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Evaluation of AI and radiologist contouring in prostate MRI 
for targeted MRI/US fusion biopsy
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Abstract
Objective: Prostate cancer is an increasingly prevalent public health issue, particularly 
in aging populations such as Thailand. While traditional diagnostic methods like 
systematic transrectal ultrasound-guided biopsy are widely used, they can result in 
overdiagnosis and unnecessary treatment. MRI/Ultrasound (MRI/US) Fusion Biopsy 
offers greater precision by targeting suspicious areas detected in MRI scans. However, 
manual contouring of the prostate and lesion locations by radiologists or urologists is 
time-consuming and subject to variability, potentially delaying diagnosis and treatment.
Materials and Methods: This retrospective study developed and evaluated an  
AI-based prostate segmentation model using 125 annotated prostate MRI cases 
(3,193 images) from a public dataset for training, and then it was tested on 109 
clinical cases (2,952 images) from the National Cancer Institute. The model 
combined a YOLO-based bounding box detection with the segment anything 
model (SAM) for prostate segmentation. Model performance was compared to 
radiologist-drawn contours using dice similarity coefficient (DSC) and % relative 
percent difference (RPD) in prostate volume estimation.
Results: For cases not requiring post-processing, the AI model achieved a mean 
DSC of 0.72 and an RPD of 8.90% in comparison to radiologist contours. For 
cases requiring post-processing, the DSC dropped to 0.66 and the RPD increased 
to 13.45%. These results indicate a high level of agreement between the AI and 
expert annotations, particularly in standard cases.
Conclusion: The AI-based model demonstrated promising accuracy with regard to 
segmentation of the prostate gland on MRI scans, comparable to radiologist perfor-
mance. This approach has the potential to reduce diagnostic delays and lessen the 
workload of radiologists in prostate cancer workflows. Future improvements should 
focus on enhancing model precision, incorporating prostate imaging-reporting and 
data system (PI-RADS) scoring, and validating the system across diverse clinical 
settings to support safe and effective integration into routine diagnostic practice.
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Introduction
Cancer remains a major public health issue 

in many countries around the world, with a 
steadily increasing incidence rate. This rise can be 
attributed to several factors, including the aging 
global population, population growth, and notably, 
lifestyle changes among Asians, particularly die-
tary habits that are becoming more Westernized. 
According to statistics, prostate cancer has been 
the most common cancer in men in the United 
States for many years. In Thailand, the country 
is transitioning into an aging society, and age is 
one of the most significant risk factors for prostate 
cancer hence the incidence of prostate cancer is 
increasing.

The primary goal of cancer treatment is to 
achieve a cure while minimizing treatment-re-
lated side effects. It is therefore essential to have 
up-to-date knowledge of treatments and surgical 
techniques that are both appropriate and in 
alignment with current standards. According to 
the publication Cancer in Thailand 2019-20211, 
prostate cancer ranks as the fourth most common 
cancer among Thai males, with an incidence rate 
of 8.7 per 100,000 population. This rate continues 
to increase over time.

Traditionally, the diagnosis of prostate 
cancer has relied on systemic transrectal ultra-
sound-guided biopsy (TRUS biopsy), which is 
widely accepted. However, this approach may 
lead to overdiagnosis and overtreatment, along 
with the risk of biopsy-related complications. In 
recent years, MRI of the prostate has been increas-
ingly used prior to biopsy. If suspicious lesions 
are detected, a targeted biopsy using magnetic 
resonance imaging-ultrasound fusion-guided 
prostate biopsy (MRI/US fusion biopsy) can be 
performed. This technique uses three-dimension-
al imaging in conjunction with real-time ultra-
sound, enabling physicians to clearly visualize 
and localize suspicious areas within the prostate, 
allowing for precise, targeted biopsies rather than 
random sampling.

This MRI/US fusion technique helps reduce 
unnecessary biopsies and minimizes biopsy-relat-
ed complications, especially when MRI findings 
suggest a low risk of prostate cancer.

