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Abstract

Background and objective: This study combined two clinical indicators (age and prostate volume (PV)) to generate age to PV (AVR)
ratio, whose diagnostic value for prostate cancer (PCa) was examined based on prostate specific antigen (PSA) in the range of 4–20.0
ng/mL. Methods: The medical records of patients who underwent transrectal ultrasound-guided biopsy of the prostate in our hospital
from June 2015 to June 2019 were examined retrospectively. According to the pathological results of the biopsy, the patients were
divided into the PCa and benign prostatic hyperplasia (BPH) groups. Receiver operating characteristic (ROC) curves for TPSA, PSAD,
PV, (F/T)PSA, AVR, and PSA-AV were plotted with SPSS 26.0 and GraphPad Prism 5.0, and areas under the ROC curves (AUROCs)
were determined and compared by Delong test. A log-linear model was used to compare AVR and other parameters with similar high
sensitivities, for specificity. Results: The AUROC for AVR was significantly different from those of TPSA (p< 0.001), PV (p = 0.004),
(F/T)PSA (p < 0.001), and PSA-AV (p = 0.006), and similar to that of PSAD (p = 0.064). With the same high sensitivity (90.0%),
log-linear model analysis showed that the specificity of AVR was significantly higher than those of TPSA and (F/T)PSA (p < 0.01),
while there were no significant differences among AVR and PSAD, PV and PSA-AV. Conclusion: With PSA in the range of 4–20.0
ng/mL, AVR may be useful in sparing an invasive intervention for a number of patients.
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1. Introduction
Benign prostatic hyperplasia (BPH) and prostate can-

cer (PCa) are the most common benign and malignant
prostate diseases in middle-aged and elderly men, respec-
tively [1]. PCa is one of the most common malignant
tumors in the male genitourinary system. In the United
States, it ranks first in terms of incidence among all male
malignant tumors [2]. In recent years, with the improve-
ment of living standards and the increase of aging pop-
ulations, the incidence of PCa in China has steadily in-
creased [3,4]. At present, screening of PCa mainly depends
on prostate-specific antigen (PSA) and its derivatives, rec-
tal digital exam (RDE), ultrasound, Magnetic Resonance
Imaging (MRI), etc.

Wang et al. [5] found that PSA levels are significantly
higher in patients with PCa compared with healthy men,
suggesting that PSA can be used as a diagnostic indica-
tor of PCa. However, because PSA is organ-specific rather
than tumor-specific, and several factors may lead to its level
increase [6,7], this biomarker has a number of limitations
in distinguishing prostate hyperplasia from PCa, especially
with PSA levels in the range of 4–10 ng/mL. Therefore, this
interval is also known as the “diagnostic gray area” in PCa
[8]. However, a previous research demonstrated that PSA
at 4–20.0 ng/mL should be considered the “diagnostic gray

area” in PCa [9]. In order to further improve the diagnosis
of PCa in the “diagnostic gray area”, a number of scholars
have proposed prostate volume (PV), prostate specific anti-
gen density (PSAD: TPSA/PV), free/total PSA ((F/T)PSA:
FPSA/TPSA), and other related indicators.

Studies have shown that age and PV affect PSA lev-
els [10,11], which may further influence the diagnosis of
PCa. Some risk evaluators (e.g., ERSPC RC3 DRE, TRUS
volume and ERPSC MRI) have also added factors such as
age and prostate volume. In addition, compared with Eu-
ropean and American countries, Chinese needle biopsy pa-
tients have the characteristics of older age, higher PSA, and
smaller PV [12]. Therefore, we combined the two clinical
indicators of age and PV to propose a new indicator, i.e.,
age to volume ratio (AVR), which was examined for diag-
nostic value comparatively to TPSA, (F/T)PSA, PV, PSAD
and PSA-AV((Age × PV) / TPSA), in PCa with PSA lev-
els of 4–20.0 ng/mL. This study provides a tool for further
improving the diagnosis of PCa.

