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Abstract

Purpose: The purpose of the study was to evaluate the diagnostic significance of two
new and a few clinical markers for prostate cancer (PCa) at various prostate volumes
(PV).

Methods: The study subjects were divided into two groups. Among them, there were
70 cases in the PV <30ml group (benign prostatic hyperplasia [BPH]: 32 cases, PCa:
38 cases) and 372 cases in the PV>30ml group (BPH: 277 cases, PCa: 95 cases).
SPSS 26.0 and GraphPad Prism 8.0 were used to construct their receiver operating
characteristic (ROC) curves for diagnosing PCa and calculating their area under the
ROC curve (AUC).

Results: In the PV <30ml group, the diagnostic parameters based on prostate-specific
antigen (PSA) had a decreased diagnostic significance for PCa. In the PV>30ml
group, PSAD (AUC = 0.709), AVR (AVR = Age/PV, AUC = 0.742), and A-PSAD (A-
PSAD = AgexPSA/PV, AUC = 0.736) exhibited moderate diagnostic significance for
PCa, which was better than PSA-AV (AUC =0.672), free PSA (FPSA, AUC =0.509), total
PSA (TPSA, AUC = 0.563), (F/T) PSA (AUC = 0.540), and (F/T)/PSAD (AUC = 0.663).
Compared with AVR, A-PSAD exhibited similar diagnostic significance for PCa, but
higher than PSA density (PSAD).

Conclusions: Choosing appropriate indicators for different PVs could contribute to
the early screening and diagnosis of PCa. The difference in the diagnostic value of two
new indicators (A-PSAD and AVR), and PSAD for PCa may require further validation

by increasing the sample size.
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1 | INTRODUCTION

Prostate cancer (PCa) is one of the most common cancers affecting
men, especially in the western world.} The morbidity and fatality
rates associated with prostate cancer are much lower in China than
in western nations.? However, in China, due to the recent popular-
ization of screening for prostate-specific antigen (PSA), the inci-
dence of PCa has seen a noticeable upward trend.

Currently, PSA screening is the primary approach for early de-
tection and making a definitive diagnosis of PCa by performing a
prostate biopsy. PSA is the first biomarker approved by the U.S.
Food and Drug Administration (FDA) for the early screening of PCa
and because of its feasibility, ease, and rapid detection, this method
has been extensively applied in many countries for the early detec-
tion of PCa. In China, with the development of screening for PCa,
a few studies have revealed that the median PSA level of Chinese
patients who have recently been diagnosed with PCa is much higher
compared with the patients of western countries.® Furthermore,
in China, the application of PSA>4 ng/ml as the standard method
for the early screening of PCa remains controversial.*° Therefore,
improving the positive rate of prostate biopsy by combining other
relevant parameters before puncture is the current challenge for
urologists.

Age and prostatic volume (PV) were found to be significant in
the development of PCa.®” In the previous study, we had proposed
two new indicators; AVR® (AVR: ratio of patients' age to prostate
volume) and A-PSAD? (A-PSAD: age multiplied by PSA and divided
by prostate volume), for the early screening of PCa by combining the
age, PV, and PSA of patients. Given the influence of age on PSA and
PCa, we also researched the influence of PSA-based clinical indica-
tors on PCa screening in different age groups® and obtained a good
clinical outcome. Given the influence of PV in PCa screening, this
study aimed to use a PV of 30ml as the limit to examine the screen-

ing efficacy of a variety of clinical markers for PCa at distinct PVs.

2 | MATERIALS AND METHODS

2.1 | Research object

Patients who came to the General Hospital of Ningxia Medical
University from December 2015 to April 2022 and met with at
least one of the indications for puncture recommended by the
Chinese Urological Association (CUA) were included in the study.
The CUA guidelines included the following points: (1) Patients
having prostatic nodules as revealed on digital rectal examination;
(2) patients with abnormal prostate images as revealed on B-scan
ultrasonography, magnetic resonance imaging (MRI), or computed
tomography (CT); (3) patients with PSA>10 ng/ml; (4) patients
with a PSA value between 4 and 10ng/ml, an abnormal (F/T) PSA
value, or an aberrant PSAD value. The medical data of individu-
als who underwent a B-ultrasound-guided transrectal biopsy for
the first time was collected. The following criteria were used for

exclusion: (1) Patients with the infection or obstruction of the
urinary tract; (2) patients who underwent cystoscopy, prostatic
massage, digital rectal examination, and other operations 2 weeks
before PSA testing; (3) patients who had undergone a prostatic
biopsy in the past.

