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Abstract

IMPORTANCE Artificial intelligence (AI) assistance in magnetic resonance imaging (MRI)
assessment for prostate cancer shows promise for improving diagnostic accuracy but lacks large-
scale observational evidence.

OBJECTIVE To evaluate whether use of AI-assisted assessment for diagnosing clinically significant
prostate cancer (csPCa) on MRI is superior to unassisted readings.

DESIGN, SETTING, AND PARTICIPANTS This diagnostic study was conducted between March and
July 2024 to compare unassisted and AI-assisted diagnostic performance using the AI system
developed within the international Prostate Imaging-Cancer AI (PI-CAI) Consortium. The study
involved 61 readers (34 experts and 27 nonexperts) from 53 centers across 17 countries. Readers
assessed prostate magnetic resonance images both with and without AI assistance, providing
Prostate Imaging Reporting and Data System (PI-RADS) annotations from 3 to 5 (higher PI-RADS
indicated a higher likelihood of csPCa) and patient-level suspicion scores ranging from 0 to 100
(higher scores indicated a greater likelihood of harboring csPCa). Biparametric prostate MRI
examinations were included for 780 men from the PI-CAI study who were included in the newly-
conducted observer study. All men within the PI-CAI study had suspicion of harboring prostate
cancer, sufficient diagnostic image quality, and no prior clinically significant cancer findings. Disease
presence was defined by histopathology, and absence was determined by 3 or more years of
follow-up. The AI system was recalibrated using 420 Dutch examinations to generate lesion-
detection maps, with AI scores ranging from 1 to 10, in which 10 indicates the highest likelihood of
csPCa. The remaining 360 examinations, originating from 3 Dutch centers and 1 Norwegian center,
were included in the observer study.

MAIN OUTCOMES AND MEASURES The primary outcome was diagnosis of csPCa, evaluated using
the area under the receiver operating characteristic curve and sensitivity and specificity at a PI-RADS
threshold of 3 or more. The secondary outcomes included analysis at alternate operating points and
reader expertise.

RESULTS Among the 360 examinations of 360 men (median age, 65 years [IQR, 62-70 years]) who
were included for testing, 122 (34%) harbored csPCa. AI assistance was associated with significantly
improved performance, achieving a 3.3% increase in the area under the receiver operating
characteristic curve (95% CI, 1.8%-4.9%; P < .001), from 0.882 (95% CI, 0.854-0.910) in unassisted
assessments to 0.916 (95% CI, 0.893-0.938) with AI assistance. Sensitivity improved by 2.5% (95%
CI, 1.1%-3.9%; P < .001), from 94.3% (95% CI, 91.9%-96.7%) to 96.8% (95% CI, 95.2%-98.5%), and
specificity increased by 3.4% (95% CI, 0.8%-6.0%; P = .01), from 46.7% (95% CI, 39.4%-54.0%) to
50.1% (95% CI, 42.5%-57.7%), at a PI-RADS score of 3 or more. Secondary analyses demonstrated
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Abstract (continued)

similar performance improvements across alternate operating points and a greater benefit of AI
assistance for nonexpert readers.

CONCLUSIONS AND RELEVANCE The findings of this diagnostic study of patients suspected of
harboring prostate cancer suggest that AI assistance was associated with improved radiologic
diagnosis of clinically significant disease. Further research is required to investigate the
generalization of outcomes and effects on workflow improvement within prospective settings.
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Introduction

Prostate cancer is the most commonly diagnosed cancer in men across 118 countries, accounting for
more than 14% of cancers worldwide.1 Multiple studies have shown that magnetic resonance imaging
(MRI)-targeted biopsies improve the detection of clinically significant prostate cancer (csPCa) while
reducing unnecessary biopsies and the detection of insignificant prostate cancer, which has led to
widespread adoption of prostate MRI in clinical practice.2-5 To standardize the reporting of prostate
MRI, the Prostate Imaging Reporting and Data System (PI-RADS) was developed,6 providing readers
with a 5-point Likert scale for csPCa diagnosis. Despite these advancements, diagnosis of csPCa using
MRI remains challenging, showing considerable interreader variability and the need for high
expertise.7-9 Meanwhile, the demand for prostate MRI is increasing worldwide.10

Multiple development efforts have demonstrated the potential of artificial intelligence (AI) in
diagnosing csPCa on MRI.11-13 Integrating AI-assisted workflows may increase readers’ efficiency and
improve variability while increasing or maintaining accurate csPCa diagnoses.10,14 Given the high
stakes involved in clinical decision-making, concurrent AI workflows, in which readers can access
AI-generated outcomes during prostate MRI assessments, have been explored. Various studies have
shown that AI can potentially improve diagnostic performance, reduce interreader variability, and
specifically boost accurate diagnoses for readers with less expertise.15-19 Most of these studies have,
however, been limited by small datasets and reader cohorts. Additionally, the quality of AI algorithms
is often not assessed through large-scale confirmatory studies, resulting in limited evidence of
their efficacy.20

The Prostate Imaging-Cancer AI (PI-CAI) challenge is an international confirmatory study, in
which a prostate AI system, designed for detection and diagnosis of csPCa, was developed and
demonstrated to significantly outperform a large pool of readers in a robust, large-scale design.21

Building on this foundation, we conducted an international observer study and hypothesized that the
assistance of the high-performing AI system would lead to significantly improved csPCa diagnosis
compared with reader assessments without AI support. As secondary objectives, we evaluated
whether AI assistance would provide greater diagnostic benefits to nonexpert readers compared
with experts and analyzed diagnostic performance across different reader operating points.

Methods

This diagnostic multireader, multicase observer study was conducted between March and July 2024
and incorporated retrospectively collected prostate MRI examinations and the AI system that was
curated and developed within the international PI-CAI Consortium using 10 207 MRI examinations.21

Review boards at each contributing center approved the retrospective, anonymous reuse of
image data and waived the requirement to obtain informed consent owing to the retrospective
study design. The Standards for Reporting of Diagnostic Accuracy (STARD) reporting guideline
was followed.
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Study Population
For this study, prostate MRI examinations from the PI-CAI cohort, acquired between 2015 and 2021
and originating from 4 European centers (Radboud University Medical Center [RUMC];
Ziekenhuisgroep Twente [ZGT]; Prostaat Centrum Noord-Nederland [PCNN]; and St Olavs Hospital,
Trondheim University Hospital [STOH]), were included (refer to the CONSORT diagram in eFigure 1 in
Supplement 1). Men with suspicion of prostate cancer due to elevated prostate-specific antigen
(PSA) levels of 3 ng/mL or more (to convert to micrograms per liter, multiply by 1.0) and/or abnormal
digital rectal examination findings, who subsequently underwent a prostate MRI examination, were
included. Examinations with prior csPCa findings, prostate treatment, or severe imaging artifacts in
the prostatic region were excluded (refer to Twilt et al22 for image quality examples).21 Imaging
included biparametric prostate MRI examinations consisting of T2-weighted imaging in 3 planes, axial
diffusion-weighted imaging with high b value images (b � 1000 seconds/mm2), and apparent
diffusion coefficient maps (details provided in Saha et al21). All imaging was acquired using 1.5T and
3T MRI systems from 2 vendors (Siemens Healthineers, Erlangen, Germany; Philips Medical Systems,
Eindhoven, Netherlands). Patients with a positive MRI examination underwent a biopsy, while those
with a negative MRI either did not undergo biopsy or received a systematic biopsy. Gleason grade
group 2 or more, with Gleason scores of 3 and 4 or more, was used to define csPCa, whereas clinically
insignificant prostate cancer was defined as Gleason grade 1.23 The presence of csPCa was
determined by histopathology obtained using systematic and/or MRI-targeted biopsies. In cases in
which patients underwent radical prostatectomy, whole-mount specimens were used as a reference.
Absence of csPCa was confirmed with at least 3 years of follow-up. (For additional details on the
curation of this study cohort, refer to Saha et al.21)

