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ABSTRACT ARTICLE INFO

Purpose: Targeted biopsy (TB) combined with systematic biopsy (SB) is an optimized Xuan Wang

mode of prostate biopsy but can often lead to oversampling and overdiagnosis ac-  Nitps:/orcid.org/0000-0002-3556-3239
companied by potential biopsy-related complications and patient discomfort. Here,
we attempted to reasonably stratify the patient population based on multi-parameter
indicators with the aim of avoiding unnecessary SB.

Methods: In total, 340 biopsy-naive men with suspected lesions, prostate-specific anti-
gen (PSA) < 20 ng/mL and prostate imaging—reporting and data system (PI-RADS) 2 3 |ntBrazJ Urol. 2023: 49: 359-71
enrolled for study underwent both TB and SB. The primary outcome was to determine

independent predictors for a valid diagnosis, assuming that only TB was performed

and SB omitted (defined as mono-TB), taking TB + SB as the reference standard. The Submitted for publication:
secondary outcomes were exploration of the predictive factors of mono-TB and TB + February 07, 2023

SB in detection of prostate cancer (PCa) and clinically significant PCa (csPCa).

Results: The mean PSA density (PSAD) of patient group was 0.27 ng/mL/mL. Multipa-

rametric MRI PI-RADS scores were 3-5 in 146 (42.949%), 105 (30.88%), and 89 (26.18%)

cases, respectively. PCa and csPCa were detected in 178/340 (52.35%) and 162/340  Accepted after revision:
(47.65%) patients, respectively. Overall, 116/178 (65.17%) patients diagnosed with PCa  March 20, 2023

displayed pathological consistencies between mono-TB and TB + SB modes. PSAD and

PI-RADS were independent predictors of valid diagnosis using mono-TB.

Conclusions: PSAD combined with PI-RADS showed utility in guiding optimization

of the prostate biopsy mode. Higher PSAD and PI-RADS values were associated with  Published as Ahead of Print:
greater confidence in implementing mono-TB and safely omitting SB, thus effectively ~ March 20, 2023

balancing the benefits and risks.
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INTRODUCTION

Over the past few years, multiparametric
magnetic resonance imaging (MRI) has played an
increasingly important role in the diagnosis of
prostate cancer (PCa) (1). MRI images are supe-
rimposed with real-time transrectal ultrasonogra-
phy (TRUS) images through cognition or software
assistance for examining potential suspected tu-
mor areas with the purpose of achieving targeted
biopsy (TB) (2). Although supplementation with
MRI has increased sensitivity in the detection of
clinically significant PCa (csPCa) (3), omission of
systematic biopsy (SB) for all patients is associated
with risk of diagnosis failure in ~8.8% csPCa cases
(4). Data from several large randomized control-
led trials suggest that MRI-TRUS fusion-targeted
biopsy combined with systematic biopsy (TB + SB)
presents the optimal choice (4, 5).

While the TB + SB method significantly
enhances detection of high-risk or csPCa (6),
overdiagnosis of low-volume, low-risk, clini-
cally insignificant PCa (cisPCa) with combined
biopsy has also been reported (4, 7). In addition,
increase in the number of biopsy cores leads to
greater patient discomfort and risk of infection
and bleeding (8, 9). Furthermore, for patients
diagnosed with PCa that need follow-up sur-
gery, tissue adhesion caused by multi-needle
biopsy may increase the difficulty of surgery,
along with the probability of intraoperative and
postoperative complications (10, 11).

Accordingly, we propose that the fixed
TB+SB mode is not required for all patients and
the patient population only requiring TB can
be screened based on clinical indicators, parti-
cularly in the current era of precise MRI-TRUS
fusion-guided biopsy. The purpose of this study
was to distinguish the subset of patients suita-
ble for TB only through evaluation of indica-
tors of clinical characteristics without missing
diagnosis or overdiagnosis of PCa.

MATERIALS AND METHODS

Study design
We recruited patients who received
MRI-TRUS fusion TB + SB in Beijing hospital

from January 2018 to September 2022 as part
of an ongoing prospective trial, with approval
from the Ethics Committee of Beijing Hospital
(2018BJYYEC-028-02), registered in the Chine-
se clinical trial registry (ChiCTR1800018575).
Using known pathological results of TB + SB as
the gold standard, all patients were self-control-
led to assess the pathological outcome under the
premise of receiving only TB and omitting SB
(defined as mono-TB).

Study population

Inclusion criteria were as follows: pa-
tients with suspected PCa who underwent MRI-
-TRUS fusion TB + SB (Figure-1A), prostate-
-specific antigen (PSA) < 20 ng/mL, Prostate
Imaging Reporting & Data System (PI-RADS)
score > 3, age < 75 years, prostate biopsy naive,
no exposure to androgen deprivation therapy,
radiotherapy, and chemotherapy, and with in-
formed consent. Exclusion criteria included
previous diagnosis of PCa, previous prostate
surgery or prostate biopsy, and no provision of
signed informed consent.

