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Abstract

Background: Conventional transrectal ultrasonography (TRUS) guided prostate biopsy is the standard method for aco@

diagnosis of prostate cancer (PCa). However, the limitations of this technique in terms of missed diagnosis cannot be ignored.
Based on previous studies, contrast-enhanced ultrasound (CEUS) may be able to more distinctly detect malignant lesions with
increased microvessels. Therefore, to evaluate the diagnostic efficiency and clinical application prospects of CEUS-guided
prostate biopsy for patients with suspected PCa, we performed a meta-analysis comparing CEUS-targeted with TRUS-guided
systematic biopsy.

Methods: A systematic search of PubMed, Web of Science, Embase and CNKI was performed up to March, 2022 for the
relevant published studies. After data extraction and quality assessment, meta-analysis was performed using the RevMan 5.3
software.

Results: The results showed that the overall sensitivity was higher for CEUS targeted biopsy than systematic biopsy (P = .03), so
was the accuracy (P = .03). However, significant heterogeneity and inconsistent results from certain subgroup analyses challenged
the validity of the results. Meanwhile, CEUS yielded a much higher sensitivity in patients with prostate specific antigen (PSA)
level of 4 to 10ng/mL (P =.007). On the other hand, the positive rate of each core (P < .001) and the detection rate of clinically
significant PCa (P = .006) were significantly improved using CEUS.

Conclusion: CEUS showed the advantage of a higher detection rate of clinically significant PCa, which might provide more
specific indications for subsequent treatment. More feasible, real-time data are required to confirm our findings.

Abbreviations: CEUS = contrast-enhanced ultrasound, mpMRI = multiparametric magnetic resonance imaging, MRI =

magnetic resonance imaging, PCa = prostate cancer, PSA = prostate specific antigen, TRUS = transrectal ultrasonography.
Keywords: biopsy, contrast-enhanced ultrasound, diagnosis, meta-analysis, prostate cancer

1. Introduction

Prostate cancer (PCa) is the second most common malignant
disease in men, with a steadily increasing incidence worldwide.
Since population screening was valued and initiated, early
detection has been proved to be associated with a decrease in
cancer-related mortality.!. For clinical diagnosis, systematic
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prostate biopsy with 8 to 12 cores under transrectal ultrasound
(TRUS) has long been applied in primary hospitals. However,
the strategy of TRUS-guided biopsy has been poorly developed
since it was first introduced in 1981.1%3! Because of these inher-
ent limitations, systematic biopsy using TRUS may fail to dis-
cover almost 20% of clinically significant PCa.¥! Meanwhile,
among the TRUS-positive cases, a relatively high percentage
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turned out to be clinically insignificant PCa, which requires no
aggressive treatment.! Given the above concerns, the improve-
ment of current diagnostic methods is imperative.

Contrast-enhanced ultrasound (CEUS) using microbubbles,
which are ideal contrast agents for enhancing small vessels, can
provide more distinct the visualization of lesions with microves-
sels.’l In recent years, CEUS has been gradually used for the
diagnosis of various tumors, such as breast cancer, hepatocellu-
lar carcinoma, renal cancer, thyroid cancer and so on.[*”! Li et al
performed a meta-analysis, indicating that CEUS is a promising
tool for the detection of PCa, but could not replace the role
of systematic biopsy.'"” Compared with normal prostate tis-
sues, PCa generally shows increased microvessel density, which
is associated with pathological parameters, including Gleason
scores.!"! Theoretically, CEUS might be more sensitive in detect-
ing PCa, especially in high-grade lesions. Some published stud-
ies have compared CEUS with baseline TRUS, illustrating the
superiority of CEUS, in terms of higher diagnostic accuracy,
fewer cores and increased sensitivity of clinically significant
PCa.l'>24l However, there are also preliminary studies suggest-
ing that the real advantages of CEUS in clinical practice remains
controversial.?>?! In view of these arguments, we performed
this meta-analysis to determine whether CEUS-guided biopsy
is superior to conventional systematic biopsy and evaluate the
performance of CEUS in the diagnosis of PCa.

2. Methods
2.1. Search strategy

Following the recommendations of the Cochrane Collaboration
and Quality of Reporting of Meta-analyses guidelines, this
meta-analysis was performed.”?”28 To identify eligible studies, we
searched the literature published from 2000 to 2022 in PubMed,
Web of Science, Embase, and CNKI. The following MESH terms
were used: “comparative studies,” “contrast-enhanced ultra-
sound,” “gray-scale ultrasound” or “transrectal ultrasound” or
“conventional ultrasound,” “prostate cancer,” “targeted,” “sys-
tematic” and “prostate biopsy.” The “related articles” function
was used to broaden the search, and all abstracts, studies, and
citations were reviewed.

