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BACKGROUND: Since its initial description the prostate biopsy technique for detection of prostate cancer (PCA) has constantly
evolved. Multiparametric magnetic resonance imaging (mpMRI) has been proven to have a sensitivity exceeding 90% to detect the
index lesion. This narrative review discusses the evidence around several biopsy strategies, especially in the context of patients that
might be eligible for focal therapy.
METHOD: A non-systematic literature research was performed on February 15th 2024 using the Medical Literature Analysis and
Retrieval System Online (Medline), Web of Science and Google Scholar.
RESULTS: The transrectal (TR) route is associated with an increased postoperative sepsis rate, even with adequate antibiotic
prophylaxis. The transperineal (TP) route is now recommended by international guidelines, firstly for its decreased rate of urosepsis.
Recent evidence shows a non-inferiority of TP compared to TR route, and even a higher detection rate of clinically significant PCA
(csPCA) in the anterior and apical region, that are usually difficult to target using the TR route. Several targeting techniques
(cognitive, software-fusion or in-bore) enhance our ability to provide an accurate risk assessment of prostate cancer aggressiveness
and burden, while reducing the number of cores and reducing the number of clinically insignificant prostate cancer (ciPCA). While
MRI-TB have proven their role, the role of systematic biopsies (SB) is still important because it detects 5–16% of csPCA that would
have been missed by MRI-TB alone. The strategies of SB depend mainly on the route used (TR vs. TP) and the number of cores to be
collected (10–12 cores vs. saturation biopsies vs. trans-perineal template mapping-biopsies or Ginsburg Protocol vs. regional
biopsies).
CONCLUSION: Several biopsy strategies have been described and should be known when assessing patients for focal therapy.
Because MRI systematically under evaluates the lesion size, systematic biopsies, and especially perilesional biopsies, can help to
increase sensitivity at the cost of an increased number of cores.

Prostate Cancer and Prostatic Diseases; https://doi.org/10.1038/s41391-024-00884-2

INTRODUCTION
Since its first description in the early 1920s, by transperineal open
surgery, prostate biopsy techniques have evolved fast towards less
invasive, less morbid, and more accurate sampling. The first
description of the transrectal approach using the sextant
transrectal biopsy with ultrasound guidance was reported by
Hodge in 1989 [1]. After this first description, the 10–12 cores
became the standard method because of the acceptable balance
of increased detection rate and acceptable side-effect rate
compared to high core numbers [2]. The prostate biopsy evolution
timeline is displayed in Fig. 1. A randomized-controlled trial (RCT)
published in 1990 initially showed no benefit of prostate MRI over
transrectal ultrasound, both modalities significantly underestimat-
ing prostate cancer risk, limiting at that moment its adoption.
Since then, prostate multiparametric magnetic resonance imaging
(mpMRI) gained significant attention after reports showing
improved cancer detection. A 30-fold increase in the use of

mpMRI before biopsy was observed in the US from 2009 to 2015
(from 0.2% to 6.5%) even before formal recommendation was
formulated [3]. Since then, growing evidence supports the routine
use of mpMRI; the PROMIS trial showed a sensitivity to detect
clinically significant prostate cancer (csPCA) exceeding 90%, while
the PRECISION trial showed the ability of mpMRI targeted biopsy
(MRI-TB) to increase the detection of csPCA while decreasing the
detection of clinically insignificant prostate cancer (ciPCA) and at
the same time avoiding the need for biopsies in 28% of the
patients [4, 5]. The European Association of Urology (EAU)
recommends mpMRI as an upfront tool to guide biopsies in
biopsy-naïve patients and for patients with previous negative
systematic biopsies with persistent cancer suspicion [6].
The advance of mpMRI has changed the prostate cancer

diagnostic pathway. Prior to MR-imaging, the debate around
prostate biopsy concerned density and location. The 10–12 cores
transrectal ultrasound guided biopsy became the pragmatic
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response to sample the area of the prostate more likely to harbor
PCA, namely the peripheral zone, in a systematic fashion from the
base to the apex. A prostate MRI prior to biopsy offers clinicians an
imaging phenotype which prompts different questions to be
addressed. First, after the identification of a MR-visible lesion, the
need for a precise targeting is required to realize targeted biopsies
(TB). The distribution and density of targeted biopsies in and
around a lesion are still matters of debate, which are particularly
important in the context of focal therapy. Second, the value of
additional systematic biopsy as well as the intensity and the route
of sampling are key questions to be answered.
This manuscript aims to provide a comprehensive review of the

most commonly used biopsy strategies reported in literature.
While some are now considered obsolete by many, they will be
included to provide a wide overview and to better assess the
comparative diagnostic performance against technological evolu-
tions. The manuscript will first focus on targeted biopsies,
perilesional biopsies and the several types of guidance that the
MRI information offers (cognitive, TRUS-MRI fusion or MRI in-bore),
then discuss the role of systematic biopsies and combined
biopsies. Safety aspects will be then discussed. The performance
of these strategies in adequately identifying patients for FT
concludes the discussion. Pros and conns of each technique are
summarized in Table 1.

