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Objective: The aim of this study was to explore the value of the prostate-specific antigen
(PSA) levels, the ratio of free PSA to total PSA (fPSA/TPSA), the PSA density (PSAD),
digital rectal examination (DRE), transrectal prostate ultrasound (TRUS), and multipara-
meter MRI (MP-MRI) in the differential diagnosis of benign prostatic hyperplasia (BPH) and
prostate cancer (PCa).

Methods: From February 2016 to September 2019, data from 620 patients who underwent
systematic transrectal ultrasound-guided prostate biopsy (STURS-PB) in our hospital were
retrospectively collected, including the PSA levels, the fPSA/TPSA ratio, the PSAD, DRE,
TRUS, MP-MRI, prostate volume, and other clinical data.

Results: Among the 620 patients, 249 patients were in the PCa group, and 371 patients in
the BPH group. The positive puncture rate was 40.16%. The positive predictive values of
DRE, TRUS, mpMRI, and TPSA levels for PCa were 39.91%, 39.38%, 64.14%, and
41.57%, respectively; the sensitivity of these parameters was 37.35%, 51.41%, 74.69%,
and 57.43%, respectively; and the specificity of these parameters was 62.26%, 46.90%,
71.97%, and 45.82%, respectively. When the TPSA concentration was in the range of
4-20 ng/mL, the positive puncture rate of STURS-PB was 23.18%, with a high rate of
misdiagnosis. When the TPSA concentration was in the range of 4-20 ng/mL, the fPSA/
TPSA ratio was 0.15, the PSAD was 0.16, the comprehensive evaluation of PCa was optimal
(the sensitivity of these parameters was 88.85% and 84.09%, respectively; the specificity was
80.17% and 67.29%, respectively; the positive predictive value was 57.41% and 51.39%,
respectively). When the TPSA concentration >4 ng/mL, the fPSA/TPSA ratio <0.15 and the
PSAD >0.16, the sensitivity, specificity, and correctness index of the PCa and BPH diagnosis
were 80.54%, 82.75%, and 67.07%, respectively.

Conclusion: When using DRE, TRUS, and MP-MRI to screen for PCa, MP-MRI has
a relatively high sensitivity and specificity. Using these three thresholds (TPSA >4 ng/mL
combined with an fPSA/TPSA ratio <0.15 and a PSAD >0.16) is significantly better than
using TPSA levels alone for the differential diagnosis of PCa and BPH.

Keywords: total prostate-specific antigen, free prostate-specific antigen, prostate-specific

antigen density, prostate cancer, benign prostatic hyperplasia

Introduction

Prostate cancer (PCa) is the most common male tumor in Europe and the US, and it
has the second highest mortality rate among male tumors. Although the incidence of
prostate cancer in Asia is lower than that in Europe and the US, it has been increasing
rapidly in recent years.'* It has been reported that the 5-year survival rate of early PCa
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can be as high as 99% after timely and reasonable treatment.
Therefore, diagnosing PCa safely, early, and accurately has
been a major focus of urologists.”

At present, the diagnostic methods of PCa include
digital rectal examination (DRE), prostate-specific antigen
(PSA), transrectal prostate ultrasound (TRUS), and multi-
parameter MRI (MP-MRI), but systematic transrectal
ultrasound-guided prostate biopsy (STURS-PB) is the
gold standard for the diagnosis of PCa.'* STURS-PB
can obtain prostate tissue samples and make pathological
diagnoses of PCa.®” However, because STURS-PB is an
invasive test, the procedure is painful and difficult for
patients, and it can be accompanied by many complica-
tions, such as hematuria, urinary retention, hemospermia,
and infection, which are not suitable for routine
screening.®™® Therefore, it is of great clinical significance
to determine the need for STURS-PB according to the
results of DRE, PSA, PSA-related indexes, TRUS, and
MP-MRI. Although DRE, PSA, PSA-related indexes,
TRUS, and MP-MRI can significantly improve the posi-
tive diagnostic rate of STURS-PB and reduce unnecessary
punctures and economic burdens for patients, there are
also problems with these methods, such as insufficient
sensitivity and specificity, especially when the PSA ranges
from 4-20 ng/mL."%"> Accordingly, the clinical data from
620 patients who underwent STURS-PB in our hospital
were collected, and the patients were divided into two
groups (BPH group and PCa group). The diagnostic effi-
ciency of TRUS, DRE, and MP-MRI was analyzed, and
the critical values of the fPSA/TPSA ratio and the PSAD
for diagnosing PCa was determined when the TPSA levels
ranged from 4-20 ng/mL. Furthermore, the clinical value
of the fPSA/TPSA and the PSAD thresholds for the differ-
ential diagnosis of PCa and BPH when the TPSA levels >4
ng/mL was discussed.