2.2 | Prostate biopsy

The operation was carried out by an experienced urologist, but the
prostate biopsy was not performed by the same urologist. During
the surgery, the patient was posited in the left lateral position, the
surgical area was draped and disinfected as usual, and lidocaine
glue was used as a topical anesthetic. Then, the probe was inserted
from the anus along with the puncture cannula. Subsequently, the
prostate volume was measured and after that, the standard prostate
puncture (10 needle punctures) was performed using the puncture
gun inserted from the cannula.

2.3 | Research variables

Study variables included were as follows: Age, PSAD, (F/T) PSA,
FPSA, PSA-AV,'! TPSA, AVR, (F/T)/PSAD,*?> A-PSAD, and prostate
biopsy pathology results. The measurement of FPSA and TPSA was
done with the help of an electrochemiluminescence assay kit (Roche
Diagnostic GmbH, Germany). Prostate volume (PV) was determined
with the aid of a transrectal color Doppler ultrasound (Pro Focus
2202 Ultra View, BK Medical, Herlev, Denmark). PV = 0.52 x (anter-
oposterior diameter)x (left and right diameter)x (upper and lower

diameter).

2.4 | Statistical analyses

The SPSS 26.0 statistical software was used to execute the analy-
ses of statistical data. The measured data without a normal distri-
bution were subjected to a comparison utilizing the Mann-Whitney
U test and the median (quartile) was used to express the data [M
(P25+P75)]. Count data were compared using the ;(2 test. The
GraphPad Prism 8.0 software was utilized to generate ROC of AVR,
(F/T)/PSAD, PSA-AV, PSAD, (F/T) PSA, FPSA, TPSA, and A-PSAD.
Furthermore, after computing the area under the ROC curve (AUC),
the Medcalc program was utilized to analyze the variations in the
area under the ROC curve generated by each index. p <0.05 was set

as the criterion for a significant difference.

3 | RESULT

The fundamental data of the diagnostic characteristics of the cases
of PCa and BPH are presented in Table 1 wherein each non-normally
distributed diagnostic parameter is expressed as the median
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TABLE 1 Basic data of each diagnostic parameter

A-PSAD Median

(IQR)

(F/T)/PSAD

AVR Median
(IQR)

PSAD (ng/ml/ml)
Median (IQR)

(F/T) PSA

FPSA (ng/ml)

TPSA (ng/ml)

Median (IQR)

PSA-AV Median (IQR)

Median (IQR)

Median (IQR)

Median (IQR)

29.09 (17.97-36.94)

0.22

153.19 (102.11-217.14) 2.58(2.29-2.90)

0.10 (0.06-0.16) 0.42 (0.31-0.59)

0.86(0.55-1.11)

BPH 9.07 (7.20-12.90)

PV <30ml

(0.14-0.36)

0.19

(BPH:32,
PCa:38)

36.52(24.68-55.63)

118.40(91.85-173.90) 2.90(2.49-3.80)

1.19 (0.76-2.12) 0.12(0.08-0.16)  0.57(0.39-0.84)

12.58(8.70-16.22)

PCa

(0.10-0.35)

0.054

0.011

0.024

0.202 0.028 0.134
435.42 (288.92-667.08

0.007

0.024

p

10.12 (6.84-14.30)

1.01(0.57-1.89)

0.61

0.96 (0.67-1.38)
1.57 (1.11-1.86)

0.15(0.10-0.22)

0.16 (0.12-0.21)
0.15 (0.11-0.20)

1.67 (1.13-2.50)

