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Abstract

Background Micro-ultrasound is a novel, high-resolution imaging modality that aims to improve the accuracy
of prostate cancer diagnosis compared with TRUS-guided biopsy. While traditional ultrasound systems operate at
8 to 12 MHz, micro-ultrasound operates at 29 MHz, allowing enhanced recognition of microstructures with 300%
higher resolution. Micro-ultrasound can potentially identify and target in real-time suspicious lesions, improving
sensitivity and the negative predictive value for clinically significant prostate cancer. It may be a low-cost alternative to
multiparametric magnetic resonance imaging (mpMRI) in the detection of prostate cancer.

Methods A systematic review and meta-analysis was performed comparing the diagnostic performance of micro-
ultrasound-guided prostate biopsies with mpMRI-targeted prostate biopsies in the detection of clinically significant
prostate cancer. PubMed, EMBASE, SCOPUS, and Cochrane CENTRAL databases were searched to identify relevant
studies published up to July 2022.

Results A total of 15 studies were included for the systematic review, with 12 of those studies being included for
the meta-analysis. The pooled sensitivity and specificity for micro-ultrasound-guided biopsies detecting clinically
significant prostate cancer were 89% (95% CI 83 to 93) and 31% (95% CI 23 to 40) respectively (1> = 0%). In comparison,
the pooled sensitivity and specificity for mpMRI-targeted biopsies detecting clinically significant prostate cancer
were 86% (95% CI 73 to 93) and 32% (95% CI 18 to 50) respectively (I = 16%). There was no statistically significant
difference in the sensitivity or specificity between micro-ultrasound and mpMRI. Subgroup analysis found no
difference in MRI subgroups based on blinding (P = 0.383).

Conclusion Micro-ultrasound-guided biopsies are comparable to mpMRI targeted biopsies with no difference in
the detection of clinically significant prostate cancer between the 2 modalities. Large, multicentre, prospective studies
are required to further substantiate the use of micro-ultrasound as an alternative to or in conjunction with mpMRI
in the detection of prostate cancer.
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Introduction

Prostate cancer (PCa) is the second most common solid
tumour in men and the fifth most common cause of
cancer mortality[1]. Prostate-specific antigen (PSA) testing
and digital rectal examination (DRE) are commonly
used to aid in the detection of prostate cancer. Most
commonly, pathological diagnosis has been made in
recent decades using TRUS (transrectal ultrasound)
guided 10 to 12 core systematic biopsy|2]. However, the
use of PSA, DRE, and TRUS has limitations. Clinically
significant prostate cancer can potentially be missed, a
large prostate secondary to benign prostatic hypertrophy
can decrease the sampling power of systematic biopsy,
and elevated PSA levels are not specific to clinically
significant prostate cancer|3].

Multiparametric magnetic resonance
imaging (mpMRI)

MRI has been verified in the diagnosis of prostate cancer
by studies that showed a high sensitivity and negative
predictive value in the detection of clinically significant
prostate cancer[4,5]. mpMRI uses 3 multiple imaging
sequences; typically, these are T2, dynamic contrast-
enhanced T1 images, and diffusion-weighted images|6].
mpMRI before biopsy in biopsy-naive patients can
improve the detection of clinically significant prostate
cancer|7]. The Prostate Imaging Reporting and Data
System (PI-RADS) was formulated to standardise the
interpretation and reporting of mpMRI of the prostate|[8].
A high PI-RADS score is an important predictor for
clinically significant prostate cancer[9]. There are,
however, disadvantages to MRI, including cost, risk of
renal injury with use of contrast agents, potential lack
of availability and the inability to use MRI on patients
with contraindications[10].

Micro-ultrasound imaging

Micro-ultrasound is a novel high-resolution imaging
modality developed by Exact imaging (Toronto, Ontario,
Canada), which aims to improve the accuracy of prostate
cancer diagnosis compared with TRUS-guided biopsy.
It was initially assessed on patients awaiting a radical
prostatectomy in 2013, which found it to be superior to
conventional TRUS[11].

While traditional ultrasound systems operate at 8 to
12 MHz, micro-ultrasound operates at 29 MHz allow-
ing enhanced recognition of microstructures with a
resolution to 70 mm, 300% higher than previous[12].
70 mm is in keeping with the diameter of a prostatic duct
enabling identification of ductal anatomy in addition
to cellular density[13]. The ability to differentiate vary-
ing cellular densities facilitates the detection of tissue
arrangements related to prostate cancer|14]. As a result,

micro-ultrasound can potentially identify and target in
real-time suspicious lesions, thus improving sensitivity
and the negative predictive value for clinically significant
prostate cancer[13]. It also has the potential to detect
clinically significant prostate cancer not identified on
mpMRI[15]. Two previous studies found micro-ultra-
sound to have similar detection rates for prostate cancer
to mpMRI[10,12]. Additionally, it offers advantages such
as lower cost and a short learning curve[16].