MPMRI TARGETED BIOPSIES
Key concepts
The European Association of Urology (EAU) and the American
Urology Association (AUA) both integrate the use of mpMRI in
their diagnostic pathway. The EAU 2024 update recommends the
use of MRI-TB and perilesional prostate biopsy for patients
presenting a positive mpMRI [7]. The AUA considers mpMRI as
an optional exam before initial prostate biopsy, and if positive,
recommend targeted biopsies (at least 2 cores) ± systematic
biopsies [8].
The PI-RADS latest version (2.1) was published in 2019 to

standardize image acquisition and quality to increase and spread
diagnostic performance beyond reference centers [9]. The PI-
QUAL score has been described as a tool to help assess mpMRI
quality underlining the need for good quality images [10, 11].
Current guidelines recommend MRI-TB in the presence of
equivocal or more suspicious lesions (PI-RADS ≥ 3), defined as a
positive mpMRI. Because of the relatively low proportion of csPCA
in the PI-RADS 3 (around 12%), current recommendation suggest
using PSA-density cut-offs to decide whether to biopsy or not [12].
This is a more recent practice since most studies reported in this
manuscript regarding MRI-TB usually considered PI-RADS3 as a
positive mpMRI and prompted subsequent MRI-TB.

mpMRI has a 92% sensitivity to identify the index lesion, also
called region of interest (ROI). The index lesion has been defined
as the largest, highest grade or lesion with extraprostatic
extension (EPE). The index lesion is thought to be the lesion
containing the most aggressive cancer cells, and therefore the
clone with metastasis potential. Treating this lesion in patients in
whom it can be identified is therefore the aim of focal therapy
[13, 14]. While mpMRI is a central tool in the MRI-TB pathway, it
tends to underestimate the actual burden of prostate cancer, as
well as its borders, that are usually irregular and not as
circumscribed as the mpMRI lesion [15, 16].

Fusion biopsies : techniques, accuracy and comparison
The benefits of MRI-based diagnostics heavily depend on image
quality and reading quality [17, 18]. The region of interest (ROI) on
MRI has to be identified and marked by the specialist reader and
then be transferred onto the live prostate during the biopsy. The
ROI information can be used with cognitive transfer, software-
driven US-MRI fusion and in-bore targeting. Cognitive targeted
biopsy (COG-TB) describes a term where the operator uses his
brain only to register MRI-derived targets to a transrectal
ultrasound. No additional equipment to standard transrectal
ultrasound is required, hence it is the easiest form with no cost
implication of fusion [19]. However, it inevitably carries a risk of
operator-dependent transfer error. MRI-US fusion targeted biopsy
(FUS-TB) consists of a fusion of previously acquired mpMRI images
with pre-marked ROI with real-time TRUS imaging, allowing for a
potentially more precise targeting. Several platforms have been
successfully developed, with no clear superior diagnostic ability
reported of one over the others [20]. In-bore MRI targeted biopsy
(IB-TB) implies to proceed to the biopsy directly in the bore of an
MRI scanner, requiring specific compatible equipment. It usually
requires the previous acquisition of mpMRI images to identify
lesions, and a reacquisition at the moment of biopsy. Usually, a
sedation or general anesthesia is performed, while only targeted-
biopsies are acquired because of the lengthy time and difficulty to
perform systematic biopsies at the same time [21].
When comparing the three different techniques of targeting

techniques in a systematic review, Wegelin et al. could show no
difference in 2019 between FUS-TB and COG-TB (sensitivity of 81%
vs. 72%, p= 0.11), while IB-TB significantly outperformed COG-TB
(sensitivity 89% vs. 72%, p= 0.02) for PCA detection. For csPCA,
COG-TB had an 86% sensitivity similar to FUS-TB (89%, p= 0.62)
and MRI-TB (92%, p= 0.42). In this meta-analysis encompassing
records utill 2015, 43 studies were included, 39.5% (17/43) using
FUS-TB, 25.6% (11/43) using IB-TB, and 25.6% (11/43) using COG-
TB. In 2022, Bass et al. reported an updated systematic review and
showed that FUS-TB was the most represented technique (76.7%;
33/43 studies) while COG-TB (18.6%; 8/43) came second and IB-TB

