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Abstract

Background Cognitive fusion MRI-guided targeted biopsy (cTB) has been widely used in the diagnosis of prostate
cancer (PCa). However, cTB relies heavily on the operator’s experience and confidence in MRI readings. Our objec-
tive was to compare the cancer detection rates of MRI artificial intelligence-guided cTB (Al-cTB) and routine cTB
and explore the added value of using Al for the guidance of cTB.

Methods This was a prospective, single-institution randomized controlled trial (RCT) comparing clinically signifi-
cant PCa (csPCa) and PCa detection rates between Al-cTB and cTB. A total of 380 eligible patients were randomized
to the AI-cTB group (n=191) or the cTB group (n=189). The Al-cTB group underwent Al-cTB plus systematic biopsy
(SB) and the cTB group underwent routine cTB plus SB. The primary outcome was the detection rate of csPCa. The
reference standard was the pathological results of the combination of TB (Al-cTB/cTB) and SB. Comparisons of detec-
tion rates of csPCa and PCa between groups were performed using the chi-square test or Fisher's exact test.

Results The overall csPCa and PCa detection rates of the whole inclusion cohort were 58.8% and 61.3%, respectively.
The csPCa detection rates of TB combined with SB in the Al-cTB group were significantly greater than those in the cTB
group at both the patient level (58.64% vs. 46.56%, p=0.018) and per-lesion level (61.47% vs. 47.79%, p=0.004).
Compared with cTB, the Al-cTB could detect a greater proportion of patients with csPCa at both the per-patient level
(69.39% vs. 49.71%, p <0.001) and per-lesion level (68.97% vs. 48.57%, p <0.001). Multivariate logistic analysis indicated
that compared with the cTB, the Al-cTB significantly improved the possibility of detecting csPCa (p <0.001).

*Ruiyi Deng and Vi Liu contributed equally to this work and should be
considered co-first authors.

*Correspondence:

Xiaoying Wang

wangxiaoying@bjmu.edu.cn

Kan Gong

kan.gong@bjmu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-024-03742-z&domain=pdf
http://orcid.org/0000-0001-9822-961X
http://orcid.org/0000-0001-7195-677X

Deng et al. BMC Medicine (2024) 22:530

Page 2 of 13

Conclusions Al-cTB effectively improved the csPCa detection rate. This study successfully integrated Al with TB
in the routine clinical workflow and provided a research paradigm for prospective Al-integrated clinical studies.

Trial registration ClinicalTrials.gov, NCT06362291.

Keywords Prostate cancer, Artificial intelligence, Cognitive targeted biopsy, Diagnosis, Randomized controlled trial

Background
Prostate cancer (PCa) is one of the most prevalent malig-
nancies in the male population [1]. Prostate biopsy plays
a crucial role in the diagnosis, risk stratification, and
treatment planning of PCa. Over the past 10 years, sig-
nificant advancements have occurred in the field of PCa
imaging and diagnosis, primarily due to the introduction
of innovative techniques and technologies such as mul-
tiparametric magnetic resonance imaging (mpMRI) and
targeted biopsy [2]. In current medical practice, it is rec-
ommended and considered essential to conduct mpMRI
of the prostate before conducting a biopsy procedure [1].
There are several strategies for target biopsy, such as
cognitive fusion targeted biopsy (cTB), in-bore MRI
target biopsy (MRI-TB), and MRI-transrectal ultra-
sound (TRUS) fusion target biopsy (FUS-TB) [3]. There
is still no consensus on which strategy for TB should be
preferred [3, 4]. Most of the previous studies demon-
strated no overall difference in clinically significant PCa
(csPCa) or PCa among the three TB strategies [3]. cTB
involves a urologist visually inspecting the ultrasound
images in real time and then cognitively targeting the
MRI-identified lesion using TRUS guidance [3]. It is
simple and convenient to conduct ¢TB with no addi-
tional financial expenses or time investments related to
acquiring and implementing such software. Successful
implementation of prostate biopsy requires the acqui-
sition of correct image interpretation, proper process-
ing of MR images for biopsy guidance, and precise
sampling of targeted suspicious lesions with MRI data
[5]. However, visual assessment of MR images based
on visual features of lesions, such as size, location, and
intensity, requires high-level operator expertise, leading
to interoperator variability [6]. There is a steep learn-
ing curve for the interpretation of MR images [7]. In
addition, some features of MR images reflecting tumor
heterogeneities and some lesions with low volumes may
be missed in visual assessments. These invisible lesions
may be associated with PCa aggressiveness and pro-
gression [6]. Furthermore, if investigators are unable to
accurately identify patients who are at a greater risk of
csPCa and primarily rely on increasing the number of
biopsies performed to ensure the detection of csPCa,
this will inevitably lead to more unnecessary biopsies,
increasing the risk of complications such as infec-
tion and bleeding, increasing the pain and burden of

patients, and causing a great waste of medical resources
[8]. Therefore, it is crucial for PCa patient diagnosis,
surveillance, treatment planning, and management to
investigate and develop approaches that can accurately
detect and identify patients with c¢sPCa and further
optimize prostate biopsy procedures.

In recent years, there have been remarkable advance-
ments in the field of artificial intelligence (AI) techniques,
particularly in the medical domain. These Al techniques
have demonstrated the ability to significantly enhance
various medical tasks, such as tumor detection, classifi-
cation, and prognosis prediction [8]. Increasing evidence
supports the ability of Al to facilitate precise diagnosis of
PCa and assist in therapeutic decisions [9, 10]. Compared
with doctors, Al has the potential to identify not only
holistic tumor morphology but also task-specific and
granular radiological patterns that cannot be detected
by the naked eye [8]. Therefore, Al has great potential to
reduce inconsistencies between observers and improve
diagnostic accuracy [11]. Although several studies have
explored the application of Al in assisting radiologists
in interpreting PCa MR images, the incorporation of Al
into prostate MR images and TB workflows is still limited
[5]. The interactions between doctors and Al are insuf-
ficient, and there is a lack of clinical translation of Al In
addition, most of the existing prostate MRI Al studies are
retrospective, prospective, and well-designed clinical tri-
als are warranted for further investigating the application
of Al in PCa premise diagnosis.