PRI-MUS protocol

PRI-MUS (Prostate Risk Identification using Micro-
Ultrasound) is a protocol and standardised risk
identification system used with high resolution (29 MHz)
transrectal micro-ultrasound to assess and grade the risk
of prostate cancer[17]. It is comparable with PI-RADS
for mpMRI and also utilises a scale between 1 and 5 for
suspicion of cancer.

Micro-ultrasound-guided prostate biopsy
versus mpMRI-guided prostate biopsy

The aim of this project is to compare the diagnostic
performance of micro-ultrasound-guided prostate biopsy
versus multiparametric magnetic resonance imaging-
targeted prostate biopsy in the detection of clinically
significant prostate cancer in men with a clinical suspicion
of prostate cancer.

Methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement and the diagnostic
test accuracy studies (PRISMA-DTA) checklist[18,19].
The review was registered in the PROSPERO database
(awaiting ID number).

Search strategy

PubMed, Scopus, Embase, and CENTRAL databases
were systemically searched from their establishment
to July 2022 for studies comparing the diagnostic
accuracy of micro-ultrasound-guided prostate biopsies to
mpMRI-guided prostate biopsies for clinically significant
prostate cancer (Gleason Grade Group = 2)[20]. The
systematic search strategy was designed for PubMed
and modified accordingly. The comprehensive search
syntax and string can be found in Online Supplementary
Appendices 1 & 2. Reference lists of all relevant studies
and reviews were checked for additional studies.

Inclusion and exclusion criteria

The study was designed in line with the PICO (Population,
Intervention, Comparator, Outcome) model[21]. The
population being investigated are men with clinical
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suspicion of prostate cancer based on PSA level and/or an
abnormal digital rectal examination. Micro-ultrasound-
guided prostate biopsy is the intervention, while the
comparator is mpMRI-guided prostate biopsy. Finally, the
outcome is clinically significant prostate cancer (Gleason
Grade Group 2 2).

The following inclusion and exclusion criteria were

applied:
We included

- Studies comparing the diagnostic performance of
micro-ultrasound-guided biopsy versus mpMRI-
guided biopsy.

« Studies published in any language until July 2022.

« Prospective or retrospective studies.

We excluded

+ Studies comparing micro-ultrasound-guided biopsy
or multiparametric MRI-targeted biopsy versus
only systematic ultrasound-guided prostate biopsy.

- Studies including patients undergoing only
micro-ultrasound or mpMRI-targeted prostate
biopsy.

+ Case reports.

« Animal or cadaveric studies.

« Secondary research studies.

- Patients already diagnosed with prostate cancer or
on active surveillance protocol.

When records had overlapping patient populations, the
most recent study or the study with the most available
data was included.

Quality assessment and data extraction

The abstracts of all studies found from the above search
strategy were screened to exclude irrelevant studies.
The inclusion and exclusion criteria were applied to the
remaining full-text articles. The Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS-2) tool was
used to assess for risk of bias and applicability concerns
in the studies[22].

With regard to data extraction, the number of true
and false positives, and true and false negatives from
micro-ultrasound-guided and mpMRI-guided biopsy
were obtained. When these data were not accessible, they
were calculated from the relevant sensitivity, specificity,
prevalence, and sample size. If these data were also not
available, then the author of the paper was emailed
requesting the data.

Data synthesis and statistical analysis

The index test (micro-ultrasound-guided prostate biopsy)
provided a binary outcome (presence or absence of

prostate cancer) at a patient level. The data was transferred
to 2 x 2 matrices in order to calculate the sensitivity and
specificity for each included study. Individual study data
were presented graphically as forest plots and summary
receiver operating characteristics (SROC). The bivariate
random-effects model was used to acquire summary
estimates of the test sensitivity and specificity. A 95%
confidence interval was produced from the bivariate
model in addition to a combined estimate according to
the evaluation method used. The statistical analysis was
undertaken using R version 4.2.1.

The bivariate model with covariates was used to exam-
ine heterogeneity. Where the data were available, subgroup
analyses were performed to ascertain if individual covari-
ates or patterns of covariates affected heterogeneity. If
the data for the outlined subgroups were incomplete, the
data were presented as SROC or forest plots to prevent
the meta-analysis of low-powered data.

