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Abstract

Background: The concordance rates of transperineal (TP) versus transrectal (TR) pros-
tate biopsies with radical prostatectomy (RP) specimen have been assessed poorly in
men diagnosed with magnetic resonance imaging (MRI)-targeted biopsy (TBx).
sevier B.V. on behalf of European Association of Urology. This is an open access article
org/licenses/by/4.0/).
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Objective: To evaluate International Society of Urological Pathology (ISUP) concordance
rates between the final pathology at RP and MRI-TBx or MRI-TBx + random biopsy (RB)
according to the biopsy approach.
Design, setting, and participants: A multi-institutional database included patients diag-
nosed with TP or TR treated with RP.
Intervention: TP-TBx or TR-TBx of the prostate.
Outcome measurements and statistical analysis: The ISUP grade at biopsy was compared
with the final pathology. A multivariable logistic regression analysis (MVA) was per-
formed to assess the association between the biopsy approach (TP-TBx vs TR-TBx) and
ISUP upgrading, downgrading, concordance, and clinically relevant increase (CRI).
Results and limitations: Overall, 752 (59%) versus 530 (41%) patients underwent TR ver-
sus TP. At the MVA, TP-TBx was an independent predictor of upgrading (odds ratio [OR]
0.6, 95% confidence interval [CI] 0.4–0.9, p < 0.01) and improved concordance relative to
the final pathology (OR 1.7, 95% CI 1.2–2.5, p < 0.01) after adjusting for age, cT stage,
Prostate Imaging Reporting and Data System, number of targeted cores, prostate-
specific antigen, and prostate volume. Moreover, TP-TBx was associated with a lower
risk of CRI than TR-TBx (OR 0.7, p < 0.01). This held true when considering patients
who underwent MRI-TBx + RB (OR 0.6, p < 0.01). The inclusion of men who had RP rep-
resents a potential selection bias.
Conclusions: The adoption of TP-TBx compared with TR-TBx may reduce the risk of
upgrading and improve the concordance of biopsy grade with the final pathology. The
TP approach decreases the odds of CRI with improved patient selection for the correct
active treatment.
Patient summary: In this report, we evaluated whether transperineal (TP) targeted
biopsy (TBx) may improve the concordance of clinically significant prostate cancer with
the final pathology in comparison with transrectal (TR) TBx in a large worldwide popu-
lation. We found that TP-TBx might increase concordance compared with TR-TBx.
Adding random biopsies to target one increases accuracy; however, concordance with
the final pathology is overall suboptimal even with the TP approach.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

The widespread diffusion of multiparametric magnetic res-
onance imaging (MRI) recently revolutionized the diagnos-
tic pathway of prostate cancer (PCa), where its
implementation allowed clinicians to target regions of
interest for biopsy (TBx) with an improved detection of
high-grade cancers and fewer low-grade cancers in compar-
ison with systematic transrectal ultrasound (TRUS) biopsy
alone [1,2]. MRI-based predictive models can individualize
the likelihood of clinically significant PCa, improve the
selection of candidates for prostate biopsy, and reduce the
number of unnecessary biopsies performed [3]. Moreover,
some authors hypothesized that information obtained at
MRI could be used for prognostic and staging purposes. To
this end, an MRI-targeted approach might improve preoper-
ative stratification in PCa patients who are candidates for
radical prostatectomy (RP) and reduce the risk of pathologic
upgrading compared with a random biopsy (RB) [4].

The use of a transperineal (TP) biopsy is currently recom-
mended by international guidelines including those of the
European Association of Urology (EAU) [5] to decrease the
risk of severe infections. Furthermore, a targeted biopsy
performed with a TP route (TP-TBx) might increase the
detection rate of clinically significant PCa in men with
MRI-visible lesions compared with transrectal (TR) TBx
[6,7]. However, it remains unclear whether TP-TBx may also
have some advantages compared with TR-TBx in detecting
higher-grade lesions, which are otherwise occult, or
whether this increase in biopsy grade results from selective
sampling of higher-grade areas within an otherwise low-
grade cancer. Maximization of the rate of concordance
between biopsy and final pathology might reduce to the
minimum tumor grade misclassification, allowing for the
optimal application of staging modalities and treatment
allocation. Despite the described advantages of a TBx, this
approach alone has also shown downsides by missing a sig-
nificant number of high-risk cancers [8,9]. The balance of
over- and underdetection is challenging. Whether a TBx
alone is sufficient or additional systematic biopsies are still
needed is an ongoing debate [10,11]. Only limited data sug-
gest that TP-TBx is as good as systematic template TP biopsy
[12,13] and that the TP approach may confer an advantage
for detecting anterior tumors [14], even in the MRI-TBx
era. Owing to these uncertainties, the present study aims
to evaluate the rates and risk factors of International Society
of Urological Pathology (ISUP) misclassification with either
TP-TBx or TR-TBx, and RBs in a contemporary cohort of
patients treated with RP.
2. Patients and methods