Previous Al studies at our institution have developed
deep learning-based Al models trained on MR images
that achieve good performance in the detection and
localization of csPCa [12]. Furthermore, the trained
Al algorithms were embedded into proprietary struc-
tured reporting software, and radiologists simulated
their real-life work scenarios to interpret and report the
PI-RADS category of each patient using this Al-based
software. The multicenter validation results showed that
Al software substantially improved the lesion-level and
patient-level specificity of the readers while preserving
patient-level sensitivity in detection and increased the
diagnostic confidence for csPCa diagnosis [13]. In this
prospective randomized controlled trial (RCT), we com-
pared the cancer detection rates of AI-cTB and routine
cTB and explore the added value of using Al for the guid-
ance of targeted biopsy of PCa.
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Methods

Trial design and oversight

This prospective, single-institution RCT compared the
csPCa and PCa detection rates of the AI-cTB and rou-
tine ¢TB. The study was reviewed and approved by the
institutional review board of our institution (2023IR27).
The trial was registered on the ClinicalTrials.gov
(NCT06362291). The Consolidated Standards of Report-
ing Trials (CONSORT) flow diagram of the study is
shown in Fig. 1.

Study population and outcomes

Patients were prospectively enrolled at Peking Univer-
sity First Hospital (Beijing, China) from August 2023 to
March 2024. All subjects provided written informed con-
sent for prospective data analysis.

The inclusion criteria were (1) age>45 vyears
and <85 vyears; (2) prostate biopsy, including patients
with suspicious prostate nodes found by digital rectal
examination (DRE), suspicious lesions found by TRUS
or MRI, and a verified prostate-specific antigen (PSA)
increase to 4-20 ng/ml; and (3) no previous prostate
biopsy. The exclusion criteria were (1) contraindication
to MRI or prostate biopsy; (2) receiving radiotherapy,
chemotherapy, androgen deprivation therapy, or surgi-
cal treatment before mpMRI examination and prostate
biopsy; and (3) no signed informed consent.

The primary outcome was the detection rate of csPCa
for TB and TB combined with SB histopathological
specimens. The reference standard was the pathological
results of the combination of TB (AI-cTB or ¢TB) and
SB. Secondary outcomes included (1) the PCa detection
rates for TB and TB combined with SB, (2) the Gleason
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score (GS) of the prostate biopsy sample, (3) the biopsy
core positive rate, (4) the largest tumor percentage in all
cores of prostate targeted biopsy, and (5) the GS of radi-
cal prostatectomy (RP) specimens when conceivable.

Randomization and masking

Eligible patients were randomly allocated at a ratio of 1:1
to a group undergoing AI-cTB plus systematic biopsy
(SB) or a group undergoing routine ¢TB plus SB. Rand-
omization was achieved by using a computer-generated
list of random numbers. The list was password-protected
in a central database. Patients were allocated by an inde-
pendent research nurse to ensure that the assigned group
could not be predicted.

Sample size

According to previous publications, it was conservatively
hypothesized that the csPCa detection rate of ¢cTB com-
bined with SB was 40% [4, 14]. There was no publication
on cancer detection rates in biopsy-naive men undergo-
ing AI-cTB. According to the pre-experimental results
for the AI-cTB technique, the expected csPCa detection
rate was approximately 55%. At a significance level of
0.05, 340 patients were required to provide 80% power
with a two-tailed test for two independent proportions
to reveal the previously observed 20% difference between
the two groups. To account for potential dropout and
the effect of stratification, the sample size was inflated by
10%, resulting in a total of 380 participants.

Prostate biopsy
The biopsy procedure was conducted by a highly skilled
and experienced urologist who specializes in performing

| Enrollment | | Assessed for eligibility (n=419) |

Excluded (n=39)

A4

Did not meet inclusion criteria (n=34)
Declined consent (n=5)

I Eligible participants (n=380)

A 4

A 4

| AI-cTB group (n=191) |

| cTB group (n=189) |

v

v

| Analysis

\ 4

A

* Intention-to-treat analysis
*  Per-protocol analysis

Per-patient analysis
Per-lesion analysis

Fig. 1 The flow diagram of the study. Abbreviations: Al-cTB, MRl artificial intelligence-guided cognitive fusion targeted biopsy; cTB, cognitive fusion

targeted biopsy
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prostate biopsies. According to the international guide-
line, prophylactic antibiotics and povidone-iodine were
routinely used both before and one day prior to tran-
srectal biopsy, whereas perineal cleaning and antibiotic
prophylaxis were conducted before transperineal biopsy
[15]. Each patient was placed in the left lateral position
or lithotomy position. The ultrasound equipment used
included a color Doppler ultrasound diagnostic instru-
ment (Hitachi HiVision, Philips Epiq 7), transrectal
probes, and corresponding puncture needle guns. Color
Doppler examination was performed from the base to the
apex. The prostate volume (PV) was calculated using the
following formula: PV (mL)=0.52 X height (cm) X length
(cm) xwidth (cm). Before proceeding with the biopsy,
standard disinfection and draping procedures were car-
ried out to minimize the risk of infection. Then, prostate
biopsy was performed under the guidance of an end-fire
probe. Prostate biopsies were performed using the tran-
srectal or transperineal route for sampling. The study
flowchart is shown in Fig. 2.

