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Abstract

Obijective: Prostate-specific antigen density (PSAd) has gained traction as a superior diagnostic marker, compared with PSA alone, for predicting clinically
significant prostate cancer (csPCa). However, prostate gland volume may affect the diagnostic accuracy of PSAd. To evaluate how prostate volume
influences the diagnostic performance of PSAd for detecting csPCa in patients with Prostate Imaging Reporting and Data System (PI-RADS) 3 lesions.
Materials and Methods: We retrospectively analyzed 576 patients with PI-RADS 3 lesions who underwent PSA testing, multiparametric magnetic
resonance imaging (MRI), and cognitive- and fusion-guided transrectal prostate biopsies between 2017 and 2025. PSAd was calculated as serum PSA
divided by MRI-measured prostate volume. Patients were stratified into three groups according to prostate volume: <30 mL, 31-50 mL, and =51 mL.
csPCa was defined as International Society of Urological Pathology grade >2. Diagnostic performance of PSAd was assessed using receiver operating
characteristic (ROC) curve analysis with volume-specific cut-offs.

Results: The overall csPCa detection rate was significantly higher in patients with prostates <30 mL (p<0.001). Across all volume groups, csPCa detection
remained <5% when PSAd <0.10 ng/mL/mL. For glands <30 mL, csPCa rates rose sharply above this threshold. ROC analysis revealed that small prostates
had a slightly higher diagnostic accuracy [area under the curve (AUC) 0.668] compared with intermediate (AUC 0.599) and large (AUC 0.633) glands.
Optimal PSAd cut-offs were narrowly distributed (0.1058-0.1531), but diagnostic sensitivity varied with volume.

Conclusion: The findings indicate that the diagnostic performance of PSAd in predicting csPCa is influenced by prostate volume. Instead of proposing
definitive universal cut-off values, our results suggest that lower PSAd thresholds may be considered in patients with larger prostate volumes, particularly
in borderline cases such as PI-RADS 3 lesions. Incorporating prostate volume into PSAd interpretation may improve risk stratification and contribute to
more individualized biopsy decision-making.

Keywords: Multiparametric magnetic resonance imaging, PI-RADS, prostate cancer, PSA density, PSMA

Introduction magnetic resonance imaging (mpMRI) and biopsy when

indicated (1,2). Despite its utility, serum PSA is influenced
Prostate cancer (PCa) remains one of the most prevalent Ly various benign conditions, particularly benign prostatic
malignancies affecting men globally, with significant implications hyperplasia, thereby reducing its specificity for detecting

for both morbidity and mortality. Current diagnostic pathways clinically significant PCa (csPCa).
often begin with serum prostate-specific antigen (PSA) testing

and digital rectal examination, followed by multiparametric To overcome this limitation, PSA density (PSAd), defined as the

ratio of serum PSA to prostate volume, has been proposed as a

Cite this article as: Akpinar C, Kuru Oz D, Ozsoy AF, et al. Prostate-specific antigen density and clinically significant prostate cancer: impact of prostatic
volume in PI-RADS 3 lesions; high volume single-center analysis. Bull Urooncol. 2026;25(1):1-6.
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more refined marker for csPCa. PSAd has demonstrated higher
predictive value for csPCa compared to PSA alone, particularly in
cases where MRI findings are equivocal, such as Prostate Imaging
Reporting and Data System (PI-RADS) 3 lesions (3-6). Guidelines
such as those from the European Association of Urology (EAU)
and National Institute for Health and Care Excellence recently
suggest the integration of PSAd into clinical decision-making,
especially for PI-RADS 3 lesions (7).

PSAd is used to aid decision-making in cases of indeterminate PI-
RADS 3 lesions on MRI. In patients with PI-RADS 3 lesions and a
PSAd below 0.10 ng/mL/mL, biopsy may be deferred due to the
low risk of csPCa (4,8), whereas biopsy is recommended when
PSAd is 0.10 ng/mL/mL or higher (7). However, the use of fixed
PSAd thresholds may not account for differences in prostate size.
Larger prostates typically produce higher PSA levels because of
increased benign prostatic tissue, thereby potentially obscuring
the contribution of malignant foci. Conversely, smaller glands
may yield elevated PSAd values for relatively insignificant
cancers. Despite its increasing use in biopsy decision-making,
there are limited studies investigating how prostate volume
alters the diagnostic performance of PSAd (9).

This study aims to evaluate, within a high-volume, single-center
cohort of 576 PI-RADS 3 lesions, the influence of prostate volume
on PSAd for detecting csPCa. In our study, by examining PSAd
thresholds across stratified prostate volume groups, we hope
to determine whether volume-adjusted interpretations could
improve diagnostic accuracy and more effectively guide biopsy
strategies.

Materials and Methods

Patients and Methods

This retrospective study was conducted in 576 patients with
PI-RADS 3 lesions who underwent transrectal ultrasonography
(TRUS)-guided biopsies for suspected PCa at our tertiary
institution between January 2017 and January 2025. Written
informed consent was obtained from all patients before TRUS-
guided biopsies. All procedures were performed in accordance
with the 1964 Declaration of Helsinki and its later amendments.
The study was approved by our Institutional Ethics Committee of
Ankara University (decision no: 106-596-25, date: 12.08.2025).

All patients were biopsy-naive and had a clinical suspicion of
PCa based on either elevated PSA levels or abnormal findings
on digital rectal examination. After serum PSA testing, mpMRI,
and transrectal ultrasound-guided cognitive (E.Q.) and fusion-
targeted prostate biopsy (N.H.) within the diagnostic pathway.
Patients presenting with PSA levels above 40 ng/mL were
excluded because these levels are commonly associated with
advanced or metastatic PCa and may bias the analysis of
localized disease.

All patients were scanned on a 3T MRI scanner within three
months before the biopsy. For image assessment, all mpMRI
examinations performed before 2019 were re-reviewed by an
experienced abdominal radiologist (D.K.O., with 10 years of
expertise in prostate MRI) according to the PI-RADS v2.1 criteria.
All PI-RADS 3 lesions identified after 2019 were reassessed. Total

prostate volume was calculated on MRI using the ellipsoid
formula (10), and divided into three groups according to
volumes <30 mL, 31-50 mL, and 251 mL biopsy specimens were
evaluated according to the International Society of Urological
Pathology (ISUP) modified Gleason system (11). csPCa is defined
on histopathology as a Gleason score > 3+4 (2ISUP grade 2),
per-lesion basis. PSAd was calculated as PSA divided by prostate
volume. Diagnostic performance was analyzed at thresholds of
<0.10, 0.10-0.14, 0.15-0.19 and >0.20 ng/mL/mL

MR Image Acquisition Technique

mpMRI images were obtained using a 3.0 Tesla MR system
(Verio; Siemens Medical Solutions, Erlangen, Germany). A
standard body-matrix coil was used to receive signals from the
patients’ prostates. The MRI scanning procedure incorporated
three-directional (3D) (sagittal, coronal, and axial) T2 turbo
spin-echo (TSE) imaging; axial diffusion-weighted imaging
sequences performed at three b-values (0, 1000, and 2000
mm?/s) using echo-planar technology; and an axial TSE T2-
weighted sequence encompassing pelvic lymph nodes to the
level of the aortic bifurcation. After injecting gadolinium contrast
medium (0.2 mL/kg) into the vein at 2.5 mL/s, followed by 15
mL of saline, dynamic contrast-enhanced images were obtained
in the axial plane using a fat-suppressed 3D T1 VIBE protocol.

TRUS Biopsy Procedure

TRUS was using GE P5 or LOGIQ S8 ultrasound scanners (GE
Healthcare, Milwaukee, Wisconsin) equipped with a biplanar
convex/convex transrectal probe (BE9CS). The biopsies were
performed via the transrectal route using a fully automatic core
biopsy device with an 18-gauge, 25 cm tru-cut needle (Geotek).
The T2W axial images were loaded onto the ultrasound machine,
and after fusing selected images with real-time TRUS images, a
fusion biopsy was performed with at least three samples taken
from the target lesion (N.H). Subsequently, a 12-core systematic
biopsy was performed. Prior to cognitive biopsy, the locations
of suspicious lesions were reviewed by the operator (E.O.), and
three additional cores from the region of the index lesion were
taken using cognitive TRUS guidance. All biopsy procedures
were performed by the two operators, each with more than 10
years of experience in TRUS-guided prostate biopsy. All biopsy
specimens were labelled according to the site of the prostate
that was biopsied and were sent for histopathologic evaluation.

Statistical Analysis

Statistical analyses were performed using SPSS® Statistics version
26.0 (IBM Corp., Armonk, NY, USA). Patient characteristics were
reported using descriptive statistics. Descriptive statistics were
expressed as medians and interquartile ranges for variables
that were not normally distributed. The chi-square and Fisher’s
exact tests were used to compare categorical variables between
groups. The diagnostic performance of PSAd was assessed
across prostate volume groups using the area under the receiver
operating characteristic (ROC) curve (AUC). Optimal cut-off
points were determined such that sensitivity and specificity were
balanced. A p-value of less than 0.05 at the 95% confidence
level was considered to indicate statistical significance.
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Results

The cohort consisted of 576 patients. Patient characteristics for
those with PI-RADS 3 lesions who underwent biopsy are shown
in Table 1. The median age was 64 years, the median PSA was
6.5 ng/mL, and the median PSAd was 0.11 ng/mL/mL. The
median prostate volume was 65 mL, and the maximum prostate
volume was 255 mL. Among all patients with PI-RADS 3 lesions,
those with a prostate volume <30 mL had a significantly higher
rate of csPCa compared to those with volumes of 31-50 mL and
251 mL (p<0.00T).

For PSAd values below 0.10 ng/mL/mL, the rate of csPCa
remained under 5% across all prostate volume groups. Among
patients with prostate volumes <30 mL, csPCa rates were
consistently higher at all PSAd levels above 0.10 ng/mL/mL
compared to other volume groups, with a statistically significant

difference observed in the 0.10-0.14 ng/mL/mL range (p=0.009)
(Table 2). Among patients with prostate volume <30 mL, no
csPCa was detected when PSAd was <0.10 ng/mL/mL, while
detection rates were 30.8% for 0.10-0.14, 27.3% for 0.15-0.19,
and 44.3% for 20.20 ng/mL/mL. For those with prostate volume
of 31-50 mL, the corresponding rates were 4.9%, 8.3%, 11.8%,
and 17.4%, while in patients with prostate volume >51 mL, the
rates were 3.3%, 5.7%, 4%, and 17.6%, respectively (Table 2).

PSAd showed varying diagnostic accuracy across prostate
volume groups. In glands <30 mL, the AUC was 0.668 with an
optimal cut-off of 0.1441 ng/mL/mL. For prostates measuring
31-50 mL, the AUC was 0.599 and the cut-off was 0.1531 ng/
mL/mL. In glands =51 mL, diagnostic performance remained
moderate with an AUC of 0.633 and a lower optimal cut-off of
0.1058 ng/mL/mL (Table 3) (Figure 1).