2. Materials and methods
After approval of the study protocol by the Ethics

Committee of the General Hospital of Ningxia Medical
University, the medical records of patients who underwent
transrectal ultrasound-guided biopsy of the prostate in our
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Table 1. Baseline clinical data in the PCa and BPH groups.
PCa BPH t/Z p

PV (mL)
46.74 ± 31.36 73.23 ± 35.18 –5.00 <0.001

Mean ± SD
Age (years)

71.20 ± 6.70 66.51 ± 7.72 –3.22 0.001
Mean ± SD
TPSA (ng/mL)

12.68 (10.39, 16.87) 11.61 (8.63, 14.79) –1.53 0.126
Median (IQR)
(F/T)PSA

0.14 (0.09, 0.16) 0.15 (0.10, 0.20) –1.03 0.193
Median (IQR)
PSAD (ng/mL/mL)

0.31 (0.18, 0.47) 0.17 (0.11, 0.26) –4.63 <0.001
Median (IQR)
AVR

1.84 (1.48, 2.27) 0.99 (0.70, 1.35) –5.64 <0.001
Median (IQR)
PSA-AV

249.53 (141.16, 378.71) 376.83 (247.34, 637.59) –3.89 <0.001
Median (IQR)
Age- and PV-based data were normally distributed, and compared by the Student’s t-test. TPSA,
(F/T)PSA, PSAD, AVR, and PSA-AV data were non-normally distributed, and compared by the
Mann-Whitney U test. PV, prostate volume; TPSA, total prostate specific antigen; (F/T)PSA,
ratio of FPSA to TPSA; PSAD, prostate specific antigen density; AVR, the ratio of age to vol-
ume; PSA-AV, prostate specific antigen-age volume score.

hospital from June 2015 to June 2019 were collected ret-
rospectively. All blood samples were collected on the sec-
ond day after admission, and tPSA and fPSA were quan-
titated by the laboratory department of our hospital with
an electrochemical luminescence assay kit (RocheDiagnos-
tic GmbH, Mannheim, Germany). The Chinese Urological
Association (CUA) guidelines recommended the following
items for puncture indications: (1) prostatic nodules found
by DRE; (2) abnormal images of the prostate detected by B-
scan ultrasonography, computed tomography (CT) or MRI;
(3) PSA >10 ng/mL; (4) PSA = 4–10 ng/mL, abnormal
(F/T)PSA or abnormal PSAD value.

A standard prostate biopsy guided by an ultrasound
probe (ProFocus 2202 Ultra View, BK Medical, Herlev,
Denmark) was performed by two experienced urologists
[13]. Prostate specimens were diagnosed by pathologists
in the pathology department of our hospital, and divided
into the PCa and BPH groups according to the pathological
results. PV was determined by Transrectal Ultrasonogra-
phy as 0.52 × height × length × width. Inclusion criteria
were: (1) >50 years of age; (2) PSA = 4–20.0 ng/mL; (3)
first-time prostate needle biopsy. Exclusion criteria were:
(1) urinary tract infection or obstruction; (2) digital rectal
examination, prostate massage, cystoscopy or other proce-
dures within two weeks before the PSA test; (3) diagnosis
of prostatitis; or (4) other cancers.

3. Statistical analysis
All data were processed and statistically analyzed with

SPSS 26.0 (IBM, Armonk, NY, USA) and GraphPad Prism
5.0 (GraphPad Software, Inc., San Diego, CA, USA). Con-
tinuous variables conforming to normal distribution were
analyzed by the Student’s t test [14], and non-normally dis-
tributed ones were analyzed by the Mann-Whitney U test
[15]. Receiver operating characteristic (ROC) curves were
employed to evaluate and compare the efficacies of PSA,
PSAD, (F/T)PSA, PSA-AV, and AVR in the diagnosis of
PCa, with Delong test performed to evaluate the differences
among them [16]. Considering the small sample size and
how much power could be provided for further analysis
to support our conclusions, we used the PASS15.0 (NCSS
LLC, Kaysville, UT, USA) software (log rank test) for sta-
tistical performance analysis [17]. The sensitivity of each
parameter was about 90%, and the logarithmic linear model
was used to analyze specificity differences among these di-
agnostic parameters [18]. A difference was statistically sig-
nificant at p < 0.05.