Imaging and biopsy process
Clinicopathological data of all patients
were collected, including age, digital rectal
examination (DRE), PSA, prostate volume, PSA
density (PSAD), MRI information and patholo-
gical results. All patients underwent MRI using
a 3.0T MR scanner (MAGNETOM Prisma™, Sie-
mens Healthcare, Erlangen, Germany) equipped
with an 18-channel cardiac phased-array coil.
MRI protocols included axial T1-weighted ima-
ging, triaxial (axial, sagittal and coronal) T2-
-weighted imaging, diffusion-weighted imaging,
and apparent diffusion coefficient. (Supplemen-
tary Table-1; Figures 1B-E). All suspicious le-
sions were classified according to the guidelines
of PI-RADS version 2.1. In cases where multi-
ple lesions were identified, the highest PI-RADS
score was taken as the primary score. All MRI
images were analyzed by two senior radiologists
without any clinical information. The location,
diameter and number of suspicious lesions were
recorded. In the case of any disagreements in
PI-RADS scoring, a consensus was reached
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Figure 1 - Biopsy mode diagram and example of mpMRI images. (A) TB/SB mode and nine regions of prostate. (B-E) A PI-
RADS score 4 lesion in the peripheral zone of the right prostate. No obvious signal abnormality on TIWI, hypointense signal
on T2WI, hyperintense signal on DWI and hypointense signal on ADC.
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% Targeted biopsy
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&®
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mpMRI = multiparametric magnetic resonance imaging; TB = Targeted biopsy; SB = Systematic biopsy; PI-RADS = Prostate imaging-reporting and data system; TIWI = T1-
weighted image; T2WI = T2-weighted image; DWI = Diffusion-weighted imaging; ADC = Apparent diffusion coefficient.

through negotiation. results of mono-TB were downgraded from

Biopsy process csPCa to cisPCa were defined as risk stratifica-
In each patient, at least two but no more  tion misjudgment. Valid diagnosis was defined

than four cores were cognitive-targeted for each  in cases where pathological results were con-

suspected lesion of the prostate in the MRI-TRUS  sistent between mono-TB and TB + SB modes.

fusion image by one urologist, followed by at le-  Otherwise, the missed detection and risk stra-

ast one core per zone via the systematic perineal  tification misjudgment mentioned above were

approach by another urologist (Figure-1A). Both  classified as invalid diagnosis.

urologists had more than two years of experience

in prostate biopsy, and MRI data were unknown  Statistical Analysis

to SB performers. All biopsy specimens were exa-

mined pathologically by two experienced patho- SPSS Version 23.0 (IBM Corp., Armonk,
logists without any clinical information. NY, USA) statistical software was used for data
processing. Continuous variables were expres-

Definitions sed as means + standard deviation (SD). Fre-
csPCa was defined as any Gleason sco-  quencies and proportions were reported for

re = 3 + 4 (ISUP grade > 2) (12). Cases whe- classification variables. Univariate and multi-

re the pathology determined with TB + SB was  variate logistic regression analyses (Method:
PCa but that with mono-TB was not PCa were  Enter) were applied to obtain predictors of valid
defined as missed detection. Cases where the  diagnosis of mono-TB. The ROC curve was used
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to evaluate the predictive value. The weighted
kappa test was employed to assess the consis-
tency in results between TB and TB+SB modes.
Differences were considered statistically signi-
ficant at P < 0.05.

RESULTS

Study population

In total, 340 patients were included in the
final analysis (Figure-2). Basic clinical informa-
tion of patients is presented in Table-1. The ave-

rage patient age was 64.88 years and average PSA
level was 8.23. The average numbers of TB and SB
cores per patient were 4.68 and 16.41, respectively.
Among the 340 participants, 175 (51.47%) had a
positive digital rectal examination (DRE). The MRI
PI-RADS scores were 3, 4, and 5 in 146 (42.949),
105 (30.88%), and 89 (26.18%) cases, respectively.

Biopsy outcomes of TB + SB and mono-TB
Results from the two biopsy modes are

presented in Table-2. In the TB + SB mode, 178

(52.359%) individuals were diagnosed with PCa, in-

Figure 2 Study cohort flow diagram.
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Table 1 - Patients characteristics.

Variable Descriptive statistics Value
Number of patients N 340
Age (Years) means + SD 64.88 + 5.63
PSA (ng/mL) means + SD 8.23+4.28
Prostate volume (mL) means + SD 39.25 +20.74
PSAD (ng/mL/mL) means + SD 0.27+0.23
Total cores means + SD 21.09+3.27
TB cores means + SD 4.68 +2.04
DRE

Negtive n (%) 165 (48.53%)

Positive n (%) 175 (51.47%)
Lesions number means + SD 214 +1.04
Lesion size (cm) means + SD 1.43 + 0.46
Lesion location

Peripheral zone n (%) 161 (47.35%)

Transitional zone n (%) 99 (29.12%)

Both n (%) 80 (23.53%)
mpMRI

PI-RADS 3 n (%) 146 (42.94%)

PI-RADS 4 n (%) 105 (30.88%)

PI-RADS 5 n (%) 89 (26.18%)

