
Page 1/18

Prostate-speci�c antigen density as the best
predictor of low- to intermediate-risk prostate
cancer: A cohort study
Dae Hyoung Park 

INJE University Sanggye Paik Hospital
Jae-Yoon Kim 

INJE University Sanggye Paik Hospital
Dae Yeon Cho 

INJE University Sanggye Paik Hospital
Luck Hee Sung 

INJE University Sanggye Paik Hospital
Ji Hyeong Yu  (  uroone@paik.ac.kr )

INJE University Sanggye Paik Hospital

Research Article

Keywords: prostate-speci�c antigen density, prostate cancer, lower urinary tract symptoms, digital rectal
examination

Posted Date: February 4th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1298769/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1298769/v1
mailto:uroone@paik.ac.kr
https://doi.org/10.21203/rs.3.rs-1298769/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background: Evaluation of prostate cancer (PCa) when serum prostate-speci�c antigen (PSA) level is
vaguely elevated is complicated. This is because serum PSA levels only re�ect the number of prostate
epithelial cells. We aimed to compare PSA and various prostate volume-related factors to determine
which one can best predict PCa in patient with a PSA level of 2.5–20 ng/mL.

Methods: Patients who underwent transrectal ultrasound (TRUS)-guided prostate biopsy at the Inje
University Sanggye Paik Hospital between January 2018 and July 2021 and who had a PSA level of 2.5–
20 ng/mL were retrospectively identi�ed (n = 275). Among them, based on biopsy results, patients were
divided into cancer group and non-cancer groups, and age, PSA, total prostate volume (TPV), peripheral
zone volume (PZV), peripheral zone PSA density (PZ-PSAD), transitional zone-PSAD (TZ-PSAD), and
PSAD were compared and analyzed using receiver operating characteristic (ROC) and univariate
analyses.

Results: The areas under ROC curves (AUCs) for age, total PSA, TPV, PZV, PZ-PSAD, TZ-PSAD, and PSAD
for predicting PCa in patients with a PSA level of 2.5–20.0 ng/mL were 0.678, 0.680, 0.671, 0.639, 0.731,
0.736, and 0.764, respectively. In univariate analysis, all categorical variables were divided based on the
cut-off value and used to predict PCa. Those with a PSAD of ≥0.218 ng/mL2 were found to be at an
increased risk of PCa than those with a PSAD of <0.218 ng/mL2 (odds ratio [OR] 8.16, 95% con�dence
interval [CI] 4.612–14.419), which was the best result, followed by TZ-PSAD with a cut-off value of 0.353,
PZ-PSAD of 0.368, TPV of 34.50, PSA of 6.315, age of 68.5, and PZV of 19.85 mL. At a PSAD level of
0.218 ng/mL2, 85.0% of the PCa group could avoid unnecessary biopsy and 61.4% of the non-PCa group
could reduce missed diagnosis when the TRUS �ndings were inaccurate.

Conclusions: PSAD may inform biopsy decisions as the best predictor of PCa when TRUS �ndings are
ambiguous in patients with a PSA level of 2.5–20.0 ng/mL.

Background
Prostate cancer (PCa) is the second most commonly diagnosed cancer in men worldwide, and its global
incidence in 2018 was 29.3 per 100,000 individuals [1]. PCa is also the fourth leading cause of cancer
death in men, with a mortality rate of 7.6 per 100,000 individuals [1].

Lower urinary tract symptoms (LUTS) are one of the main problems that adversely affect quality of life
among elderly individuals. The prevalence of LUTS increases from 44% in men aged 40–59 years to 70%
in men aged over 80 years [2]. Benign prostatic hyperplasia (BPH) is the most common cause of LUTS,
although neurological factors and infections may also cause LUTS [3]. Because prostate-speci�c antigen
(PSA) level increases in PCa as well as in BPH or other conditions including prostatitis, it is important that
BPH and PCa are not misdiagnosed to guide appropriate treatment.
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Currently, cancer evaluation is routinely performed when patients have a PSA level of >2.5 ng/mL or if
any abnormality is noted on digital rectal examinations (DREs). However, several men undergo
unnecessary prostate biopsy when only PSA level is used for screening [4]. Although many studies have
attempted to utilize PSA as a means of PCa diagnosis, they have not been successful because of the lack
of speci�city of PSA for PCa or BPH [5]. Therefore, identifying individuals who need to undergo biopsy,
and thereby avoiding unnecessary procedures to minimize complications such as pain, infection,
bleeding, and sepsis, is vital.

