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Background: Incidental prostate cancer
(iPCa) remains a clinically relevant diagnosis
in men undergoing surgery for benign prostatic hyperplasia
(BPH). This study aimed to determine the incidence, character-
ize pathological features, and identify preoperative predictors of
iPCa.

Materials and methods: We conducted a retrospective cohort
study of 735 men undergoing BPH surgery between November
2020 and December 2024. Demographic, clinical, surgical, and
pathological variables were analyzed. Predictors of iPCa were
evaluated using logistic regression; discrimination was assessed
by ROC curves and Youden-optimized cut-offs.

Results: The incidence of iPCa was 5.6%. Among iPCa cases,
48.8% were ISUP 1, while 17.1% corresponded to high-grade
tumors (ISUP 2 4). Patients with iPCa had significantly higher
PSA (4.8 vs 1.9 ng/mL), higher PSA density (PSAD 0.099 vs
0.029 ng/mL/cm3), and smaller prostates (47 vs 66 mL)

(all p < 0.001). In multivariable analysis including age and
PSAD, only PSAD remained independently associated with iPCa
(per 0.01 ng/mL/cm? increase). PSAD discriminated iPCa better
than PSA (AUC 0.86 vs 0.80). A PSAD threshold around 0.15
ng/mL/cm? provided balanced performance (sensitivity ~0.82;
specificity =0.78). At a median follow-up of 24 months, most
patients were managed conservatively (active surveillance or
watchful waiting) with favorable short-term biochemical control;
a minority required systemic therapy (hormonotherapy),

and cancer-specific mortality was low.

Conclusions: iPCa occurred infrequently after BPH surgery,
although higher-grade tumors were still observed. PSA density
was the strongest preoperative predictor and should be integrat-
ed into risk stratification before BPH surgery.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is highly prevalent con-
dition, affecting over half of men > 60 years (1). While
most patients are managed conservatively, 20-30% with
moderate-severe lower urinary tract symptoms ultimately
require surgery when medical therapy fails (2, 3).
Additional surgical indications include recurrent acute uri-
nary retention and persistently elevated post-void residu-

als. Patients submitted to surgical interventions for BPH
such as transurethral resection of prostate (TURP) or simple
prostatectomy (SP) are usually evaluated prior to treatment
to rule out malignancy that could change the therapeutic
strategy (3).

Incidental prostate cancer (iPCa) refers to cancer unexpected-
ly identified on histopathological assessment of tissue
resected for presumed BPH (2). According to the TNM clas-
sification, tumors involving < 5% of resected tissue are
staged pTla, and those > 5% as pT1b (6). The pooled inci-
dence of iPCa after BPH surgery is approximately 8.8%,
with nearly 20% of these being clinically significant disease
(ISUP Grade Group 2 2; Gleason 2 3+4) (4). Although
many iPCa cases are low volume and indolent, a relevant
subset warrants definitive oncologic treatment (2, 5, 7).
This study primarily aims to estimate the incidence of
iPCa among men undergoing surgery for benign prostat-
ic hyperplasia and to describe their demographic, clinical,
and pathological characteristics. Secondary aims are to
analyze preoperative prostate cancer screening and rele-
vant perioperative factors; identify preoperative predic-
tors of iPCa — focusing on PSA, prostate volume, and PSA
density; and characterize initial post-diagnosis manage-
ment and short-term oncologic outcomes.

MATERIALS AND METHODS
This single-center, retrospective observational study eval-
uated the incidence of iPCa after surgery for BPH.

Setting and population

We screened all consecutive patients who underwent
BPH surgery between November 2020 and December
2024. Two surgical approaches were analyzed according
to our institutional practice at the time: TURP for
prostates < 80 cm? and SP for prostates > 80 cm?>.

