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Background and objective: Micro-ultrasound (MUS) uses a high-frequency trans-
ducer with superior resolution to conventional ultrasound, which may differentiate
prostate cancer from normal tissue and thereby allow targeted biopsy. Preliminary
evidence has shown comparable sensitivity to magnetic resonance imaging (MRI),
but consistency between users has yet to be described. Our objective was to assess
agreement of MUS interpretation across multiple readers.
Methods: After institutional review board approval, we prospectively collected MUS
images for 57 patients referred for prostate biopsy after multiparametric MRI from
2022 to 2023. MUS images were interpreted by six urologists at four institutions
with varying experience (range 2–6 yr). Readers were blinded to MRI results and
clinical data. The primary outcome was reader agreement on the locations of sus-
picious lesions, measured in terms of Light’s j and positive percent agreement
(PPA). Reader sensitivity for identification of grade group (GG) �2 prostate cancer
was a secondary outcome.
Key findings and limitations: Analysis revealed a j value of 0.30 (95% confidence
interval [CI] 0.21–0.39). PPA was 33% (95% CI 25–42%). The mean patient-level sen-
sitivity for GG �2 cancer was 0.66 ± 0.05 overall and 0.87 ± 0.09 when cases with
anterior lesions were excluded. Readers were 12 times more likely to detect higher-
grade cancers (GG �3), with higher levels of agreement for this subgroup (j 0.41,
PPA 45%). Key limitations include the inability to prospectively biopsy reader-
delineated targets and the inability of readers to perform live transducer
maneuvers.
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Conclusions and clinical implications: Inter-reader agreement on the location of suspi-
cious lesions on MUS is lower than rates previously reported for MRI. MUS sensi-
tivity for cancer in the anterior gland is lacking.
Patient summary: The ability to find cancer on imaging scans can vary between doc-
tors. We found that there was frequent disagreement on the location of prostate
cancer when doctors were using a new high-resolution scan method called
micro-ultrasound. This suggests that the performance of micro-ultrasound is not
yet consistent enough to replace MRI (magnetic resonance imaging) for diagnosis
of prostate cancer.
� 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Despite many recent advances, prostate cancer (PCa) diag-
nosis can still be improved. While randomized trials have
demonstrated that many patients with PCa can be managed
safely with active surveillance, identification of these men
hinges on accurate risk stratification via imaging-guided
biopsy. This task has been limited by the current state of
medical imaging [1,2]. Because conventional transrectal
ultrasound (TRUS) cannot reliably differentiate cancer from
normal prostatic tissue, biopsies traditionally involved sys-
tematic sampling of the gland, an approach that underesti-
mates cancer risk while overdetecting low-grade cancers
that do not benefit from treatment [3,4]. The development
of multiparametric magnetic resonance imaging (mpMRI)
has allowed clinicians to perform targeted biopsy of suspi-
cious lesions. While this has improved the detection of clin-
ically significant PCa [3,4], it is expensive, has medical
contraindications, needs radiology expertise that is not
widespread, and requires accurate co-registration between
MRI and ultrasound [5–7].

Micro-ultrasound (MUS) uses a high-frequency (29 MHz)
transducer with superior resolution to conventional TRUS
(6–10MHz) [8]. MUS may differentiate PCa from normal tis-
sue, which could allow live targeted biopsy. Preliminary
evidence has shown that MUS has comparable sensitivity
to mpMRI at high-volume centers, but consistency between
users has yet to be described [9–11]. Variability in image
interpretation is a known limitation of mpMRI [12–14].
We therefore sought to characterize inter-reader agreement
of MUS interpretation among readers at different
institutions.

