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Original Article
Ratio of prostate specific antigen to the outer gland
volume of prostrate as a predictor for prostate cancer
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Abstract: Objective: As a definite diagnosis of prostate cancer, puncture biopsy of the prostate is invasive method.
The aim of this study was to evaluate the value of OPSAD (the ratio of PSA to the outer gland volume of prostate) as
a non-invasive screening and diagnosis method for prostate cancer in a select population. Methods: The diagnosis
data of 490 subjects undergoing ultrasound-guided biopsy of the prostate were retrospectively analyzed. This in-
cluded 133 patients with prostate cancer, and 357 patients with benign prostate hyperplasia (BPH). Results: The
OPSAD was significantly greater in patients with prostate cancer (1.87 + 1.26 ng/ml?) than those with BPH (0.44 +
0.21 ng/ml?) (P < 0.05). Receiver operating characteristic (ROC) curve analysis revealed that the performance of
OPSAD as a diagnostic tool is superior to PSA and PSAD for the diagnosis of prostate cancer. In the different groups
divided according to the Gleason score of prostate cancer, OPSAD is elevated with the rise of the Gleason score.
Conclusion: OPSAD may be used as a new indicator for the diagnosis and prognosis of prostate cancer, and it can
reduce the use of unnecessary puncture biopsy of the prostate.
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Introduction

Prostate cancer is a disease which mainly
affects middle to aged men. It is the most com-
mon malignancy among European and Ame-
rican men, and it is the second leading cause of
death due to a cancer, behind only lung cancer
[1]. China has a relatively low incidence of pros-
tate cancer. However, with the rise in life expec-
tancy, changes in lifestyle and application of
new diagnostic techniques, a gradually increas-
ing incidence is noted in China [2]. To confirm
the diagnosis of prostate cancer, puncture bio-
psy of the prostate is the usual choice but this
is invasive and has several complications [3]. In
clinical practice, many subjects undergo punc-
ture biopsy of the prostate after having tested
with an elevation of the serum prostate-specif-
ic antigen (PSA) level. However, the consider-
able overlap in PSA levels among the men with
benign prostate hyperplasia (BPH) usually lea-
ds to unnecessary puncture biopsy of the pros-
tate. It is indicated that PSA density (PSAD) and
the ratio of free prostate specific antigen (FPSA)
to total prostate specific antigen (TPSA) can

help in reducing the numbers of unnecessary
and the negative prostate biopsies, but the sen-
sitivity and specificity remain unsatisfactory [4].
It is reported that the inner gland (transition
zone) of the prostate is the exclusive site of BPH
origin, while almost all carcinomas arise from
the outer gland (including peripheral and cen-
tral zones) [5]. Transrectal ultrasound is found
to clearly display the zonal anatomy of the pros-
tate and precisely measure the prostate vol-
ume. It is therefore hypothesized that OPSAD
(the ratio of PSA to the volume of the outer
gland of prostate) could be used as an indicator
for diagnosis of prostate cancer, to enhance the
rate of the positive prostate biopsy and reduce
the use of unnecessary puncture biopsy of the
prostate.

Subjects and methods
Subjects

In the present study, the medical records of the
subjects undergoing the puncture biopsy of the
prostate in our hospital during the period from
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Table 1. Demographic and basic characteristics of pa-
tients with BPH and prostate cancer

Characteristic BPH PCA P value

No. of cases 357 133

Age (mean + SD, years) 69.8+76 704+70 >0.05
PSA (mean £ SD, ng/ml) 11.8+79 37.8+35.6 <0.05
PV (mean + SD, ml) 52 + 17 39+10 <0.05
PSAD (mean + SD, ng/ml?) 0.21+0.11 0.93+0.82 <0.05

diameter x transverse diameter x ant-
eroposterior diameter of the inner gl-
and of the prostate [6], and the volume
of the outer gland of the prostate (OPV,
ml) = the prostate volume (PV)- the vol-
ume of the inner gland of the prostate
(IPV).

PSAD was estimated using the follow-

OPV (mean + SD, ml) 25+9 177

OPSAD (mean + SD, ng/ml?) 0.44 +0.21 1.87 + 1.26 < 0.05

<0.05 ing formula: PSAD (ng/ml?) = PSA/

prostate volume. OPSAD was estimat-

BPH, benign prostate hyperplasia; PCA, prostate cancer; PSA, prostate-
specific antigen; PV, prostate volume; PSAD, prostate-specific antigen
density; OPV, the outer gland volume of prostate; OPSAD, the ratio of
prostate specific antigen to the outer gland volume of prostrate.

January 2010 to December 2013 were retro-
spectively analyzed, so as to evaluate the value
of OPSAD for diagnosis of prostate cancer and
screening of the subjects with puncture biopsy
of the prostate. The study received institutional
review board approval.

During the study period, 490 subjects under-
went ultrasound-guided puncture biopsy of the
prostate in our hospital due to elevation of the
serum PSA level, or suspected nodes revealed
by the digital rectal examination or ultrasonog-
raphy.