Fig. 1 Timeline of biopsies. Figure 1 provides a timeline of the different biopsy techniques described in the procedure. Name in parenthesis
correspond to the first author of the technique first description [1, 49, 51, 52, 77–82].
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came last (4.6%; 2/43), possibly suggesting a decreased used of IB-
TB with the larger implantation of FUS-TB [22]. This meta-analysis
confirmed similar sensitivities of IB-TB (87%), COG-TB (81%) and
FUS-TB (81%) for the detection of csPCA (p= 0.55), as well as
similar ciPCA yield of IB-TB (10%), COG-TB (5%) and FUS-TB (8%,
p= 0.46). Wegelin et al. afterwards reported the results of the
FUTURE trial, a multicenter randomized control trial that
confirmed the absence of difference regarding csPCA between
the different MRI-TB techniques. They however stated as an
important limitation the lack of power of the study, that would
have required the inclusion of 9886 additional patients [23].
When comparing MRI-TB to transrectal ultrasound guided

systematic biopsy (TRUS-SB), both meta-analyses agreed ; Wegelin
reported an increased detection of csPCA using MRI-TB (RR : 1.16)
corresponding to an MRI-TB sensitivity of 90% compared to TRUS-
SB sensitivity of 79%, as well as a decreased detection of ciPCA
(RR= 0.47). Bass confirmed these findings, with an increased
detection of csPCA seen with MRI-TB (RR : 1.24, p= 0.02)
compared to TRUS-SB corresponding to an MRI-TB sensitivity of
83% compared to TRUS sensitivity of 63%, as well as a decreased
detection of ciPCA (RR= 0.58, p < 0.01). Overall, data on fusion
biopsies can be biased by differences in urologist expertise.
However, trained residents ( > 50 cases) tend to perform similar as
consultant urologists, suggesting an acceptable learning curve
[24]. Microultrasound, is a novel technology using a high-
frequency 29-Mhz transrectal probe, that allows real-time
recognition and targeting of lesions during biopsy. The diagnostic
value of this technology seems to be comparable to MRI, at least
in expert centers [25]. In addition, MRI and microultrasound seem
to be complementary technologies that might enhance the risk
stratification, especially in case of focal therapy [26]. An
explanatory RCT evaluating microultrasound against MRI in
ongoing, and will further clarify the role of this technology [27].
Another promising technology is the multiparametric ultrasound
(mpUS). Recently, a high-quality diagnostic study (CADMUS) has
compared mpUS to mpMRI and showed a 73% agreement
between both modalities. Each test alone resulted in a 26% vs.
30% csPCA detection rate respectively for patient that underwent
modality diagnosed and guided biopsies. While mpUS detected
slighty less csPCA (−4%), it also increased the number of patients
referred for biopsies, still being inferior to mpMRI [28]. Further
studies are required to precise its future perspectives in prostate
cancer diagnosis, but it could already play an interesting role for
patient that cannot benefit from mpMRI.

Role of perilesional sampling
Several authors reported on the importance of perilesional sampling
[29, 30]. Brisbane et al. accounted for the phenomenon of invisible
cancer around the index lesion, under the concept of “penumbra” ; a
distance starting at the border of the ROI and containing the 90% of all
csPCA in the gland. They showed that only 50% of the csPCA was
contained within the ROI for patients presenting with PI-RADS 3,
compared to 60% for PI-RADS 4 and 74% for PI-RADS 5. The radius of
the penumbra depended on the PI-RADS score, with an additional
perimeter of 16mm, 12mm and 5mm for PI-RADS 3, 4 and 5
respectively [29]. This concept is important in focal therapy since
margins of treatment have to been assessed [31, 32].
Meanwhile, Hansen et al. established in 2020 that a targeted

saturation biopsy on the same side as the ROI is highly effective
for diagnosing cancer, although the exact size of the “penumbra”
relative to the PIRADS score of the ROI remains a subject of
discussion [32]. More recently, Noujeim et al. conducted a
thorough analysis to assess the distance between systematic
cores containing clinically significant prostate cancer (csPCa) and
the region of interest (ROI). The authors demonstrated that
sampling around the lesion combined with TB was as effective as
SB+ TB for detecting csPCa (35% vs. 37%, p= 0.2). By employing a
machine learning algorithm and categorizing three risk groups