For studies with both a low risk of bias and low
concerns regarding applicability for the reference stan-
dard (domain 3 of the QUADAS-2 tool outlined in the
appendix), sensitivity analyses were performed.

Results

Our search identified 2967 studies, and 2 studies were
found from references. After the titles and abstracts
of the studies were screened and duplicates removed,
2904 studies were excluded. The remaining 65 studies were
reviewed in full text. A further 50 studies were excluded
with the application of the inclusion and exclusion criteria
(Online Appendix 3). The flow diagram for the study
selection process can be found in Online Appendix 4.

We then also randomly screened 5% of the total studies
identified.

A total of 15 studies were included in the systematic
review, with 12 of those being included in the meta-analy-
sis, while the other 3 had insufficient data[23-25]. Table 1
shows the characteristics and key findings of the included
studies. The total number of patients included in the
meta-analysis was 1759.

The assessment of each study using the QUADAS-2
tool is shown in Table 2 The risk of bias was determined
to be high in 6 studies that scored a high risk in the index
test (Figures 1 & 2). This was because in these studies,
urologists performed the micro-ultrasound biopsies
unblinded to the mpMRI results. The operators in 3 of
the studies were blinded to the mpMRI results while in
the other 3, it is unclear.

To date there have been a limited number of prospec-
tive studies comparing the diagnostic performance
of micro-ultrasound and mpMRI-guided biopsies. The
3 studies excluded from the meta-analysis provided data
for the detection rate of micro-ultrasound and mpMRI-
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TABLE 1.
Summary of studies included in systematic review

: Techniques No. of Mean £ SD
ITADOUSIEY || e Ie7 i Compared Patients Age (years)

Micro-US vs
. 2022 Prospective, B Suspicion of mpMRI vs
Ghai et al.[23] (Journal article) single centre 05/13-08/20 PCa systematic % 62+8.3
biopsy
2022 Micro-US vs
Socarras et al.[24] (Conference P_rospectlve, Not available S 5] VS 482 63+79
Abstract] single centre PCa systematic
biopsy
2022 Prospective 10/20—Not Suspicion of Micro-US vs .
Scuderi et al.[43] (Conference inal ' d PC VR 85 Not available
Abstract) single centre state a mp
2022 _ N Micro-US vs
Maffei et al.[44] (Conference P_roslpectlve, Not available Sus%lgon o L] VS 685 65+78
Abstract] single centre a systematic
biopsy
Micro-US vs
2022 (Journal Prospective, . Suspicion of mpMRI vs
Hofbauer et al.[25] Article) multicentre 01/19-12/19 PCa systematic 203 65+8.2
biopsy
2021 _ N Micro-US vs
Robin et al.[33] (Conference Eroslpectlve, 11/17-12/20 Susp;)lglon of T Vs 312 Not available
Abstract] single centre a systematic
biopsy
Accuracy of TP
prostate hiopsy
. . using mpMRI/
Socarras et al.[17] ZOZAOr(thOlg;”a' Prospectve, —ggjig-0919  SUPEONOT TS fusion 194 6274
g targeted biopsy
and micro-
ultrasound
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Mean = SD
Prostate Vol
(ml)

Mean = SD

PSA (ng/dl)

6.6+2.5 49+22.6

718+6.4 55+£255

Not available Not available

13+45 51.8+26

6.9+34 Not available

Not available Not available

6.5+3.3 58.1+33.3

No. of
Abnormal.
DREs

37

82

Not available

Not available

31

Not available

31

No. Pts with
both Micro-
US + mpMRI

94

482

64

685

203

312

194

Cores/ Micro-
US Target

Not available

Not available

Not available

Not available

Not available

Not available

Cores/ mpMRI
Target

Not available

Not available

Not available

Not available

Not available

Not available

23+2.2

Key Findings

Micro-US—and mpMRl-targeted
biopsies enabled detection of PCa
(grade group 2 or higher) in 35% and
39% of men (P=10.22)

The MRI pathway avoided biopsy in
more men (34%) compared with the
micro-US pathway (10%) (P< 0.001)

67% of MRI lesions were visible at
micro-US

Micro-US found 11 PCa missed
by all other modalities. 9 of which
were csPCa

Micro-US found 38 PCa missed
by MRI and MRI TBx, 26/ 38 of
them csPCa

Sensitivity, specificity, PPV and
negative NPV of micro-US vs mpMRI
for csPCa were 67% vs 100%, 57% vs
57%, 38% vs 47% and 81% vs 100%,
respectively.

