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Abstract

Background Micro-ultrasound (micro-US; 29-MHz) offers real-time, high-resolution prostate imaging, but its stand-alone
diagnostic accuracy remains uncertain. We synthesized prospective evidence to evaluate micro-US for classifying clinically
significant prostate cancer (csPCa) using histopathology as the reference standard.

Methods We searched PubMed, Embase, Scopus, and Web of Science (inception—20 May 2025) for prospective studies
assessing micro-US as an index test on a diagnostic pathway. Data were pooled using random-effects models on logit-trans-
formed sensitivity and specificity, with an HSROC representation and model diagnostics. Subgroup and meta-regression
analyses explored heterogeneity, including threshold (PRI-MUS) and spectrum effects. Clinical utility was appraised using
Fagan nomograms and a likelihood-ratio scatter. Small-study effects were evaluated with Deeks’ test.

Results Five prospective studies met criteria. Pooled sensitivity was 0.84 (95% CI 0.65-0.94) and pooled specificity was
0.41 (95% CI 0.25-0.59), indicating moderate discrimination on HSROC. Secondary metrics were concordant (PLR 1.45,
95% CI 1.17-1.80; NLR 0.37, 95% CI 0.23-0.61; DOR 3.95, 95% CI 2.48-6.30). On a 25% pre-test probability, the Fagan
nomogram showed modest shifts (~33% after a positive test; ~11% after a negative), supporting a triage/rule-out role.
Heterogeneity was substantial and strongly influenced by threshold and clinical spectrum differences; subgroup and meta-
regression suggested that spectrum-related factors were associated with lower specificity, whereas no covariate robustly
altered sensitivity (exploratory given small k). Model checks were acceptable, and Deeks’ test showed no evidence of small-
study effects (p~0.70).

Conclusion As a stand-alone index test for csPCa classification, micro-US demonstrates high sensitivity but low specific-
ity, yielding modest impact on post-test probability. These findings support micro-US as a complementary/triage (rule-out)
adjunct, particularly when mpMRI is unavailable, contraindicated, or delayed, while highlighting the need for standardized
PRI-MUS thresholds, reader training, and larger multicenter studies to refine specificity and clarify integration with MRI-
based pathways.
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Introduction

Prostate cancer (PCa) is one of the most frequently diag-
nosed malignancies among men and remains a leading cause
of cancer-related mortality worldwide [1]. In 2020, over
1.4 million new cases were diagnosed globally, with PCa
accounting for approximately 375,000 deaths [2]. Despite
advances in screening and management, early detection and
accurate risk stratification of prostate cancer remain major
clinical challenges [3].

The standard diagnostic approach for PCa often begins
with prostate-specific antigen (PSA) testing; however, the
limited specificity of PSA contributes to a high rate of
unnecessary biopsies, increased patient anxiety, and poten-
tial adverse effects [4]. Transrectal ultrasound (TRUS)-
guided systemic biopsy has traditionally been used to obtain
prostate tissue samples for diagnosis [5]. Nevertheless,
this technique is invasive and presents notable drawbacks,
including suboptimal sensitivity and a considerable risk of
sampling error [6]. Due to these limitations, TRUS alone is
not considered a reliable tool for detecting PCa, and recent
clinical guidelines recommend the exploration of alternative
imaging modalities that can improve lesion visualization
and enable more accurate, targeted prostate biopsies [7].

Among these, micro-ultrasound (micro-US) has emerged
as a novel technique that operates at a high frequency of
29 MHz, providing image resolution of up to 70 microm-
eters, thereby enabling enhanced visualization of prostate
tissue abnormalities [8]. Micro-US represents a novel, high-
resolution imaging technology offering real-time visualiza-
tion of prostate tissue with significantly improved spatial
resolution compared to conventional TRUS [9]. Despite
growing clinical interest and several prospective studies
investigating micro-US, its standalone diagnostic perfor-
mance remains variably reported, with no prior meta-anal-
ysis focusing exclusively on its accuracy as an independent
imaging modality.

While previous meta-analyses have broadly assessed var-
ious ultrasound modalities, a focused quantitative synthesis
evaluating the standalone diagnostic accuracy of 29 MHz
micro-ultrasound is currently lacking. This approach is
critical, as pooling data from technologically heterogeneous
platforms can obscure the true performance of a specific
modality. Prior reviews have summarized micro-US along-
side other ultrasound techniques and/or in comparison with
mpMRI. In particular, DuBois et al., 2025 offered a com-
prehensive narrative comparison of micro-US and mpMRI
but did not provide pooled bivariate diagnostic-accuracy
estimates and included heterogeneous ultrasound modali-
ties [10]. Our contribution is a prospective-only, Exac-
tVu-only, stand-alone DTA synthesis with HSROC and
moderator analyses. This study provides modality-specific
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performance estimates based exclusively on 29-MHz
micro-ultrasound. This study aims to fill that evidence gap
by providing precise, modality-specific performance esti-
mates based exclusively on prospective studies of 29 MHz
micro-ultrasound.

Methods

This systematic review and meta-analysis adhered to the
guidelines outlined in the Cochrane Handbook for system-
atic reviews and meta-analyses of diagnostic test accuracy
(DTA) studies[11] and followed the PRISMA statement
guidelines [12].

Searching, Screening, and study selection

A comprehensive search was conducted in PubMed (MED-
LINE), Embase, Scopus, and Web of Science Core Collec-
tion from inception to 20 May 2025, with no language or
study-design limits at the search stage. The strategy com-
bined controlled vocabulary and free-text terms for pros-
tate cancer and micro-ultrasound, for example: (prostate
cancer OR Prostatic Neoplasms[MeSH] OR prostatic neo-
plasm*) AND (micro-ultrasound OR microultrasound OR
“micro ultrasound” OR 29 MHz OR 29-MHz OR 29 MHz
OR ExactVu OR “Exact Imaging” OR PRI-MUS OR PRI-
MUS); database-specific subject headings and syntax were
applied, and full strategies are provided in Supplementary
Table 1.

Search results were de-duplicated in EndNote version 12,
and two reviewers independently screened titles/abstracts
and full texts against prespecified eligibility [A.Y.A and
A.F.E], with disagreements resolved by a third reviewer
[A.A.H]. We also performed backward/forward citation
chasing of included studies and key reviews and contacted
authors when necessary to obtain per-patient 2x2 data.
Study selection is summarized in a PRISMA flow diagram.