4. Results
4.1 Patient baseline characteristics

A total of 120 patients were enrolled in this study, in-
cluding 39 (32.5%) cases in the PCa group and 81 (67.5%)
in the BPH group. Average age in the PCa group was
71.20 ± 6.70 years, and PV averaged 46.74 ± 31.36 mL;
the median TPSA was 12.68 (10.39–16.87) ng/mL. Aver-
age age in the BPH group was 66.51 ± 7.72 years, and
PV averaged 73.23 ± 35.18 mL; the median TPSA was
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Table 2. AUROC values and 95% CIs for various parameters in the diagnosis of PCa.
TPSA PSAD PV (F/T)PSA AVR PSA-AV

AUROC 0.586 0.761 0.783 0.573 0.819 0.720
95% CI 0.478–0.695 0.669–0.853 0.692–0.873 0.465–0.682 0.734–0.903 0.623–0.817
p 0.126 <0.001 <0.001 0.194 <0.001 <0.001
TPSA, total prostate specific antigen; PSAD, prostate specific antigen density; PV, prostate
volume; (F/T)PSA, free/total prostate specific antigen; AVR, ratio of age to volume; PSA-AV,
prostate specific antigen age volume score.

11.61 (8.63–14.79) ng/mL. After comparing data between
the PCa and BPH groups, it was concluded that age- and
PV-based data were normally distributed (Table 1). How-
ever, TPSA, (F/T)PSA, PSAD, AVR, and PSA-AV were
non-normally distributed. Table 1 indicates that there were
no significant differences in TPSA and (F/T)PSA between
the PCa and BPH groups (pTPSA = 0.126 and p(F/T )PSA

= 0.193). There were significant differences in age (p =
0.001), PV (p < 0.001), PSAD (p < 0.001), AVR (p <

0.001), and PSA-AV (p < 0.001) between the two groups.

4.2 The diagnostic value of AVR in PCa
Figs. 1,2 show ROC curves for TPSA, PV, (F/T)PSA,

PSAD, AVR, and PSA-AV. As presented in Table 2, AU-
ROC values for TPSA, PSAD, PV, (F/T)PSA, AVR, and
PSA-AVwere 0.586, 0.761, 0.783, 0.573, 0.819, and 0.720,
respectively, and their corresponding 95% CIs were 0.478–
0.695, 0.669–0.853, 0.692–0.873, 0.465–0.682, 0.734–
0.903 and 0.623–0.817, respectively. These findings indi-
cated that TPSA and (F/T)PSA had low diagnostic values in
PCa, while PSAD, PV, AVR, and PSA-AV have moderate
diagnostic values. Delong test was used to compare differ-
ences in AUROC values for various diagnostic parameters.
As shown in Table 3, the AUROC for TPSA was signifi-
cantly different from those of PSAD (p < 0.001), PV (p =
0.007), AVR (p < 0.001), and PSA-AV (p = 0.008), with
no significant difference compared with that of (F/T)PSA
(p = 0.868). The AUROC for PSAD was noticeably differ-
ent from those of (F/T)PSA (p = 0.002) and PSA-AV (p <

0.001), with no significant differences compared with those
of AVR (p = 0.064) and PV (p = 0.499). The AUROC for
PV was remarkably different from those of (F/T)PSA (p <
0.001) and AVR (p = 0.004), with no significant difference
compared with that of PSA-AV (p = 0.055). The AUROC
for (F/T)PSA was markedly different from those of AVR
(p < 0.001) and PSA-AV (p = 0.014). The AUROC for
AVR was significantly different from that of PSA-AV (p =
0.006).

4.3 Statistical power analysis of AVR and other
parameters

Next, we calculated the statistical powers of AVR and
TPSA, PSAD, PV, (F/T)PSA and PSA-AV. The results indi-
cated that the statistical powers that could distinguish AU-
ROC differences between AVR and TPSA, PV, (F/T)PSA

Fig. 1. ROC curves for PV, PSAD and AVR in the diagnosis
of prostate cancer. ROC, Receiver operating characteristic; PV,
Prostate volume; PSAD, Prostate-specific antigen density; AVR,
Ratio of age to volume.