Table 1. Demographic and clinical characteristics of patients with PI-

RADS 3 lesions who underwent biopsy

Parameters Overall cohort (n=576)
Age, median (IQR) 64 (59-70)

PSA (ng/mL), median (IQR) 6.5 (4.87-8.6)

Prostate MRI volume (mL) median (IQR) 65 (50-88)

PSA density (ng/mL?), median (IQR)

0.11 (0.07-0.13)

PSA density, n (%)
<0.10

0.10-0.14
0.15-0.19

>0.20

258 (44.8%)
190 (33.1%)
70 (12.1%)
58 (10.1%)

Biopsy procedure,
Cognitive-targeted (n=223)
Fusion-targeted (n=353)

223 (38.7%)
353 (61.3%)

Biopsy results, n (%)
Benign

ISUP grade 1

ISUP grade >2

455 (79%)
73 (12.7%)
48 (8.3%)

PSA: Prostate-specific antigen, MRI: Magnetic resonance imaging, PI-RADS: Prostate Imaging Reporting and Data System, ISUP: International Society of Urological

Pathology, IQR: Interquartile range

Table 2. Clinically significant prostate cancer detection rates by PI-RADS score, PSA density and prostate volume undergoing prostate biopsy
Prostate volume

Parameters (n=576) <30 mL 31-50 mL >51 mL P-value*
(n=46,8%) (n=170;29.5%) (n=360; 62.5%)

csPCa detection rates

PI-RADS 3 overall, (n=576) 15/46 (32.6%) 16/170 (9.4%) 17/360 (4.7%) <0.001

PSA density <0.10 (n=258) -/4 (=) 2/41 (4.9%) 7/213 (3.3%) 0.816

PSA density 0.10-0.14 (n=190) 4/13 (30.8%) 6/72 (8.3%) 6/105 (5.7%) 0.009

PSA density 0.15-0.19 (n=70) 3/11 (27.3%) 4/34 (11.8%) 1/25 (4%) 0.129

PSA density 0.20 (n=58) 8/18 (44.3%) 4/23 (17.4%) 3/17 (17.6%) 0.106

*: Chi-square and Fisher’s exact tests, PI-RADS: Prostate Imaging Reporting and Data System, PSA: Prostate-specific antigen, csPCa: Clinically significant prostate cancer

Table 3. Diagnostic accuracy of PSA density: AUC values and optimal cut-off points by prostate volume group

Prostate volume AUC %95 Cl Optimal PSAd cut-off (ng/mL/mL)
<30 mL 0.668 0.504-0.831 0.1441
31-50 mL 0.599 0.440-0.757 0.1531
=51 mL 0.633 0.497-0.769 0.1058

PSA: Prostate-specific antigen, AUC: Area under the curve, PSAd: PSA density, Cl: Confidence interval
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Figure 1. Receiver operating characteristic curves demonstrating the diagnostic performance of prostate-specific antigen (PSA) density for clinically significant
prostate cancer across three prostate volume groups: (A) <30 mL, (B) 31-50 mL, and (C) =51 mL. Area under the curve values and optimal cut-off points were
calculated separately for each group. The discriminative ability of PSA density varied by gland size, highlighting volume-dependent thresholds

Discussion

MRI alone has inherent limitations due to variability in
interpretation among readers and between centers (1,12,13).
This limitation becomes particularly critical for PI-RADS 3 “gray
zone” lesions, where reported rates of csPCa diagnosis range
widely from 3% to 50% (14,15). Such a broad range reflects the
heterogeneity of biopsy outcomes within this lesion category,
underscoring the challenge in clinical decision-making for PI-
RADS 3 findings. Since PSAd is calculated using MRI and PSA
values, both routinely obtained in the diagnostic workup for
suspected PCa, it provides a straightforward, cost-effective
metric that has been widely adopted in clinical settings. Much
research has focused on identifying optimal PSAd thresholds to
enhance sensitivity among patients with negative MRI findings
or to improve specificity when MRI results are equivocal. Tools
such as the risk-adapted biopsy decision model proposed by
Schoots and Padhani (4) exemplify this approach. Furthermore,
regardless of prostate volume stratification, PSAd has been
demonstrated to outperform PSA alone as a predictor of csPCa
(5,16).

According to the 2025 EAU guidelines, a risk-adapted strategy
based on PSAd is proposed to guide biopsy decisions for PI-
RADS-detected lesions. In this framework, a csPCa detection rate
of <5% is considered very low risk, 5-10% is considered low
risk, and 10-20% is considered intermediate risk. The minimum
csPCa risk threshold for recommending biopsy is set at >10%.
For PI-RADS 3 lesions, this risk corresponds to a PSAd of >0.10
ng/mL/mL, with biopsy strongly recommended at PSAd >0.20
ng/mL/mL. Consistent with earlier reports, Koparal et al. (17)
demonstrated that a PSAd value greater than 0.20 ng/mL/mL
serves as an independent predictor of csPCa in patients with
PI-RADS 3 lesions. In our cohort, which included a substantial
number of PI-RADS 3 lesions biopsied by two experienced
operators, csPCa detection rates remained below 5% across
all prostate volume groups when PSAd was <0.10, confirming
the very low-risk category defined by the EAU. These findings
support omitting biopsy for PI-RADS 3 lesions with PSAd <0.10,
regardless of prostate size.

4

Univariate analysis showed that starting from a PSAd threshold
of 0.10 ng/mL/mL, csPCa detection rates increased across all
prostate volume groups, with the most pronounced rise observed
in prostates <30 mL. ROC curve analysis also supported this
volume-dependent diagnostic variability. While csPCa detection
rates increased with rising PSAd across all prostate volume
groups, ROC analysis revealed that the discriminatory power of
PSAd was not uniform. Despite relatively similar optimal cut-off
values, the AUC was highest in the <30 mL group, indicating
superior diagnostic performance in small prostates. In contrast,
PSAd had a lower AUC in intermediate and large prostates,
suggesting reduced discriminative accuracy in these groups.
Although the AUC was lower in large prostate groups (=50
mL), setting a lower PSAd cut-off value may be beneficial for
detecting csPCa in this group.

These findings suggest that applying a uniform PSAd threshold
may lead to underdiagnosis of csPCa in men with large prostate
volumes and unnecessary biopsies in those with small volumes.
While some studies have proposed lower PSAd thresholds for
large prostates to preserve sensitivity, our results support this
approach. Additionally, the ability to detect csPCa at lower PSAd
levels in small prostates suggests that PSAd is a more sensitive
biomarker in this subgroup. Although PSAd was associated
with increasing csPCa risk across all volume categories, its
discriminatory power appeared to be stronger in smaller glands.
Therefore, adapting PSAd thresholds according to prostate
volume may improve the accuracy of clinical decision-making.

A study that evaluated PSAd in detail found that among patients
with PSAd between 0.09 and 0.19 ng/mL/mL, those with a
prostate volume of less than 33 mL had higher detection rates of
csPCa (5). In a recent publication, Robinson et al. (18) assessed
how PSAd cut-off values might vary according to prostate
volume when sensitivity is held constant. They identified cut-
off values of 0.21 ng/mL/mL for small prostates and 0.11 ng/
mL/mL for large prostates. However, they reported that smaller
prostate volumes were associated with higher sensitivity in
detecting csPCa. They emphasized that these cut-off values were
not intended as direct clinical recommendations, but rather to
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illustrate the extent to which PSAd thresholds may need to be
adjusted based on prostate volume.

Our study confirms that the diagnostic performance of PSAd
in PI-RADS 3 lesions is affected by prostate size. Larger glands
may dilute the PSA contribution from cancer, reducing PSAd
sensitivity. However, the optimal PSAd cut-off values we
identified ranged narrowly from 0.10 to 0.15 ng/mL/mL across
volume groups; csPCa detection rates were notably higher in
patients with smaller prostates, even at similar PSAd levels. This
highlights the potential for enhanced diagnostic sensitivity in
small prostate volumes and suggests that using a uniform PSAd
threshold may not be equally effective for all prostate sizes.
Moreover, the clinical relevance of prostate volume extends
beyond this specific context. In some situations, such as when
patients present with a PSAd value below 0.10 ng/mL/mL and
PI-RADS 1-2 findings on mpMRI, a prostate biopsy is usually not
recommended. Determining whether repeat biopsy should be
performed in patients with initially negative biopsy results but
persistently suspicious PI-RADS scores remains challenging in
clinical practice. To enhance diagnostic precision and reduce the
risk of overlooking csPCa, several complementary parameters
have been explored. For example, Sahin et al. (19) reported
that lesion density defined as the length of the mpMRI-detected
lesion adjusted for prostate volume served as an independent
predictor of csPCa. These findings highlight that prostate
volume meaningfully influences both lesion density and PSAd

(19).
Study Limitations

This study has several limitations. First, the retrospective design
represents the main limitation and may have introduced
selection bias regarding which patients with PI-RADS 3 lesions
proceeded to biopsy. Another important consideration is the
timing of mpMRI in relation to prostate biopsy. During the
early phase of the study period (2017-2019), mpMRI was
not routinely performed before the initial biopsy; therefore,
biopsy-naive patients who underwent mpMRI during that
interval were also included in the analysis. At our institution,
however, mpMRI was already being used prior to the first
biopsy in selected patients presenting with elevated PSA levels
or abnormal findings on digital rectal examination. As these
patients generally had higher PSA values and suspicious clinical
findings, their inclusion may have contributed to selection
bias. Although the study included a relatively large cohort,
all data were derived from a single academic tertiary referral
center, which may limit the generalizability of the results. On
the other hand, all MRl examinations were jointly reassessed
by two experienced radiologists, enhancing the reliability of
the radiological evaluation. Overall, our findings may provide
a useful basis for future research aimed at further investigating
and validating the relationship between prostate volume, PSAd,
and the detection of csPCa in patients with PI-RADS 3 lesions.

Conclusion

Our results imply that prostatic volume affects PSAd’s diagnostic
efficacy in predicting csPCa. Our study encourages the use
of lower PSAd thresholds in individuals with larger prostate

volumes, especially in borderline cases such as PI-RADS 3
lesions, rather than suggesting clear new cut-off values. In this
patient group with diagnostic uncertainty, our volume-adjusted
interpretation may enhance risk classification and facilitate
tailored biopsy decisions.
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Abstract

Objective: Cribriform architecture has increasingly been recognized as an adverse morphological feature in prostate adenocarcinoma. The present study
aimed to describe a novel histopathological subtype of cribriform architecture, termed conglomerated cribriform morphology (CCM), and to investigate
its association with clinicopathological parameters and oncological outcomes.

Materials and Methods: Radical prostatectomy specimens with Gleason score 7 and cribriform architecture were retrospectively reviewed. All cases were
re-evaluated and categorized into two morphological groups: basic cribriform morphology and CCM. Clinicopathological variables and survival outcomes
were compared between these groups.

Results: A total of 151 patients were included in the study, with a mean age of 67.6 years. CCM was detected in 21.2% of cases. This pattern was
significantly associated with higher prostate-specific antigen levels, extraprostatic extension, lymph node metastasis, biochemical recurrence, and distant
metastasis. Multivariate Cox regression analysis revealed tertiary Gleason pattern, lymphovascular invasion, and CCM as independent predictors of
biochemical recurrence. Patients with CCM had significantly shorter biochemical recurrence-free survival.

Conclusion: Cribriform architecture is widely considered an unfavorable feature in prostate cancer. The newly described conglomerated cribriform
subtype appears to be a particularly aggressive variant. Recognition of this morphology may contribute to improved prognostic stratification and
influence clinical management strategies.

Keywords: Prostate adenocarcinoma, Gleason score 7, cribriform morphology, basic cribriform, conglomerated cribriform, biochemical recurrence

Introduction

In recent years, cribriform architecture has attracted considerable
attention in prostate cancer research due to its association
with unfavorable clinical outcomes. Several studies have
demonstrated that tumors exhibiting cribriform growth patterns
behave more aggressively compared with other Gleason pattern
4 morphologies (1-5). The International Society of Urological
Pathology (ISUP) describes cribriform carcinoma as a confluent
epithelial proliferation composed of malignant cells forming
multiple gland-like luminal spaces that are clearly visible at low
magnification and lack intervening stroma (6). Distinguishing
invasive cribriform carcinoma from intraductal carcinoma of the
prostate is an important diagnostic consideration. Intraductal
carcinoma generally retains a surrounding basal cell layer,
whereas invasive cribriform carcinoma lacks basal cells.

Beyond the simple presence of cribriform glands, several
investigators have attempted to determine whether additional
morphological characteristics may further refine prognostic
assessment. In particular, gland size has been proposed as a
potentially relevant parameter. Some reports suggest that larger
cribriform glands are associated with worse clinical outcomes,
whereas other studies have not confirmed this relationship,
leading to ongoing debate regarding the prognostic significance
of gland size (7,8). A recent study suggested that cribriform
glands larger than 0.25 mm are correlated with adverse
prognostic parameters (9).