Eligibility criteria

Of 820 operated patients (568 TURP and 252 SP), we
excluded 85 cases: 62 with a previous prostate cancer
diagnosis and 23 who underwent other procedures
(transurethral incision of the prostate or bladder neck
incision). The final cohort comprised 735 patients. iPCa
was defined as adenocarcinoma identified on histopatho-
logical assessment of tissue resected for presumed BPH in
patients without a prior prostate cancer diagnosis.
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Data collection

We retrospectively extracted demographic, clinical, labo-
ratory, imaging, surgical, and pathological data from elec-
tronic records. Variables included were, when available,
age, PSA, prostate volume, PSA density, digital rectal
examination, prior negative biopsy, use of 5-alpha-reduc-
tase inhibitors, urinary retention/catheterization, periop-
erative details, and pathology (ISUP Grade Group,
pTla/pTlb according to the percentage of tumor in the
resected specimen).

Ethics

As a retrospective chart review of anonymized data with
no patient contact or intervention, the requirement for
individual informed consent was waived in accordance
with institutional and national regulations. All data were
handled confidentially, and the study adhered to the
principles of the Declaration of Helsinki (2024 update).

Statistical analysis

Continuous variables are presented as median and
interquartile range and categorical variables as counts (per-
centages). Group comparisons used the Mann-Whitney
U test.

Preoperative predictors of iPCa were assessed using logis-
tic regression, reporting odds ratios (OR) with 95% confi-
dence intervals (CI). Discriminative performance was eval-
uated with receiver operating characteristic (ROC) curves
and area under the curve (AUC); optimal cut-offs for PSA
and PSA density were obtained using the Youden index,
with corresponding sensitivity and specificity. Two-sided
p-values < 0.05 were considered statistically significant.
Analyses were performed with standard statistical soft-
ware.

REsuLTS

Demographic and preoperative assessment

Over the 49-month study period (November 2020 to
December 2024), 41 of 735 surgically treated patients
(5.6%) were found to have an iPCa on histopathology. As
shown in Table 1, the mean age at diagnosis was 73 years
(range, 48-90). Regarding comorbidities, arterial hyper-
tension was the most prevalent condition, affecting
82.9% of patients, followed by dyslipidemia (78.0%) and
diabetes mellitus (48.8%). With respect to prior medical
therapy for BPH, 17 patients were receiving combination
treatment with an alpha-adrenergic receptor antagonist
and a 5-alpha-reductase inhibitor at the time of surgery,
reflecting guideline-based management of moderate-to-
severe LUTS. Alpha-blocker monotherapy was the second
most frequently prescribed regimen (10 patients), where-
as 5-alpha-reductase inhibitor monotherapy and other
combinations were less common,; 7 patients had received
no medical therapy.

As part of the standard preoperative work-up, all patients
underwent serum prostate-specific antigen (PSA) testing.
The mean preoperative PSA was 3.06 ng/mL (range, 0.10-
27.90 ng/mL). Ultrasound-based assessment of prostate
volume showed a mean of 45 cm? (range, 20-197 cm?),
allowing calculation of PSA density, which yielded a mean

Table 1.
Baseline characteristics of patients with incidental
prostate cancer (iPCa).

Age, years 73 (48-90)
Comorbidities
Arterial hypertension 34 (82.9%)
Diabetes mellitus 20 (48.8%)
Dyslipidemia 32 (78.0%)
Renal transplant recipient 4(9.8%)
Current smoker 3(7.3%)
Antiplatelet therapy 13 (31.7%)
Anticoagulant therapy 4(9.8%)
BPH medical therapy
None T (17.1%)
oc-blocker 10 (24.4%)
5-alpha-reductase inhibitor (5-ARI) 2 (4.9%)
oc-blocker + 5-ARI 17 (41.5%)
Serenoa repens 1 (2.4%)
Serenoa repens + &-blocker 3(7.3%)
Serenoa repens + &x-blocker + 5-ARI 1(2.4%)
Preoperative tests
PSA, ng/mL 3.06 (0.10-27.90)
Prostate volume, cm? 45 (20-197)
PSA density, ng/mL/cm? 0.064 (0.003-0.636)
Prostate mpMRI performed 2 (4.9%)
Preoperative prostate biopsy 3(7.3%)

of 0.064 ng/ml/cm? (range, 0.003-0.636 ng/ml/cm?3).
Multiparametric prostate MRI (mpMRI) and preoperative
prostate biopsy were performed selectively in patients with
clinical suspicion of malignancy-namely, concerning PSA
kinetics, abnormal digital rectal examination, or imaging
findings. Overall, 2 patients (4.9%) underwent mpMRI
(one with PIRADS 3 and another with PIRADS 4) and 3
(7.3%) were submitted to prostatic biopsy; all preoperative
investigations were negative for prostate cancer.

