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Optimal PSA density threshold for prostate
biopsy in benign prostatic obstruction
patients with elevated PSA levels but negative
MRI findings
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Abstract

Purpose This study was designed to identify a useful clinical parameter or model for prostate biopsy in surgery-
indicated benign prostate hyperplasia (BPH) patients with elevated PSA levels and negative multiparametric prostate
magnetic resonance imaging (MRI) results.

Patients and methods \We retrospectively analyzed clinical and pathological data from patients who were
diagnosed with BPH and admitted to the inpatient department for surgery between January 2010 and September
2020. Clinical data, including age, prostate specific antigen (PSA) level, F/T PSA ratio, prostate volume, and PSA
density (PSAD), were used for comprehensive analysis. Univariate and multivariate logistic regression analyses were
performed to develop a predictive model. Receiver operating characteristic (ROC) analysis and decision curve analysis
(DCA) were performed to assess the diagnostic value of the predictive model, PSA concentration, F/T PSA ratio and
PSAD.

Results A total of 318 patients were included in the study, 8.2% (26/318) of whom were histologically diagnosed
with prostate cancer (PCa). Univariate and multivariate logistic regression analyses revealed that PSAD was the only
independent predictor of PCa biopsy. ROC curve analysis of PCa detection revealed a larger area under the curve
(AUQ) for the predictive model (AUC 0.855) and for PSAD (AUC 0.848) than for PSA (AUC 0.722) or the F/T PSA ratio
(AUC 0.635). DCA demonstrated that the optimal strategy would be to restrict biopsies to men with a PSAD of 0.30
ng/ml/cm3.

Conclusions Our study suggested that for BPH patients with surgical indications who present with PSA
abnormalities and negative imaging findings, the use of a new PSAD threshold of 0.30 ng/ml/cm3 could facilitate
convenient and sound biopsy decisions. This approach could reduce the complications and length of hospital stay
associated with biopsies and reduce hospital costs.
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Introduction

Prostate cancer (PCa) is the second most commonly
diagnosed solid malignancy worldwide, with an ever-
increasing incidence [1]. The definitive diagnosis of
prostate cancer relies on histopathological verification
through prostate biopsy. Currently, the indication for
prostate biopsy is determined by prostate specific antigen
(PSA) levels, PSA density (PSAD), other biomarkers and/
or suspicious digital rectal examination (DRE) and/or
imaging. According to the EAU guidelines, multiparam-
eter prostate MRI (mpMRI) should be performed before
considering prostate biopsy in biopsy-naive patients
with clinical suspicion of PCa [2]. If the mpMRI demon-
strates lesion(s) with features suggesting PCa, both sys-
tematic and targeted biopsy should be performed. If the
mpMRI is negative, the decision to proceed with prostate
biopsy should be based on the degree of clinical suspi-
cion of PCa, which comprises indications from PSA lev-
els, PSAD and other biomarkers. In situations where the
clinical suspicion of PCa is low, prostate biopsy could be
omitted when a shared decision is made with the patient.

In clinical practice, there is a large group of patients
with benign prostate hyperplasia (BPH) who have indi-
cations for surgery to relieve bladder outlet obstruction.
These patients present with elevated PSA levels but nega-
tive subsequent mpMRI results. Current research has
proposed different PSAD thresholds (such as 0.10 ng/ml/
cc, 0.15 ng/ml/cc, 0.20 ng/ml/cc, and even higher) as cut-
offs to determine prostate biopsy results for patients with
negative magnetic resonance results [3—-6]. However, no
unanimous conclusion has been reached, and these stud-
ies do not specifically focus on BPH patients with bladder
outlet obstruction. Since BPH itself can cause elevated
PSA levels, the findings from patients without BPH may
not be applicable to those with BPH. Therefore, there
is currently a lack of evidence to guide prostate biopsy
for BPH patients with elevated PSA levels and negative
mpMRI results before proceeding to BPH surgery. Addi-
tionally, prostate biopsy is often associated with minor
bleeding, urinary symptoms, and occasionally serious
infectious complications [7], which increase patients’
economic, physical and psychological burdens.

