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Abstract
Aim: Artificial intelligence (AI) systems have the potential to enhance prostate magnetic
resonance imaging (MRI) interpretation by providing objective image analysis, improving
lesion detection, and reducing overdiagnosis. This study aimed to develop and evaluate an
AI system for analyzing prostate multiparametric MRI (mpMRI) based on Prostate Imaging
Reporting and Data System version 2.1 (PI-RADS v2.1) criteria.

Methods: In this retrospective, single-center study, we developed an AI system using data
from  204  patients  in  the  open-source  PROSTATEx  Challenge  and  30  patients  from
National Cheng Kung University Hospital (NCKUH). The AI algorithm was retrospectively
applied to mpMRI scans of 70 patients, and AI-derived PI-RADS scores were compared to
those  assigned  by  radiologists.  Histopathological  results  from  MRI-targeted  biopsies
served  as  the  reference  standard.  The  primary  endpoints  included  the  area  under  the
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receiver  operating  characteristic  curve  (AUROC)  for  the  AI  system  versus  radiologists,  and  the  prostate  gland
segmentation metrics.

Results:  The  AI  system  achieved  an  average  F1-score  of  0.896  for  prostate  gland  segmentation,  demonstrating
robust  performance.  In  the  70 NCKUH cases,  the  AI  system outperformed radiologists  in  differentiating  benign
prostatic hyperplasia (BPH) or non-clinically significant prostate cancer (non-csPC), with an AUROC of 0.813 [95%
confidence  interval  (CI)  0.711-0.916;  P  < ​  0.001],  compared  to  0.695  (95%CI  0.572-0.818;  P  =  0.005)  for
radiologists.  The  AI  system  exhibited  a  more  dichotomous  distribution  of  PI-RADS  scores,  reducing  diagnostic
ambiguity in PI-RADS 3 lesions.

Conclusion: The AI system demonstrated improved performance in distinguishing BPH and non-csPC compared with
radiologists.  The  dichotomous  distribution  of  the  AI-generated  PI-RADS  scores  showed  potential  to  avoid
unnecessary  biopsies.

INTRODUCTION
Prostate cancer is one of the most prevalent cancers among men worldwide. In 2022, 1.4 million new cases of

prostate cancer were diagnosed, making it the fourth most frequently diagnosed cancer globally. In the

United States, approximately one in eight men will be diagnosed with prostate cancer during their lifetime
[1]

.

Despite its high incidence, prostate cancer is associated with relatively low mortality
[2]

. Therefore,

distinguishing clinically significant prostate cancer (csPC), which affects patient life expectancy, from

non-clinically significant prostate cancer (non-csPC), and avoiding unnecessary treatment of the latter, has

become an essential task in current clinical practice
[3]

. Prostate biopsy remains the gold standard for

diagnosis. Conventional transrectal and transperineal prostate biopsies have a diagnostic limitation, with

positive detection rates of only about 30% due to their random sampling approach. In this method, the

prostate is divided into fixed quadrants for systematic but unguided biopsy, making it challenging to target

suspected tumor lesions directly
[4,5]

.

In addition to these examinations, the prostate health index (PHI), multiparametric magnetic resonance

imaging (mpMRI), and prostate-specific membrane antigen positron emission tomography (PSMA PET)

may be applied for prostate cancer diagnosis
[6-8]

. Besides transrectal/transperineal ultrasound prostate biopsy,

mpMRI-guided prostate biopsy using cognitive guidance, ultrasound integrated with MRI fusion software, or

direct in-bore guidance provides alternative approaches to improve diagnostic accuracy
[9]

.

The Prostate Imaging-Reporting and Data System (PI-RADS) score is used to evaluate a patient’s prostate

gland and assess the likelihood of csPC (defined as International Society of Urological Pathology, ISUP,

Grade group ≥ 2). PI-RADS score rates lesions from 1 to 5
[10,11]

. A recent systematic review reported that the

detection rates of csPC were 6%, 12%, 48%, and 72% for PI-RADS scores 2, 3, 4, and 5, respectively
[12]

.

Omitting biopsy in patients with PI-RADS score 2 or lower has been shown to reduce unnecessary biopsy by

approximately 30%
[13]

. However, csPC may still be present in lesions with low PI-RADS scores, and

conversely, benign pathology can occasionally be found in PI-RADS 5 lesions
[14]

. In addition, inter-observer

variability among radiologists can lead to discrepancies in PI-RADS scoring
[15]

. To distinguish patients with

low PI-RADS, an objective image review system is necessary for physicians in clinical practice.