2.2. Inclusion criteria and exclusion criteria

The following inclusion criteria were used: clinical studies com-
paring CEUS with TRUS during prostate biopsy, targeted biopsy
alone was performed for abnormal findings on CEUS, patients
with suspected PCa who underwent prostate biopsy for the first
time, and the final diagnosis of PCa was defined by pathological
testing.

Studies were excluded if: patients had a history of PCa or
repeated biopsy, without numerical outcomes or impossible to
calculate, and biopsy was performed with other imaging assis-
tance, for example, MRI-targeted biopsy.

2.3. Study outcomes

We compared the diagnostic efficiency of CEUS-targeted with
that of TRUS-guided systematic biopsy. The sensitivity, specific-
ity and accuracy of the patients were analyzed. We then evaluated
the sensitivity according to PSA ladders (4-10ng/mL, 10-20 ng/
mL, and >20ng/mL), to validate the association with different
clinical characteristics. Moreover, we compared the detection
rate of clinically significant PCa, namely, a Gleason score of >6.
In the core analysis, the proportion of positive biopsy sites was
also compared between the 2 techniques. All disagreements
regarding eligibility were resolved by discussion until a consen-
sus was reached. In all cases of missing or incomplete data, the
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corresponding authors were contacted; however, no additional
information was provided.

2.4. Quality assessment

We used the levels of evidence to evaluate the methodological
quality of the included studies, according to criteria from the
Centre for Evidence-Based Medicine in Oxford UK (available
at http://www.cebm.net/ocebm-levels-of-evidence/). All included
studies were independently assessed by 2 investigators after
a full-text review. Studies on levels 1a to 3b were considered
feasible.

2.5. Statistical analysis

All pooled data were discontinuous variables, that were reported
as odds ratios (OR). The Mantel-Haenszel method was used
for the meta-analysis, and the data were synthesized using the
Z test. Heterogeneity among studies was evaluated using the
chi-square statistics and I-square (I?) tests. We used a fixed-ef-
fects model when heterogeneity was not significant (P > .1 and
I? <50%), otherwise, a random-effects model was applied.
Funnel plots were used to evaluate publication bias. Sensitivity
analysis was performed by omitting 1 certain study at a time.
Statistical significance was set at P <.05. All calculations were
conducted using the RevMan software (version 5.3; Cochrane
Library Software, Oxford, UK).

3. Results

A total of 362 studies were retrieved using the initial search
strategy. After 3 rounds of screening, 15 studies were selected,
including 1 randomized controlled trial, 11 prospective studies
and 3 retrospective studies. Based on the levels of evidences, all
pooled studies were listed as feasible evidence. A flowchart illus-
trating the selection strategy for this meta-analysis is shown in
Figure 1. The characteristics of the included studies are listed in
Table 1.

Targeted and systematic biopsy procedures were paired in
most included studies. Based on the analyses of pooled studies,
CEUS seemed to be more sensitive than TRUS for the detec-
tion of PCa (OR: 1.77; 95% CI: 1.05-2.99; P = .03). However,
remarkable heterogeneity was observed among the included
studies (Fig. 2). To investigate the possible source of heterogene-
ity, we performed subgroup analyses according to time (before
2010 vs after 2010), institute (China vs other countries) and
study design (retrospective vs prospective). It seemed that the
results were influenced by all 3 parameters, indicating that the
advantage of CEUS was not feasible. The results are presented
in Table 2. In addition, the diagnostic sensitivity was compared
between CEUS and TRUS biopsy according to PSA levels. In the
PSA 4 to 10ng/mL subgroup, the sensitivity was significantly
greater for CEUS than for TRUS (OR: 2.66; 95% CI: 1.30-5.41;
P =.007), and so was in the 10 to 20ng/mL (OR: 1.75; 95% CI:
1.04-2.97; P = .04), while no significant difference was revealed
in the > 20ng/mL subgroup (OR: 0.82; 95% CI: 0.40-1.66;
P =.58) (Fig. 3). In the biopsy core analysis, the positive rate of
suspicious lesions on CEUS was significantly greater than that
on TRUS (OR: 2.45; 95% CI: 1.57-3.81; P < .001) (Fig. 4).