based on PIRADS score and PSA density, they found the risk of
missing csPCa beyond the 10mm penumbra was 2%, 8%, and
29% for low, intermediate, and high-risk groups, respectively [33].
Furthermore, the cumulative distribution rate for csPCa reached
86% within a 10mm margin. It was concluded that for men with
PIRADS 3–5 lesions and a PSA density below 0.15 ng/ml2, biopsies
beyond the 10mm penumbra might be unnecessary. This goes in
the same direction as the 2019 PIRADS committee recommenda-
tion to conduct template biopsies (TB) of the region of interest
(ROI) in addition with a 5-mm penumbra for lesions rated as
PIRADS 4 and 5 [34]. Tafuri et al. also noted that for PIRADS 5
lesions with a PSA density greater than 0.15 ng/ml2, systematic
samples offered only a marginal increase in csPCA detection [35].
Standard biopsy seems to remain important, especially in the
perilesional area, especially for PI-RADS 4/5 lesions and a PSA
density above 0.15 ng/ml. If confirmed in wider studies, these
findings suggest the need for a risk-group based approach, based
on PI-RADS score and PSA density to potentially avoid systematic
or contralateral biopsies [36–38].

SYSTEMATIC BIOPSIES
While systematic transrectal biopsies were a long-lasting standard, their
role has been superseded by mpMRI targeted as seen in the previous
section. Delongchamps et al. reported the result of a per-patient
analysis comparing TRUS-SB (10–12 cores) to TRUS-TB (3 cores). They
reported a reduced overall PCA rate but a similar csPCA rate (46.2% vs.
48.1%, p= 0.69) [39]. Later, the PRECISION trial showed a higher
detection of csPCA in biopsy-naïve patients benefitting from transrectal
(TR) MRI-TB (38% vs. 26%) compared to TRUS-SB alone, while 28% of
the randomizedmen in theMRI group could avoid biopsies [4]. Despite
this best performance, allowing for a precise staging with less cores,
about between 0 to 16% csPCA would be missed if concomitant
systematic biopsies were not performed [39–42].
Systematic samples of the prostate might be performed in

different ways. These techniques are summarized as well in Fig. 2.

TRUS 10–12 systematic cores (TRUS-SB)
10 or 12-TRUS cores was considered the standard TRUS-guided
technique and its technique has been largely reported [43]. The
main problem that arose from 10–12 TRUS cores pattern is the
random and systematic errors. Random errors are due to the
absence of targeting ; it promotes the detection of ciPCA while
missing csPCA. Systematic errors happen when a zone (such as
the anterior zone, anterior zones and midline under the urethra) is
hard to target and will systematically be missed or inadequately
sampled [44]. Therefore, the TRUS-SB present with a high risk of
false negative (30–45%) and an accuracy of only around 59%
[41, 44]. Valerio et al. compared the efficiency (number of cores
required to detect one significant cancer) and showed that 37
cores vs. 9 cores were required respectively for TRUS-SB compared
to MRI-TB (median difference of 32.1 cores). When assessing utility
(number of men with PCA that have been detected with a
sampling strategy that would have been missed using the other
strategy), they reported an 9% additional csPCA detection using
MRI-TB, compared to 2% when using TRUS-SB alone [45].

TRUS saturation biopsies (TRUS-SatB)
The term “saturation biopsies” (SatB) has been reported several
times in the literature, but no clear and accepted definition
defines it. Most authors agree that it is a higher density biopsy
protocol, that usually includes at least 20 cores. It has mainly been
advocated for re-biopsy after one or several previous negative
TRUS-SB, before MRI-TB was recommended, since it allowed the
detection of previously missed csPCA [46, 47]. Despite initial
promising results, a randomized control trial showed no benefit
when comparing 20-cores to the standard 12-cores biopsies,
therefore limiting its widespread adoption afterwards [2, 47, 48].
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Transperineal systematic biopsies
The first description of the technique of transperineal, ultrasound
guided biopsies was reported in 1981 by Holm and Gammelgard
[49]. Based on the transrectal techniques, several templates were
reported. The most known and standardized techniques are the
Transperineal Template Prostate Mapping (TTPM), and Ginsburg
protocol. Other techniques have been reported, such as the 10-
sector template, 12-core template and the MUSIC template [50].
These techniques, using a reduced number of cores, are possible
to perform under local anesthesia. Figure 3 provides an illustration
of the local anesthesia for TP-Bx.
The concept of TTPM was first described by Barzell and