In 2012, Krizhevsky et al. introduced AlexNet, a convolutional neural network (CNN) that demonstrated the

potential of computer vision and achieved breakthrough performance in the ImageNet Large-Scale Visual

Recognition Challenge (ILSVRC)
[16]

. Rapid development of deep learning models followed, including VGG
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(visual geometry group) and ResNet (residual neural network)
[17,18]

. Machine learning approaches using

support vector machines on radiomic features have shown improved performance in enhancing the accuracy

of PI-RADS scoring for interpreting csPC
[19]

. Artificial intelligence (AI) is on the verge of a revolution in

prostate cancer, with clinical applications expanding across pathological diagnosis, Gleason grading,

prognostic evaluation, and the determination of treatment options
[20]

. Detection of peripheral zone prostate

cancer through radiomic classifiers on T2-Weighted MRI had achieved a cross-validated area under the

curve (AUC) of 0.744 with boosted Decision Tree (DT). However, there is still limited evidence on prostate

cancer lesion detection by AI using the PI-RADS v2.1 (Prostate Imaging Reporting and Data System version

2.1) principle.

In this study, we establish a prostate MRI analysis model using U-net, U-net++ and U-net3+ to perform

prostate gland segmentation and prostate cancer lesion detection according to PI-RADS v2.1 principles. The

pathology result of prostate gland biopsy is used as ground truth for our model training. Our goal is to

establish an objective image-based diagnostic support system to aid physicians in clinical practice.

METHODS
The study protocol was approved by the Institutional Review Board of National Cheng Kung University

Hospital (NCKUH) (IRB protocol number A-ER-112-005). For this retrospective analysis of clinical data and

MRI scans, the requirement for informed consent was waived by the ethics committee. All data were

anonymized and de-identified to protect patient privacy before development of the AI analysis system.

Patients and MRI acquisition

Open-source ProstateX dataset

The SPIE-AAPM-NCI PROSTATEx Challenges (hereafter referred to as PROSTATEx) open-source dataset

was selected to supplement this study (h​t​t​p​s​:​/​/​w​w​w​.​c​a​n​c​e​r​i​m​a​g​i​n​g​a​r​c​h​i​v​e​.​n​e​t​/​c​o​l​l​e​c​t​i​o​n​/​p​r​o​s​t​a​t​e​x​/​). The

PROSTATEx dataset contains 346 cases, of which 204 include ground truth annotations. It was made

publicly available at the 2017 SPIE Medical Imaging conference as part of a challenge. The dataset’s purpose

was to promote the development and advancement of automated detection and diagnosis methods for

prostate cancer. It provides various types of prostate MRI images, including T2-weighted images (T2WI),

diffusion-weighted images (DWI), and dynamic contrast-enhanced (DCE) images, all from real clinical

settings and annotated by professional physicians, including the location of the prostate and potential

cancerous regions. Therefore, the PROSTATEx dataset is an ideal resource for developing and validating

automated algorithms for prostate and lesion segmentation.

National Cheng-Kung University Hospital (NCKUH) training dataset

From January 1, 2022, to December 25, 2023, 40 patients with suspected prostate cancer who underwent MRI

screening were enrolled at NCKUH. All examinations were performed using a 3-T MRI scanner (Ingenia

3.0T, Philips®) with T2WI, DWI with b-0, b-1000, and b-2000 s/mm
2
, and apparent diffusion coefficient

(ADC).

Prediction tool development

We used U-net, U-net++ and U-net3+ as the deep learning models, which are widely applied in medical

image segmentation
[21]

. The major core concepts of the model employ an encoder-decoder architecture,

where the encoder progressively down-samples the input image to capture contextual information, and the

decoder up-samples the features to generate a precise output with high spatial resolution. These three models

were implemented in Python 3.8 (h​t​t​p​s​:​/​/​w​w​w​.​p​y​t​h​o​n​.​o​r​g​) and TensorFlow version 2.6.