Surgical outcomes and perioperative data
As summarized in Table 2, 32/41 (78%) patients under-
went TURP and 9/41 (22%) underwent simple prostatec-

Table 2.
Surgical and perioperative variables in patients with iPCa.
Type of surgery
Transurethral resection of the prostate (TURP) 32 (78.0%)
Simple prostatectomy 9(22.0%)
Surgical indication
Refractory lower urinary tract symptoms (LUTS) 17 (41.5%)
Chronic urinary retention with indwelling catheter 16 (39.0%)
Persistently elevated post-void residual urine 8 (19.5%)
Length of hospital stay, days 25(1-9)
Bladder catheter at discharge 38(92.7%)
Postoperative catheterization, days 7 (4-20)
Emergency department visits within 30 days 8 (19.5%)
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tomy. Surgical indications were refractory lower  Figure
urinary tract symptoms (LUTS) in 17 (41.5%),

chronic indwelling catheter due to urinary

1

Flow diagram of patient selection for the iPCa cohort
(November 2020-December 2024).

retention in 16 (39.0%), and persistently elevat-

ed post-void residuals in 8 (19.5%).
The median length of stay was 2.5 days (range,

262 Simple

prostatectomy

820 patients 568 TURP

1-9). Preoperative haemoglobin was 14.5 g/dL
(mean); 1 patient (2.4%) required postoperative
red-blood-cell transfusion due to pre-existing
chronic anaemia (pre-op Hb 9 g/dL) (Clavien-
Dindo II). Other postoperative events included
hematuria requiring continuous bladder irriga-
tion (managed conservatively; Clavien I-1I), one
febrile lower urinary tract infection (Clavien II),

Excluded (n = 85):

- 62: previous diagnosis of prostate cancer

- 23: other surgery (transurethral incision of the
\ prostate; bladder neck incision)

| 735 patients submitted to BPH surgery

v

| 41 pa

tients with incidental prostate cancer (iCaP) |

and one transient left lower-limb weakness that
resolved with conservative measures (Clavien I).
At discharge, 38/41 (92.7%) patients left with an
indwelling urethral catheter; the median catheterization
time was 7 days (range, 4-20). Within 30 days, 8/41
(19.5%) required emergency department evaluation, pre-
dominantly for recurrent hematuria. During early postop-
erative follow-up, acute urinary retention occurred in 4
patients (9.8%); 3 evolved to chronic indwelling catheter-
ization due to acontractile bladder, confirmed on urody-
namic testing.

Incidental cancer diagnosis and pathological features
On histopathological assessment (Table 3), the resected
tissue weight had a median of 13.5 g (range, 3-107 g).
Tumor involvement represented a median of 10% of the
specimen (range, 1-90%). According to the ISUP Grade
Group system, ISUP 1 was the most frequent (20/41;
48.8%), followed by ISUP 2 (11/41; 26.8%); ISUP 3 and
ISUP 4 (3/41; 7.3%), and ISUP 5 (4/41; 9.8%), indicating
a predominance of low-grade disease but with a relevant
subset of higher-grade tumors.

Preoperative PSA and PSA density were compared
between low-grade (ISUP 1; n = 20) and high-grade
(ISUP = 4; n = 7) cancers using the Mann-Whitney U test
(Table 3).

The postoperative PSA showed a marked reduction com-
pared with preoperative values, with a mean of 0.95
ng/mL (range, 0.04-27.6 ng/mL).

Following the postoperative diagnosis of iPCa,
multiparametric MRI (mpMRI) was performed
in 14/41 (34.1%) patients based on clinical risk

Table 3.

Post-diagnosis histopathology and imaging work-up
in patients with iPCa.