PSA = Prostate-specific antigen; PSAD = Prostate-specific antigen density; TB = Targeted biopsy; DRE = Digital rectal examination; mpMRI = multiparametric magnetic
resonance imaging; PI-RADS = Prostate imaging-reporting and data system; SD = Standard deviation.

cluding 140 (41.189%) csPCa and 38 (11.18%) cisP-
Ca. In the mono-TB mode, the detection rate was
lower for PCa and csPCa, but higher for cisPCa. A
similar trend was observed in the pathology Gle-
ason score, where the proportion of patients with
Gleason 6 was increased with the mono-TB mode
and the proportion with Gleason 7-10 decreased,
compared with the TB + SB mode, although data
were not statistically significant (P > 0.05).
Univariate and multivariate logistic regres-
sion analyses were performed to explore the predic-
tive factors of these two biopsy modes in detection
of PCa and csPCa. In the TB + SB mode, age and
PI-RADS were significant predictors for PCa and
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PSAD and PI-RADS for csPCa detection (Supple-
mentary Table-2). In the mono-TB mode, PSAD and
PI-RADS were significant predictors for PCa and
age, DRE, PSAD, and PI-RADS for csPCa detection
(Supplementary Table-3).

Validity analysis of mono-TB

Among the 178 patients diagnosed with PCa,
the valid diagnosis rate of mono-TB was 77.53%.
Overall, detection of benign/csPCa/cisPCa was con-
sistent in 138 patients, regardless of whether TB
+ SB or mono-TB was used. The details of missed
detection and risk stratification misjudgment are
shown in Figure-3A. Invalid diagnosis was mainly
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Table 2 - Biopsy outcomes by Chi-square test.

Outcome TB + SB B P-value
Cancer detection 0.05
No PCa 162 (47.65%) 178 (52.35%)
csPCa 140 (41.18%) 111 (32.65%)
cisPCa 38 (11.18%) 51 (15.00%)

Gleason score

Gleason 6 38 (11.18%)
Gleason 7 107 (31.47%)
Gleason 8 18 (5.29%)
Gleason 9 10 (2.94%)
Gleason 10 5(1.47%)

0.27
51 (15.00%)
88 (25.88%)
12 (3.53%)
7 (2.06%)
4 (1.18%)

TB = Targeted biopsy; SB = Systematic biopsy; PCa = Prostate cancer; csPCa = clinically significant prostate cancer; cisPCa = clinically insignificant prostate cancer.

caused by misdiagnosis of csPCa as cisPCa.
Univariate and multivariate logistic
analyses were conducted to confirm the signifi-
cant predictors of valid diagnosis in the mono-
-TB mode. PI-RADS and PSAD were consistently
identified as independent predictors (Table-3).
ROC curve analysis revealed that the AUC va-
lues of PSAD and PI-RADS were higher than
other indexes in predicting valid diagnosis in

the mono-TB mode. Upon combination of PSAD
and PI-RADS, the AUC value increased to 0.803
(Figure-3B). The optimal threshold sensitivity
was 0.587 while specificity was up to 0.875.
After stratification of the statistical data
of subgroups according to PSAD and PI-RADS
levels, we observed that with increasing PSAD
and PI-RADS, the consistency of diagnosis be-
tween mono-TB and TB + SB modes was greater

Table 3 - Univariate and multivariate logistic regression analyses to predict validity for TB.

Univariate analysis

Multivariate analysis

Variable OR (95% Cl) P-value OR (95% Cl) P-value
Age (Years) 1.006 (0.939-1.079) 0.856
DRE 2.515(1.218-5.194) 0.013 2.016 (0.899-4.523) 0.089
PSA (ng/mL) 1.188 (1.074-1.314) 0.001 1.019 (0.901-1.153) 0.762
Prostate-Vol (mL) 0.985 (0.967-1.004) 0.127
PSAD (ng/mL2) 386.9 (16.62-8189) 0.001 151.7 (4.674-4924) 0.005
Lesions number 0.756 (0.535-1.068) 0.113
Lesion size (cm) 3.055 (1.343-6.947) 0.008 0.830 (0.232-2.975) 0.775
Lesion location 1.543 (0.927-2.567) 0.095
PI-RADS 2.797 (1.703-4.596) 0.001 2.663 (1.195-5.936) 0.017

TB = Targeted biopsy; DRE = Digital rectal examination; PSA = Prostate-specific antigen; PSAD = Prostate-specific antigen density; PI-RADS = Prostate imaging-reporting and
data system; OR = Odds ratio; Cl = Confidence interval.
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Figure 3 Validity analysis of mono-TB. (A) Comparison of pathology between mono-TB and TB + SB modes for benign/csPCa/
cisPCa. (B) ROC curve analysis of each factor in predicting validity of diagnosis of mono-TB. (C, D) Pathological differences
between mono-TB and TB + SB modes for benign/csPCa/cisPCa detection according to PSAD and PI-RADS levels.