https://www.cancerimagingarchive.net/collection/prostatex/
https://www.python.org
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According to the principles of PI-RADS v2.1, the peripheral zone (PZ) and transition zone should be

segmented separately. The prostate and lesion segmentation models were trained independently. The

prostate segmentation and PZ models were trained using T2WI. The non-PZ region was defined as the

portion of the segmented prostate area after subtraction of the PZ region. The lesion segmentation model

comprised three distinct input channels: T2-weighted MRI, ADC, and DWI with b-2000. We used the

open-source PROSTATEx dataset and NCKUH dataset to train the models, and then evaluated their

performance during the validation and testing phases. Of the 40 NCKUH cases, 10 were reserved as an

independent test set (i.e., data not used in training) prior to any model training. These cases were entirely

withheld from all training and cross-validation procedures to serve as unbiased external samples for the final

model assessment. The remaining 30 NCKUH cases were incorporated into the training pool alongside the

204 PROSTATEx cases.

Consequently, three training dataset configurations were constructed to systematically evaluate segmentation

performance across different data compositions: (1) NCKUH, comprising the 30 NCKUH training cases

only; (2) PROSTATEx, comprising the 204 PROSTATEx cases only; and (3) MIX, comprising all 234

training cases from both sources combined. For each configuration in the validation phase, 5-fold

cross-validation was applied to the respective training pool, with data randomly divided into five equal

subsets. In each fold iteration, four subsets were used for model optimization and one was reserved for

internal validation. For the model test phase, the finalized model was subsequently evaluated on the 10

held-out NCKUH patient cases. These cases remained entirely unseen by the model at any stage of training

or validation, thereby constituting a truly independent test. Supplementary Table 1 shows the list of

parameters explored for each model, as well as the final parameter combination chosen for the analyses.

Validation of model

Prostate segmentation was evaluated using the F1-score, which indicates the accuracy of the segmentation

relative to the ground truth labels. The F1-score was defined as follows:

Precision = True positive/(True positive + False positive); Recall = True positive/(True positive + False

negative); and F1-score = 2 × Precision × Recall/(Precision + Recall).

We retrospectively reviewed MRI-fusion biopsy performed in NCKUH between January 2022 and

November 2024. In NCKUH, mpMRI of the prostate was performed using a 3.0-Tesla MRI scanner (Ingenia

3.0T, Philips Healthcare®, Best, The Netherlands) equipped with a phased-array surface coil. The imaging

protocol included axial, sagittal, and coronal T2-weighted (T2W) sequences, DWI with corresponding ADC

maps, and DCE imaging following intravenous administration of a gadolinium-based contrast agent. DWI

was acquired using multiple b-values (0, 1,000, and 2,000 s/mm
2
), and DCE images were obtained using a fast

3D T1-weighted spoiled gradient-echo sequence with a temporal resolution of approximately 3-5 s per phase

after contrast injection. The total examination time was approximately 40 min. Approximately 70 mpMRI

examinations from individual cases were processed by the AI system. Prostate gland segmentation,

automated PI-RADS scores, and regions of interest (ROIs) generated by the AI system were collected and

compared with radiologists’ annotations. Pathological findings from targeted biopsies, particularly cases

diagnosed as benign prostatic hyperplasia (BPH) or non-csPC, were used to verify whether these

corresponded to cases classified by the AI system as PI-RADS ≤ 2. Therefore, the validation of ROI marked

by AI system will be feasible with the ground truth of the pathological result. In this way, we could determine

the successfulness of prediction by an AI system.

https://file.oaecenter.com/published/pdf/a70c3c4d9189d848e2099cfa1bf953ef/1779696880/ais50105-SupplementaryMaterials.pdf
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Statistical analysis

Statistical analyses were performed using SPSS version 22 (IBM Corp., Armonk, NY, USA) and R version

4.5.3. Continuous variables are presented as mean ± standard deviation. Receiver operating characteristic

(ROC) curves were constructed to evaluate diagnostic performance, and area under the receiver operating

characteristic curves (AUROCs) were compared using DeLong’s test. A P-value <​ 0.05 was considered

statistically significant.

