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ABSTRACT

INTRODUCTION: Prostate cancer remains the second most common malignancy in men
worldwide. Positive surgical margins (PSMs) following radical prostatectomy are associated
with an increased risk of biochemical recurrence. This study investigated the relationship
between preoperative multiparametric magnetic resonance imaging (mpMRI)-detected index
lesions and PSMs, aiming to assess whether specific lesion locations correlate with margin
involvement.

METHODS: A retrospective cohort study was conducted at Health Sciences University Haseki
Training and Research Hospital, analyzing 148 patients who underwent radical prostatectomy
between 2017 and 2023. Patients were stratified based on surgical margin status, with com-
parisons made between mpMRI features, pathologic outcomes, and the anatomical distribu-
tion of PSMs. Binary logistic regression was used to identify independent predictors of PSMs,

RESULTS: Of the 148 patients, 49 had PSMs. Higher preoperative prostate-specific antigen
levels, prostate-specific antigen density, and Prostate Imaging-Reporting and Data System
(PI-RADS) scores were significantly associated with PSMs. Multivariate analysis revealed that
PI-RADS 5, International Society of Urological Pathology grade 4 or above, and extraprostatic
extension were independent predictors of PSMs. Although lesions in the apical and posterior
regions showed higher rates of PSMs, the regional differences were not statistically significant.

CONCLUSIONS: Our findings suggest that mpMRI plays a critical role in preoperative risk
stratification and may guide surgical planning to reduce PSMs; however, further prospective
studies are needed to validate these results and explore the potential benefits of targeted
resections in high-risk regions for improving oncologic outcomes.
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INTRODUCTION

Prostate cancer ranks as the second
most prevalent malignancy among
men worldwide, following lung can-
cer. Annually, over one million new
cases are diagnosed, with the disease
accounting for more than 300 000
deaths, representing approximately
3.8% of all cancer-related mortality in
men. The median age at diagnosis is
around 65 years, and mortality rates
rise substantially with advancing age.!

The diagnostic workup for pros-
tate cancer typically begins with
elevated serum prostate-specific
antigen (PSA) levels, accompanied
by abnormal findings on digital rectal
examination (DRE). A definitive diag-
nosis is established through histo-
pathologic analysis of tissue samples
obtained via systematic transrectal
ultrasound-guided prostate biop-
sies. These biopsies not only confirm
malignancy but also provide crucial
insights into Gleason grading, which,
alongside PSA levels and DRE find-
ings, are integrated into nomograms
to inform clinical decision-making
and prognostic evaluations.?

The standard transrectal ultra-
sound-guided prostate biopsy
approach involves retrieving 12
systematic, random Tru-Cut cores;®
however, due to the inherent sam-
pling limitations, there is a risk of
missing clinically significant cancer,
leading to recent updates in clinical
guidelines. The European Association
of Urology (EAU) now advocates for
the use of multiparametric magnetic
resonance imaging (mpMRI) prior to
biopsy, particularly in individuals with
elevated PSA levels. Multiparametric



Link between preoperative mpMRI-detected index lesions and PSM

MRI facilitates targeted biopsies of suspicious regions,
demonstrating superior detection rates for clinically
significant prostate cancer compared with traditional
systematic biopsies. Despite its diagnostic advantages,
mpMRI-targeted biopsy is not without limitations, such
as the potential for undersampling, false-negative find-
ings, and inter-institutional variability in mpMRI inter-
pretation, which may reduce sensitivity, particularly for
smaller or multifocal tumors.®

Multiparametric MRI has now become a pivotal tool
in both the detection and staging of prostate cancer.
Numerous studies highlight its high sensitivity for iden-
tifying suspicious lesions, and MRI-targeted biopsies are
shown to more accurately predict Gleason scores com-
pared with systematic biopsies, especially when corre-
lated with radical prostatectomy outcomes.®” Beyond
lesion detection, mpMRI provides essential staging infor-
mation and is currently considered the most accurate
imaging modality for assessing extraprostatic extension
and determining the tumor's T-stage, with the EAU
guideline supporting its use for local staging prior to
biopsy.8?