A TB +SB B 21
Cancer detection ©
@
No cancer cisPCa csPCa Total
e
No cancer] 162 11 5 178 g
8 .
—— DRE, AUC=0.613
B Cancer | cisPCa 27 24 51 o PSA, AUC=0.679
detection o ] PSAD, AUC=0.737
Lesion size, AUC=0.649
—— PI-RADS, AUC=0.706
csPCa 111 111 2 —— PSAD + PI-RADS, AUC=0.803
T T T T T T
Total 162 38 140 340 o 08 08 04 02 00
Specific
C 70 BesPCa mcisPCa  mNo cancer OcsPCa DOcisPCa @No cancer
D
‘2 60 16 —— o 60 6 1
g 5 e 12 17
® — == 2 50 12
(=3 27 — 7 ® - 9
5 40 | S 40
3 30 — 1 2 30 2 s
5 20 8 |'s “ 4| a0 £ 20 o a7
z —— 5 36
5 31 31 | g8 3
10 18 | 10 20
12
0 r 0 r
x& L x‘be L xap g xg@ &L x90 Q xg@ LQ x(o@ Q
& L L &L P\4 & &L
PSAD <0.15 0.15-0.30 0.30-0.45 >0.45 PI-RADS 3 4 5
Kappa value 0.257 0.394 0.596 0.808 Kappa value 0.244 0.587 0.697

TB = Targeted biopsy; SB = Systematic biopsy; csPCa = clinically significant prostate cancer; cisPCa = clinically insignificant prostate cancer; ROC = Receiver operator

characteristic.

(Figures 3C-D).
Validity distribution of mono-TB after reasona-
ble stratification

Since PSAD and PI-RADS were identified
as the main predictors of valid diagnosis with
mono-TB, all PCa patients were divided into 12
categories according to PSAD and PI-RADS levels
(Figure-4A). Visual increases in PSAD and PI-RA-
DS levels were associated with higher diagnostic
validity. Taking the valid diagnostic rate of 80% as
the cut-off value, the 12 categories were divided
into two zones. The red and green zones represent
‘not favorable’ and ‘favorable’ groups for mono-
-TB. The columnar distribution comparison chart
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and weighted kappa test showed that mono-TB
and TB + SB results tended to be more consis-
tent for the ‘favorable’ compared to ‘not favorable’
group (0.762 vs. 0.333) (Figure-4B).

DISCUSSION

PCa is the leading cancer type in men
worldwide. At present, research focus tends to be
on treatment of PCa, especially CRPC (13), while
prostate biopsy as the only means of initial diag-
nosis is gradually ignored. Early, large high-quali-
ty studies have attempted to determine the optimal
biopsy method; that is, TB, SB, or a combination
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Figure 4 - Validity distribution of mono-TB after reasonable stratification. (A) Validity diagnosis rate of mono-TB stratified by
combination of PSAD and PI-RADS. The red and green zones represent non-favorable and favorable for mono-TB, respectively.
N: number of PCa in this category; n: number of valid diagnoses with mono-TB; Percentage specified in red: valid diagnosis
rate of mono-TB. (B) Pathological differences between mono-TB and TB + SB for benign/csPCa/cisPCa detection between

non-favorable and favorable mono-TB groups.
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TB = Targeted biopsy; PSAD = Prostate-specific antigen density; PI-RADS = Prostate imaging-reporting and data system; PCa = Prostate cancer.

of the two (4, 14, 15). However, ambiguous, and
paradoxical conclusions have been obtained. Se-
lection of TB leads to high detection of csPCa, but
accurate evaluation of cancer is not achieved, and
in some cases, leads to misdiagnosis. Upon selec-
tion of SB, the positive rate may be improved to
some extent, but the method is associated with
inevitable defects of randomness and blindness.
Combination of TB and SB has been proposed
as the optimal biopsy method but can also lead
to oversampling and overdiagnosis. Each biopsy
mode has its advantages and disadvantages. In an
invited commentary, Olivier Rouviére proposed
that it may be unrealistic to implement a strict
universal biopsy protocol for all populations (16).
In the future, MRI findings, in conjunction with
other clinical biomarkers, such as PSAD, may be
effectively applied to stratify patients into groups
that require TB or SB and those for whom biopsy
could be avoided.

In this study, PSAD and PI-RADS were
identified as the key predictors in evaluating va-
lid diagnosis with mono-TB. Earlier, Washino et
al. (17) proposed that the combination of PI-RA-
DS and PSAD could aid in the decision-making
process before initiation of prostate biopsy. The
group concluded that biopsy may be unnecessary
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in patients with PI-RADS < 3 and PSAD < 0.15
ng/mL/mL. Boesen and co-workers (18) proposed
an optimal strategy involving biopsy performance
only in patients with highly suspicious MRI fin-
dings (score > 3) or PSAD > 0.15 ng/mL/mL, whi-
ch reduced the number of biopsies by 41% and
overdiagnosis of cisPCa by 45%, while missing
csPCa detection by only 5%. A study by Falaga-
rio et al. (19) reported that for men with PI-RADS
1-2, PSAD < 0.10 ng/mL/mL had the highest ne-
gative predictive value (98.7%), which decreased
to 13.2% for men with PI-RADS 3-5. Schoots et
al. (20) additionally proposed a biopsy strategy
incorporating MRI findings and PSAD based on
a summary of data from the literature. However,
their results lack prospective validation.