RESULTS
For the AI system, 204 cases were selected from the PROSTATEx challenge and 30 cases were selected from

the NCKUH dataset. K-fold cross-validation with 5-fold revealed the best performance that had been

achieved under epoch 500 cycles of training. Three different models (U-net, U-net++ and U-net3+) were

compared, and U-net3+ achieved the highest average F1-score of 0.896 across training with NCKUH alone,

PROSTATEx, and MIX dataset (NCKUH + PROSTATEx datasets) [Table 1]. For prostate gland

segmentation, we validated the AI system using three datasets - NCKUH, PROSTATEx, and MIX. The

NCKUH dataset comprised imaging data only, acquired at NCKU hospital (30 cases). The PROSTATEx

dataset included 204 cases from the PROSTATEx challenge. The MIX dataset consisted of 234 cases from

both sources combined. The three network architectures (U-net, U-net++ and U-Net3+) were applied to

5-fold cross-validation. The model trained prostate gland segmentation for 500 times on each validation,

generating best and final scores for the performance index - accuracy, precision and recall. Accuracy was

defined as the overall rate of correct predictions. Precision was defined as the proportion of correctly

predicted positive cases among all positive predictions. Recall was defined as the proportion of correctly

predicted positive cases among all actual positives. Combining these parameters, the F1-score was calculated,

which balances precision and recall. U-net3+ demonstrated the best average performance, 0.896, of F1-score

among the mixed dataset.

The PZ of the prostate gland was segmented separately from whole prostate gland to enable analysis

according to PI-RADS principles. Multiple parametric series of prostate MRI were analyzed in the same

“cut” of the anatomical level. Suspicious prostate cancer lesions were visualized with heat maps, and the

greatest diameter of lesion was automatically calculated. The AI system then determined whether each ROI

was located in the PZ or non-PZ. Then, the algorithm interpreted the MRI findings according to the

principles of PI-RADS v2.1. For example, Figure 1 shows a PI-RADS 5 case with estimated lesion measuring

approximately 1.5 cm in the transition zone. The major ROI is presented in T2 phase, consistent with the

principle of PI-RADS v2.1, while a milder ROI signal is also noted on DWI phase.

At our institution, we retrospectively reviewed 70 patients from the NCKUH validation dataset who

underwent MRI-echo fusion biopsy. The mean prostate-specific antigen (PSA) level of patients was

14.73 ng/mL, the mean prostate volume was 50.32 mL and the mean body mass index (BMI) was 25.55. The

numbers of patients in different PI-RADS categories were as follows: 26 patients with PI-RADS 3, 20 with

PI-RADS 4, and 24 with PI-RADS score 5. Pathological results of magnetic resonance (MR) fusion biopsy

revealed 31 patients with csPC (Gleason grade score ≥ 7) and 7 patients with ISUP grade 1 (Gleason grade

score = 6), which was classified as non-csPC. The remaining 32 patients had BPH on biopsy. Basic patient

characteristics of the PROSTATEx dataset, the NCKUH training dataset, and the NCKUH validation dataset

are listed in Table 2. Notably, because specific clinical parameters such as BMI and PI-RADS scores were not

provided in the official PROSTATEx release, these fields are indicated as ‘N/A’ (not available).

PI-RADS scores assigned by the radiologists and by the AI system, together with corresponding biopsy

results, are listed in Table 3. For lesions labeled by radiologists, csPC detection rates for PI-RADS 5, 4, and 3

lesions were 79.16%, 45%, and 11.54%, respectively. For AI system-derived scores, csPC detection rates for
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Table 1. F1 score of prostate gland segmentation under U-net, U-net++ and U-net3+Epoch 500