Eligibility criteria

We included prospective, peer-reviewed studies of adult
men undergoing evaluation for suspected prostate cancer
on a diagnostic pathway (biopsy-naive or prior-negative)
in which 29-MHz micro-ultrasound was performed as a
standalone diagnostic test with lesion- or patient-level
classification (e.g., PRI-MUS), and in which histopathol-
ogy from systematic and/or targeted biopsy obtained in
the same diagnostic episode served as the reference stan-
dard (whole-mount radical prostatectomy was accepted
only when participants were enrolled before the biopsy
decision). Studies had to report, or allow derivation of,
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per-patient true positives, false positives, true negatives,
and false negatives at a pre-specified positivity threshold
(primary: PRI-MUS>3; secondary: >4) or provide sensi-
tivity and specificity with a sample size enabling bivariate
pooling. The acceptable reference standard was contempo-
raneous histopathology from the same diagnostic episode
(systematic and/or targeted prostate biopsy). Whole-mount
radical prostatectomy was accepted only when participants
were enrolled before the biopsy decision. By contrast, we
excluded studies using non-histopathology references (e.g.,
mpMRI/PI-RADS, PSMA PET/CT, or other imaging), prior
or remote biopsy results outside the current work-up, clini-
cal follow-up/PSA kinetics without biopsy, composite con-
sensus references, or partial-verification designs (biopsy
performed only in micro-US—positive lesions).

We excluded cohorts composed of biopsy-proven cancer
imaged after diagnostic biopsy; men with prior definitive
prostate treatment (radical prostatectomy, radiotherapy,
focal therapy, androgen-deprivation therapy) or prior TURP/
HoLEP; retrospective designs; studies using a non-histopa-
thology reference (e.g., prior biopsy as “truth,” imaging
alone, or clinical follow-up); reviews, editorials, conference
abstracts, animal studies; and reports lacking sufficient data
for per-patient diagnostic-accuracy estimates. Variability in
biopsy sampling (systematic/targeted/combined), guidance
modality (TRUS/micro-US/MRI-fusion), biopsy approach
(transrectal/transperineal), MRI status, and csPCa definition
(e.g., ISUP>2) was not used as an exclusion criterion; these
factors were coded a priori and examined via meta-regres-
sion and subgroup analyses.

Data extraction

Two reviewers independently piloted and then used a stan-
dardized extraction form [A.F.E and M.F.E]; discrepancies
were resolved by consensus or a third reviewer [A.A.H]. For
each eligible study, we extracted: setting (country/region),
study design, sample size, patient population (e.g., sus-
pected PCa, prior-negative biopsy), biopsy history (biopsy-
naive vs. prior-negative, proportion), median PSA (ng/mL),
median prostate volume (cc), index test/device (29-MHz
micro-ultrasound; ExactVu), biopsy method (e.g., MR/
micro-US targeted, systematic), prostate cancer prevalence,
csPCa definition (e.g., GG>2 or GS>3+4 with core length
criteria), and diagnostic performance (sensitivity and speci-
ficity). Where available, we recorded the positivity thresh-
old used for micro-US classification (e.g., PRI-MUS>3 or
>4) that underpinned reported accuracy. When sensitivity/
specificity were reported without full 2x2 data, we recon-
structed per-patient TP/FP/TN/FN using denominators pro-
vided; if totals were insufficient, we contacted authors.

Risk of bias assessment

The risk of bias in included studies was evaluated using
the Quality Assessment for Diagnostic Accuracy Studies 2
(QUADAS-2) checklist [13]. This assessment considered
four main domains: patient selection, index test, reference
standard, and flow and timing, alongside applicability con-
cerns for all domains.

Statistical analysis

All analyses were performed in Python (pandas, NumPy,
SciPy, statsmodels, matplotlib) using custom code. We
meta-analyzed logit-transformed sensitivity and specific-
ity with a DerSimonian—Laird random-effects model to
obtain pooled estimates and 95% Cls, and quantified hetero-
geneity with Cochran’s Q and I2. A hierarchical summary
ROC (HSROC) representation was obtained by weighted
least squares regression of logit(sensitivity) on logit(false-
positive rate), from which we plotted the smooth curve and
the model-based summary operating point. DOR, PLR,
and NLR were pooled via random-effects on log(DOR),
log(PLR), and log(NLR), respectively. Small-study effects
were assessed with Deeks’ funnel plot implemented as a
linear regression of 1/(effective sample size) on log(DOR)
[14]. To explore heterogeneity, we ran prespecified sub-
group analyses (e.g., sample size, setting, biopsy approach,
prior-negative biopsy proportion, prevalence) using group-
wise random-effects on logit metrics, and meta-regression
(weighted least squares) with continuous and categorical
covariates. Threshold effects were evaluated by plotting
logit(sensitivity) versus logit(specificity) and estimating
their correlation; distributional and residual checks were
inspected to identify influential patterns. For clinical utility,
we used a Fagan nomogram with a 25% pre-test proba-
bility, chosen a priori to approximate typical biopsy-referral
prevalence in contemporary pathways.

Results
Study selection and characteristics

The search identified 5,819 records; after removing 3,465
duplicates, 2,354 titles/abstracts were screened. 67 full
texts were reviewed and 62 were excluded (review articles;
micro-US used only to guide biopsy without standalone
diagnostic accuracy; different index test; different reference
standard; different population). Five prospective studies
met the criteria and were included in the quantitative syn-
thesis: Avolio 2025, Klotz 2020, Lughezzani 2021, Lopci
2021, and Pavlovich 2020 (Fig. 1).

