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Abstract

This study aimed to investigate the diagnostic utility of Magnetic Resonance Imaging
(MR]) in detecting extracapsular extension (ECE) in prostate cancer (PCa). The data
of 120 patients admitted to the hospital was retrieved and assessed. All patients
underwent laparoscopic radical prostatectomy, and ECE status was determined by
postoperative pathological examination. The results showed that 41 patients exhibited
prostatic capsule invasion. Multiple logistic regression analysis identified Prostate-
Specific Antigen (PSA) >10.4 ng/mL, biopsy Gleason score >7, clinical stage T2c,
positive MRI findings, and Apparent Diffusion Coefficient (ADC) value < 0.75 x
1073 mm?/s as significant risk factors for prostatic capsule invasion. The predictive
model equation was Logit(P) =—1.325 + 0.469 x PSA >10.4 ng/mL + 0.865 X biopsy
Gleason score >7 + 1.743 X positive MRI findings + 1.495 x ADC value < 0.75
x 107 mm?/s. The receiver operating characteristic (ROC) curve yielded an area
under the curve (AUC) of 0.769 (95% Confidence Interval (CI): 0.681-0.856, p <
0.001). In conclusion, these results indicate that integrating MRI with clinical risk
factors in the predictive model demonstrates robust performance in identifying prostatic
capsule invasion, demonstrating promising ability to enhance diagnostic and therapeutic

strategies for PCa management.
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1. Introduction

Prostate cancer (PCa) is a prevalent malignancy of the male
reproductive system, with radical prostatectomy being the pri-
mary treatment for localized disease. In extracapsular exten-
sion (ECE) cases, comprehensive resection of the neurovas-
cular bundle adjacent to the affected lobe can reduce posi-
tive surgical margins and enhance long-term survival. Con-
versely, for patients without capsular invasion, expanding sur-
gical boundaries may increase procedural risks and impact the
postoperative quality of life [ 1-3]. Thus, accurate preoperative
prediction of capsular invasion is pivotal for guiding surgical
strategies [4, 5]. In this regard, magnetic resonance imaging
(MRI) currently represents the optimal imaging modality for
PCa diagnosis [0, 7]. Herein, we designed this present study
to evaluate the efficacy of multiparametric MRI in predicting
ECE in PCa.

2. Objects and methods

2.1 Research subjects

The study enrolled 120 patients diagnosed with PCa admitted
to the hospital. The study inclusion criteria were patients
aged 40 to 70 years with confirmed PCa based on preopera-

tive transrectal ultrasound-guided systematic prostate biopsies
and absence of pelvic lymph node enlargement or distant
metastasis on preoperative imaging. All patients underwent
laparoscopic radical prostatectomy, with complete clinical data
available. Exclusion criteria encompassed patients receiving
preoperative endocrine or neoadjuvant therapy for PCa and
those with concurrent malignancies.

2.2 Multi-parameter MRI examination

A multiparametric MRI examination was performed one week
before surgery using a GE SIGNA Voyager 1.5T MRI scanner
(General Electric Company, Boston, MA, USA). The resulting
MRI images were of high quality and clarity, suitable for
clinical research. Briefly, the patients were placed in the
supine position, and the imaging was conducted to encompass
the entire prostate gland and bilateral seminal vesicles. The
scanning protocol included: (1) Fat-suppressed T2-weighted
imaging (T2WI) with parameters: Repetition Time (TR) 2500
ms, Echo Time (TE) 58 ms, slice thickness 3 mm, and 1
mm slice gap; (2) Sagittal T2WI: TR 5300 ms, TE 102 ms,
slice thickness 4 mm, and 1 mm slice gap; (3) Diffusion-
weighted imaging (DWI) with parameters: TR 4400—4800 ms,
TE 63-75 ms, slice thickness 3 mm, 1 mm slice gap, matrix
size 112 x 112, field of view 20 cm x 20 cm, acquisition
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time 1 min 40 s, using diffusion gradients with b values
of 0, 500 and 1400 s/mm? to generate apparent diffusion
coefficient (ADC) maps; (4) Dynamic contrast-enhanced MRI
(DCE-MRI) involved axial scanning following intravenous
administration of gadolinium-based contrast agent Gd-DTPA
(MR-00P10, BioPAL, Worcester, MA, USA) at 3 mL/s, dose
of 0.1 mmol/kg, with a 20 mL saline flush. Parameters for
DCE-MRI included: TR 3 ms, TE 1.35 ms, slice thickness 4
mm, slice gap 4 mm, matrix size 320 x 256, bandwidth 88.33
Hz/Px, flip angle 12°, 30 slices per acquisition, 25 acquisitions,
each lasting 13 s, totaling 5 min 25 s scanning time.