In this study, we aimed to compare the index lesion
locations identified on preoperative mpMRI with the
anatomical sites of positive surgical margins (PSMs)
in patients who underwent radical prostatectomy for
prostate cancer and were found to have positive mar-
gins on final pathologic analysis.

METHODS

This retrospective cohort study was conducted at
the Health Sciences University Haseki Training and
Research Hospital, Urology Clinic, with ethical approval
(No. 220-2023, dated 06/12/2023). Patients included
in the study were diagnosed with prostate cancer via
MRI/ultrasound fusion-guided biopsy between January
2017 and July 2023 and subsequently underwent radi-
cal prostatectomy. Data were systematically extracted
from the hospital's electronic medical records.

A total of 148 patients were eligible for inclusion,
of whom 99 had negative surgical margins and 49 had
PSMs following radical prostatectomy. Patients who
were under active surveillance, diagnosed through tran-
srectal ultrasound-guided biopsy, or had incomplete
records were excluded from the analysis.

The collected data comprised demographic informa-
tion (age, body mass index, comorbidities), preopera-
tive PSA levels, and mpMRI findings, including lesion
size, lesion location, and Prostate Imaging-Reporting and
Data System (PI-RADS) v2 score. Additionally, pathol-
ogy results were evaluated, including Gleason scores,

pathologic staging (tumor, nodes, and metastasis clas-
sification), and surgical margin status.

Patients were divided into two groups based on sur-
gical margin status: those with PSMs (SM+) and those
with negative surgical margins (SM-). Comparisons
between these groups were made regarding demo-
graphic characteristics, mpMRI features, and histo-
pathologic outcomes. Particular attention was given
to assessing the relationship between the index lesion
location and the region of PSMs. Additionally, potential
risk factors predicting PSMs were explored.

Statistical analysis

Al statistical analyses were conducted using IBM SPSS
Statistics for Windows, Version 27.0 (IBM Corp,,
Armonk, NY, U.S.). The normality of data distribu-
tion was determined using the Kolmogorov-Smirnov
test. Continuous variables were expressed as mean
+ standard deviation for normally distributed data
and as median (interquartile range) for non-normally
distributed data. For normally distributed continuous
variables, the independent samples t-test was used, and
the Mann-Whitney U test was employed for non-nor-
mally distributed variables. Categorical variables were
compared using the Chi-squared test or Fisher's exact
test, as appropriate. Binary logistic regression analysis
was performed to identify independent factors associ-
ated with PSMs. We included the variables that were
statistically significant in the univariate analysis in the
multivariate analysis. A p<0.05 was considered statisti-
cally significant.

RESULTS
In this study, the average age of the patients was
61.7£6.3 years, with a mean body mass index of
27.1+£3.5 kg/m?. The most common comorbidi-
ties included hypertension (33.8%), diabetes mellitus
(18.9%), coronary artery disease (10.19%), and chronic
obstructive pulmonary disease (10.8%). The mean PSA
level was 8.2 ng/ml, and the mean prostate volume
was 43.5 cc, yielding an average PSA density of 0.19.
Suspicious findings on DRE were noted in 15.5% of
the cases. Patients with SM+ demonstrated significantly
higher PSA levels (p=0.022) and PSA density (p=0.021)
than those with SM-. Although prostate volume did not
differ significantly between groups (p=0.191), suspicious
findings on DRE were more frequent in the SM+ group
(p=0.009) (Table I).

The relationship between International Society of
Urological Pathology (ISUP) grades and the presence
of PSMs was evaluated. A statistically significant associa-
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tion was found between increasing ISUP grade and the
incidence of PSMs (p=0.035). Specifically, patients with
higher ISUP grades were more likely to have positive
margins. For example, the rate of PSMs was around
0% in ISUP |, whereas it increased to approximately
40% in ISUP 5. This trend suggests that higher ISUP
grades are strongly correlated with the presence of
PSMs (Figure 1).

Although seminal vesicle invasion was more com-
mon in the SM+ group (14.3% vs. 8.1%), this difference
was not statistically significant (p=0.239); however,
extraprostatic extension was significantly more frequent
in the SM+ group (p=0.007) (Table 2).