To propose the best biopsy strategy for BPH patients
with elevated PSA levels and negative mpMRI results, we
conducted a retrospective analysis of clinical data from
our center over the past ten years. The data included
information on prostate biopsy and prostate surgery for
BPH patients with negative mpMRI results and elevated
PSA levels. We performed a comprehensive analysis to
identify a sensitive threshold for predicting prostate can-
cer and to improve the accuracy of biopsy. Our aim was

to optimize the prostate biopsy strategy for BPH patients
with bladder outlet obstruction.

Patients and methods

Patients

After institutional review board approval (KY2021186)
was obtained, we retrospectively analyzed the clini-
cal data of patients who were diagnosed with BPH and
admitted to the inpatient department for surgery. Surgi-
cal intervention was indicated for patients with mod-
erate-to-severe voiding symptoms attributed to BPH
refractory to medical therapy as well as for patients with
clinically significant complications. We reviewed the
consecutive clinical profiles of surgical candidates with
BPH from January 2010 to September 2021 and enrolled
patients with elevated PSA levels (PSA >4 ng/ml), nega-
tive DRE, and mpMRI PI-RADS scores<2 in our study.
We excluded patients admitted for biopsy due to simply
elevated PSA levels who did not present with voiding
symptoms attributed to BPH. We also excluded patients
whose PSA results were confounded by recent uri-
nary obstruction or infection and who did not undergo
repeated testing. Furthermore, patients without surgical
or biopsy prostate pathological results were also excluded
from our study. After patient selection, detailed clinical
data were obtained from the patients’ electronic medical
records at the hospital. Follow-up assessments were con-
ducted during scheduled postoperative visits or through
consultative phone calls for patients who failed to attend
routine visits. The collected results were recorded.

Clinical data

Patient baseline data, including age, IPSS, medical treat-
ment with 5 alpha reductase inhibitors, history of bladder
stones and indwelling urinary catheters, PSA levels, F/T
PSA ratio, DRE, TRUS and mpMRI findings, were col-
lected. Specifically, since treatment with 5 alpha reduc-
tase inhibitors for more than 3 months reduces PSA
levels by an average of approximately 50% [8], we doubled
the PSA value of those patients in further analysis. For
patients with prostate cancer (PCa), the Gleason score of
the biopsy specimen was obtained. Prior to 2015, patients
without PI-RADS V2 scoring information were individu-
ally scored by radiologists with over 5 years of experience
in our hospital. The radiologists who scored the prostate
with the PI-RADS V2 system were blinded to the patho-
logical results. The prostate volume (PV) was calculated
based on the mpMRI data (PV=0.52 x anteroposterior
diameter x transverse diameter x craniocaudal diam-
eter). The PSAD is defined as the ratio of the PSA value
to the PV.
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All prostate biopsies were performed using a transrec-
tal systematic 12-core procedure in the left lateral decu-
bitus position under local anesthesia. BPH surgery was
performed using either monopolar transurethral resec-
tion of the prostate or greenlight laser enucleation of the
prostate. The histopathology of all biopsies was reported
separately and analyzed by an experienced uropathologist
using the 2014 International Society of Urological Pathol-
ogy (ISUP) modified classification. For BPH surgery, all
the removed prostatic tissues were subjected to patholog-
ical examination performed by the same uropathologist.
Any PCa with an ISUP grade>2 (Gleason score>3+4)
was defined as clinically significant PCa (csPCa).