Two radiologists with at least 5 years of clinical experience
were invited to interpret the MRI images using a double-
blind method, unaware of the pathological examination results.
Capsular invasion was assessed based on criteria outlined in
the Prostate Imaging Reporting and Data System (PI-RADS)
version 2 [8], which includes evaluating asymmetry or thick-
ening of neurovascular bundles, loss of prostate capsule angle,
focal bulging of prostate gland contour, irregularities in the
prostate capsule, and abnormal signals indicating tumor inva-
sion around the prostate. Additionally, criteria from DWI and
ADC were considered, such as asymmetry of high DWI signal
and low ADC signal in neurovascular bundles, high DWI
signal and low ADC signal around the prostate, and high DWI
signal with low ADC signal indicating tumor invasion beyond
the capsule. Capsular invasion was deemed present if any
of these criteria were identified; otherwise, it was considered
absent. Any discrepancies between the radiologists were re-
solved through discussion to achieve consensus. Furthermore,
tumor ADC values were quantitatively analyzed using regions
of interest (ROIs), excluding neurovascular bundles and the
urethra, with three measurements obtained at each location and
averaged for accuracy.

2.3 Data collection

Data collection included age, preoperative prostate-specific
antigen (PSA) levels (measured before prostate biopsy), biopsy
Gleason score, clinical staging based on the Tumor Node
Metastasis (TNM) staging system of the American Joint Com-
mittee on Cancer (AJCC) [9], and postoperative pathology
reports. Postoperative pathology involved assessment by two
pathologists to determine the presence of capsular invasion. In
instances of discordant diagnoses, a consensus was achieved
through discussion between the two pathologists.

2.4 Statistical analysis

Data analysis was conducted using SPSS 22.0 (BMI Corpo-
ration, Chicago, IL, USA). Continuous variables are reported
as means + standard deviation. Independent samples z-tests
were conducted to compare the means between groups, while
paired r-tests assessed changes before and after treatment. Cat-
egorical variables are presented as frequencies and analyzed
using the chi-square test. Ordinal data were evaluated using
the rank-sum test. Binary logistic regression was employed
to identify factors influencing capsular invasion, and receiver
operating characteristic (ROC) curves were generated. The
predictive performance of the risk model for capsular invasion
in PCa, derived from binary logistic regression, was evaluated.

Statistical significance was defined as p < 0.05.

3. Results

3.1 Comparison of clinical parameters
between patients with and without capsular
invasion

The pathological examination revealed that among the 120
patients with PCa, 41 cases exhibited capsular invasion while
the remaining did not. Patients with capsular invasion showed
significantly higher pre-biopsy serum PSA levels and Gleason
scores compared to those without capsular invasion (p < 0.05).
Additionally, clinical staging was more advanced in patients
with capsular invasion (p < 0.05). However, there was no sta-
tistically significant difference in age between the two groups
(p > 0.05) (Table 1).

3.2 Comparison of multiparametric MRI
interpretation results

Further data analysis showed that the sensitivity and specificity
of MRI interpretation in diagnosing capsular involvement were
82.93% and 50.63%, respectively (Table 2).

3.3 Comparison of ADC values

PCa patients with capsular involvement were found to have
significantly lower ADC values in the ROIs compared to those
without capsular involvement (p < 0.05) (Table 3).

3.4 Multiple logistic regression analysis of
factors influencing prostatic cancer capsule
invasion

Multiple logistic regression analysis, using capsular invasion
as the dependent variable and significant indicators from Ta-
bles | and 2 as independent variables, identified PSA >10.4
ng/mL, biopsy Gleason score >7 points, clinical stage T2c,
positive MRI findings, and ADC value < 0.75 x 1073 mm?/s
as risk factors for PCa capsule invasion (Table 4).

3.5 Significance of a predictive model for
determining prostate capsule invasion

The predictive model for PCa capsule invasion was constructed
using the equation: Logit(P) =—1.325 + 0.469 x PSA >10.4
ng/mL + 0.865 x Gleason Score >7 + 1.743 x Positive MRI
Analysis + 1.495 x ADC Value < 0.75 x 1073 mm?/s. The
ROC curve analysis yielded an area under the curve (AUC) of
0.769 (95% CI: 0.681 to 0.856) for the predictive model, with
a sensitivity of 61.00% and specificity of 83.50% (Fig. |, p <
0.001).

4. Discussion

Preoperative multiparametric MRI parameters demonstrated
differences between patients with and without capsular inva-
sion. PI-RADS version 1 characterized radiological features
of capsular invasion, including proximity of tumors to the pro-
static capsule, irregular or thickened neurovascular bundles,
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TABLE 1. Comparison of clinical parameters between patients with and without capsular invasion.