The detection of clinically insignificant
PCa was increased by 6% using
micro-US while mpMRI increased the
detection of csPCa by 9%

Micro-US provided high sensitivity
with 90.7% csPCa patients having at
least one PRI-MUS score > 3 lesion.
NPV was 84.0%. PPV and specificity
were 43.7% and 29.5% respectively.
MRI sensitivity, specificity, PPV
and NPV were 96.9%, 29.5%,
43.7% and 84.0%

Micro-US was non-inferior to mpMRI
and detected 97% of the csPCa cases
detected by mpMRI-targeted biopsy
(95% CI 80-116%; P = 0.023)

Sensitivity of MUS and mpMRI were
respectively 90.7% and 80.7% with
a NPV of 87% and 76.7%. Specificity
was 29.3% versus 27.9% with a PPV
of 37,7% and 32.9%

Micro-US sensitivity, specificity,
PPV and NPV to predict csPCa at the
patient level were uniformly higher
than mpMRiI
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TABLE 1.

Summary of studies included in systematic review, Cont’d

2020 (Journal Prospective,

Klotz et al.[14] Article) multicentre Not available

Abouassaly ]

(reported by Klotz 20z (J_ournal. Prospectlve, Not available
Article) multicentre

et al.[14])

Cash (reported by 2020 (Journal Prospective, .

Klotz et al.[14]) Article) multicentre Not available

Lopez (reported by 2020 (Journal Prospective, .

Klotz et al.[14]) Article) multicentre Not available

Shore (reported by 2020 (Journal Prospective, .

Klotz et al.[14]) Article) multicentre Not available

Luger (reported by 2020 (Journal Prospective, .

Klotz et al.[14]) Article) multicentre Notavailable

2013 Prospective
Perez[47] (Conference sin Ig centré Not available
Abstract) g

2019 (Journal
Article)

Pereira-Arias JG
et al.[46]

Retrospective,
single centre

02/17-01/18

Techniques No. of Mean = SD
Compared Patients | Age (years)
B Micro-US vs
Susr;)lg;n of sngst,\élrig\tllsc 77 Not available
biopsy
B Micro-US vs
SUSTDIEI;JH of srcgt,\éﬁngc 19 Not available
biopsy
B Micro-US vs
Susr;:g;n of :;Et,\élrig\tllsc 159 Not available
biopsy
B Micro-US vs
Susgglgn of srcgt’\grlj]g\{lsc 51 Not available
biopsy
B Micro-US vs
Susr;)lglgn of :;st,\élrig\tllsc 14 Not available
biopsy
B Micro-US vs
Sus;IJDI(C:I;Jn of ngst’\ggg‘{lsc 62 Not available
biopsy
Micro-US vs
Suspicion of mpMRI vs 43 66 +5.4
PCa systematic o
biopsy
Micro-US vs
Suspicion of mpMRI vs 96 67+5.5
PCa systematic
biopsy

guided biopsies only[23-25]. Hofbauer et al. reported
that micro-ultrasound was non-inferior to mpMRI in
the diagnosis of clinically significant prostate cancer,
detecting 97% of the cases detected by mpMRI-guided
biopsy|[25].

The pooled sensitivity and specificity for micro-ul-
trasound-guided biopsies detecting clinically significant
prostate cancer were 89% (95% CI 83 to 93) and 31%
(95% CI 23 to 40), respectively (Figures 3 & 4). The area
under the sROC curve for micro-ultrasound was 0.665.

In comparison, the pooled sensitivity and specificity for
mpMRI-targeted biopsies detecting clinically significant
prostate cancer were 86% (95% CI 73 to 93) and 32% (95%
CI 18 to 50), respectively (Figures 5 & 6). The area under
the sROC curve for mpMRI was 0.667.