Prostate biopsy for the Al-cTB group

The AI software consists of four AI models: (1) MRI
sequence classification, (2) prostate gland segmentation
and measurement, (3) prostate zonal anatomy segmenta-
tion, and (4) csPCa foci segmentation and measurement
[16]. The diagnostic accuracy and generalizability of the
Al software have been validated in previous publica-
tions [12, 13]. Before prostate biopsy, the MR images of
patients in the AI-cTB group were uploaded to the AI

AI-cTB group

;" The MR images were uploaded to Al software. \
i The Al software automatically segments the :
i whole prostate gland, the anatomic zones. The '
! csPCa region were segmented and measured in |
i astep-by-step manner. The prostate gland and :
i the lesions were annotated and ;

\_highlighted by the Al software.

‘/(The inclusion criteria: (1) age >45yr and®,
i <85 yr, (2) in accordance with the 1
i indication of prostate biopsy. including
i patients with suspicious prostate nodes |
i found by digital rectal examination :
i (DRE), the suspicious lesions found by |
i TRUS or MRI, and verified prostate- '
| specific antigen (PSA) increase to 4-20 ]
l‘\ng ‘ml, (3) no previous prostate biopsy. /"
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software. Then, the Al system automatically segments the
whole prostate gland, the anatomic zones, and the csPCa
region in a step-by-step manner. A cascade 3D U-Net
segmentation framework was used for PCa segmenta-
tion [12]. The prostate gland and suspicious lesions were
annotated and highlighted by AI software. The urologists
who were blinded to the picture archiving and communi-
cation system (PACS) and MRI reports read the Al find-
ings at their discretion and then conducted 3-5 core TB
procedures at each suspicious lesion, followed by 12 core
SB procedures. If there was no suspicious lesion detected
by the AI system, only SB was performed.

Prostate biopsy for the cTB group

For patients in the cTB group, the MR images were first
evaluated and interpreted according to PI-RADS ver-
sion 2.1 by urogenital radiologists. The radiologists
were blinded to the clinical information of the patients.
The radiologists detected and measured the suspected
lesions, recorded the location, measured the maximum
diameter, and assigned a PI-RADS score to each lesion.
Finally, they summarized all the findings and provided
a global impression in the reports. The MR images and
reports were viewed by urologists preceding the biopsy
and were used to cognitively target the MRI-identified
lesion using TRUS guidance. If the suspicious lesion
was found by urologists from the MR image, three to
five targeted biopsies from the lesion were performed by
cognitive fusion, followed by 12 core SB. The combina-
tion of cTB and SB through fore-zone 12-core biopsy was

Cognitive target biopsy using TRUS guidance

{ The urologists read the AI findings at their }

i discretion, and then conduct 3-5 core TB at each |
i suspicious lesion, followed by 12 core SB.

i The detected and d the

2 d lesions, recorded the location, measured
i the maximum diameter, and gave a PI-RADS score to each lesion. Finally, they summarized
{ all the findings and gave a global impression in the reports.

i The urologists viewed the MR images and reports |
i before the biopsy, and then conduct 3-5 core TB at i
{ each suspicious lesion, followed by 12 core SB. i

Fig. 2 Study flowchart for Al-cTB versus routine cTB for PCa diagnosis. Abbreviations: Al, artificial intelligence; Al-cTB, MRl artificial
intelligence-guided cognitive fusion targeted biopsy; csPCa, clinically significant prostate cancer; cTB, cognitive fusion targeted biopsy; DRE, digital
rectal examination; MRI, magnetic resonance imaging; PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen; SB:

systematic biopsy; TB, targeted biopsy; TRUS, transrectal ultrasound
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recommended by the European Association of Urology
(EAU) Guidelines. In patients with negative MRI find-
ings, a 12-core SB was performed. When urologists per-
form biopsies, ultrasound technicians and radiologists
will be present to provide necessary assistance.

Pathological evaluation

Each AI-cTB/cTB and SB core was placed in an individ-
ual container and reported separately in accordance with
the Ginsburg scheme. Histology was evaluated by senior
uropathologists who were blinded to the imaging find-
ings. The number of total and positive cores, biopsy Glea-
son score, grade group, and largest tumor percentage in
all cores of each patient were acquired according to the
Standards of Reporting for MRI Targeted Biopsy Studies
(START) criteria and interpreted according to the rec-
ommendations of the International Society of Urologi-
cal Pathology (ISUP) Grade Group [17, 18]. csPCa was
defined as PCa with a grade group (GG) >2 or GS>7. For
the RP specimens, the overall grade was assigned based
on the part with the highest Gleason score according to
the recommendations of the ISUP.

Statistical analysis

The demographic and clinical characteristics are summa-
rized as the mean +SD, the median and IQR, or the fre-
quency, as appropriate. Chi-square or Fisher’s exact tests,
Student’s ¢ tests, and nonparametric tests were used to
compare characteristics between patient groups.