Data and Methods

Inclusion Criteria and Exclusion Criteria

The clinical data of 620 patients who underwent STURS-
PB in our hospital from February 2016 to September 2019
were collected and analyzed retrospectively. The inclusion
criteria were as follows: 1) STURS-PB patients; 2) patho-
logical diagnosis of PCa or BPH; and 3) complete clinical
data. The exclusion criteria were as follows: 1) pathological
diagnosis was not prostate cancer or hyperplasia; and 2)
incomplete clinical data. The study was performed in accor-
dance with the ethical standards of the institutional and/or

national research committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. The study was approved by the ethics committee
of The First Affiliated Hospital of Xi’an Jiaotong
University and all participants signed informed consent.

STURS-PB and Clinical Data Collection
STURS-PB has been described in previous research.'®'’
The clinical data, including the PSA levelsl, the fPSA
levels, the prostate volume, the fPSA/TPSA ratio, the
PSAD, transrectal ultrasound, DRE and MP-MRI, were
collected and analyzed. The TPSA and fPSA levels are
determined by the chemiluminescence method. The detec-
tion instrument was an automatic chemiluminescence
immunoanalyzer from Beckman Coulter Company in the
US. The kit was provided by the company and operated by
special personnel. The ultrasound diagnosis was per-
formed using the PHILIPS HD-11 GE-VOLUSION 730
EXPERT color Doppler ultrasound diagnostic instrument,
and the probe frequency was 6—12 MHz. The prostate was
observed by the rectum; the anterior, posterior, left, right,
upper diameter, and lower diameter of the prostate were
measured. The prostate volume was calculated according
to the formula: prostate volume=(front and rear diameterx-
left and right diameterxupper and lower diameter)xmw/6.
The PSAD was calculated according to the following for-
mula: PSAD=PSA/prostate volume. MP-MRI was per-
formed using a ge-3.0 clinical MRI scanner (twin speed
scanner, General Electric Medical System, USA).

Statistical Methods

SPSS19.0 statistical software was used for analysis, and
the measurement data were expressed as x+s. The one-
sample K-S test was used to assess the normal distribution of
continuous variables before performing further comparisons.
Student’s #-test and the Wilcoxon test were used to compare
clinical characteristics between the PCa group and BPH group.
Categorical data were expressed as percentages, and compar-
isons between groups were made using the y” test or Fisher’s
exact test. When P<0.05, the difference was significant.

Results

Positive Predictive Value, Sensitivity, and
Specificity Analysis of DRE, TRUS,
MP-MRI, and TPSA Levels

Among 620 patients, 249 patients were in the PCa group,
and 371 patients were in the BPH group. The positive
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puncture rate was 40.16%. As shown in Table 1, the positive
predictive values of DRE, TRUS, mpMRI, and the TPSA
levels for PCa were 39.91%, 39.38%, 64.14%, and 41.57%,
respectively; the sensitivity of these parameters was 37.35%,
51.41%, 74.69%, and 57.43%, respectively; and the specifi-
city of these parameter was 62.26%, 46.90%, 71.97%, and
45.82%, respectively. As shown in Table 2, when the TPSA
levels ranged from 4-10 ng/mL and 10-20 ng/mL, the
positive puncture rates for STURS-PB are 17.24% and
25.97%, respectively. When the TPSA levels ranged from
4-20 ng/mL, the positive puncture rate for STURS-PB was
23.18%. The results showed that when the PSA ranged from
4-20 ng/mL, the positive puncture rate for STURS-PB was
not high, and there was a high negative puncture rate.