Whitmore in 2003 and later standardized in 2007 [51]. TTPM
uses a brachytherapy grid to exhaustively biopsy the prostate,
with cores taken every 5 mm, with at least one biopsy from each
hole of the grid [52]. On a 3-dimensional virtually created
model, this strategy yields a > 95% correct risk stratification of
all clinically significant cancers (defined as lesions of 0.5 ml or
greater) [53]. This strategy results in a high biopsy density, and
high number of cores per patient (mean of 63 cores, ranges
described as high as 160 for very large glands) [53]. Valerio et al.
reported that reducing the number of biopsies has a negative
impact on its ability to exclude clinically significant disease
and is therefore inferior [54]. TTPM served as a the gold-
standard for the PROMIS study that was the first level 1b
evidence-study to prove the increased sensitivity of MRI-TB
compared to TRUS-SB [5].
The Ginsburg protocol is based on a multidisciplinary panel

agreement (Ginsburg Study Group for Enhanced Prostate
Diagnostics) to provide a reproducible dataset to standardize
reporting among future studies. The number of cores is directly
dependent on the prostate size ; it involves a minimum of 24
cores for prostate ≤30 ml (as displayed in Fig. 2), 32 cores for
prostate >30–50 ml and length >4 cm, and up to 38 cores for
larger prostate [52]. After its original description, it was tested on

534 patients with a median number of biopsy cores of 26 (IQR
24–28) and a mean procedure length between 25 to 60 min. It
allowed the detection of csPCA in 39% biopsy-naïve patients,
27% of patients that previously had previous negative biopsies,
and 45% of patients on active surveillance for low-risk
cancers [55].

Biopsy route

Transperineal Transrectal

Systematic 
biopsies

TP-TB + 
Regional 
biopsy

TTPMGinsburg Saturation

Combination 
biopsies 
(mpMRI 
guided)

TR-TB + 
10-12 cores

TP-TB + 
Ginsburg

10-12 cores

TR-TB + 
Saturation

TP-TB + 
TTPM

Fig. 2 Frequently employed prostate biopsy techniques. Figure 2 displays the most frequently employed biopsy techniques, differentiated
by the biopsy route, type of systematic biopsies and use of targeted biopsies. It displays a coronal cut of the prostate and the relative positive
of the biopsies. Transperineal biopsies are perpendicular to the coronal plane and shown as dots, whereas transrectal are parallel and appear
as traits. Ginsburg protocol uses anterior, mid-sector and posterior biopsies (as displayed) and depends on the size of the gland (this template
is valid for glands up to 30ml). For glands larger than 30ml, 8 additional biopsies (not displayed on this figure) are obtained from the basal
sector, in the extension of the mid-sector (total 32 cores). For glands larger than 50ml, the number of cores per sector (anterior, mid and
posterior) and per side is 5 (total 38 cores). TTPM uses a brachytherapy grid to obtain biopsies at regular interval of 5 mm. Created with
Biorender.com. TP transperineal, TR transrectal, TB targeted biopsy, TTPM transperineal template prostate-mapping.

Local anaesthetic

Denonviliers fascia

Para-sagital axis

Fig. 3 Transperineal local anesthesia technique. Figure 3 displays
one of the frequently used and reported technique (Emiliozzi). The
orange line illustrate the para-sagital axis where the puncture will be
made. This axis is found using a 45 degree angle from the anus in
the lithotomy position, at a 1.5 cm distance on each side (left and
right). Using a linear transrectal ultrasound probe, the sagittal (more
precisely the para-sagital axis) is obtained. A needle (22 G) is inserted
between the Denonviliers fascia and the apex of the prostate. Slow
injection will lift the prostate upwards and be visible. The technique
requires a bilateral injection of 10ml of rapid acting anesthetic [83].
Created with Biorender.com.
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COMBINED TARGETED AND SYSTEMATIC BIOPSIES
Combined MRI-TB and TRUS-SB or TP systematic biopsies (TP-SB)
is recommended as the upfront strategy for biopsy-naïve men by
the European Association of Urology [6]. In general, MRI-TB consist
of 3–4 cores/target, but more variations exist regarding SB, also
depending on the route used. In general, ipsilateral and
contralateral biopsies to MRI-TB are collected. 10–12 cores (TR or
TP), Ginsburg protocol, TTPM or RB have been described in
addition to MRI-TB.
Hagens et al. conducted a recent meta-analysis comparing the

