specific antigen (PSA), PSA density
(PSAD), transition zone PSA density (TZPSAD) and peripheral zone PSA density (PZPSAD) in patients with positive & negative TRUS** findings,
and negative TRUS findings accompanied with PSA ≤ 10 ng/ml
Factors
Positive TRUS findings (N=154)

Negative TRUS findings (N=220)

AUC

Best Cut-off
value

Sensitivity % Specificity %

Specificity at 90% sensitivity % (Cut-off value)

PSA

0.769

11.37 ng/ml

77.1%

67.3%

38.8% (6.99 ng/ml)

PSAD density

0.808

0.285 ng/ml2

78.1%

73.5%

49.0% (0.185 ng/ml2)

Transition zone PSA density

0.827

0.671 ng/ml2

81.9%

71.4%

49.0% (0.380 ng/ml2)

Peripheral zone PSA density

0.764

0.496 ng/ml

79.0%

65.3%

36.7% (0.335 ng/ml2)

2

PSA

0.751

19.95 ng/ml

61.0%

85.1%

29.8% (7.73 ng/ml)

PSAD density

0.801

0.278 ng/ml2

79.7%

74.5%

24.2% (0.125 ng/ml2)

Transition zone PSA density

0.820

0.710 ng/ml2

78.0%

82.6%

43.5% (0.305 ng/ml2)

Peripheral zone PSA density

0.750

0.755 ng/ml2

69.5%

77.6%

25.5% (0.295 ng/ml2)

0.650

7.42 ng/ml

81.8%

58.0%

17.4% (5.41 ng/ml)

PSAD density

0.680

0.225 ng/ml2

54.5%

91.3%

15.9% (0.095 ng/ml2)

Transition zone PSA density

0.742

0.575 ng/ml2

63.6%

89.9%

17.8% (0.175 ng/ml2)

Peripheral zone PSA density

0.582

0.385 ng/ml

45.5%

75.4%

17.4% (0.195 ng/ml2)

Negative TRUS findings accompanied with PSA ≤ 10 ng/ml (N=90) PSA

2

*AUC: areas under the receiver operator curve. **TRUS: transrectal ultrasound.
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Figure 3. The ROC curve (AUCs) for prostate specific antigen (PSA), PSA density (PSAD), transition zone PSA density (TZPSAD) and peripheral zone PSA
density (PZPSAD) as continuous variables in predicting PCa in patients with
negative TRUS findings.

using the ROC curve and the best cut-off value
was defined as the maximum value of sensitivity plus specificity (%). Spearman rank correlation analysis was used to find the association
between the novel Gleason grading system and
PSA derivatives. P value below 0.05 was considered statistically significant.
Results
Among all 374 cases, there were 164 cases
(43.9%) diagnosed as PCa. 136 cases (36.4%)
with the level of PSA ≤ 10 ng/ml. And 154
cases (41.2%) had the visually suspicious
lesion detected by transrectal ultrasound. The
clinical information of all the patients with and
without PCa was shown in Table 1. Age, TPV,
TZV, PSA, PSAD, TZPSAD and PZPSAD were all
found significantly different between the PCa
patients group and the non-PCa patients group
(P<0.001).
The AUCs for PSA, PSAD, TZPSAD and PZPSAD
as continuous variables in predicting PCa in all
patients were 0.756, 0.820, 0.839 and 0.762,
respectively. ROC curve analyses implied that
the AUC regarding the TZPSAD and PSAD was
higher than that regarding PZPSAD with a P
value of 0.009 and 0.041, respectively (Figure
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1; Table 2). This suggested
that the TZPSAD had higher
accuracy in predicting PCa.
When the best TZPSAD cutoff as 0.694 ng/ml2 was chosen, the sensitivity on predicting PCa was 80.5%, which
was higher than those in the
cases of PSA (65.2%), PSAD
(78.6%) and PZPSAD (67.1%);
the specificity was 79.0%, which was approximated to that
in the cases of PSA (80.5%)
and higher than those with
PSAD (73.8%) and PZPSAD
(75.5%). With 90% sensitivity
for detecting PCa in all patients, TZPSAD revealed 51.0%
specificity at the cutoff value
of 0.371 ng/ml2, which was
higher than the specificity
with PSA, PSAD and PZPSAD
(32.4%, 50.5% and 33.3%,
respectively).