Two studies involving 89 and 97 patients
with PI-RADS 5, respectively, suggested that the
additional clinical value provided by SB was mi-
nimal and could therefore be excluded when per-
forming TB (21, 22). However, in our opinion, this
would be a risky step, since in our study, the valid
diagnosis rate of mono-TB was only 25% for pa-
tients with PSAD < 0.15, even with a PI-RADS
score of 5 (1/4). Liu et al. (23) analyzed the added
value of SB to TB from the PSA level and recom-
mended a range of 10.0-20.0 ng/mL for combined
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SB and TB, while no differences were observed be-
tween SB and TB in cases with PSA >20.0 ng/mL
and PSA < 10.0 ng/mL. Our study does not dismiss
the importance of the role of SB. In total, 16 PCa
cases were diagnosed with SB but not TB, although
nine of the 16 patients were cisPCa. Moreover, 24
patients were diagnosed as cisPCa with TB, which
was upgraded to csPCa following SB. Two recent
studies have reported similar results. One included
259 men with PI-RADS lesion scores =3 who un-
derwent TB+SB. For the TB+SB mode, detection
rates of csPCa, cisPCa, and no cancer were 66%,
6%, and 289%, while for the TB mode, detection
rates were 53%, 7%, and 40%, respectively (24).
Another study retrospectively evaluated 336 biop-
sy-naive patients with a single suspicious lesion
at mpMRI who also underwent TB+SB. In the TB
mode, 40 patients presumed to be negative were
actually diagnosed as PCa following SB, including
20 csPCa and 20 cisPCa. In total, 14 cases were
identified as cisPCa with TB but diagnosed as csP-
Ca in the SB mode (25). SB cannot be omitted for
all patients for several reasons. First, PCa lesions
are multifocal and mono-TB may overlook lesions
with the highest degree of malignancy. Second,
neither software fusion nor cognitive fusion can
achieve complete accuracy, and TB errors could be
compensated to some extent by SB. Finally, some
PCa themselves are MRI-negative and can only be
detected with the aid of SB.

A number of indicators have utility in op-
timizing the biopsy mode, such as the location and
size of MRI lesions. Gomez-Gomez et al. (21) sug-
gested that SB can be safely excluded in patients
with anterior lesions. Another study including 863
patients with suspected peripheral lesions and ne-
gative transitional zone on MRI also confirmed
that the detection rate of csPCa was not affected
by whether or not the transitional zone was sam-
pled (26). However, we did not observe significant
effects of the number, size, and location of lesions
on differences in the csPCa detection ability be-
tween mono-TB and TB+SB groups. In addition,
PSA levels could be affected by 5a-reductase
inhibitors, and therefore, caution is required in
the evaluation of PSAD (27). Prostate-specific
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membrane antigen ligand positron emission to-
mography/computed tomography is the current
precision imaging examination system for PCa.
Further studies are warranted to determine whe-
ther optimizing this imaging examination prior to
biopsy could potentially provide a reference for
the choice of biopsy mode (28-30).

Our results should be interpreted in the
context of a number of limitations. First, data
were obtained from a single center, and further
large-scale randomized controlled trials are nee-
ded to verify these findings. Second, TB using the
cognitive fusion mode instead of the software fu-
sion mode may have potential bias of inaccurate
biopsy localization. Third, TB followed by SB may
cause interference in the work of urologists in-
volved in performing SB, such as bleeding tracks,
which will affect the implementation of blinding
to an extent.

CONCLUSIONS

In conclusion, among men who underwent
biopsy for suspected PCa on MRI (PI-RADS = 3),
PSAD combined with PI-RADS effectively predic-
ted PCa and csPCa, and, more importantly, gui-
ded optimal selection of the prostate biopsy mode.
Higher PSAD and PI-RADS values reflect greater
confidence in implementation of TB only and sa-
fely omitting SB.

FUNDING

This research was funded by a grant from
National High Level Hospital Clinical Research
Funding (BJ-2022-115, BJ-2022-158, BJ-2022-
143, and BJ-2020-171).

ACKNOWLEDGEMENTS

Zhengtong Lv, Jinfu Wang, Xuan Wang and
Ming Liu contributed equally as co-first authors.

CONFLICT OF INTEREST

None declared.



IBJU | MONO-TARGETED BI10OPSY IN PROSTATE

REFERENCES

10.

Monni F, Fontanella P, Grasso A, Wiklund P, Ou YC, Randazzo
M, et al. Magnetic resonance imaging in prostate cancer
detection and management: a systematic review. Minerva
Urol Nefrol. 2017;69:567-78.

Wegelin 0, van Melick HHE, Hooft L, Bosch JLHR, Reitsma
HB, Barentsz JO, et al. Comparing Three Different Techniques
for Magnetic Resonance Imaging-targeted Prostate
Biopsies: A Systematic Review of In-bore versus Magnetic
Resonance Imaging-transrectal Ultrasound fusion versus
Cognitive Registration. Is There a Preferred Technique? Eur
Urol. 2017;71:517-31.