Fig. 2. ROC curves for PSA-AV, (F/T)PSA and TPSA in
the diagnosis of prostate cancer. ROC, Receiver operating
characteristic; PSA-AV, Prostate specific antigen age volume
score; (F/T)PSA, Free/total prostate-specific antigen; TPSA, Total
prostate-specific antigen; AVR, Ratio of age to volume.

and PSA-AV were 99.87%, 14%, 99.96% and 63.11%, re-
spectively. The statistical power of the non-significant dif-
ference between AVR and PSAD in the AUROC for PCa
diagnosis was 28.41% (Table 4).
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Table 3. AUROC value comparisons between each pair of
diagnostic indices.

TPSA PSAD PV (F/T)PSA AVR PSA-AV

TPSA – – – – – –
PSAD <0.001 – – – – –
PV 0.007 0.499 – – – –
(F/T)PSA 0.868 0.002 <0.001 – – –
AVR <0.001 0.064 0.004 <0.001 – –
PSA-AV 0.008 <0.001 0.055 0.014 0.006 –
TPSA, total prostate specific antigen; PSAD, prostate specific
antigen density; PV, prostate volume; (F/T)PSA, free/total
prostate specific antigen; AVR, ratio of age to volume; PSA-
AV, prostate specific antigen age volume score.

Table 4. Statistical power analysis of AVR and other
parameters.

TPSA PSAD PV (F/T)PSA AVR PSA-AV

AUC 0.586 0.761 0.783 0.573 0.819 0.720
Power (%)99.87∗ 28.41∗ 14.00∗ 99.96∗ –– 63.11∗

TPSA, total prostate specific antigen; PSAD, prostate specific
antigen density; PV, prostate volume; (F/T)PSA, free/total
prostate specific antigen; AVR, ratio of age to volume; PSA-
AV, prostate specific antigen age volume score. *: Comparison
of other indicators with AVR.

4.4 Specificities of diagnostic parameters with high
sensitivity

After adjusting the sensitivities of TPSA, PSAD, PV,
(F/T)PSA, AVR and PSA-AV to about 90% (35 true posi-
tive and 4 false positive cases in the PCa group), the cut-
off points (it is generally considered that the value with
the largest sum of sensitivity and specificity is the best
diagnostic cut-off point) of various diagnostic parameters
were 7.30, 0.16, 77.82, 0.26, 0.89 and 514.26, respectively,
and their specificities were 15%, 41%, 37%, 15%, 40%
and 33%, respectively. Logarithmic linear model analy-
sis showed that the specificity of AVR was significantly
higher than those of TPSA and (F/T)PSA (p < 0.01), with
no statistically significant differences compared with those
of PSAD, PV and PSA-AV (Table 5).

5. Discussion
PSA is a serine protease secreted by the prostate tis-

sue [19]. Under normal circumstances, only a small portion
of PSA enters the blood stream and becomes serum PSA.
However, in case of pathological changes in the gland tis-
sue, the barrier composed of endodermis, basal cell layer,
and basement membrane may be destroyed, and PSA may
leak into the lymphatic system and enter the circulation, in-
creasing serum PSA levels [20,21]. It was reported that
urinary tract infection, RDE, medical operations, and other

factors can affect the serum content of PSA [22]. Therefore,
PSA has some limitations in the early screening of PCa, es-
pecially with values in the “PSA gray zone”.