10.06 (7.59-14.59)
11.91 (8.61-16.44)

BPH

PCa

PV>30ml

18.02 (11.34-25.06)

287.68 (212.53-419.77)

0.25(0.17-0.35)

1.61(1.12-2.48)

(BPH:277,
PCa:95)

(0.35-1.04)
p <0.001

p <0.001

p <0.001

0.783 0.242 p <0.001 p <0.001

0.066

p

Abbreviations: (F/T) PSA, FPSA/TPSA; (F/T)/PSAD, (F/T) PSA/PSAD; A-PSAD, age multiplied by PSA and divided by PV; AVR, ratio of patients"” age to prostate volume; BPH, benign prostatic hyperplasia;

FPSA, free prostate- specific antigen; PCa, prostate cancer; PSA-AV, age multiplied by previous gland volume divided by total prostate- specific antigen; PSAD, prostate -specific antigen density; PV,

prostate volume; TPSA, total prostate- specific antigen.

(quartile). The differences between these parameters were evalu-
ated using the Z test. As depicted in Table 1, in the PV <30ml group,
considerable variations were observed in TPSA, FPSA, PSAD, AVR,
and A-PSAD between the BPH and PCa cases (p<0.05). However,
no remarkable variations were observed in (F/T)/PSAD, PSA-AV, and
(F/T) PSA between the two case groups. On the contrary, significant
variations were observed between the BPH and PCa cases in the
PV > 30ml group in terms of A-PSAD, (F/T)/PSAD, AVR, PSA-AV, and
PSAD (p <0.05), while the differences in TPSA, FPSA, and (F/T) PSA
were not statistically significant.

The ROC curves for diagnosing PCa were drafted for (F/T)/
PSAD, AVR, PSA-AV, PSAD, (F/T) PSA, TPSA, FPSA, and A-PSAD
in the PV <30ml and PV >30ml groups (Figures 1 and 2) and their
AUC, standard error (SE) and 95% confidence interval (Cl) (Table 2)
were computed. As presented in Table 2, the AUC values of FPSA,
(F/T) PSA, TPSA, PSAD, AVR, PSA-AV, (F/T)/PSAD, and A-PSAD for
diagnosing PCa were 0.657,0.689,0.653,0.589,0.653, 0.604, 0.657,
0.542, and 0.678, respectively, thus implying that when PV<30ml,
each diagnostic parameter had a lower diagnostic value for PCa.
Correspondingly, the AUC values in the PV <30ml group and were
0.563, 0.509, 0.540, 0.709, 0.672, 0.742, 0.663, and 0.736, respec-
tively, in the PV >30ml group, PSAD, AVR, and A-PSAD have mod-
erate diagnostic values for PCa.

To further evaluate the significance of each diagnostic parame-
ter for PCa, the AUC of each diagnostic parameter for PCa diagnosis
was compared (Tables 3 and 4). As presented in Table 3, when PV
<30ml, a noticeable difference was seen in the AUC of TPSA for
diagnosing PCa as compared to that of (F/T)/PSAD. Additionally, a
noticeable difference was seen in the AUC of PSAD for diagnosing
PCa as compared to that of (F/T)/PSAD. Moreover, (F/T)/PSAD and
PSA-AV had statistically significant differences in the AUC of PCa di-
agnosis as compared to A-PSAD. A significant difference in the AUC
of PCa diagnosis was not observed in the pair-wise comparison of
other diagnostic parameters.