Besides PSA, many factors, including total prostate volume (TPV), PSA density (PSAD), ratio of free PSA
to PSA, and transition zone index (TZI; ratio of the transition zone volume [TZV] to the TPV), have been
studied as predictive factors for PCa. However, most studies have assessed these predictors in patients at
low risk of PCa [6-10]. Although the Prostate Imaging-Reporting and Data System (PI-RADS) score of
multiparameter magnetic resonance imaging (mpMRI) can increase the diagnosis rate, it still has
limitations, such as high cost and long waiting time. Therefore, this study aimed to examine best
predictors of PCa among patients with PSA levels of 2.5–20.0 ng/mL who have a low-to-intermediate risk
of PCa and to investigate associations between PCa and age, total PSA, TPV, PZV, peripheral zone-PSAD
(PZ-PSAD), transitional zone-PSAD (TZ-PSAD), and PSAD.

Methods
Study design

After obtaining approval from the Institutional Review Board (IRB) of the Inje University, we evaluated the
records of 512 patients who underwent transrectal ultrasound prostate biopsy (TRUS-Bx) at our clinic
between January 2018 and July 2021 and who had a high PSA level or abnormal �ndings in TRUS or
DRE. The study protocol was reviewed by the IRB of Inje University of Sanggye Paik Hospital and they
waived the need for informed consent in the institutions.

Patients were excluded if they had a PSA level below 2.5 ng/mL or above 20 ng/mL, received 5-alpha-
reductase inhibitors over 3 months in the previous 2 years, or were diagnosed with atypical small acinar
proliferation (ASAP) or high-grade prostate intraepithelial neoplasia. Other exclusion criteria were a
history of other prostate surgeries including prostate biopsy, prostatitis, urinary retention within 1 year, or
missed examination. After applying the exclusion criteria, a total of 275 patients were included in the
study (Figure 1).

In patients with suspected PCa, PSA levels were measured in ng/mL by immunochemical analysis before
biopsy, followed by DRE and TRUS. PSA levels were determined using a Cobas 8000 modular analyzer
series (Roche Diagnostics International Ltd., Basel, Switzerland).

Study protocol
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Five urologists (LH, JH, DY, JY, and HD) with more than 5 years of experience performed TRUS-Bx.
Patients lay on the left side with both knees bent. Local anesthesia with 1% lidocaine was administered,
and a urologist used a spring-loaded needle to collect 12–15 tissue samples from different parts of the
gland. TRUS was performed to compute TPV and TZV by measuring the length, height, and width of the
gland and multiplying the product by a coe�cient of π/6 (ellipsoid formula). PZV was calculated as the
difference between the TPV and TZV. PZ-PSAD and TZ-PSAD were measured by dividing the PSA level by
PZV and TZV, respectively. PSAD was obtained by dividing the PSA level by TPV. Based on biopsy results,
patients were divided into a cancer group and non-cancer group, and basic characteristics such as age,
total PSA, TPV, PZV, PZ-PSAD, TZ-PSAD, PSAD, and Gleason score were collected for each group.
Clinically signi�cant PCa (csPCa) was de�ned as a Gleason score of ≥7 or Gleason score of 6, with ≥3
positive and/or maximum core participation of ≥50%. ( 1  13)

Statistical analysis

Statistical comparisons of the cancer and non-cancer groups were performed using the independent t-test
or Kolmogorov-Smirnov (K-S) test for parametric or nonparametric analysis, respectively. Receiver
operating characteristic (ROC) curve analyses were performed to determine optimal cutoffs for age, total
PSA, TPV, PZV, PZ-PSAD, TZ-PSAD, and PSAD for PCa diagnosis. Continuous data were compared using
the t-test and K-S test, and categorical data were compared using the Pearson chi-square test, Fisher’s
exact test, and chi-square test. Univariate logistic regression analyses were performed to compare age,
total PSA, TPV, PZV, PZ-PSAD, TZ-PSAD, and PSAD in patients with a PSA level of 2.5.0–20.0 ng/mL to
predict PCa. All analyses were performed using SPSS (version 22.0; IBM, New York, NY, USA).
Comparisons were two sided, and differences were considered statistically signi�cant at p-values of
<0.05.