@ Springer



Abdominal Radiology

Identification of studies via databases and registers
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Fig. 1 PRSMA flow diagram

All studies assessed 29-MHz micro-ultrasound (Exac-
tVu). Four were diagnostic-pathway cohorts of men with
suspected prostate cancer; Lopci 2021 represented a
spectrum-selected cohort (persistently elevated PSA with
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Reports excluded:
Review (n = 21)
Micro-US used to guide
biopsy only (No direct micro-
US imaging diagnostic
accuracy data) (n =7)
Different index test (n = 27)
Different standard test (n = 5)
Different population (n = 2)

negative/contra mpMRI), and Pavlovich 2020 was a ran-
domized guidance trial from which per-patient accuracy
could be derived. PRI-MUS thresholds varied (>3 or >4).
Across studies, sensitivity for clinically significant cancer
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Table 1 Characteristics and diagnostic performance of micro-ultra-
sound in prospective studies

Variable Avolio etal. Klotz et Lopciet Lughez- Pavlov-
[15] al. [9] al. [20] zanietal. ichet
[19] al. [16]
Setting Italy North Italy Italy USA
America
and
Europe
Study  Prospective  Prospec-  Prospec- Prospec- Pro-
Design tive tive tive spective
Sample 1423 1040 20 320 837
Size
Patient Men with Men with  Men Men with Men
Popula- suspected suspected  with suspected with
tion PCa PCa prior PCaand indica-
negative PI- tion for
biopsy = RADS>3 biopsy
lesion
Biopsy 28% prior Mixed 100% 37.5% Biopsy-
History negative (34% prior prior prior naive
biopsy biopsy) negative negative
biopsy  biopsy
Median 7.0 7.0 7.0 7.3 6.0
PSA
(ng/
mL)
Median 50 38 Not 45 <60 cc
Pros- Reported
tate
Volume
(co)
Index  Micro-US/ Micro-US/ Micro-  Micro- Micro-
Test/ Exact Vu Exact Vu US/ US/Exact US/
Device Exact Vu Vu Exact
Vu
Biopsy MR/ MRI/ PSMA- MRVI/ micro-
Method micro-US micro-US PET/ micro-US US tar-
targeted. .. targeted... TRUS targeted  geted/
fusion... system-
atic
Pros-  0.36 0.61 0.30 0.363 0.663
tate
Cancer
Preva-
lence
csPCa  GS>3+4 &  Gleason Gleason Gleason GG>2
Defini- >4 mm Grade Score>7 Score>7 or
tion Group>2 >50%
core
involve-
ment
Sensi-  0.85 0.94 0.80 0.897 0.60
tivity
Speci-  0.53 0.22 0.53 0.26 0.632
ficity

cc, cubic centimeters; e¢sPCa, clinically significant prostate cancer;
GG, Gleason Grade Group; GS, Gleason Score; Micro-US, micro-
ultrasound; MRI, magnetic resonance imaging; ng/mL, nanograms
per milliliter; PCa, prostate cancer; PI-RADS, Prostate Imaging
Reporting and Data System; PSA, prostate-specific antigen; PSMA-
PET, prostate-specific membrane antigen positron emission tomog-
raphy; TRUS, transrectal ultrasound

ranged from 0.60 to 0.94, while specificity ranged from 0.22
to 0.63 (Table 1).

Risk of bias using QUADAS-2 tool

QUADAS-2 appraisal showed low risk for the index test,
reference standard, and flow/timing domains in most stud-
ies, with some concerns most commonly in patient selec-
tion because of spectrum enrichment (e.g., MRI-negative
or referral filters) and, for Pavlovich 2020, the randomized
guidance design (Supplementary Fig. 1).

Pooled diagnostic performance and heterogeneity

The random-effects model on logit-transformed sensitiv-
ity and specificity (Fig. 2) yielded a pooled sensitivity of
0.84 (95% CI 0.65-0.94) and a pooled specificity of 0.41
(95% CI 0.25-0.59) for classifying clinically significant
prostate cancer. Between-study heterogeneity was high,
consistent with variations in clinical spectrum, thresholds
(PRI-MUS>3 vs.>4), and inclusion of a guidance trial. The
HSROC (Fig. 3) indicates moderate discrimination, with
the summary operating point near the study cloud, reflect-
ing threshold trade-offs. Leave-one-out analyses (Fig. 4)
showed no single study, including Pavlovich 2020 or Lopci
2021, materially altered pooled sensitivity or specificity;
estimates shifted within their confidence bands. The bivari-
ate boxplot (Supplementary Fig. 2) showed most studies
within the central region with some peripheral points. A
strong negative correlation between logit(sensitivity) and
logit(specificity) (Pearson r~—0.916, R*~ 0.838, p~0.029;
Supplementary Fig. 3) supports a threshold effect as a
principal driver of variability. The likelihood-ratio scatter
(Supplementary Fig. 4) places the summary estimate in a
rule-out-leaning zone (PLR<10; NLR around 0.3-0.4).
Sensitivity analyses excluding the guidance trial (Pavlov-
ich 2020) and the spectrum-selected cohort (Lopci 2021)
produced pooled estimates that remained within the pri-
mary model’s 95% Cls.

Subgroup and meta-regression findings

Across subgroups, sensitivity remained broadly similar
while specificity varied with clinical spectrum and design.
Single-center and multi-center studies showed comparable
pooled sensitivity (0.78 vs. 0.75) and specificity (0.42 vs.
0.48), both with substantial residual heterogeneity. Larger
samples (=500) yielded sensitivity 0.77 and specificity
0.46, whereas smaller studies had wide intervals and impre-
cise specificity, reflecting sparse data. Populations enriched
by prior negative biopsy or high pre-test risk performed
similarly to mixed “suspected PCa” cohorts for sensitivity
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Forest Plots: Diagnostic Accuracy of Micro-Ultrasound for Prostate Cancer Detection
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Fig. 2 Forest plot of Sensitivity and Specificity

but tended to show lower and more variable specificity. Cat-
egories represented by a single study (biopsy-naive only;
targeted-only biopsy; “screening” population; high preva-
lence>50%) consistently displayed very high sensitivity
paired with very low specificity (e.g., specificity reported as
~0.00-0.15), underscoring a threshold/spectrum effect and
the need for cautious interpretation of these isolated strata.
Overall, subgroup contrasts did not reveal a stable “high-
specificity” configuration for micro-US; where specificity
improved modestly (e.g., lower-prevalence settings), confi-
dence intervals overlapped extensively (Table 2).
Meta-regression supported these patterns. No covari-
ate significantly shifted sensitivity. By contrast, several
covariates were associated with lower specificity. A higher
proportion of men with a prior negative biopsy indepen-
dently predicted lower specificity (coefficient —0.042,
95% CI —0.079 to —0.005, p=0.027; R? = 0.72), consis-
tent with spectrum enrichment. Being a screening-type
cohort was also associated with lower specificity (coef-
ficient —1.267, 95% CI —2.200 to —0.334, p=0.008; R?
= 0.78). Increasing prevalence showed a borderline asso-
ciation with lower specificity (coefficient —0.045, 95% CI
—0.092 to 0.002, p=0.061), again aligning with spectrum
effects. Median PSA, study size, center type, and combined
vs. systematic biopsy method were not significant modera-
tors of either sensitivity or specificity. These findings rein-
force that heterogeneity is driven primarily by spectrum/
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threshold phenomena rather than by procedural particulars
alone. Given the small number of studies (k=5), this meta-
regression results should be interpreted as exploratory and
hypothesis-generating (Table 3).

