
lable at ScienceDirect

Prostate International 11 (2023) 212e217
Contents lists avai
Prostate International

journal homepage: https: / /www.journals .e lsevier .com/prostate- internat ional
Research Article
Detection of anterior prostate cancer using a magnetic resonance
imaging-transrectal ultrasound fusion biopsy in cases with initial
biopsy and history of systematic biopsies

Masakazu Abe a, *, Ryo Takata a, Daiki Ikarashi a, Kie Sekiguchi a, Daichi Tamura a,
Shigekatsu Maekawa a, Renpei Kato a, Mitsugu Kanehira a, Takashi Ujiie b, Wataru Obara a

a Department of Urology, Iwate Medical University, Yahaba, Japan
b Department of Urology, Iwate Prefectural Ofunato Hospital, Ofunato, Japan
a r t i c l e i n f o

Article history:
Received 20 June 2023
Received in revised form
18 August 2023
Accepted 28 August 2023
Available online 31 August 2023

Keywords:
Image-Guided Biopsy
Multiparametric Magnetic Resonance
Imaging
Prostatic Neoplasms
Transrectal
Ultrasound
* Corresponding author. 2-1-1 Idaidori, Yahaba,
Japan.

E-mail address: amasa@iwate-med.ac.jp (M. Abe).

https://doi.org/10.1016/j.prnil.2023.08.002
p2287-8882 e2287-903X/© 2023 The Asian Pacific
creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: Prostate cancer in the anterior region may be missed on a transrectal systematic biopsy
(SBx). Therefore, this study aimed to evaluate the performance of magnetic resonance imaging-
transrectal ultrasound (MRI-TRUS) fusion targeted biopsy (TBx) in detecting anterior region cancer in
patients with a history of SBxs.
Methods: Prostate biopsies were performed in 224 patients after multiparametric MRI, among whom
119 patients with prostate imaging reporting and data system (PI-RADS version 2) scores of 3 to 5 un-
derwent MRI-TRUS fusion TBxs. Afterward, cancer detection rates (CDRs) and TBx-positive core regions
were compared by categorizing patients into those with or without a history of SBxs.
Results: Total CDR was 68.8% (44/64 cases) in the initial biopsy group (Initial-Bx group) and 47.3% (26/55
cases) in the previous-negative-systematic biopsy group (Pre-Neg-SBx group) (P ¼ 0.018). Interestingly,
both TBx- and SBx-core positive cases were more common in the Initial-Bx group than in the Pre-Neg-
SBx group (Initial-Bx group: 75% [33/44 cases] vs. Pre-Neg-SBx group: 42.3% [11/26 cases], P ¼ 0.006).
However, only TBx-core positive cases were more common in the Pre-Neg-SBx group than in the Initial-
Bx group (Initial-Bx group: 11.4% [5/44 cases] vs. Pre-Neg-SBx group: 30.8% [8/26 cases], P ¼ 0.043). In
addition, the proportion of anterior lesions detected by TBx cores was higher in the Pre-Neg-SBx group
than in the Initial-Bx group (Initial-Bx group: 26.3% [10/38 cases] vs. Pre-Neg-SBx group: 52.6% [10/19
cases], P ¼ 0.049).
Conclusion: Using MRI-TRUS fusion TBx in the evaluation of previously negative SBx cases improved the
detection rate of anterior lesions, which might have been missed in previous SBxs. Especially in patients
with a history of SBxs mpMRI should be performed to screen for anterior lesions.
© 2023 The Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer (PC) is one of the most common cancers in men
and the sixth-largest cause of male cancermortality worldwide.1 PC
is screened based on prostate-specific antigen (PSA) levels and
rectal examination findings. Generally, 10- to 12-core systematic
biopsies (SBxs) are performed to diagnose PC2 and may be carried
out using two biopsy approaches: transrectal and transperineal.
While there is no difference in cancer detection rate (CDR) between
Iwate Prefecture 028-3695,
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the two approaches,3e6 the transrectal biopsy is more commonly
performed because it can be easily carried out without lumbar
spinal anesthesia.4,7 Furthermore, since PCs are more likely to be
located in the peripheral zone (PZ),8 the PZ region is primarily
sampled using transrectal SBxs.9 However, some PCs occur in the
anterior region, such as the transition zone (TZ), central zone (CZ),
and anterior fibromuscular stroma (AFS), and transrectal SBx may
miss these anterior lesions.10 For these reasons, transrectal SBxmay
not provide an accurate measurement in approximately 50% of PC
cases.11

Recently, targeted biopsies (TBxs) based on multiparametric
magnetic resonance imaging (mpMRI) have been shown to
improve the detection rate of clinically significant PCs (csPCs).12e16

In particular, the improvement of CDR using TBx in patients with a
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history of previous SBx has been reported.15,17 Nevertheless, while
these previous studies focused only on detection rates, only a few
reports have compared PC localization with or without a history of
previous SBx.

Therefore, this study aimed to verify the clinical utility of TBx in
patients with a history of SBx. In addition, the CDRs and tumor
localization were compared between patients with and without a
previous history of SBxs.