The prespecified intention-to-treat (ITT) population
for analysis included all participants who underwent ran-
domization. The per-protocol population was divided
into groups according to the biopsy scheme actually
accepted by the patients. For the primary and secondary
outcomes, comparisons of csPCa and PCa rates between
groups were performed using the chi-square test or Fish-
er’s exact test at both the patient and lesion levels. Pre-
specified subgroup analyses were performed according
to age strata (45 to 65 years and 65 to 85 years), digital
rectal examination (DRE) strata (normal and abnormal),
PSA strata (4 to 9.9 and > 10 ng/mL), biopsy route strata
(transrectal and transperineal), lesion strata (single lesion
and multiple lesion), zone strata (peripheral zone [PZ],
transitional zone [TZ], and PZ+TZ), transrectal ultra-
sound strata (none/benign lesion and malignant lesion),
and MRI strata (no and yes). Furthermore, univariate
and multivariate logistic regression analyses assessing
the associations between pre-biopsy parameters and the
detection of csPCa were performed. A priori cutoff p
value less than 0.1 for the univariate model was used as
the inclusion criterion for multivariate logistic regression
analysis.
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All the statistical analyses were performed with R sta-
tistical software (version 4.3.1; http://www.r-project.
org/). A two-sided p <0.05 was considered to indicate sta-
tistical significance. Reporting followed the CONSORT
statement and the Standards of Reporting of Diagnostic
Accuracy [19]. The CONSORT checklist is given in the
supplementary material.

Results

Study population

A total of 419 men were enrolled in the study from
August 1, 2023, to March 31, 2024, 39 of whom with-
drew due to ineligibility or declined consent (Fig. 1). Data
were available for 380 patients randomized to the AI-cTB
group (n=191) or the cTB group (#=189) (ITT popula-
tion). Patient pre-biopsy baseline variables were com-
parable between the two groups (Table 1). The median
(interquartile range [IQR]) age of the overall population
was 67 [61, 72] years. The median [IQR] PSA concentra-
tion was 10.06 ng/ml. Only a small proportion of patients
had abnormal DRE results (27.5%). A total of 444 speci-
mens were obtained from 380 patients. The main biopsy
route was transrectal (90%). No differences were found in
terms of age, DRE results, PSA, PV, PSA density (PSAD),
biopsy route, number or distribution of suspected
lesions, or transrectal ultrasound results (p>0.05). Pro-
tocol violations occurred in 44 patients in the AI-cTB
group and 16 patients in the cTB group because the Al
system or urologists could not detect suspected lesions
from the MR images of these patients. After excluding
these patients, 147 and 173 patients were evaluated in
the AI-cTB and cTB groups (per-protocol population),
respectively.

Outcomes

Primary outcomes

The histopathological characteristics of the ITT popula-
tion are shown in Table 2. At the patient level, the over-
all csPCa and PCa detection rates were 58.8% and 61.3%,
respectively. The csPCa detection rates of TB combined
with SB in the AI-cTB group were significantly greater
than those in the cTB group at both the patient level
(58.64% vs. 46.56%, p=0.018, Table 3) and per-lesion
level (61.47% vs. 47.79%, p=0.004, Table 4). The per-
protocol analysis demonstrated that compared with cTB,
the AI-cTB could detect a greater proportion of patients
with csPCa at both the per-patient level (69.39% vs.
49.71%, p <0.001) and per-lesion level (68.97% vs. 48.57%,
p<0.001). Consistently, the rate of csPCa detection of TB
combined with SB in the AI-cTB group was significantly
greater than that in the ¢TB group (per-protocol analysis:
per-patient level: 71.43% vs. 50.29%, p <0.001; per-lesion
level 72.99% vs. 50.95%, p < 0.001).
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Table 1 Baseline characteristics of the study populations
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Characteristics

Overall (h=380)

Al-cTB group (n=191) cTB group (n=189) p value

Age (median [IQR])
DRE (%) Normal
Abnormal
PSA (median [IQR])

Prostate volume measured by transrectal ultrasound (median
[IQR])

PSAD (median [IQR])
Biopsy route (%) Transperineal
Transrectal
Laterality (%) Bilateral
Left
Right
Zone Pz
TZ
PZ+T7

Lesion detected by transrectal ultrasound (%) None/benign lesion
Malignant lesion

Lesion diameter measured by transrectal ultrasound (median
[IQRI])

Number of suspected lesions on MR image
(%)

0
1
2
3
PIRADS (%) 1
2
3
4
5

67.00[61.00,72.00] 67.00[61.00, 73.00] 67.00[61.00,7200] 0613
272 (72.5) 131(69.3) 141 (75.8) 0.196
103 (27.5) 58 (30.7) 45(24.2)

10.06 [7.05,13.88]  10.17[7.13,13.82] 9.99[7.01,13.88] 0.818
49.00 [36.00, 71.00] 47.90 [37.70, 68.70] 50.00 [33.00, 73.56]  0.873
0.21[0.14,0.32] 0.20[0.12,0.30] 0.22[0.15,0.33] 0.052
38(10.0) 17 (8.9) 21(11.) 0.584
342 (90.0) 174 (91.1) 168 (88.9)

36 (11.5) 15(10.2) 1(127) 0.308
140 (44.7) 1(41.5) (47 6)

137 (43.8) 1(48.3) 66 (39.8)

173 (54.1) 77 (52.4) (55 5) 0.655
105 (32.8) 48 (32.7) 7(329)

42 (13.1) 2(15.0) (1 6)

137 (42.8) 4(36.7) 83 (48.0) 0.056
183 (57.2) 93(63.3) 90 (52.0)

1.45[1.10, 2.00] 1.40[1.10, 2.00] 1.50[1.10, 2.05] 0.939
60 (15.8) 44 (23.0) 16 (8.5) 0.001
248 (65.3) 110 (57.6) 138 (73.0)

68(17.9) 35(18.3) 33(17.5)

4(1.0) 2(1.0) 2(1.)