Comparison of the TPSA Levels, fPSA/
TPSA Ratio, Prostate Volume, and PSAD
Between the BPH Group and PCa Group
When the TPSA Levels Were in the
Range of 4-20 ng/mL

As shown in Table 3, there was no significant difference in the
TPSA levels (11.02+5.14 vs 12.25+4.52, P=0.109) between
the BPH group and the PCa group. The fPSA/TPSA ratio
(0.23+0.17 vs 0.15+0.06, P=0.005) and prostate volume
(71.79432.45 vs 41.51£19.12, P=0.021) were significantly
higher in the BPH group than in the PCa group, but the

Table | Analysis of the Positive Predictive Value, Sensitivity, and
Specificity of Different Examination Methods

Parameter Positive Sensitivity Specificity
Predictive
Value
DRE 39.91% (93/233) 37.35% (93/249) 62.26% (231/371)
TRUS 39.38% (128/325) | 51.41% (128/249) | 46.90% (174/371)
mpMRI 64.14% (186/290) | 74.69% (186/249) | 71.97% (267/371)
TPSA (ng/mL) | 41.57% (143/344) | 57.43% (143/249) | 45.82% (170/371)

Abbreviations: DRE, digital rectal examination; TPSA, total prostate-specific anti-
gen; TRUS, transrectal prostate ultrasound; mpMRI, multiparameter MRI.

Table 2 Comparison of the Puncture Positive Rate Across
Different TPSA Concentrations

Parameter Scope (n) Positive Puncture Rate (%, n)
TPSA (ng/mL) | 4~10 (145) 17.24% (25/145)

10~20 (308) | 25.97% (80/308)

4~20 (453) 23.18% (105/453)

>20 (167) 86.82% (144/167)

Table 3 Comparison of TPSA Levels, fPSA/TPSA Ratios, Prostate
Volumes, and PSAD Levels Between the BPH Group and PCa
Group When the TPSA Concentration Ranged from 4-20 ng/mL

Group TPSA FPSA/ Prostate PSAD
(ng/mL) TPSA Volume (mL)

BPH (348) 11.025.14 | 0.23+0.17 | 71.79+32.45 0.13+0.06

PCa (105) 12.25+4.52 | 0.15£0.06 | 41.51£19.12 0.21£0.11

P 0.109 0.005 0.021 0.011

PSAD (71.79+£32.45 vs 41.51£19.12, P=0.011) was signifi-
cantly lower in the BPH group than in the PCa group (P<0.01).

When the TPSA Levels Ranged from
4-20 ng/mL, Comparison of Different
fPSA/TPSA Thresholds in the Diagnosis of

PCa

Table 4 shows the results of different fPSA/TPSA cutoff
values for the sensitivity, specificity, and positive predictive
values for BPH and PCa discrimination when the TPSA
levels ranged from 4-20 ng/mL. When the fPSA/TPSA
ratio was 0.15, the comprehensive evaluation of PCa screen-
ing was optimal (the sensitivity was 88.85%, the specificity
was 80.17%, and the positive predictive value was 57.41%).

When the TPSA Levels Ranged from
4-20 ng/mL, Comparison of Different
PSAD Thresholds in the Diagnosis of PCa

Table 5 shows the results of different PSAD cutoff values for
the sensitivity, specificity, and positive predictive values for
BPH and PCa discrimination when the TPSA levels ranged
from 4-20 ng/mL. When the PSAD was 0.16, the compre-
hensive evaluation of PCa screening was optimal (the sensi-
tivity was 84.09%, the specificity was 67.29%, and the
positive predictive value was 51.39%).