A total of 780 patients from the PI-CAI cohort were included in the newly-conducted observer
study. All men within the PI-CAI study had suspicion of harboring prostate cancer, sufficient
diagnostic image quality, and no prior clinically significant cancer findings and were included to
establish a calibration cohort and a test cohort (eFigure 1 in Supplement 1). The calibration cohort
comprised 420 examinations from RUMC, ZGT, and PCNN. This cohort included all 100 examinations
from the hidden tuning cohort and 320 from the observer study conducted in the PI-CAI study,
excluding examinations from STOH.21 The test cohort included 360 examinations from RUMC, ZGT,
PCNN, and STOH, the latter serving as an unseen external center. Examinations in the test dataset
were randomly sampled from the PI-CAI testing cohort, excluding examinations previously included
in the observer study.21

AI System
The AI system, developed and evaluated within the PI-CAI study, was used as a concurrent tool in this
study.21 To summarize, AI architects within the PI-CAI study were trained and evaluated to diagnose
and detect csPCa using a sequestered dataset of 10 207 biparametric MRI examinations from 4
European tertiary care centers. Each architecture produced a 3-dimensional volume with csPCa
lesion detections with 0 to 100 likelihood scores of harboring csPCa (higher scores indicated a
greater likelihood of csPCa), and an overall patient-level score for csPCa diagnosis ranging between
0 and 100 (higher scores indicated a greater likelihood of csPCa). The top 5 architectures from the
PI-CAI study were combined into a single AI system, in which detection maps per algorithm were
combined to create an average detection map (eAppendix 1 in Supplement 1). The lesion with the
highest likelihood score was used as a patient-level score.

To enhance the interpretability of the AI system’s output for readers in this study and to achieve
a uniform distribution of scores, the AI-generated detection map and patient-level scores were
recalibrated to a scale of 1 to 10, in which 10 represented the highest likelihood of csPCa. This
recalibration used the calibration dataset, ensuring that 10% of the calibration cohort was distributed
evenly across each of the 10 AI score categories (eAppendix 1, eFigure 2, and eTables 1 and 2 in
Supplement 1). Since the calibration cohort resembled characteristics of the test cohort, it was
anticipated that approximately 10% of the test cohort would also fall into each score category.
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Observer Study
An observer study was conducted on the Grand Challenge platform from March 18, 2024, to July 12,
2024.24 During this time frame, 61 readers (53 centers from 17 countries) evaluated all examinations
from the test cohort both with and without AI assistance. The readers (with a median of 5 years [IQR,
3-8 years] of experience in reading prostate MRI) were familiar with the PI-RADS, version 2.1, of which
43 (70%) practiced in clinical routine and 18 (30%) were in residency. Using self-reporting, 34
readers (56%) were categorized as experts (>1000 cases read in total and >200 cases per year),
while the remaining 27 readers (44%) were categorized as nonexperts, following 2020 consensus
statements from the European Society of Urogenital Radiology and the European Association of
Urology (eFigure 3 and eTable 3 in Supplement 1).25 Before the start of the study, readers were
provided with a detailed guide outlining the study objectives, the workstation setup, and the AI
system, including its outputs and calibration process. Additionally, readers participated in a training
session assessing 6 example examinations with and without AI assistance.

Readers and examinations were randomly divided into 6 substudies, stratified by center, csPCa
prevalence, and reader experience. Each substudy contained 60 examinations, with 8 to 11 of the 61
total readers assigned to each split. The observer study used a crossover design, featuring 2 reading
sessions separated by a 4-week washout period (eFigure 4 in Supplement 1). In the first phase,
readers assessed 50% of their assigned examinations without AI assistance and the remaining 50%
with AI assistance, organized into 4 alternating reading blocks. During assessments without AI
assistance, readers had access to the full biparametric MRI protocol and were provided metadata
associated with the patient (age, PSA level, prostate volume, and PSA density) and examination (MRI
vendor and high b value). For AI-assisted assessments, readers were additionally provided with the
AI system’s outputs, which included a lesion detection map displayed in a separate image port,
overlaid on the T2 axial sequence, along with an overall patient-level score ranging from 1 to 10
(eFigure 5 in Supplement 1). For each examination, readers were asked to annotate and score lesions
using the PI-RADS categories 3 to 5 and to provide an overall 0 to 100 patient-level score for csPCa
diagnosis. Following the washout period, readers reassessed all examinations with the reading
condition switched (ie, assessments that were previously performed without AI assistance were now
done with AI assistance and vice versa), with the order of examinations reshuffled to minimize
recall bias.

Statistical Analysis
The primary objective was to assess whether AI-assisted csPCa diagnosis was superior to unassisted
diagnosis at the patient level. This comparison was primarily evaluated using the area under the
receiver operating characteristic curve (AUROC), along with sensitivity and specificity at a PI-RADS
score of 3 or more. An a priori power analysis was conducted to determine the necessary number of
readers and examinations to achieve a minimum of 80% power for this superiority test (eAppendix
2 and eTable 4 in Supplement 1).

ROCs and AUROCs were based on the patient-level suspicion scores provided during
assessments. The highest PI-RADS score assigned by a reader was used as a patient-level score and
was binarized at a PI-RADS score of 3 or more. Multireader, multicase analysis of variance using the
Obuchowski–Rockette26 method was used to calculate mean estimates and 95% CIs based on Wald
tests for the 3 diagnostic end points. The superiority of AI-assisted diagnosis was evaluated at a
2-sided P < .05 significance threshold and adjusted with Holm–Bonferroni correction for the 3 end
points. Statistical tests and reporting of P values were reserved for the primary outcomes27 and were
prespecified in a statistical analysis plan (eAppendix 3 and eFigure 6 in Supplement 1), using package
MRMCaov, version 0.3.0, in R, version 2022.12.0 (R Project for Statistical Computing).