As presented in Table 4, when PV >30ml, the AUC of PSAD
for diagnosing PCa varied significantly from that of A-PSAD,
PSA-AV, and (F/T)/PSAD (p<0.05). The AUC of PSA-AV for di-
agnosing PCa varied significantly from that of AVR and A-PSAD
(p<0.05). However, no remarkable variation was observed be-
tween PSA-AV and (F/T)/PSAD. The AUC of AVR for diagnosing
PCa varied substantially from that of (F/T)/PSAD (p<0.05), but
no remarkable variation was found between AVR and A-PSAD.
Furthermore, the AUC of (F/T)/PSAD for diagnosing PCa varied
considerably from that of A-PSAD (p<0.05). This implied that
when PV >30ml, A-PSAD, AVR, and A-PSAD might have higher
diagnostic values for PCa than other indicators. Additionally, the
variations in the sensitivity and specificity among A-PSAD, AVR,
and PSAD were compared. In Table 5, it is seen that the sensitivity
of A-PSAD for diagnosing of PCa was higher than that of PSAD
(70.53% vs. 54.74%), and the difference was statistically signifi-
cant (p<0.001). Moreover, the specificity of A-PSAD for diagnos-
ing PCa was lower than that of PSAD (71.84% vs. 80.87%), and
the difference was statistically significant (p <0.001). Though the
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FIGURE 1 ROCcurve 1, 2:In the PV <30ml group, the ROC curve of (F/T)/PSAD, AVR, PSA-AV, PSAD, (F/T) PSA, FPSA, TPSA, and A-

PSAD for diagnosing PCa.
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FIGURE 2 ROC curve 3, 4:In the PV >30ml group ROC curve of (F/T)/PSAD, AVR, PSA-AV, PSAD, (F/T) PSA, FPSA, TPSA, and A-PSAD

for diagnosing PCa.

AVR was sensitive for diagnosing PCa as compared to PSAD, no
significant statistical difference was noted in the sensitivity and
specificity (P =0.230, P =0.777).

sensitivity specificity

4 | DISCUSSION

Prostate-specific antigen is widely used as a biomarker for the
early screening of PCa; nonetheless, it is nonspecific to PCa and is
susceptible to influence from a variety of variables.'®'* Therefore,
PSA alone might not be able to distinguish between benign and
malignant prostatic diseases. Previous studies have revealed that
the increase in PV led to an increase in the serum PSA level.l®
Hence, for every 1 g increase of prostate tissue, the serum PSA
level increased substantially in patients with PCa compared to pa-
tients with BPH.X® This further increased the difficulty of distin-
guishing between BPH and PCa, especially, in the PSA gray area.
To further exclude the effect of PV on serum PSA levels, a few
scholars introduced PSAD for the identification of BPH and PCa.'”
Additionally, several research reports have postulated indicators,
including PSA-AV and (F/T)/PSAD, for the early screening of PCa.
However, a few studies have demonstrated that even if the rel-
evant parameters are introduced in the PSA grey area, the positive

rate of puncture is still low.'®1? Furthermore, a few scholars do
not recommend the usage of PSA alone in the early screening of
PCa.202 Therefore, the identification and selection of suitable in-
dicators for early PCa screening has become a sought-after direc-
tion for further research.

The latest European Association of Urology (EAU) guidelines
have updated the PSA threshold for PCa screening.?? However, be-
cause PSA is affected by several factors, like race and region; the
threshold for PSA is inconsistent at home and abroad. Presently,
in China, large-scale research data on the screening for PCa is still
lacking. The results of a meta-analysis involving 6425 cases of
screening for PCa in the Chinese population revealed that on the
usage of 4.0 ng/ml of PSA, a satisfactory clinical outcome would
be obtained.?® The latest Chinese guidelines for the screening and
early detection of PCa (2022, Beijing) has recommended the usage
of 4.0 ng/ml of PSA as the screening positive cutoff value.?* The
standard approach most widely recognized for diagnosing PCa is
by performing a prostate biopsy. Studies have revealed that the de-
tection rate of PCa for prostatic biopsy is inversely proportional to
PV.2525 Matalga et al.?” speculated that increasing the number of
needles for prostate biopsy could improve the positive rate of PCa
biopsy. However, on increasing the number of puncture points, the
incidence of complications, such as bleeding, infection, and urinary
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TABLE 3 p-values for AUC comparisons between diagnostic parameters (PV <30ml)
TPSA FPSA (F/T) PSA PSAD PSA-AV AVR (F/T)/PSAD A-PSAD