2. Patients and methods

2.1. Study population

After obtaining institutional review board approval, we
prospectively enrolled patients undergoing mpMRI and
prostate biopsy at a single institution for elevated
prostate-specific antigen (PSA) or continued active surveil-
lance from 2022 to 2023. To match cancer prevalence to a
typical biopsy population, we included additional patients
with negative biopsy from a second institution (University
of Florida) [3,4]. Informed consent was obtained from all
subjects.
2.2. Imaging and biopsy procedure

All patients underwent mpMRI performed with a 3.0-T
scanner without an endorectal coil in accordance with a
Prostate Imaging-Reporting and Data System (PI-RADS)-
compliant protocol [15]. MRI scans were interpreted and
all suspicious lesions (PI-RADS version 2.1 score �3) were
outlined by fellowship-trained radiologists. Two urologists
(Stanford and University of Florida) performed targeted
biopsy of MRI-visible lesions under cognitive fusion, com-
bined with 12–14-core systematic biopsy. At least two tar-
geted cores were obtained for each target. All systematic
locations were sampled even if they overlapped with the
mpMRI target. Biopsies were performed via a transperineal
approach using a Precision Point platform (Perineologic,
Cumberland, MD, USA) and a BK Ultrasound unit (BK Med-
ical, Burlington, MA, USA).

Immediately before biopsy, MUS images of the prostate
were obtained in a single sweep from right to left using
the ExactVu transrectal MUS system (Exact Imaging Inc.,
Markham, ON, Canada). MUS was not used to guide addi-
tional biopsies. Images were reconstructed in three-
dimensional (3D) format and saved for later review. We
excluded images with insufficient quality or field of view.
2.3. Study design

Six urologists at four institutions with varying degrees of
MUS experience (range 2–6 yr) were provided with image
stacks for all patients and asked to annotate any suspicious
lesions (PRI-MUS score �3) using 3D Slicer [16]. All readers
underwent comprehensive online training on the PRI-MUS
protocol [17]. Readers could scroll through the entire image
stack for a given patient in a similar fashion to a live ultra-
sound sweep in clinic. Readers were not instructed to assign
a specific PRI-MUS score because score agreement was not
analyzed. They were blinded to PSA, age, MRI results, prior
biopsy history, and pathology results.

The primary outcome was inter-reader agreement on the
locations of suspicious lesions on MUS. Reader sensitivity
for detection of biopsy-proven grade group (GG) �2 PCa
on MUS was a secondary outcome.
2.4. Generation of reference lesions

MUS images, biopsy pathology, and mpMRI results were
cross-referenced by a urologist and genitourinary radiolo-
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gist together to annotate areas on MUS corresponding to
biopsy-proven GG �2 PCa. These areas were termed ‘‘refer-
ence lesions’’ and fell into two categories: MRI-visible and
MRI-invisible PCa.

For MRI-visible lesions, we identified the reference lesion
by performing software co-registration to transfer radiolo-
gist annotations from the MRI onto the MUS image stack
(Fig. 1). For MRI-invisible PCa, the MUS images were
cross-matched cognitively with the template locations of
positive systematic cores to localize the reference lesion
within the corresponding anatomic sector.

2.5. Statistical analysis

Inter-reader agreement was measured using Light’s j,
which is a variation of Cohen’s j appropriate for fully
crossed studies with multiple readers [18–21]. Agreement
analysis did not depend on biopsy pathology results. We
used standard measures to mitigate j underestimation in
the presence of high marginal frequencies as outlined by
Shih et al [22]. First, we reported positive percent agree-
ment (PPA) [23]. Second, j was calculated using sector-
based analysis; each prostate was segmented on 3D Slicer
and computationally partitioned into 30 sectors on the basis
of transperineal biopsy templates (Fig. 2A). Reader annota-
tions were considered concordant if they occupied the same
sector(s) of a given gland; a sector was considered occupied
if >20% of an annotation volume fell within that sector,
and—to account for large lesions—if >50% of the sector vol-
ume was occupied by an annotation. The 20% cutoff was
determined on the basis of the maximum number of sectors
that can describe the anatomic location of a lesion (n_sec-
tors = 4). The threshold would be 1/(n_sectors + 1) = 0.20.
Multiple agreements were allowed for annotations occupy-
ing more than one sector (Fig. 2B). Confidence intervals (CIs)
for j were generated as described by Fleiss et al [24]. CIs for
PPA were generated using the Delta method [25].