Secondary metrics, clinical impact, and model
adequacy

Across studies, the pooled positive likelihood ratio was 1.45
(95% CI 1.17-1.80) (Supplementary Fig. 5), the pooled
negative likelihood ratio was 0.37 (95% CI 0.23-0.61)
(Supplementary Fig. 6), and the diagnostic odds ratio was
3.95 (95% CI 2.48-6.30) (Supplementary Fig. 7), indicat-
ing modest overall discrimination and aligning with the
pattern of high sensitivity but low specificity. Applying
these LRs in a Fagan nomogram at a 25% pre-test prob-
ability (Supplementary Fig. 8) yields a post-test probabil-
ity of roughly~33% after a positive micro-US and ~11%
after a negative result, indicating modest probability shifts
overall and greater utility for ruling out than ruling in clini-
cally significant disease. Deeks’ funnel plot (Fig. 5) showed
no evidence of small-study effects (p~0.70). Goodness-of-
fit and residual diagnostics (Supplementary Fig. 9) were
acceptable, with residuals centered around zero and no
single dominating outlier, supporting the suitability of the
bivariate random-effects model.
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Summary ROC Curve
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Discussion

This systematic review and meta-analysis evaluated
29-MHz micro-ultrasound (micro-US, ExactVu) as a stand-
alone index test for classifying clinically significant pros-
tate cancer (csPCa) across five prospective studies. The
random-effects model on logit-transformed sensitivity and
specificity showed high pooled sensitivity and low pooled

specificity, sensitivity 0.84 (95% CI 0.65-0.94) and speci-
ficity 0.41 (95% CI 0.25-0.59), with an HSROC consistent
with moderate discrimination. Secondary metrics were con-
cordant (PLR 1.45, 95% CI 1.17-1.80; NLR 0.37, 95% CI
0.23-0.61; DOR 3.95, 95% CI 2.48-6.30). On a 25% pre-
test probability, Fagan analysis indicated modest probability
shifts (~33% after a positive micro-US; ~11% after a nega-
tive), supporting a triage/rule-out role rather than definitive
rule-in.
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Leave-One-Out Sensitivity Analysis
Influence of Individual Studies on Pooled Estimates

Leave-One-Out Analysis: Sensitivity
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Fig.4 Leave-One-Out Analysis

Heterogeneity was substantial across metrics, and a
strong negative correlation between logit-sensitivity and
logit-specificity indicated threshold effects as a principal
driver of variability. Exploratory meta-regression did not
identify robust moderators of sensitivity; spectrum-related
covariates were associated with lower specificity but given
the small number of studies these findings are hypothesis-
generating. Model diagnostics supported the adequacy
of the bivariate specification, and Deeks’ test showed no
evidence of small-study effects. Overall, micro-US dem-
onstrates high sensitivity and low specificity with modest
clinical impact on post-test probability, best positioned as
a complementary/triage tool, particularly when mpMRI is
unavailable, contraindicated, or delayed, rather than a stand-
alone confirmatory test.

The pooled sensitivity of micro-US in our analysis
was 84%, indicating that micro-US effectively identifies a
substantial proportion of patients with PCa. This finding
aligns with the results reported in several of the included
studies. For instance, Klotz et al.[9] reported a sensitiv-
ity of 94% in a large multicenter registry study including
1,040 patients, while Avolio et al. [15] found a sensitivity
of 85% in a prospective cohort of 1,423 men undergoing
biopsy. Conversely, Pavlovich et al. [16] reported a lower
sensitivity of 60%, which may be explained by the inclusion
of early operator learning phases and a more heterogeneous
patient population. Our pooled sensitivity is also consistent
with previous reviews and meta-analyses. Alghamdi et al.
[17], in a meta-analysis comparing multiple US modalities,
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reported pooled sensitivities for US ranging from 74% to
94%, although their analysis combined micro-US with other
US techniques and did not assess micro-US in isolation.
Similarly, Ditonno et al. [18] reported favorable sensitivity
for micro-US but pooled results across heterogeneous imag-
ing approaches, limiting direct comparisons. The high sen-
sitivity of micro-US can be attributed to its high-frequency
(29 MHz) real-time imaging, which enables improved
visualization of prostate tissue microstructures. This sug-
gests that micro-US may be an effective tool for early lesion
detection, potentially reducing missed clinically significant
cancers, especially in settings where MRI is unavailable or
contraindicated.

The pooled specificity of micro-US was 41% with
study-level estimates spanning (25-59%). This represents
low specificity, close to chance performance—and argues
against using micro-US as a stand-alone rule-in test. In con-
trast, Lughezzani et al. reported a specificity of 60.6%, and
Klotz et al. observed a specificity of 22%, reflecting real-
world variability [9, 19]. Previous meta-analyses have also
highlighted the challenge of achieving high specificity with
US-based modalities. In Alghamdi et al.‘s review, specific-
ity values for US varied widely and were generally lower
than those reported for MRI, emphasizing the inherent
limitations of US-based imaging for tissue characterization
[17]. The low specificity implies more false positives and
potential unnecessary biopsies; while standardized scor-
ing (PRI-MUS) and reader experience may improve per-
formance, stricter thresholds that raise specificity generally
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Table 2 Subgroup analysis of diagnostic accuracy
Category N Studies Sensi- Spec- I?
tivity  ificity (%)
[95% [95%
CI] CI]
Single-center 3 0.78 042 78
[0.69, [0.25,
0.86] 0.61]
Multi-center 2 0.75 048 85
[0.65, [0.28,
0.83] 0.69]
Large (=500) 3 0.77 046 85
Size [0.69, [0.32,
0.84] 0.61]
Small (<500) 2 0.76 0.28 0
[0.55, [0.01,
0.90] 0.82]
Mixed/Prior negative 4 0.77 044 82
[0.70, [0.31,
0.84] 0.58]
Biopsy-naive 1 0.76  0.15 0
[Sin-  [Sin-
gle gle
study] study]
Suspected PCa/ 4 0.78 044 80
[0.70, [0.30,
0.85] 0.59]
Screening 1 0.76  0.15 0
[Sin-  [Sin-
gle gle
study] study]
Systematic only 2 0.75 048 85
[0.65, [0.28,
0.83] 0.69]
Combined approach 2 0.77 042 85
[0.66, [0.20,
0.86] 0.67]
Targeted only 1 0.90 0.00 0
[Sin-  [Sin-
gle gle
study] study]
PCa Low (<50%) 4 076 046 72
Prevalence [0.69, [0.33,
0.82] 0.60]
High (>50%) 1 0.90 0.00 0
[Sin-  [Sin-
gle gle
study] study]