PSA in serum mainly exists in free and bound states.
When PCa occurs in the actual glands, TPSA levels may in-
crease, whereas FPSA may not noticeably change. There-
fore, (F/T)PSA can be used for the early screening of PCa
in patients with PSA in the gray area. Multiple studies
have demonstrated that (F/T)PSA has a higher diagnostic
value than PSA, especially with PSA levels of 4–10 ng/mL
[23,24]. However, a meta-analysis indicated that the de-
termination of (F/T)PSA is associated with low sensitivity
and specificity in the diagnosis of PCa, and is not there-
fore recommended for the diagnosis of PCa alone [25]. In
the present study, when PSA levels were 4–20.0 ng/mL,
no significant difference was found between the PCa and
BPH groups. According to AUROC values, the diagnostic
values of TPSA and (F/T)PSA in PCa were insignificant.
With the sensitivities of TPSA and (F/T)PSA set to 90%,
the specificity in PCa diagnosis was low, corroborating a
meta-analysis [23]. Since there are differences in serum
PSA levels in patients with BPH of different ages [26,27],
it may also cause a certain degree of bias.

A previous study showed that PV in patients with PCa
is smaller than that of patients with BPH, and the detection
rate of PCa increases with decreasing PV [28,29]. Previous
reports demonstrated that the diagnostic value of PSAD in
the PSA gray area (4–10 ng/mL) is noticeably higher than
those of PSA and TPSA. It was suggested that the critical
value for PSAD should be set to 0.15; the greater the value,
the greater the possibility of PCa diagnosis [30,31]. In the
present study, although the AUROC for PV (0.783) was
higher than that of PSAD (0.761), there was no significant
difference between them (p = 0.499). A previous study re-
ported that with PSA levels of 2–20 ng/mL, PV and PSAD
have the same diagnostic values in PCa, being superior to
TPSA and (F/T)PSA [32], consistent with the results of the
present study.

Studies have demonstrated that age is closely associ-
ated with PCa. PCa often occurs in middle-aged and elderly
men, and its morbidity and mortality are positively corre-
lated with age [33,34]. In addition, the detection rate in
the ”PSA gray zone” increases with age. A study similarly
showed that utilizing different cutoff points for PSA in dif-
ferent age-based groups could prevent unnecessary prostate
biopsy. Patel et al. [35] proposed the PSA-AV score by
combining the three clinical indexes of age, PV, and PSA
for the first time. A study conducted in Turkey revealed no
superiority of PSA-AV score in patients with PV values of
20–60 cm3 [36]. However, Chinese scholars further stud-
ied the clinical significance of PSA-AV score in the Chinese
population, and found that with a critical value of PSA-AV
score of 400, it has the same diagnostic value as PSAD in
the diagnosis of PCa, being superior to TPSA [37]. In the
present research, the PSA-AV score was assessed, and a sig-
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Table 5. Specificities of diagnostic parameters with high sensitivity.
Cutoff point True positive False positive True negative False negative Specificity Z p

TPSA 7.30 35 69 12 4 0.15 3.39∗ 0.001
PSAD 0.16 35 48 33 4 0.41 0.16∗ 0.873
PV 77.82 35 51 30 4 0.37 0.32∗ 0.748
(F/T)PSA 0.26 35 69 12 4 0.15 3.39∗ 0.001
AVR 0.89 35 49 32 4 0.40 – –
PSA-AV 514.26 35 54 27 4 0.33 0.81∗ 0.418
TPSA, total prostate specific antigen; PSAD, prostate specific antigen density; PV, prostate volume; (F/T)PSA, free/total prostate
specific antigen; AVR, ratio of age to volume; PSA-AV, prostate specific antigen age volume score. *: Comparison of other indicators
with AVR.

nificant difference was found between the PCa and BPH
groups (Z = –3.89, p < 0.01). In addition, PSA-AV score
had the same diagnostic value as PSAD in the diagnosis of
PCa, and was superior to TPSA and (F/T)PSA. The current
results corroborate Wu et al. With the sensitivity of PSA-
AV set to 90%, its specificity for PCa diagnosis was 33%,
which was lower than that of PSAD, but not significantly
(Z = 0.81, p = 0.418).