5-fold cross-validation for prostate segmentation

5-fold cross
validation

Dataset

U-net

Accuracy Precision Recall F1-score

Best Final Best Final Best Final Best Final

1

NCKUH 0.979 0.979 0.904 0.860 0.742 0.784 0.815 0.820

PROSTATEx 0.989 0.989 0.948 0.945 0.876 0.879 0.910 0.911

MIX 0.987 0.987 0.890 0.900 0.854 0.839 0.871 0.869

2

NCKUH 0.979 0.980 0.901 0.886 0.743 0.776 0.814 0.827

PROSTATEx 0.984 0.984 0.970 0.968 0.841 0.845 0.901 0.902

MIX 0.987 0.987 0.967 0.964 0.844 0.850 0.901 0.903

3

NCKUH 0.992 0.991 0.913 0.921 0.849 0.825 0.880 0.870

PROSTATEx 0.990 0.990 0.937 0.931 0.889 0.898 0.912 0.915

MIX 0.987 0.988 0.952 0.942 0.876 0.891 0.912 0.916

4

NCKUH 0.988 0.987 0.961 0.964 0.811 0.796 0.880 0.872

PROSTATEx 0.988 0.988 0.866 0.878 0.940 0.930 0.901 0.903

MIX 0.989 0.989 0.892 0.889 0.913 0.917 0.902 0.903

5

NCKUH 0.993 0.993 0.934 0.936 0.861 0.859 0.896 0.896

PROSTATEx 0.987 0.987 0.875 0.865 0.896 0.908 0.885 0.886

MIX 0.987 0.986 0.858 0.848 0.925 0.928 0.890 0.886

Average

NCKUH 0.986 0.986 0.923 0.913 0.801 0.808 0.857 0.857

PROSTATEx 0.988 0.988 0.919 0.917 0.888 0.892 0.902 0.903

MIX 0.987 0.987 0.912 0.909 0.882 0.885 0.895 0.895

5-fold cross-validation for prostate segmentation

U-net ++

Accuracy Precision Recall F1-score

Best Final Best Final Best Final Best Final

0.981 0.980 0.866 0.893 0.813 0.772 0.838 0.828

0.988 0.988 0.950 0.942 0.865 0.876 0.906 0.908

0.986 0.986 0.902 0.879 0.830 0.846 0.864 0.862

0.985 0.984 0.947 0.945 0.798 0.797 0.866 0.865

0.984 0.984 0.965 0.964 0.848 0.847 0.903 0.902

0.987 0.987 0.961 0.961 0.852 0.852 0.904 0.903

0.990 0.990 0.914 0.922 0.792 0.780 0.848 0.845

0.989 0.989 0.925 0.924 0.892 0.893 0.908 0.908

0.987 0.987 0.949 0.949 0.876 0.876 0.911 0.911

0.987 0.987 0.949 0.953 0.818 0.803 0.878 0.872

0.987 0.987 0.867 0.863 0.937 0.942 0.900 0.901

0.988 0.988 0.877 0.881 0.923 0.918 0.899 0.899

0.993 0.992 0.917 0.923 0.864 0.852 0.889 0.886

0.987 0.987 0.863 0.867 0.916 0.911 0.888 0.888

0.987 0.987 0.885 0.885 0.896 0.896 0.890 0.890

0.987 0.987 0.919 0.927 0.817 0.801 0.864 0.859

0.987 0.987 0.914 0.912 0.892 0.894 0.901 0.901

0.987 0.987 0.915 0.911 0.875 0.878 0.894 0.893

5-fold cross-validation for prostate segmentation

U-net 3+
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Accuracy Precision Recall F1-score

Best Final Best Final Best Final Best Final

0.981 0.981 0.868 0.855 0.813 0.820 0.840 0.837

0.989 0.989 0.948 0.951 0.873 0.871 0.909 0.909

0.986 0.986 0.867 0.861 0.861 0.870 0.864 0.865

0.985 0.984 0.885 0.886 0.867 0.863 0.876 0.874

0.984 0.983 0.962 0.964 0.851 0.836 0.903 0.895

0.987 0.987 0.954 0.959 0.865 0.859 0.907 0.906

0.991 0.992 0.863 0.901 0.884 0.869 0.873 0.885

0.990 0.990 0.930 0.928 0.900 0.902 0.915 0.915

0.987 0.987 0.948 0.942 0.884 0.891 0.915 0.916

0.990 0.990 0.957 0.958 0.866 0.858 0.909 0.905

0.988 0.988 0.866 0.866 0.945 0.945 0.904 0.904

0.988 0.988 0.870 0.868 0.930 0.933 0.899 0.899

0.993 0.993 0.918 0.933 0.882 0.869 0.900 0.900

0.987 0.987 0.868 0.880 0.897 0.888 0.882 0.884

0.987 0.987 0.867 0.858 0.927 0.932 0.896 0.893

0.988 0.988 0.898 0.907 0.862 0.856 0.880 0.880

0.988 0.987 0.915 0.918 0.893 0.888 0.903 0.901

0.987 0.987 0.901 0.898 0.893 0.897 0.896 0.896

Figure 1. AI system analyzing prostate multiparametric MRI. (A) T2 weighted (T2W) phase of MRI showing whole-prostate segmentation
outlined in green. The region of interest (ROI) is labeled with a heat map, with the highest possibility in red. The largest diameter of the
ROI is automatically calculated and marked by two yellow dots, indicating an estimated lesion diameter of approximately 1.5 cm and a
lesion proportion of 98.63% in the transition zone (TZ); (B) Apparent diffusion coefficient (ADC) phase of MRI; (C) Diffusion-weighted
images (DWI) phase of MRI. The ROI is also labeled with heat map with highest possibility in red zone. The AI system will assemble every
file from different phases, align each cut of prostate MRI image in order to evaluate PI-RADS and label the ROI. In this representative case,
the AI system identified a 1.5 cm lesion in the TZ and assigned a PI-RADS score of 5 based on the lesion’s greatest diameter. The dominant
abnormality is seen on T2W imaging, while a mild corresponding abnormality is also noted on DWI, consistent with PI-RADS v2.1, in which
TZ lesions are primarily assessed on T2W imaging. AI: Artificial intelligence; MRI: magnetic resonance imaging; PI-RADS: Prostate
Imaging Reporting and Data System; DWI: diffusion-weighted images; PI-RADS v2.1: PI-RADS version 2.1.