Statistical analysis

SPSS (version 23) and R software (version 3.5.3) were
used for all the statistical analyses. Continuous vari-
ables are expressed as medians and interquartile ranges.
The Mann-Whitney U test was used for 2 continuous
variables, and the Chi-square test or Fisher’s exact test
was used for categorical variables. Multivariate logistic
regression analysis was performed with clinically relevant
parameters and statistically significant variables iden-
tified by univariate analysis. The predictive ability was
evaluated using a receiver operating characteristic (ROC)
curve. Decision curve analysis (DCA) was used to iden-
tify the strategy with the greatest net clinical benefit.
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Results

Descriptive characteristics of the overall population

This study included a total of 1347 patients admitted
to our department from January 1, 2010, to September
1, 2020, who required prostate surgery and had a PSA
level 24 ng/ml. After careful selection, 318 patients were
enrolled in the study for the final analysis (Fig. 1). Among
these 318 BPH patients, the median IPSS was 21, indicat-
ing that patients experienced moderate to severe voiding
symptoms. Of the 318 patients, 15.7% (50/318) presented
with urinary retention, 10.8% (34/318) presented with
bladder stones, and 27.7% (88/318) were receiving long-
term treatment with 5 alpha reductase inhibitors. Based
on the current guidelines, all 318 patients were recom-
mended for prostate biopsy. Among them, 68 patients
underwent systemic transrectal prostate biopsy first and
later received BPH surgery or radical prostatectomy
according to the pathological results, while the remain-
ing 250 patients refused biopsy and opted for transure-
thral surgery solely to relieve obstruction. Overall, 8.2%
(26/318) of the patients were histologically diagnosed
with PCa. Specifically, 61.5% (16/26) of the prostate can-
cer patients were classified as having insignificant PCa
(insPCa), and 38.5% (10/16) were classified as having
csPCa. Table 1 presents a comparison of the clinical char-
acteristics between BPH patients (non-PCa) and pros-
tate cancer patients (PCa) in the study cohort. Clinical
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Table 1 Comparison of clinical characteristics between prostate cancer and nonprostate cancer patients in the study cohort

Group Non PCa PCa Pvalue Total

Cases number, n(%) 292 26 318

Median Age, yr(IQR) 74(67-79) 73(67-79) 0.902 74(67-79)
Median PSA, ng/mlI(IQR) 8.83(6.17-11.62) 14.71(8.98-21.33) <0.001 9.03(6.31-12.08)
Median prostate volume, cm? (IQR) 65.27(50.14-87.67) 44.54(38.57-57.27) <0.001 63.92(49.20-86.20)
PSAD, ng/ml/cm3 (IQR) 0.13(0.09-0.20) 0.36(0.19-0.45) <0.001 0.14(0.09-0.21)
Median IPSS Score, (IQR) 23(21-26) 24(22-25) 0.969 21(23-25)
Indwelled Catheter, n(%) 0.961 Fisher exact
No 246(84.2) 22(84.6) 268(84.3)

Yes 46(15.8) 4(15.4) 50(15.7)

5a reductase inhibitor usage, n(%) 0315

No 209(71.6) 21(80.8) 230(72.3)

Yes 83(18.8) 5(19.2) 88(27.7)
Bladder Stones, n(%) 0.176 Fisher exact
No 263(90.1) 21(80.8) 284(89.3)

Yes 29(9.9) 5(19.2) 34(10.7)

F/T Ratio, n(%) 0.076

<0.16 127(43.5) 6(61.5) 143(45.0)
>0.16 165(56.5) 10(38.5) 175(55.0)

PSA Group, n(%) 0.011

4-10 ng/ml 176(60.3) 9(34.6) 185(58.2)

>10 ng/ml 116(39.7) 17(65.4) 133(41.8

PSAD Group, n(%) <0.001

<0.10 ng/ml/cm? 95(32.5) 13.8) 96(30.2)
0.10-0.14 ng/ml/cm3 73(25.0) 2(7.7) 75(23.6)
0.15-0.19 ng/ml/cm? 53(18.2) 5(19.2) 58(18.2)