Results
There were signi�cant differences between the PCa and non-PCa groups with respect to age, total PSA,
TPV, PZV, PZ-PSAD, TZ-PSAD, and PSAD (all p < 0.001). Age, PSA, PZ-PSAD, TZ-PSAD, and PSAD were
higher in the PCa group than in the non-PCa. group. TPV and PZV were signi�cantly lower in the PCa
group than in the non-PCa. group. The presence of an abnormal DRE �nding was higher in the PCa group
than in the non-PCa group (p < 0.05). The presence of an abnormal �nding in TRUS, however, showed no
signi�cant difference between the two groups. In the PCa group, the number of patients with clinically
signi�cant cancer was 99 (89.2%). The non-PCa group had more chronic in�ammation than the PCa
group (n = 124, 75.6% vs n = 52, 46.8%) (Table 1).

Chronic in�ammation was detected in 124 patients (75.6%) in the non-PCa group and in 52 patients in
the PCa group (46.8%). Patients with PCa were older and had higher values of PZ-PSAD, PSA, PSAD, and
TZ-PSAD and positive �ndings on DRE and TRUS than patients with benign pathology (Table 1).

Table 1. Comparison of characteristics between the cancer and non-cancer groups



Page 5/18

Non-PCa group

(n = 164)

PCa group

(n = 111)

p-value

Age (years) Mean ± SD 66.9 ± 7.98 72.1 ± 7.3 <0.001a

Total PSA (ng/mL) Mean ± SD 6.86 ± 3.07 9.01 ± 3.77 <0.001a

TPV (mL) Mean ± SD 52.22 ± 26.54 39.69 ± 18.13 <0.001a

PZV (mL) Mean ± SD 25.32 ± 11.69 20.03 ± 8.35 <0.001a

PZ-PSAD (ng/mL2) Mean ± SD 0.319 ± 0.198 0.536 ± 0.336 <0.001a

TZ-PSAD (ng/mL2) Mean ± SD 0.362 ± 0.360 0.644 ± 0.433 <0.001a

PSAD (ng/mL2) Mean ± SD 0.154 ± 0.950 0.270 ± 0.160 <0.001a

Abnormal �nding in DRE, n (%) 6 (3.7) 11 (9.9) 0.035b

Abnormal �nding in TRUS, n (%) 60 (36.6) 41 (36.9) 0.953b

Clinically signi�cant cancer, n (%) - 99 (89.2)

Chronic in�ammation, n (%) 124 (75.6) 52(46.8) <0.001b

PCa: prostate cancer; PSA: prostate-speci�c antigen; TPV: total prostate volume; PZV: peripheral zone
volume; PZ-PSAD: peripheral zone prostate-speci�c antigen density; TZ-PSAD: transition zone prostate-
speci�c antigen density; DRE: digital rectal examination; TRUS: transrectal ultrasound; SD: standard
deviation.

aIndependent t-test

bPearson’s chi-squared test

The areas under the ROC curves (AUCs) for age, total PSA, TPV, PZV, PZ-PSAD, TZ-PSAD, and PSAD for
predicting PCa in patients with a PSA level of 2.5–20.0 ng/mL were 0.678, 0.680, 0.671, 0.639, 0.731,
0.736, and 0.764, respectively (Table 2). PSAD was a signi�cantly better predictor of PCa in this group
than age, total PSA, TPV, PZV, PZ-PSAD, or TZ-PSAD. TZ-PSAD was the next best predictor, followed by
PZ-PSAD, total PSA, age, TPV, and PZV (Table 2 and Figure 2). The ROC curve analysis revealed the
optimal cut-off value for PSAD to be 0.218 in patients with a PSA level of 4.0–20.0 ng/mL. At a cut-off
value of 0.218, sensitivity and speci�city were 59.5% and 84.8%, respectively.

For predicting csPCa in patients, the AUCs for age, total PSA, TPV, PZV, PZ-PSAD, TZ-PSAD, and PSAD
were 0.687, 0.659, 0.662, 0.632, 0.714, 0.717, and 0.745, respectively (Table 3). PSAD was signi�cantly
the best predictor of csPCa in this group. ROC curve analysis revealed an optimal cut-off value of 0.218
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(Figure 2). At this cut-off value, sensitivity and speci�city were 59.6% and 81.8%, respectively. Therefore,
PSAD did not improve the detection of csPCa compared with PCa in our clinic.