performance of MRI-TB alone compared to MRI-TB+ RB or MRI-
TB+ SB. The median number of cores was 9.5 in the MRI-TB+ RB
group compared to 16.5 in the MRI-TB+ SB, while no difference in
csPCA detection was seen (RR= 0.95, p= 0.09). Interestingly, the
RB strategy avoided contralateral SB. As awaited, MRI-TB + SBx
overperformed when compared to MRI-TB only (RR:1.24,
p < 0.001), but at a cost of increasing the median number of
cores from 3.5 to 16.5. Interestingly, when adding RB to MRI-TB,
only 6 cores were necessary to increase substantially the detection
compared to MRI-TB alone (RR:1.18, p < 0.001) [56]. The risk of such
strategy is however a grade inflation and grade shift that may
overestimate the cancer burden [57]. This grade shift may
compromise the use of nomograms, frequently used for lymph
node invasion or EPE prediction. Another recent prospective RCT
compared MRI-TB and regional saturation biopsies (RSB) using 9
cores, for men with PSA 4–20 ng/ml, and found a similar
performance of MRI+ RSB compared to MRI-TB+ SB (csPCA
detection rate in 44.1% vs. 40.7%, p= 0.3) while requiring less
cores. It significantly overperformed TB alone (csPCA detection
rate 44.1% vs. 31.8, p= 0.01). When comparing their biopsy results
with whole mount histology (WMH) analysis, 97% of the
significant cancer were identified using RSB. They could also
determine that the average underestimation of size comparing
WMH and mpMRI was 0.76 cm confirming previously reported
mpMRI cancer burden underestimation of 0.9 cm suggested by Le
Nobin et al. [15, 31]. Tschirdewahn et al. reported a per-patient
detection of 99% of csPCA using the RB-saturation technique
compared to 87% (p= 0.001) for MRI-TB (4 cores) and 81%
(p < 0.001) for extended systematic biopsies (24 cores), suggesting
increased diagnostic performance of the RB-saturation technique
[58]. However, the same team conducted afterwards a RCT
comparing 4 cores MRI-TB to MRI-TB+ RB (9 cores total) where
they could not show a statistical difference regarding per-patient
csPCA detection (91.6% vs. 100%, p= 0.058) [59]. Although these
results did not show a statistical difference, they raise the question
whether the Ginsburg protocol should still be adopted, or if MRI-
TB+ RB may be accurate enough to supersede it [32].

TRANSRECTAL VS. TRANSPERINEAL ROUTE
Some factors have been limiting the widespread adoption of TP.
The need for general anesthesia at the beginning of the
experience, and the need to switch equipment for a generation
of urologists naïve to the TP approach have limited initial
widespread adoption. Also, the biopsy strategy needs to take
into account external factors as well, such as the time of the
procedure, cost and access to the operating theater, since TP are
usually more expensive, lengthy and less frequently performed
under local anesthesia [39, 60, 61]. For example, Altok et al.
reported in a cost-efficacy analysis a 2.5x times increase of the
price of general anesthesia for TTPM (3554$) compared to local
anesthesia TRUS-SB (1405$), with a cost even superior to in-bore
MRI biopsy (2.2x times increase – 3158 $) [61]. Also, until recently,
there was no certainty regarding the staging accuracy of TP route
compared to TR route.
Ber et al. reported a non-inferiority within-person study

comparing TP and TR, that proved non-inferiority and actually
suggested that TP route was superior for csPCA detection rate

(42% vs. 27%, p= 0.03) [62]. Loy et al. found a comparable
sensitivity and specificity (81% vs. 80%, 99% vs. 95%, for TR and TP
respectively) in a recent systematic analysis and meta-analysis
[63]. A large recent multicenter retrospective cohort including
5200 patients compared TR and TP route for patients benefitting
of MRI-TB for lesions PI-RADS ≥ 3 and showed a higher rate of PCA
and csPCA detection using TP route (64% vs. 50%, 49% vs. 35%,
p < 0.01 respectively) [64]. TP route was an independent predictor
of PCA (OR:1.37) and especially csPCA (OR:1.19), with higher
performance in the apex (OR:4.81), transition/central zone
(OR:2.67) and anterior zone (OR:5.62). Those finding were
confirmed by Uleri et al. in a 2023 systematic review and meta-
analysis including 8662 patients, showing that TP significantly
outperformed TR for anterior lesions (OR : 2.17, p < 0.001) and
apical lesions (OR : 1.86, p= 0.01) with a similar overall csPCA rate
(OR= 1.11, p= 0.1). TP significantly outperformed TR for PI-RADS
4 lesions (OR : 1.57, p= 0.02), possibly hinting at a more precise
targeting with TP since PI-RADS 4 lesions are usually smaller [65].
Wu et al. also showed a higher csPCA detection rate of TP
compared to TR (RR 1.33, p= 0.005) on a per-patient analysis and
comparing two cohorts (RR:1.37, p= 0.0002) as well. They also
reported an increased csPCA detection in the anterior region on a
per patient analysis (RR:2.55) as well as per-lesion analysis
(RR:1.52), but did not provide information regarding apical lesions
[66]. These findings confirm that TP is an adequate and safe
substitute to transrectal mpMRI targeted lesions, and possibly
provides a higher diagnostic accuracy when focusing on apical
and anterior lesions that are subject to systematic sampling error
using the TR route.