Although diagnostic challenges exist, cribriform morphology
is generally considered to demonstrate relatively good
interobserver reproducibility compared with other Gleason
pattern 4 patterns (10,11). Morphological features such as
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transluminal bridging and reduced peripheral luminal space
have been proposed as useful criteria for recognizing cribriform
carcinoma (12).

Most published studies have focused on the presence or size
of cribriform glands or on differentiating invasive cribriform
carcinoma from intraductal carcinoma. However, the potential
heterogeneity within invasive cribriform architecture itself has
not been extensively investigated. The present study aimed
to evaluate distinct histopathological subtypes of invasive
cribriform morphology and to assess their potential prognostic
significance.

Materials and Methods

Patients who underwent radical prostatectomy between 2010
and 2020 and were diagnosed with Gleason score (GS) 7 (3+4
or 4+3) prostate adenocarcinoma were reviewed retrospectively.
Only cases demonstrating cribriform architecture were included
in the study. Ethical approval was obtained from the Eskisehir
Osmangazi University Faculty of Medicine Non-Invasive Clinical
Research Ethics Committee (decision no: 47, date: 27.01.2021,
number: E-25403353-050.99-203691).

Pathological Evaluation

All histopathological slides were independently reviewed in
a blinded manner by two experienced pathologists. After re-
evaluation, 151 cases demonstrating cribriform morphology
were included in the study. Data collected included GS, ISUP
grade group (GG), presence of a tertiary pattern, lymphovascular
and perineural invasion, extraprostatic extension (EPE), seminal
vesicle invasion, pathological stage (pT), and lymph node
metastasis.

Cribriform architecture was identified according to ISUP criteria
(6). Cases were subsequently categorized into two morphological
subgroups:  basic  cribriform  morphology (BCM) and
conglomerated cribriform morphology (CCM). The presence of
even a single, invasive, conglomerated cribriform structure was
considered sufficient for classification as CCM. To differentiate
invasive cribriform carcinoma from intraductal carcinoma, p63
immunohistochemistry was performed in selected cases. BCM
was defined as cribriform glands with round, oval, or irregular
contours, clearly separated from the surrounding stroma (Figure
1). CCM was defined as large, invasive cribriform structures
demonstrating expansile or infiltrative growth, frequently
forming merged glandular masses and occasionally being
associated with stromal or capillary components (Figure 2).

Clinical Evaluation

Clinical variables included preoperative prostate-specific antigen
(PSA) level, follow-up duration, adjuvant radiotherapy, distant
metastasis, biochemical recurrence, biochemical recurrence-free
survival (BRFS), disease-related mortality (DRM), and survival
status. Biochemical recurrence was defined as a PSA level >0.2
ng/mL at least 8 weeks after surgery.

Immunohistochemistry

Sections were prepared from formalin-fixed, paraffin-embedded
tissue blocks. After deparaffinization and rehydration,
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endogenous peroxidase activity was blocked using hydrogen
peroxide. Antigen retrieval was performed using Tris-EDTA
buffer. Slides were incubated with monoclonal p63 antibody
and visualized using an EnVision detection system. Hematoxylin
was used for counterstaining. The absence of basal cell staining
around cribriform glands supported the diagnosis of invasive
carcinoma.

Statistical Analysis

The Shapiro-Wilk test was used to evaluate the distribution of
continuous variables. The Mann-Whitney U test was applied for
comparisons between groups. Associations between categorical
variables were assessed using Pearson’s chi-square test, the Yates-
corrected chi-square test, or Fisher’s exact test, as appropriate.
BRFS was analyzed using Kaplan-Meier survival analysis with the
log-rank test. Multivariate Cox proportional hazards regression
was performed to identify independent predictors of recurrence.
A p-value <0.05 was considered statistically significant. Statistical
analyses were conducted using IBM SPSS Statistics version 25.

Results

Patient Characteristics

The study included 151 patients. Among these cases, 62.9%
were classified as GG2 and 37.1% as GG3. The mean patient
age was 67.6 years (range 52-83 years). Pathological staging
revealed 33.7% pT2, 41.1% pT3a, and 25.2% pT3b. The mean
PSA level was 15.8 ng/mL (range 3-181.9). Perineural invasion
was observed in 66.2% of cases, while lymphovascular invasion
was present in 25.2%. Positive surgical margins were detected
in 29.1% of patients. Among the 129 patients who underwent
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Figure 1. Example of invasive BCM, H&E

BCM: Basic cribriform morphology, H&E: Hematoxylin and eosin

Figure 2. Example of invasive CCM, H&E

CCM: Conglomerated cribriform morphology, H&E: Hematoxylin and eosin
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lymph node dissection, lymph node metastasis was identified in
22.5% of patients.

Cribriform Morphology

BCM was detected in 78.8% of cases, while CCM was identified
in 21.2%. Most BCM cases (73.9%) were in GG2, whereas 78.1%
of CCM cases were in GG3 (p<0.001). The mean cribriform
gland percentage was 13.2% in BCM and was significantly
higher at 42.8% in CCM (p<0.001). Preoperative PSA 210 ng/
mL was observed in 45.4% of BCM and 75% of CCM cases
(p=0.005). Mean PSA values were 12.8 ng/mL in BCM and
26.5 ng/mL in CCM (p<0.001). EPE was more frequent in CCM
(84.4% vs. 61.3%, p=0.025). Surgical margin positivity was
also higher in CCM (46.9%, p=0.023). Biochemical recurrence
occurred in 62.5% of CCM patients (p<0.001). Lymph node
metastasis was significantly more common in CCM (p=0.046).
Distant metastases occurred in 5.3% of BCM cases and 34.4%
of CCM cases (p<0.001). Although tertiary patterns were more
frequent in CCM (18.8% vs. 14.3%), this difference was not
statistically significant (p=0.581). Table 1 summarizes the
associations between cribriform morphological subtypes and
the evaluated prognostic parameters.

Survival Analysis

Radiotherapy was administered to 25.5% of patients. Distant
metastasis developed in 11.6% of patients, and biochemical
recurrence developed in 31%. Six patients lacked follow-up
data. The mean follow-up period was 68 months (range 12-
153 months). DRM occurred in 1.4% of patients. Kaplan-Meier
analysis demonstrated that BRFS was significantly shorter in
CCM than in BCM (51.2 vs. 117.9 months, p<0.001). BRFS in
CCM was 3.87-fold shorter than in BCM (Figure 3). Multivariate
analysis identified lymphovascular invasion, tertiary pattern, and
CCM as independent predictors of recurrence (Table 2).

Discussion

The Gleason grading system remains one of the most important
prognostic indicators in prostate adenocarcinoma. Moreover,
it serves as a primary method for guiding the selection of
optimal therapeutic strategies for patients. Gleason pattern 4
encompasses several architectural patterns including poorly
formed glands, fused glands, glomeruloid structures, and CM
(13). While these morphological subtypes were not routinely
reported in the past, recent studies have consistently shown that
invasive CM carries worse prognostic implications (1,3,8,14). In
radical prostatectomy specimens with a GS of 7, the presence of
cribriform architecture has been linked to reduced 5-year BRFS
(7). Consequently, both the Genitourinary Pathology Society
and the ISUP now recommend documenting CM in prostate
biopsies and radical prostatectomies (15,16).

Although some studies suggest that large cribriform glands are
associated with poor prognosis (7), others have reported that
size does not matter (8,17). The concept of expansile cribriform
architecture has also been proposed to describe large cribriform
structures with numerous luminal spaces or dimensions
exceeding those of adjacent benign glands. These lesions
have been associated with increased rates of EPE, l[ymph node

metastasis, and seminal vesicle invasion (18). While a recent
study described cribriform diameter >0.25 mm as a potential
prognostic marker, morphological features of the glands were
not addressed (9). Importantly, most of these studies did not
exclude intraductal carcinoma, and a standard definition
for large, small, or expansile cribriform glands has yet to be
established.

While earlier studies mainly evaluated the prognostic role of
cribriform architecture in GS7 tumors, subsequent research has
demonstrated that this architectural pattern retains independent
prognostic significance in higher-grade prostate cancers,
including GS8 and 9-10 (4,8,19). In addition to morphological
differences, cribriform prostate carcinoma has been shown to
harbor distinct molecular alterations. These include increased

Table 1. Relationship between the cribriform pattern subgroups
and other prognostic parameters
Basic Conglomerated
cribriform | cribriform
pattern pattern p-value
(n=119) (n=32)
ISUP group grade n (%)
2 88 (73.9 7(21.9
( ) ( ) <0.001*
3 31 (26.1) 25(78.1)
PSA value n (%)
<10 ng/mL 65 (54.6 8 (25
g9 (54.6) (25) 0.005*
>10 ng/mL 54 (45.4) 24 (75)
PSA value, mean (ng/mL) | 12.89 26.59 <0.001**
95% ClI 11.09-14.69 | 15.06-38.13 :
Extraprostatic extension n (%)
Present 73 (61.3) 27 (84.4)
0.025*
Absent 46 (38.7) 5(15.6)
Surgical margin n (%)
Positive 29 (24.4) 15 (46.9)
0.023*
Negative 90 (75.6) 17 (53.1)
Lymphovascular invasion n (%)
Present 23 (19.3) 15 (46.9)
0.003*
Absent 96 (80.7) 17 (53.1)
Tertiary pattern n (%)
Present 17 (14.3) 6(18.8)
0.5871***
Absent 102 (85.7) | 26(81.3)
Biochemical recurrence n (%)
Present 25 (22.1) 20 (62.5)
<0.001*
Absent 88 (77.9) 12 (37.5)
Lymph node metastasis n (%)
Present 18 (17.6) 11 (36.7)
0.046***
Absent 81 (82.4) 19 (63.3)
Distant organ metastasis n (%)
Present 6(5.3 11 (34.4
©3) ( ) <0.007***
Absent 108 (94.7) | 21 (65.6)
*: Yates test, **: Mann-Whitney U test, ***: Fisher’s exact test, Cl: Confidence
interval, PSA: Prostate-specific antigen
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frequencies of PTEN and p27 loss, as well as changes affecting
DNA repair pathways (20). Moreover, key genetic changes
implicated in cribriform prostate cancer involve deregulation
of the MYC, mTORC1, MAPK, KRAS, JAK-STAT, and epidermal
growth factor receptor pathways. Epigenetic modifications may
further contribute to this deregulation, as cribriform morphology
has been linked to increased EZH2 expression and heightened
levels of DNA methylation (20-22).

Our study aimed to define histopathological subgroups of
invasive CM that may have prognostic significance, particularly
in GG2 and GG3 cases where treatment strategies may vary.
For routine use, we selected key histopathological criteria that
are frequently used to define morphological subtypes. CCM was
statistically associated with higher GG, increased EPE, positive
surgical margins, advanced pT stage, lymph node metastasis,
elevated PSA, biochemical recurrence, and distant metastasis
compared with BCM.