Internal review board approval for the present study and for retrospec-

tive data collection was obtained according to each institution’s policy,

when required. A total of 1282 patients managed with RP at ten tertiary

referral centers were included. Supplementary Figure 1 shows the

http://creativecommons.org/licenses/by/4.0/
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patient selection process. All included patients undergoing radical treat-

ment provided written informed consent for surgery. All procedures per-

formed in studies involving human participants were in accordance with

the ethical standards of the institutional and/or national research com-

mittee and with the 1964 Helsinki Declaration and its later amendments

or comparable ethical standards. Institutional review board approval

requirement applies to each center due to the observational and retro-

spective nature of the study.

Patients diagnosed with TP-TBx and TR-TBx were identified, and rep-

resented the study and control groups, respectively. Patients with previ-

ous treatment for PCa were excluded. For patients who had undergone

multiple biopsy sessions, only the last one was considered in this study.

Specimen handling was in accordance with the recommendations of the

2019 ISUP consensus [15,16]. Only dedicated uropathologists with over

5 yr of experience reviewed prostate histology specimens.

2.1. Prostate biopsy techniques

Multiparametric MRI was performed before biopsy according to each

institution protocol.MRIwas scored inmost centers by the Prostate Imag-

ing Reporting and Data System (PI-RADS) version 2 scoring system [17].

All MRI scans were reviewed in each center by expert genitourinary radi-

ologists according to the ESUR/ESUI consensus for the quality require-

ments for image acquisition, interpretation, and radiologists’ training.

TBx was performed by experienced urologists with their preferred biopsy

approach (TR or TP). Each center contributed only one biopsy approach to

reduce the potential selection bias. All TR-TBx and TP-TBx events used a

dedicated biopsy fusion software. A median number of 3 (Q1-Q4: 2–4,

interquartile range [IQR]: 2) TBx sampleswere taken fromeach suspicious

lesion. TP-TBxwas performedwith a brachytherapy grid or freehand tech-

nique under general or local anesthesia.

2.2. Covariates and outcomes

Age, prostate-specific antigen (PSA), prostate volume, clinical stage at

digital rectal examination, and MRI information were available for all

patients included in our study. The outcome of interest was represented

by ISUP concordance, upgrading, and downgrading between RP and TBx.

Upgrading, downgrading, and concordance were defined, respectively, as

an ISUP increase from, decrease from, or equalization to prostate biopsy

to final pathology. The ISUP concordance, upgrading, and downgrading

were evaluated considering both the greatest ISUP at MRI-TBx and the

greatest ISUP at MRI-TBx + RB. Since not every upgrading can be consid-

ered equally relevant (ie, upgrades from ISUP 3 to 4 or from 4 to 5 may

be considered of limited clinical relevance in most clinical scenarios), a

clinically relevant increase (CRI) was defined as any increase from ISUP

�2 to any higher ISUP.

2.3. Statistical analysis

Categorical variables were reported as frequencies, while continuous

variables were reported as mean standard deviation for variables with

a normal distribution, and as median and IQR for variables with a

non-normal distribution. Differences between categorical variables were

assessed by using the chi-square test. Differences between continuous

variables were assessed by the t test or Mann-Whitney U test, as appro-

priate. A multivariable logistic regression analysis for predicting concor-

dance, upgrading, downgrading, and CRI was performed to evaluate the

odds ratio (OR) for TP-TBx relative to TR-TBx. The model was adjusted

for age, biopsy status (naïve/repeated biopsy), cT stage (cT �2 vs cT

<2), PI-RADS, number of biopsy cores targeted, PSA at biopsy, and pros-

tate volume. Sensitivity analyses were performed after stratifying

patients according to the index lesion tumor location (mid/base, apex,

peripheral zone, or transition/central zone). Intraclass correlation coeffi-
cient (ICC) and 95% confidence interval (CI) were calculated for MRI-TBx/

RB and TBx, respectively, for TR and TP biopsies. The per-patient sensi-

bility for ISUP score were calculated separately for TR-TBx and TP-TBx.