SAFETY ASPECTS
Another important aspect to discuss is the possible complications
related to transperineal and transrectal route. Overall, some trials
have assessed the complications of the TP + antibiotics, TP alone
and TR + antibiotics strategies. A systematic review (SR) including
165 studies with 162,577 patients reported sepsis rates of 0.1% for
TP and 0.9% for TR biopsies [67]. Additionally, a population-based
study from the UK involving 73,630 patients demonstrated lower
re-admission rates for sepsis in those who underwent TP biopsies
(1.0%) compared to those who underwent transrectal biopsies
(1.4%) [68]. These results collectively indicate a lower risk of
infectious complications with transperineal biopsies compared to
transrectal methods. However, a recent randomized controlled
trial by Mian et al. of 840 men challenges the abovementioned
results. In terms of complications both routes showed similar
results with a 2,6% and 2,7% of infectious complications and a
1,7% and 2,2% rate of other complications [69]. The present study
with such large numbers clearly challenges the results of the
Cochrane review. Regarding the u antibiotic prophylaxis, a
multicenter, randomized trial compared TP biopsy without
antibiotic prophylaxis to TR biopsy with targeted prophylaxis
based on rectal culture screening. No infections were reported in
the TP group, whereas the TR group experienced a 1.4% infection
rate (difference –1.4%; p= 0.059). Participants undergoing TP
biopsies reported higher levels of periprocedural pain, with a small
adjusted difference of 0.6 on a 0–10 scale, but this discomfort
resolved within 7 days [70]. A systematic review (SR) and meta-
analysis of eight non-randomized controlled trials (non-RCTs)
evaluated the impact of antibiotic prophylaxis on infection
outcomes for patients undergoing TP biopsies. The analysis found
no significant differences between patients who received
antibiotic prophylaxis and those who did not in terms of post-
biopsy infection rates (0.11% vs. 0.31%) and sepsis rates (0.13% vs.
0.09%) [71]. These results suggest that antibiotic prophylaxis may
not significantly affect the incidence of infections or sepsis
following TP biopsies, which might be another reason to choose
TP over TR route.
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FOCAL THERAPY : ADAPTATION OF THE BIOPSY STRATEGY
After having described several prostate biopsy strategies, the
question is ; is there a recognized “best strategy” for focal therapy?
The Ginsburg Protocol and TTPM have been advocated as a
reference for focal therapy, but required to be performed under
general anesthesia which is a non-deliverable expensive strategy
across the board. Also, minimizing the toxicity is also important,
since higher core number is associated with increased adverse
events [72]. To answer this question, several authors have
compared the sensitivity of several biopsy strategy to WMH to
identify whether preoperative biopsy were accurate enough to
detect all csPCA.
Nassiri et al. investigated FT eligibility of men that underwent