Determination of PSA

The TPSA was determined using luminescent-
labeled immunometric assays following the
manufacturer’s instructions (Sorin Group; Mo-
dena, MO, Italy).

Puncture biopsy of the prostate

The transverse diameter, anteroposterior diam-
eter and supero-inferior diameter of the pros-
tate gland on the whole and the inner glandular
structure of the prostate were measured using
the ATL 5000 transrectal ultrasound system
equipped with an end-fire probe with frequency
of 510-910 MHz (Advanced Technology Labor-
atories, Inc.; Bothell, WA, USA). The biopsy
specimens of the prostate were sampled for
pathological examinations. The prostate vol-
ume and the volumes of the inner and outer
glands of the prostate were calculated using
the following formulae.

Prostate volume (PV, ml) = 0.52 x supero-inferi-
ordiameter x transverse diameter x anteropos-
terior diameter, the volume of the inner gland of
the prostate (IPV, ml) = 0.52 x supero-inferior
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ed using the following formula: OPSAD
(ng/ml?) = PSA/the outer gland volume
of prostate.

Statistical analyses

All statistical analyses were performed using
the statistical software SPSS version 19.0
(SPSS Inc.; Chicago, IL, USA). Comparison of
the differences of the means of age, PSA level,
prostate volume, PSAD, volume of the inner
gland of the prostate, OPSAD were tested for
statistical significance with an independent
samples t-test. A P-value < 0.05 was consid-
ered statistically significant. The sensitivity and
specificity of the OPSAD, PSAD and PSA in diag-
nosis of prostate cancer were expressed using
ROC curves and the cut-off value was simulta-
neously identified using the ROC curve.

Results

The subjects had a median age of 69.9 years
(range from 54-86 years), a mean serum PSA
level of 18.1 ng/ml (range, 3.14-100 ng/ml), a
mean prostate volume of 49 ml (17-109 ml),
and a mean volume of the outer glands of the
prostate of 23 ml (7-67 ml). The pathology of
the prostate biopsy revealed prostate cancer in
133 cases and BPH in 357 cases.

The demographic and basic characteristics of
the patients with BPH and prostate cancer are
shown in Table 1. There was no significant dif-
ference in age between the patients with BPH
and with prostate cancer (P > 0.05). The PSA,
PSAD and OPSAD were significantly higher in
the patients with prostate cancer than those in
the patients with BPH (P < 0.05), while PV and
OPV of the patients with prostate cancer was
significantly smaller than that of the patients
with BPH (P < 0.05) (Figure 1).

ROC curve analysis revealed that the cut-off
value of OPSAD was 0.69 ng/ml?, when the
sensitivity was 94.7% and the specificity was
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Figure 1. A. The age difference of patients with PCA and BPH is no statistical significance (t = 0.8437, P > 0.05).
B. The PSA in patients with PCA (37.8 £ 35.6 ng/ml) is higher than that in patients with BPH (11.8 £ 7.9 ng/ml) (t
= 13.53, P < 0.05); C. The PV of patients with PCA (39 + 10 ml) is smaller than that of patients with BPH (52 + 17
ml (t = 8.073, P < 0.05)); D. The PSAD in patients with PCA (0.93 + 0.82 ng/ml?) is higher than that in patients with
BPH (0.21 + 0.11 ng/ml?) (t = 16.29, P < 0.05); E. The OPV of patients with PCA (17 + 7 ml) is smaller than that of
patients with BPH (25 + 9 ml) (t = 8.293, P < 0.05); F. The OPSAD in patients with PCA (1.87 + 1.26 ng/ml?) is higher
than that in patients with BPH (0.44 + 0.21 ng/ml?) (t = 20.65, P < 0.05); *BPH, benign prostate hyperplasia; PCA,

prostate cancer; OPSAD, the ratio of prostate specific antigen to the outer gland volume of prostrate.
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Figure 2. Comparation of the sensitivity and specificity of PSA, PSAD,
and OPSAD for diagnosis of prostate cancer by ROC curves; the AUC of
PSA was 0.772, the AUC of PSAD was 0.862, the AUC of OPSAD was
0.967 (P < 0.05). ROC, receiver operating characteristic; AUC, area un-
der curve; PSA, prostate specific antigen; PSAD, prostate specific anti-
gen density; OPSAD, the ratio of prostate specific antigen to the outer

among Chinese men. As a tool for
definite diagnosis of prostate can-
cer, the puncture biopsy of pros-
tate can improve the detection of
prostate cancer through enhancing
the punctures of the prostate [7].

The puncture biopsy of the pros-
tate is the most accurate method
for screening prostate cancer; how-
ever, it is invasive and may cause
complications like hematospermia
[8] and infection [9, 10]. Develo-
pment of the approach to reduce
the unnecessary puncture biopsy
of the prostate has been given a
high priority. It has been recently
shown that PSA-based screening
enhances the detection of prostate
cancer but is associated with a hi-
gh risk of over diagnosis and addi-
tional treatment [11]. However, it is
considered that the FPSA level can-
not be used as the only indicator
for the prostate biopsy [12]. The
FPSA/TPSA ratio is reported to
facilitate the improvement of the
detection of prostate cancer and

gland volume of prostrate.