A fusion biopsy reported as negative with a corresponding positive RP

specimen was considered as false negative.

The significance for all tests was set at p < 0.05. Analyses were per-

formed using SPSS version 23 (IBM, Armonk, NY, USA) andMedCal version

20.210.
3. Results

From December 2014 to November 2020, ten centers (seven
from Europe, two from China, and one from Australia) par-
ticipated in the study. A total of 752 TR-TBx and 530 TP-TBx
cases were included. Table 1 lists general demographics and
patients’ characteristics of the two groups. The overall TBx
concordance, upgrading, and downgrading with the final
pathology were 47.6% (611/1282), 42.4% (544/1282), and
9.9% (127/1282), respectively.
3.1. Target biopsy alone

Figure 1 shows the concordance, upgrading, and downgrad-
ing rates of ISUP scores at biopsy for TR-TBx (Fig. 1A) and
TP-TBx (Fig. 1B). ISUP upgrading and downgrading were
more frequent for TR-TBx than for TP-TBx (respectively,
501% vs 31% and 11% vs 7.7%; p < 0.01). ISUP concordance
was higher for TP-TBx than for TR-TBx (61% vs 38%; p <
0.01). With TBx, an higher CRI was found for TR versus TP
(43% vs 24%; p < 0.01). Supplementary Table 1 shows the dis-
tribution of biopsy ISUP grading by pathologic ISUP grading
at RP. A higher ICC was observed for TP-MRI-TBx than for
TR-MRI-TBx (0.7 [0.6–0.8] vs 0.6 [0.4–0.7]; Supplementary
Table 1).

The per-patient sensibility to detect the correct ISUP
score was 0.6 (range: 0.41–0.69) and 0.9 (0.88–0.94),
respectively, for TR-TBx and TP-TBx (Supplementary
Table 2). At a multivariate analysis, TP-TBx was associated
independently with a lower odd of ISUP upgrading (OR
0.6, 95% CI 0.4–0.9, p < 0.01) and a higher odd of concor-
dance with the final pathology (OR 1.7, 95% CI 1.2–2.5, p <
0.01) than TR-TBx (Table 2). At the multivariate analysis, a
lower odd of CRI was found for TP-TBx than for TR-TBx
(OR 0.7, 95% CI 0.5–0.9, p < 0.01; Table 3).
3.2. Target and random biopsy

Figure 2 shows the concordance, upgrading, and downgrad-
ing rates of ISUP scores at biopsy for TR-TBx/RB (Fig. 2A) and
TP-TBx/RB (Fig. 2B). Supplementary Table 3 shows the dis-
tribution of biopsy ISUP grading by pathologic ISUP grading
at RP. A higher ICC was observed for TP-MRI-TBx/RB than
for TR-MRI-TBx/RB (0.8 [0.8–0.9] vs 0.7 [0.7–0.8]; Supple-
mentary Table 3).

When considering MRI-TBx/RB, a higher CRI was found
for TR versus TP (27% vs 12.8%; p < 0.01). At the multivariate
analysis assessing predictors of concordance, upgrading,
and downgrading, TP-TBx/RB had a lower odd of tumor
upgrading (OR 0.5, 95% CI 0.3–0.8, p < 0.01) than for TR-
TBx/RB (Table 4). At the multivariate analysis assessing



Table 1 – Patients’ characteristicsa

TR (752) TP (530) p value

Age, mean (SD) 67.2 (7.5) 66.8 (7.0) 0.2
PSA (ng/ml) at biopsy, median (IQR) 7.5 (5.2–11.7) 6.8 (4.98–10.1) 0.03
PSA density, median (IQR) 0.16 (0.1–0.27) 0.19 (0.13–0.28) <0.01
Prostate volume (ml), median (IQR) 42 (31–61) 32 (25–54) <0.01
Biopsy naïve, n (%) 496 (66) 402 (76.3) <0.01
cT �, n (%) 220 (30.5) 287 (54.2) <0.01
PI-RADS, n (%) <0.01
3 125 (16.7) 57 (10.7)
4 375 (49.9) 237 (44.7)
5 252 (33.5) 236 (44.5)