For analysis of secondary outcomes, reader annotations
were considered true positives if there was >20% overlap
with a reference lesion. Summary statistics were computed
at the lesion and patient levels. Owing to over-
representation of true-negative prostate tissue by volume,
the lesion-level specificity and negative predictive value
(NPV) are not clinically interpretable and are not reported.

Image analysis was performed using the SimpleITK
Python package (Python Software Foundation, Wilmington,
DE, USA). Statistical analysis was performed using the stats-
model.api Python package (Python Software Foundation).
Figures were created with BioRender.com.

2.6. Subgroup analyses

We investigated whether inter-reader agreement was
higher in specific patient subgroups. Clinical risk factors
assessed include positive versus negative biopsy, higher
cancer grade (GG �3), PSA �10 ng/ml or PSA density (PSAD)
�0.15 ng/ml/cm3, and biopsy history (active surveillance,
prior negative biopsy, or biopsy-naïve). Anatomic risk fac-
tors included large prostate size (volume �40 cm3), larger
lesions, and lesion location (anterior included vs posterior
only). Owing to the angular sagittal acquisition space for
MUS, voxel dimensions vary from case to case and do not
represent true lesion volume in 3D space, instead serving
as comparative approximations. We split cases into two
subgroups using the median lesion volume measured in
voxels. Owing to the presence of MRI-negative lesions,
MRI lesion volume could not be used as a surrogate. We also
assessed whether readers with �4 yr of experience in inter-
preting MUS had higher agreement for cancer detection
than readers with less experience. We conducted multivari-
able and univariable logistic regression to evaluate whether
these factors would increase the odds that readers would
successfully identify GG �2 PCa.
3. Results

3.1. Patient population

Comprehensive demographics are listed in Table 1. The data
set included 57 patients with a median age of 68 yr (in-
terquartile range [IQR] 61–71) and median PSA of 6.2 ng/
ml (IQR 4.5–8.1). In total, 26 patients (47%) had biopsy-
proven GG �2 PCa. There were 30 MUS reference lesions;
22 patients (39%) had one reference lesion, whereas four
(7.0%) harbored two lesions. Twenty-eight reference lesions
(93%) were identified from MRI targets, whereas only two
(7%) were detected in nonadjacent systematic biopsy cores.
Both MRI-negative reference lesions were in the transitional
zone and visible on MUS. Only one of these lesions had
higher-grade cancer in the nonadjacent systematic core
than in the MRI target. Of the MUS reference lesions, nine
were located anteriorly (30%) and 21 were posterior (70%).

3.2. Primary outcome

Reader agreement on the location of MUS reference lesions
was fair. Given any reader observation in a prostate sector,
there was a 30% chance that a second randomly selected
reader would make the same observation (j = 0.30, 95% CI
0.21–0.39). Given any positive reader annotation, there
was a 33% chance that a second randomly selected reader
would agree on the presence of cancer in that sector (PPA
33%, 95% CI 25–0.42%). Both j and PPA were consistent
across reader pairs (standard deviation [SD] 0.05). Reader
2 annotated the highest number of lesions (n = 70), desig-
nating only four (7%) patients as having no cancer. Reader
3 annotated the fewest lesions (n = 37), designating 26 pros-
tates (46%) as normal.

3.3. Secondary outcome

For detection of GG �2 PCa at a patient level, the mean sen-
sitivity was 0.66 (SD 0.05) and the mean specificity was 0.37
(SD 0.17) across the six readers (Table 2). The mean positive
predictive value (PPV) was 0.47 (SD 0.05) and the mean NPV
was 0.53 (SD 0.14). At a lesion level, the mean sensitivity
was 0.58 (SD 0.05) and the mean PPV was 0.34 (SD 0.06).
In total, seven lesions (23%) were missed by all six readers,
whereas ten lesions (33%) were detected by all six readers.
Combining reader annotations resulted in aggregate lesion-
level sensitivity of 0.77 (23/30 lesions) and patient-level
sensitivity of 0.85 (22/26 patients).