Table 2. AUC, sensitivity, speci�city, and best cut-off at predicting PCa

AUC Sensitivity (%) Speci�city (%) Best cut-off

Age 0.678 0.694 0.585 ≥68.5

PSA 0.680 0.730 0.555 ≥6.425

TPV 0.671 0.495 0.787 <0.029

PZV 0.639 0.559 0.646 <0.050

PZ-PSAD 0.731 0.649 0.732 ≥0.368

TZ-PSAD 0.736 0.712 0.689 ≥0.353

PSAD 0.764 0.595 0.848 ≥0.218

AUC: area under the receiver operating characteristic curve; PSA: prostate-speci�c antigen; TPV: total
prostate volume; PZV: peripheral zone volume; PZ-PSAD: peripheral zone prostate-speci�c antigen
density; TZ-PSAD: transition zone prostate-speci�c antigen density

Table 3. AUC, sensitivity, speci�city, and best cut-off at predicting csPCa

AUC Sensitivity (%) Speci�city (%) Best cut-off

Age 0.687 0.616 0.676 ≥70.5

PSA 0.659 0.747 0.517 ≥6.315

TPV 0.662 0.848 0.403 <0.019

PZV 0.632 0.727 0.466 <0.043

PZ-PSAD 0.714 0.646 0.705 ≥0.368

TZ-PSAD 0.717 0.717 0.665 ≥0.353

PSAD 0.745 0.596 0.818 ≥0.218

AUC: area under the receiver operating characteristic curve; csPCa: clinically signi�cant prostate cancer;
PSA: prostate-speci�c antigen; TPV: total prostate volume; PZV: peripheral zone volume; PZ-PSAD:
peripheral zone prostate-speci�c antigen density; TZ-PSAD: transition zone prostate-speci�c antigen
density

In univariate analysis, all categorical variables were divided based on the cut-off value and used to
predict PCa. Among patients with a PSA level of 2.5–20.0 ng/mL, those with a PSAD of ≥0.218 ng/mL2
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were found to be at an increased risk of PCa than those with a PSAD of <0.218 ng/mL2 (odds ratio [OR]
8.16, 95% con�dence interval [CI] 4.612–14.419), which was the best result, followed by TZ-PSAD with a
cut-off value of 0.353 (OR 5.47, 95% CI 3.229–9.268), PZ-PSAD with 0.368 (OR 5.04, 95% CI 2.991–
8.475), TPV with 34.50 (OR 3.62, 95% CI 2.137–6.133), PSA with 6.315 (OR 3.62, 95% CI 2.137–6.133),
age with 68.5 (OR 3.20, 95% CI 1.921–5.321), and PZV with 19.85 (OR 2.31, 95% CI 1.413–3.785) (Tables
4).

Table 4. Univariate analyses of PCa-associated factors in patients with PSA levels of 2.5–20.0 ng/mL
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Pathologic report of prostate biopsy OR (95% CI) P-value

Non-cancer group

(n= 164)

Cancer group

(n= 111)

Age (years) 3.20 (1.921–5.321) <0.001

<68.5 96 34 (30.6%)

≥68.5 68 77 (69.4%)

PSA (ng/mL) 3.43 (2.026–5.814) <0.001

<6.315 88 28

≥0.315 76 83

TPV (mL) 3.62 (2.137–6.133) <0.001

≥4.50 129 56

<34.50 35 55

PZV (mL) 2.31 (1.413–3.785) 0.001

≥19.85 106 49

<19.85 58 62

PZ-PSAD (ng/mL2) 5.04 (2.991–8.475) <0.001

<0.368 120 39

≥0.368 44 72

TZ-PSAD (ng/mL2) 5.47 (3.229–9.268) <0.001

<0.353 113 32

≥0.353 51 79

PSAD (ng/mL2) 8.16 (4.612–14.419) <0.001

<0.218 139 45

≥0.218 25 66

PSA: prostate-speci�c antigen; TPV: total prostate volume; PZV: peripheral zone volume; PZ-PSAD:
peripheral zone prostate-speci�c antigen density; TZ-PSAD: transition zone prostate-speci�c antigen
density; OR: odds ratio; CI: con�dence interval

We evaluated the e�cacy of PSAD when TRUS �ndings were inaccurate (Figure 3).
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Among 275 patients with PSA levels of 2.5–20.0 ng/mL, 60 patients in the non-PCa group had inaccurate
TRUS �ndings, of whom 51 (85.0%) patients with PSAD of <0.218 ng/mL2 could avoid unnecessary
biopsies. Additionally, 70 patients in the PCa group had inaccurate TRUS �ndings; among them, 43
(61.4%) patients with a PSAD of ≥0.218 ng/mL2 could avoid missed diagnosis.