In Thailand, MRI/US fusion-guided prostate 
biopsy has become increasingly widespread. 
However, the procedure requires delineation 
(segmentation) of the prostate gland and identi-

fication of suspicious lesions to ensure accurate 
fusion with ultrasound images during biopsy. This 
task is typically performed by radiologists or urol-
ogists. In routine clinical practice, patients who 
show abnormal findings from prostate-specific 
antigen (PSA) testing or digital rectal examina-
tion are referred for an MRI of the prostate.  The 
use of this technique has reduced the incidence 
of  patients who will need to proceed to biopsy. 
Instead, lesions are reported using the prostate 
imaging-reporting and data system (PI-RADS), 
graded from 1 to 5. If a patient has a PI-RADS 
score of 3-5 or if malignancy is suspected, urolo-
gists usually advise patients to return to a radiol-
ogist for prostate and lesion contouring prior to 
fusion biopsy. In some hospitals, this contouring 
is done by the urologists themselves (Fig. 1).

The process of contouring the prostate 
typically takes about 15-20 minutes. Having the 
patient return to the radiologist for this step often 
causes delays in the biopsy workflow.

 The implementation of artificial intelligence 
(AI) for automatic prostate segmentation has the 
potential to reduce the time required for prostate 
biopsy procedures and alleviate the workload of 
radiologists and urologists involved in manual 
prostate contouring. This advancement may ex-
pedite diagnosis and treatment for patients. In 
recent years, there has been growing interest in 
research into the application of AI technologies 
to this domain.

For instance, Ghafoor et al. in 20232 conducted  
a study comparing the delineation of index lesions 
on prostate MRI between radiologists and urol-
ogists collaborating in MRI/US Fusion Prostate 
Biopsy procedures. Their findings indicated 

Figure 1. Workflow of prostate cancer diagnostic 
evaluation using prostate MRI
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substantial inter-observer variability in lesion 
contouring between the two specialties, poten-
tially reducing the accuracy of targeted biopsies. 
Schelb et al. in 20213 evaluated the consistency 
and accuracy of lesion delineation among mul-
tiple radiologists versus a deep learning-based 
AI model trained for automatic segmentation. 
The study showed that AI-based segmentation 
could improve the precision of lesion localiza-
tion on prostate MRI. Similarly, Nachbar et al. 
in 20204 investigated the use of AI for prostate 
lesion contouring on MRI for online adaptive 
radiotherapy planning. The study demonstrated 
that AI-based contouring is a promising tool for 
radiotherapy, allowing for rapid and accurate 
treatment plan adjustments, thereby enhancing 
treatment efficacy and safety while reducing the 
workload of radiologists. In addition, in 2023 
Palazzo et al.5 compared manual and AI-based 
auto-contouring on CT scans, reporting that  
AI-based method achieved high accuracy and 
were clinically viable. Their use significantly 
reduced radiation treatment planning time, high-
lighting the benefit of AI as a supportive tool for 
radiation oncologists.

The aim of this study was to evaluate and 
compare AI-based prostate segmentation with 
radiologist-delineated contours on prostate MRI. 
The AI model used in this study was trained on a 
public dataset comprising 125 MRI cases (3,193 
images), which included expert-labeled prostate 

segmentations. The trained AI model was then 
tested on an internal dataset of 109 prostate MRI 
cases (2,952 images) from the National Cancer 
Institute. In this study  prostate volume mea-
surements derived from AI-generated contours 
were compared to those manually delineated by 
radiologists.

Materials and Methods
Study population

This retrospective study included 109 pa-
tients who underwent MRI fusion-guided pros-
tate biopsy between 2020 and 2023. Inclusion 
criteria were: (1) patients who had MRI fusion 
prostate biopsy during the specified period, and 
(2) MRI images that were interpreted and seg-
mented by the same radiologist, including both 
prostate gland and suspicious lesion contours. 
The prostate gland contouring was performed 
by radiologists with expertise in prostate MRI 
interpretation.6 Exclusion criteria included pa-
tients whose MRI studies were not reviewed and 
contoured by a radiologist (Fig. 2).

AI model evaluation and comparison metrics
The quality of AI-generated segmentations 

was evaluated by comparing them with manual 
contours created by radiologists. The compari-
son was based on the dice similarity coefficient 
(DSC) to assess spatial overlap and the relative 
percent difference (%RPD) in calculated prostate 

Figure 2. Methodological workflow of AI-based prostate segmentation study
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volumes. Statistical significance of the differences 
in DSC values was assessed using the Wilcoxon 
signed-rank test, with a primary focus on evalu-
ation of the volume agreement between AI and 
radiologist contours.