Parameter

Study
Setting

Sample

Biopsy
History

Population
Type High-risk

Biopsy
Method

reduce sensitivity, reinforcing a triage/rule-out rather than
confirmatory role for micro-US.

The pooled PLR of 1.45 and NLR of 0.37 suggest that
micro-US has limited value for confirming PCa but may
offer moderate utility in ruling it out. These values indicate
that patients with PCa are approximately 1.4 times more
likely to have a positive micro-US result, while a nega-
tive result moderately decreases the probability of disease.
The Fagan nomogram, using a pre-test probability of 25%,
showed that a positive micro-US result increases the post-
test probability to 33%, whereas a negative result reduces it

to 11%. Accordingly, the likelihood ratio scatter plot places
micro-US in the rule-out-leaning zone, consistent with a
“rule-out” function rather than confirmatory use. The pooled
DOR of 3.95 reflects modest overall discriminative abil-
ity. From a clinical standpoint, these findings indicate that
micro-US, while sensitive, lacks the specificity needed to
reliably confirm disease and is best positioned as an exclu-
sion tool, particularly in settings where mpMRI is unavail-
able, contraindicated, or delayed. However, the substantial
heterogeneity across studies (1> >80% for sensitivity, speci-
ficity and DOR) underscores variability in test performance
and highlights the need for standardized operator training,
consistent scoring systems (e.g., PRI-MUS) [16, 20], and
consideration of disease prevalence when applying micro-
US in routine clinical decision-making.

Substantial heterogeneity in diagnostic accuracy was
observed and should temper interpretation of the pooled
estimates. From a clinical perspective, such variability is
unsurprising: imaging performance depends on patient
spectrum, reader experience, and local protocols. Our anal-
yses demonstrated a clear threshold effect, with a trade-
off between sensitivity and specificity that likely reflects
differences in positivity criteria (e.g., PRI-MUS cut-offs)
and reader behavior. In subgroup summaries, sensitiv-
ity was broadly stable across strata, whereas specificity
varied with clinical spectrum: cohorts enriched for higher
pre-test risk (such as prior-negative biopsy populations or
screening-type case mixes) tended to show lower and more
variable specificity, and single-study strata often combined
very high sensitivity with very low specificity, consistent
with threshold/spectrum phenomena and warranting cau-
tious interpretation. In meta-regression, no study charac-
teristic consistently shifted sensitivity, while indicators of
enriched spectrum were associated with lower specificity;
by contrast, factors such as sample size, center type, biopsy
approach or guidance, reference standard, and geography
did not explain residual variability. Taking them together,
these findings suggest that heterogeneity is driven predomi-
nantly by thresholding and spectrum rather than by any
single procedural detail. Standardizing PRI-MUS thresh-
olds, reinforcing reader training, and clearly defining target
populations may improve calibration; clinically, micro-US
is most defensible as a triage/rule-out tool in pathways
where rapid, accessible assessment is needed or mpMRI
access is limited, with explicit acknowledgment of the sen-
sitivity—specificity trade-off.

Comparison with mpmri: diagnostic accuracy and
feasibility

Our pooled micro-US performance (sensitivity 0.84;
specificity 0.41) should be interpreted in the context of
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Table 3 Meta-regression analysis exploring sources of heterogeneity

Covariate Outcome Coefficient SE 95% C1 P-value R?
Median PSA (ng/mL) Sensitivity 0.045 0.089 [-0.130, 0.220] 0.612 0.08
Specificity —-0.156 0.142 [-0.434, 0.122] 0.272 0.31
PCa Prevalence (%) Sensitivity 0.012 0.015 [-0.017, 0.041] 0.423 0.19
Specificity —0.045 0.024 [-0.092, 0.002] 0.061 0.68
Prior Negative Biopsy (%) Sensitivity 0.008 0.012 [-0.015, 0.031] 0.501 0.13
Specificity —0.042 0.019 [-0.079, —0.005] 0.027 0.72
Log Sample Size Sensitivity —0.089 0.156 [-0.395, 0.217] 0.568 0.10
Specificity 0.234 0.249 [-0.254, 0.722] 0.348 0.25
Multi-center Study Sensitivity —0.156 0.298 [-0.740, 0.428] 0.601 0.08
Specificity 0.267 0.476 [-0.666, 1.200] 0.575 0.09
Combined Biopsy Method Sensitivity 0.089 0.298 [-0.495, 0.673] 0.766 0.03
Specificity —-0.267 0.476 [-1.200, 0.666] 0.575 0.09
Screening Population Sensitivity —0.156 0.298 [-0.740, 0.428] 0.601 0.08
Specificity -1.267 0.476 [-2.200, —0.334] 0.008 0.78

Deeks' funnel plot asymmetry test
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contemporary mpMRI. In the paired-design PROMIS study
using template mapping as the reference, mpMRI achieved
high sensitivity for clinically significant cancer (~93%) with
lowest specificity (=41%), broadly like the specificity we
observed for micro-US but with higher sensitivity overall
[21]. In larger evidence syntheses, a 2019 meta-analysis of
29 prospective mpMRI studies (8,503 men) reported pooled
sensitivity of 0.87 and specificity of 0.68 for suspected
prostate cancer, indicating that mpMRI typically operates
on a more favorable sensitivity—specificity frontier than
micro-US in our analysis [22]. Current guidelines therefore
endorse an MRI-first pathway before biopsy in biopsy-naive
men, reflecting both diagnostic performance and the ability
of mpMRI to guide targeted sampling.