Groups n Age (yr) PSA (ng/mL) Gleason scores Clinical stage n (%)

T1 T2a T2b T2c
Capsular 41 54.15+13.58 1438 £2.96 7.77 £ 1.68 6 (14.63) 7(17.07) 12 (29.27) 16 (39.02)
invasion
Without cap- 79 5537+1443 6.13 +2.76 6.56 £ 1.71 27 (34.18) 35(44.30) 10(12.66) 7 (8.86)
sular invasion
t 0.448 15.149 3.698 26.342
P 0.655 <0.001 <0.001 <0.001

PSA: prostate-specific antigen.

TABLE 2. Comparison of multiparametric MRI interpretation results.

Results Pathology results Sensitivity Specificity
Capsular invasion Without capsular invasion Total 82.93% 50.63%
Positive 34 39 63
Negative 7 40 47
Total 41 79 120
TABLE 3. Comparison of apparent diffusion coefficient (ADC) values.
Groups n ADC value (1072 mm?/s)
Capsular invasion 41 0.66 +0.17
Without capsular invasion 79 0.95 +0.23
t 7.121
P <0.001

TABLE 4. Multiple logistic regression analysis of factors influencing prostatic cancer capsule invasion.

Elements J5} SE
PSA >10.4 ng/mL 0.469 0.116
Gleason scores >7 0.865 0.243
Clinical stage
T1 -- --
T2a 0.613 0.441
T2b 0.846 0.473
T2c 1.315 0.514
MRI analysis positive 1.743 0.585
ADC value < 0.75 x 1073 mm?/s 1.495 0.365
Constant term —1.325 0.899

Wald 2 OR 95% CI p
16.347 1.589 1.273-2.006 <0.001
12.671 2.375 1.475-3.824 <0.001

- 1.000 ~ -
1.932 1.846 0.778-4.381 0.165
3.199 2.330 0.922-5.889 0.074
6.545 3.725 1.360-10.201 0.011
8.877 5714 1.816-17.986 0.003
16.776 4.459 2.181-9.119 <0.001
2.172 0.266 - -

SE: Sensitivity;, OR: Odds Ratio,; CI: Confidence Interval; PSA: prostate-specific antigen, MRI: magnetic resonance imaging;

ADC: Apparent Diffusion Coefficient.

and measurable extracapsular lesions [10, 11]. PI-RADS ver-
sion 2 refined these criteria, incorporating asymmetry or inva-
sion of neurovascular bundles, irregular prostate contour, and
capsule morphology irregularities [12, 13]. Using PI-RADS
version 2 criteria, independently assessed by two blinded ra-
diologists, MRI achieved sensitivity, specificity, and accuracy
rates of 82.93%, 50.63%, and 61.67%, respectively, in detect-
ing capsular invasion. This underscores MRI’s high sensitivity
but relatively lower specificity and accuracy in identifying
capsular invasion in PCa. Limitations include the absence

of a quantitative scoring system for capsular invasion in PI-
RADS version 2, potential false positives due to inflamma-
tory responses and reactive stromal fibrosis, and occasional
microscopic invasion not detectable by MRI, leading to false
negatives [14].

Additionally, the ADC value, reflecting water molecule
diffusion, serves as a marker for cell density. Our investigation
found a lower ADC value in PCa patients with capsular inva-
sion compared to those without. Specifically, an ADC value
below 0.75 x 1073 mm?/s emerged as an independent predictor
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FIGURE 1. Significance of the proposed predictive model for determining prostate capsule invasion. ROC: receiver

operating characteristic.

for capsular invasion.

However, this study is limited by its single-center design
and small sample size. Furthermore, ADC parameters can
vary across different MRI scanners, potentially limiting the
generalizability of the predictive models derived from this
study in clinical practice. Increasing the sample size, conduct-
ing multicenter studies, and evaluating different MRI scanner
models are recommended to enhance the robustness and appli-
cability of these predictive models. Moreover, the expertise
of radiologists significantly influences study outcomes; thus,
involving radiologists with extensive clinical experience in
image interpretation is advisable.

The predictive model, integrating clinical risk factors and

MRI radiological features, effectively predicts capsular inva-
sion in PCa, achieving an AUC of 0.769 (95% CI: 0.681 to
0.856, p < 0.001).

5. Conclusions

In conclusion, the MRI-based predictive model, combined
with clinical risk factors, demonstrates substantial utility
in forecasting capsular invasion in PCa, thereby providing
valuable insights for both diagnosis and subsequent treatment
strategies for PCa patients.
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