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Abstract

Prostate cancer (PCa) is the most common cancer in men in
112 countries (15% of global cases). By 2040, cases are expected to
rise from 1.4 to 2.9 million [1]. Early detection, through mul-
tiparametric MRI (mpMRI), is key for better outcomes,
but manual MRI analysis is time-consuming and prone to
errors [2]. AI-based computer-aided diagnostic (CAD)
tools aim to improve screening [3].

Prostate MRI images showing segmented lesions across different scans.

Contribution We propose PI-RADS-Net, a deep learn-
ing model that emulates the PI-RADS protocol to detect
clinically significant PCa (csPCa) [4]. Our approach holds
promise for improving the diagnosis of clinically significant
prostate cancer, reducing unnecessary biopsies, and en-
hancing patient outcomes.

PI-RADS-Net

We present PI-RADS-Net, a deep learning model in-
spired by the PI-RADS protocol to detect clinically significant
prostate cancer (csPCa) on MRI. The model employs a two-
branch architecture:
• T2W for the transition zone (TZ).
• DWI + ADC for the peripheral zone (PZ).
An extension, PI-RADS-BimodalNet, incorporates clini-
cal parameters (PSA, prostate volume, age) using the TabNet
framework to enhance classification performance [5].

Experiments

Compared Models :
• Unified-BranchNet: A single-stream model combining

all MRI sequences.
• Bimodal-Unified-BranchNet: Extends

Unified-BranchNet by integrating clinical data.
• DenseNet121 & ResNet50: Deep architectures used

as benchmarks.
Data Collection & Processing (PICAI Database):
1,295 MRI scans (1,075 benign/indolent, 220 csPCa); prepro-
cessing: alignment, cropping, resampling (144×144×32 voxels,
0.5×0.5×0.3 mm), Min-Max normalization; prostate segmen-
tation via nnU-Net (Dice: 0.8968 ± 0.0547).The data was split
80/20 with 5-fold cross-validation.
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Methodology

PI-RADS architectures feature a two-branch design: one processes T2W sequences for the TZ, while the other handles ADC/DWI
sequences for the PZ. Both use convolutional blocks with SE (Squeeze and Excitation) modules and residual connections. In bimodal
PI-RADS-BimodalNet, clinical data are integrated via TabNet with combined features and passed to a classifier to detect csPCa.

Results & discussion

Model AUC Sens. Spec. Acc.
Bimodal-Unified-BranchNet 0.80 0.84 0.67 0.69
PI-RADS-BimodalNet 0.83 0.73 0.72 0.72
Unified-BranchNet 0.80 0.75 0.73 0.73
PI-RADS-Net 0.82 0.68 0.84 0.81
DenseNet121 0.80 0.61 0.77 0.74
ResNet50 0.80 0.77 0.71 0.72
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• PI-RADS-Net (average AUC 0.80) outperforms Unified-
BranchNet (0.77), proving PI-RADS benefits.

• Adding clinical data boosts PI-RADS-BimodalNet to
average AUC 0.83 (+3.75% vs. PI-RADS-Net).

• The bimodal approach increases average sensitivity by
10.4% (0.67→0.74), improving lesion detection.

• Grad-CAM shows the key regions influencing the model’s
decisions.

Conclusion & outlook

• This study shows that integrating multi-sequence MRI (T2W, ADC, DWI) in PI-RADS-Net enhances classification, and
extending it with clinical data in PI-RADS-BimodalNet further improves performance and stability.

• Future work should refine PI-RADS-BimodalNet by incorporating additional clinical parameters, optimizing attention mecha-
nisms, validating on external datasets, and addressing diagnostic uncertainty for improved robustness and clinical applicability.
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