Discussion
To the best of our knowledge, this is the �rst study to investigate PSAD as a risk factor for PCa in patients
with low-to-intermediate risk (PSA levels 2.5–20.0 ng/mL). We found that the risk of PCa increased in this
patient cohort when PSAD was 0.218 or higher.

In patients with high PSA levels, PCa should be excluded based on TRUS-Bx �ndings. For patients with
enlarged prostates, assuming there is no acute in�ammation or urinary retention, biopsy can be used to
con�rm the lack of cancer, which would indicate that the increase in PSA levels is because of enlarged
prostate or chronic in�ammation. However, TRUS-Bx may be unnecessary in such cases. In this study,
164 (59.6%) of 275 patients with a PSA level of 2.5–20.0 ng/mL were not diagnosed with PCa, indicating
they had elevated PSA levels caused by BPH or chronic in�ammation. Therefore, it is important to identify
patients who would require biopsy to minimize complications such as bleeding, infection, and pain and
avoid unnecessary procedures.

We conducted this retrospective study of patients with no evidence of acute in�ammation and a PSA
level of 2.5–20.0 ng/mL. It is not easy to identify which patients in this cohort have PCa. Porcaro et al.
showed that a higher prostate volume index, de�ned as the ratio of TZV to PZV, and the presence of
prostatic chronic in�ammation predicted a decreased risk of PCa in patients with normal DRE �ndings
and a PSA level of 2.0–10.0 ng/mL [6]. Kalish et al. reported that serum PSA levels adjusted for TZV were
more accurate in predicting cancer than PSA alone among patients with PSA levels of 4.0–10.0 ng/mL
[11]. Roobol et al. suggested that PCa screening could be improved by a calculation method using
prostrate volume (PV) data from TRUS at the European Randomized Study of Screening for Prostate
Cancer [4]. Additionally, Freedland et al. showed that a lower PV was associated with more advanced
cancer and high-grade disease among patients with PCa [12]. In all of these studies, the authors indicate
that PSA levels should not be used alone, but rather we should refer to prostate volume for a more
accurate diagnosis of PCa.

A risk assessment based solely on PSA is not optimal. PSAD has been proposed to predict biochemical
recurrence after prostatectomy better than PSA [13]. Therefore, when PSA is ambiguously elevated (PSA
levels 2.5–20.0 ng/mL), it can be further re�ned by assessing PSAD. Our study showed that PSAD was
most associated with PCa risk in patients with a PSA level of 2.5–20.0 ng/mL. We suggest that patients
with a PSA level of 2.5–20.0 ng/mL should be carefully examined for malignancy and that PSAD should
be considered before performing mpMRI or biopsy.
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Although there is no clear molecular or genetic relationship between BPH and PCa, suggesting two
distinct etiological pathways, epidemiologic studies have shown that both conditions are hormone
dependent and associated with prostate in�ammation, which can represent a common denominator,
elevated PSA levels [14]. In this study, 176 of 275 patients with a PSA level of 2.5–20.0 ng/mL had
chronic in�ammation. Microarray studies revealed overlap in gene clusters associated with in�ammation
between BPH and PCa [15]. Obesity, diabetes, dyslipidemia, and high blood pressure have all been
identi�ed as risk factors for the development of BPH and PCa [16-18]. The studies argue that these two
diseases should be regarded as metabolic syndromes, which are related to chronic in�ammation,
because they do not have separate pathologies and are associated with complex factors such as geriatric
disease.

Many studies have shown that PSAD is more effective than PSA in predicting PCa [19-21]. Although they
only mentioned the gray zone (PSA level upper normal limit 10 ng/mL), our results suggest that a PSA
level up to 20 ng/mL could also help predict cancer based on PSAD. Verma et al. showed that the PSADs
of 141 patients with PSA 10 or higher had higher AUC values than those of PSA within the gray zone
(0.72 vs 0.61), showing better results in predicting PCa [22]. Therefore, extending the PSA range, as
re�ected in our study, does not appear to signi�cantly change the prediction of PCa.

Kalish et al., assuming that BPH is mainly induced in TZ and that PSA change due to BPH is caused by
an enlarged gland in TZ, showed that TZ-PSAD calculated by adjusting PSA with TZV is the most
important predictor in predicting PCa [11]. However, on the contrary, Wang et al. reported that PZ-PSAD
was the most important in predicting PCa by increasing the positivity rate of biopsy from 21.7% to 54.7%
when TRUS and mpMRI were ambiguous [23]. There are also several studies that state that TZ-PSAD is
not superior to PSAD in PCa prediction [20,24].