Age, years 73 (48-90)
Surgical specimen
Resected tissue weight, g 13.5(3-107)
Tumour involvement, % of specimen 10 (1-90)
ISUP Grade Group
ISUP 1 20 (48.8%)
ISUP 2 11 (26.8%)
ISUP 3 3(7.3%)
ISUP 4 3(7.3%)
ISUP 5 4(9.8%)
Post-diagnosis mpMRI performed 14/41 (34.1%)
PI-RADS < 3 9/14 (64.3%)
PI-RADS > 4 5/14 (35.7%)
Post-diagnosis hiopsy performed 14/41 (34.1%)
Negative 7/14 (50.0%)
ISUP 1 4/14 (28.6%)
ISUP>2 3/14 (21.4%)
PI-RADS: Prostate Imaging Reporting and Data System.
ISUP: International Society of Urological Pathology.

Table 4.
Comparison of preoperative PSA and PSA density between ISUP Grade
Group 1 and > 4.

stratiﬁ(:ation. PI-RADS > 4 165101’15 were detect' ISUP Grade 1 (n = 20) ISUP Grade > 4 (n o 7) p'Value
iiérelriv/ 61;'{ Z‘r’:lieregc/ [1;1" E;i:;iﬁgfnz 3W ift\}lll ;14 Preoperatie PSA (ng/ml) 197 (1403.20) 780 (650-11.00) <0001
: - ; 3 ¥ N

RADS < 3 had systematic cores, and those with PSA density (ng/mL/cm3) 0.054 (0.042-0.132) 0.220 (0.140-0.350) <0.001
PI-RADS > 4 received systematic plus targeted
cores. Biopsy results were negative in 7 patients, Table 5

. >y i able 5.
ISUP 1in 4, and ISUP 2 2 in 3. Comparative analysis between patients with and without iPCa:

.. X Values shown as median and interquartile range [IQR]; p-values

Predictive factors of iPCa from Mann-Whitney U test.
Among the 735 men operated, 41 (5.6%) had
iPCa on final histopathology and 694 (94.4%) BPH (n = 694) iPCa (n = 41) p-value
had no carcinoma. Baseline age was comparable Age, years 70 (66-76) 72 (67-78) 0.184
between groups (p = 0.184). In contrast, PSA PSA, ng/mL 1.9 (1.2-28) 48(3.3-69) <0.001
and PSA density (PSAD) were higher and | Pprostate volume, mL 66 (50-80) 47 (35-60) <0001
prostate volume was lower in the iPCa group | psa density, ng/mL/cm® | 0,029 (0.020-0.040) 0,099 (0.070-0.140) <0.001
(all p < 0.001), as shown in Table 5.
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Table 6.
Muiltivariable logistic regression model.
0Odds ratio (95% CI) p-value
Age (per year) 1.03 (0.98-1.09) 0.204
PSAD (per 0.01 ng/mL/cm?) 1.28 (1.14-1.47) <0.001

In multivariable logistic regression including age and
PSAD, only PSAD remained independently associated
with iPCa (per 0.01 ng/ml/cm3 OR 1.28, 95% CI 1.14-
1.47, p < 0.001), whereas age was not significant (per
year: OR 1.03, 95% CI 0.98-1.09, p = 0.204) (Table 6).
Diagnostic accuracy analyses confirmed the superiority of
PSAD over PSA. The AUC for PSAD was 0.86 (95% Cl
0.79-0.91) versus 0.80 (95% CI 0.73-0.87) for PSA
(Figure 2).

The Youden-optimized cut-off for PSAD (= 0.15
ng/ml/cm?) yielded sensitivity 0.82, specificity 0.78, PPV

Figure 2.
Left: ROC curve for preoperative PSA; Right: ROC curve for PSA density.

of 1.12 ng/mL (IQR 0.64-1.87, range 0.25-4.39); one
patient (6.3%) requiring re-evaluation for PSA rise, was
upgraded to ISUP Grade Group 2 on repeat biopsy, and
received definitive radiotherapy. In the watchful waiting
cohort (n = 18), the median age was 76.5 years (IQR
73.5-79.0; mean 77.1 = 5.9); 3 patients (16.7%) died of
non-urological causes; among 15 survivors with recent
laboratory data, the latest PSA had a median of 1.50
ng/mL (IQR 0.77-2.23; range 0.15-6.35).