MRI-TB using FUS-TB and 12-cores TRUS-SB. On a cohort of 454
men with biopsy proven region of interest, 175 were candidates
after biopsies. When compared with WHM, this biopsy strategy
showed a 80% sensitivity, 73.5% specificity, 75% accuracy for FT
eligibility [73]. Johnson et al. investigated the reliability of MRI-TB
using TR route. They included 665 patients of a prospectively
maintained database and identified 92 as candidates after the
biopsies. Among them, 44 (48%) were inadequately considered as
candidate when studying the WMH. Reason for exclusion was the
tumor crossing the midline (21 patients), contralateral csPCA (20
patients) and ipsilateral high-risk tumor (3 patients). Interestingly,
men with anterior index tumor where 2.4 times more likely to
present undetected contralateral csPCA when compared to men
with posterior tumor. Unfortunately, the number of targeted cores
and the total number of cores were not reported [74]. Choi
reported in 2023 a study on 120 men that underwent TTPM+
MRI-TB and RP. On the 120 studied men, 52 were deemed eligible.
Forty-two (80.7%) of them were correctly eligible based on WMH,
while only 10 (19.2%) would have been contra-indicated (6 had
bilateral disease, 4 had small ISUP2 volume priorly undetected),
suggesting a more accurate staging. Their biopsy strategy used a
median 29 cores on mean prostatic volume of 36 ml and required
general anesthesia [75]. Lee recently reported a retrospective
analysis of 398 patients that underwent TP-SatB (around 24 cores)
combined with TP MRI-TB. They studied the impact of the
reduction of number of systematic cores on the eligibility for focal
therapy, using 4 different strategies (2/3 cores, ½ cores, 1/3 cores,
¼ cores), using a computer algorithm to evenly and artificially
suppress biopsies and erase any systematic biopsy that over-
lapped MRI-TB. Patients had a treatment plan based on the biopsy
finding, that could either consist of single quadrant ablation,
hemi-ablation (anterior or lateral), three-quadrant ablation or
whole-gland ablation. They reported a median number of 33 cores
per patient [28–39], with a median of 9 targeted cores. When
compared to the plan that would have been realized on the basis
of MRI-TB alone, adding the full systematic biopsy set resulted in a
treatment plan change in 44% of the patients, with 10% of them
becoming unsuitable for FT. Reducing the number of systematic
cores had an important impact on FT treatment plan, with a
modification in 12% of the patient (2/3 cores), 19% (1/2 cores),
24% (1/3 cores), and 29% (1/4 cores), showing that inadequate
systematic sampling would probably result in suboptimal focal
therapy planning [40].
Several consensus statement have been published for pre-

operative biopsy strategy as well as follow-up. Ong et al. studied
all consensuses statement published regarding focal therapy up to
2023. All these consensuses agreed that mpMRI was the imaging
modality of choice, and that MRI-TB+ SB were required. While
some authors agreed that in absence of mpMRI the TTPM can be
sufficient, other agreed that systematic TRUS biopsies were
sufficient, underlining the ongoing heterogeneity of practice and
lack of identified “best biopsy strategy” yet [76]. The heterogeneity
in csPCa definition as well as what we can accept as a community
in the untreated area of men undergoing focal therapy are
matters of debate which widely explain the ongoing controversy.

This is beyond the purpose of this study. Follow-up after focal
therapy is needed since as high as 20–30% patients will require re-
treatment after the 1st treatment. While no consensus was
reached, most consensuses recommend a first mpMRI at 6 month
with follow-up prostate biopsy at 6–12 months (targeted on the
treated region, and SB) [76].

CONCLUSION
A large heterogeneity of practice exists regarding prostate
biopsies, in term of access (transrectal versus transperineal), type
of targeting used for MRI-targeted biopsies (cognitive, software-
based, in-bore), and template of systematic biopsies. Transrectal
access is easier to perform under local anesthesia and is still
widely perform. Transperineal has been advocated as a safer
route because of a reduced risk of postoperative urosepsis,
possibility to perform without antibiotic prophylaxis, and
increasing evidence show increased diagnostic performance
especially in the apex and anterior zone, that are difficult zones
to biopsy using transrectal biopsy. Biopsy protocols have
emerged to standardize study reporting concerning transperineal
biopsies, especially for focal therapy but have not seen wide-
spread adoption yet. Systematic biopsies are subject to random
and systematic errors and often misclassify patient (overdetection
of ciPCA, underdetection of csPCA) and have been progressively
abandoned as an alone procedure. MRI-TB alone reduces the
detection of ciPCA but misses csPCA when compared to
combined biopsy techniques, therefore asking for adequate
combination strategy. Among the combinations and systematic
strategies, the TTPM and Ginsburg protocol have shown to be
have the highest negative predictive value, but require a high
number of cores, exposing patients to potential combinations
and the need for general anesthesia that limit this widespread
implantation. Regional biopsies are gaining a lot of interest
recently, since they have an overall sensitivity of about 90%, while
importantly reducing the number of cores and avoiding the
detection of ciPCA and are easily performed under local
anesthesia. PSA density, and PI-RADS score as important markers
to guide the biopsy strategy (only ipsilateral biopsies (regional))
or addition of contralateral biopsies. Finally, the accuracy of
staging has a direct impact on focal therapy eligibility, with the
need to define the borders of the index lesion to target as well as
to minimize the likelihood of missed csPCA that may expose the
patient to undertreatment. All these aspects have to be taken into
consideration when planning biopsy for patients who might be
eligible and considering focal therapy.
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