0(0) NA 0(0)

16 (8.5) NA 16 (8.5)

55(29.1) NA 55(29.1)

71 (37.6) NA 71(37.6)

47 (24.9) NA 47 (24.9)

Abbreviations: Al-cTB MR artificial intelligence-guided cognitive fusion targeted biopsy, cTB cognitive fusion targeted biopsy, DRE digital rectal
examination, QR interquartile range, MRl magnetic resonance imaging, PI-RADS Prostate Imaging Reporting and Data System, PSA prostate-specific
antigen, PSAD prostate-specific antigen density, PZ peripheral zone, TZ transitional zone

Secondary outcomes

In the ITT population, the PCa detection rate of TB
combined with SB was slightly greater in the AI-cTB
group than in the cTB group (per-patient level: 64.92%
vs. 57.67%, p=0.147; per-lesion level: 67.43% vs. 60.18%,
p=0.112). However, in the per-protocol analysis, the
PCa detection rate of TB combined with SB in the AI-
cTB group was significantly greater than that in the cTB
group at both levels (p<0.05). The distribution of ISUP
in biopsy specimens in the two groups was significantly
different (»<0.001, Fig. 3 and Table 2). The proportion
of clinically insignificant PCa (GS=3+3, ISUP 1) was
lower in the AI-cTB group than in the ¢TB group (6.3%
vs. 11.1%). However, the distribution of ISUP in RP speci-
mens was similar between the two groups (p=0.969,
Fig. 3c). There was no significant difference in the
upgrade rate of ISUP after RP between the two groups
(p=0.522).

Subgroup analysis

The results of the prespecified subgroup analyses are
shown in Tables S1-S2. The AI-cTB exhibited the advan-
tage of accurately detecting csPCa in almost all sub-
groups (p<0.05). The csPCa and PCa detection rates of
TB were significantly greater in the AI-cTB group than
in the ¢TB group among 45- to 65-year-old patients and
patients with normal DRE results, PSA levels of 4-10,
transrectal biopsy results, single MRI-suspected lesions,
suspected lesions located in the TZ, and nonmalignant
lesions detected by TRUS (p <0.05, Table S1-S2).

Logistic regression analysis

As shown in Table 5, the univariate logistic regression
analysis revealed that age, DRE, PSA level, prostate vol-
ume, TB method, suspected lesion location, and ultrasound
results were potential factors for detecting csPCa (p<0.05).
Further multivariate analysis indicated that older age,
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Table 2 Histopathological characteristics of the study populations
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Characteristics Overall (n=380) Al-cTB group (n=191) cTB group (n=189) p value
Positive rate of biopsy cores (median [IQR]) 0.25[0.00, 0.56] 0.33[0.00,0.57] 0.20[0.00, 0.54] 0.094
Maximum cancer core invasion (median [IQR]) 80.00 [60.00,90.00]  80.00 [60.00, 90.00] 80.00 [50.00, 90.00] 0.669
Detection of PCa at TB only, number (%) No 107 (334) 37(252) 70 (40.5) 0.006
Yes 3(66.6) 110 (74.8) 103 (59.5)
Detection of PCa TB combined with SB, number (%) No 147 (38.7) 67 (35.1) 80 (42.3) 0.178
Yes 233(61.3) 124 (64.9) 109 (57.7)
Detection of csPCa at TB only, number (%) No 132 (41.2) 45 (30.6) 87 (50.3) 0.001
Yes 188 (58.8) 102 (69.4) 86 (49.7)
Detection of csPCa TB combined with SB, number (%) No 180 (47.4) 79 (414) 101 (53.4) 0.024
Yes 200 (52.6) 112 (58.6) 88 (46.6)
ISUP of biopsy specimens, number (%) NoPCa 147 (38.7) 67 (35.1) 80 (42.3) <0.001
1 33(8.7) 12 (6.3) 21 (11.1)
2 (22 9) 61(31.9) 26 (13.8)
3 9(15.5) 22(11.5) 37 (19.6)
4 23(6.1) 14 (7.3) 9(4.8)
5 31(82) 15(7.9) 16 (8.5)
ISUP of RP specimens, number (%) 1 2(2.9) 1(2.6) 1(3.3) 0.969
2 40 (58.0) 24(61.5) 16 (53.3)
3 14 (20.3) 7(17.9) 7(233)
4 (5.8) 2(5.1) 2(6.7)
5 9(13.0) 5(12.8) 4(133)
Upgrade of ISUP after RP, number (%) No 49 (71.0) 26 (66.7) 23 (76.7) 0522
Yes 20(29.0) 13(33.3) 7(23.3)

Abbreviations: Al-cTB, MRl artificial intelligence-guided cognitive fusion targeted biopsy, csPCa clinically significant prostate cancer, cTB cognitive fusion targeted
biopsy, IQR interquartile range, ISUP International Society of Urological Pathology, PCa prostate cancer, RP radical prostatectomy, SB systematic biopsy, TB targeted

biopsy

Table 3 Comparison of the csPCa detection and PCa detection rates at the patient level

Overall Al-cTB group cTB group p value
Overall detection rate of csPCa at TB combined with SB, % (number/total number)® 52.63% (200/380) 58.64% (112/191) 46.56% (88/189) 0.018
Overall detection rate of PCa at TB combined with SB, % (number/total number)? 1.32% (233/380) 64.92% (124/191) 57.67% (109/189) 0.147
Ratio of overall detection of csPCa/PCa at TB combined with SB, %° 85.84% (200/233) 90.32% (112/124) 80.73% (88/109)  0.404
Overall detection rate of csPCa at TB combined with SB, % (number/total number)b 60.00% (192/320) 71.43% (105/147) 50.29% (87/173)  <0.001
Overall detection rate of PCa at TB combined with SB, % (number/total number)° 32% (222/320) 77.55% (114/147) 62.43% (108/173) 0.003
Ratio of overall detection of csPCa/PCa at TB combined with SB, %P 86.48% (192/222) 92.10% (105/114) 80.56% (87/108)  0.005
Overall detection rate of csPCa at TB only, % (number/total number)® 58.75% (188/320) 69.39% (102/147) 49.71% (86/1 73)  <0.001
Overall detection rate of PCa at TB only, % (number/total number)® 66.56% (213/320) 74.83% (110/147) 59.54% (103/173) 0.004
Ratio of overall detection of csPCa/PCa at TB, %P 88.26% (188/213)  92.72% (102/110) 83.50% (86/103)  0.006