Tumor located in the peripheral zone at MRI b, n (%) 267 (56.0) 325 (62.4) 0.04
Tumor located in the transition zone/central zone at MRI b, n (%) 147 (30.8) 169 (32.4) 0.6
Tumor located in the anterior zone at MRI b, n (%) 122 (25.6) 64 (12.3) <0.01
Tumor located in the apex at MRI, n (%)b 90 (30.4) 76 (16.3) <0.01
Tumor located in the mid-base, n (%)b 172 (58.1) 187 (40.0) <0.01
Type of anesthesia, n (%) <0.01
Local 751 (99.9) 127 (24.0)
General 1 (0.1) 403 (76.0)

ISUP at fusion biopsy, n (%) <0.01
GG1 117 (15.6) 44 (8.3)
GG2 222 (29.5) 235 (44.3)
GG3 69 (9.2) 141(26.6)
GG4 90 (12.0) 47 (8.9)
GG5 79 (10.5) 34 (6.4)

Negative fusion biopsy and positive standard biopsy, n (%) 175 (23.3) 29 (5.5)
Greatest ISUP at random + fusion biopsy, n (%) <0.01
GG1 178 (23.7) 35 (6.6)
GG2 269 (35.8) 221 (41.7)
GG3 105 (14.0) 170 (32.1)
GG4 112 (14.9) 53 (10.0)
GG5 88 (11.7) 51 (9.6)

ISUP at RP, n (%) <0.01
GG1 70 (9.3) 15 (2.8)
GG2 305 (40.6) 230 (43.4)
GG3 208 (27.7) 188 (35.5)
GG4 90 (12.0) 30 (5.7)
GG5 79 (10.5) 67 (12.6)

pT �3, n (%) 227 (30.2) 287 (54.2) <0.01
Positive surgical margin at RP specimen, n (%) 195 (26.3) 135 (25.9) 0.9
Concordance (greatest ISUP at MRI-TBx), n (%) 285 (37.9) 326 (61.5) <0.01
Upgrading (greatest ISUP at MRI-TBx), n (%) 381 (50.7) 163 (30.8) <0.01
Downgrading (greatest ISUP at MRI-TBx), n (%) 86 (11.4) 41 (7.7) 0.03
Concordance (greatest ISUP at MRI-TBx/RB), n (%) 384 (51.1) 366 (69.1) <0.01
Upgrading (greatest ISUP at MRI-TBx/RB), n (%) 258 (34.3) 99 (18.7) <0.01
Downgrading (greatest ISUP at MRI-TBx/RB), n (%) 110 (14.6) 65 (12.3) 0.2
Clinically relevant increase for MRI-TBx, n (%) 327 (43.5) 128 (24.2) <0.01
Clinically relevant increase for MRI-TBx/RB, n (%) 203 (27) 68 (12.8) <0.01

GG = grading group; IQR = interquartile range; ISUP = International Society of Urological Pathology; MRI = magnetic resonance imaging; MRI-TBx = MRI-targeted
biopsy; MRI-TBx/RB = MRI-targeted biopsy + random biopsy; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen; RP =
radical prostatectomy; SD = standard deviation; TP = transperineal prostate biopsy; TR = transrectal prostate biopsy.
a All analyses were performed on available data.
b Lesions located in overlapping areas were counted independently.
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CRI, a lower odd was found for TP-TBx/RB than for TR-MRI-
TBx/RB (OR 0.6, 95% CI 0.3–0.9, p < 0.01; Table 3).

3.3. Subgroup analyses

When stratifying patients according to the index lesion
location, the use of TP-TBx was associated with significantly
higher ORs of ISUP concordance (OR 2.2, 95% CI 1.4–3.5, p <
0.01) and lower ORs of ISUP upgrading in the peripheral
zone (OR 0.4, 95% CI 0.2–0.7, p < 0.01; Supplementary
Table 4). Although the multivariate analysis was adjusted
for the biopsy set, a separate analysis was performed
including only biopsy-naïve patients, obtaining similar
results (data not shown).