Comparison of Different Index
Thresholds for Diagnosing PCa When the
TPSA Levels >4 ng/mL

Table 6 shows the sensitivity, specificity, and positive
predictive values for PCa when the TPSA levels were
>4.0 ng/mL, the fPSA/TPSA ratio <0.15, and the PSAD
>0.16. As shown in Table 6, when the TPSA levels were
>4.0 ng/mL, the fPSA/TPSA ratio <0.15, and the PSAD
>0.16, the comprehensive evaluation of PCa screening was
optimal (the sensitivity was 80.54%, the specificity was
82.75%, and the positive predictive value was 67.07%).
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Table 4 Comparison of Different fPSA/TPSA Thresholds to Diagnose PCa Between the BPH Group and the PCa Group When the

TPSA Concentration Ranged from 4-20 ng/mL

fPSA/ True False True False Sensitivity Specificity Positive Predictive
TPSA Positive Negative Negative Positive (%) (%) Value (%)

0.13 66 39 315 33 62.86 90.51 66.67

0.14 84 21 291 57 80.00 83.26 59.57

0.15 93 12 279 69 88.85 80.17 57.41

0.16 96 9 258 99 91.43 74.14 49.23

0.17 99 6 216 132 94.28 62.07 42.86

Table 5 Comparison of Different PSAD Thresholds to Diagnose PCa Between the BPH Group and the PCa Group When the TPSA

Concentration Ranged from 4-20 ng/mL

PSAD | True False True False Sensitivity Specificity Positive Predictive
Positive Negative Negative Positive (%) (%) Value (%)

0.14 123 9 66 255 93.18 20.56 32.29

0.15 114 18 135 186 86.36 42.06 38.00

0.16 11 21 216 105 84.09 67.29 51.39

0.17 99 33 240 8l 75.00 7476 55.00

0.18 84 48 273 48 63.63 85.05 63.63

Table 6 Comparison of Diagnostic Values of PCa When the

TPSA Concentration >4 ng/mL

Diagnostic FPSA/ PSAD>0.16 | FPSA/TPSA<0.15

Value TPSA<0.15 PSAD>0.16

True positive 179 169 149

True negative 216 300 360

False positive 195 114 75

False negative 30 39 36

Total 620 620 620

Sensitivity (%) 85.64 82.04 80.54

Specificity (%) | 52.55 72.46 82.75

Correct index 38.19 48.18 67.07
Discussion

PCa is one of the most common malignant diseases in
males, and the incidence rate has been increasing in
recent years.'” The early detection and diagnosis of
PCa is of great clinical significance.'” DRE and TRUS
are important methods for the early detection of PCa.
They have the advantages of simplicity and reproduci-
bility, but both have the disadvantages of low specificity
and sensitivity.'® % It has been reported that the false
negative rate of TRUS is as high as 30-45%, while the
missed diagnosis rate of DRE alone is as high as
48-85%.%'2% In this study, we found that the positive
predictive value of DRE and TRUS in PCa screening

was 39.91% and 39.38%, respectively; the sensitivity
was 37.35% and 51.41%, respectively; and the specifi-
city was 62.26% and 46.90%, respectively. The results
suggested that the sensitivity and specificity of TRUS for
PCa were low, but the sensitivity and specificity of DRE
for PCa were relatively high. The reasons for this result
are mainly related to the size of the lesion, the location
of the lesion, the level of operator experience, and the
subjective consciousness of the examiner. In recent
years, MP-MRI has attracted increasing attention in the
early diagnosis of PCa. It has been reported that the
sensitivity and specificity of MP-MRI for PCa diagnosis
range from 54-82% and 46-91%, respectively.***> In
this study, we found that the positive predictive value
of MP-MRI for PCa diagnosis was 64.14%, the sensitiv-
ity was 74.69%, and the specificity was 71.97%. The
results suggest that multiparameter MRI has high sensi-
tivity and specificity in the diagnosis of PCa and has
important clinical value for the early screening of PCa.