Siddiqui MM, Rais-Bahrami S, Turkbey B, George AK,
Rothwax J, Shakir N, et al. Comparison of MR/ultrasound
fusion-guided biopsy with ultrasound-guided biopsy for the
diagnosis of prostate cancer. JAMA. 2015;313:390-7.
Ahdoot M, Wilbur AR, Reese SE, Lebastchi AH, Mehralivand
S, Gomella PT, et al. MRI-Targeted, Systematic, and
Combined Biopsy for Prostate Cancer Diagnosis. N Engl J
Med. 2020;382:917-28.

Elkhoury FF, Felker ER, Kwan L, Sisk AE, Delfin M, Natarajan S,
et al. Comparison of Targeted vs Systematic Prostate Biopsy
in Men Who Are Biopsy Naive: The Prospective Assessment
of Image Registration in the Diagnosis of Prostate Cancer
(PAIREDCAP) Study. JAMA Surg. 2019;154:811-8.
Elwenspoek MMC, Sheppard AL, Mclnnes MDF, Merriel
SWD, Rowe EWJ, Bryant RJ, et al. Comparison of
Multiparametric Magnetic Resonance Imaging and Targeted
Biopsy With Systematic Biopsy Alone for the Diagnosis of
Prostate Cancer: A Systematic Review and Meta-analysis.
JAMA Netw Open. 2019;2:6198427.

Freifeld Y, Xi Y, Passoni N, Woldu S, Hornberger B, Goldberg
K, et al. Optimal sampling scheme in men with abnormal
multiparametric MRI undergoing MRI-TRUS fusion prostate
biopsy. Urol Oncol. 2019;37:57-62.

Pepe P, Aragona F. Morbidity after transperineal prostate
biopsy in 3000 patients undergoing 12 vs 18 vs more than
24 needle cores. Urology. 2013;81:1142-6.

Chowdhury R, Abbas A, Idriz S, Hoy A, Rutherford EE,
Smart JM. Should warfarin or aspirin be stopped prior to
prostate biopsy? An analysis of bleeding complications
related to increasing sample number regimes. Clin Radiol.
2012;67:664-70.

Carneiro A, Sivaraman A, Sanchez-Salas R, Nunes-Silva |,
Baghdadi M, Srougi V, et al. [Higher number of transrectal
ultrasound guided prostate biopsy cores is associated with
higher blood loss and perioperative complications in robot

368

11.

12.

13.

14.

15.

16.

17.

18.

19.

assisted radical prostatectomy. Actas Urol Esp. 2017;41:155-
61]. English, Spanish.

Hong SK, Kim DS, Lee WK, Park H, Kim JK, Doo SH, et
al. Significance of postbiopsy hemorrhage observed on
preoperative magnetic resonance imaging in performing
robot-assisted laparoscopic radical prostatectomy. World J
Urol. 2010;28:721-6.

Mottet N, van den Bergh RCN, Briers E, Van den Broeck T,
Cumberbatch MG, De Santis M, , et al. EAU-EANM-ESTRO-
ESUR-SIOG Guidelines on Prostate Cancer-2020 Update.
Part 1: Screening, Diagnosis, and Local Treatment with
Curative Intent. Eur Urol. 2021;79:243-62.

Maluf F, Soares A, Avanco G, Hada AL, Cardoso APG,
Carneiro A, et al. Consensus on diagnosis and management
of non-metastatic castration resistant prostate cancer in
Brazil: focus on patient, selection, treatment efficacy, side
effects and physician’s perception according to patient
comorbidities. Int Braz J Urol. 2021;47:359-73.

Eklund M, Jéaderling F, Discacciati A, Bergman M, Annerstedt
M, Aly M, et al. MRI-Targeted or Standard Biopsy in Prostate
Cancer Screening. N Engl J Med. 2021;385:908-20.

Klotz L, Chin J, Black PC, Finelli A, Anidjar M, Bladou F, ,
et al. Comparison of Multiparametric Magnetic Resonance
Imaging-Targeted Biopsy With Systematic Transrectal
Ultrasonography Biopsy for Biopsy-Naive Men at Risk for
Prostate Cancer: A Phase 3 Randomized Clinical Trial. JAMA
Oncol. 2021;7:534-42. Erratum in: JAMA Oncol. 2021;7:639.
Erratum in: JAMA Oncol. 2021;7:1074.

Rouviére 0. Choosing the Right Diagnostic Pathway in
Biopsy-Naive Patients With Suspected Prostate Cancer.
JAMA Oncol. 2021;7:542-3.

Washino S, Okochi T, Saito K, Konishi T, Hirai M, Kobayashi
Y, et al. Combination of prostate imaging reporting and data
system (PI-RADS) score and prostate-specific antigen (PSA)
density predicts biopsy outcome in prostate biopsy naive
patients. BJU Int. 2017;119:225-33.

Boesen L, Nergaard N, Legager V, Balslev |, Bishjerg
R, Thestrup KC, et al. Prebiopsy Biparametric Magnetic
Resonance Imaging Combined with Prostate-specific
Antigen Density in Detecting and Ruling out Gleason 7-10
Prostate Cancer in Biopsy-naive Men. Eur Urol Oncol.
2019;2:311-9.