>0.20 ng/m\/cm3 71(24.3) 18(69.2) 89(28.0)
Management <0.001

Encleation 234(80.1) 0(0) 234(73.6)
Encleation+AS 0(0) 9(34.6) 9(2.8)
Encleation +RP 0(0) 7(26.9) 7(2.2)

Biopsy + Encleation 58(19.9) 1(3.8) 59(18.6)
Biopsy +RP 0(0) 9(34.6) 9(2.8)
FollowUp 0458

Available, n(%) 229(78.4) 22(84.6) 251(78.9)
Median Time, months(IQR) 33(12-67) 16(5-59) 0.133 33(12-66)
Median PSA Value, ng/ml (IQR) 1.23(0.54-1.96) 1.17(0.55-1.89) 0.903 1.23(0.55-1.95)

parameters such as IPSS, percentage of patients with
urinary retention, bladder stones and receiving 5 alpha
reductase inhibitor treatment did not significantly differ
between the BPH and PCa groups. However, there were
significant differences in the PSA level, prostate volume,
and PSAD between the two groups (all 2<0.05). Patients
with PCa exhibited higher levels of PSA and PSAD but
lower prostate volume.

A total of 251 patients were successfully followed up.
After a median of 33 months postoperative follow-up,
based on their latest PSA results, all patients showed
a reduction compared to the preoperative PSA value in
BPH patients. Specifically, no patients with prostate can-
cer experienced recurrence after radical prostatectomy.

Risk factors for prostate cancer

To explore the potential risk factors for prostate can-
cer, we conducted univariate and multivariate logistic
regression comparing 26 non-PCa patients and 292 PCa
patients. Univariate analysis revealed that greater PSA
levels (odds ratio [OR] 1.16, 95% confidence interval [CI]
1.09-1.24; p<0.001), lower F/T ratios (OR 0.01, 95% CI
0-0.35; p=0.023) and greater PSAD levels (OR 207738.27,
95% CI 3990.48-10814523.29; p<0.001) were predic-
tors of PCa biopsy in patients with negative MRI find-
ings. Multivariate analysis excluded the PSA value and
F/T ratio and confirmed that PSAD (OR 1638230, 95%
CI 9803-525887770; p<0.001) was the only independent
predictor of PCa biopsy (Table 2). Based on the logistic
regression model, a predictive model for PCa was created
(see Supplement).
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Table 2 Risk factors for prostate Cancer
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Univariate analysis

Multivariate analysis

OR(95%Cl) P HR(95%Cl) P
Age 1.01(0.96-1.06) 0.786
IPSS Score 0.97(0.87-1.08) 0.560 - -
Catheter Indwelled 0.97(0.32-2.95) 0.961
Bladder Stones 2.16(0.76-6.16) 0.150
5 alpha reductase usage 0.60(0.22-1.64) 0.320 - -
PSA Value 1.16(1.09-1.24) <0.001 0.94(0.84-1.05) 0.300
F/T Ratio 0.01(0.00-0.35) 0.023 3.36(0.00-1137) 0.700
PSAD 207738.27(3990.48-10814523.29) <0.001 1,638,230(9803-525887770) <0.001
1.00
1.004
0.754
0.754
g g PCaCat
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Fig. 2 The distribution of prostate cancer between different prostate cancer category (A) and different PSAD threshold (B)

Diagnostic variables for prostate cancer

PSAD was proven by a multivariate logistic regression
model to be an independent predictor of PCa. The dis-
tribution of prostate cancer between different PSAD
thresholds showed that the number of PCa cases detected
increased with increasing PSAD (Fig. 2).

To explore the best clinical parameters that would help
to discriminate nonPCa from PCa, we performed ROC
analysis between the four clinical parameter candidates,
PSAD, PSA, F/T ratio and the logistic model created
above. ROC curve analysis of PCa detection revealed a
larger AUC for the predictive model (AUC=0.855) and
PSAD (AUC=0.848) than for the PSA (AUC=0.722) or
F/T ratio (AUC=0.635) (Fig. 3a). The best threshold for
PSAD was 0.30 ng/ml/cc, and by setting a cutoff of 0.30
for PSAD, the maximal AUC was achieved.