Supplementary Figure 2 shows the concordance, upgrad-
ing, and downgrading for TP and TR biopsies in the respec-
tive EAU risk groups. The results are presented separately
for MRI-TBx/RB and MRI-TBx. Again, TP biopsies have a
higher percentage of concordance and lower percentage of
upgrading than TR for both intermediate and high EAU risk
patients (p < 0.01; Supplementary Tables 5 and 6). Finally, in
a subgroup analysis evaluating exclusively biopsies
performed under local anesthesia, TP-MRI-TBx confirmed
to be an independent predictor of CRI.
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Fig. 1 – Downgrading, concordance, and upgrading rates by ISUP score at biopsy for (A) TR-TBx and (B) TP-TBx. ISUP = International Society of Urological
Pathology; TP-TBx = transperineal targeted biopsy; TR-TBx = transrectal targeted biopsy.

Table 2 – Independent predictors of downgrading, upgrading, and concordance with final pathology for MRI-targeted biopsy

Parameter Downgrading Concordance Upgrading

OR 95% CI p value OR 95% CI p value OR 95% CI p value

TP vs TR 0.9 0.4–1.9 0.9 1.7 1.2–2.5 <0.01 0.6 0.4–0.9 <0.01
Age 1.0 0.9–1.0 0.9 1.0 0.9–1.0 0.8 1.0 0.9–1.0 0.8
Biopsy naïve vs repeated biopsy 1.0 0.5–2.0 0.9 0. 8 0.7–1.3 0.8 0.7 0.5–1.5 0.8
cT �2 vs cT <2 1.1 0.6–2.1 0.7 1.26 0.9–1.7 0.1 0.7 0.5–1.1 0.1
PI-RADS 0.9 0.03 0.02
3 1 Ref – 1 Ref – 1 Ref –
4 0.8 0.3–2.1 0.6 0.5 0.3–0.8 <0.01 1.9 1.2–3.2 <0.01
5 0.9 0.5–1.8 0.9 0.8 0.6–1.1 1.2 0.9–1.8 0.2

Number of biopsy cores targeted 1.0 0.9–1.2 0.5 1.1 0.9–1.1 0.1 0.9 0.8–1.0 0.03
PSA at biopsy 1.0 0.9–1.0 0.1 0.6 0.9–1.0 0.6 0.9 0.9–1.0 0.13
Prostate volume 0.9 0.9–1.0 0.4 1.0 0.9–1.0 0.6 1.0 0.9–1.0 0.2

CI = confidence interval; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; OR = odds ratio; PSA = prostate-specific
antigen; Ref = reference; TP = transperineal prostate biopsy; TR = transrectal prostate biopsy.

Table 3 – Independent predictors of clinically relevant increase for MRI-targeted biopsy (MRI-TBx) and fusion biopsy + random biopsy (MRI-TBx/
RB)

Parameter MRI-TBx MRI-TBx/RB

OR 95% CI p value OR 95% CI p value

TP vs TR 0.7 0.5–0.9 0.049 0.6 0.3–0.9 0.01
Age 1.0 0.9–1.1 0.9 0.9 0.9–1.02 0.8
Biopsy naïve vs repeated biopsy 1.2 0.8–1.7 0.3 1.4 0.9–2.2 0.08
cT �2 vs cT <2 0.6 0.4–0.8 <0.01 0.5 0.3–0.8 <0.01
PI-RADS <0.01 <0.01
3 1 Ref – 1 Ref –
4 3.5 2.1–5.8 <0.01 2.9 1.6–5.2 <0.01
5 1.7 1.1–2.5 <0.01 1.3 0.8–2.0 <0.01

Number of biopsy cores targeted 0.9 0.9–1.0 0.2 1.0 0.9–1.1 0.6
PSA at biopsy 0.9 0.8–0.9 0.04 0.9 0.9–1.0 0.6
Prostate volume 1.0 0.9–1.0 0.4 0.9 0.9–1.0 0.9

CI = confidence interval; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; OR = odds ratio; PSA = prostate-specific
antigen; Ref = reference; TP = transperineal prostate biopsy; TR = transrectal prostate biopsy.
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4. Discussion

The interest towards the TP approach remains high not only
in terms of reduction of infections, but also for the ability to
define the exact PCa aggressiveness and location within the
prostate. This is especially true for patients who are candi-
dates for active treatment or focal treatments as well as in
surgical planning for a nerve-sparing RP.
The findings of our study, which evaluated a large cohort
from referral centers, are several-fold. First, we demonstrate
that TP-TBx is characterized by a higher concordance with
the final pathology at RP compared with TR-TBx. Although
the overall concordance is in line with previous TBx studies
with a value ranging from 40% to 50% [4,18], TP-TBx results
in a lower risk of upgrading than TR-TBx. High-level evi-
dence from the PRECISION trial indicates that TBx better
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Fig. 2 – Downgrading, concordance, and upgrading rates by ISUP score at biopsy for (A) TR-TBx/RB and (B) TP-TBx/RB. ISUP = International Society of Urological
Pathology; RB = random biopsy; TBx = targeted biopsy; TP = transperineal; TR = transrectal.