Post-processing refers to the additional re-
finement of AI-generated prostate contours using 
image-cleaning and smoothing techniques after 
the initial segmentation. The ‘without post-pro-
cessing’ results represent the raw output directly 
from the AI model, while the ‘with post-process-
ing’ results include morphological adjustments to 
remove noise and enhance contour continuity. 
However, in this analysis, post-processing slightly 
reduced segmentation accuracy, indicating that 
excessive smoothing may have altered true pros-
tate boundaries.

MRI data of the prostate used for training the 
AI model

In this study, a public dataset named “Pros-
tate158” was used for training the AI model. 
Although the dataset contains multiple imaging 
sequences, only 3T prostate T2-weighted se-
quences were selected for model training. The 
ground truth segmentations provided in the 
dataset distinguish the prostate into the periph-
eral zone (PZ) and the transitional zone (TZ), but 
these were combined into a single whole-prostate 
segmentation for training purposes. A total of 
3,533 paired images and prostate labels were 
used to train the model to localize the prostate 
in MRI scans.

Development of the AI model for automatic 
prostate segmentation

The AI model for automatic prostate seg-
mentation was developed using a combination 
of two models. First, the YOLO (You Only Look 
Once) model was trained to detect the bounding 
box of the prostate in MRI images. Once the pros-
tate region was localized, the segmentation of the 
prostate boundary was refined using a fine-tuned 
segment anything model (SAM) (Fig. 3).

Outcome Measurement and data analysis
In this study, the prostate volume was cal-

culated using the predictions from the trained 
AI model, which generated prostate contours on 
T2-weighted MRI (T2w MR) images for every 
slice. These AI-generated contours were com-

pared with the volumes calculated from manual 
segmentations performed by radiologists. The 
prostate volume was calculated using the equation 
described in [1].

Anteroposterior * Transverse * Longitudinal * π/6     [1] 
Note: The results are presented in grams.

Additionally, the accuracy of the AI-generated 
contours (contour_AI) was evaluated against the 
contours manually drawn by radiologists using 
the DSC, a metric that quantifies the level of 
agreement between the AI-based and radiolo-
gist-based segmentations.

Note: A DSC value close to 1 indicates a high similarity 
between the AI-generated contour and the radiologist’s 
contour.

The difference in volume between the AI-
based and radiologist-based prostate contours 
was assessed using the %RPD. This value was 
calculated as the percentage difference in prostate 
volume (in grams) between the AI and radiologist 
measurements. The volume was derived from the 
prostate area in each MRI slice using the equation 
described in [2].

Area Contour * pixel spacing * Slice Thickness           [2] 

To evaluate the efficacy of the use of AI in 
interpreting MRI slides for the identification of  
prostate cancer locations, this study compared 
AI-based interpretation with that of diagnostic 
radiologists, aiming to assess the level of agree-
ment between the two approaches. A study by 
Zhaonan et al.7 employed AI technology to in-
terpret prostate cancer findings and compared 
the results with those of diagnostic radiologists. 
It was found that AI and radiologists had a dis-
agreement rate of 20% across 98 samples, with a 
12% difference in interpretation between AI and 
radiologists. With a statistical power (β) of 80% 
and a significance level (α) of 0.05, the estimated 
sample size was approximately 107 cases. To ac-
count for potential data loss during collection, an 
additional 10% of the calculated sample size was 
included. Therefore, data from a total of 109 cases 
were collected in this study. The analysis included:

(1) A comparison between the prostate 
volume calculated from the formula and the 
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volume determined by the manual contouring 
by the radiologists;

(2) A comparison between the prostate vol-
ume calculated from the formula and the volume 
derived from AI model-generated contours;

(3) A direct comparison between prostate 
volumes obtained from radiologist-drawn con-
tours and those from the AI model.

Results
Total of 109 patients were analyzed. Their 

demographic and clinical characteristics are 
summarized in Table 1. The age of the patients 
ranged from 54 to 85 years, with a mean age of 
68.6 years. PSA levels ranged from 0.59 to 341 
ng/ml, with a mean of 18.26 ng/ml. PI-RADS 
scores were distributed as follows: PI-RADS 3 in 
18 cases, PI-RADS 4 in 42 cases, and PI-RADS 5 
in 49 cases. Among the 109 patients, 83 were di-
agnosed with prostate cancer, with the following 
staging: Stage 1 (n = 12), Stage 2 (n = 49), Stage 
3 (n = 15), and Stage 4 (n = 7). The remaining 26 
patients were not diagnosed with cancer.