Although CM demonstrates the highest interobserver
reproducibility among Gleason pattern 4 morphologies (54-
79%), diagnostic variability persists (10). Cribriform carcinoma
consists of cohesive epithelial sheets forming rounded orirregular
trabeculae with multiple lumina. However, this definition does
not clearly distinguish CM from complex fused glands, papillary
proliferations, glomeruloid growth, or tumors with cribriform-
Cribriform
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-~ Conglomerated
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Figure 3. BRFS curves for patients with GG2 and 3 disease, categorized according
to the morphology of invasive cribriform glands (BCM vs. CCM) (p<0.001)

BRFS: Biochemical recurrence-free survival, GG: Grade group, BCM: Basic cribriform
morphology, CCM: Conglomerated cribriform morphology

Table 2. Cox regression analysis of biochemical recurrence-free

survival in patients with GG2 or 3 prostate cancer with invasive

cribriform pattern

Multivariate analysis Hazard ratio (95% Cl) p-value

g:sti)crlform morphology (Reference) 0.001

Conglomerated 2.97(1.59-5.55)

k}g;gl:lt]ovascular invasion (Reference) 0.001

P 2.95(1.55-5.62) ’
resent

Asen P (Reference) 0.001

P 3.14 (1.59-6.19) ’
resent

GG: Grade group, Cl: Confidence interval
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like mucinous morphology. van Leenders et al. (23) defined
CM as tumor cell sheets with minimal stromal contact, limited
peripheral luminal space, and clearly visible lumina on H&E
sections. Shah et al. (12) identified consensus diagnostic criteria
including transluminal bridging, lack of stromal contact, absence
of intraglandular mucin, <50% peripheral luminal space, and
dense cellular proliferation. Parameters with higher disagreement
included partial bridging, stromal contact, mucinous fibroplasia,
glomeruloid-like patterns, and >50% peripheral luminal space
(12). In our study, we applied simplified and well-defined criteria
to minimize diagnostic variability. Nevertheless, further studies
are required to achieve higher interobserver concordance.
Additionally, distinguishing BCM, which is more common in
GG2, from intraductal carcinoma or cribriform PIN remains
challenging without immunohistochemical basal cell markers.
Many prognostic studies on CM do not address this distinction.

Study Limitations

This study has several limitations. First, the study was conducted
at a single institution and included a relatively small number
of cases. Second, the follow-up period was limited for
some patients. Because this is the first study describing this
morphological subtype, comparative data in the literature are
limited. Larger multicenter studies with longer follow-up periods
are necessary to validate these findings.

Conclusion

This study represents the first attempt to evaluate the prognostic
significance of histopathological subgroups within invasive CM.
Our findings suggest that CCM is associated with aggressive
tumor behavior, including higher rates of lymph node metastasis
and biochemical recurrence, and poorer BRFS. Identification of
this morphological pattern in prostate biopsies or prostatectomy
specimens may provide valuable prognostic information,
particularly in patients with GG2 and 3 disease. Recognition of
this subtype could influence treatment planning and follow-up
strategies. Further large-scale studies are required to confirm
these observations.
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Abstract

Obijective: Surgical management of renal tumors has shifted toward partial nephrectomy (PN), even in larger or more complex cases. This study aimed
to evaluate how clinical practice patterns, surgical approaches, and outcomes of PN evolved over the last decade.

Materials and Methods: Using the Turkish Urooncology Association REDCap database, we retrospectively reviewed 3,482 patients who underwent PN
for renal cell carcinoma between 1997 and 2024. Patients were stratified into earlier (before 2014) and later (after 2014) groups. Demographic, surgical,
perioperative, and oncologic parameters were compared. Subgroup analyses assessed open, laparoscopic, and robot-assisted PN. Statistical analyses were
performed using t-tests and chi-square tests with significance set at p<0.05.

Results: Patients in the last decade were older (56.9 vs. 54.9 years; p<0.001). Hospital stay, blood loss, and ischemia time were significantly reduced
(all p<0.001). The use of minimally invasive PN increased significantly, with robotic procedures comprising 12.2% of cases after 2014 (p<0.001).
Intraoperative complications declined from 3.5% to 1.5% (p=0.001), and postoperative complications declined from 14.1% to 6.5% (p<0.001).
Recurrence decreased from 8.7% to 3.5% (p<0.001), while positive margin rates remained stable at 9.1% in both groups. Subgroup analyses confirmed
reductions in complications and in recurrence for both open and laparoscopic PN.

Conclusion: PN has evolved toward wider use in older patients and with minimally invasive techniques. Despite comparable tumor sizes, perioperative
complications and recurrence rates declined significantly over time, supporting PN as a safe and effective treatment for complex renal tumors.
Keywords: Nephrectomy, renal cell carcinoma, surgical oncology

Introduction T1 tumors and may help preserve long term kidney function

more effectively (9). However particularly in larger tumors, some
Recently, surgical management of renal tumors has increasingly studies have reported mixed results regarding overall survival,
shifted toward partial rather than radical nephrectomy (RN), keeping the discussion open (9,10). With advances in surgical
even for larger and more complex cases when feasible (1,2).  techniques and increased use of minimally invasive methods,
Earlier detection through imaging and growing experience with  pen, laparoscopic and robot assisted PN have become more
partial nephrectomy (PN) have influenced this shift (3,4). PN'is  common and safer in many centers (11,12). Studies support
widely accepted as the preferred option for T1a renal masses  the use of PN for larger renal tumors, showing advantages in
and is increasingly used in selected T1b and even T2 cases when kidney function outcomes, though with a slightly higher rate
technically possible (5,6). Although RN was more common in of complications (13,14). Also, the oncologic impact of positive

the past, its use in T1 and selected T2 tumors has gradually  syrgical margins (PSM), a concerning outcome of PN, remains
decreased (7,8). PN offers similar cancer control especially for
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controversial (15). For small renal tumors, management may
include PN as previously discussed, as well as ablative techniques
or active surveillance in selected patients (16,17). This diversity
in the management of renal tumors maintains the topic’s
relevance.

Our study aims to assess how the clinical approach to PN has
changed over time by comparing patients treated in the last
decade with those from earlier years. We investigated shifts in
patient selection, surgical techniques, tumor complexity, and
perioperative and oncological outcomes.

Materials and Methods

In our study, data from the Turkish Urooncology Association
REDCap database were retrospectively reviewed (18,19).
A total of 3,482 patients who underwent PN for renal cell
carcinoma between 1997 and 2024 were included. As this
was a multicenter, retrospective study, variability in surgical
expertise, available technology, and institutional protocols was
inevitable. However, all participating centers are high-volume
tertiary institutions experienced in renal surgery, and data
entry followed standardized definitions within the national
database. While some heterogeneity may exist, the large sample
size and consistent data collection likely reduce its overall
impact. Variables assessed included patient age at the time of
surgery, tumor size, operation type and duration, preoperative
nephrometry scores, length of hospital stay, ischemia duration,
and complications. Injuries involving the bowel, major vascular
structures, diaphragm, or liver were collectively categorized
as intraoperative complications and recorded as present or
absent. Postoperative complications were similarly recorded
as binary variables and included bleeding or the need for
selective embolization, urinary fistula or the associated need for
ureteral stenting, postoperative renal failure, reoperation, and
development of deep vein thrombosis or pulmonary embolism.
During postoperative follow-up, surgical margin status and
tumor recurrence were also documented.

All statistical analyses were performed to compare clinical,
surgical, and oncologic parameters between patients treated
before 2014 and patients treated after 2014. That year was
chosen as the cut-off point to provide a balanced comparison
between earlier and more recent cases and to represent the most
recent decade of data. It was not linked to any specific guideline
change or technological milestone, but aimed instead to reflect
temporal improvements in surgical practice and institutional
experience. Continuous variables were expressed as mean *

standard deviation and compared using independent samples
t-tests. Categorical variables were summarized as frequencies
and percentages, and comparisons were performed using
Pearson’s chi-square test. Subgroup analyses were conducted
for patients who underwent open, laparoscopic, or robot-
assisted PN to assess changes over time in complication rates,
recurrence, and surgical margin status.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 29.0 (IBM Corp., Armonk, NY, USA). A p-value of less
than 0.05 was considered statistically significant. Figures were
generated using Python version 3.14.0 (Python Software
Foundation, Wilmington, DE, USA).

Ethical approval for this multicenter database study was obtained
from the Institutional Ethics Committee of Manisa Celal Bayar
University (decision no: 20.478.486/3395, date: 04.09.2025).
All participating centers have the necessary approvals to
enter patient data into the database, and all data are stored
anonymously.

Results

Significant differences between the earlier patients (before
2014) and patients from the last decade (after 2014) were
observed using independent-samples t-tests. The last-decade
patients were significantly older compared to earlier patients
(56.92+14.12 vs. 54.92£13.03; p<0.001). Length of hospital
stay (4.24+7.99 vs. 5.47+7.77; p<0.001), estimated blood loss
(195.35£250.43 vs. 237.34+£279.85; p < 0.001), and ischemia
time (17.06+0.7 vs. 19.38+0.8; p<0.001) were all significantly
lower in the last-decade patients. No statistically significant
differences were found between the groups in terms of tumor
size (3.65+£2.01 vs. 3.82%2.38; p=0.78) and operative time
(2.23+1.44 vs. 2.35£0.91; p=0.14) (Table 1). The narrow
standard deviation, especially for ischemia time, is likely due
to standardized reporting across centers and to the fact that
extreme values were both infrequent and excluded.

Preoperative nephrometry scores were assessed using the
RENAL, PADUA, C-index, and DAP systems in 670, 319, 116,
and 117 patients, respectively. The limited number of patients
with available nephrometry scores was due to the retrospective
design the long study period, and the multicenter nature of the
study. Nevertheless, extensive data screening was performed to
include the maximum number of eligible cases, and the final
analyses were based on these data. While mean RENAL (6.97 vs.

Table 1. Comparison of patient, tumor and perioperative characteristics

Variable Before 2014 After 2014 p-value
Age (years) 54.92+13.03 56.92+14.12 <0.001
Hospital stays (days) 5.47+7.77 4.24+7.99 <0.001
Estimated blood loss (mL) 237.34£279.85 195.35+£250.43 <0.001
Ischemia time (minutes) 19.38+0.8 17.06+0.7 <0.001
Tumor size (cm) 3.82+2.38 3.65%2.01 0.780
Operative time (hours) 2.35+0.91 2.23+1.44 0.140
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6.54) and PADUA (8.66 vs. 8.35) scores were slightly higher in
patients in the last decade, these differences were not statistically
significant (p=0.123 and 0.147, respectively). The C-index was
marginally higher in earlier patients (2.09 vs. 1.94), whereas
DAP scores were slightly higher in the last-decade group (6.15
vs. 5.91); neither difference reached statistical significance
(p=0.777 and 0.374, respectively) (Table 2).

A significant shift in the type of surgical approach was observed
between the two groups. Among earlier patients, 618 (71.2%)
underwent open surgery and 250 (28.8%) laparoscopic surgery.
In the last decade, 1,280 patients (49%) underwent open
surgery, 1,016 (38.8%) underwent laparoscopic surgery, and
318 (12.2%) underwent robot-assisted surgery. This change
was statistically significant according to Pearson’s chi-square test
(p<0.001) (Figure 1). Significant differences were observed in
intraoperative and postoperative complications and in recurrence
rates. Intraoperative complications were recorded in 29 patients
(3.5%) in the earlier cohort and in 37 patients (1.5%) in the
last-decade cohort (p=0.001). Postoperative complications were
also more frequent in the earlier group, affecting 116 patients
(14.1%) compared with 165 patients (6.5%) in the last-decade
group (p<0.001). There was no statistically significant difference
in PSM; both groups had identical rates of 9.1% (p=1.000).
Recurrence rates significantly declined from 8.7% (77 cases) in
the earlier group to 3.5% (92 cases) in the last-decade group
(p<0.001) (Table 3).

A subgroup analysis was conducted focusing only on patients
who underwent open PN. Significant differences were identified
in intraoperative and postoperative complications, as well as in
recurrence. Intraoperative complications were recorded in 3.1%
(18/578) of patients in the earlier period and 1.4% (17/1227)
of patients in the last decade (p=0.001). Postoperative
complications occurred in 10.9% (63/576) of earlier patients and
in 5.5% (67/1224) of patients from the last decade (p<0.001).
No statistically significant difference in surgical margin status
was found: positive margins were reported in 8.0% (47/591)
of patients in the earlier period and 9.4% (22/234) of patients
in the last decade (p=0.300). Recurrence was detected in
8.1% (50/618) of earlier patients and in 3.5% (45/1280) of
patients from the last decade (p<0.001), indicating a significant
reduction over time (Table 3).