In addition to diagnostic sensitivity, we also compared the
specificity, which showed no significant difference between
CEUS and TRUS (OR: 1.42; 95% CI: 0.43-4.73; P =.56)
(Fig. 5). However, the overall accuracy was higher for CEUS
(OR: 1.73; 95% CI: 1.05-2.85; P =.03) (Fig. 6). On the other
hand, among the same patients whose biopsy was positive, there
was an increased detection rate of clinically significant PCa with
a Gleason score > 6 for CEUS compared to TRUS (OR: 2.55;
95% CI: 1.31-4.95; P = .006) (Fig. 7).
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362 studies were
searched from databases

321 studies were excluded after
review of titles and abstracts

41 studies were elected
for Full-text screening

23 studies were excluded because:
Not comparing CEUS vs TRUS (10)
Duplication (5)

Not targeted biopsy by CEUS (2)
Without data (6)

18 studies were
evaluated for quality

bias was noted.

3 studies were excluded because

of low quality 4. Discussion

15 studies were included
in meta-analysis

Figure 1. Flowchart showing the selection of studies for meta-analysis.
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Sensitivity analysis was performed by removing 1 certain
study each time. The results showed that, when particular stud-
ies were omitted,/'*!52% the final results of diagnostic sensitivity
changed to no statistical difference between CEUS and TRUS,
challenging the solidity of this analysis. However, when we
analyzed the subgroups mentioned above, no significance was
influenced due to the absence of a single study. For specificity,
clinically significant PCa detection rate, and positive rate of each
core, sensitivity analyses indicated that the comparisons were
relatively stable. Funnel plots were used to assess the publica-
tion bias of the included studies, and no palpable publication

The application of multiparametric ultrasound including
new sonographic modalities such as elastography, CEUS,
improved B-mode, micro-ultrasound and micro-Doppler has
provided preliminary superiority for the detection of suspi-
cious prostate lesions compared with conventional TRUS. 2?3

The characteristics of included studies.

Author yr Country Study interval PSA (ng/mL) Age Contrast agent  Study design  LOE
Chen 2019 China 2015.01-2018.07 4-10 Mean + SD:67.3 = 9.2 SonoVue® Retrospective 2b
Frauscher 2002 Austria 2000.12-2001-07 >1.25 Ranging:41-77; Mean:56 Levovist Prospective 1b
Halpern 2012 USA 2006.11-2011.06 Mean + SD:6.5 =7 Ranging:36-83; Mean:62 DEFINITY® Prospective 1b
Lai 2016 China 2014.05-2015.10 >4 Mean + SD:67.5 + 14.5 NR Prospective 1b
Li2015 China 2010.06-2011.11 Ranging:4.01-99; Mean:22.94 Mean + SD:69.33 + 8.31 SonoVue® Retrospective 2b
Liu 2020 China 2015.01-2019.07 Ranging:4.2-25.3; Median:7.2 Ranging:50-87; Median:67.2  SonoVue® Retrospective 2b
Lu 2018 China 2013.07-2016.07 Mean + SD:32.62 + 25.94 Mean + SD: 72.4 + 7.2 SonoVue® Prospective 1b
Mitterberger 2007 Austria NR Ranging:1.4-35; Mean:4.6 Ranging:36—-83; Mean:62 SonoVue® Prospective 1b
Mitterberger 2009 Austria NR Ranging:2.8-32.2; Mean:8.5 Ranging:45-74; Mean:63.9 SonoVue® Prospective 1b
Taverna 2011 taly NR Ranging:2.5-9.9 Ranging:45-76; Median:65.9  SonoVue® RCT 1b
Taymoorian 2007 Germany  2004.01-2006.02 Ranging:4-48; Median:10 Ranging:44—-73; Median:66 SonoVue® Prospective 1b
Wang 2017 China 2014.09-2016.01 Ranging:4.32—10 Mean + SD:69.6 + 8.85 SonoVue® Prospective 1b
Xie 2011 China 2009.06-2010.09  Ranging:4.16-85.80; Median: 14.35 Ranging:45-86; Median:69 SonoVue® Prospective 1b
Yi 2005 Korea 2003.08-2004.02 Ranging:4-10 Mean + SD:62 + 8 Levovist Prospective 1b
Zhu 2018 China 2014.03-2017.06 Mean + SD:11.2 + 6.4 Mean + SD:68.5 + 8.3 SonoVue® Prospective 1b
LOE = Level of evidence, NR = not reported, PSA = prostate specific antigen, RCT = randomized control studies, SD = standard deviation.
CEUS TRUS Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI

Chen 2019 42 67 18 67 8.0% 4.57 [2.20,9.52)