Comparing the sensitivity between micro-ultrasound
and mpMRI (P = 0.46) showed no statistically significant
difference (Figure 7). Likewise, the specificity between
micro-ultrasound and mpMRI (P = 0.88) demonstrated
no statistically significant difference. Heterogeneity for
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Mean = SD No. Pts with

No. of

llyls‘??nt/sd% Prostate Vol Abnormal. both Micro- 006?4:9'220- CoreTsa/rmgtMRI Key Findings
9 (ml) DREs US + mpMRI 9 9
Not available Not available ~ Not available 77 Not available Not available
Not available Not available ~ Not available 19 Not available Not available
Micro-ultrasound and mpMRI
Notavailable ~ Notavailable  Not available 159 Notavailable  Not available sensitivity was 94% vs. 80%,
respectively (p=0.03), and NPV was
85% vs. 77%, respectively.
Specificity for both micro-US and
mpMRI were 22%.
Not available Not available  Not available 51 Not available Not available PPV for mi?:ro—US was 443/0 vs 43%
for mpMRI
Not available Not available ~ Not available 14 Not available Not available
Not available Not available  Not available 62 Not available Not available
Micro-ultrasound and mpMRI
sensitivities were both 6/9 (78%) to
) ) . csPCa
9.3+41 Not available 17 43 Not available Not available Negative Predictive Values for micro-
US and mpMRI to csPCa were 18/20
(90%) and 15/16 (94%) respectively
MUS csPCa detection rate was
59.37%. Sensitivity in csPCa
detection for PRI-MUS > 3 was 82%
with 93% NPV, but with low 39%
specificity and 19% PPV. Comparing
7.55.6 56+16.3 Not available 79 Not available Not available 79 patients with mpMRI available;

sensitivity by area of MUS was 82%
versus 30% of mpMRI, with 93%
NPV versus 88%. Specificity and PPV
were higher in mpMRI in comparison
to MUS.

both micro-ultrasound (I? = 0%) and mpMRI (I? = 16%)
were low. MRI subgroup analysis based on blinding of
mpMRI results demonstrated no significant difference
(P = 0.383).

Discussion

Adding micro-ultrasound to the mpMRI
diagnostic pathway

Ghai et al. proposed adding both micro-ultrasound
and mpMRI to the diagnostic pathway to optimise the

detection of clinically significant prostate cancer|23].
Micro-ultrasound can potentially identify clinically
significant prostate cancer not recognised on MRI[23].

Additionally, Avolio et al. suggested that micro-ul-
trasound could potentially stratify patients with an
equivocal mpMRI[26]. Using micro-ultrasound, they
assessed patients with a PI-RADS 3 lesion on MRI and
found clinically significant prostate cancer in 38.7% of
cases with an overall sensitivity and NPV of 100%][26].
Avolio et al. looked at using micro-ultrasound in patients
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TABLE 2.
QUADAS-2 Tool

Risk of Bias Applicability Concerns

Patient Index Test Reference Flow and Patient Index Test Reference
Selection Standard Timing Selection Standard
Ghai et al.[23]
Rodriguez Socarras
etal.[15]

Scuderi etal.[43]

Maffei et al.[44]

Hofbauer et al.[25]

Robin et al.[33]

Rodriguez Socarras
etal.[15]

Klotz et al.[14]

Abouassaly (reported
by Klotz et al.[14])

Cash (reported by Klotz
etal.[14])

Lopez (reported by Klotz
etal.[14])

Shore (reported by Klotz
etal.[14])

Luger (reported by Klotz
etal.[14])

Perez[14]

Pereira-Arias et al.[46]

,_
o

=

=

(%]

2

Il Hioh Risk B unclear Risk
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FIGURE 1.
Risk of Bias

Flow &
Timing

Reference
Standard

Index Test

Patient
Selection

0% 20% 40% 60% 80% 100%
M low M Unclear High

FIGURE 2.
Applicability Concerns

Reference
Standard

Index Test

Patient
Selection

0% 20% 40% 60% 80% 100%
M Llow M Unclear High

with a negative MRI but persistent suspicion of prostate
cancer and found clinically significant prostate cancer in
25% of patients with at least 1 PRI-MUS > 3 lesion[27].

Abouassaly et al. reported that replacing conventional
transrectal ultrasound with micro-ultrasound resulted in
a relative increase in the detection rate of 26.7% (P < 0.09)
and significantly increased the average grade of prostate
cancer detected (P < 0.01)[28]. The widespread use of
micro-ultrasound instead of conventional ultrasound
could optimise outcomes with prostate biopsy and poten-
tially alter the risk-benefit profile of prostate screening,
although at a potentially higher cost. Future studies will
be needed to conduct cost-benefit analyses to determine
if the use of micro-ultrasound in this setting on a large
scale is viable.

The ongoing OPTIMUM trial is a 3-arm random-
ized controlled trial exploring how microUS guided
biopsy compares with MRI/US fusion and MRI/MicroUS
“contour-less” fusion. It will examine the diagnostic
performance of micro-ultrasound by itself and in combi-
nation with mpMRI in the detection of clinically signif-
icant prostate cancer as well assessing its economic
impact[29].