A secondary subgroup analysis was then performed, focusing on
patients who underwent laparoscopic PN. Significant differences
were observed between the two groups in intraoperative and
postoperative complications and recurrence rates. Intraoperative
complications occurred in 3.9% (9/233) of patients from an
earlier period and 1.5% (19/1275) of patients from the last
decade (p<0.05). Postoperative complications were noted in
19.4% (45/232) of patients from an earlier period and in 7.3%

(94/1288) of patients from the last decade (p<0.001). No
statistically significant difference in surgical margin status was
found: positive margins were observed in 12.7% (21/165) of
patients from the earlier period and 8.9% (102/1140) of patients
from the last decade (p=0.130). Recurrence was reported in
10.0% (25/250) of earlier patients and 3.4% (45/1334) of
patients in the last decade, representing a statistically significant
decrease (p<0.001). Over the last decade, 318 patients who
underwent robot-assisted laparoscopic surgery were included
in the laparoscopic group because no robotic surgeries were
performed in the earlier group (Table 3).

A subgroup analysis evaluated the relationships among PSM,
recurrence, and tumor size by time period. Before 2014,
recurrence occurred in 7/54 (13.0%) patients with PSM vs.
70/832 (8.4%) patients with negative surgical margins (p=0.19).
After 2014, recurrence was 3/21 (14.3%) vs. 87/2,575 (3.4%)
(p=0.07). Mean tumor size was slightly higher in PSM cases
both before (4.25£2.34 cm vs. 3.79+£2.29 c¢cm; p=0.11) and
after 2014 (4.05£1.92 cm vs. 3.63+1.97 cm; p=0.12). Although
PSM patients showed higher recurrence rates and larger tumors
in both periods, none of these differences were statistically
significant.

Discussion

In this study, we observed notable shifts in the surgical
management and clinical characteristics of patients undergoing
PN over time. The last-decade group was significantly older
than earlier patients (p<0.001), and showed significant
reductions in length of hospital stay (p<0.001), estimated
blood loss (p<0.001), and ischemia time (p<0.001). Despite
these factors, perioperative outcomes improved markedly:
intraoperative complications declined from 3.5% to 1.5%
(p=0.001), postoperative complications declined from 14.1%
to 6.5% (p<0.001), and recurrence rates declined from 8.7%
to 3.5% (p<0.001). Use of laparoscopic PN rose significantly,
from 28.8% to 38.8%, with an additional 12.2% undergoing
robot-assisted surgery (p<0.001). Over time, surgical practice
shifted from open PN to laparoscopic and robotic PN. Advances
in minimally invasive surgery, together with greater surgical
expertise, improved hospital protocols, and multidisciplinary
care, have led to shorter ischemia times, less blood loss, and
fewer complications. These combined factors likely contributed
to better perioperative and oncologic outcomes observed over
the last decade without increasing PSM.

Support for the oncologic safety of PN in larger tumors is further
provided by Janssen et al. (5), who found significantly lower
recurrence with PN than with RN for T2 tumors (9.0% vs. 41.6%,
p=0.046), along with significantly better cancer specific survival

Table 2. Comparison of nephrometry scores

Score Total (n) Before 2014 (mean) After 2014 (mean) p-value
RENAL 670 6.54+2.05 6.97+2.01 0.123
PADUA 319 8.35¢1.73 8.66+1.89 0.147
C-Index 116 2.09+3.31 1.94+1.14 0.777
DAP 117 5.91+1.46 6.15+1.39 0.374
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Figure 1. Change in surgical approach over time

in the PN group (p=0.015). However, this difference likely reflects
selection bias, as PN was offered electively to carefully selected
patients with more favorable tumor characteristics, whereas
larger and more aggressive tumors were preferentially treated
with RN. In our series, recurrence rates were also lower over
the last decade despite comparable tumor sizes, supporting the
notion that, with growing surgical expertise, PN can be safely
expanded to selected patients without compromising oncologic
outcomes.

The systematic review and meta-analysis conducted by Mir
et al. (13), which included 21 comparative studies covering
patients treated between 1970 and 2012, primarily reflects
earlier surgical practice and thus temporally aligns with the
first half of our cohort. In their analysis of T1b and =T2 tumors,
patients selected for PN were on average 2.3 years younger
(p<0.001) and had tumors that were 0.65 cm smaller (p<0.001)
than those undergoing RN. They also reported a significantly
higher overall complication risk in the PN group (odds ratio:

1.74; p<0.001). In contrast, our more recent data show that PN
has increasingly been applied to older patients with tumors of
similar size, and, importantly, this shift has been accompanied
by a marked decline in complication rates, whereas positive
margin rates have remained stable. These evolving trends likely
reflect improvements in surgical expertise, patient selection, and
institutional practices.

Hjelle et al. (20) similarly observed a significant increase in
the utilization of PN across Norway between 2008 and 2013.
This trend was particularly evident for tumors up to 7 cm and
was associated with a corresponding improvement in relative
survival rates. PN rates rose from 43% to 66% for tumors <4
cm and from 10% to 18% for tumors measuring 4.1-7 cm. The
5-year relative survival for T1b tumors was 98.8% following
PN versus 90.0% following RN (p<0.05). Our data reflect this
trend, showing a clear rise in minimally invasive and robotic PN
over the last decade, while open surgery rates have declined.
Importantly, perioperative and oncologic outcomes improved in
parallel, with fewer complications and lower recurrence rates,
despite the tumors treated being of similar size. These findings
suggest that broader implementation of PN can lead to improved
outcomes, particularly when performed at experienced centers.

Our findings are further supported by the comprehensive
analysis of Touijer et al. (21), who reviewed outcomes of PN
across multiple institutions and concluded that PN is both feasible
and oncologically safe for tumors >4 cm. In their multicenter
cohort, local recurrence rates after PN for T1b tumors were
3.6%, comparable to the 2.3% recurrence observed after RN;
disease-specific survival did not differ significantly between
the two groups (p=0.800). Moreover, they reported a higher,
but acceptable, complication rate in PN for larger tumors, with
urinary fistula rates of 4.4% and perioperative bleeding rates of
3.1%. Consistent with these findings, our series demonstrated a
decline in recurrence and complication rates over time, reflecting
that growing surgical experience and minimally invasive
techniques can effectively mitigate the technical challenges of
modern PN.

Table 3. Comparison of complications, surgical margins and recurrence by period and surgical technique
Parameter Surgical type Before 2014 After 2014 p-value
Overall 29/824 (3.5%) 37/2538 (1.5%) 0.001
Intraoperative complications Open PN 18/578 (3.1%) 17/1227 (1.4%) 0.001
Laparoscopic PN 9/233 (3.9%) 19/1275 (1.5%) <0.05
Overall 116/822 (14.1%) 165/2549 (6.5%) <0.001
Postoperative complications Open PN 63/576 (10.9%) 67/1224 (5.5%) <0.001
Laparoscopic PN 45/232 (19.4%) 94/1288 (7.3%) <0.001
Overall 54/591 (9.1%) 21/234 (9.1%) 1.000
Surgical margin Open PN 47/591 (8.0%) 22/234 (9.4%) 0.300
Laparoscopic PN 21/165 (12.7%) 102/1140 (8.9%) 0.130
Overall 77/886 (8.7%) 92/2664 (3.5%) <0.001
Recurrence Open PN 50/618 (8.1%) 45/1280 (3.5%) <0.001
Laparoscopic PN 25/250 (10.0%) 45/1334 (3.4%) <0.001
PN: Partial nephrectomy
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Study Limitations

This study has several limitations. As a retrospective multicenter
study, it was inevitable that there would be variability in surgeon
experience, technology availability, and institutional practices.
Potential confounders such as comorbidities, tumor location,
and incomplete nephrometry data were not adjusted for in
the analysis and may have influenced some results. Some long-
term renal function outcomes, such as estimated glomerular
filtration rate trends, could not be analyzed. Moreover, missing
data bias may exist, as nephrometry scores were available only
for a subset of patients. Multivariate regression could not be
performed due to insufficient variable completeness, which
limited our ability to adjust for potential confounders. Despite
these limitations, the large sample size and standardized data
collection across high-volume tertiary centers enhance the
reliability and generalizability of the findings.

Conclusion

Our findings demonstrate significantly lower complication and
recurrence rates among patients undergoing PN over the last
decade, despite increasing tumor complexity and broader use
of minimally invasive techniques. These results suggest that PN
remains a safe and effective option even for more complex renal
tumors. Ongoing advances in surgical techniques and patient
selection remain important for maintaining favorable outcomes.
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Abstract

Obijective: This study aimed to evaluate the prognostic impact of intraductal carcinoma of the prostate (IDC-P) in patients with metastatic prostate cancer
treated with enzalutamide or abiraterone acetate.

Materials and Methods: We retrospectively analyzed data from patients with metastatic prostate cancer who received abiraterone acetate or
enzalutamide. The primary outcome was overall survival (OS). Secondary outcomes were prostate-specific antigen (PSA) progression-free survival (PFS)
and radiologic PFS.

Results: A total of 94 men were enrolled in the study. Among them, 30 patients (31.9%) received androgen receptor pathway inhibitors for metastatic
hormone-sensitive prostate cancer (mMHSPC), and 64 patients (68.1%) were treated for metastatic castration-resistant prostate cancer (mCRPC). The
presence of IDC-P was associated with significantly shorter OS than in patients without IDC-P (35.38 months vs. 55.59 months, respectively; p=0.011). In
mCRPC, median OS was significantly shorter in patients with IDC-P (35.38-55.59 months), while the difference was not significant in the mHSPC cohort
[35.48 months vs. not reached (NR)]. Multivariate Cox regression analysis identified IDC-P as an independent adverse prognostic factor for OS (hazard
ratio 3.16, 95% confidence interval 1.56-6.41; p=0.001). Similarly, median PSA-PFS was significantly shorter in patients with IDC-P than in those without
IDC-P (15.87 vs. 31.11 months, p=0.020). In mCRPC, median PSA-PFS was significantly shorter in patients with IDC-P (15.9 vs. 28.4 months), whereas
the difference was not significant in the mHSPC cohort (18.3 months vs. NR).

Conclusion: The presence of IDC-P is associated with poorer PSA-PFS and OS in patients with metastatic prostate cancer treated with abiraterone acetate
or enzalutamide.

Keywords: Prostate cancer, intraductal carcinoma, enzalutamide, abiraterone acetate

identified in approximately 15-30% of radical prostatectomy
specimens and 14% of biopsies with concomitant carcinoma,
whereas isolated IDC-P without invasive cancer is exceedingly
rare, occurring in only 0.06-0.26% of cases (4-7). Presence of
IDC-P correlates with a higher tumor grade, larger volume, and
advanced stage for localized prostate cancer (8-10). Compared
with conventional acinar adenocarcinoma, IDC-P is enriched
for genomic alterations linked to aggressive behavior, including
PTEN loss, TP53 alterations, and BRCAZ alterations, along with
MYC amplification and higher levels of genomic instability

Introduction

The most frequently observed histological type of prostate
cancer is prostatic acinar adenocarcinoma. While the term
“ductal spread of prostate carcinoma” has been used for
several decades, intraductal carcinoma of prostate (IDC-P) was
recognized as a distinct pathological entity in the 2016 edition
of the World Health Organization (WHO) classification of tumors
of the urinary system and male genital organs (1-3). IDC-P is
considered a manifestation of advanced prostate cancer,

characterized by intraductal spread of aggressive tumor cells
and cancerous transformation of pre-existing ductal and acinar
structures by high-grade prostatic adenocarcinoma. IDC-P is

(11-13). IDC-P is associated with a higher risk of biochemical
recurrence, as well as shorter prostate cancer-specific survival
and overall survival (OS) following definitive treatment (14,15).
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Androgen receptor pathway inhibitors (ARPIs), including
abiraterone acetate, enzalutamide, apalutamide, and
darolutamide, have become widely used in the treatment of
metastatic hormone-sensitive prostate cancer (mHSPC) and
metastatic castration-resistant prostate cancer (MmCRPC).
Several clinical and molecular factors are associated with poor
outcomes in patients receiving ARPIs, including high Gleason
score, presence of liver metastases, high disease volume, de
novo metastatic presentation, elevated baseline prostate-
specific antigen (PSA), low hemoglobin levels, elevated alkaline
phosphatase levels, and AR-V7 positivity (16-25). Although
several retrospective studies showed that presence of IDC-P was
associated with shorter CRPC-free survival, PSA progression-free
survival (PSA-PFS) and OS in patients who treated with ARPIs,
data on the prognostic impact of uncommon histological
subtypes in patients treated with ARPIs is limited (26-28). This
study aimed to evaluate the prognostic impact of IDC-P in
patients with metastatic prostate cancer who were treated with
enzalutamide or abiraterone acetate.