Frauscher 2002 56 63 52 69 7.8% 1.41[0.62,3.18) TR T
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Figure 2. Forest plot and meta-analysis of diagnostic sensitivity comparing CEUS targeted with TRUS guided systematic biopsy. CEUS = contrast-enhanced

ultrasound, TRUS = transrectal ultrasonography.
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Subgroup analyses in terms of diagnostic sensitivity comparing CEUS targeted and TRUS guided prostate biopsy.
Study heterogeneity
Subgroups No. of studies OR (95% CI) Pvalue Chi? df P Pvalue
China vs other countries
China 8 1.51[0.91,2.51] 11 21.93 7 68% .003
Other countries 6 2.191[0.74,6.48] 16 63.86 5 92% <.001
Retrospective vs prospective
Retrospective 2.70 [1.05, 6.94] .04 714 2 2% .03
Prospective 11 1.58 [0.85, 2.93] 15 73.66 10 86% <.001
Before 2010 vs after 2010
Before 2010 5 3.35[1.30, 8.60] .01 16.20 4 75% .003
After 2010 9 1.34[0.70, 2.58] .38 64.67 8 88% <.001
CEUS = contrast-enhanced ultrasonography, OR = odds ratio, TRUS = transrectal ultrasonography.
The p value is bold when <0.05.
CEUS TRUS 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H. Randomn, 95% CI
1.4.1 PSA 4-10ng/mL
Chen 2019 42 67 18 67 11.3% 457 (2.20,9.52) Sl
Li2015 24 36 17 3/ 8T7% 2.24 [0.86, 5.80] § ERELTI
Lu 2018 19 22 15 22 B6.3% 2.96 [0.65, 13.41) = R
Wang 2017 27 35 30 35 7.8% 0.56[0.16,1.93] T
Zhu 2018 102 110 79 110 106% 5.00(2.18,11.48] W
Subtotal (95% CI) 270 270  45.6% 2.66 [1.30, 5.41] S
Total events 214 158
Heterogeneity: Tau®= 0.39; Chi*=10.18, df=4 (P=0.04); F=61%
Test for overall effect: Z= 2.69 (P = 0.007)
1.4.2 PSA 10-20ng/mL
Li2015 33 46 25 46 10.3% 2.131[0.90, 5.07) ) I
Lu 2018 21 23 16 23 54% 459 [0.84, 25.16) 7
Zhu 2018 139 157 134 157 11.9% 1.33[0.68, 2.57) = -y
Subtotal (95% CI) 226 226 27.6% 1.75[1.04, 2.97] . g
Total events 193 175
Heterogeneity: Tau®=0.01; Chi*= 212, df= 2 (P = 0.35); F=6%
Test for overall effect: Z= 210 (P = 0.04)
1.4.3 PSA >20ng/mL
Li2015 61 62 62 68 8.3% 0.84 [0.27, 2.65) =]
Lu 2018 58 73 65 73 9.9% 0.48[0.19,1.20) T
Zhu 2018 44 50 41 50  B.5% 1.61[0.53, 4.92) = R
Subtotal (95% CI) 191 191 26.7% 0.82 [0.40, 1.66] <
Total events 163 168
Heterogeneity. Tau®= 0.10; Chi*= 2.72, df= 2 (P = 0.26); IF= 26%
Test for overall effect: Z= 0.55 (P = 0.58)
Total (95% Cl) 687 687 100.0% 1.81[1.10, 2.97] L 4
Total events 570 502
i 2 . Chiz= 2 - . } } t t
Heterogeneity: Tau®=0.43; Chi*=27.73, df=10 (P = 0.002); F= 64% 0002 01 1 10 500

Test for overall effect: Z= 233 (P=0.02)

Favours [TRUS] Favours [CEUS]

Test for subaroun differences: Chi*=5.49. df= 2 (P=0.06). F=63.5%

Figure 3. Forest plot and meta-analysis of diagnostic sensitivity comparing CEUS targeted with TRUS guided systematic biopsy at different PSA levels. CEUS
= contrast-enhanced ultrasound, PSA = prostate specific antigen, TRUS = transrectal ultrasonography.

Moreover, Chen et al developed a scoring system based on
the performance of multiparametric ultrasound to predict
peripheral zone PCa and clinically significant PCa, which was
found comparable to PI-RADS V2.53! Despite the promising
findings, considering the lack of large-scale trials, the advan-
tages of CEUS only over conventional TRUS remain uncer-
tain. Therefore, we performed this meta-analysis to confirm
the diagnostic efficiency of CEUS in patients underwent naive
prostate biopsies.