Abbreviations: Al-cTB MR artificial intelligence-guided cognitive fusion targeted biopsy, csPCa clinically significant prostate cancer, cTB cognitive fusion targeted

biopsy, SB systematic biopsy, TB targeted biopsy
? Intention-to-treat analysis

b Per-protocol analysis

abnormal DRE results, higher PSA levels, TB methods, and
malignant lesions detected by ultrasound were significantly
associated with the detection of csPCa (p<0.05). Notably,

compared with cTB, the AI-cTB significantly improved the
possibility of detecting csPCa (OR=2.93, 95% confidence
interval [CI]: 1.61-5.49, p<0.001; Table 5).



Deng et al. BMC Medicine (2024) 22:530 Page 8 of 13
Table 4 Comparison of the csPCa detection and PCa detection rates at the lesion level

Overall Al-cTB group cTB group p value
Overall detection rate of csPCa at TB combined with SB, % (number/total number)®  54.50% (242/444) 61.47% (134/218) 47.79% (108/226) 0.004
Overall detection rate of PCa at TB combined with SB, % (number/total number)® 63.74% (283/444) 67.43% (147/218) 60.18% (136/226) 0.112
Ratio of overall detection of csPCa/PCa at TB combined with SB, %? 85.51% (242/283) 91.28% (134/147) 79.56% (108/136) 0.141
Overall detection rate of csPCa at TB combined with SB, % (number/total number)®  60.94% (234/384) 72.99% (127/174) 50.95% (107/210) <0.001
Overall detection rate of PCa at TB combined with SB, % (number/total numben®  70.83% (272/384) 78.74% (137/174) 64.29% (135/210) 0.002
Ratio of overall detection of csPCa/PCa at TB combined with SB, %° 85.51% (234/272) 92.70% (127/137) 79.26% (107/135) 0.002
Overall detection rate of csPCa at TB only, % (number/total number)® 57.81% (222/384) 68.97% (120/174) 4857% (102/210) <0.001
Overall detection rate of PCa at TB only, % (number/total number)? 65.10% (250/384) 74.14% (129/174) 57.62% (121/210) 0.001
Ratio of overall detection of csPCa/PCa at TB, %P 88.80% (222/250) 93.02% (120/129) 84.30% (102/121) 0.008

Abbreviations: Al-cTB, MRl artificial intelligence-guided cognitive fusion targeted biopsy, csPCa clinically significant prostate cancer, cTB cognitive fusion targeted

biopsy, SB systematic biopsy, TB targeted biopsy
2 Intention-to-treat analysis

b Per-protocol analysis
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Discussion

To the best of our knowledge, this is the first RCT to
investigate the application of Al in assisting prostate TB.
Motivated by the rapid development of Al in the medical
field, we realized that Al has the potential to revolution-
ize current clinical practice. However, Al has not yet been
fully integrated into clinical practice. There is still a lack
of high-quality prospective clinical trials demonstrating
the clinical application value of Al in assisting prostate
diagnosis [5]. Therefore, we designed this RCT to explore
the clinical utility value of Al in prostate biopsy with
the aim of promoting the accurate diagnosis and indi-
vidualized treatment of prostate cancer. This RCT was
designed in accordance with good clinical practice guide-
lines and followed the concept of precision medicine
[20]. This study demonstrated that the AI-cTB signifi-
cantly improved the detection rate of csPCa for TB and
TB combined with SB. The secondary outcomes showed

that the AI-cTB could increase PCa detection rates and
decrease the detection of clinically insignificant PCa.
With the development of new technologies such as
mpMRI, several image-guided prostate biopsy tech-
niques have emerged [3]. When suspicious lesions are
detected on prostate MR images, TB of the lesions can
be detected by several methods, including ¢TB, MRI-
TB, and FUS-TB, which can all be performed via either
the transrectal or transperineal route [14]. MRI-TB is
conducted within an MRI scanner using real-time MRI
guidance. Using dedicated software that performs MR
and TRUS image fusion, FUS-TB could be constructed
under fusion image guidance [14]. However, due to the
high technology costs and limited availability of these
systems, widespread diffusion of MRI-TB and FUS-
TB has yet to be achieved in urology departments [4].
Image fusion platforms have additional costs and may
malfunction, and extra steps, such as image acquisition
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Table 5 Univariate and multivariate logistic analyses for the detection of csPCa
Characteristics Univariate analysis Multivariate analysis
OR 95% ClI pvalue OR 95%Cl  pvalue

Age 1.05 1.02-1.09 <0.001 1.07 1.02-1.12 0.007
DRE Normal Reference Reference

Abnormal 6.16 334-1134 <0.001 342 1.65-7.40 0.001
PSA 1.07 1.02-1.12  0.010 1.1 1.04-1.19 0.002
Prostate volume measured by ultrasound 0.98 097-099 <0.001 097 0.96-0.98 <0.001
TB cTB Reference Reference

Al-cTB 229 145-363 <0.001 293 1.61-549 <0.001
Number of suspected lesions 1 Reference
detected by MRI >1 143 083-246 02
Laterality Left Reference Reference