Materials and Methods

We conducted a retrospective single-center cohort study in
the Department of Medical Oncology at Ankara University. The
study adhered to the principles outlined in the Declaration of
Helsinki and received ethical approval from the Ankara University
Faculty of Medicine Ethics Committee (decision no: i06-428-24,
date: 13.06.2024). The study included patients with metastatic
prostate adenocarcinoma who received abiraterone acetate
or enzalutamide from January 1, 2014, to December 2024.
Patients who received androgen deprivation therapy (ADT) or
a single line of docetaxel treatment were eligible for the study.
Patients who received more than one line of docetaxel or who
received treatment other than ADT or docetaxel prior to ARPI
treatment were excluded from the study. We excluded patients
who received triplet therapy, which included ADT, an ARPI, and
docetaxel. Patients whose pathology results were unavailable
or who were diagnosed based solely on non-prostatic tissue
samples were excluded from the study. Additionally, patients
with incomplete data that prevented us from conducting survival
analyses for secondary malignancy and for pure neuroendocrine
pathology were excluded from the study.

Patient demographics, Eastern Cooperative Oncology Group
(ECOG) performance status, laboratory findings, and timelines
for diagnosis, treatment, progression, and death were
retrospectively extracted. High volume disease was defined as
the presence of visceral metastases or >4 bone lesions with >1
beyond the vertebral bodies and pelvis. The primary outcome of
the study was OS. OS was defined as the time from the start of the
ARPI (abiraterone acetate or enzalutamide) to death. Secondary
outcomes were PSA-PFS, radiologic PFS (rPFS), and PSA50
response rate. PSA-PFS was defined as the interval between
the initiation of ARPI (abiraterone acetate or enzalutamide) and
PSA progression or death. PSA progression was characterized
by a 225% increase in PSA levels, reaching at least 2 ng/mlL,
and confirmed by a subsequent measurement taken at least 3
weeks later, in accordance with the PCWG3 criteria (29). rPFS
was defined as the interval between the initiation of the ARPI
(abiraterone acetate or enzalutamide) and the time at radiologic

progression according to PCWG3 criteria or death (29). PSA50
response rate was defined as the proportion of participants with
a PSA reduction of 50% or more from baseline.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics
version 24.0. Continuous variables were presented as medians
with interquartile ranges (IQR), while categorical variables
were expressed as frequencies and percentages. Comparisons
between categorical variables were performed using the chi-
square test. For continuous variables, the Mann-Whitney U test
or Student’s t-test was applied, depending on the distribution
of the data. Survival outcomes were estimated using the Kaplan-
Meier method. Variables with a p-value <0.10 in univariate
analyses were included in multivariate models. Cox proportional
hazards regression (backward likelihood ratio method) was used
for multivariable analysis to estimate hazard ratios (HR) with
95% confidence intervals (Cl). All p-values were two-sided, and
values <0.05 were considered statistically significant.

Results

A total of 254 patients with metastatic prostate cancer who were
treated with abiraterone acetate or enzalutamide were screened.
Ninety-four men who met the inclusion criteria, whose median
age was 68.9 years (IQR=12.8), were included in the study.
Of these patients, 79 (84%) have ECOG 0 or 1 performance
status. A total of 69 patients (73.4%) had a Gleason grade
group >7, and IDC-P was identified in 19 patients (20.2%).
While 39 patients (41.5%) were treated with abiraterone
acetate, 55 patients (58.5%) received enzalutamide. ARPIs were
administered for mHSPC in 30 patients (31.9%) and for mCRPC
in 64 patients (68.1%). The most common metastatic site was
the bone (85.1%), followed by the lymph node (64.9%) and
the lung (16%). All baseline characteristics are shown in Table
1. Patients with and without IDC-P had similar characteristics
overall, except for the disease setting at initiation of ARPI therapy
and the presence of bone and lung metastases (Table 1).

The median follow-up time was 54.14 months (95% CI 43.30-
64.99). Median OS was 49.18 months (95% Cl 36.39-61.96).
Median OS was significantly shorter in patients with IDC-P
[35.38 months (95% CI 19.58-51.19)] compared to patients
without IDC-P [55.59 months (95% Cl 45.05-66.13)] (p=0.011)
(Figure TA). In the mHSPC cohort, the median OS was not
reached in patients without IDC-P, whereas it was 35.48 months
(95% CI 12.31-58.65) in those with IDC-P (p=0.073) (Figure
1B). In the mCRPC cohort, the median OS was 49.93 months
(95% Cl 37.78-62.09) in patients without IDC-P and 35.38
months (95% Cl 10.37-60.40) in patients with IDC-P (p=0.035)
(Figure 1C). In the mCRPC cohort, among patients previously
treated with docetaxel, median OS was 25.13 months (95% Cl
3.23-47.03) in those with IDC-P versus 45.96 months (95% CI
33.41-58.52) in those without IDC-P (p=0.035). Multivariate
Cox regression analysis showed that the presence of IDC-P was
an independent predictor of poor OS (HR 3.16, 95% CI 1.56-
6.41; p=0.001) after adjusting for confounding factors, such as
ECOG performance status, Gleason grade group, presence of
high grade prostatic intraepithelial neoplasia (HGPIN), type of
ARPI, and disease volume (Table 2).
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Median PSA-PFS was 28.42 months (95% Cl 22.28-34.56). The
median PSA-PFS was 15.87 months (95% Cl 6.55-25.19) for
patients with IDC-P and 31.11 months (95% Cl 23.43-40.77)
for patients without IDC-P (p=0.020) (Figure 2A). In the mHSPC
cohort, the median PSA-PFS was not reached in patients without
IDC-B whereas it was 18.33 months (95% Cl 6.71-29.96) in
those with IDC-P (p=0.073) (Figure 2B). In the mCRPC cohort,
the median PSA-PFS was 28.42 months (95% Cl 21.32-35.51) in
patients without IDC-P and 15.87 months (95% Cl 1.48-30.27)
in patients with IDC-P (p=0.011) (Figure 2C). In the mCRPC
cohort, among patients previously treated with docetaxel, the
median PSA-PFS was 28.38 months (95% CI 22.28-34.49) in
patients without IDC-P and 15.87 months (95% Cl 0.07-31.66)
in patients with IDC-P (p=0.032). Multivariate Cox regression
analysis showed that the presence of IDC-P was an independent
predictor of poor PSA-PFS (HR 2.14, 95% C11.15-3.99; p=0.017)

after adjusting for confounding factors, such as Gleason grade
group, presence of HGPIN, type of ARPI, and disease volume
(Table 3).

The median rPFS for the entire population was 33.18 months
(95% Cl 27.57-38.79). Although patients with IDC-P had
numerically longer rPFS, the difference was not statistically
significant [23.62 months (95% Cl 13.53-33.71) for patients
with IDC-P versus 34.20 months (95% Cl 26.37-42.03) for
those without IDC-P; p=0.091] (Figure 3A). In the mHSPC
cohort, the median rPFS was not reached in patients without
IDC-B, whereas median rPFS was 23.62 months (95% CI, NE-
NE) in those with IDC-P (p=0.395) (Figure 3B). In the mCRPC
cohort, the median rPFS was 33.18 months (95% Cl 27.21-
39.15) in patients without IDC-P and 21.49 months (95% ClI
3.63-39.34) in patients with IDC-P (p=0.030) (Figure 3C). In
the mCRPC cohort, among patients previously treated with

Table 1. General characteristic of the patients

All patients IDC-P (-) IDC-P (+)
(n=94) (n=75) (n=19) p
Median (IQR) 68.96 (12.8) 68.89 (14.2) 68.06 (7.5) 0.204
Age <65 33 (35.1) 24 (32) 9 (47.4) 0.282
265 61 (64.9) 51 (68) 10 (52.6) '
0-1 79 (84) 65 (86.7) 14 (73.7)
ECOG performance status 2 12 (12.8) 8(10.7) 4(21) 0.206
Unknown 3(3.2) 2(2.7) 1(5.3)
<7 25 (26.6) 23 (30.7) 2(10.5)
Grade group 0.089
>7 69 (73.4) 52 (69.3) 17 (89.5)
Cribriform pattern 4(4.3) 34) 1(5.3) 0.807
HGPIN 13 (13.8) 12 (16) 1(5.3) 0.226
Neuroendocrine differentiation 33.2) 1(1.3) 2 (10.5) 0.042
De novo metastatic disease 64 (68.1) 49 (65.3) 15 (78.9) 0.242
mHSPC 30 (31.9) 20 (26.7) 10 (52.6)
Disease setting at initiation of ARPIs 0.030
mCRPC 64 (68.1) 55(73.3) 9 (47.4)
ADT 16 (25) 15(27.3) 1(11.1)
Prior treatment for mPCa (among mCRPC patients) 0.229
ADT + docetaxel 48 (75) 40 (72.7) 8 (88.9)
Abiraterone 39 (41.5) 34 (45.3) 5 (26.3)
ARPI type 0.193
Enzalutamide 55 (58.5) 41 (54.7) 14 (73.7)
Bone metastasis 80 (85.1) 61 (81.3) 19 (100) 0.041
<4 18 (19.1) 14 (18.7) 4(21.1)
5-10 13 (13.8) 8(10.7) 5(26.3) 0.099
>10 49 (52.1) 39 (52) 10 (52.6)
Lymph node metastasis 61 (64.9) 48 (64) 13 (68.4) 0.793
Lung metastasis 15 (16) 15 (20) 0 0.033
Liver metastasis 5(5.3) 5(6.7) 0 0.247
Low 32 (34) 25(33.3) 7 (36.8)
Disease volume 0.791
High 62 (66) 50 (66.7) 12 (63.2)
Bone modifying agent 57 (60.6) 45 (60) 12 (63.2) 0.801

prostate cancer, mPCa: Metastatic prostate cancer

ADT: Androgen deprivation treatment, ARPI: Androgen receptor pathway inhibitor, ECOG: Eastern Cooperative Oncology Group, HGPIN: High grade prostatic intraepithelial
neoplasia, IDC-P: Intraductal carcinoma of prostate, IQR: Interquartile range, mCRPC: Metastatic castration-resistant prostate cancer, mHSPC: Metastatic hormone-sensitive
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Figure 1. Kaplan-Meier curves for overall survival in the entire cohort (A), mHSPC subgroup (B) and mCRPC subgroup (C)
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Table 2. Univariate and multivariate analysis for predictors of overall survival

Variable Univariate Multivariate* Multivariate**
HR (95% CI) P HR (95% CI) p HR (95% ClI) P

<65 1 - -

Age
>65 0.83 (0.47-1.46) 0.518 - - - -
0-1 1 1 1

ECOG-PS
2 2.41 (1.16-5.00) 0.018 2.05 (0.89-4.71) 0.089 2.26 (1.02-5.00) 0.044
<7 1 1 -

Grade group
>7 1.97 (1.01-3.85) 0.047 1.20 (0.56-2.58) 0.643 - -
No 1 1 1

IDC-P
Yes 2.33(1.19-4.57) 0.014 2.78 (1.34-5.75) 0.006 3.16 (1.56-6.41) 0.001
No 1 1 -