The secondary objectives were exploratory. The number of insignificant prostate cancer
diagnoses was reported. To assess the association of expertise level with AI assistance outcomes, a
subgroup analysis was performed categorizing expert and nonexpert readers. Diagnostic
performance was evaluated at 2 additional reader operating points: (1) a PI-RADS score of 4 or more
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and a PI-RADS score of 3 with an elevated PSA density (�0.15 ng/mL) and (2) a PI-RADS score of 4 or
more only.28 The agreement between AI-assisted and unassisted assessments was summarized
quantitively.

Results

Patient Population
A total of 360 MRI examinations were assessed in the observer study involving 360 male patients
with a median age of 65 years (IQR, 62-70 years) and a median PSA level of 7.0 ng/mL (IQR, 5.2-10.0
ng/mL). Among these examinations, 122 of the 360 patients (34%) were diagnosed with csPCa.
Patient characteristics for the testing cohort are provided in the Table. Detailed characteristics of the
6 split-plot designs are provided in eTable 5 in Supplement 1, while characteristics of the calibration
cohort are available in eTable 6 in Supplement 1.

Diagnostic Performances
Figure 1 and Figure 2 highlight the diagnostic performances of the AI system and readers across all
primary end points. The AUROC of readers when assessing biparametric MRI with AI assistance was
0.916 (95% CI, 0.893-0.938) compared with 0.882 (95% CI, 0.854-0.910) for unassisted
assessments, demonstrating a superior improvement of 3.3% (95% CI, 1.8%-4.9%; P < .001).
Notably, the stand-alone AI system had a higher AUROC (0.947 [95% CI, 0.927-0.968]) than readers
at both reading conditions.

At the PI-RADS operating point of 3 or more, AI-assisted assessments demonstrated a
sensitivity of 96.8% (95% CI, 95.2%-98.5%) compared with 94.3% (95% CI, 91.9%-96.7%) for
unassisted assessments, representing a significant improvement of 2.5% (95% CI, 1.1%-3.9%;
P < .001) and resulting in 3 additional true positive diagnoses (eFigure 7 in Supplement 1). Similarly,
specificity was significantly higher with AI assistance, increasing by 3.4% (95% CI, 0.8%-6.0%;
P = .01) to 50.1% (95% CI, 42.5%-57.7%) compared with 46.7% (95% CI, 39.4%-54.0%) in
unassisted assessments. The number of false positive diagnoses was reduced by 10 (eTable 7 in
Supplement 1). Under both reading conditions, the mean number of insignificant prostate cancer
diagnoses was similar (35 [IQR, 24-42] at biparametric MRI without AI assistance and 35 [IQR, 24-48]
at biparametric MRI with AI assistance). The differences in diagnostic performances of all individual
readers are provided in eFigure 8 in Supplement 1.

Subset analyses, as illustrated in Figure 1 and Figure 2, highlight the outcome of AI assistance
based on reader expertise. Nonexpert readers derived greater benefit from AI assistance than
experts, with a difference in AUROC of 0.053 (95% CI, 0.028-0.078) for nonexperts vs 0.018 (95%
CI, 0.001-0.034) for experts. Sensitivity improvements were 3.7% (95% CI, 1.3%-6.2%) for
nonexperts vs 1.5% (95% CI, 0.3%-3.3%) for experts, while specificity gains were 4.3% (95% CI,
0.4%-9.0%) for nonexperts vs 2.8% (95% CI, 0%-5.6%) for experts. AI assistance provided an
additional 1% reduction in false positive and a 2% increase in true negative diagnoses compared with
experts (eFigure 7 in Supplement 1). Across the 2 alternate reader operating points, an overall
improvement in sensitivity and specificity was observed for evaluations with AI assistance (eTable 7
in Supplement 1).

Quantitative Comparison Between Unassisted and AI-Assisted Assessments
In 1195 (33%) of the 3660 evaluations in the observer study, readers assigned different patient-level
scores between the 2 reading conditions (Figure 3). Among these differences, 566 (15%) were
upgrades, and 629 (17%) were downgrades under AI-assisted reading. Specifically, 278 (8%)
involved redesignation from an initial negative MRI (PI-RADS score <3) to a positive MRI (PI-RADS
score �3), while 330 (9%) concerned reclassifications from a positive MRI to a negative MRI. In 246
of 360 examinations (68%), at least 1 reader who was assigned to a given examination reclassified
their diagnosis, with a median of 1 reclassification per examination (range 0-7; IQR, 0-3).
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Despite these updates, the overall distribution of PI-RADS scores remained similar between
reading conditions. However, AI-assisted assessments demonstrated a 3% decrease in the
prevalence of csPCa for a PI-RADS score of 1 to 2, lowering the prevalence of csPCa from 6% to 3%.

Table. Testing Cohort Characteristicsa

Characteristic Total (N = 360) RUMC (n = 113) ZGT (n = 97) PCNN (n = 76) STOH (n = 74)
Patient age, median (IQR), y 65 (62-70) 67 (61-71) 64 (62-68) 68 (63-72) 64 (58-68)

Patient PSA level, median (IQR), ng/mL 7.0 (5.2-10.0) 6.7 (5.2-10.0) 6.5 (5.1-8.8) 8.6 (6.0-11.2) 6.9 (5.0-10.9)

Patient prostate volume, median (IQR), mL 55.0 (40.0-77.0) 68.0 (48.0-98.0) 55.0 (40.0-72.0) 48.0 (36.0-61.0) 48.0 (37.0-66.0)

Patient PSAd, median (IQR), ng/mL2 0.13 (0.09-0.21) 0.10 (0.07-0.16) 0.13 (0.09-0.20) 0.18 (0.11-0.25) 0.13 (0.09-0.22)

Patient csPCa status

Without 238 (66) 84 (74) 65 (67) 44 (58) 45 (61)

With 122 (34) 29 (26) 32 (33) 32 (42) 29 (39)

MRI vendor

Siemens Healthineers 301 (84) 113 (100) 97 (100) 17 (22) 74 (100)

Philips Medical Systems 59 (16) 0 0 59 (78) 0

Field strength, T

1.5 14 (4) 0 0 14 (18) 0

3 346 (96) 113 (100) 97 (100) 62 (82) 74 (100)

Ground truth verification

No Bx, follow-upb 61 (17) 52 (46) 0 0 9 (12)

Sys Bx 126 (35) 12 (11) 44 (45) 32 (42) 38 (51)

MRGBx 47 (13) 10 (9) 0 35 (46) 2 (3)

Sys Bx and MRGBx 78 (22) 31 (27) 35 (36) 0 12 (16)

RP 48 (13) 8 (7) 18 (19) 9 (12) 13 (18)

Gleason grade

0 186 (52) 77 (68) 43 (44) 27 (36) 39 (53)

1 52 (14) 7 (6) 22 (23) 17 (22) 6 (8)

2 57 (16) 14 (12) 17 (18) 18 (24) 8 (11)

3 31 (9) 7 (6) 5 (5) 8 (11) 11 (15)

4 10 (3) 1 (1) 1 (1) 4 (5) 4 (5)

5 24 (7) 7 (6) 9 (9) 2 (3) 6 (8)