Right 0.91 0.56-146 0.69 243 051-1.82 0913

Bilateral 2.55 1.08-599 0.03 0.97 0.82-7.89 0.122
Zone Pz Reference Reference

Tz 0.3 0.18-049 <0.001 048 0.24-0.95 0.035

PZ+TZ 2.14 0.93-493 0.07 1.66 0.62-4.87 0326
Suspected lesion detected by None/benign lesion Reference Reference
ultrasound Malignant lesion 893 535-1489 <0.001 392 208-748 <0.001

Abbreviations: Al-cTB MRI artificial intelligence-guided cognitive fusion targeted biopsy, csPCa clinically significant prostate cancer, cTB cognitive fusion targeted
biopsy, DRE digital rectal examination, MRl magnetic resonance imaging, PSA prostate-specific antigen, PZ peripheral zone TB targeted biopsy TZ transitional zone

and contouring, could lengthen the procedure duration
[21]. ¢cTB does not require any additional equipment
and has been widely used. The operators could cogni-
tively sample the prostate through TRUS with the aid
of the visual map provided by MRI imaging via visual
image alignment [4]. However, it relies heavily on the
operator’s intuitiveness, experience, and confidence in
MRI reading, and varying levels of operator experience
can lead to inter-operator variability [4]. For cTB, the
operator’s confidence in MRI readings should be high
to enable adequate cognitive biopsies [4]. It is espe-
cially relevant for young urologists, as previous sur-
veys have identified important knowledge gaps and a
lack of confidence in MRI readings and interpretations
worldwide [4, 22]. Various previous studies have dem-
onstrated that there was no significant difference in
cancer detection rates among the three TB methods [3,
4, 14]. The role of prostate biopsy has undergone sig-
nificant changes. The significance of prostate biopsy
has evolved from pure detection of any PCa to better
characterization of csPCa to assist in the clinical man-
agement of patients [23]. Accurate characterization and
three-dimensional localization of csPCa are crucial for
diagnosing the disease and devising effective treatment
strategies. The schemes for prostate biopsy warrant fur-
ther optimization.

In recent years, new breakthroughs in Al have provided
new network models with the powerful ability to identify
the deep features of medical images and combine multi-
ple imaging modalities and multiple time points, allow-
ing Al to more fully and accurately characterize tumor
heterogeneity [6]. Applying Al in clinical practice could
be considered a low-cost value-added activity if it could
greatly improve the efficiency and accuracy of PCa diag-
nosis [8]. However, some current AI models are plagued
with disadvantages such as biases due to limited train-
ing data from single centers, lack of strict external and
independent cohorts, and inability to use human-like
diagnostic interpretive tools. The Al software used in
this RCT was trained using MR images from three hos-
pitals and validated with sixteen radiologists from four
hospitals; the results showed strong robustness, high reli-
ability, and generalizability [13]. Based on high-quality
real-world datasets from multiple centers, Al software
could not only improve the diagnostic accuracy of PCa
and reduce inter-reader variability but also shorten the
mean reporting time and improve efficiency in clinical
practice [13]. In this RCT, we further integrated it with
prostate biopsy. The population baseline characteristics
were balanced except for number of suspected lesions
on MR images, which may be due to the different cri-
teria for interpreting MR images between radiologists
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and AL It would not have a substantial impact on over-
all results. The detection rates of csPCa with the AI-cTB
combined with SB reached 58.64% according to the ITT
analysis and 77.55% according to the per-protocol anal-
ysis, which were significantly greater than the csPCa
detection rates with the cTB combined with SB reported
in previous studies (mostly 30%-50%) [24—26]. The per-
centage of positive biopsy cores in the AI-cTB group was
also greater than that in the ¢TB group (median: 33%
vs. 20%). Recently, another RCT investigated the appli-
cation of AI ultrasound of prostate (AIUSP)-targeted
biopsy in PCa diagnosis. The csPCa detection rate was
32.3% in the AIUSP group, and the overall percentage of
positive biopsy cores was 22.7% [27], which was lower
than that in this study. The superiority of the AI-cTB
in accurately diagnosing csPCa was validated in differ-
ent populations (the ITT population and per-protocol
population) at multiple levels (per-patient level and per-
lesion level). Multivariate logistic analysis also showed
that the AI-cTB could significantly improve the pos-
sibility of detecting csPCa. In addition, to comprehen-
sively evaluate the application value of the AI-cTB, we
conducted a subgroup analysis according to characteris-
tic strata. The superiority of the AI-cTB mainly appears
in the subgroups containing patients who did not have
typical clinical manifestations or tumor characteris-
tics. For example, the AI-cTB significantly increased the
csPCa detection rate among patients with normal DRE
results but not among patients with abnormal DRE
results. The targeted biopsy detection rates for PCa and
csPCa located in peripheral zone (PZ) was significantly
higher than lesions located in transitional zone (TZ)
in this study (PCa: 79.19% vs 66.53%, csPCa: 66.47% vs
37.14%, p<0.05). PCa usually occurs in the PZ of the
prostate. Suspicious areas in PZ of the prostate often
appear hypointense compared to the healthy glandular
tissue, which was relatively easy to detect. However, TZ
is often hypointense on T2WI, so PCa is more difficult
to identify. Suspicious lesions here are characterized by
ill-defined edges, with an “erased charcoal” appearance,
and sometimes they may have a spiculated or water-drop
appearance [28]. The subgroup analysis indicated that the
AI-cTB was superior to cI'B only among patients with
PCa located in the TZ. In addition, if malignant lesions
were detected via TRUS, the csPCa detection rate of the
AI-cTB would be slightly greater than that of the c¢TB.
However, the AI-cTB could significantly increase the
csPCa detection rate when TRUS did not detect suspi-
cious lesions or detected only benign lesions. In brief, the
above results demonstrated the powerful ability of the
AI-cTB to diagnose PCa, which is atypical or difficult to
detect. The good performance of the AI-cTB when facing
tumor heterogeneity is mainly attributed to large-scale
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diverse multicenter training [5]. Furthermore, detecting
and subsequent treatment of clinically insignificant PCa
would not improve life expectancy but would expose
patients to unnecessary side effects and incur health care
costs [29]. AI-cTB detected less clinically insignificant
PCa than did ¢TB (6.3% vs. 11.1%), exhibiting the ability
to reduce overtreatment and improve safety. However,
the distributions of the ISUP in the RP specimens and
the upgrade rates between the two groups were similar.
We supposed that PCa patients who underwent RP were
strictly screened and evaluated by multiple examinations,
thus leading to similar pathological outcomes after RP.