In patients treated with hormonal therapy (n = 7), the
median age at diagnosis was 80.0 years (IQR 77.5-85.5;
mean 80.9 + 5.7); two (28.6%) died from progressive dis-
ease, and among the remaining five with recent tests, the
latest PSA showed a median of 0.45 ng/mL (IQR 0.22-
0.50; range 0.06-6.50). At last contact, androgen-depri-
vation regimens included bicalutamide monotherapy in
1/7 (14.3%), LHRH agonist monotherapy in 3/7 (42.9%),
and LHRH agonist plus an androgen-receptor pathway
inhibitor in 3/7 (42.9%).

True Positive Rate (Sensitivity)

0.8

0.6

0.4

0.2

ROC — PSA Density (PSAD)

Sens 0.82
Spec078

AUC = 0.86

True Positive Rate (Sensitivity)

ROC — PSA (preoperative)

0.8

0.6

0.4

0.2

AUC = 0.80

%80 02 0.4 0.6 08 o %90 02 04 06 08 To
False Positive Rate (1 - Specificity) False Positive Rate (1 - Specificity)
Table 7.
Diagnostic performance of PSA and PSAD for iPCa prediction.
Optimal cut-off (Youden) Sensitivity Specificity PPV NPV AUC (95% CI)
PSA, ng/mL 43 0.75 0.73 0.32 0.95 0.80 (0.73-0.87)
PSA density ng/mlL/cm? 0.15 0.82 0.78 0.39 0.96 0.86 (0.79-0.91)
PPV: positive predictive value; NPV: negative predictive value.
0.39, and NPV 0.96; for PSA (4.3 ng/mL), sensitivity and DiscussioN

specificity were 0.75 and 0.73 with PPV 0.32 and NPV
0.95 (Table 7). Collectively, these results indicate that
PSAD is the strongest preoperative marker for iPCa in this
cohort.

Oncological follow-up

The median follow-up was 24 months (range 10-50). At
last follow-up, six patients had died — four from non-
prostate cancer causes and two from disease progression.
Among those managed with active surveillance (n = 16),
the median age at diagnosis was 68 years (IQR 62.8-70.0;
range 48-73), and the most recent PSA showed a median

In our cohort, the mean age at diagnosis of iPCa was 73
years, reflecting a predominantly elderly population. This
is consistent with the epidemiology of both BPH and
prostate cancer aligning with previous TURP studies,
including those published by Porcaro et al. and Otto et al.,
in which the mean patient age ranged from 70 to 75 years
(6, 8). The high prevalence of metabolic comorbidities
observed in our patients reflects the typical BPH surgical
population described in previous studies and may influ-
ence both perioperative management and long-term
oncological management and outcomes (8).

In this series prostate cancer iPCa was found in 5.6% of
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BPH surgeries — toward the lower end of contemporary
series and below pooled estimates around 8-10%. The
figure is consistent with reports from the PSA era show-
ing declining incidental detection in modern BPH surgery
cohorts (TURP/HOLEP) (2, 5-7) and with meta-analyses
highlighting center-level variability driven by preopera-
tive biopsy and imaging practices (1, 4).

The mean preoperative PSA in our study population was
3.05 ng/mL, a value not typically considered suspicious
for prostate cancer. In their meta-analysis, Guo et al. iden-
tified elevated PSA as the strongest independent predictor
of iPCa risk, although no specific PSA threshold indica-
tive of malignancy was defined (1). Wang et al. also con-
firmed the association between elevated preoperative PSA
and incidental cancer diagnosis (4). The mean prostatic
volume, measured by ultrasound, was 45 cm?, compara-
ble to other TURP cohorts and in agreement with the
inverse relationship between prostatic tissue weight and
cancer detection described by Wang et al. (4).
Pathological analysis revealed that almost half of our
tumors (48.8%) were ISUP Grade Group 1. This distri-
bution is in line with the 73% reported by Porcaro et al.
(8) and the predominance of low-grade disease (60-75%)
highlighted in the meta-analysis by Guo et al. (1). The
presence of ISUP > 2 lesions in our series, including four
ISUP 5 tumors, underscores that a relevant proportion of
iPCa is clinically significant. Otto et al. found higher-grade
disease in approximately 20% of incidental cases (6), and
Abedi et al. emphasized that not all iPCa can be managed
conservatively (9).