HGPIN
Yes 0.37 (0.13-1.03) 0.057 0.46 (0.13-1.62) 0.227 - -
No 1 - -

De novo metastasis
Yes 0.85 (0.48-1.51) 0.578 - - - -

Disease setting at mHSPC 1 - -

initiation of ARPls mMCRPC 1.78 (0.75-4.23) 0.140 - - - -

ARP! Abiraterone 1 1 1
Enzalutamide 0.58 (0.33-0.99) 0.050 0.58 (0.31-1.09) 0.092 0.05 (0.27-0.91) 0.023
ADT 1 - N

Prior treatment
ADT + docetaxel 1.82 (0.84-3.94) 0.128 - - - -
No 1 - -

Bone metastasis
Yes 1.74 (0.69-4.40) 0.238 - - - -
No 1 - -

Lymph node metastasis
Yes 1.63 (0.91-2.94) 0.101 - - - -
No 1 - -

Lung metastasis
Yes 1.22 (0.64-2.33) 0.551 - - - -
No 1 - -

Liver metastasis
Yes 0.72 (0.22-2.33) 0.589 - - - -
Low 1 1 1

Disease volume
High 2.47 (1.20-5.07) 0.014 2.42 (1.13-5.19) 0.023 2.44 (1.14-5.19) 0.023

*: First step in cox regression analysis, **: Final step in cox regression analysis, ADT: Androgen deprivation treatment, ARPI: Androgen receptor pathway inhibitor, Cl:
Confidence interval, ECOG: Eastern Cooperative Oncology Group, HGPIN: High grade prostatic intraepithelial neoplasia, HR: Hazard ratio, IDC-P: Intraductal carcinoma of
prostate, MCRPC: Metastatic castration-resistant prostate cancer, mMHSPC: Metastatic hormone-sensitive prostate cancer, PS: Performance status

21




Bolek et al. Prognostic Impact of Intraductal Carcinoma in Prostate Cancer

A B c
—— IDC-P () —— IDC-P (1) —— IDC-P ()
100— 100 100+
ol —— IDC-P (+) ol —— IDC-P (+) | —— IDC-P (+)
80+ 804 804
70~ 70+ 70~
8 60 60 z 60
g 50 50— g 50
A aoq & ol i
o T ] 1 Ay
20 1 204 204 b——q
g |T =
10+ 104 104 L.
o o o
° 2 28 36 48 2 & % o ° 12 a4 %6 48 € o s %6 108 ) 12 24 36 a6 7 P
Time (months) Time (months) Time (months)

Figure 2. Kaplan-Meier curves for PSA-PFS in the entire cohort (A), mHSPC subgroup (B) and mCRPC subgroup (C)

IDC-P: Intraductal carcinoma of the prostate, mMHSPC: Metastatic hormone-sensitive prostate cancer, mCRPC: Metastatic castration-resistant prostate cancer, PSA-PFS: Prostate

specific antigen-progression free survival

Table 3. Univariate and multivariate analysis for predictors of PSA progression free survival
Variable Univariate Multivariate* Multivariate**
HR (95% Cl) P HR (95% CI) p HR (95% CI) p
<65 1 - -
Age
265 0.95 (0.56-1.59) 0.834 - - - -
0-1 1 - -
ECOG-PS
2 1.72 (0.87-3.41) 0.118 - - - -
<7 1 1 -
Grade group
>7 1.28 (1.03-1.59) 0.028 1.10 (0.61-2.01) 0.746 - -
No 1 1 1
IDC-P
Yes 2.04 (1.10-3.75) 0.023 2.09 (1.11-3.95) 0.023 2.14 (1.15-3.99) 0.017
No 1 1 1
HGPIN
Yes 0.27 (0.09-0.75) 0.012 0.35(0.12-1.02) 0.054 0.34 (0.12-0.96) 0.042
No 1 - -
De novo metastasis
Yes 0.71 (0.42-1.18) 0.184 - - - -
Disease setting at initiation of mHSPC 1 - -
ARPIs mCRPC 1.52(0.79-2.93) | 0.212 - - - -
ARPI Abiraterone 1 1 1
Enzalutamide 0.59 (0.36-0.96) 0.035 0.66 (0.39-1.08) 0.097 0.65 (0.40-1.08) 0.095
ADT 1 - -
Prior treatment
ADT + docetaxel 0.89 (0.48-1.68) 0.737 - - - -
No 1 - -
Bone metastasis
Yes 1.78 (0.81-3.91) 0.150 - - - -
No 1 - -
Lymph node metastasis
Yes 1.51 (0.89-2.58) 0.128 - - - -
No 1 - -
Lung metastasis
Yes 1.18 (0.64-2.19) 0.590 - - - -
No 1 - -
Liver metastasis
Yes 0.97 (0.35-2.68) 0.949 - - - -
Low 1 1 1
Disease volume
High 1.79 (1.06-3.15) 0.044 1.94 (1.09-3.47) 0.025 1.96 (1.10-3.49) 0.022
*: First step in cox regression analysis, **: Final step in cox regression analysis, ADT: Androgen deprivation treatment, ARPI: Androgen receptor pathway inhibitor, Cl:
Confidence interval, ECOG: Eastern Cooperative Oncology Group, HGPIN: High grade prostatic intraepithelial neoplasia, HR: Hazard ratio, IDC-P: Intraductal carcinoma of
prostate, mCRPC: Metastatic castration-resistant prostate cancer, mHSPC: Metastatic hormone-sensitive prostate cancer, PS: Performance status, PSA: Prostate specific antigen
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Figure 3. Kaplan-Meier curves for rPFS in the entire cohort (A), mHSPC subgroup (B) and mCRPC subgroup (C)

IDC-P: Intraductal carcinoma of the prostate, mMHSPC: Metastatic hormone-sensitive prostate cancer, mCRPC: Metastatic castration-resistant prostate cancer, rPFS: Radiologic
progression free survival

Table 4. Univariate and multivariate analysis for predictors of radiologic progression free survival

Variable Univariate Multivariate* Multivariate**
HR (95% Cl) p HR (95% CI) P HR (95% Cl) p
<65 1 - - -
Age
>65 0.77 (0.46-1.29) 0.316 - - -
0-1 1 1 -
ECOG-PS
2 1.79 (0.90-3.54) 0.097 1.31 (0.63-2.72) 0.468 - -
<7 1 1 -
Grade group
>7 1.85(1.02-3.37) 0.044 1.16 (0.58-2.30) 0.673 - -
No 1 1 -
IDC-P
Yes 1.70 (0.91-3.18) 0.095 1.92 (0.93-3.96) 0.078 - -
No 1 1 1
HGPIN
Yes 0.27 (0.10-0.74) 0.011 0.29 (0.08-1.01) 0.051 0.21 (0.06-0.68) 0.010
De novo No 1 - -
metastasis Yes 0.71 (0.42-1.19) 0.199 - - - -
Disease setting at | MHSPC 1 1 -
initiation of ARPIs | mcRrpC 1.96 (0.96-3.99) 0.066 1.50 (0.68-3.31) 0.314 - -
Abiraterone 1 - -
ARPI
Enzalutamide 0.72 (0.43-1.18) 0.192 - - - -
ADT 1 - -
Prior treatment
ADT + docetaxel 1.23 (0.63-2.41) 0.544 - - - -
No 1 - -
Bone metastasis
Yes 1.46 (0.67-3.22) 0.342 - - - -
Lymph node No 1 - -
metastasis Yes 1.23 (0.73-2.07) 0.444 - - - -
No 1 - -
Lung metastasis
Yes 1.59 (0.87-2.89) 0.132 - - - -
No 1 1 -
Liver metastasis
Yes 2.23 (0.87-5.69) 0.094 1.74 (0.64-4.75) 0.227 - -
Low 1 1 1
Disease volume
High 2.19 (1.21-3.97) 0.010 2.22 (1.12-4.38) 0.022 2.44 (1.31-4.55) 0.005

*: First step in cox regression analysis, **: Final step in cox regression analysis, ADT: Androgen deprivation treatment, ARPI: Androgen receptor pathway inhibitor, Cl:
Confidence interval, ECOG: Eastern Cooperative Oncology Group, HGPIN: High grade prostatic intraepithelial neoplasia, HR: Hazard ratio, IDC-P: Intraductal carcinoma of
prostate, MCRPC: Metastatic castration-resistant prostate cancer, mMHSPC: Metastatic hormone-sensitive prostate cancer, PS: Performance status
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docetaxel, the median rPFS was 33.08 months (95% Cl 28.54-
37.49) for patients without IDC-P and 21.49 months (95% ClI
6.14-36.83) for patients with IDC-P (p=0.086). Multivariate Cox
regression analysis for rPFS is presented in Table 4. The PSA50
response rate was assessed in 93 patients. The PSA50 response
was 43% for the entire population. There was no difference in
PSA50 response rate between groups (50% for patients with
IDC-P and 41.3% for patients without IDC-P; p=0.599).

Discussion

IDC-P is acknowledged as an adverse prognostic factor in
nonmetastatic prostate cancer (14,15,30,31). However, the
impact of IDC-P on the prognosis of metastatic prostate cancer
is limited. Our findings suggest that the presence of IDC-P
on pathological examination is a poor prognostic factor for
patients with metastatic prostate cancer who are treated with
enzalutamide or abiraterone acetate. OS (35.38-55.59) and
PSA-PFS (15.87-31.11 months) were significantly shorter in
patients with IDC-P

While conventional acinar adenocarcinoma constitutes the
vast majority of prostate cancer cases (95%), approximately
5% exhibit unconventional histological subtypes (32).
Considering the high global incidence of prostate cancer, the
second most common malignancy in men, this minority still
represents a clinically significant number of patients (33). New
entities, including IDC-P were introduced in the 2016 WHO
classification (3). Cribriform growth pattern and IDC-P are
now recommended to be routinely reported in prostate cancer
pathology (34,35). Although the recognition of unconventional
histologies in prostate cancer has markedly increased over the
past decade, substantial inter-center variability in pathological
reporting suggests a lack of standardization, and prostate biopsy
procedures likely underestimate the true incidence of these
unconventional histological subtypes (31,36).

A retrospective study that evaluated the prognostic impact
of ductal features in patients with de novo metastatic prostate
carcinoma who were treated only with ADT found no
significant difference in outcomes between patients with ductal
adenocarcinoma and those with pure acinar adenocarcinoma.
However, the presence of IDC-P was identified as an independent
adverse prognostic factor for both CRPC-free survival (HR 1.84,
95% Cl 1.48-2.30) and OS (HR 1.56; 95% CI 1.05-2.31) (37).
Several additional studies showed that IDC-P was associated
with shorter castration-resistant prostate cancer-free survival and
OS (26-28,38,39). In a retrospective study including patients
with mCRPC, IDC-P positivity was associated with a poorer
PSA response to docetaxel than to abiraterone acetate (21.7%
vs. 52.4%). Median PSA-PFS was also significantly longer with
abiraterone acetate in patients with IDC-P (13.5 vs. 6.0 months;
p=0.012), whereas no such difference was seen in patients
without IDC-P Although not statistically significant, a trend
toward longer OS with abiraterone acetate was observed in the
IDC-P positive group (26). In another study of mCRPC patients
treated with abiraterone acetate or enzalutamide, the presence
of IDC-P was associated with a significantly shorter OS (57.9 vs.
38.0 months). Although PFS was numerically lower in patients
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with IDC-P (10.6 vs. 6.2 months), the difference did not reach
statistical significance (28). These findings are largely consistent
with our results, although the median PFS and OS in our study
were longer, likely due to the inclusion of both mHSPC and
mCRPC patients. Not only is the presence of IDC-P important
for prognosis, but also its proportion and histological pattern
may have prognostic significance (27). Enzalutamide use was
associated with longer OS compared to abiraterone acetate.
No head-to-head clinical trials have compared enzalutamide
and abiraterone acetate. Although clinical trials of abiraterone
acetate and enzalutamide differed in inclusion criteria and
excluded patients with certain comorbidities, several meta-
analyses and retrospective studies have shown enzalutamide
to provide superior rPFS, PSA-PFS, and PSA response rates
compared to abiraterone acetate (40-45). The superior efficacy
of enzalutamide may relate to its distinct mechanism of action.
Enzalutamide blocks downstream AR signaling, including nuclear
translocation and transcription, and may thereby overcome
resistance due to AR overactivity or mutation.