TPSA N N N N N N N
FPSA 0.658 N N N N N N N
(F/T) PSA 0.533 0.081 N N N N N N
PSAD 0.921 0.646 0.558 N N N N N
PSA-AV 0.266 0.315 0.891 0.009 N N N N
AVR 0.997 0.729 0.479 0.948 0.495 N N N
(F/T)/PSAD 0.043 0.173 0.727 0.023 0.192 0.172 N N
A-PSAD 0.630 0.884 0.407 0.185 0.036 0.749 0.010 N

Abbreviations: (F/T) PSA, FPSA/TPSA,; (F/T)/PSAD, (F/T) PSA/PSAD; A-PSAD, age multiplied by PSA and divided by prostate volume; AVR, ratio of
patients” age to prostate volume; FPSA, free prostate -specific antigen; PSA-AV, age multiplied by previous gland volume divided by total prostate-

specific antigen; PSAD, prostate- specific antigen density; TPSA, total prostate -specific antigen.

TABLE 4 p-values for AUC comparisons between diagnostic parameters (PV>30ml)

TPSA FPSA (F/T) PSA PSAD PSA-AV AVR (F/T)/PSAD A-PSAD
TPSA N N N N N N N N
FPSA 0.058 N N N N N N N
(F/T) PSA 0.615 0.618 N N N N N N
PSAD p<0.001 p<0.001 p<0.001 N N N N N
PSA-AV p<0.001 p<0.001 p<0.001 p<0.001 N N N N
AVR p<0.001 p<0.001 p<0.001 0.176 0.007 N N N
(F/T)/PSAD 0.003 0.002 p<0.001 0.010 0.578 0.002 N N
A-PSAD p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 0.831 p<0.001 N

Abbreviations: (F/T) PSA, FPSA/TPSA; (F/T)/PSAD, (F/T)PSA/PSAD; A-PSAD, age multiplied by PSA and divided by prostate volume; AVR, ratio of
patients” age to prostate volume; FPSA, free prostate -specific antigen; PSA-AV, age multiplied by previous gland volume divided by total prostate-
specific antigen; PSAD, prostate -specific antigen density; TPSA, total prostate- specific antigen.

Sensitivity Ve p Specificity
A-PSAD 70.53% 13.07 <0.001 71.84%
PSAD 54.74% 80.87%
AVR 62.11% 1.44 0.230 77.98%
PSAD 54.74% 80.87%

TABLE 5 Variations in the sensitivity

s . and specificity among A-PSAD, AVR, and
16.41 <0.001 PSAD
0.08 0.777

Abbreviations: A-PSAD, age multiplied by PSA and divided by prostate volume; AVR, ratio of
patients” age to prostate volume; PSAD, prostate- specific antigen density; TPSA, total prostate-

specific antigen.

PCa when the PV > 30ml, which may further support the role of the
two in PCa screening.

Considering that the PSA levels in serum could be affected by
a variety of factors, their influence should be fully evaluated in the
early screening of PCa to reduce unnecessary prostate biopsies. In
the previous studies conducted on evaluating the diagnostic sig-
nificance of clinical markers for PCa, the primary focus was on the
grey area of PSA (PSA in 4-10 ng/ml) or PSA ranging between 4
and 20ng/ml. Moreover, extremely few studies have explored the
diagnostic significance of clinical markers for PCa based on the PV
limit. In this study, it was discovered that in different PVs, the diag-
nostic value of each clinical index for PCa screening was different.

Although the study sample for this study was small, our study could
provide an opportunity for PCa screening in the future by using
novel ideas and selecting appropriate indicators according to the
different PVs of patients.

This study has the following limitations: (1) It is retrospective re-
search with a limited number of participants. Hence, there is a possi-
bility of selection bias; (2) the data collection in this research is done
primarily from single-centric studies. Hence, the results of this study
need to be further evaluated by using multi-centric data with large
sample sizes; (3) additionally, due to the small sample size, the cutoff
value, sensitivity, and specificity of relevant parameters, and other
related indicators need further analysis.
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When screening for early stages of PCa at varying volumes, vari- 5. Prostate cancer Group of the Chinese Anti-Cancer Association
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