Falagario UG, Martini A, Wajswol E, Treacy PJ, Ratnani P,
Jambor [, et al. Avoiding Unnecessary Magnetic Resonance
Imaging (MRI) and Biopsies: Negative and Positive Predictive
Value of MRI According to Prostate-specific Antigen Density,
4Kscore and Risk Calculators. Eur Urol Oncol. 2020;3:700-4.



20.

21.

22.

23.

24.

25.

26.

IBJU | MONO-TARGETED BIOPSY IN PROSTATE

Schoots 1G, Padhani AR. Risk-adapted biopsy decision
based on prostate magnetic resonance imaging and
prostate-specific antigen density for enhanced biopsy
avoidance in first prostate cancer diagnostic evaluation. BJU
Int. 2021;127:175-8.

Gomez-Gomez E, Moreno Sorribas S, Valero-Rosa J,
Blanca A, Mesa J, Salguero J, et al. Does Adding Standard
Systematic Biopsy to Targeted Prostate Biopsy in PI-
RADS 3 to 5 Lesions Enhance the Detection of Clinically
Significant Prostate Cancer? Should All Patients with PI-
RADS 3 Undergo Targeted Biopsy? Diagnostics (Basel).
2021;11:1335.

Drobish JN, Bevill MD, Tracy CR, Sexton SM, Rajput M, Metz
CM, et al. Do patients with a PI-RADS 5 lesion identified on
magnetic resonance imaging require systematic biopsy in
addition to targeted biopsy? Urol Oncol. 2021;39:235.¢e1-
235.e4.

Liu'Y, Dong L, Xiang L, Zhou B, Wang H, Zhang Y, et al. Does
PSA level affect the choice of prostate puncture methods
among MRI-ultrasound fusion targeted biopsy, transrectal
ultrasound systematic biopsy or the combination of both?
Br J Radiol. 2021;94(1123):20210312.

Krausewitz P, Fostitsch D, Weiten R, Kluemper N, Stein
J, Luetkens J, et al. Current role of systematic biopsy in
diagnosis of clinically significant prostate cancer in primary
combined MRI-targeted biopsy: a high-volume single-center
study. World J Urol. 2023;41:19-25.

Droghetti M, Bianchi L, Beretta C, Balestrazzi E, Costa
F, Feruzzi A, et al. Site-specific concordance of targeted
and systematic biopsy cores at the index lesion on
multiparametric magnetic resonance: can we spare the
double-tap? World J Urol. 2023;41:27-33.

Kachanov M, Leyh-Bannurah SR, Roberts MJ, Sauer

369

27.

28.

29.

30.

M, Beyersdorff D, Boiko S, et al. Optimizing Combined
Magnetic  Resonance Imaging (MRI)-Targeted and
Systematic Biopsy Strategies: Sparing the Multiparametric
MRI-Negative Transitional Zone in Presence of Exclusively
Peripheral Multiparametric MRI-Suspect Lesions. J Urol.
2022;207:333-40.

Loloi J, Wei M, Babar M, Zhu D, Fram EB, Maria P. Rates
of False-Negative Screening in Prostate Specific Antigen
Secondary to 5-Alpha Reductase Inhibitor Usage: A Quality-
Improvement Initiative. Int Braz J Urol. 2022;48:688-95.

Hu X, Wu Y, Yang P, Wang J, Wang P, Cai J. Performance
of 68Ga-labeled prostate-specific membrane antigen ligand
positron emission tomography/computed tomography in the
diagnosis of primary prostate cancer: a systematic review
and meta-analysis. Int Braz J Urol. 2022;48:891-902.
Matushita CS, da Silva AMM, Schuck PN, Bardisserotto M,
Piant DB, Pereira JL, et al. 68Ga-Prostate-specific membrane
antigen (psma) positron emission tomography (pet) in
prostate cancer: a systematic review and meta-analysis. Int
Braz J Urol. 2021;47:705-29.

Céspedes MS, Radtke JP, Cathelineau X, Sanchez-Salas R.
Prostate specific membrane antigen (PSMA) and Prostate
Cancer Staging: is our current conventional staging
obsolete? Int Braz J Urol. 2021;47:1243-9.

Correspondence address:

Xuan Wang, MD

Department of Urology,

Beijing Hospital, National Center of Gerontology.
Institute of Geriatric Medicine, Chinese Academy of
Medical Sciences,

P.R. China.

Telephone: +86 10 8513-6271

E-mail: alex.wxuan@hotmail.com



IBJU | MONO-TARGETED BI10OPSY IN PROSTATE

APPENDIX

Supplementary Table 1 MRI Parameters.
Parameters T1WI T2WI DWI
Sequence turbo spin-echo turbo spin-echo S|ngle[;|s:no;recho-
Imaging plane Axial Axial, coronal, sagittal Axial
Field of view (mm?) 300x300 240x240, 240x240, 240x240 240x240
Matrix (frequencyxphase) 256x320 224x320, 224x320, 256x320 64x92
Voxel size (mm?) 0.8x0.8x4.0 0.8x0.8x4.0, 0.8x0.8x4.0, 0.8x0.8x4.0 2.6x2.6x4.0
Slice/Gap (mm) 411 411,41, 41 41
Repetition time (msec) 500 6900, 6900, 6900 5600
Echo time (msec) 9 118,118, 118 83
Flip angle (degrees) 160° 160°, 160°, 160° 90°
b values (s/mmz2) NA NA- 50/2000
Acceleration factor 2 2 2
Acquisition time (min: s) 1:01 1:57,1:57,1:57 3:38

MRI = Magnetic resonance imaging; T1WI = T1-weighted image; T2WI = T2-weighted image; DWI = Diffusion-weighted imaging.