In the meta-analyses we found that CEUS-guided biopsy had
a higher chance of diagnosing PCa in abnormal imaging areas

of the prostate gland. CEUS achieved a greater sensitivity than
TRUS, especially for patients with a PSA value of 4 to 10ng/
mL. Moreover, the proportion of positive cores and accuracy
was higher in the CEUS-guided biopsy. The results indicated
that CEUS-targeted biopsy had significant advantages over sys-
tematic biopsy in terms of detection rate for patients with PSA
values in the gray area, simultaneously decreasing the associ-
ated morbidity. However, noticeable heterogeneity in meta-anal-
yses is worthy of concern. According to our subgroup analyses,
CEUS-targeted biopsy seemed insufficient to eliminate the need
for systematic biopsy. This might be explained by the fact that
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CEUS TRUS Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% ClI M-H, Random, 95% CI
Frauscher 2002 118 1139 123 2300 14.4% 2.051.57, 2.66] 5.1
Halpern 2012 203 1237 276 3264 14.86% 213[1.75, 2.58) =
Lai 2016 35 =kl 206 1732 13.3% 5,64 [3.55, 8.96) e
Li 2020 668 1009 597 998 14.7% 1.32[1.10,1.58) ke
Mitterberger 2007 379 3417 400 6900 14.8% 2.03[1.75, 2.359) x
Wang 2017 30 100 112 910 13.3% 3.05[1.91, 4.89] -
Zhu 2018 929 2334 1265 12288 14.9% 5.76[5.21,6.39] =
Total (95% CI) 9317 28392 100.0% 2.71[1.62, 4.53] <
Total events 2362 2979
Heterogeneity: Tau®= 0.46; Chi*= 284,82, df= 6 (P < 0.00001); = 98% b 05 01'1 1’0 20&

Test for overall effect: Z= 3.81 (P = 0.0001)

Favours [TRUS] Favours [CEUS]

Figure 4. Forest plot and meta-analysis of positive rate of each core comparing CEUS targeted with TRUS guided systematic biopsy. CEUS = contrast-en-

hanced ultrasound, TRUS = transrectal ultrasonography.

CEUS TRUS Odds Ratio Odds Ratio
Study or Subgroup _ Fvents Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl

Chen 2019 3/ 52 40 52 215% 0.68[0.28, 1.62] =

Liu 2020 6 7 16 24 129% 3.00 (0.31, 29.35) —

Lu 2018 64 B8 36 63 200%  14.22[4.66, 43.45) —
Taverna 2011 42 100 68 100 22.9% 0.24[0.19, 0.61] =

Yie 2011 43 77 42 77 227% 1.05 [0.56, 1.99] l

Total (95% Cl) 304 321 100.0% 1.42[0.43, 4.73]

Total events 191 202

Heterogeneity: Tau®= 1.55; Chi*= 36.87, df= 4 (P < 0.00001); F= 89% 0.51 0?1 1=0 160

Test for overall effect. Z= 0.58 (P = 0.56)

Favours [TRUS] Favours [CEUS]

Figure 5. Forest plot and meta-analysis of diagnostic specificity comparing CEUS targeted with TRUS guided systematic biopsy. CEUS = contrast-enhanced

ultrasound, TRUS = transrectal ultrasonography.

CEUS TRUS Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% ClI M-H. Random, 95% Ci
Chen 2019 78 118 58 119 23.2% 2.00[1.19,3.37) =
Liu 2020 23 26 28 42 9.4% 3.83[0.98, 14.99]
Lu 2018 162 186 132 186 23.0% 2.76[1.62, 4.71) M
Taverna 2011 47 100 53 100 225% 0.79(0.45,1.37) A
Xie 2011 125 150 116 150 22.0% 1.47 [0.82, 2.60) T
Total (95% Cl) 581 597 100.0% 1.73[1.05, 2.85] =
Total events 435 387
Heterogeneity: Tau®= 0.21; Chi*= 12.57, df = 4 (P = 0.01); F= 68% Io.m 0?1 1 1%0 100’

Test for overall effect Z= 216 (P=0.03)

Favours [TRUS] Favours [CEUS]

Figure 6. Forest plot and meta-analysis of diagnostic accuracy comparing CEUS targeted with TRUS guided systematic biopsy. CEUS = contrast-enhanced

ultrasound, TRUS = transrectal ultrasonography.

hypervascularity is not a direct marker of cancer lesions, and
biopsy samples obtained from hypervascular areas were possi-
bly negative, but positive for samples in non-hypervascularized
areas of the gland.”®! On the other hand, given the cost-ben-
efit ratio of CEUS in the gray PSA area, Halpern et al also
recommended a limited CEUS-targeted biopsy following PSA
screening. !¢l