PI-RADS score from original reportc

1-2 171 (48) 65 (58) 45 (46) 24 (32) 37 (50)

3 27 (8) 6 (5) 7 (7) 9 (12) 5 (7)

4 80 (22) 24 (21) 18 (19) 29 (38) 9 (12)

5 82 (23) 18 (16) 27 (28) 14 (18) 23 (31)

AI score

1 34 (9) 9 (8) 18 (19) 3 (4) 4 (5)

2 50 (14) 24 (21) 11 (11) 5 (7) 10 (14)

3 33 (9) 14 (12) 8 (8) 4 (5) 7 (9)

4 31 (9) 6 (5) 7 (7) 6 (8) 12 (16)

5 49 (14) 17 (15) 11 (11) 12 (16) 9 (12)

6 26 (7) 10 (9) 5 (5) 7 (9) 4 (5)

7 38 (11) 10 (9) 10 (10) 13 (17) 5 (7)

8 27 (8) 6 (5) 8 (8) 11 (14) 2 (3)

9 30 (8) 7 (6) 9 (9) 10 (13) 4 (5)

10 42 (12) 10 (9) 10 (10) 5 (7) 17 (23)

Abbreviations: AI, artificial intelligence; Bx, biopsy; csPCa, clinically significant prostate
cancer (Gleason grade �2); MRGBx, magnetic resonance imaging (MRI)-guided Bx;
PCNN, Prostaat Centrum Noord-Nederland, Netherlands; PI-RADS, Prostate Imaging
Reporting and Data System; PSA, prostate-specific antigen; PSAd, PSA density; RP,
radical prostatectomy; RUMC, Radboud University Medical Center, Netherlands; STOH,
St Olavs Hospital, Trondheim University Hospital, Norway; Sys Bx, systematic
ultrasound-guided Bx; ZGT, Ziekenhuisgroep Twente, Netherlands.

SI conversion factor: To convert PSA level to micrograms per liter, multiply by 1.0.
a Data are presented as No. (%) of patients unless otherwise indicated.
b Follow-up period of at least 3 years.
c Defined as the highest score found on a per-patient level as assigned in the original

radiology report from routine clinical practice.
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For a PI-RADS score of 3, csPCa prevalence decreased by 1%, while it increased by 2% for a PI-RADS
score of 4 and 4% for a PI-RADS score of 5. Examples of assessments on various examinations are
shown in eFigures 9-14 in Supplement 1.

To further explore the association of AI assistance with reader assessments, Figure 4 presents
the proportion of PI-RADS scores across AI score categories for both unassisted and AI-assisted
assessments. For examinations with AI score categories below 5, AI assistance was associated with a
higher proportion of a PI-RADS score of 1 to 2. At higher AI scores,7-10 AI-assisted assessments
showed a greater proportion of PI-RADS scores of 4 and 5 compared with unassisted assessments.
Notably, PI-RADS scores of 3 increased for AI scores of 4 (27% vs 26%), 5 (30% vs 27%), and 6 (29%
vs 24%), indicating higher equivocal diagnoses for these categories. eFigure 15 in Supplement 1
presents the proportion of PI-RADS scores across AI scores for expertise subgroups.

Discussion

In this diagnostic study, a publicly developed and benchmarked AI system was implemented as a
concurrent tool to assist readers in evaluating prostate MRI, aiming to assess whether there was a

Figure 1. The Area Under the Receiver Operating Characteristic Curve (AUROC) Diagnostic Performance
at Biparametric Magnetic Resonance Imaging (bpMRI) and at bpMRI
With Artificial Intelligence Assistance (bpMRI + AI)
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Prostate Imaging Reporting and Data System
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degree of improvement for csPCa diagnosis. Through a large-scale, international observer study
involving 61 readers, we demonstrated that AI assistance was associated with a significant
improvement in csPCa diagnosis, as shown by a superior AUROC (0.916 vs 0.882; P < .001), as well
as significantly improved sensitivity (96.8% vs 94.3%; P < .001) and specificity (50.1% vs 46.7%;
P = .01) at a PI-RADS operating point of 3 or more. Stratifying readers by experience showed that
nonexperts gained greater benefits from AI support than experts did. Interestingly, the overall
distribution of PI-RADS scores remained largely unchanged; however, AI exhibited both positive and
negative associations with reader assessments.

Consistent with prior research, our findings support the role of AI assistance associated with
improved csPCa diagnosis.15-19 Our study strengthens this evidence by using multicenter data
involving a large international cohort of readers and an AI system benchmarked through an
international confirmatory study, demonstrating high diagnostic performance.21 The sensitivity and
specificity at a PI-RADS score of 3 or more aligned with the pooled sensitivity of 96% (95% CI,
93%-98%) and specificity of 49% (95% CI, 29%-70%) reported by the systematic review and meta-
analysis from Woo et al.29 However, comparisons should be interpreted cautiously due to population
and methodologic differences. The diagnostic gains from AI support in our study were smaller than
previous studies conducted on a smaller scale.16-19,30 Sun et al15 reported comparable sensitivity
gains (88.3% to 93.9%) but greater specificity improvements (57.7% to 71.7%) in a study with 480
cases and 16 readers. Differences in AI benefits may originate from the inclusion of a multicenter
dataset and a large, diverse group of international readers with varying expertise.

With AI assistance, PI-RADS scores were updated in 33% of assessments, including 17%
involving reclassification between positive and negative MRI results, which likely altered the biopsy
decision for these patients. AI assistance was associated with improved csPCa detection in PI-RADS
categories 4 and 5 and reduced detection in the PI-RADS category 1 to 2 from 6% to 3%. The latter
prevalence is below the population risk and potentially allowed for increased confidence for safe
discharge from primary diagnostic settings and reduced unnecessary biopsies with AI assistance.28

Lower AI scores were associated with increased PI-RADS scores of less than 3, while higher AI scores
were associated with increased PI-RADS scores of 4 and 5, indicating a greater reliance on AI in these
categories. In contrast, intermediate AI scores were associated with increases in both PI-RADS
category 3 and PI-RADS category 4 assessments, reflecting elevated reader suspicion of csPCa.

Furthermore, the overall distribution of PI-RADS scores remained consistent across reading
settings, and AI assistance was not associated with reducing equivocal diagnoses, contrasting
previous findings.16,19 Those studies incorporated AI systems with scoring scales resembling
PI-RADS, which may have facilitated the interpretation of AI outcomes by aligning them more closely
with familiar diagnostic categories. A potential limitation of these approaches is that these scores do
not necessarily adhere to the ordinal scale and the standardized categorization rules defined in

Figure 2. Sensitivity and Specificity at Biparametric Magnetic Resonance Imaging (bpMRI) Assessments
and at bpMRI Assessments With Artificial Intelligence Assistance (bpMRI + AI)
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PI-RADS, version 2.1,6 and may create confusion regarding the calibration and definition of AI scores.
The proportion of PI-RADS category 3 in our study was comparable with that reported in a recent
prospective study31 but 3% higher than the prevalence reported in the systematic review and meta-
analysis by Maggi et al.32 This increase may be attributed to the larger proportion of less-
experienced readers,3 variability in image quality, and assessments conducted outside familiar
reading environments. The persistent proportion of equivocal diagnoses may additionally suggest a
greater reluctance to miss a cancer diagnosis than to reduce unnecessary biopsies.