Next, we examined the ability of various PSAD thresh-
olds and conventional clinical parameters, such as a PSA
concentration of 10 ng/ml and an F/T ratio of 0.16, to
predict PCa (Table 3). The specificity for PCa was 60%
for 10 ng/ml PSA and 57% for an F/T ratio of 0.16, with
corresponding sensitivities of 65% and 62%, respectively.
The specificity was 93% for a PSAD of 0.30 ng/ml/cm3,
76% for a PSAD of 0.20 ng/ml/cm3, and 57% for a PSAD

of 0.15 ng/ml/cm3, with corresponding sensitivities of
65%, 69% and 92%, respectively. The highest Youden’s |
index among the various clinical parameters was 0.58 for
patients with a PSAD of 0.30 ng/ml/cm3. a PSAD cutoff
of 0.30 outperformed the other thresholds and was the
most suitable predictive marker.

We also performed DCA to validate the diagnos-
tic value of different biopsy strategies. According to the
DCA for the different biopsy strategies (Fig. 3b), biopsy
PSAD >0.30 and the predictive model showed the great-
est net benefit at each probability threshold compared to
the other strategies. With a probability of 0.05-0.15, the
net benefit of a biopsy PSAD >0.30 surpassed that of the
predictive model. In accordance with previous findings,
the optimal strategy would be to restrict biopsies to men
with a PSAD of 0.30 ng/ml/cm3.

Discussion

In this study, we focused on a specific group of patients:
those with benign prostatic hyperplasia (BPH) who were
admitted to our center and required surgery to relieve
bladder outlet obstruction (with a median IPSS of 21
and a median prostate volume of 63.92 ml). Preopera-
tive assessment revealed elevated PSA levels but negative
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Treat All
Treat None
~—— Biopsy PSAD = 0.30
— Biopsy PSAD = 0.20
— Biopsy PSAD = 0.15
Biopsy PSA =10
Biopsy FIT <0.16

Net Benefit

20% 30%
Threshold Probability

B

Fig. 3 ROC for performance of PSAD, PSA, F/T PSA Ratio in detecting prostate cancer in BPH patients with elevated PSA value, normal mpMRI results
(A). Decision Curve analysis of different biopsy strategies. Biopsy PSAD >0.30 and Predictive Model showed the highest net benefit at each probability
threshold compared to other strategies. During a probability of 0.05-0.15, the net benefit of Biopsy PSAD > 0.30 surpass the Predictive Model (B)

Table 3 Sensitivity, specificity, and predictive values for prostate cancer detection at various thresholds