Lesion location analysis revealed regional variability
in surgical margin involvement. Lesions in the apical
and posterior regions showed higher rates of margin

Table 1. Clinical characteristics of patients

Variable Overall (n=148) SM () (n=98) SM(+) (n=50) | p

Age (years)* 61.7+63 61.6=6.1 61.9+6.7 0.724
BMI (kg/m?)* 27.1+35 27.0+3.4 273+3.7 0.780
PSA (ng/ml)** 8.2 (5.8-13.0) 7.622.1 9.4+2.7 0.022

Prostate volume (cc)** 43.5 (33.0-62.0) 42.0£9.5 45.2+10.1 0.191
PSA density ™ 0.19(0.12-0.30) 0.1+0.05 0.23+0.07 0.021

Suspicious DRE (%) 15.5 9.2 25.6 0.009

*Mean + standard deviation. **Median (interquartile range). Bolded values indicate statistical
significance. SM (-): negative surgical margins; SM (+): positive surgical margins; BMI: body mass
index; DRE: digital rectal examination; PSA: prostate-specific antigen.
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Figure 1. The distribution of posifive and negative surgical margins across different International Society of Urological Pathology (ISUP)

grades (p=0.035).

E314 CUAJ « SEPTEMBER 2025 « VOLUME 19, ISSUE 9

involvement, although the differences were not statisti-
cally significant (p=0.690 and p=0.578, respectively).

Similarly, analysis of PI-RADS scores demonstrated
a statistically significant association with positive surgical
margin (PSM) incidence (p=0.017). As shown in Figure
2, the rate of PSMs increased progressively with higher
PI-RADS scores, from 23.8% in PI-RADS 3 to 51.3%
in PI-RADS 5.

Multivariate analysis identified PI-RADS score 5
(p=0.037), final pathology ISUP grade 4 and above
(p=0.007), and extraprostatic extension (p=0.021) as
independent predictors of PSMs (Table 3).

DISCUSSION

The presence of PSMs following radical prostatectomy
remains a critical prognostic factor in prostate cancer,
particularly concerning biochemical recurrence.'” In this
study, we aimed to explore the relationship between
preoperative mpMRI findings, specifically the index
lesion location, and PSMs. Our results indicated that
although patients with PSMs demonstrated higher PSA
levels, PSA density, and PI-RADS scores, the correla-
tion between lesion location and margin involvement
showed regional variability. Notably, lesions in the apical
and posterior regions exhibited higher rates of margin
involvement; however, these differences were not sta-
tistically significant (p=0.690 and p=0.578, respectively).
Despite the lack of statistical significance, the observed
trends suggest that preoperative mpMRI may still pro-
vide valuable guidance for targeted surgical strategies,
potentially improving oncologic outcomes by reducing
PSM rates, particularly in high-risk regions.

Quentin et al identified higher PSA levels and PSA
density as significant predictors of PSMs, findings that
align closely with our results;'' however, a notable
divergence between our study and that of Quentin
et al lies in the relationship between the ISUP grade
at biopsy and PSMs. Although Quentin et al did not
report a significant difference in ISUP grade at biopsy
between patients with and without PSMs, our study
revealed a clear association in this respect. Despite this
difference, both studies demonstrated significant varia-
tions in ISUP grades following radical prostatectomy,
underscoring the prognostic relevance of final pathol-
ogy in assessing tumor aggressiveness and predicting
surgical outcomes.

Furthermore, both analyses identified a strong cor-
relation between PSMs and extraprostatic extension,
emphasizing the critical need for accurate preoperative
identification of extraprostatic extension to enhance
surgical planning and improve clinical management. "
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Table 2. Association between surgical margins and

pathological features

Feature SM(-) (n=98) | SM(*) (n=50) |p
Exiraprostatic extension (%) | 21.4 42.9 0.007
Seminal vesicle invasion (%) | 8.1 143 0.239

Bolded value indicates statistical significance. Similarly, analysis

of Prostate Imaging-Reporting and Data System (PI-RADS) scores
demonstrated a statistically significant association with positive
surgical margin (PSM) incidence (p=0.017). As shown in Figure 2,
the rate of PSMs increased progressively with higher PI-RADS scores,
from 23.8% in PI-RADS 3 to 51.3% in PI-RADS 5 (Figure 2). SM (-):
negative surgical margins; SM (+): positive surgical margins.