Prostate volumes calculated using the for-
mula described in equation [1] ranged from 14.3 
to 203.9 g, with a mean of 44.51 g.

The mean DSC between radiologist-drawn 
and AI-generated contours was 0.72 without 
post-processing and 0.66 with post-processing. 
The %RPD between radiologist and AI volumes 
increased from 8.90% to 13.45% after post-pro-
cessing. The statistical analysis is presented in 
Table 2 and the results suggest that post-pro-
cessing did not substantially alter segmentation 
performance.

The mean %RPD of prostate volume com-
parisons were as follows:

•	 Between the calculated volume from 
Equation [1] and the radiologist-drawn contours:

	 -	 20.48% (without post-processing)
	 -	 39.04% (with post-processing)
•	 Between the calculated volume from 

Equation [1] and the AI model-generated con-
tours:

	 -	 20.11% (without post-processing)
	 -	 55.56% (with post-processing)
•	 Between the radiologist-drawn contours 

and the AI model-generated contours:
	 -	 8.9% (without post-processing)
	 -	 13.45% (with post-processing
 

Discussion
This study selected cases of patients who un-

derwent prostate biopsy based on the prevalence 
of prostate cancer among the sample population 
of 109 cases. The variations in prostate volume 
and cancer stage were also included as these are 
key factors in the development and training of 
AI models. The goal was to enable an accurate 
comparison between AI-assisted diagnosis and 
radiologist interpretation.

The performance of an AI model for auto-
matic prostate gland segmentation on MRI was 
evaluated and compared to manual segmentation 

Table 1. Baseline demographic and clinical characteristics 
of the patients

Parameter Mean / n (%) Range
Age (years) 68.6 45-85
PSA (ng/ml) 18.3 0.59-341
PI-RADS 3 18 (16.5) -
PI-RADS 4 42 (38.5) -
PI-RADS 5 49 (45.0) -

PSA = prostate specific antigen

Table 2. The average DSC and average RPD of prostate volume

Case type The average DSC 
comparing prostate 

contouring between the 
radiologist and the AI 

model

The average of the RPD of the prostate volume P-value
(two-

tailed)
Prostate size from 

Equation [1] vs 
contour_

Radiologist

Prostate 
size from 
Equation 

[1] vs 
contour_AI

contour_
Radiologist 
vs contour_

AI

Without post-processing 
n = 56

0.72 20.48 20.11 8.90 < 0.001

With post-processing  
n = 53

0.66 39.04 55.56 13.45 0.815

DSC = dice similarity coefficient, RPD = relative percent difference, AI = artificial intelligence
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Figure 3. Example of prostate MRI images comparing prostate gland contours manually drawn by a radiologist and 
those generated by the AI model



110 	 Insight UROLOGY : Vol. 46  No. 2  July - December 2025

by diagnostic radiologists. The aim was to sup-
port the accuracy of MRI-guided fusion biopsy 
procedures. The results demonstrated that AI was 
effective in producing prostate contours closely 
resembling those drawn by radiologists, as indi-
cated by the DSC, a standard metric for assessing 
segmentation accuracy. The findings suggest that 
AI has strong potential for reducing the work-
load and processing time for radiologists and 
urologists in prostate cancer diagnostics, hence 
improving the experience for patients.

The rationale behind the selection of biopsy-  
confirmed cases lies in the higher likelihood of 
detecting cancer, as evidenced by 83 out of 109 
cases being positive, encompassing a wide range 
of prostate sizes and cancer stages. This diversity 
enhanced the training of the AI mode land allowed 
for more meaningful comparisons with radiolo-
gist-drawn contours.

These findings are consistent with related 
studies, including that by Ghafoor et al. in 20232, 
which emphasized the value of AI in MRI fusion 
biopsy workflows. In that study the ability of AI 
was highlighted with regard to the reduction 
of inter-reader variability between radiologists 
and urologists, a common issue in traditional 
diagnostic pathways. However, in contrast, Thi-
mansson et al. in 20248 reported low agreement 
levels between AI and both local and expert 
radiologists, suggesting that real-world imple-
mentation of AI for prostate cancer screening 
requires additional model training and validation 
in specific populations for reliable outcomes.