Study Limitations

This study has several limitations. First, as a retrospective
analysis, it is subject to inherent biases, including selection bias,
unmeasured confounding, and missing data, all of which may
have influenced the outcomes. Second, the relatively small
sample size, especially for patients with mHSPC, may have limited
the power to detect a difference in rPFS. Nevertheless, the cohort
remains one of the largest evaluating the prognostic impact of
IDC-P in patients treated with ARPIs. In addition, combining
mHSPC and mCRPC patients within a single survival model
constitutes a methodological limitation, as differing baseline
hazards between these disease settings may have influenced
the observed outcomes. Although the study was conducted at
a single institution, pathological evaluations were performed by
different pathologists. Thus, inter-observer variability remains
a potential source of heterogeneity. In addition, the patient
population and prior treatments were heterogeneous, which
may have further influenced the outcomes. Lastly, the relatively
long inclusion period may have introduced variability in
diagnostic awareness and reporting standards over time.

Conclusion

This study demonstrates that the presence of IDC-P is a
poor prognostic factor for PSA-PFS and OS in patients with
metastatic prostate cancer treated with abiraterone acetate or
enzalutamide. Although there is growing evidence supporting
the aggressive behavior of IDC-B nearly all available data are
retrospective. Therefore, prospective studies with larger cohorts
are needed to establish the reliability and clinical applicability of
these findings. Despite growing molecular insights into IDC-P,
much of the data derive from retrospective histological analyses
of prostate cancer cases. Comprehensive studies are required to
better elucidate the behavior of these unconventional prostate
cancer subtypes.
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Abstract

Renal metastasis from small cell lung cancer (SCLC) is highly uncommon. A 60-year-old woman received chemotherapy and radiotherapy for metastatic
SCLC. The patient remained in remission for 18 months on adjuvant atezolizumab. Follow-up radiological staging revealed a solitary renal mass. Then she
underwent laparoscopic nephrectomy. The pathological examination confirmed SCLC metastasis. This case report suggested that isolated renal metastasis

can be seen in patients with SCLC even under maintenance immunotherapy.

Keywords: Kidney tumors, lung cancer, metastases, nephrectomy, small cell carcinoma

Introduction

The most common tumor types causing metastasis to the kidney
are lung (43.7%), colorectal (10.6%), head and neck (6%),
breast (5.3%), soft tissue (5.3%), and thyroid (5.3%) (1,2).
Although renal metastasis has been reported in all types of lung
cancers, squamous cell carcinoma (57.6%), adenocarcinoma
(28.8%), and small cell lung carcinoma (SCLC) (5.1%) are
frequent histological subtypes (3). On the other hand, renal
metastasis of SCLC is extremely rare. Based on our review of the
literature, this appears to be the first report demonstrating RM
of SCLC under maintenance immunotherapy.

Case Reports

A 58-year-old woman with diabetes and hypertension was
found to have a mass lesion in the lower lobe of the right lung.
There was no family history of renal or other genitourinary
cancers. The patient, with a 30-pack/year smoking history, was
diagnosed with limited-stage SCLC on biopsy in October 2021.
The patient was treated with four cycles of cisplatin + etoposide,

and concurrent radiation therapy: 150 cGy fractions given twice
daily for 30 fractions over 3 weeks, administered during cycle
1 of chemotherapy (total dose: 4500 cGy). After treatment for
limited-stage small-cell lung cancer, significant regression was
detected in 18-fluorine-fluorodeoxyglucose positron emission
tomography/computed tomography (FDG PET/CT), and the
patient continued oncology follow-up. The patient did not
receive prophylactic cranial irradiation.

Twelve months after treatment, only an 11 mm lesion was
detected under the skin of the right thigh on PET/CT, without
any other metastatic foci, and was excised. The pathology
report following excision revealed SCLC metastasis. In addition,
a 5 mm metastatic left frontal lesion was detected on brain
magnetic resonance imaging (MRI). This lesion was treated
with stereotactic radiosurgery. The patient with radiologic and
pathologic extensive stage SCLC was treated with six cycles of
carboplatin, etoposide, and atezolizumab in January 2023. The
patient’s treatment was resumed with maintenance atezolizumab
after July 2023. No primary SCLC or metastatic lesion was
detected on follow-up imaging for approximately 1.5 years
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under maintenance atezolizumab therapy. However, on follow-
up, FDG PET/CT detected a 44x40 mm lesion (SUV__=13.6) in
the anterior lower pole of the left kidney, which was classified
as T1b according to the tumor-node-metastasis staging system
(Figure 1). At the time of renal mass evaluation, the patient’s
serum creatinine was 1.43 mg/dL; eGFR was 40 mL/min/1.73
m?; C-reactive protein was 3.84 mg/L; white blood cell count
was 6.06x10%/L; hemoglobin was 12.3 g/dL; and platelet count
was 298x10°/L. Liver function tests and electrolytes were within
normal limits. Her body mass index was 31.3 kg/m? (height: 160
cm, weight: 80 kg), and Eastern Cooperative Oncology Group
Performance Status performance status was 1. Due to decreased
renal function and the associated risk of contrast-induced
nephropathy, contrast-enhanced MRI was performed instead of
triphasic CT. The patient who also underwent MRI was discussed
in the uro-oncology board. The tumor was considered a second
primary renal tumor by the uro-oncology board. Surgical
treatment was recommended, and due to its location and
apparent attachment to the proximal ureter and renal pelvis on
imaging, nephrectomy was likely considered necessary. During
laparoscopy, partial nephrectomy was considered; however,
due to the tumor’s infiltrative nature and ureteral involvement,
radical nephrectomy was performed to preserve oncological
principles. Pathology of the 5.6 cm diameter renal mass was
determined to be SCLC metastasis (Figure 2). Pathology showed
that tumor cells invaded renal parenchyma, perirenal adipose
tissue, and renal sinus. The patient had no residual lesions

Figure 2. Histopathologic images of renal metastasis of small cell lung cancer

after nephrectomy, and her treatment was continued with
atezolizumab based on the council’s decision.

Written informed consent was obtained from the patient for
publication of this case report and any accompanying images.

Figure 1. FDG PET/CT and MRI images of a kidney mass MRI (upper line) and
FDG PET/CT (lower line) images of the kidney mass are shown. The green arrow
indicates the kidney mass. MRI shows a lesion approximately 4 cm in size in the
lower pole of the kidney. This lesion uptakes FDG (SUV,  =13.6)

FDG PET/CT: 18-fluorine-fluorodeoxyglucose positron emission tomography/
computed tomography, MRI: magnetic resonance imaging
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Microscopic examination revealed neoplastic cells with variable morphology, appearing round-to-oval in some areas and more spindle-shaped in others. These
cells exhibited scant cytoplasm, hyperchromatic nuclei, granular chromatin, and an absence of prominent nucleoli. Features such as nuclear molding and crush
artifacts were observed, along with a high mitotic index. Extensive areas of necrosis were present around the neoplastic cell clusters. Immunohistochemical studies
demonstrated that the neoplastic cells were positive for PanCK, chromogranin, synaptophysin, and TTF-1. No immunoreactivity was observed with PAX-8. The Ki-67

proliferation index was approximately 70%.

A. Normal renal parenchyma is observed on the left side, while neoplastic cell infiltration is noted in the upper right area (hematoxylin and eosin, 100X).

B. Tumour cells have scant cytoplasm, poorly defined cell borders, and finely granular nuclear chromatin (hematoxylin and eosin, 200X).
C. Arim-and-dot pattern of PANCK expression is observed in the neoplastic cells (X200).

D. Diffuse synaptophysin expression is observed in the neoplastic cells (X200).
E. TTF-1 expression is observed in the tumor cells (X200).

E Ki-67 proliferation index of approximately 70% is observed (X200).

PanCK: Pan-cytokeratin, TTF-1: Thyroid transcription factor-1, PAX: Paired box gene
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Discussion

Renal metastasis of cancers is typically observed as solitary lesions
(77.5%) (2,4). In patients with solitary lesions in the kidney, it
is difficult to distinguish between metastases and primary renal
tumors. SCLC metastasis can occur in all organs. However, renal
metastasis of SCLC is very rare and difficult to differentiate from
primary renal cell carcinoma (RCC) without histopathology (5).
Imaging modalities such as ultrasonography, CT, MRI, and PET
are frequently used for lung and kidney tumors. Unfortunately,
there is no pathognomonic finding to determine whether the
mass is a primary renal tumor or lung metastasis in a patient
with a renal mass (1).

Although imaging cannot definitively distinguish between
primary RCC and renal metastasis, some features may provide
clues. According to previous reports, primary RCCs are generally
larger, exophytic, and heterogeneous on contrast imaging,
whereas renal metastases tend to be smaller, endophytic, and
homogeneous (6,7). Moreover, primary RCCs are generally
solitary, while metastases are more likely to be bilateral or
multifocal. In our case, the lesion also appeared solitary.

Percutaneous renal biopsy can reveal the histology of
radiologically indeterminate renal masses and may be useful
in differentiating between primary RCC and metastases. It is
particularly useful in patients with a known history of malignancy
and in determining the most appropriate systemic or surgical
treatment strategy (8).

As in our patient, these solitary renal tumors may usually be
considered secondary cancer, and treated surgically as primary
renal tumors. Lung cancer patients with renal spread usually
have concomitant liver, bone and adrenal gland metastases
(3). However, our patient had bone and brain metastases
and had been followed up without progression for about 1.5
years under maintenance atezolizumab treatment. Therefore,
suspicion of renal metastasis should be considered when a renal
mass is detected in patients with SCLC and previous multiple
metastases.

Guidelines on the treatment of renal metastasis need to be
clearer. Surgical treatment positively impacts survival in selected
patients with lung cancer (2). Especially in unilateral isolated
cases, when the primary tumor is controlled, nephrectomy
may be an appropriate approach (3,9). A multidisciplinary
approach is necessary to ensure proper treatment in these
patients.

The impact of immunotherapy on the localization of
metastases in SCLC remains unclear. Given the rarity of
renal metastases, there are no definitive data regarding the
specific effects of immunotherapy on renal involvement. A
study discussing the challenges in predicting immunotherapy
responses emphasized that, despite its established role in SCLC
treatment, variability in therapeutic outcomes—particularly
across different metastatic sites—highlights the need for
biomarkers to predict efficacy (10).

Immunotherapy may suppress microscopic metastases by
enhancing systemic antitumor immunity. However, at the
molecular level, its effectiveness may be limited in organs with
low immune cell infiltration, such as the kidney. Experimental

models and translational studies are required to better understand
how immunotherapy influences metastatic tropism. Literature
suggests that the location of metastases can affect treatment
outcomes. In a study involving patients with metastatic RCC
(mRCC), those with lung-only metastases had better survival
rates compared to those with liver or bone metastases. Although
this study focused on mRCC, it supports the idea that organ-
specific tumor microenvironments and immune infiltration
may modulate the efficacy of immunotherapy. Further research
is warranted to investigate how immunotherapy influences
metastasis in uncommon sites such as the kidneys (11).

Renal metastasis of SCLC is very rare. Most patients are
asymptomatic and are diagnosed incidentally by imaging
methods. Since imaging alone cannot reliably distinguish
between primary and secondary renal tumors, histopathological
confirmation remains essential for accurate diagnosis. In
unilateral isolated renal metastasis, nephrectomy is an
appropriate approach when the primary tumor is under control.
A multidisciplinary approach is crucial to ensure appropriate
management policy for these unusual cases. Furthermore, as
immunotherapy becomes more widely used in SCLC, further
research is needed to clarify its role in shaping atypical metastatic
patterns, including renal involvement.
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