Table 4 – Independent predictors of downgrading, upgrading, and concordance with final pathology for MRI-targeted + random biopsy (TBx/RB)

Parameter Downgrading Concordance Upgrading

OR 95% CI p value OR 95% CI p value OR 95% CI p value

TP vs TR 0.9 0.5–1.6 0.8 0.9 0.6–1.5 0.8 0.5 0.3–0.8 <0.01
Age 1.0 0.9–1.1 0.1 1.0 0.9–1.0 0.1 1.0 0.9–1.0 0.9
Biopsy naïve vs repeated biopsy 0.9 0.6–1.6 0.9 0.7 0.5–1.0 0.1 1.2 0.8–1.7 0.3
cT �2 vs cT <2 1.0 0.6–1.7 0.8 0.9 0.6–1.4 0.6 0.8 0.5–1.2 0.8
PI-RADS 0.6 0.11
3 1 Ref – 1 Ref – 1 Ref –
4 1.0 0.5–2.2 0.9 1.2 0.6–2.1 0.8 1.5 0.9–2.6 0.1
5 1.3 0.8–2.1 0.3 1.1 0.8–1.0 0.6 0.9 0.6–1.3 0.6

Number of biopsy cores targeted 0.9 0.9–1.1 0.9 0.9 0.8–1.1 0.2 0.9 0.9–1.0 0.5
PSA at biopsy 1.0 0.9–1.0 0.3 1.1 0.9–1.0 0.6 1.0 0.9–1.0 0.5
Prostate volume 0.9 0.9–1.0 0.1 1.0 0.9–1.0 0.1 1.0 0.9–1.0 0.8

CI = confidence interval; MRI = magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; OR = odds ratio; PSA = prostate-specific
antigen; Ref = reference.
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detects clinically significant, grade group 2 or higher PCa
than the standard TRUS biopsy [2]. With the limitation of
the use of high-grade cancer detection as a surrogate for
oncologic efficacy in the context of TBx, our results show
that TP-TBx better detects aggressive cancers and is not just
selective sampling of higher-grade areas within low-grade
cancer. TR-TBx may potentially lead to undertreatment of
those patients who are undergraded at the initial biopsy.
However, if missing or delaying the detection of a high-
grade cancer on TR-TBx may raise the risk, only studies with
adequate follow-up will be able to really assess the impact
of these findings on survival. Second, MRI-TBx might
increase the detection of occult or upgrade cancers in
patients following biopsy containing low-grade cancer only.
This is explained by selective sampling of higher-grade
areas inflating ISUP risk groups, resulting in pathologic
downgrading at RP [19,20]. Again, TP-TBx had a lower inci-
dence of downgrading at RP (11% of TR-TBx vs 7.7% of TP-
TBx). However, we were not able to find a definite preoper-
ative predictor of downgrading. Thus, the selection of
patients who could eventually be observed or be eligible
for less aggressive therapy rather than proceeding to radical
treatment is still to be clarified. Third, MRI-TBx may miss
some cancers, but this is compensated by the identification
of lesions that would be missed by a systematic biopsy.
There is some evidence that MRI-detected cancers are not
oncologically equivalent to those detected by a systematic
biopsy. Studies have shown that patients with low-grade
tumors on biopsy that are found to have high-grade cancer
on surgical pathology have recurrence and death rates close
to those for low-risk patients [21]. In our study, the combi-
nation of the greatest ISUP grade of MRI-TBx/RB increases
the concordance with the final pathology for both TR and
TP biopsy. In particular, the main advantage of TP-TBx and
TP-TBx/RB is a lower rate of CRI than that of TR-TBx and
TR-TBx/RB. This will allow better patient selection for active
treatments.