For patients with a positive biopsy result, the Gleason score
is a well-established indicator of prognosis. Based on previous
clinical studies, there was no lethal risk of PCa with a Gleason
score of 2 to 4, and only a modest risk with scores of 5 and 6 for
patients who underwent conservative treatment.*>>% In other
words, only the clinically significant PCa (Gleason score > 6)
requires aggressive management, and active surveillance alone
may be reasonable for low-grade PCa.’’! Therefore, it is

important to define the grading of PCa for the choice of thera-
peutic applications. We investigated the sensitivity of CEUS to
clinically significant PCa in the present meta-analysis, showing
that CEUS was more capable of discovering PCa with higher
Gleason scores. This is because lesions with higher Gleason
scores are usually associated with growing small vessels.[3¢37]
The ability to detect more aggressive lesions may enhance
the clinical application prospects of CEUS for predicting PCa
prognosis.

In recent years, a number of meta-analyses have demonstrated
that multiparametric magnetic resonance imaging (mpMRI)
informed targeted prostate biopsy is superior to systematic
biopsy alone in diagnostic pathways for PCa.*3! According to
current guidelines, mpMRI combined with targeted biopsy is
strongly recommended, and ultrasound plays a minor role in
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Figure 7. Forest plot and meta-analysis of detection rate of clinical significant PCa comparing CEUS targeted with TRUS guided systematic biopsy. CEUS =
contrast-enhanced ultrasound, PCa = prostate cancer, TRUS = transrectal ultrasonography.

the accurate diagnosis of PCa.’”! However, mpMRI-targeted
biopsy requires specific devices and is relatively expensive and
time consuming. Moreover, MRI is contraindicated for patients
with implants, pacemakers, or claustrophobia. Lately, a popu-
lation-based trial showed that, biopsy performed only in men
with positive MRI was noninferior to standard biopsy for
detecting clinically significant PCa.*"! In addition, a prospective
multicenter study indicated ultrasound directed prostate biopsy
detected clinical significant PCa equally well comparing with
MRI targeted biopsy.l*!l Therefore, the ultrasound-based imag-
ing including CEUS still plays a valuable role for PCa screening.

To the best of our knowledge, this is the first meta-analy-
sis to include a comprehensive search strategy that compared
CEUS-targeted and the currently widely used systematic biopsy.
However, we acknowledge the inherent limitations of this study.
First, there is no standard procedure for CEUS-guided biopsies.
Significant variability probably existed across the involved stud-
ies with regard to the definition of suspicious lesions, the num-
ber of target cores, and the experiences of the radiologists who
interpreted the images and the different facilities or agents used.
Second, the heterogeneity among the studies in the comparisons
compelled us to use random-effect models. Third, sensitivity
and specificity were analyzed in our study, but the interference
of missing diagnoses was not ruled out. Finally, the different
designs of each study did not allow us to address an established
conclusion, considering the inconsistent results from subgroup
analyses.

5. Conclusions

Although the role of systematic biopsy is still far from obso-
lete, our findings suggests that CEUS-guided prostate biopsy
helped improve the diagnostic sensitivity, especially in the PSA
gray area, with fewer cores. Furthermore, patients could benefit
from CEUS in terms of diagnostic efficiency to detect clinically
significant PCa, leading to more individual management. In light
of these limitations, further randomized controlled trials focus-
ing on the accuracy of CEUS-targeted prostate biopsies are still
warranted.

Author contributions

XW, DBW and CBQ designed the meta-analysis. QSM, LLF, HT
and JHJ performed the paper search and data extraction. QLG
and JHJ performed the data analyses. MZ wrote the manu-
script. DBW and CBQ supervised the whole process of the draft.
Conceptualization: Ming Zhang, Qingsong Meng.

Data curation: Qingsong Meng.

Formal analysis: Lulu Feng.

Methodology: Lulu Feng, Hui Tian.

Resources: Hui Tian.

Software: Lulu Feng, Jianghua Jia.

Supervision: Dongbin Wang, Changbao Qu.

Validation: Dongbin Wang, Changbao Qu, Xin Wang.
Writing — original draft: Jianghua Jia, Qinglu Gao, Xin Wang.
Writing — review & editing: Qinglu Gao.