Fig. 1 – Image analysis pipeline for mapping the location of grade group ≥2 prostate cancer on micro-ultrasound (MUS) images using magnetic resonance
imaging (MRI) and biopsy information. (1) MUS image stacks are captured in the native angular sagittal space (h, y, z) and the gland components are
segmented. (2) Native-space images are transformed into a three-dimensional (3D) Cartesian space (x, y, z) to allow co-registration of the axial MUS with axial
MRI. (3) The radiologist’s annotations of biopsy-confirmed MRI-visible lesions are co-registered onto the axial-view MUS image stack as 3D segmentations. (4)
Lesion segmentations are ‘‘de-transformed’’ back into the original coordinate system on the MUS image stack (h, y, z). Each de-transformed segmentation is
then manually refined to yield a final reference lesion annotation by reviewing and adjusting it to match the corresponding lesion seen on MUS and to
encompass adjacent positive cores in the native angular sagittal space. All co-registrations and final reference lesions were manually reviewed by the expert
radiologist (M.H.C.) and urologist (S.R.Z.) in conjunction to ensure that the multiparametric MRI lesion and biopsy results corresponded anatomically to the
reference lesion seen on MUS and vice versa.
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3.4. Subgroup analyses

The level of agreement among readers was higher for
patients with positive biopsy, higher-grade cancer, higher
PSA and PSAD, and larger glands and lesions. Reader agree-
ment tended to be better for patients without anterior
lesions (j = 0.39, 95% CI 0.24–0.53; PPA = 43%, 95% CI
30.7–55.3%), although the wide CIs for patients with ante-
rior lesions suggest sample size limitations (j = 0.26, 95%
CI 0.02–0.50; PPA = 29%, 95% CI 3.2–54.7%). Agreement
was not higher among readers with �4 yr of experience in
interpreting MUS than among readers with less experience.
Findings were consistent whether measured using j or PPA.

Univariable analysis revealed that readers were more
than 12 times more likely to detect true positives in patients
with higher-grade cancer (GG �3). The mean sensitivity for
GG �3 cases was 0.75 (SD 0.07) at the lesion level and 0.88
(SD 0.10) at the patient level. By contrast, readers were 20
times more likely to miss cancer in cases with anterior
lesions. Of the seven lesions missed by all readers, six were
anterior. While four of these cases did have corpora amy-
laceae or periurethral calcifications, none obscured the ref-
erence lesion. Exclusion of anterior lesions increased the
mean sensitivity to 0.80 (SD 0.08) at the lesion level and
0.87 (SD 0.09) at the patient level. The median prostate vol-
ume for cases with anterior lesions missed by the majority
of readers was 44.5 cm3 (IQR 34.4–49.1), which is not nota-
bly different from the median prostate volume for the entire
cohort (44.3 cm3, IQR 36.0–58.0). Effects persisted on mul-
tivariable analysis. By contrast, PSA, PSAD, and larger lesion
size were associated with detection on univariable analysis
only. Neither more experience nor larger prostate size
increased the likelihood of cancer detection (Table 3).
4. Discussion

Our study produced three key findings and suggests that
more work is needed before the MUS performance can
approach that of MRI.

First, MUS interpretation consistency across readers
appears to be lower than for prostate MRI. In our study,
six experienced readers agreed on lesion location on MUS
just 33% of the time (PPA = 33%, j = 0.30). By contrast,
Brembilla et al [12] reported PPA of 78.4% and j of 0.591
among 11 radiologists identifying the index lesion on 132
MRI scans. Accounting for all lesions within the prostate
leads to lower MRI agreement, but this is still higher than
agreement on MUS. A study by Kohestani et al [14] found
j of 0.41 for three radiologists annotating all lesions on
97 MRI scans using a 24-sector template for a prostatec-
tomy population. In an analysis of nine radiologists inter-



Fig. 2 – Diagram of sector-based agreement analysis. (A) Diagram of how prostate sectors were partitioned. The transition zone was divided into left, right,
base, mid, and apex sectors. The peripheral zone was additionally divided into medial, lateral, anterior, and posterior sectors for a total of 30 sectors. (B)
Example of a case with partial agreement between two readers. While annotations by both readers occupy the right posterolateral mid and apical sectors of
the peripheral zone (green, concordant positive), one annotation also extends into the right anterolateral mid to apex sector (yellow, discordant). Both
readers agree on the absence of lesions in the remaining 26 sectors (gray, concordant negative). The biopsy result was negative.
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preting 110 MRI scans using a 32-sector template for a
prostatectomy population, Greer et al [13] reported PPA of
87.1% for localizing the index lesion, and 56.9% for localizing
all lesions. In contrast to results for MRI in the literature,
inter-reader agreement in our study was not higher among
users with more experience.