PI-RADS 5, 4, and 3 were 57.14%, 55.88%, and 42.86%, respectively. Additionally, the AI system identified 16

cases with lesions classified as PI-RADS score ≤ 2. Among these cases, 15 patients had benign biopsy results

and one had Gleason grade score of 6 (non-csPC). The mean analysis time for the AI system was 52.41 ±
17.64 s.
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Table 2. Basic characteristics of PROSTATEx dataset, NCKUH training dataset and NCKUH validation dataset

NCKUH validation dataset PROSTATEx dataset NCKUH training dataset

Patients number (n) n = 70 n = 204 n = 30

Age 66.72 ± 8.02 63 ± 7 67 ± 8.2

BMI (kg/m2) 25.55 ± 3.31 N/A 25.25 ± 2.61

PI-RADS

3 26 N/A 13

4 20 N/A 9

5 24 N/A 8

PSA (ng/mL) 14.73 ± 18.73 14 ± 10 18.35 ± 27.95

Prostate volume (mL) 50.32 ± 23.20 50 ± 25 54.38 ± 26.86

PSAD 0.31 ± 0.32 0.16 ± 0.22 0.37 ± 0.40

Prostate MRI-echo fusion biopsy/Radical prostatectomy histopathology results (n)

BPH 32 106 15

ISUP Grade group

Group 1 7 29 3

Group 2 8 38 4

Group 3 13 18 4

Group 4 3 7 0

Group 5 7 6 4

NCKUH: National Cheng Kung University Hospital; PI-RADS: Prostate Imaging Reporting and Data System; MRI: magnetic resonance imaging; BMI:
Body mass index; PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; BPH: benign prostatic hyperplasia; ISUP: International
Society of Urological Pathology; N/A: not available.

Table 3. PI-RADS interpretation by radiologists and the AI system with final biopsy pathology results

Final pathology result Final pathology result

BPH Non-csPC csPC BPH Non-csPC csPC

Radiologists PI-RADS score

≤ 2

AI system PI-RADS score

≤ 2 15 1

3 21 2 3 3 3 1 3

4 8 3 9 4 10 4 19

5 3 2 19 5 4 2 8

AI system analysis time (sec): 52.41 ± 17.64

PI-RADS: Prostate Imaging Reporting and Data System; AI: artificial intelligence; BPH: Benign prostatic hyperplasia; Non-csPC: non-clinically
significant prostate cancer; csPC: clinically significant prostate cancer.

For the task of distinguishing BPH and non-csPC using PI-RADS scores assigned by the AI system and by

the radiologists, the AI system achieved an ROC curve of 0.813 [95% confidence interval (CI) 0.711-0.916;

P < 0.001]. The ROC curve for the radiologists was 0.695 (95%CI 0.572-0.818; P = 0.005). With an 11.8%

increase in the AUROC (95%CI, 1.064%-25.745%, P = 0.033), the AI system significantly outperformed the

radiologists [Figure 2].

DISCUSSION
Deep learning-based AI systems have demonstrated non-inferior performance to radiologists for prostate

segmentation and prostate cancer lesion identification in large, international multicenter studies
[22]

. AI

assistance has also been shown to improve accuracy in the radiologic diagnosis of csPC
[23]

. However, many

challenges remain in diagnosing prostate cancer using mpMRI, and interobserver variability in prostate MRI
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Figure 2. Receiver operating characteristic (ROC) curves for detecting benign prostatic hyperplasia (BPH) or non-clinically significant
prostate cancer (non-csPC) by the radiologists and the AI system. The area under the ROC curve (AUROC) by the AI system is 0.813, and
by the radiologists is 0.695. The sensitivity and specificity by the AI system are 86.8% and 59.4%, respectively, while those by the
radiologists are 84.2% and 28.1%, respectively. AI: Artificial intelligence.

interpretation persists despite the principles of PI-RADS v2.1
[24]

. Therefore, an AI system that is widely

accessible to urologists, easy to use, and capable of providing accurate PI-RADS scores is essential.