We then divided the study cohort into two
groups by the PSA levels. In the group of
patients with a PSA level ≤ 10 ng/ml (PSA greyzone), the AUCs for PSA, PSAD, TZPSAD and
PZPSAD as continuous variables in predicting
PCa were 0.572, 0.719, 0.769 and 0.617,
respectively (Table 2). TZPSAD still had a better
diagnostic efficacy than PZPSAD did (P=0.02)
(Figure 2). At 90% sensitivity for detecting PCa,
TZPSAD revealed a specificity of 36.4%, which
was higher than those with PSA, PSAD and
PZPSAD. When we chose 0.185 ng/ml2 as the
cut-off value, it can reduce unnecessary biopsy
by 7.0% and 23.7% compared to PSAD and
PZPSAD, respectively. Similar results were also
found in patients with a PSA level above 10 ng/
ml (Table 2).
In order to investigate the diagnostic efficacy of
TZPSAD further, we re-divided patients into two
groups by the TRUS findings (positive & negative findings in TRUS). From Table 3 and Figure
3, it implied that TZPSAD still had a higher AUC
than PSA, PSAD and PZPSAD in detecting PCa.
However, we didn’t find any statistical significance among them in ROC analysis. In the
group with negative TRUS findings, when we
chose 0.305 ng/ml2 as the cut value of TZPSAD
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Figure 4. The ROC curve (AUCs) for prostate specific antigen (PSA), PSA density (PSAD), transition zone PSA density (TZPSAD) and peripheral zone PSA
density (PZPSAD) as continuous variables in predicting PCa in patients with
negative TRUS findings accompanied with PSA ≤ 10 ng/ml.

at 90% sensitivity, it can reduce unnecessary
biopsy by 19.3% and 18.0% compared to PSAD
and PZPSAD, respectively. We then analyze the
diagnostic efficacy of TZPSAD in patients who
had both negative TRUS findings and a PSA
level of ≤ 10 ng/ml. Though TZPSAD had a
highest AUC, no difference was found between
them and their specificity at 90% sensitivity
was similar (Table 3; Figure 4).
Spearman rank correlation analysis showed
that PSA level, PSAD, TZPSAD and PZPSAD
were all significantly associated with the grade
groups of Gleason score (P<0.001). The correlation coefficients were 0.492, 0.484, 0.469
and 0.484, respectively, which means these
four derivatives were elevated with the rise of
the grades of the novel Gleason groups, (Table
4).
Discussion
PSA is a serine proteinase synthesized by prostate epithelial cells. It is widely used in the early
detection and surveillance of PCa. However,
PSA is just an organ-specific biomarker, but not
cancer-specific. An increase in the serum level
of PSA can be observed in many other occa-
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sions such as BPH, prostatitis, acute urinary retention,
and some urological procedure, e.g. DRE, TRUS and cystoscopy [9]. Besides, PSA level also increases with aging.
Therefore, PSA alone is probably no longer a best indicator
of prostate biopsy. Moreover,
the prostate biopsy can cause
some complications such as
infection, hematuria and hematospermia [10-12]. Recently,
more and more researches
have focused on the approaches developed to reduce
the unnecessary biopsy and
the missing diagnosis of PCa.
For example, PSAD, TZPSAD
and several other PSA derivatives were often used to guide
the indication of biopsy in clinical trials [4, 5, 13].