Second, our MUS sensitivity of 0.66 is much lower than
results from previous series, which range from 0.94 to 1.0
[26]. This difference is largely driven by lesion location;
30% of the lesions in our cohort were in the anterior pros-
tate. Of the nine anterior lesions in our study, six were
missed by all readers. By contrast, a 104-patient cohort
described by G.L. only included two anterior cases (6%),
which were the only two lesions missed. This is consistent
with findings that up to 62% of lesions missed on MUS are
in the anterior zone, probably owing to the heterogeneous
appearance of the transition zone, sources of artifacts such
as periurethral calcifications and corpora amylaceae, and
overall signal attenuation at greater tissue depths [9]. The
PRI-MUS protocol was only recently updated to include cri-
teria for localizing anterior lesions, and the update has yet
to undergo prospective external validation [27].

This introduces our third key finding: the lowest agree-
ment and sensitivity were observed for cases with anterior
lesions and lower-grade cancer. Exclusion of anterior cases
increased the mean reader sensitivity from 0.66 to 0.87
and increased the PPA from 29% to 43%. However, the rela-
tive proportion of anterior PCa cases is approximately 30%,
so good performance in this anatomic zone remains vital
[28]. Subgroup analyses also revealed greater reader agree-
ment for cases with higher-grade cancer. Cases with GG �3
cancer on biopsy were more than 12 times more likely to be



Table 1 – Summary of cohort demographics

Parameter Result

Median age, yr (IQR) 68.0 (61.0–71.0)
Median PSA, ng/ml (IQR) 6.2 (4.5–8.1)
Median prostate volume, cm3 (IQR) 44.3 (36.0–58.0)
Median frames per patient n (IQR) 143.0 (122.0–164.0)
Highest grade group, n/N (%)
0 24/57 (42.1)
1 7/57 (12.3)
2 11/57 (19.3)
3 9/57 (15.8)
4 2/57 (3.5)
5 4/57 (7.0)

PI-RADS score, n/N (%)
<3 16/57 (28.1)
3 5/57 (8.8)
4 21/57 (36.8)
5 15/57 (26.3)

Biopsy history, n/N (%)
Naïve 42/57 (73.7)
Prior negative 3/57 (5.3)
Surveillance 12/57 (21.1)

Reference lesions per patient, n/N (%)a

0 31/57 (54.4)
1 22/57 (38.6)
2 4/57 (7.0)
>2 0/57 (0.0)

Reference lesion location, n/N (%)
Anterior 9/30 (30.0)
Posterior 21/30 (70.0)

IQR = interquartile range; PI-RADS = Prostate Imaging-Reporting and Data
System; PSA = prostate-specific antigen.
a Number of distinct grade group ≥2 lesions per patient on micro-
ultrasound.
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detected by readers than GG 2, with mean reader sensitivity
of 0.88.

Our study has five noteworthy limitations. First, we did
not prospectively biopsy reader-outlined targets owing to
the multireader study design. Additional biopsy of these
Table 2 – Summary of reader annotations and performance

Parameter Reader

1 2 3

Experience (yr) 3 3 6
Lesions annotated (n) 54 70 37
Sectors annotated (n) 90 110 59
Lesions per patient, n (%)
0 9 (16) 4 (7) 26 (46)
1 42 (74) 39 (68) 25 (44)
2 6 (11) 11 (19) 6 (11)
>2 0 (0) 3 (5) 0 (0)

Lesion-level analysis
All lesions
Sensitivity 0.63 0.60 0.53
Positive predictive value 0.35 0.26 0.43