To our knowledge, this is the first AI system that detects lesions on multiple parametric MRI and provides a

PI-RADS score as the interpretation output. Our system detects lesions on T2WI, DWI, and ADC, providing

lesion coordinates in the axial plane according to the latest PI-RADS v2.1 guidelines. Ground truth for ROIs

was established using the final pathology results from the biopsy.

The risk of csPC for PI-RADS scores 3-5 was 11%, 37%, and 70%, respectively, according to the American

Urological Association guidelines
[11]

. We demonstrated a compatible diagnostic rate to PI-RADS scores

interpreted by radiologists at our institution. PI-RADS score 3 lesions remain equivocal for biopsy; therefore,

reducing the number of reporting PI-RADS score 3 is beneficial for clinical decision-making. In previous AI

algorithms, the negative predictive value (NPV) has been higher than the positive predictive value
[22]

.

Therefore, our study focuses on screening out BPH or non-csPC imaging findings on MRI to avoid

unnecessary biopsies. In our AI system, PI-RADS interpretations showed a dichotomous distribution, with

redistribution toward higher categories (such as PI-RADS 4 and 5) and lower categories (PI-RADS ≤ 2)

[Supplementary Figure 1]. Accordingly, the proportion of PI-RADS 3 lesions was reduced, which may help

decrease diagnostic ambiguity in equivocal cases. The ROC curve for detecting BPH or non-csPC

demonstrated superior performance for the AI system compared with radiologists. The AI system can more

effectively reclassify patients with PI-RADS 3 lesions, either upgrading them to PI-RADS 4 or 5 or

downgrading them to PI-RADS 1 or 2, thereby helping to resolve the clinical dilemma of whether a biopsy is

necessary.

https://file.oaecenter.com/published/pdf/a70c3c4d9189d848e2099cfa1bf953ef/1779696880/ais50105-SupplementaryMaterials.pdf
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According to PI-RADS v2.1, PI-RADS 5 is defined as lesions larger than 1.5 cm in greatest diameter. Our

system defines the largest diameter as the longest distance between two points on the boundary of the lesion,

which provides an accurate definition of PI-RADS 5 lesion [Figure 1]. Under these strict criteria, fewer

PI-RADS 5 lesions were identified by the AI system compared to radiologists’ reports, indicating

heterogeneity between subjective and objective analysis.

AI and machine learning models can support physicians and patients in shared decision-making, including

risk stratification, optimization of patient outcomes, and early warning of acute decompensation
[25]

. In a

nationwide effort, high-risk patients were identified preoperatively
[26]

. Fusion biopsy focuses on more

accurate targeting of ROIs while using a smaller number of biopsy cores. Therefore, integrating fusion biopsy

with AI-based analysis may help avoid unnecessary biopsies, particularly in patients with high surgical risks

but low malignancy potential.

Our study has several limitations. First, the sample size of both the training and validation cohorts was

relatively small, which may limit the robustness of the model and the persuasiveness of the results. Second,

this was a single-center study for institutional model development and validation, which may restrict the

external validity of the findings. Third, the prevalence of prostate cancer was high across all datasets,

including 48.0% in the PROSTATEx cohort, 50.0% in the NCKUH training cohort, and 54.3% in the

NCKUH validation cohort. As these cohorts were derived from patients undergoing prostate MRI and

MRI-targeted biopsy, they likely represent a selected higher-risk population with a more complex case mix

rather than a general screening population. This may have introduced selection bias, limited the

generalizability of our findings, and potentially overestimated the diagnostic performance of the AI system.

In addition, the mpMRI protocol used in this study was limited to 3-T MRI with high b-value DWI (b> 1500

s/mm
2
), which may affect applicability to institutions using different imaging protocols. Therefore, further

larger-scale, multicenter, and prospective studies are needed to validate the real-world clinical utility and

external generalizability of this AI system.

In conclusion, the AI system demonstrated a dichotomous distribution of PI-RADS v2.1 results and

outperformed radiologists in detecting BPH and non-csPC. The AI system has been shown to be a potential

supportive tool for clinical decision-making and for avoiding unnecessary biopsies. Further prospective

clinical trials of this system are essential.
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