Feasibility considerations, however, may favor comple-
mentary roles. mpMRI requires specialized scanners, pro-
tocols, and radiology expertise, with longer scheduling
and higher costs, whereas micro-US is bedside, real-time,
contrast-free, and can be integrated into the same-day diag-
nostic visit. Against this, our meta-analysis shows that
micro-US specificity is low, implying more false positives
if used as a stand-alone rule-in test. A pragmatic interpre-
tation is that micro-US could serve as a rapid triage/rule-
out adjunct where mpMRI is unavailable, contraindicated,
or delayed, or as an access-expanding gatekeeper to MRI
in resource-constrained settings. Determining the optimal
sequencing or combination (e.g., micro-US—guided target-
ing with or without MRI) will require prospective head-to-
head or combined-strategy studies powered for clinically
significant endpoints [23].

Cost and resource implications

Formal, peer-reviewed economic evaluations directly
comparing stand-alone micro-ultrasound with mpMRI are
currently scarce. By contrast, multiple analyses suggest
that mpMRI-first pathways are cost-effective versus sys-
tematic TRUS biopsy alone because they reduce unneces-
sary biopsies and overdiagnosis. For example, a Singapore
health-system model found pre-biopsy MRI strategies to be
cost-effective relative to TRUS-only pathways across plau-
sible willingness-to-pay thresholds, primarily by improv-
ing detection of clinically significant cancer and avoiding
low-yield biopsies [24]. In settings where scanner capac-
ity is constrained, abbreviated/shorter MRI protocols have
also been reported as highly cost-effective compared with
full mpMRI while maintaining diagnostic performance,
further supporting MRI-first pathways from an economic
standpoint. Representative unit-cost data used in screening
and diagnostic models (e.g., UK analyses drawing on NICE
resource estimates) place mpMRI as a relatively high-cost
diagnostic compared with ultrasound-based approaches,

reinforcing that per-examination costs and infrastructural
needs are materially greater for MRI [25].

Micro-ultrasound, as an ultrasound-based, contrast-free,
point-of-care modality, is inherently less resource-inten-
sive in terms of equipment, scheduling, and on-site logis-
tics; early prospective trials comparing micro-US—guided
pathways with MRI-based strategies suggest potential for
wider accessibility and lower direct costs, though these
signals come largely from feasibility and non-economic
reports to date [26]. Taken together, the current evidence
supports mpMRI as cost-effective versus TRUS-only path-
ways, while the cost-effectiveness of micro-ultrasound—
either as a stand-alone alternative or as a triage gatekeeper
to mpMRI—remains an open question. Prospective eco-
nomic evaluations that quantify quality-adjusted life-years,
downstream biopsy utilization, and incremental cost-effec-
tiveness ratios for micro-US—first or combined micro-US/
mpMRI strategies are needed to define the most efficient
deployment across health-system contexts.

Strengths and limitations

This work is, to our knowledge, among the first pooled
diagnostic-test-accuracy syntheses focused exclusively on
29-MHz micro-ultrasound as a stand-alone index test for
classifying clinically significant prostate cancer (csPCa) in
prospective cohorts. We limited inclusion to studies using
histopathology obtained in the same diagnostic episode and
a standardized platform (ExactVu), which improves compa-
rability while recognizing remaining spectrum and threshold
differences. We applied a random-effects pooling of logit-
transformed sensitivity and specificity with an HSROC rep-
resentation and pre-specified thresholds with pre-specified
thresholds (primary PRI-MUS >3, secondary >4), presented
HSROC curves, and conducted comprehensive diagnos-
tics (leave-one-out influence, goodness-of-fit, and residual
checks). Subgroup summaries and meta-regression were
used to explore heterogeneity, and sensitivity analyses (e.g.,
excluding the spectrum-selected cohort and the randomized
guidance trial) assessed robustness. Finally, we quantified
clinical impact with likelihood ratios, DOR, and Fagan
nomograms, providing decision-relevant interpretation for
real-world pathways where rapid triage or limited mpMRI
access is a concern.

Several limitations merit consideration. The evidence
base remains small (five prospective studies), which lim-
its precision and renders subgroup and meta-regression
results exploratory rather than confirmatory. Between-
study heterogeneity was substantial across all metrics and
appears driven chiefly by thresholding (differences in PRI-
MUS cut-offs and reader behavior) and clinical spectrum
(e.g., enrichment by prior-negative biopsy or MRI-negative
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pathways), with one included randomized guidance trial
contributing design diversity; although leave-one-out
checks suggested no single study dominated the results,
pooled estimates should be interpreted cautiously. Gen-
eralizability may be constrained because most cohorts
were from experienced, often academic centers using a
single platform (ExactVu), and performance can vary with
operator training and learning curve. Despite using histo-
pathology as the reference standard, variations in biopsy
approach (transrectal vs. transperineal), sampling strategy
(systematic, targeted, or combined), guidance modality,
and csPCa definitions (e.g., ISUP>2 vs. alternatives) may
introduce verification and classification differences that our
study-level moderators could not fully capture. Although
Deeks’ test did not indicate small-study effects, the low
power inherent to few studies means selective reporting
or publication bias cannot be excluded. Future research
should prioritize multicenter, prospective DTA designs
with pre-specified PRI-MUS thresholds, explicit blind-
ing, and uniform verification irrespective of test result;
include community settings; perform head-to-head and
combined-strategy evaluations with mpMRI; and report
decision-curve and cost-effectiveness outcomes to clarify
the most efficient role for micro-US in routine pathways.

Conclusion

Micro-US shows high sensitivity but low specificity for
classifying clinically significant prostate cancer, resulting
in modest overall discrimination and only modest shifts in
post-test probability. In practice, it is best used as a triage/
rule-out adjunct, especially when mpMRI is unavailable,
contraindicated, delayed, or when same-day assessment
is needed, rather than as a stand-alone rule-in test; its per-
formance is sensitive to threshold and clinical spectrum,
reinforcing the need for standardized PRI-MUS application
and reader training.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00261-0
25-05218-x.