PSA is the most important marker for the early detec-
tion and identification of PCa. It has high organ specificity
(not disease specificity), so both PCa and BPH lead to an
increase in the PSA.>°?® It is suggested that there is
a large overlap of PSA levels in BPH and PCa patients,
so the examination of PSA levels alone affects the differ-
ential diagnosis of BPH and PCa.’*® In this study, we
found that the positive predictive value of the PSA alone
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for the diagnosis of PCa was 41.57%, the sensitivity was
57.43%, and the specificity was 45.82%. The results sug-
gest that the PSA alone has low sensitivity and specificity
in the diagnosis of PCa. Currently, a novel immunosensor
constructed via the assembly of prostate-specific antibo-
dies on the surface of Au@Pt NCs shows high sensitivity
and specificity and shows promise.>*~° It is suggested that
the serum PSA level is above the normal range in approxi-
mately 21-47% of BPH patients, and a high PSA level
leads to unnecessary STURS-PB and limits its value as
a screening method for PCa.?®*'? In this study, we found
that when the TPSA levels ranged from 4-20 ng/mL, there
was no significant difference in the TPSA concentration
between the BPH group and the PCa group (11.08+5.14 vs
12.25+4.52, P=0.109), and the positive puncture rate of
STURS-PB was 23.18%. The results showed that when
the PSA ranged from 4-20 ng/mL, the TPSA levels of the
BPH group and PCa group overlapped, the positive punc-
ture rate of STURS-PB was not high, and the negative
puncture rate was high.

At present, it is suggested that the fPSA/TPSA ratio and
the PSAD can increase the positive predictive value of PSA
for PCa when the PSA concentration ranges from 4-10
ng/mL, thus reducing unnecessary biopsies.>> Because of
the overlap of TPSA levels between the BPH group and PCa
group at a concentration of 4-20 ng/mL and because of the
high negative puncture rate, we explored the optimal values
for the fPSA/TPSA ratio and the PSAD for diagnosing PCa
when the TPSA levels ranged from 4-20 ng/mL. In this
study, we found that when the PSA levels ranged from 4-20
ng/mL, the fPSA/TPSA ratio and the PSAD were signifi-
cantly different between the PCa group and BPH group, and
when the fPSA/TPSA ratio was equal to or less than 0.15
and the PSAD was equal to or greater than 0.16, the screen-
ing and diagnosis efficiency of PCa was optimal (the sensi-
tivity of these parameters was 88.85% and 80.17%, and the
specificity was 84.09% and 67.29%, respectively). The
threshold of the PSAD >0.16 is selected in this paper, as
the sensitivity is higher for this threshold than the sensitivity
obtained when using the recommended threshold of PSAD
>0.15 to diagnose PCa (52.0-67.9%); however, the specifi-
city is still relatively low compared to 78.9-81.0%.%** The
reason for this result may be related to the different research
objects, reagents, and detection methods. Because there are
some limitations when using PSA >4 ng/mL as the thresh-
old of PCa screening,*** we explored the diagnostic effi-
ciency of using an fPSA/TPSA <0.15 and a PSAD >0.16 as
thresholds for diagnosing PCa when the PSA levels were >

4 ng/mL. In this study, we used the principle of combining
sensitivity and specificity to find that when using these three
thresholds (PSA >4 ng/mL, fPSA/TPSA <0.15 and PSAD
>0.16) to diagnose PCa and BPH, the sensitivity, specificity,
and positive predictive value were 80.54%, 82.75%, and
67.07%, respectively. Therefore, in the differential diagno-
sis of BPH and PCa, a TPSA level >4 ng/mL combined with
an fPSA/TPSA ratio <0.15 and a PSAD >0.16 is recom-
mended for optimal screening results. However, the follow-
1) this is
a retrospective study with inherent limitations and bias

ing limitations still exist in this study:

risks; 2) the sample size of this study is small, and the
research results need to be further validated across multiple
centers and with a large sample size; and 3) the research
results only represent the cases in our center and cannot be
extended to different groups and units.
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