Our study showed that PSAD performed better than PZ-PSAD, TZ-PSAD, and PSA in univariate analyses
of PCa-associated factors. Patients with a PSAD of 0.218 ng/mL2 or greater had an eight-fold increased
risk of PCa compared with patients with a PSAD of <0.218 ng/mL2.

Lee et al. reported that it was most helpful in predicting PCa at a volume-adjusted PSAD of 0.18 ng/mL2

or higher (OR 5.171, 95% CI 3.171–8.432, P < 0.001). They reported an increase in cancer detection when
raising the PSAD cut-off value from 0.15 to 0.18 (positive predictive value 70.3%, negative predictive
value 68.6%) [21]. Moreover, Liu et al. proposed the best cut-off value of PSAD in the predictive model for
the csPCa group to be 0.20 [25]. In our study, when csPCa was compared with PCa, the AUC was not
signi�cantly higher, but the same cut-off value was presented. By suggesting the higher value of 0.218 in
our current study, we might compensate for the masking of cancer detection by the large PV.

Prostate Health Index (PHI) is a novel screening tool presented in a prospective multi-center studies that
can improve the prediction of PCa along with the 4K score and is suggested in the current guidelines
[26,27]. It is calculated using the following formula: (p2PSA / free PSA) × √total PSA. Chiu et al. reported
that PHI density obtained by dividing PHI by PV value was an excellent predictor of csPCa, and at 90%
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sensitivity, reduced unnecessary biopsies (43.7%) and missed the fewest csPCa (8.5%) [28]. Although our
clinic has not been able to perform the PHI test in the absence of p2PSA to date, there seems to be no
disagreement on the premise that cancer detection should be improved by referring to the prostate
volume. In addition, since the half-life of free PSA is approximately 2 h [29], it is necessary to refer to it in
consideration of laboratory conditions. As shown in Figure 3, our study showed that at PSAD of 0.218,
85.0% of the PCa group could avoid unnecessary biopsy and 61.4 % of the non-PCa group could reduce
avoid diagnosis when the TRUS �ndings were inaccurate.

Our study has some limitations. First, it was retrospective and conducted at a single institution. Second,
we measured TPV using TRUS rather than prostatectomy specimens, and using the ellipsoid formula
underestimates PV by 18% [30]. However, it would have been impossible to con�rm tumor volume
through prostatectomy in all patients with PCa because watchful waiting, active surveillance, hormone
therapy, and radiation therapy were performed in addition to surgery. Third, variability among different
operators was not considered. Lastly, some cancers may have been undiagnosed.

However, our �ndings are expected to be helpful in screening patients for PCa. Alongside PSA, the cancer
detection rate could be increased when PSAD was 0.218 or higher in patients with PSA levels of 2.5–20.0
ng/mL.

Conclusions
Various models have been proposed to predict the diagnosis of PCa, but none have yet been de�nitive,
and our study suggests that PSAD is the best model for PSA levels of 2.5–20 ng/mL.

PSAD may inform biopsy decisions as the best predictor of PCa when TRUS �ndings were ambiguous in
patients with a PSA level of 2.5–20.0 ng/mL .
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Figure 1

Flowchart of patient selection

DRE: digital rectal examination; PSA: prostate-speci�c antigen; ASAP: Atypical Small Acinar Proliferation;
PIN: Prostate Intraepithelial Neoplasia 
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Figure 2

Receiver operating characteristic curve analyses.

Receiver operating characteristic curve analyses of age, PSA, TPV, PZV, PZ-PSAD, TZ-PSAD, and PSAD in
patients with PSA values of 2.5–20.0 ng/mL in detecting (a) prostate cancer and (b) clinically signi�cant
prostate cancer.

PSA: prostate-speci�c antigen; TPV: total prostate volume; PZV: peripheral zone volume; PZ-PSAD:
peripheral zone prostate-speci�c antigen density; TZ-PSAD: transition zone prostate-speci�c antigen
density.
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Figure 3

Cancer diagnosis using TRUS and PSAD in patients with PSA levels of 2.5–20.0 ng/mL

TRUS: transrectal ultrasound; PSAD: prostate-speci�c antigen density; PSA: prostate-speci�c antigen; (-):
negative; (+): positive; TRUS(+): abnormality �ndings in TRUS; TRUS(-): no abnormality �ndings in TRUS;
PSAD(-): PSAD <0.218; PSAD(+): PSAD ≥0.218.


