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Contribution of PIRADS annotation for the detection of prostate significant cancer using deep learning Authorblock

Keywords: Artificial Intelligence, Genital / Reproductive system male, Oncology, MR, MR-Diffusion/Perfusion, Biopsy, Computer Applications-Detection, diagnosis, Cancer Purpose or Learning Objective: 1) Prostate cancer (Pca) overview

• High prevalence: 2 nd most common cancer in men [START_REF] Rawla | Epidemiology of prostate cancer[END_REF] • Diagnostic and treatment decision depend on:

o Level of Prostate Specific Antigen (PSA) from blood sample o Identification of suspicious lesion using multimodal MRI and scoring from radiologist o (If suspicion) Prostate biopsy to confirm clinically significant cancer (CSC) from uropathologist

2) Prostate cancer characterization:

• Histopathologic annotation obtained after biopsy or prostatectomy: Gleason score (GS), from Benign (< 6) to 10 [START_REF] Epstein | The 2014 International Society of Urological Pathology (ISUP) consensus conference on Gleason grading of prostatic carcinoma[END_REF] o Lesion with score >= 7: CSC o Reliable measure of cancer aggressiveness o But not routinely determined (biopsy is invasive) 3) Contribution of this study

• State-of-the-art network for automatic systems for PCa detection/diagnosis: focus on GS annotated data [START_REF] Duran | ProstAttention-Net: a deep attention model for prostate cancer segmentation by aggressiveness in MRI scans[END_REF][START_REF] Cao | Joint prostate cancer detection and Gleason score prediction in mp-MRI via FocalNet[END_REF][START_REF] Saha | End-to-end prostate cancer detection in bpMRI via 3D CNNs: Effects of attention mechanisms, clinical priori and decoupled false positive reduction[END_REF][START_REF] Bosma | Report-Guided Automatic Lesion Annotation for Deep Learning-Based Prostate Cancer Detection in bpMRI[END_REF][START_REF] Yu | Deep attentive panoptic model for prostate cancer detection using biparametric MRI scans[END_REF] • Aim of this study: showing the interest of PIRADS annotated data in addition to GS annotated data Methods or Background:

1) Database

• Multi-centric data from various continents (North and South America, Europe, Asia)

• Data acquired with different scanners from different manufactures, with a variety of protocols

• All patients underwent bi-parametric MRI: high b-value Diffusion-Weighted magnetic resonance Imaging (DWI), Apparent Diffusion Coefficient (ADC), T2weighted (T2w).

• High b-value DWI defined as a DWI with b-value of 2000 if available, otherwise DWI with the closest b-value to 2000 is chosen

• Following bp-MRI, some patients underwent in-bore MRI-guided biopsy or radical prostatectomy. Resulting histopathologic analysis were only available for ~24% of patients.

• All data underwent quality control process • Based on bp-MRI, PIRADS scores were reported following PIRADS v2.1 guidelines with a single read by a pool of highly experienced radiologists • Tissue samples from biopsy or prostatectomy were graded with a single read by a pool of using Gleason score (ranging from Benign grade to GS=10). Any suspicious lesion on bp MRI (lesions with PIRADS >=3) was manually delineated on a voxel-level basis.

• Lesions graded PIRADS>3 or GS>6 were considered CSC PCa.

• DWI, ADC, annotated lesion masks registered in T2w space using rigid registration Both models evaluated on same samples for which GS annotation available

• validation data: 140 patients (with 178 lesions: 68 lesions with GS<7, 106 lesions with GS>=7)

• test data: 98 patients from ProstateX2 challenge (with 111 lesions: 36 lesions with GS<7, 75 lesions with GS>=7) • Classification performance reflects the difficulty of the classification task. We seek to discriminate CSC lesions from benign lesions. Only among benign lesions, we include in the training database both lesions annotated GS<7 as well as lesions annotated PIRADS 3. The ambiguity and the intra-and inter-expert variability for PIRADS 3 lesions [START_REF] Greer | Interreader variability of prostate imaging reporting and data system version 2 in detecting and assessing prostate cancer lesions at prostate MRI[END_REF][START_REF] Smith | Intra-and interreader reproducibility of PI-RADSv2: A multireader study[END_REF] may explain the relatively low AUC observed
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 1 Fig 1: Two possible annotation types (PIRADS score and Gleason score)
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 2 Fig 2: Annotation tool for PIRADS scoring
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 32 Fig 3: Score distribution for lesions in the training/validation dataset with both PIRADS and Gleason annotations (N=623 lesions)
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 47 Fig 4: Overview of the deep learning network 3) Experiments
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 51 Fig 5: Overview of datasets used for our experiments 4) Evaluation metrics
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 6 Fig 6: FROC analysis for detection sensitivity on CS lesions (GS>6), depending on the training database (PIRADS+GS data or GS data only). Results are shown for validation set
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 72 Fig 7: Example of a patient predicted by both models (PIRADS+Gleason model and Gleason model). (a) Input T2w, (b) Input DWI, (c) Input ADC, (d) Ground truth lesion mask in red, where GS>6, (e) Output prediction from PIRADS+Gleason model: ground truth lesion was correctly detected with a confidence score of 0.57, (f) Output prediction from Gleason model: ground truth lesion was not correctly detected
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 8 Fig 8: FROC analysis for detection sensitivity on CS lesions (GS>6), depending on the training database (PIRADS+GS data or GS data only). Results are shown for test set.

•

  Our experiments show the interest of combining radiological annotation (PIRADS) with histopathological annotation (Gleason score), in order to improve computer aided detection and diagnosis systems of prostate cancer • Detection results from our model trained on PIRADS and GS annotations is competitive with respect to the best performances found in state of the art: Bosma et al.: 84% of CSC lesions detected at 1FP/volume. Evaluation done on personal data [10] o Yu et al: 85% of CSC lesion detected at 0.62 FP/volume, 89% at 0.94 FP/volume. Evaluation done on a subset of ProstateX dataset [11]

	o Saha et al.: 83% of CSC lesions detected at 0.5 FP/volume, 93% at
	1FP/volume. Evaluation done on personal evaluation data [9]
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