Preoperative determinants were concordant with higher-
level evidence. Patients with iPCa had higher PSA/PSA
PSAD and smaller prostates, whereas age was not dis-
criminatory; in multivariable analysis PSAD remained the
strongest independent predictor (AUC 0.86). Meta-analy-
ses and contemporary reviews likewise identify PSAD as
the most informative marker for iPCa in BPH surgery can-
didates, with an inverse association between gland size
and cancer detection; thresholds near 0.15 ng/ml/cm3
provide a pragmatic balance between sensitivity and
specificity (1, 4, 10, 11). Taken together, our findings
support integrating PSAD into preoperative pathways to
guide selective mpMRI and/or biopsy before benign pro-
static surgery, particularly in borderline cases.
Oncological follow-up in this cohort was largely reassur-
ing over a median of 24 months. Most patients were man-
aged conservatively — active surveillance or watchful wait-
ing — with stable PSA profiles: in active surveillance, only
1/16 (6.3%) triggered re-evaluation for PSA rise, resulting
in upgrade to ISUP Grade Group 2, and received defini-
tive radiotherapy; in watchful waiting, the latest PSA
among survivors remained low (median 1.50 ng/mL).
Overall mortality was dominated by non-prostate cancer
causes (4/6 deaths), consistent with the advanced age and
comorbidity of the watchful-waiting subgroup and aligns
with recommendations to prioritize conservative strate-
gies for pTla and low-risk pT1lb disease while reserving
definitive treatment for pathological upgrade or biochem-
ical progression (9, 10, 13).

A smaller subset required systemic therapy upfront,
reflecting biologically aggressive presentations that can
still be detected incidentally. Among those on hormonal

therapy (n = 7), two cancer-related deaths occurred
despite contemporary regimens (including LHRH agonist
plus androgen receptor pathway inhibitors in 3/7),
underscoring that incidental detection does not preclude
clinically significant disease. This observation mirrors
reports that 18-25% of iPCa may be clinically relevant (1,
6) and supports a risk-adapted follow-up anchored in
postoperative PSA kinetics (with 5-ARI adjustment when
applicable), PSA density, and selective mpMRI to refine
stratification (4, 10). Taken together — and in line with
population-level comparisons showing convergence of
outcomes by stage/grade rather than route of diagnosis
(13, 15) — our data reinforce conservative management as
the default for low-risk iPCa, with vigilant triggers for
escalation in the minority exhibiting adverse biology.

Limitations and future perspectives

This study has inherent limitations, including its retro-
spective and single-center design, which may introduce
selection bias. The lack of systematic postoperative mul-
tiparametric MRI or biopsy hinders precise evaluation of
residual disease. Furthermore, the follow-up duration
may not fully reflect long-term oncological outcomes,
particularly in conservatively managed patients.

Future research should focus on prospective multicenter
studies with standardized postoperative imaging or biop-
sy protocols to better characterize residual disease.
Longer follow-up periods are needed to assess long-term
outcomes and progression risk, especially for ISUP > 2
cases. Incorporating PSA density, advanced biomarkers,
and functional outcomes may also help refine risk strati-
fication and management strategies for iPCa.
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CoNCLUSIONS

In our study, the incidence of iPCa was comparable to
rates reported in other contemporary studies. Almost half
of cases representing low-grade and potentially indolent
disease. Nevertheless, the presence of clinically significant
prostate cancer (ISUP > 2), underscores the need for care-
ful pathological assessment and structured postoperative
management. Preoperative PSA density appeared as rele-
vant predictor of incidental cancer, reinforcing their role
in risk stratification. Future prospective studies incorpo-
rating multiparametric MRI and other biomarkers are war-
ranted to refine the management of this group of patients.
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