References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J
Clin. 2019;69:7-34.
[2] Holm HH, Gammelgaard J. Ultrasonically guided precise needle place-
ment in the prostate and the seminal vesicles. ] Urol. 1981;125:385-7.
[3] Giannarini G, Autorino R, di Lorenzo G. Saturation biopsy of the pros-
tate: why saturation does not saturate. Eur Urol. 2009;56:619-21.
Goldberg H, Ahmad AE, Chandrasekar T, et al. Comparison of mag-
netic resonance imaging and transrectal ultrasound informed prostate
biopsy for prostate cancer diagnosis in biopsy naive men: a systematic
review and meta-analysis. ] Urol. 2020;203:1085-93.
Postema AW, Frinking PJ, Smeenge M, et al. Dynamic contrast-en-
hanced ultrasound parametric imaging for the detection of prostate
cancer. BJU Int. 2016;117:598-603.
Radzina M, Ratniece M, Putrins DS, et al. Performance of contrast-en-
hanced ultrasound in thyroid nodules: review of current state and
future perspectives. Cancers. 2021;13:5469.
Meloni MF, Francica G, Chiang ], et al. Use of contrast-enhanced ultra-
sound in ablation therapy of HCC: planning, guiding, and assessing
treatment response. J Ultrasound Med. 2021;40:879-94.
Cui Q, Dai L, Li J, et al. Accuracy of CEUS-guided sentinel lymph node
biopsy in early-stage breast cancer: a study review and meta-analysis.
World J Surg Oncol. 2020;18:112.
Liu Y, Kan Y, Zhang J, et al. Characteristics of contrast-enhanced ultra-
sound for diagnosis of solid clear cell renal cell carcinomas </=4 cm: a
meta-analysis. Cancer Med. 2021;10:8288-99.
Li Y, Tang J, Fei X, et al. Diagnostic performance of contrast enhanced
ultrasound in patients with prostate cancer: a meta-analysis. Acad
Radiol. 2013;20:156-64.
Erbersdobler A, Isbarn H, Dix K, et al. Prognostic value of microves-
sel density in prostate cancer: a tissue microarray study. World ] Urol.
2010;28:687-92.
Frauscher E Klauser A, Volgger H, et al. Comparison of con-
trast enhanced color Doppler targeted biopsy with conventional
systematic biopsy: impact on prostate cancer detection. ] Urol.
2002;167:1648-52.
Mitterberger M, Pinggera GM, Horninger W, et al. Comparison of
contrast enhanced color Doppler targeted biopsy to conventional sys-
tematic biopsy: impact on Gleason score. ] Urol. 2007;178:464-8; dis-
cussion 468.
Taymoorian K, Thomas A, Slowinski T, et al. Transrectal broad-
band-Doppler sonography with intravenous contrast medium admin-
istration for prostate imaging and biopsy in men with an elevated PSA
value and previous negative biopsies. Anticancer Res.2007;27:4315-20.
Mitterberger M, Horninger W, Aigner F, et al. Contrast-enhanced
colour Doppler-targeted vs a 10-core systematic repeat biopsy strategy
in patients with previous high-grade prostatic intraepithelial neoplasia.
BJU Int. 2010;105:1660-2.
Halpern EJ, Gomella LG, Forsberg F, et al. Contrast enhanced transrec-
tal ultrasound for the detection of prostate cancer: a randomized, dou-
ble-blind trial of dutasteride pretreatment. J Urol. 2012;188:1739-45.

[4

[S

[6

[7

[8

[9

[10]

[11]

(12

[13]

(14]

[15]

[16]



Zhang et al. ® Medicine (2022) 101:51

[17] Xie SW, Li HL, Du ], et al. Contrast-enhanced ultrasonography
with contrast-tuned imaging technology for the detection of pros-
tate cancer: comparison with conventional ultrasonography. BJU Int.
2012;109:1620-6.

[18] LiH, Xia J, Xie S, et al. Prostate cancer: a comparison of the diagnostic
performance of transrectal ultrasound versus contrast enhanced tran-
srectal ultrasound in different clinical characteristics. Int J Clin Exp
Med. 2015;8:21428-34.

[19] Lai ZH, Huang L, Yang SP, et al. The diagnosis of prostate cancer with
biopsy by transrectal contrast enhanced ultrasound combined MRI.
Chin J Ultrasound Med. 2016;32:724-28.

[20] Wang R, You XD, Liu CM, et al. Contrast-enhanced ultrasound-guided
targeted biopsy for diagnosis of prostate cancer-specific antigen gray
zone in prostate cancer. Chin J Gerontol. 2017;37:2191-93.

[21] Lu DY, Shen L, Cai JR, et al. Clinical value of contrast-enhanced ultra-
sonography in the diagnosis of prostate cancer in patients with differ-
ent PSA concentrations. Zhonghua Nan Ke Xue 2018;24:50-4.