Figure 3. Diagram of Patient-Level Prostate Imaging Reporting and Data System (PI-RADS) Scores From
Unassisted Biparametric Magnetic Resonance Imaging (bpMRI; Left) and Artificial Intelligence (AI)-Assisted
bpMRI (bpMRI + AI; Right) Assessments in the Observer Study
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The diagram highlights interrater consistencies and
changes (upgrades and downgrades) between the 2
configurations. Each scoring category and pair is
presented with occurrence numbers, percentages, and
clinically significant prostate cancer (csPCa)
prevalence. Of all readings, 2465 of the 3660 total
assessments (67%) remained unchanged between
assessments, 278 (8%) involved reclassification from
negative (PI-RADS [P] <3) to positive (PI-RADS [P] �3)
MRI, and 330 (9%) involved reclassification from
positive to negative MRI. The remaining 587 (16%)
involved reclassification within the positive MRI group.
The overall PI-RADS score distribution was similar
across both reading configurations, while csPCa
prevalence changed due to scoring updates.
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Prior research suggests that AI specifically enhances the performance of nonexpert
readers.16,17,33 Consistent with these findings, our study suggests that nonexperts experienced a
greater performance boost from AI assistance compared with experts, highlighting the potential of
AI to reduce performance differences between experts and nonexperts. Nonexperts with AI support
achieved higher AUROC scores than experts without AI, and their sensitivity surpassed that of
experts in both unassisted and AI-assisted settings. While AI assistance was also associated with
improved specificity for nonexperts, it did not reach the level of experts’ unassisted specificity, and
performance differences among nonexperts remained considerable. These findings suggest that
while nonexperts may adhere to AI recommendations,34,35 they often retain their incorrect
detections associated with an aversion to missing cancer diagnoses.

Although AI assistance was associated with improved overall reader performance, AI as a stand-
alone system outperformed both unassisted and AI-assisted readers, highlighting the potential for
more optimized integration of AI in the diagnostic workflow. From one perspective, readers could
have potentially gained more benefits from AI by an increased training period, in which they would
optimize their understanding of risk scores and their integration in decision-making. Alternatively,
diagnostic accuracy can be potentially boosted by the integration of independent AI. However, the
widespread adoption of such stand-alone AI systems is currently hindered by a lack of prospective
evidence, ethical concerns, and regulatory challenges.12,14,36 To bridge this gap, these systems could
be introduced to autonomously diagnose specific population subsets, in which AI demonstrates high
confidence, supplemented by reader assessments and multidisciplinary oversight prior to biopsy
decisions. Such integrations hold the potential to improve both diagnostic performance and
workload efficiency.

Limitations
Multiple limitations of this study are acknowledged. First, the data included were retrospectively
curated within the scope of PI-CAI,21 resulting in a mix of consecutive and sampled cohorts, mostly
originating from a single MRI manufacturer. Second, the current study specifically investigated the
use of concurrent AI within a cohort in which the AI system had previously demonstrated a strong
diagnostic performance, without assessing its generalizability to different cohorts. The objective of
this study was to implement a validated, high-performing AI system to evaluate its association with
csPCa diagnosis within an assistive setting.36 Performance evaluation on new external data lies

Figure 4. Proportion of Prostate Imaging Reporting and Data System (PI-RADS) Scores Observed for Unassisted and Artificial Intelligence (AI)-Assisted Assessments
by AI Scores of Examinations
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Among the 3660 total assessments, AI assistance (right) compared with unassisted
assessment (left) was associated with increases in the PI-RADS score of 1 to 2 in lower
AI score categories and with decreases in higher AI score categories. Similarly, the

proportion of PI-RADS scores of 4 to 5 increased in high AI score categories with AI
assistance.
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beyond the scope of this study, yet it is essential for broader clinical implementation. Future research
should focus on identifying failure cases and those outside the training distribution, particularly
across external cohorts with varying disease prevalence, image quality, and other clinical and
demographic factors. Third, readers in this study assessed examinations through a controlled online
reading workstation, which may have differed considerably from their native environments and may
have impacted diagnostic performance. Fourth, this study did not assess workflow efficiency or the
clinical applicability of performance improvements. Evaluating these aspects requires deployment in
real or simulated clinical settings, considering the full spectrum of the MRI diagnostic pathway.37 Last,
not all patients with negative MRI underwent histopathologic confirmation, and the decision to
biopsy was based on multiparametric MRI readings from clinical routine rather than outcomes from
biparametric MRI assessments or AI predictions.

Conclusions

The findings of this diagnostic study suggest the potential of AI assistance in improving csPCa
diagnosis when compared with unassisted assessments of biparametric MRI, with statistically
significant improvements observed across AUROC, sensitivity, and specificity at a PI-RADS score of
3 or more. Notably, nonexpert readers demonstrated higher benefits from AI assistance compared
with expert readers. There is a need for continued exploration of human-AI interactions, along with
the prospective deployment of AI in a clinical setting to assess the generalizability of our findings
and to evaluate its impact on workflow efficiency.

ARTICLE INFORMATION
Accepted for Publication: April 13, 2025.

Published: June 13, 2025. doi:10.1001/jamanetworkopen.2025.15672

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2025 Twilt JJ
et al. JAMA Network Open.

Corresponding Author: Jasper J. Twilt, MSc, Minimally Invasive Image-Guided Intervention Center, Department
of Medical Imaging, Radboud University Medical Center, Geert Grooteplein Zuid 10, Nijmegen 6525 GA, the
Netherlands (jasper.twilt@radboudumc.nl).

Author Affiliations: Minimally Invasive Image-Guided Intervention Center, Department of Medical Imaging,
Radboud University Medical Center, Nijmegen, the Netherlands (Twilt, Saha, Fütterer); Diagnostic Image Analysis
Group, Department of Medical Imaging, Radboud University Medical Center, Nijmegen, the Netherlands (Saha,
Bosma, Huisman); Paul Strickland Scanner Centre, Mount Vernon Cancer Centre, Northwood, United Kingdom
(Padhani); Division of Radiology, Deutsches Krebsforschungszentrum, Heidelberg, Germany (Bonekamp); Urology
Unit, Santa Maria della Misericordia University Hospital, Udine, Italy (Giannarini); Department of Urology, Erasmus
Medical Center, Rotterdam, the Netherlands (van den Bergh); Centre for Urology Imaging, Prostate, AI and Surgical
Studies (COMPASS) Research Group, Division of Surgery and Interventional Sciences, University College London,
London, United Kingdom (Kasivisvanathan); Department of Quantitative Health Sciences, Cleveland Clinic
Foundation, Cleveland, Ohio (Obuchowski); Department of Diagnostic Radiology, Cleveland Clinic Foundation,
Cleveland, Ohio (Obuchowski); Department of Radiology, University Medical Center Groningen, Groningen, the
Netherlands (Yakar); Department of Radiology, Netherlands Cancer Institute, Amsterdam, the Netherlands
(Yakar); Department of Circulation and Medical Imaging, Norwegian University of Science and Technology,
Trondheim, Norway (Elschot, Huisman); Department of Radiology and Nuclear Medicine, St Olavs Hospital,
Trondheim University Hospital, Trondheim, Norway (Elschot); Department of Radiology, Ziekenhuisgroep Twente,
Hengelo, the Netherlands (Veltman); Department of Multi-Modality Medical Imaging, Technical Medical Centre,
University of Twente, Enschede, the Netherlands (Veltman); Department of Medical Imaging, Radboud University
Medical Center, Nijmegen, the Netherlands (Fütterer, de Rooij).