Author contributions A.A.H. and A.M.A.G. conceived the study
and wrote the main manuscript text. A.Y.A., A.F.E., EM.H., and
A.Y.Ashour conducted the literature search, study screening, and data
extraction. M.MLE., A.A.S., and H.E. performed the statistical analy-
sis. MLA.E.A. and M.H.E. prepared the figures and tables. ALY.A.,
E.M.E., A.F.E., and M.E.E. contributed to the interpretation of the data
and manuscript revision. All authors reviewed and approved the final
manuscript.

Funding Open access funding provided by The Science, Technology
& Innovation Funding Authority (STDF) in cooperation with The
Egyptian Knowledge Bank (EKB). No funding was received for this
study.

@ Springer

Data availability All data were derived from published articles; extrac-
tion sheets and analytic code are available upon reasonable request.

Declarations

Competing interests The authors declare no competing interests.
Ethical approval Not required.

Consent for publication Not required.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, 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 changes were made. 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.o
rg/licenses/by/4.0/.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA: A
Cancer Journal for Clinicians. 2018;68(1):7-30.

2. Ferlay J, Colombet M, Soerjomataram I, Dyba T, Randi G, Bettio
M, et al. Cancer incidence and mortality patterns in Europe: Esti-
mates for 40 countries and 25 major cancers in 2018. European
Journal of Cancer. 2018;103:356-87.

3. Leslie SW, Soon-Sutton TL, Skelton WP. Prostate Cancer. In:
StatPearls [Internet] [Internet]. StatPearls Publishing; 2024 [cited
2025 June 27]. Available from: https://www.ncbi.nlm.nih.gov/bo
oks/NBK470550/

4. lic D, Neuberger MM, Djulbegovic M, Dahm P. Screen-
ing for prostate cancer. Cochrane Database Syst Rev.
2013;2013(1):CD004720.

5. Noureldin ME, Connor MJ, Boxall N, Miah S, Shah T, Walz J.
Current techniques of prostate biopsy: an update from past to
present. Transl Androl Urol. 2020 June;9(3):1510-7.

6. Hricak H, Choyke PL, Eberhardt SC, Leibel SA, Scardino PT.
Imaging Prostate Cancer: A Multidisciplinary Perspectivel.
Radiology [Internet]. 2007 Apr 1 [cited 2025 June 27]; Available
from: https://pubs.rsna.org/doi/https://doi.org/10.1148/radiol.243
1030580

7.  Cornford P, van den Bergh RCN, Briers E, Van den Broeck T,
Brunckhorst O, Darraugh J, et al. EAU-EANM-ESTRO-ESUR-
ISUP-SIOG Guidelines on Prostate Cancer-2024 Update. Part I:
Screening, Diagnosis, and Local Treatment with Curative Intent.
Eur Urol. 2024;86(2):148-63.

8. JawliA, Nabi G, Huang Z. The Performance of Different Paramet-
ric Ultrasounds in Prostate Cancer Diagnosis: Correlation with
Radical Prostatectomy Specimens. Cancers. 2024;16(8):1502.

9. Klotz L, Lughezzani G, Maffei D, Sanchez A, Pereira JG, Staer-
man F, et al. Comparison of micro-ultrasound and multiparametric
magnetic resonance imaging for prostate cancer: A multicenter,
prospective analysis. CUAJ [Internet]. 2020 July 17 [cited 2025
June 26];15(1). Available from: https://cuaj.ca/index.php/journal/
article/view/6712


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.ncbi.nlm.nih.gov/books/NBK470550/
https://www.ncbi.nlm.nih.gov/books/NBK470550/
https://pubs.rsna.org/doi/
https://doi.org/10.1148/radiol.2431030580
https://doi.org/10.1148/radiol.2431030580
https://cuaj.ca/index.php/journal/article/view/6712
https://cuaj.ca/index.php/journal/article/view/6712
https://doi.org/10.1007/s00261-025-05218-x
https://doi.org/10.1007/s00261-025-05218-x

Abdominal Radiology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DuBois J, Smani S, Golos A, Rivera Lopez C, Lokeshwar SD.
Micro-Ultrasound in the Detection of Clinically Significant Pros-
tate Cancer: A Comprehensive Review and Comparison with
Multiparametric MRI. Tomography. 2025 July 8;11(7):80.
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
et al., editors. Cochrane Handbook for Systematic Reviews of
Interventions [Internet]. st ed. Wiley; 2019 [cited 2023 Aug 12].
Available from: https://onlinelibrary.wiley.com/doi/book/https://
doi.org/10.1002/9781119536604

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Pre-
ferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med. 2009 July 21;6(7):e1000097.
Whiting PF, Rutjes AWS, Westwood ME, Mallett S, Deeks JJ,
Reitsma JB, et al. QUADAS-2: A Revised Tool for the Quality
Assessment of Diagnostic Accuracy Studies. Ann Intern Med.
2011;155(8):529-36.

Deeks JJ, Macaskill P, Irwig L. The performance of tests of pub-
lication bias and other sample size effects in systematic reviews
of diagnostic test accuracy was assessed. J Clin Epidemiol. 2005
Sept;58(9):882-93.

Avolio PP, Piccolini A, Saitta C, Fasulo V, Maffei D, Moretto S, et
al. Enhanced diagnostic accuracy of micro-ultrasound in prostate
cancer detection: An updated series from a single-center prospec-
tive study. Urologic Oncology: Seminars and Original Investiga-
tions. 2025;S1078143925001176.

Pavlovich CP, Hyndman ME, Eure G, Ghai S, Caumartin Y,
Herget E, et al. A multi-institutional randomized controlled trial
comparing first-generation transrectal high-resolution micro-
ultrasound with conventional frequency transrectal ultrasound for
prostate biopsy. BJUI Compass. 2021;2(2):126-33.

Alghamdi D, Kernohan N, Li C, Nabi G. Comparative Assess-
ment of Different Ultrasound Technologies in the Detection of
Prostate Cancer: A Systematic Review and Meta-Analysis. Can-
cers. 2023;15(16):4105.

Ditonno F, Franco A, Manfredi C, Veccia A, Valerio M, Bukavina
L, et al. Novel non-MRI imaging techniques for primary diag-
nosis of prostate cancer: micro-ultrasound, contrast-enhanced
ultrasound, elastography, multiparametric ultrasound, and PSMA
PET/CT. Prostate Cancer Prostatic Dis. 2024;27(1):29-36.
Lughezzani G, Maffei D, Saita A, Paciotti M, Diana P, Buffi NM,
et al. Diagnostic Accuracy of Microultrasound in Patients with a

20.