Supplementary Table - 2 Univariate and multivariate Logistic regression analyses to detect PCa or csPCa for TB + SB.

Detection of PCa

Detection of csPCa

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

Variable OR (95% CI) P-value  OR (95% ClI)  P-value  OR (95% Cl)  P-value OR (95% Cl) P-value

Age (Years) 1.352 0.007 1.379 0.011 1.276 0.030 1.268 0.057
(1.088-1.681) (1.077-1.765) (1.024-1.590) (0.993-1.621)

DRE 1.352 0.166 1.709 0.016 1.437 0.144
(0.882-2.072) (1.104-2.646) (0.883-2.337)

PSA (ng/mL) 1.625 0.001 1.320 0.162 1.525 0.001 1.133 0.528
(1.316-2.006) (0.894-1.949) (1.232-1.887) (0.769-1.669)

Prostate-Vol (mL) 0.631 0.001 0.721 0.089 0.675 0.001 0.868 0.466
(0.514-0.774) (0.495-1.051) (0.549-0.829) (0.592-1.271)

PSAD (ng/mL2) 2.302 0.001 1.516 0.077 2.053 0.001 1.635 0.037
(1.805-2.937) (0.955-2.407) (1.632-2.584) (1.031-2.592)

Lesions number 1.073 0.504 1.179 0.121
(0.873-1.317) (0.957-1.452)

Lesion size (cm) 2.026 0.001 1.034 0.889 2.115 0.001 1.228 0.383
(1.510-2.717) (0.650-1.643) (1.554-2.880) (0.774-1.948)

Lesion location 1.093 0.554 0.951 0.740
(0.814-1.467) (0.705-1.282)

PI-RADS 2.293 0.001 1.915 0.005 2.197 0.001 1.623 0.025

(1.722-3.054)

(1.222-2.999) (1.657-2.914)

(1.063-2.477)

TB = Targeted biopsy; SB = Systematic biopsy; PCa = Prostate cancer; csPCa = clinically significant prostate cancer;DRE = Digital rectal examination; PSA = Prostate-specific
antigen; PSAD = Prostate-specific antigen density; PI-RADS = Prostate imaging-reporting and data system; OR = Odds ratio; Cl = Confidence interval.
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Supplementary Table 3 - Univariate and multivariate Logistic regression analyses to detect PCa or csPCa for TB.
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Detection of PCa

Detection of csPCa

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

Variable OR (95% Cl)  P-value OR (95% Cl)  P-value OR (95% Cl)  P-value  OR (95% Cl) P-value

Age (Years) 1.250 0.043 1.258 0.078 1.315 0.021 1.343 0.032
(1.008-1.551) (0.975-1.624) (1.042-1.659) (1.026-1.758)

DRE 1.655 0.021 1.369 0.226 2.258 0.001 1.995 0.011
(1.078-2.543) (0.824-2.274) (1.413-3.609) (1.169-3.403)

PSA (ng/mL) 1.723 0.001 1.266 0.258 1.633 0.001 1.099 0.664
(1.390-2.135) (0.842-1.904) (1.298-2.055) (0.718-1.683)

Prostate-Vol (mL) 0.601 0.001 0.759 0.174 0.656 0.001 0.935 0.760
(0.488-0.739) (0.510-1.129) (0.526-0.818) (0.609-1.437)

PSAD (ng/mL?) 2.658 0.001 1.855 0.012 2.243 0.001 1.952 0.010
(2.062-3.425) (1.143-3.009) (1.760-2.858) (1.172-3.251)

Lesions number 1.075 0.490 1.021 0.854
(0.876-1.320) (0.821-1.269)

Lesion size (cm) 2.230 0.001 1.081 0.751 2.582 0.001 1.400 0.199
(1.648-3.018) (0.667-1.752) (1.821-3.661) (0.838-2.338)

Lesion location 1.096 0.543 1.234 0.191
(0.816-1.471) (0.901-1.689)

PI-RADS 2.546 0.001 2.040 0.002 2.611 0.001 1.815 0.009

(1.905-3.403)

(1.290-3.225)

(1.929-3.535)

(1.162-2.837)

TB = Targeted biopsy; PCa = Prostate cancer; csPCa = clinically significant prostate cancer;DRE = Digital rectal examination; PSA = Prostate-specific antigen; PSAD = Prostate-
specific antigen density; PI-RADS = Prostate imaging-reporting and data system; OR = Odds ratio; Cl = Confidence interval.
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