PIRADS 3

PIRADS 4

mSurgical Margin (-)®Surgical Margin (+)

PIRADS 5

p=0,017

Table 3. Multivariate analysis of predictors for positive

surgical margins

Variable OR 95% Cl p

PSA 0.971 0.911-1.035 |0.195
PSA density 3.751 0.369-7.627 | 0.306
PI-RADS score 5 2.721 1.042-7.070 | 0.037

Suspicious DRE 2.272 0.765-6.746 | 0.150
ISUP grade >4 (biopsy) 2.004 0.740-5.398 | 0.167
ISUP grade >4 (final pathology) | 4.756 1.580-14.307 | 0.007

Extraprostatic extension 3315 1.192-9.225 | 0.021

Bolded values indicate statistical significance. Cl: confidence interval;
DRE: digital rectal examination; ISUP: International Society of
Urological Pathology; OR: odds ratio; PSA: prostate-specific antigen;
PI-RADS: Prostate Imaging-Reporting and Data System.

These findings collectively underscore the importance
of rigorous preoperative evaluation in optimizing surgi-
cal outcomes for prostate cancer patients.

The predictive value of mpMRI, particularly
PI-RADS scores, in preoperative risk stratification is
well-established. Sciarra et al demonstrated that higher
PI-RADS scores were significantly associated with an
increased risk of PSMs, consistent with our findings.'?
In our cohort, patients with higher PI-RADS scores
were more likely to present with PSMs, reinforcing
the role of mpMRI in guiding surgical decision-making.
Additionally, both our study and that of Sciarra et al
found that extraprostatic extension was significantly
more prevalent among patients with PSMs, suggesting
that mpMRI not only aids in tumor localization but
also provides critical insights into the extent of dis-
ease, thereby assisting in the identification of patients
at increased risk for PSMs."?

Figure 2. Association between Prostate Imaging-Reporting and Data System (PI-RADS) scores and positive surgical margins (p=0.017).

Similarly, Alessi et al investigated mpMRI features
predictive of PSMs and reported significant differences
in PSA density and PI-RADS scores between posi-
tive and negative surgical margin groups, aligning with
our findings;'® however, unlike our study, they did not
observe a significant difference in ISUP grades between
these groups, potentially attributable to variations in
patient populations or surgical techniques. This discrep-
ancy underscores the need for further research to fully
elucidate the relationship between ISUP grading and
PSMs. Nevertheless, both studies emphasize the pivotal
role of mpMRI in preoperative planning, particularly in
identifying patients at elevated risk for PSMs.!?

Our study further examined the anatomical distri-
bution of PSMs, revealing that the posterior apex and
mid-gland were the most frequently involved regions,
whereas the anterior prostate and base showed fewer
positive margins. These observations are consistent
with previous research, which indicates that posterior
regions, particularly the apex, are more prone to PSMs
due to their complex anatomy and proximity to critical
structures.'*" Although the differences in PSM rates
across regions were not statistically significant in our
cohort, these findings underscore the need for height-
ened surgical precision in anatomically challenging areas.

Limitations

Although our study offers valuable insights into the
relationship between preoperative mpMRI findings and
PSMs, several limitations warrant consideration.

The retrospective design of our study may introduce
selection bias, and the relatively small sample size may
restrict the generalizability of our results. Furthermore,
although we identified a significant correlation between
the index lesion location and PSMs, our study did not
investigate whether targeted resection of these areas
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would result in reduced PSM rates. Also, the potential
impact of lesion size on PSMs was not evaluated in
this study.

Prospective, multicenter studies with larger patient
cohorts are necessary to validate our findings and assess
the potential benefits of more aggressive resection at
the index lesion site for reducing PSMs and enhancing
long-term oncologic outcomes.

CONCLUSIONS

Our study identifies a correlation between the pre-
operative mpMRI-detected index lesion and PSMs
following radical prostatectomy, despite the lack of
statistically significant regional variability in margin
involvement. These findings underscore the potential of
mpMRI in preoperative planning and risk stratification.
Nonetheless, the retrospective design, small sample
size, and non-significant regional differences warrant
further prospective research to validate these observa-
tions and explore the efficacy of mpMRI-guided surgical
approaches in enhancing oncologic outcomes.
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