The benefits of using AI for prostate segmen-
tation are substantial. One major advantage is the 
reduction in processing time as AI can rapidly 
identify suspicious regions, minimizing patient 
waiting time for biopsy procedures. Additionally, 
AI alleviates the workload of radiologists, allow-
ing them to focus on more complex diagnostic 
tasks. The use of AI also reduces human error, 
particularly in cases of fatigue or inexperience, 
improving the accuracy of cancer detection. In 
terms of clinical implementation, our team has 
linked the hospital’s PACS system with the devel-
oped AI model. This integration allows automatic 
prostate contour generation whenever a prostate 
MRI is performed, demonstrating the potential 
for real-world clinical applications.

This study demonstrated that AI can achieve 
a satisfactory level of accuracy in prostate con-

touring. The average DSC between radiologist 
contours and AI-generated contours was 0.72 
in the without post-processing group, considered  
a good level of agreement, while the with post- 
processing group showed a slightly lower av-
erage DSC of 0.66. This decline suggests that 
the post-processing step may have introduced 
alterations that reduced the similarity between 
AI and radiologist contours.

In terms of volume accuracy, the mean 
%RPD between mathematically calculated 
prostate volume (from equation [1]) and radio- 
logist contours was 20.48% in the without post- 
processing group and increased to 39.04% in 
the with post-processing group. Similarly, the 
RPD between the calculated volume and AI 
contours was 20.11% and 55.56%, respectively. 
When comparing radiologist and AI-drawn 
volumes directly, the RPD increased from 8.90% 
to 13.45% after post-processing. These findings 
suggest that post-processing may have negatively 
impacted segmentation precision. Moreover, 
prostate volume estimation using mathematical 
formulas showed the lowest reliability compared 
to radiologist and AI-based measurements, which 
were more consistent with each other.

The current AI model was trained using 
axial T2-weighted imaging (T2WI) for prostate 
gland segmentation. However, precise delineation 
of targeted lesions would require the inclusion 
of additional MRI sequences, particularly dif-
fusion-weighted imaging (DWI) and apparent 
diffusion coefficient (ADC) maps. Future work 
is planned to extend model training using these 
sequences to improve lesion-level segmentation 
accuracy and enhance diagnostic performance.

Although this study highlights the potential 
of AI in prostate segmentation, certain limitations 
must be acknowledged. The sample size was rela-
tively small, and larger, more diverse populations 
are necessary to validate the performance of the 
AI model across different clinical environments. 
In addition, the accuracy of the AI model may be 
influenced by the quality of input images sourced 
from multiple locations, as the model was trained 
using public MRI datasets. This could affect 
the generalizability and reliability of diagnostic 
results. A potential limitation is that all manual 
prostate contours were performed by a single 
radiologist. This may introduce observer bias and 
limit the diversity of the ground truth, potentially 
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affecting the generalizability of the performance 
of the AI model compared to multi-radiologist 
consensus.

Another challenge lies in the tendency of 
the AI model to mistakenly include surrounding 
anatomical structures, such as the urethra or rec-
tum—especially near the apex region—as part of 
the prostate. This necessitates a post-processing 
step, which, as shown, may inadvertently degrade 
accuracy. Further refinement of the model is 
needed to improve its precision in the identi-
fication of cancer-suspected regions, including 
the ability to distinguish PI-RADS scores and 
differentiate prostate zones for more effective 
clinical implementation.

To enhance clinical applicability, future 
development should focus on expansion of the 
training dataset using diverse imaging data 
from multiple institutions. This would improve 
the efficacy of the AI model with regard to gen-
eralization and accurate analysis of MRI scans. 
Additionally, incorporation of advanced machine 
learning techniques such as deep learning would 
enable the AI to adapt better to various clinical 
contexts, including PI-RADS score classification 
and prostate zone segmentation.

Real-world testing in different hospitals and 
cancer centers is also essential to ensure reliable 
AI performance under practical conditions. If 
AI is to be integrated into clinical workflows, 
clear medical standards and guidelines should 
be established to ensure its safe and effective use 
alongside human radiologists.

Conclusion
This study demonstrates the high potential 

of AI in automatic prostate segmentation from 
MRI, with promising results with regard to a re-
duction in radiologist and urologist workload and 
processing time. While some limitations remain, 
further development and clinical validation could 
enable AI to enhance the efficiency and accuracy 

of prostate cancer diagnostics, ultimately con-
tributing to faster and more precise patient care.
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