Previous meta-analyses

Two previous meta-analyses showed micro-ultrasound-
guided biopsies to be comparable to mpMRI-guided

prostate biopsies in the detection of prostate cancer[10,12].
However, both included studies with patients on active
surveillance protocol, possibly overestimating the
sensitivity of micro-ultrasound. Sountoulides et al. found
similar detection rates of both clinically significant and
insignificant prostate cancer as well as the overall detection
rate for prostate cancer between micro-ultrasound-guided
and mpMRI-targeted prostate biopsies[12]. However,
they did include studies that required patients to have
an equivocal or positive MRI (PI-RADS 2 3) in their
meta-analysis, which were excluded from this meta-
analysis[30-32]. You et al. also concluded from their
meta-analysis that micro-ultrasound and mpMRI-guided
biopsies had similar detection rates of prostate cancer|[10].
However, they also included studies that required an
equivocal or positive MRI[30,32].

Current meta-analysis

This meta-analysis demonstrates that there is no difference
in detection of clinically significant prostate cancer
between micro-ultrasound-guided biopsies and mpMRI-
targeted biopsies.

Robin et al. found similar accuracy between micro-ul-
trasound and mpMRI[33]. They noted a small number
of cases diagnosed based uniquely on micro-ultrasound
(4.1%) and mpMRI (1.7%). The paper by Klotz et al. look-
ing at multiple centres comparing micro-ultrasound and
mpMRI provided complete data for 6 of the studies used
in the meta-analysis[34]. Some of these centres had later
publications; however, they lacked the relevant data for
the meta-analysis. Overall, Klotz et al. determined that
micro-ultrasound had comparable or higher sensitivity
for clinically significant prostate cancer with a specificity
similar to mpMRI|[34]. Those results were in the context
of this being the first exposure to micro-ultrasound for
many of the centres involved. They hypothesised that
specificity for micro-ultrasound would improve with
more experience and validation[34].

Advantages of micro-ultrasound

Previous studies have demonstrated a short learning
curve for operating the micro-ultrasound and interpreting
the images(17,35]. The receiver operator characteristic
curve stabilises for micro-ultrasound after approximately
15 cases[36]. Abouassaly et al. suggest that as operators
get more familiar with the use of micro-ultrasound, it
may further improve its diagnostic performance|[28].

Micro-ultrasound could allow the detection and biopsy
of suspicious prostatic lesions using the same modality in
the same procedure[36]. This is in contrast to the mpMRI
diagnostic pathway, which requires at least 2 procedures:
the initial mpMRI and subsequent prostate biopsy. Also,
the mpMRI diagnostic pathway requires referral to radiol-
ogy and radiologists specialised in the interpretation of
prostate MRI[29]. As a result, the addition of mpMRI
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FIGURE 2.

Data Updated with Subgroup + Bias 2023

MRI High Risk
Blinded of Bias

Scuderi 2022 1 Unclear

Scuderi 2022 9 10 13 0 0 1 Unclear

Maffei 2022 230 304 127 24 1 1 0

Maffei 2022 246 304 127 8 0 1 0

Robin 2021 80 179 74 8 1 Unknown Unclear

Robin 2021 71 182 71 17 0 Unknown Unclear

Socarrés 2020 81 87 26 0 1 1 0

Socarras 2020 69 91 21 13 0 1 0

Klotz 2020 22 42 9 1 1 0 1

Klotz 2020 24 38 13 2 0 0 1

Abouassaly

2020 (reported 10 6 2 1 1 0 1

by Klotz et al.)

Abouassaly

2020 (reported 9 1 7 2 0 0 1

by Klotz et al.)

Cash 2020

(reported by 74 68 12 4 1 0 1

Klotz et al.)

Cash 2020

(reported by 76 76 5 2 0 0 1

Klotz et al.)

Lopez 2020

(reported by 22 24 5 0 1 0 1

Klotz et al.)

Lopez 2020

(reported by 20 20 9 2 0 0 1

Klotz et al.)

Shore 2020

(reported by 4 10 0 0 1 0 1

Klotz et al.)

Shore 2020

(reported by 3 8 2 1 0 0 1

Klotz et al.)

Luger 2020

(reported by 19 20 21 2 1 0 1

Klotz et al.)

Luger 2020

(reported by 21 40 1 0 0 0 1

Klotz et al.)