Overall, the diagnostic advantage of TP biopsies com-
pared with TR can be explained by the largest diameter of
most prostate tumors along the longitudinal axis (apex to
base) [22]. The TP needle is inserted along the same axis.
Contrarily, in TR biopsies, the needle penetrates through
the anterior-posterior axis and thus even TBx events are
centered on a narrower axis. Sampling larger tumor volume
may also improve detection of higher-grade tumors, reduc-
ing sampling errors associated with tumor heterogeneity
[23]. A grade group 2 cancer detected at TR-TBx could be
in average a different tumor from a grade group 2 lesions
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found at TP-TBx; it is likely to be in average smaller (and if
risk is a combination of grade and tumor size, also of lower
risk), and this may induce stage/grade migration due to the
Will Rogers effect. Fourth, TP-TBx showed improved concor-
dance in the peripheral zone. In the remaining aspect of the
gland, after adjusting for confounders, no differences were
found in terms of concordance, upgrading, and downgrad-
ing. To date, no large multicenter series assessed whether
the TP route may improve cancer concordance with the final
pathology in the MRI era, with special attention to the loca-
tion of the tumor with MRI. These results may seem in con-
tradiction to available literature where TP-TBx improves the
detection of tumors located in the apex and the anterior
zone of the gland. For instance, in a study by Schouten
et al [24], TR-TBx missed a non-negligible number of signif-
icant cancers (7% at a patient-level and 35% at a segment-
level analysis) that were mainly located at the apex and in
dorsolateral regions. In the present study, only positive
prostate biopsies were included, and tumors located in the
anterior portion of the gland were correctly diagnosed even
with the transrectal route. Of note, TP-MRI-TBx has a lower
risk of upgrading and a higher risk of concordance in the
peripheral zone. Finally, the improved prostate sampling
using TP-TBx/RB provides a more sensitive test for ISUP
score (one of the most robust predictors of clinical out-
comes). However, it must be noted that the concordance
with the final pathology is overall suboptimal, since only
TP-MRI-TBx/RB results have a moderate agreement with
the gold standard. Although TP is better than TR, the accu-
racy is still relatively low with a significant percentage of
patients being downgraded even by TP. Hence, it may help
implement the clinical pathway with a different imaging
technology. There is some recent evidence of the utility of
prostate-specific membrane antigen positron emission
tomography scanning as a potential tool to improve PCa
detection in MRI-negative patients [25], and improve grad-
ing accuracy by utilizing SUVmax [26].

Despite being the largest series of RP patients diagnosed
with MRI-TBx assessing the impact of the TR versus TP
approach, our study is not devoid of limitations. There is a
wide array of biopsy options available for comparison (dif-
ferent biopsy techniques, software used for the fusion biop-
sies, number of TBx) as well as the different clinical settings
in which these were used without any randomization
(biopsy naïve vs repeated biopsies). Furthermore, patients
who were candidates to radiation therapy or without avail-
able final pathology were not considered for the analyses.
Thus, there is a risk of a selection bias, also considering
the widespread diffusion of active surveillance protocols.
Specifically, the population with low-risk disease that had
surgery might have been negatively selected according to
the presence of unfavorable prognostic factors. Moreover,
the study was conducted in two separate cohorts with sig-
nificantly different prostate volumes, PSA, and PSA density
between the two groups, which might have contributed to
higher PCa detection rates in the TP biopsies. In particular,
TP biopsies are limited to smaller prostates since large ones
may be shadowed by the pubic bone. This is particularly
true for the biopsies performed with a brachytherapy grid,
while freehand technique seems to have overall better pros-
tate sampling [27]. There is a well-known inverse relation-
ship between prostate volume and the incidence of PCa, and
this further supports the hypothesis that large prostate size
may be protective against PCa when compared with smaller
prostates, even in the MRI era [28]. There is heterogeneity of
techniques, anesthesia, and software used, which is consis-
tent with the retrospective study design and the hetero-
geneity of the sample. Although the comparison was not
performed in concurrent TR-TBx and TP-TBx, the results
from this study represent a real clinical practice scenario
and therefore must be considered generalizable. Further-
more, multivariable analyses were performed to diminish
potential confounders. Finally, although images and final
pathologies were not centrally reviewed, our results apply
to experienced centers where both TP-TBx and TR-TBx as
well as RP are performed routinely.
5. Conclusions

In the current standard practice of MRI-TBx, TP-TBx
improves concordance compared with TR-TBx and reduces
the risk of tumor upgrading at the final pathology. TP-
MRI-TBx in the peripheral zone has higher odds of concor-
dance and lower odds of upgrading in comparison with
TR-MRI-TBx, and it better retrieves information to ade-
quately risk stratify the patients for the clinical decision-
making process.
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