Anterior lesions excluded
Sensitivity 0.79 0.89 0.74
Positive predictive value 0.33 0.28 0.42

Patient-level analysis
All cases
Sensitivity 0.69 0.69 0.62
Specificity 0.26 0.10 0.58
Positive predictive value 0.44 0.39 0.55
Negative predictive value 0.50 0.27 0.64

Anterior cases excluded
Sensitivity 0.82 1.00 0.82
Specificity 0.26 0.10 0.58
Positive predictive value 0.38 0.38 0.52
Negative predictive value 0.73 1.00 0.86

SD = standard deviation.
targets may have increased detection because of the multi-
focality of PCa [9]. However, all patients in our study under-
went thorough 14-core systematic transperineal biopsy that
included additional targeted cores from MRI-visible lesions,
and thus it is likely that the presence of undetected GG �2
lesions was low. Second, readers were blinded to clinical
factors such as biopsy history and PSA, which would nor-
mally improve assessment of the pretest probability. How-
ever, our subgroup analysis demonstrated that neither of
these factors was associated with agreement or sensitivity
when controlling for pathology results. Third, readers could
not perform live MUS transducer maneuvers such as trans-
lation or compression to help in navigating shadowing, but
they did have the advantage of reviewing images without
the time constraints of in-clinic biopsy. Fourth, we did not
assess reader agreement on PRI-MUS scores, but we did per-
form subgroup analyses that showed higher agreement for
lesions with higher-grade cancer. Furthermore, PRI-MUS
score assignment would not change clinical management,
as any lesions scored �3 would be biopsied. Finally, the
sample size is small. Despite this limitation, owing to the
fully crossed study design, the number of cases was suffi-
cient to generate j and PPA values with reliable CIs.

Notwithstanding these limitations, our study has several
unique strengths. This is the first study to characterize
inter-reader agreement on MUS interpretation, which is a
valuable metric for diagnostic performance because it does
not depend on the quality of the ground truth. In the biopsy
setting, true cancer burden is underestimated [29]. While
prostatectomy specimens may capture the full picture, the
advanced cancer burden in this group does not represent
the intended biopsy population for the diagnostic tool.
Our image analysis methods also improved on approaches
used for MRI; whereas prior studies often used screenshots
or descriptive language to approximate lesion location, we
Mean ± SD

4 5 6

2 6 4 4.0 ± 1.7
56 60 42 53.2 ± 12.0
93 114 57 87.2 ± 24.4

16 (28) 16 (28) 21 (37) 15.3 ± 7.9
28 (49) 26 (46) 30 (53) 31.7 ± 7.1
11 (19) 12 (21) 6 (11) 8.7 ± 2.9
2 (4) 3 (5) 0 (0) 1.3 ± 1.5

0.60 0.63 0.50 0.58 ± 0.05
0.32 0.32 0.36 0.34 ± 0.06

0.84 0.84 0.68 0.80 ± 0.08
0.33 0.32 0.37 0.34 ± 0.05

0.69 0.69 0.58 0.66 ± 0.05
0.39 0.39 0.48 0.37 ± 0.17
0.49 0.49 0.48 0.47 ± 0.05
0.60 0.60 0.58 0.53 ± 0.14

0.94 0.88 0.76 0.87 ± 0.09
0.39 0.39 0.48 0.37 ± 0.17
0.46 0.44 0.45 0.44 ± 0.05
0.92 0.86 0.79 0.86 ± 0.10



Table 3 – Subgroup comparisons of reader agreement (j, PPA) and the odds of patient-level cancer detection for risk factors

Parameter j PPA (%) OR (95% confidence interval)