The strengths of this study included a head-to-head
comparison between AI-cTB and traditional ¢TB. The
prospective RCT design minimized bias and led to bal-
anced baseline characteristics, increasing the reliability
of the results. Compared with other types of fusion TB,
the AI-cTB could greatly avoid unnecessary biopsies
and help urologists achieve a precise diagnosis of csPCa.
Traditional cTB requires constant accumulation of expe-
rience and is limited by its high level of expertise, time,
and cost [27]. Conversely, the AI-cTB is associated with
greater inter-operator consistency and a more favorable
learning curve, which makes it easy to generalize. The Al-
cTB has the potential to reduce medical expenses on a
national economic scale by promoting precise health care
and improving labor time efficiency [30]. We successfully
integrated AI with TB to allow clinical use in real-world
healthcare settings and provided a research paradigm for
integrating Al into prospective clinical studies.

Although the current results on the AI-cTB are prom-
ising, there are some limitations in this study. First, this
was a single-center RCT, and all biopsies were performed
by experienced urologists, thus limiting the generalizabil-
ity of the results with respect to less experienced urolo-
gists. These results require external validation and further
confirmation in future multicenter studies. Interinstitu-
tional and multidisciplinary collaboration are crucial for
the routine development of reliable and accountable Al
technology in clinical practice [31]. Second, the sample
size was calculated based on primary outcomes. Second-
ary outcomes may be partially affected by the sample size,
so these outcomes should be explained considering this
issue. Further studies are warranted to evaluate these sec-
ondary outcomes. Furthermore, only 69 patients (18.2%)
underwent RP. The relatively low sample size might not
have enough statistical power to analyze pathological
outcomes after RP, such as histological upgrading and
downgrading.

This study did not involve prostate-specific mem-
brane antigen (PSMA) positron emission tomography
(PET) and computed tomography (CT). In recent years,
the development of PSMA PET CT scan has improved
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the diagnosis of PCa [32]. PSMA PET CT scan has per-
formed unique advantages in the detection of meta-
static and recurrent lesions of PCa [33-35]. However,
its power in diagnosing primary lesions of prostate can-
cer still needs to be proven. There are several reasons
for this. First, the spatial resolution of the PET scan
is still not accurate enough for clinical tumor staging.
Second, the resolution ability of CT examination is
limited for prostate soft tissue. Third, it is difficult to
clearly distinguish prostatitis and prostate cancer. What
is more, considering health economics, the PSMA PET
CT scan is difficult to be accepted by most patients as
a routine examination [35]. Therefore, we did not rou-
tinely conduct PSMA PET CT examination for patients
in this study. In the future study, we would try to inves-
tigate the role of PSMA PET CT in the diagnosis of PCa
and developed Al for PSMA PET CT.

Finally, the main biopsy route in this study was tran-
srectal (90.0%). The recent international guidelines rec-
ommended the transperineal prostate biopsy because
of its relatively lower risk of biopsy-related infections
and its advantage for detecting anterior PCa [1, 36,
37]. A meta-analysis of eleven RCTs including 2237
men demonstrated that the use of rectal povidone-
iodine preparation before biopsy and antimicrobial
prophylaxis resulted in a significantly lower rate of
infectious complications [38]. According to the inter-
national guideline recommendations, subjects in this
study conducted rectal povidone-iodine preparation
and accepted routine prophylactic antibiotics treat-
ment prior to transrectal prostate biopsy [15]. Actu-
ally, the rate of biopsy-related infections was low in this
study, and there was no significant difference between
patients receiving transrectal biopsy with targeted anti-
biotic prophylaxis and those receiving transperineal
biopsy (2.92% vs 2.63%, p >0.05), which was consistent
with previous studies [39, 40]. Regarding PCa detection
rate, though transperineal biopsy may be superior for
detection of PCa tumor located in the anterior area,
previous studies indicated that there was no significant
statistical difference in overall PCa detection between
the two approaches [41, 42]. The AI-cTB did not exhibit
superiority in the subgroup of patients who underwent
transperineal prostate biopsy, which may attribute to
the small sample size of patients receiving transperineal
biopsy and relatively low statistical efficiency. There-
fore, in the current study, the choice between tran-
srectal cTB and transperineal cTB was not expected to
have a substantial impact on the overall results. In the
future, we would further investigate the role of AI-cTB
through transperineal approach in diagnosing PCa.
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Conclusions

In summary, the AI-cTB may effectively improve the
detection rate of csPCa. We successfully integrated Al
with TB in a routine clinical workflow and provided a
research paradigm for prospective Al-integrated clini-
cal studies. Further advancement in the management
of PCa requires the establishment of a computation-to-
clinic synergy [30]. AI should further extend to fields
beyond the diagnosis of PCa, such as the prediction
of prognosis, local recurrence, risk stratification, and
individualized treatment, ultimately optimizing com-
prehensive management of PCa and promoting the
development of precision medicine.
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