88.2%. The ROC curves also compared the sen-
sitivity and specificity of PSA, PSAD and OPSAD
for diagnosis of prostate cancer (Figure 2). ROC
curve analyses showed that the area under the
ROC curve regarding the OPSAD was 0.917,
which was higher than those regarding PSA
(0.772) and PSAD (0.862). This suggests that
the OPSAD had the highest accuracy in predict-
ing prostate cancer.

Our findings showed that the OPSAD was relat-
ed to the Gleason score of the prostate cancer
(Figure 3). With the rise of the Gleason score,
the OPSAD was elevated (Gleason score 6 was
0.92 + 0.24 ng/ml?; Gleason score 7 was 2.37
+ 1.90 ng/ml? Gleason score 8 was 3.41 *
0.35 ng/ml?), and the difference among the dif-
ferent Gleason score groups was significant by
One-way analysis (P < 0.05).

Discussion

With the rise in aging population and improve-
ment in diagnostic techniques, the incidence of
prostate cancer shows a remarkably increase
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the reduction of unnecessary pun-

cture biopsy of the prostate [13]. In
addition, the PSA velocity (PSAV) [14] and sin-
gle nucleotide polymorphisms (SNPs) [15] are
shown to improve the detection of prostate
cancer. However, PSAV is considered to have
some limitations in diagnosis of prostate can-
cer [16], and overscreening and overtreatment
are challenges in diagnosis and treatment of
prostate cancer in recent times [17]. Moreover,
it is considered that repeated prostate biopsies
are required for detection of prostate cancer in
subjects with negative prostate biopsies [18].
Therefore, a search for noninvasive methods or
predictors with a higher sensitivity and specific-
ity for screening prostate cancer is required so
as to reduce the unnecessary prostate biopsy
and missing diagnosis of prostate cancer.

Prostate cancer is found to occur predominant-
ly in the peripheral zone of the prostate, while
benign prostate hyperplasia mainly occurs in
the transition zone. It has been shown that the
PSA level in the patients with prostate cancer is
higher than that in the patients with benign
prostate hyperplasia. Considering that PSA is
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Figure 3. OPSAD of PCA is elevated with the rise of
Gleason score. Gleason score 6 was 0.92 + 0.24
ng/ml% Gleason score 7 was 2.37 + 1.90 ng/ml?%
Gleason score 8 was 3.41 + 0.35 ng/ml% The ANOVA
test showed that the difference of OPSAD among the
groups with Gleason score 6, 7 and 8 (F = 57.53, P
< 0.05). *PCA, prostate cancer; OPSAD, the ratio of
prostate specific antigen to the outer gland volume
of prostrate.

affected by the prostate volume, it is consid-
ered that PSAD may enhance the diagnosis of
prostate cancer [19]. Combined PSA and the
outer gland volume of prostate, it is hypothe-
sized that the OPSAD may serve as a new indi-
cator for diagnosis of prostate cancer.

We analyzed 490 patients performed puncture
prostate biopsy in our hospital from January
2010 to December 2013. It showed that OPSAD
in patients with prostate cancer is higher than
that in patients with benign prostate hyperpla-
sia. It also showed that PSAD had a higher diag-
nostic efficacy than the PSA alone, and OPSAD
to detect the prostate cancer was more sensi-
tive and specific compared to PSA and PSAD by
ROC curve analysis. So OPSAD was a super
method applied in the screening of prostate
cancer compared to the traditional methods of
PSA and PSAD.

The data of patients with prostate cancer were
further analyzed according to Gleason score. It
was showed that OPSAD is elevated with the
rise of Gleason score, which suggested that
OPSAD may be a better indicator to predict the
malignancy of the prostate cancer.

One of the major limitations of the present
study is its relatively small sample size. When
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the PSA level was < 4 ng/ml, there were no
prostate cancer patients detected. Further
studies to evaluate the value of OPSAD for diag-
nosis of prostate cancer with normal PSA levels
are needed due to the small sample size in the
current study. In addition, OPSAD is proposed
based on the tumors that predominantly occur
in the peripheral zone of the prostate, there-
fore, it may have some limitations in the diag-
nostic efficacy of the prostate cancer that occur
from the anterior zone or transition zone [20,
21].

From this study it can be concluded that OPSAD
may be used as a new indicator for diagnosis of
prostate cancer, and it can reduce the use of
unnecessary puncture biopsy of the prostate.
At the same time, OPSAD is related to Gleason
score, so it may be used as a new predictor for
prognosis of prostate cancer. In the future, it
needs further studies to assess the relation-
ship between OPSAD and prostate cancer with
normal PSA level.
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