Pathological Results

Diagnostic Value

Non PCa PCa Sensitivity Specificity PPV NPV Youden'’s J index

PSAD=0.30 19 17 0.65 0.93 047 0.96 0.58
PSAD<0.30 273 9

PSAD=0.20 71 18 0.69 0.76 0.20 0.97 045
PSAD<0.20 221 8

PSAD>=0.15 126 24 0.92 0.57 0.16 0.98 049
PSAD<0.15 166 2

PSA>10 116 17 0.65 0.60 0.13 0.95 0.25
PSA<10 176 9

F/T<0.16 127 16 0.62 0.57 0.1 0.94 0.19
F/T=0.16 165 10

mpMRI results. While men with negative mpMRI find-
ings have a low risk of high-grade prostate cancer, there
is still a small chance of missed csPCa, ranging from 5 to
15% in one recent systematic review. Therefore, identi-
fying patients with prostate cancer is still necessary [9].
Currently, evidence on the management of these patients
is lacking. In our study, we proposed that a PSAD cut-
off of 0.30 could be used for initiating prostate biopsy in
patients with negative MRI by retrospectively analyzing
clinical data and follow-up data. To the best of our knowl-
edge, our study is the first to focus on this specific subset
of patients who face the dilemma of whether to undergo
prostate biopsy. We also developed a predictive model
based on logistic regression analysis that incorporates the
PSA concentration, F/T ratio, and PSAD. However, this
model, via ROC analysis, only showed slightly better per-
formance than PSAD alone (AUC 0.855 vs. 0.848). Fur-
thermore, according to the decision curve analysis, the
net benefit of the predictive model was lower than that of
PSAD alone for a clinically relevant threshold probabil-
ity of 0.05-0.15. Therefore, we conclude that applying a

PSAD cutoff of 0.30 is a better risk stratification option
than using the predictive model.

PCa and BPH are both common diseases among older
men, and often coexist, affecting each other’s manage-
ment strategies [10]. Ideally, urologists should accurately
diagnose prostate cancer before performing surgery for
BPH to reduce the incidence of incidental prostate cancer
and guide men toward the appropriate initial treatment
option. Incidental prostate cancer refers to the discovery
of PCa after prostate surgery for benign prostate hyper-
plasia and is found in 5-11% of BPH/LUTS patients who
undergo appropriate diagnostic evaluation [11]. Previ-
ous studies have identified several clinical parameters,
such as patient age [12, 13], PSA [13-15], PSAD [12, 15,
16], preoperative prostate biopsy [17], and the presence
of suspicious lesions on prostate MRI [18] or ultrasound
[19], as predictive variables for incidental PCa. How-
ever, most of these studies were retrospective and did
not specifically focus on patients with negative prostate
MRI results. Furthermore, research on incidental PCa
has not provided a practical prostate biopsy strategy to
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target patients with PCa and avoid unnecessary biopsies
in patients without PCa.