Perez 2019 6 16 18 3 1 Unknown Unclear

Perez 2019 6 23 " 3 0 Unknown Unclear

Pereira-Arias JG

2019 33 24 15 7 1 1 0

Pereira-Arias JG

2019 12 4 35 28 0 1 0

Dias 2023 57 43 34 5 1 1 0

Dias 2023 60 62 15 2 0 1 0
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FIGURE 3.
Forest plot of micro-ultrasound sensitivity
Scudert 2UZ2 —_— U.65 [U.3Y, U.8b]
Maffei 2022 - 0.90(0.86, 0.93]
Robin 2021 —e 0.90(0.83, 0.95]
Socarras 2020 . 0.99{0.94, 1.00]
Klotz 2020 —a 0.94[0.77,0.99]
Abouassaly 2020 —_—— 0.881[0.60, 0.97]
Cash 2020 —a 0.94{0.87, 0.98]
Lopez 2020 — 0.98(0.82, 1.00]
Shore 2020 —_—— 0.90{0.46, 0.99]
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Forest plot of mpMRI sensitivity
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to the diagnostic pathway for prostate cancer has added
complexity and the potential for delayed diagnosis. In the
UK, the median length of time to diagnosis of prostate
cancer is approximately 55.5 days, while the median
time to diagnosis for all cancers is 40 days[37]. mpMRI-
guided prostate biopsies are usually carried out with the
assistance of a conventional transrectal ultrasound probe,
introducing a potential source of error when switching
between the 2 modalities[12].

Currently, mpMRI is at least 10 times more expensive
than conventional ultrasound|[38]. The ability to fund MRI
before prostate biopsy varies across health care systems,
with access to mpMRI in developing countries being
particularly limited[38]. In contrast micro-ultrasound is
a low-cost, single-session modality for prostate screening

FIGURE 4.
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Scuderi 2022 —— 0.56 (0.37, 0.74]
Maffei 2022 .- 0.30{0.25, 0.34]
Robin 2021 —— 0.29(0.24, 0.35]
Socarras 2020 —-— 0.23{0.16, 0.32]
Klotz 2020 e 0.18{0.10, 0.31]
Abouassaly 2020 — 0.28[0.09, 0.60]
Cash 2020 —— 0.15{0.09, 0.25]
Lopez 2020 —— 0.18{0.08, 0.35]
Shore 2020 -— 0.05(0.00, 0.32]
Luger 2020 —— 0.511{0.37, 0.66]
Perez 2019 —— 0.53(0.37, 0.68]
Pereira-Arias 2019 —— 0.391[0.25, 0.54]
0.60 0.‘1 9 0.57 D.%E 0.‘7

FIGURE 6.

Forest plot of mpMRI specificity
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and guided biopsy[34]. Like conventional ultrasound,
micro-ultrasound has the advantage of being portable,
making it considerably more convenient than MRI.
Other benefits of micro-ultrasound are that it does not
require contrast and that most urologists already possess
expertise and familiarity with ultrasound as a modality.

Disadvantages of micro-ultrasound

Micro-ultrasound evaluation of the anterior gland can be
limited. This is in part due to the greater depth from the
rectum, as well as potential calcification in the corpora
amylacea causing shadowing[23]. Another disadvantage of
micro-ultrasound is that the PRI-MUS protocol does not
currently include evaluation of the anterior or transition
zone[23]. In one study, 43% of the cases of clinically
significant prostate cancer missed by micro-ultrasound
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but detected by mpMRI were anterior lesions, while
another 29% were in the transitional zone[25]. In another
study, 60% of the cases of clinically significant prostate
cancer missed by micro-ultrasound were in the anterior
transition zone[23]. The depth of tissue penetration
with micro-ultrasound is limited to approximately 5 cm
presently, limiting its ability to detect suspicious lesions
in the anterior and transition zone, especially in larger
prostates[36]. Nevertheless, future software updates can
be expected to permit enhanced tissue penetration and
diagnostic performance for the anterior prostate[36].
Future studies will be needed to methodically characterise
suspicious features on micro-ultrasound of the anterior
and transition zone to allow it to be validated and
eventually incorporated into a future expanded PRI-
MUS protocol.

Micro-ultrasound can assess the morphology of the
prostate gland at a higher resolution than the T2-weighted
imaging sequence with mpMRI|[23]. However, mpMRI
has a functional assessment component that micro-ul-
trasound lacks. Dynamic contrast-enhanced sequences
and diffusion-weighted imaging allow further evaluation
of suspicious areas[23].