[22] Yunkai Z, Yaqging C, Jun ], et al. Comparison of contrast-enhanced
ultrasound targeted biopsy versus standard systematic biopsy for clin-
ically significant prostate cancer detection: results of a prospective
cohort study with 1024 patients. World ] Urol. 2018;37:805-11.

[23] Chen M, Fu XH, Wu S, et al. Risk estimation of prostate cancer in
patients with serum prostate-specific antigen level of 4-10ng/mL. ]
Shanghai Jiaotong Univ Med Sci. 2019;39:217-20.

[24] Liu G, Wu S, Huang L. Contrast-enhanced ultrasound evaluation
of the prostate before transrectal ultrasound-guided biopsy can
improve diagnostic sensitivity: a STARD-compliant article. Medicine.
2020;99:¢19946.

[25] Yi A, Kim JK, Park SH, et al. Contrast-enhanced sonography for pros-
tate cancer detection in patients with indeterminate clinical findings.
AJR Am ] Roentgenol. 2006;186:1431-5.

[26] Taverna G, Morandi G, Seveso M, et al. Colour doppler and micro-
bubble contrast agent ultrasonography do not improve cancer detec-
tion rate in transrectal systematic prostate biopsy sampling. BJU Int.
2011;108:1723-7.

[27] Clarke M. The QUORUM statement. Lancet. 2000;355:756-7.

[28] Brand RA. Standards of reporting: the CONSORT, QUORUM, and
STROBE guidelines. Clin Orthop Relat Res. 2009;467:1393-4.

[29] Correas JM, Halpern EJ, Barr RG, et al. Advanced ultrasound in the
diagnosis of prostate cancer. World J Urol. 2021;39:661-76.

www.md-journal.com

[30] Mannaerts CK, Wildeboer RR, Postema AW, et al. Multiparametric ultra-

sound: evaluation of greyscale, shear wave elastography and contrast-en-
hanced ultrasound for prostate cancer detection and localization in
correlation to radical prostatectomy specimens. BMC Urol. 2018;18:98.
Chen T, Wang F, Chen H, et al. Multiparametric transrectal ultrasound
for the diagnosis of peripheral zone prostate cancer and clinically sig-
nificant prostate cancer: novel scoring systems. BMC Urol. 2022;22:64.
Albertsen PC, Hanley JA, Gleason DEF, et al. Competing risk analysis
of men aged 55 to 74 years at diagnosis managed conservatively for
clinically localized prostate cancer. JAMA. 1998;280:975-80.
Albertsen PC, Hanley JA, Fine ]. 20-year outcomes following con-
servative management of clinically localized prostate cancer. JAMA.
2005;293:2095-101.

Dess RT, Suresh K, Zelefsky M], et al. Development and validation
of a clinical prognostic stage group system for nonmetastatic pros-
tate cancer using disease-specific mortality results from the interna-
tional staging collaboration for cancer of the prostate. JAMA Oncol.

2020;6:1912-20.

[35] Wilt TJ, Jones KM, Barry M], et al. Follow-up of prostatectomy versus

observation for early prostate cancer. N Engl ] Med. 2017;377:132-42.
Ismail M, Petersen RO, Alexander AA, et al. Color doppler imaging in
predicting the biologic behavior of prostate cancer: correlation with
disease-free survival. Urology. 1997;50:906-12.

Louvar E, Littrup PJ, Goldstein A, et al. Correlation of color
Doppler flow in the prostate with tissue microvascularity. Cancer.
1998;83:135-40.

Elwenspoek MMC, Sheppard AL, McInnes MDF, et al. Comparison of
multiparametric magnetic resonance imaging and targeted biopsy with
systematic biopsy alone for the diagnosis of prostate cancer. JAMA
Netw Open. 2019;2:¢198427.

Cornford P, van den Bergh RCN, Briers E, et al. EAU-EANM-ESTRO-
ESUR-SIOG Guidelines on prostate cancer. part 1I-2020 update:
treatment of relapsing and metastatic prostate cancer. Eur Urol.
2021;79:263-82.

Eklund M, Jaderling F, Discacciati A, et al. MRI-targeted or standard
biopsy in prostate cancer screening. N Engl ] Med. 2021;385:908-20.

[41] Wagensveld IM, Osses DF, Groenendijk PM, et al. A prospective multi-

center comparison study of risk-adapted ultrasound-directed and mag-
netic resonance imaging-directed diagnostic pathways for suspected
prostate cancer in biopsy-naive men. Eur Urol. 2022;82:318-26.