Elevated PSA levels should prompt a PCa screening
process for individuals who meet specific criteria, such as
being over 55 years of age or having a strong family his-
tory, as outlined in current guidelines. In China, as well
as the United States, a PSA level of 4.0 ng/ml is the gen-
erally accepted threshold for prostate biopsy [20]. Pros-
tate biopsy is an invasive urological procedure associated
with complications such as infection, bleeding, and sub-
stantial discomfort to patients. Therefore, after a positive
PSA screening is confirmed, further assessments should
be conducted to minimize unnecessary biopsies. System-
atic analysis has shown that compared with systematic
biopsy, mpMRI, which has an average sensitivity of 91%
and specificity of 37%, can reduce the number of biop-
sies by 30% while maintaining the detection of significant
cancers [21]. However, recent systematic reviews have
reported false-negative rates of MRI results ranging from
5 to 15%, highlighting the need for risk-adapted strate-
gies in biopsy selection [9]. 68GaPSMA PET/CT, another
emerging diagnostic imaging modality for PCa, demon-
strated a diagnostic accuracy equal to 92% in the diagno-
sis of csPCa in men high risk for cancer [22], however, it
is not yet routinely utilized in our clinical practive due to
its relatively high cost. PSA derivatives (F/T ratio, PSA
velocity, and PSAD) and urine- or blood-based molecular
markers (Stockholm-3 model, the Prostate Health Index,
the 4 K score Test, PCA3 test, and ExoDx test) have all
been reported to effectively stratify high risk patients
for biopsy and improve the diagnostic accuracy of PCa
[20]. E/T ratio could be used to indicated prostate cancer
risk in patients with a PSA level less than 10 ng/ml, in a
study of a case-finding protocol on 14,453 patients, PCa
prevalence in case of tPSA<2.5 ng/ml (F/T ratio<0.15),
2.6—4 ng/ml (F/T ratio<0.20) and 4.1-10 ng/ml (F/T
ratio < 0.25) was equal to 29.1%, 37.4% and 28.8%, respec-
tively [23]. PCA3 test, which measures the expression of
the prostate cancer antigen 3 gene in post DRE urine, is
a well-established urine-based biomarker. Pepe et al.
reported that an AUC for a 25 cutoff of PCA3 compared
to 35 cutoff was 0.678 vs. 0.634 respectively for detecting
PCa in repeated saturation prostate biopsy [24]. However,
according to guidelines, these biomarkers are not yet
recommended as first-line screening tests in combina-
tion with serum PSA. These methods are mainly recom-
mended for individuals who have previously undergone
a negative prostate biopsy or are listed as options with
weak evidence to guide biopsy decision making in those
with PSA levels between 2 and 10 ng/ml [2, 25]. Fur-
thermore, the additional cost of urine and blood-based
biomarkers still hinders their widespread application.
On the other hand, PSA derivatives are easily accessible
and commonly used in clinical practice. Among the PSA
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derivatives, PSAD has been identified as a strong predic-
tive variable for incidental PCa [12, 15, 16], and multiple
studies suggest the combination of MRI findings and
PSAD to define patients who can safely avoid biopsy [5,
26-28]. However, the exact cutoff for selecting patients at
high risk of harboring PCa despite negative MRI results
is still under debate [4]. According to a recent meta-
analysis, EAU guidelines recommend using a cutoff of
0.20 ng/ml/cc in patients with negative MRI results [29],
while other studies propose different thresholds. Distler
et al. [30] reported that obtaining a biopsy in patients
with negative MRI results and a PSAD>0.15 increased
the detection of csPCa by 10% compared to that of MRI
alone, and this approach could avoid approximately 20%
of unnecessary biopsies. Other researchers have recom-
mended alternative thresholds for PSAD. Hansen et al.
[6] categorized patients in three groups based on PSAD
(0.10, 0.10-0.20, and >0.20) and found that a PSAD
of <0.20 was associated with low detection of csPCa
in patients undergoing repeated biopsy with negative
MRI By incorporating PSAD, the NPV of negative MRI
increased from 0.71 to 0.91. Pellegrino et al. [4] suggested
that a PSAD cutoff of 0.15 is appropriate only when MRI
accuracy is very low. For average MRI accuracy, a higher
cutoff of at least 0.20 should be used, assuming that MRI
accuracy has improved over the years. In our study, we
proposed a cutoff of 0.30 to detect PCa, which is higher
than the literature proposed above. The difference may
reflect the different patient characteristic between our
study and the literature. Our study specifically targeted
patients with bladder outlet obstruction due to benign
prostatic hyperplasia while the literature primarily
focused on the general population.

There are several limitations to this study. First, our
study was a single-center retrospective study and was
limited by the inherent flaws of its retrospective design.
Second, the pathological results in the study were
obtained from biopsies and transurethral prostate enu-
cleation specimens. The latter lacked a peripheral zone of
prostate tissue, which may have led to a reduced propor-
tion of PCa patients. However, this limitation is mitigated
by the follow-up results. During a minimum follow-up
time of 12 months (median of 33 months), patients with
negative pathological findings showed no progression of
PSA, and no patients were diagnosed with PCa after BPH
surgery. Thus, we can safely conclude that these patients
did not have PCa before management. Third, our study
analyzed the whole population of PCa patients rather
than focusing solely on patients with conventional csPCa.
Since csPCa accounts for only 3.1% of the entire popula-
tion, this small proportion could substantially influence
the results of the univariate and multivariate analyses,
making the identified risk factors unreliable. Finally,
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further multicenter clinical trials are needed to validate
this conclusion.

Conclusion

Our study suggested that for BPH patients with surgical
indications, in the case of PSA abnormalities and nega-
tive imaging findings, using a PSAD threshold of 0.30
could be a useful tool for making personalized biopsy
decisions. This approach can help reduce the complica-
tions and length of hospital stay associated with biopsies
as well as reduce hospital costs.
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