Prostatic calcifications or benign prostatic hyperplasia
occurring in the transition zone can result in acoustic
shadowing posteriorly, obscuring the clinical picture and
potentially affecting the accuracy of micro-ultrasound|[25].

Limitations

This study has a number of limitations. mpMRI-guided
prostate biopsy is not an ideal reference standard.
Approximately 15% of cases of clinically significant
prostate cancer can go undetected on mpMRI in biopsy-
naive men[39]. There is considerable and widespread
inter-reader variability in the interpretation of mpMRI of
the prostate[29]. It is unclear to what degree inter-reader

variability exists in the interpretation of micro-ultrasound
and the use of the PRI-MUS protocol.

Whole-mount pathology following radical prostatec-
tomy has previously been used as a reference standard
when testing the diagnostic performance of mpMRI|[40].
Indeed, surgical pathology is considered the gold
standard[34]. However, there is a paucity of studies
comparing micro-ultrasound to whole-mount pathology.
Two such studies found its diagnostic performance to
be similar to mpMRI[36,41]. Lorusso et al., examining
micro-ultrasound and mpMRI performance in patients
with biopsy-proven prostate cancer scheduled for radi-
cal prostatectomy to whole-mount pathology, found it
to be comparable to mpMRI[36]. Likewise, Brisbane
et al., investigating micro-ultrasound on MRI-guided
biopsy-proven prostate cancer patients, concluded its
diagnostic ability was comparable to mpMRI when using
whole-mount pathology as a reference standard|41].
Further studies are required to compare micro-ultra-
sound-targeted biopsy with mpMRI-guided biopsy using
whole-mount pathology as a reference standard.

In addition, some studies were conference abstracts
that were not peer reviewed. The study protocol differed
across the studies. It is not clear how studies interpreted
borderline lesions. For instance, in the multicentre paper
by Klotz et al., some centres biopsied them compre-
hensively while other centres did not include them|34].
Another limitation of this meta-analysis is that it does
not provide a breakdown of the diagnostic performance
of micro-ultrasound versus mpMRI with regard to zones
of the prostate. In a number of the studies, the urologists
performing the micro-ultrasound-guided biopsies were
not blinded to the mpMRI results, which may have given
rise to operator bias.

It was hoped to perform further subgroup analysis to
investigate heterogeneity in the studies further. However,
there were insufficient data to assess patients with ISUP
Gleason grade groups, PI-RADS/PRI-MUS grades, and
mpMRI specifications. There were insufficient data avail-
able to allow for a meta-analysis of the diagnostic perfor-
mance of micro-ultrasound in the detection of clinically
insignificant prostate cancer.

Owing to limited data available from the selected
studies, the detection of clinically insignificant prostate
cancer was not explored. Only Perez and Socarras et al.
had sufficient data to investigate the diagnostic perfor-
mance of micro-ultrasound in the detection of clinically
insignificant prostate cancer|24,42]. Additionally, Maffei
et al. and Scuderi et al. had limited data on the detection
of clinically insignificant prostate cancer, with Scuderi et
al. noting that micro-ultrasound increased its detection
by 6%, while mpMRI increased the detection of clinically
significant prostate cancer by 9%|43,44].
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An important limitation is that in most studies,
micro-ultrasound was performed in MRI-preselected
men. Socarras et al. included suspicious DRE, elevated
PSA, or visible lesion on mpMRI as their criteria[15].
Robin et al. included patients with or without a suspi-
cious MRI while in studies by Maffei et al. and Perez’s,
patients with an available MRI were included; however, it
is unclear if the operator was blinded to the MRI results
before micro-ultrasound-guided biopsy[33,42,44]. Scud-
eri et al. had patients with clinical suspicion of prostate
cancer receive both mpMRI and micro-ultrasound in a
randomized sequence with the radiologist being blinded
to the micro-ultrasound result[43]. It is unclear whether
they were also blinded to the mpMRI results. Klotz et
al. and Abouassaly, Cash, Lopez, Shore, and Luger (as
reported by Klotz et al.) required patients with an already
completed mpMRI and were all unblinded to the mpMRI
results[34]. As a result, there is a significant selection bias
in the patients enrolled in these studies. The potential
role of micro-ultrasound as an upfront triage tool for
men with clinical suspicion of prostate cancer remains
unknown. Future studies will need to prospectively
enrol patients before they receive mpMRI and ensure
the operators are blinded to the results of both mpMRI
and micro-ultrasound. The OPTIMUM trial seeks to
address this by aiming to have patients receive MRI after
study enrolment and randomization unless they had an
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