In our study, we revealed that
TZPSAD was a rational complementary derivative in predicting PCa, which
was similar to other studies [13]. Our findings
showed that TZPSAD owned a higher diagnostic efficacy than PZPSAD, especially in the
patients with a PSA level ≤ 10 ng/ml, which
indicated that TZPSAD could be used as a better complementary index in PSA grey-zone.
Using TZPSAD would reduce the unnecessary
biopsy compared to PZPSAD. However, some of
studies suggested that PZPSAD was a more
effective predictor [4, 5]. The main reason of
the difference might be as follows: PCa usually
occurs in peripheral zone and seldom causes
the hyperplasia in transition zone. The tumor
can damage prostate basal membrane, causing the leakage of PSA into the blood circulation
[7]. On the other side, BPH is more likely to
occur in transition zone of prostate [14]. Both
peripheral and transition zone of prostate contribute to the PSA level. When the PSA level of
two patients is the same, the one who has a
higher TZPSAD means he owns a smaller transition zone volume. In another word, the peripheral zone of prostate or the leakage of PSA in it
makes more contribution to his total serum
PSA level. Thus, he is more likely to have PCa.
Therefore, TZPSAD is a more accurate variable
than PZPSAD in predicting PCa. It can eliminate
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Table 4. The relationship between Gleason Grade Group and prostate specific antigen (PSA), PSA
density (PSAD), transition zone PSA density (TZPSAD) and peripheral zone PSA density (PZPSAD)
Gleason Grade Group
1 (N=36)
2 (N=27)
3 (N=41)
4 (N=37)
5 (N=23)

PSA*

PSA density*

19.82±18.42
24.23±27.60
55.26±78.39
169.32±3.76
246.99±279.68

0.55±0.60
0.75±1.31
1.15±1.32
3.91±9.66
6.18±10.14

Transition zone PSA
density*
1.32±1.54
2.19±3.13
3.49±4.04
14.16±42.58
17.48±39.21

Peripheral zone PSA
density*
1.09±1.44
1.22±2.30
1.94±2.28
6.00±12.58
11.74±16.28

*Spearman rank correlation analysis: P<0.01.

some cases of PSA elevation caused by BPH
and thereby avoid the unnecessary ultrasoundguided biopsy.
Our study also found that adjusting PSA to
respective prostate volume, especially for transition zone volume, can increase the specificity
of PSA in detecting PCa. Similar results were
reported in a multicenter study which compared various PSA derivatives. The authors
showed 14.3%, 20.2%, and 26.2% specificity
for PSA, PSAD, and TZPSAD at 90% sensitivity,
respectively [15]. The results were lower than
those in our study. Our smaller sample might
attribute to this difference. Besides, our
patients were all from south China. It was
always reported that Asian men had a much
lower incidence of PCa, compared with other
races [16].
Furthermore, we analyzed the association
between Gleason score and TZPSAD. Gleason
score is the most commonly used and most
important histopathological grading system for
PCa. As Gleason grading has a good relationship with biological behavior and prognosis, it
has become one of the important indicators for
the treatment and prognosis of PCa [17].
However, the prognosis of patients with a
Gleason score of 3+4=7 and 4+3=7 was different according to the clinical practice, which
didn’t show in the current Gleason system. The
novel PCa grading system published in 2015
[8] has a more accurate grade stratification
than the current Gleason system and a potential to reduce overtreatment of PCa. Therefore,
we introduced the novel PCa grading system
into our study. Our results showed that TZPSAD
was elevated with the increase of grade group
of Gleason score, which suggested that TZPSAD
may predict the clinical significance of PCa.
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There remained several limitations in our study.
First, the sample size of our study is relatively
small. We recruited only 23 patients with PSA
of <4 ng/ml and detected 5 cases of PCa.
Therefore, it’s difficult and meaningless to analyze the diagnostic efficacy of PSA and its derivatives in this range. Secondly, as mentioned
before, PSA is elevated with the increase of
age. The age of our sample ranges from 51 to
93. We didn’t divide our cases by the age, which
needs a further investigation in the future
research. Thirdly, in addition to PSA derivatives,
the novel diagnostic biomarkers and imaging
tools have recently been introduced such as
single nucleotide polymorphisms (SNPs) [18]
and multiparametric magnetic resonance imaging (mpMRI) [19, 20]. Further studies are
required to compare the diagnostic efficacy of
TZPSAD and these new tools for detecting PCa.
In conclusion, TZPSAD can be used as a more
reliable index of PSA for diagnosis of PCa than
PZPSAD do, especially in the patients who have
elevated PSA within grey-zone. It can reduce
the cases of the unnecessary prostate biopsy
and may be utilized as a potential predictor for
the prognosis of PCa. TZPSAD also shows the
best performance in predicting PCa in both
patients with and without visually suspicious
lesion detected by TRUS.
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