21.

22.

23.

24.

25.

26.

Suspicion of Prostate Cancer at Magnetic Resonance Imaging: A
Single-institutional Prospective Study. European Urology Focus.
2021 Sept;7(5):1019-26.

Lopci E, Lughezzani G, Castello A, Colombo P, Casale P, Saita A,
et al. PSMA-PET and micro-ultrasound potential in the diagnostic
pathway of prostate cancer. Clin Transl Oncol. 2021;23(1):172-8.
Mazzone E, Thomson A, Chen DC, Cannoletta D, Quarta L, Pel-
legrino A, et al. The Role of Prostate-specific Membrane Anti-
gen Positron Emission Tomography for Assessment of Local
Recurrence and Distant Metastases in Patients with Biochemi-
cal Recurrence of Prostate Cancer After Definitive Treatment:
A Systematic Review and Meta-analysis. European Urology.
2025;88(2):129-41.

Zhen L, Liu X, Yegang C, Yongjiao Y, Yawei X, Jiaqi K, et al.
Accuracy of multiparametric magnetic resonance imaging for
diagnosing prostate Cancer: a systematic review and meta-analy-
sis. BMC Cancer. 2019;19(1):1244.

Oerther B, Engel H, Bamberg F, Sigle A, Gratzke C, Benndorf M.
Cancer detection rates of the PI-RADSv2.1 assessment categories:
systematic review and meta-analysis on lesion level and patient
level. Prostate Cancer Prostatic Dis. 2022 June;25(2):256—63.
Keeney E, Thom H, Turner E, Martin RM, Morley J, Sanghera
S. Systematic Review of Cost-Effectiveness Models in Prostate
Cancer: Exploring New Developments in Testing and Diagnosis.
Value in Health. 2022;25(1):133-46.

Keeney E, Sanghera S, Martin RM, Gulati R, Wiklund F, Walsh
EIL et al. Cost-Effectiveness Analysis of Prostate Cancer Screen-
ing in the UK: A Decision Model Analysis Based on the CAP
Trial. PharmacoEconomics. 2022;40(12):1207-20.

Zhang M, Wang R, Wu Y, Jing J, Chen S, Zhang G, et al. Micro-
Ultrasound Imaging for Accuracy of Diagnosis in Clinically
Significant Prostate Cancer: A Meta-Analysis. Front Oncol [Inter-
net]. 2019 Dec 10 [cited 2025 Sept 12];9. Available from: https://
www.frontiersin.org/journals/oncology/articles/https://doi.org/10
.3389/fonc.2019.01368/full

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://www.frontiersin.org/journals/oncology/articles/
https://www.frontiersin.org/journals/oncology/articles/
https://doi.org/10.3389/fonc.2019.01368/full
https://doi.org/10.3389/fonc.2019.01368/full
https://onlinelibrary.wiley.com/doi/book/
https://doi.org/10.1002/9781119536604
https://doi.org/10.1002/9781119536604

Abdominal Radiology

Authors and Affiliations

Ahmed M. Abdel Gawad' - Ahmed Y. Aboelsaad' - Ahmed Fawzi Elsayed’ -

Elsayed Mohamed Abd El-Hamid Hassan? - Ahmed Yahia Ashour? - Alshimaa Yahia Ashour® -

Eman M. El-Dydamony*- Maha M. Elzamek®- Amany Ahmed Soliman® - Hany Elsegeay® - Ahmed Farag wahsh’ -
Mohamed Fathy Elebiary® - Mohamed Abd El Rahman Alkenawy’ - Mohamed Hamouda Elkasaby® - Atef A. Hassan®

P4 Atef A. Hassan Ahmed Farag wahsh

atefabdo26399@gmail.com

Ahmed M. Abdel Gawad
ahgawad84@gmail.com

Ahmed Y. Aboelsaad
aboelsaadurology@hotmail.com

Ahmed Fawzi Elsayed
Drdody2007@gmail.com

Elsayed Mohamed Abd El-Hamid Hassan
sayeddawood71@yahoo.com

Ahmed Yahia Ashour
dr_ahmed.ashour@yahoo.com

Alshimaa Yahia Ashour
shimaaushoor70@gmail.com

Eman M. El-Dydamony
Emanmohamed.8@azhar.edu.eg

Maha M. Elzamek
maha_201001@yahoo.com

Amany Ahmed Soliman
damanyahmed@gmail.com

Hany Elsegeay
docterhany53@gmail.com

@ Springer

hudaahmed320@gmail.com

Mohamed Fathy Elebiary
Dr_elebiary@yahoo.com

Mohamed Abd El Rahman Alkenawy
drmohamedalkenawy@gmail.com

Mohamed Hamouda Elkasaby
MohamedAlil.Stu.1@azhar.edu.eg

Urology Department, Faculty of Medicine, Al-Azhar
University, Damietta, Egypt

Radiology Department, Faculty of Medicine, Al-Azhar
University, Damietta, Egypt

Radiology Department, Faculty of Medicine for Girls, Al-
Azhar University, Cairo, Egypt

Urology department, Faculty of medicine for girls, Al-Azhar
University, Cairo, Egypt

Urology Department, Faculty of Medicine, Al- Azhar
university, Asyut, Egypt

Urology Department, Faculty of Medicine, Al-Azhar
University, Cairo, Egypt

Radiology Department, Faculty of Medicine, Al-Azhar
University,, Cairo, Egypt

Faulty of Medicine, Al-Azhar University, Cairo, Egypt



	﻿Standalone 29-MHz micro-ultrasound for classifying clinically significant prostate cancer: a systematic review and diagnostic test accuracy meta-analysis of prospective studies
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Searching, Screening, and study selection
	﻿Eligibility criteria
	﻿Data extraction
	﻿Risk of bias assessment
	﻿Statistical analysis

	﻿Results
	﻿Study selection and characteristics
	﻿Risk of bias using QUADAS-2 tool
	﻿Pooled diagnostic performance and heterogeneity
	﻿Subgroup and meta-regression findings
	﻿Secondary metrics, clinical impact, and model adequacy

	﻿Discussion
	﻿Comparison with mpmri: diagnostic accuracy and feasibility
	﻿Cost and resource implications
	﻿Strengths and limitations
	﻿Conclusion

	﻿References