Multivariable Univariable

Positive biopsy (GG �2) 0.36 (0.23–0.48) 39.6 (28.3–50.8) – –
Negative biopsy 0.23 (0.09–0.36) 25.7 (12.2–39.3) – –
GG �3 0.41 (0.26–0.56) 45.2 (31.8–58.7) 4.92 (1.49–16.28) 12.57 (5.61–28.13)
GG <3 0.22 (0.11–0.34) 25.5 (14.4–36.5) Reference Reference
Anterior lesion 0.26 (0.02–0.50) 29.0 (3.2–54.7) 0.09 (0.03–0.29) 0.05 (0.02–0.12)
Posterior lesion 0.39 (0.24–0.53) 43.0 (30.7–55.3) Reference Reference
PSAD �0.15 ng/ml/cm3 0.34 (0.21–0.46) 37.4 (26.6–48.2) 0.64 (0.17–2.35) 2.28 (1.14–4.54)
PSAD <0.15 ng/ml/cm3 0.26 (0.12–0.40) 29.0 (14.7–43.3) Reference Reference
PSA �10 ng/ml 0.40 (0.21–0.59) 45.1 (28.5–61.7) 5.12 (0.92–28.43) 10.16 (2.97–34.79)
PSA <10 ng/ml 0.26 (0.16–0.37) 29.4 (19.3–39.6) Reference Reference
Prostate volume �40 cm3 0.33 (0.21–0.44) 35.9 (25.0–46.9) 0.47 (0.14–1.52) 1.20 (0.62–2.35)
Prostate volume <40 cm3 0.26 (0.11–0.41) 29.5 (15.8–43.3) Reference Reference
Lesion size �mediana 0.36 (0.20–0.52) 40.6 (27.5–53.7) 0.93 (0.26–3.37) 5.26 (2.50–11.06)
Lesion size <mediana 0.27 (0.15–0.38) 29.8 (18.3–41.3) Reference Reference
�4 YoE 0.31 (0.22–0.41) 34.3 (25.7–43.0) 0.57 (0.22–1.46) 0.75 (0.39–1.46)
<4 YoE 0.31 (0.22–0.40) 35.0 (26.6–43.3) Reference Reference
Active surveillance 0.36 (0.17–0.55) 39.7 (23.5–55.9) 1.55 (0.47–5.09) 1.37 (0.66–2.87)
Prior negative biopsy 0.42 (0.09–0.76) 46.0 (16.0–76.0) 0.70 (0.08–6.01) 1.03 (0.30–3.60)
Biopsy-naïve 0.26 (0.15–0.37) 29.3 (18.8–39.8) Reference Reference

GG = prostate cancer grade group; OR = odds ratio for reader detection of cancer in a positive case given the indicated condition; PPA = positive percent
agreement; PSA = prostate-specific antigen; PSAD = PSA density; YoE = years of experience in reading micro-ultrasound.
a Owing to angular sagittal frame acquisition, lesion volumes in voxels are not true three-dimensional volumes.
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used digital annotation to allow precise volumetric analysis
of lesion overlap. In addition to biopsy results, we used 3D
co-registration with MRI rather than a cognitive approach
to increase the accuracy of reference lesions on MUS.
Finally, this is the first study of MUS performance in a
cohort in which the prevalence of anterior lesions matched
that in the general PCa population. Owing to lower perfor-
mance in this anatomic region, existing reports on MUS per-
formance should be interpreted with consideration of the
zonal cancer distribution in the relevant study cohort.

On the basis of these findings, MUS performance does
not yet approach that of MRI in guiding targeted biopsy.
Both inter-reader agreement and sensitivity appear to be
lower than results reported for MRI. However, the most
experienced urologists have <10 yr of experience with
MUS. In comparison to MRI, which took uroradiologists
>15 yr of research to master both acquisition and interpre-
tation, MUS is in its infancy. While we await the validation
of better protocols for identifying lesions in the anterior
prostate, it may be valuable to add additional systematic
sampling of the anterior prostate to close the gap between
imaging modalities. The next steps to improve MUS perfor-
mance could also include the development of automated
cancer detection on live MUS images via artificial intelli-
gence frameworks, which have already shown significant
promise in prostate MRI [30]. Such approaches would be
particularly advantageous in improving inter-reader
agreement.
5. Conclusions

Inter-reader agreement on MUS biopsy targets is lower than
what has been reported for MRI. While MUS sensitivity in
the posterior prostate approaches previously published
rates, performance in the anterior gland is lacking. Further
work is needed to determine whether the gap between
MUS and MRI in guiding targeted biopsy can be closed.
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