Author Contributions: Messrs Twilt and Saha had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Twilt, Saha, Bosma, Padhani, Bonekamp, Giannarini, Kasivisvanathan, Obuchowski, Yakar,
Fütterer, Huisman, de Rooij.

JAMA Network Open | Oncology AI-Assisted vs Unassisted Prostate Cancer Identification in MRI

JAMA Network Open. 2025;8(6):e2515672. doi:10.1001/jamanetworkopen.2025.15672 (Reprinted) June 13, 2025 11/15

Downloaded from jamanetwork.com by guest on 11/07/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.15672&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.15672
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.15672
mailto:jasper.twilt@radboudumc.nl


Acquisition, analysis, or interpretation of data: Twilt, Saha, Bosma, van den Bergh, Kasivisvanathan, Obuchowski,
Elschot, Veltman, de Rooij.

Drafting of the manuscript: Twilt, Saha, Bosma, Padhani, Obuchowski, Veltman.

Critical review of the manuscript for important intellectual content: Twilt, Saha, Bosma, Bonekamp, Giannarini, van
den Bergh, Kasivisvanathan, Yakar, Elschot, Fütterer, Huisman, de Rooij.

Statistical analysis: Twilt, Saha, Bosma, Obuchowski.

Obtained funding: Yakar, Fütterer, Huisman.

Administrative, technical, or material support: Elschot.

Supervision: Bonekamp, van den Bergh, Kasivisvanathan, Yakar, Fütterer, Huisman, de Rooij.

Conflict of Interest Disclosures: Mr Saha reported receiving personal fees from Guerbet and Health~Holland
outside the submitted work. Prof Padhani reported receiving research funding from Siemens Healthineers and
Bayer and having stock options in Lucida Medical. Dr Bonekamp reported receiving personal fees from Bayer
outside the submitted work. Dr Giannarini reported receiving personal fees from Astellas, Curium, Ferring, Hauora
Med, Ipsen, Janssen, Johnson and Johnson, Pierre Fabre, and Recordati outside the submitted work. Dr van den
Bergh reported serving as an advisory board member for Janssen; receiving speakers honoraria from Amgen,
Astellas, Ipsen, Janssen, and MSD and research support from Astellas and Janssen; and participating in trials run by
Janssen. Dr Kasivisvanathan reported receiving speakers honoraria from the European Association of Urology and
the Singapore Urological Association and research funding from Prostate Cancer UK and The John Black Charitable
Foundation. Dr Obuchowski reported providing statistical consultation to Siemens Healthineers, Takeda, and Qure
and serving as a committee member of the Eastern Cooperative Oncology Group, the American College of
Radiology Imaging Network, the Tomosynthesis Mammographic Imaging Screening Trial, and the National Cancer
Institute’s Clinical Imaging Steering Committee. Dr Yakar reported receiving research grants from Siemens
Healthineers, Health~Holland, The Dutch Research Council (NWO), and Hanarth; consulting fees from Astellas;
speakers fees from Bayer; and a travel grant from the Multidisciplinary Digital Publishing Institute. Dr Elschot
reported receiving grants from the Norwegian Cancer Society during the conduct of the study. Dr Huisman
reported receiving research funding from Siemens Healthineers and Canon Medical Systems. Dr de Rooij reported
receiving personal fees from Siemens Healthineers outside the submitted work. No other disclosures were
reported.

Funding/Support: This work was supported by Health-Holland and the European Union’s Horizon 2020.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Group Information: The PI-CAI Consortium is listed in Supplement 2.

Data Sharing Statement: See Supplement 3.

REFERENCES
1. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229-263. doi:10.3322/
caac.21834

2. Drost FH, Osses DF, Nieboer D, et al. Prostate MRI, with or without MRI-targeted biopsy, and systematic biopsy
for detecting prostate cancer. Cochrane Database Syst Rev. 2019;4(4):CD012663. doi:10.1002/14651858.
CD012663.pub2

3. Kasivisvanathan V, Rannikko AS, Borghi M, et al; PRECISION Study Group Collaborators. MRI-targeted or
standard biopsy for prostate-cancer diagnosis. N Engl J Med. 2018;378(19):1767-1777. doi:10.1056/
NEJMoa1801993

4. Ahmed HU, El-Shater Bosaily A, Brown LC, et al; PROMIS study group. Diagnostic accuracy of multi-parametric
MRI and TRUS biopsy in prostate cancer (PROMIS): a paired validating confirmatory study. Lancet. 2017;389
(10071):815-822. doi:10.1016/S0140-6736(16)32401-1

5. van der Leest M, Cornel E, Israël B, et al. Head-to-head comparison of transrectal ultrasound-guided prostate
biopsy versus multiparametric prostate resonance imaging with subsequent magnetic resonance-guided biopsy in
biopsy-naïve men with elevated prostate-specific antigen: a large prospective multicenter clinical study. Eur Urol.
2019;75(4):570-578. doi:10.1016/j.eururo.2018.11.023

6. Turkbey B, Rosenkrantz AB, Haider MA, et al. Prostate Imaging Reporting and Data System version 2.1: 2019
update of Prostate Imaging Reporting and Data System version 2. Eur Urol. 2019;76(3):340-351. doi:10.1016/j.
eururo.2019.02.033

JAMA Network Open | Oncology AI-Assisted vs Unassisted Prostate Cancer Identification in MRI

JAMA Network Open. 2025;8(6):e2515672. doi:10.1001/jamanetworkopen.2025.15672 (Reprinted) June 13, 2025 12/15

Downloaded from jamanetwork.com by guest on 11/07/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.15672&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.15672
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.15672&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.15672
https://dx.doi.org/10.3322/caac.21834
https://dx.doi.org/10.3322/caac.21834
https://dx.doi.org/10.1002/14651858.CD012663.pub2
https://dx.doi.org/10.1002/14651858.CD012663.pub2
https://dx.doi.org/10.1056/NEJMoa1801993
https://dx.doi.org/10.1056/NEJMoa1801993
https://dx.doi.org/10.1016/S0140-6736(16)32401-1
https://dx.doi.org/10.1016/j.eururo.2018.11.023
https://dx.doi.org/10.1016/j.eururo.2019.02.033
https://dx.doi.org/10.1016/j.eururo.2019.02.033