In the current study, median age was elevated in pa-
tients with PCa compared with BPH cases, while the me-
dian volume was smaller. As shown above, the PCa and
BPH groups significantly differed in age (71.20 ± 6.70
years vs 66.51 ± 7.72 years, p < 0.001) and size (46.74 ±
31.36 mL vs 73.23± 35.18 mL, p< 0.001). Therefore, the
age to volume ratio was proposed in this study for further
analysis. Our findings unveiled that AVR had a diagnostic
value similar to that of PSAD in the diagnosis of PCa, being
superior to TPSA, PV, (F/T)PSA, and PSA-AV. For general
diagnostic experiments, the cut-off point corresponding to
the maximum Youden index is the best critical value, but
some scholars believe that in tumor diagnostic assays, less
than 90% sensitivity is hardly suitable for clinical diagnosis
and treatment [38]. Therefore, in order to further evaluate
the diagnostic efficacy of PCa, we set the sensitivities of
TPSA, PSAD, PV, (F/T)PSA, AVR and PSA-AV to 90%,
and compared the specificities of the diagnostic parameters
by logarithmic linear model analysis. The results showed
that under the premise of high sensitivity, the specificity
of AVR in the diagnosis of PCa was significantly higher
than those of TPSA and PSA, with no significant differ-
ences compared with those of PSAD, PV and PSA-AV. In
other words, if AVR is used for PCa screening, 32 of the 81
patients in the BPH group would be exempted from prostate
biopsy in case of high sensitivity.

With the sample size of 39 cases and 81 controls,
and given a two-side type one error of 0.05, we could de-
tect statistical differences between AVR (AUC = 0.819)
and TPSA (AUC = 0.586), PV (AUC = 0.783), (F/T)PSA
(AUC = 0.573) and PSA-AV (AUC = 0.720) with powers
of 99.87%, 14.00%, 99.96% and 63.11%, respectively. The
power with no statistically significant difference between

AVR and PSAD (AUC = 0.761) was 28.41%. In view of
low statistical powers between AVR and PSAD and PV, this
may be related to the following reasons. (1) There was no
statistical difference in the diagnosis of PCa between AVR
and PSAD, as well as between AVR and PV. However, due
to the small sample size of this study, it could not be fur-
ther assessed. (2) Differences between AVR and PSAD and
PV had statistical significance in the diagnosis of PCa, but
due to the small sample size, they could not provide enough
evidence. (3) AVR and PSAD, as well as AVR and PV over-
lapped in their 95%CIs (AVR, 95%CI 0.734–0.903; PSAD,
95% CI 0.669–0.853; PV, 95% CI 0.692–0.873) and ROC
curves (Fig. 1), which may also lead to a lower statistical
power. Based on the above results, we believe that in the
range of 4–20.0 ng/mL PSA, AVR may be used as a new
diagnostic parameter for PCa screening, However, these re-
sults may need larger studies for further verification.

At present, the screening of PCamainly relies on PSA,
which is easily affected by many factors, including age and
PV, so the diagnosis rate of PCa is low. This is the first
study to propose AVR as a clinical indicator in combination
with age and PV, for the early screening of PCa. Unlike
other indicators, AVR does not depend on PSA but com-
bines two easily accessible clinical indicators to further di-
agnose PCa. According to the above results, AVR has a
certain diagnostic value in PCa, which may reduce the in-
fluences of age and PV on PSA levels, thereby further im-
proving PCa diagnosis. This may further confirm the in-
fluences of age and prostate volume on PSA. The above
findings indicate that in the range of 4–20.0 ng/mL PSA,
AVR may be useful in sparing an invasive intervention in
a number of patients, but the sample size of this study was
small, and further research is needed. In addition, consider-
ing that all data in this study were collected in a population
of Chinese descent, the conclusion may not be applicable to
other races.

6. Conclusions
In this study, compared to PSAD, AVR showed the

same diagnostic value in the screening of PCa with PSA at
the range of 4–20.0 ng/mL, with superiority to TPSA, PV,
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(F/T)PSA, and PSA-AV. Therefore, AVR may be used as
a new diagnostic parameter for the early screening of PCa,
and may help spare an invasive intervention in a number
of patients. However, since this was a single-center study,
multicenter large studies are still required to further exam-
ine AVR’s clinical significance in the early screening of
PCa.
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