7. Stabile A, Giganti F, Kasivisvanathan V, et al. Factors influencing variability in the performance of
multiparametric magnetic resonance imaging in detecting clinically significant prostate cancer: a systematic
literature review. Eur Urol Oncol. 2020;3(2):145-167. doi:10.1016/j.euo.2020.02.005

8. Smith CP, Harmon SA, Barrett T, et al. Intra- and interreader reproducibility of PI-RADSv2: a multireader study.
J Magn Reson Imaging. 2019;49(6):1694-1703. doi:10.1002/jmri.26555

9. Westphalen AC, McCulloch CE, Anaokar JM, et al. Variability of the positive predictive value of PI-RADS for
prostate MRI across 26 centers: experience of the Society of Abdominal Radiology Prostate Cancer Disease-
focused Panel. Radiology. 2020;296(1):76-84. doi:10.1148/radiol.2020190646

10. James ND, Tannock I, N’Dow J, et al. The Lancet Commission on prostate cancer: planning for the surge in
cases. Lancet. 2024;403(10437):1683-1722. doi:10.1016/S0140-6736(24)00651-2

11. Twilt JJ, van Leeuwen KG, Huisman HJ, Fütterer JJ, de Rooij M. Artificial intelligence based algorithms for
prostate cancer classification and detection on magnetic resonance imaging: a narrative review. Diagnostics
(Basel). 2021;11(6):959. doi:10.3390/diagnostics11060959

12. Rouvière O, Jaouen T, Baseilhac P, et al. Artificial intelligence algorithms aimed at characterizing or detecting
prostate cancer on MRI: how accurate are they when tested on independent cohorts? a systematic review. Diagn
Interv Imaging. 2023;104(5):221-234. doi:10.1016/j.diii.2022.11.005

13. Suarez-Ibarrola R, Sigle A, Eklund M, et al. Artificial intelligence in magnetic resonance imaging-based prostate
cancer diagnosis: where do we stand in 2021? Eur Urol Focus. 2022;8(2):409-417. doi:10.1016/j.euf.2021.03.020

14. Turkbey B, Purysko AS. PI-RADS: where next? Radiology. 2023;307(5):e223128. doi:10.1148/radiol.223128

15. Sun Z, Wang K, Kong Z, et al. A multicenter study of artificial intelligence-aided software for detecting visible
clinically significant prostate cancer on mpMRI. Insights Imaging. 2023;14(1):72. doi:10.1186/s13244-023-01421-w

16. Labus S, Altmann MM, Huisman H, et al. A concurrent, deep learning-based computer-aided detection system
for prostate multiparametric MRI: a performance study involving experienced and less-experienced radiologists.
Eur Radiol. 2023;33(1):64-76. doi:10.1007/s00330-022-08978-y

17. Forookhi A, Laschena L, Pecoraro M, et al. Bridging the experience gap in prostate multiparametric magnetic
resonance imaging using artificial intelligence: a prospective multi-reader comparison study on inter-reader
agreement in PI-RADS v2.1, image quality and reporting time between novice and expert readers. Eur J Radiol.
2023;161:110749. doi:10.1016/j.ejrad.2023.110749

18. Giannini V, Mazzetti S, Cappello G, et al. Computer-aided diagnosis improves the detection of clinically
significant prostate cancer on multiparametric-MRI: a multi-observer performance study involving inexperienced
readers. Diagnostics (Basel). 2021;11(6):973. doi:10.3390/diagnostics11060973

19. Zhu L, Gao G, Liu Y, et al. Feasibility of integrating computer-aided diagnosis with structured reports of
prostate multiparametric MRI. Clin Imaging. 2020;60(1):123-130. doi:10.1016/j.clinimag.2019.12.010

20. van Leeuwen KG, Schalekamp S, Rutten MJCM, van Ginneken B, de Rooij M. Artificial intelligence in radiology:
100 commercially available products and their scientific evidence. Eur Radiol. 2021;31(6):3797-3804. doi:10.
1007/s00330-021-07892-z

21. Saha A, Bosma JS, Twilt JJ, et al; PI-CAI consortium. Artificial intelligence and radiologists in prostate cancer
detection on MRI (PI-CAI): an international, paired, non-inferiority, confirmatory study. Lancet Oncol. 2024;25(7):
879-887. doi:10.1016/S1470-2045(24)00220-1

22. Twilt JJ, Saha A, Bosma JS, et al; PI-CAI Consortium; list of collaborators. Evaluating biparametric versus
multiparametric magnetic resonance imaging for diagnosing clinically significant prostate cancer: an international,
paired, noninferiority, confirmatory observer study. Eur Urol. 2025;87(2):240-250. doi:10.1016/j.eururo.2024.
09.035

23. Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, Humphrey PA; Grading Committee. The 2014
International Society of Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic
Carcinoma: definition of grading patterns and proposal for a new grading system. Am J Surg Pathol. 2016;40(2):
244-252. doi:10.1097/PAS.0000000000000530

24. Grand Challenge. Radboud University Medical Center. Accessed May 1, 2025. https://grand-challenge.org

25. de Rooij M, Israël B, Tummers M, et al. ESUR/ESUI consensus statements on multi-parametric MRI for the
detection of clinically significant prostate cancer: quality requirements for image acquisition, interpretation and
radiologists’ training. Eur Radiol. 2020;30(10):5404-5416. doi:10.1007/s00330-020-06929-z

26. Obuchowski NA, Rockette HE. Hypothesis testing of diagnostic accuracy for multiple readers and multiple
tests an ANOVA approach with dependent observations. Commun Stat Simul Comput. 1995;24(2):285-308. doi:10.
1080/03610919508813243

JAMA Network Open | Oncology AI-Assisted vs Unassisted Prostate Cancer Identification in MRI

JAMA Network Open. 2025;8(6):e2515672. doi:10.1001/jamanetworkopen.2025.15672 (Reprinted) June 13, 2025 13/15

Downloaded from jamanetwork.com by guest on 11/07/2025

https://dx.doi.org/10.1016/j.euo.2020.02.005
https://dx.doi.org/10.1002/jmri.26555
https://dx.doi.org/10.1148/radiol.2020190646
https://dx.doi.org/10.1016/S0140-6736(24)00651-2
https://dx.doi.org/10.3390/diagnostics11060959
https://dx.doi.org/10.1016/j.diii.2022.11.005
https://dx.doi.org/10.1016/j.euf.2021.03.020
https://dx.doi.org/10.1148/radiol.223128
https://dx.doi.org/10.1186/s13244-023-01421-w
https://dx.doi.org/10.1007/s00330-022-08978-y
https://dx.doi.org/10.1016/j.ejrad.2023.110749
https://dx.doi.org/10.3390/diagnostics11060973
https://dx.doi.org/10.1016/j.clinimag.2019.12.010
https://dx.doi.org/10.1007/s00330-021-07892-z
https://dx.doi.org/10.1007/s00330-021-07892-z
https://dx.doi.org/10.1016/S1470-2045(24)00220-1
https://dx.doi.org/10.1016/j.eururo.2024.09.035
https://dx.doi.org/10.1016/j.eururo.2024.09.035
https://dx.doi.org/10.1097/PAS.0000000000000530
https://grand-challenge.org
https://dx.doi.org/10.1007/s00330-020-06929-z
https://dx.doi.org/10.1080/03610919508813243
https://dx.doi.org/10.1080/03610919508813243


27. Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in medicine—reporting of subgroup analyses
in clinical trials. N Engl J Med. 2007;357(21):2189-2194. doi:10.1056/NEJMsr077003

28. Schoots IG, Padhani AR. Risk-adapted biopsy decision based on prostate magnetic resonance imaging and
prostate-specific antigen density for enhanced biopsy avoidance in first prostate cancer diagnostic evaluation. BJU
Int. 2021;127(2):175-178. doi:10.1111/bju.15277

29. Woo S, Suh CH, Kim SY, Cho JY, Kim SH, Moon MH. Head-to-head comparison between biparametric and
multiparametric MRI for the diagnosis of prostate cancer: a systematic review and meta-analysis. AJR Am J
Roentgenol. 2018;211(5):W226-W241. doi:10.2214/AJR.18.19880

30. Winkel DJ, Tong A, Lou B, et al. A novel deep learning based computer-aided diagnosis system improves the
accuracy and efficiency of radiologists in reading biparametric magnetic resonance images of the prostate: results
of a multireader, multicase study. Invest Radiol. 2021;56(10):605-613. doi:10.1097/RLI.0000000000000780

31. Eldred-Evans D, Connor MJ, Bertoncelli Tanaka M, et al. The Rapid Assessment for Prostate Imaging and
Diagnosis (RAPID) prostate cancer diagnostic pathway. BJU Int. 2023;131(4):461-470. doi:10.1111/bju.15899

32. Maggi M, Panebianco V, Mosca A, et al. Prostate imaging reporting and data system 3 category cases at
multiparametric magnetic resonance for prostate cancer: a systematic review and meta-analysis. Eur Urol Focus.
2020;6(3):463-478. doi:10.1016/j.euf.2019.06.014

33. Hamm CA, Baumgärtner GL, Biessmann F, et al. Interactive explainable deep learning model informs prostate
cancer diagnosis at MRI. Radiology. 2023;307(4):e222276. doi:10.1148/radiol.222276

34. Dratsch T, Chen X, Rezazade Mehrizi M, et al. Automation bias in mammography: the impact of artificial
intelligence BI-RADS suggestions on reader performance. Radiology. 2023;307(4):e222176. doi:10.1148/radiol.
222176

35. Gaube S, Suresh H, Raue M, et al. Do as AI say: susceptibility in deployment of clinical decision-aids. NPJ Digit
Med. 2021;4:31. doi:10.1038/s41746-021-00385-9

36. Penzkofer T, Padhani AR, Turkbey B, Ahmed HU. Assessing the clinical performance of artificial intelligence
software for prostate cancer detection on MRI. Eur Radiol. 2022;32(4):2221-2223. doi:10.1007/s00330-022-
08609-6

37. Li RC, Asch SM, Shah NH. Developing a delivery science for artificial intelligence in healthcare. NPJ Digit Med.
2020;3:107. doi:10.1038/s41746-020-00318-y

SUPPLEMENT 1.
eFigure 1. CONSORT Diagram
eAppendix 1. Overview of AI System and Calibration
eFigure 2. Effects of Recalibration
eTable 1. Performance Metrics for the AI System in the Calibration Cohort
eTable 2. Performance of Readers Within the PI-CAI Reader Study for Comparison
eFigure 3. Reader Characteristics
eTable 3. Reader Characteristics per Split-Plot in the Observer Study
eFigure 4. Schematic Representation of the Reader Study Design
eFigure 5. Reader Study Design and Interface
eAppendix 2. Power Analysis
eTable 4. Standard Errors and Power Estimates
eAppendix 3. Statistical Analysis Plan
eFigure 6. Objectives for Primary Outcomes
eTable 5. Split-Plot Data and Reader Characteristics
eTable 6. Calibration Cohort Characteristics
eFigure 7. Proportion of Diagnoses Across Unassisted and AI-Assisted Assessments Including Expertise Subgroups
eTable 7. Performance Metrics Across Alternate Operating Points
eFigure 8. Individual Performance Differences of Readers
eFigure 9. Example of AI-Assisted Upgrading in the Assessment of a Patient With Clinically Significant Prostate
Cancer
eFigure 10. Example of AI-Assisted Downgrading in the Assessment of a Patient With Clinically Significant Prostate
Cancer
eFigure 11. Example of AI-Assisted Downgrading in the Assessment of a Patient Without Clinically Significant
Prostate Cancer
eFigure 12. Example of AI-Assisted Downgrading in the Assessment of a Patient Without Clinically Significant
Prostate Cancer

JAMA Network Open | Oncology AI-Assisted vs Unassisted Prostate Cancer Identification in MRI

JAMA Network Open. 2025;8(6):e2515672. doi:10.1001/jamanetworkopen.2025.15672 (Reprinted) June 13, 2025 14/15

Downloaded from jamanetwork.com by guest on 11/07/2025

https://dx.doi.org/10.1056/NEJMsr077003
https://dx.doi.org/10.1111/bju.15277
https://dx.doi.org/10.2214/AJR.18.19880
https://dx.doi.org/10.1097/RLI.0000000000000780
https://dx.doi.org/10.1111/bju.15899
https://dx.doi.org/10.1016/j.euf.2019.06.014
https://dx.doi.org/10.1148/radiol.222276
https://dx.doi.org/10.1148/radiol.222176
https://dx.doi.org/10.1148/radiol.222176
https://dx.doi.org/10.1038/s41746-021-00385-9
https://dx.doi.org/10.1007/s00330-022-08609-6
https://dx.doi.org/10.1007/s00330-022-08609-6
https://dx.doi.org/10.1038/s41746-020-00318-y


eFigure 13. Example of AI-Assisted Upgrading in the Assessment of a Patient Without Clinically Significant Prostate
Cancer
eFigure 14. Example of AI-Assisted Upgrading in the Assessment of a Patient Without Clinically Significant Prostate
Cancer
eFigure 15. Proportion of PI-RADS Scores Across Unassisted and AI-Assisted Assessments for Expertise Subgroups
eReferences

SUPPLEMENT 2.
Nonauthor Collaborators

SUPPLEMENT 3.
Data Sharing Statement

JAMA Network Open | Oncology AI-Assisted vs Unassisted Prostate Cancer Identification in MRI

JAMA Network Open. 2025;8(6):e2515672. doi:10.1001/jamanetworkopen.2025.15672 (Reprinted) June 13, 2025 15/15

Downloaded from jamanetwork.com by guest on 11/07/2025