2. Materials and methods

2.1. Patients (study population)

We identified 224 consecutive patients who underwent prostate
biopsy after mpMRI examination with a PSA level �3.0 ng/mL be-
tween June 2016 and February 2018.18 Prior to this examination, no
patient had undergone TBx. Among these cases, i) those with a
Prostate ImagingeReporting and Data System version 2 (PI-RADS
v2) score� 2 (n¼ 99) and ii) thosewith PSA levels�50 ng/mL and a
target lesion in �2/3 of the prostate on mpMRI findings were
excluded because only a 4- to 6-core of SBx would be sufficient to
detect the cancers. Of the 119 eligible patients with a PI-RADS v2
score �3, 64 underwent initial biopsies (the initial-Bx group), and
55 had previously undergone SBxs (the Pre-Neg-SBx group) (Fig. 1).

This study was approved by the Institutional Review Board of
our hospital and performed in accordance with the Declaration of
Helsinki on human participants. Informed consent for clinical in-
formation was obtained from each participant or each participant's
parent or guardian.
Fig. 1. Structural outline representation of the number of cases. Abbreviations: mpMRI, m
Prostate Imaging Reporting and Data System; SBx, systematic biopsy; TBx, target biopsy.
2.2. Multiparametric magnetic resonance imaging analysis

mpMRI was performed using a 1.5-Tesla magnetic resonance
scanner (Philips Ingenia, Philips Healthcare, Best, Netherlands), and
the following MRI sequences were recorded: T1-weighted imaging,
T2-weighted imaging, diffusion-weighted imaging, apparent diffu-
sion coefficient mapping, and dynamic contrast-enhanced MRI. Two
radiologists with more than 10 years of clinical experience evaluated
these images using PI-RADSv2,19 and onepathologistwithmore than
30 years of experience evaluated the specimen. Furthermore,
abnormal signal regions were evaluated according to the sector map
in PI-RADS v2, lesion length, and PI-RADS v2 score.

2.3. Magnetic resonance imaging-transrectal ultrasound fusion
biopsy

A transrectal ultrasound (US) instrument (LOGIQ E9; GE Health-
care, Chicago, IL, USA) was used. This device can detect the magnetic
field created by the transmitter using amagnetic sensor attached to a
probe, synchronizing the MRI and US images based on the position
and orientation of the spatial coordinates. Because this device can
displayMRI and US images simultaneously, it is possible to perform a
puncture based on the US imagewhile confirming the position of the
lesion on the MRI scan. In addition, if there is any shift between the
MRI and US images, it can be corrected using a tracker sensor.

In cases with a PI-RADS score �3, the TBx was performed first,
followed by the SBx. The TBx was obtained by taking two or three
cores per target lesion,20 and the SBx (a 10-core) was performed as
follows: 6-cores were obtained from the base, middle, and apex of
ultiparametric magnetic resonance imaging; PSA, prostate-specific antigen; PI-RADS,
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the prostate, and 4-cores were obtained from the far lateral middle
and base on the right and left of the prostate.21 It isworth noting that
the doctor who performed the previous systematic biopsies and the
one who performed the current target biopsy differed, even though
the protocol for systematic biopsies was consistently the same. In
addition, a single urologist performed the target biopsies on all cases
in this study.

2.4. Study design and endpoints

The primary endpoint involved the comparison of anterior
regional lesions between the Initial-Bx and Pre-Neg-SBx groups.
The secondary endpoint included total CDRs, csPC detection rates,
International Society of Urological Pathology (ISUP) grade group,
total and positive cores, and number of cases per positive core
compared between the Initial-Bx and Pre-Neg-SBx groups. Gener-
ally, the boundary between the anterior and posterior regions of
the prostate is mainly determined by the position of the ure-
thra.22e24 However, in this study, a line 20 mm from the rectal side,
approximately the length of the biopsy needle, was set as the
boundary because our objective was to verify the detection rate of
anterior lesions in patients who had previously undergone SBxs.13

However, for cases with multiple target lesions on MRI, the target
with the highest PI-RADS v2 score was identified as the target site.
The csPC was defined as a Gleason score (GS) � 3 þ 4 ¼ 7, or a
maximum core length �4 mm.25,26

2.5. Statistical analysis

Normally distributed data are presented as mean ± standard
deviation (SD), and non-normally distributed data are presented as
medians and interquartile range (IQR) for continuous variables.
Categorical variables are reported as frequencies and proportions.
Overall, t-tests, ManneWhitney U tests, CochraneArmitage tests,
and c2 tests were performed to compare the significance of the
statistical differences between the means and proportions,
respectively. All statistical data were analyzed using JMP 13.2
software (SAS Institute Inc., Cary, NC, USA), and a P-value of <0.05
was considered statistically significant.

3. Results

3.1. Patient characteristics and biopsy outcomes

Table 1 shows the patient characteristics, mpMRI findings,
and number of biopsy cores in the Initial-Bx group (n¼ 64) and Pre-
Table 1
Patient characteristics, magnetic resonance imaging findings, and number of biopsy core

All patients (n ¼ 119)

Patient characteristics _
Age (years, mean ± SD) 71.1 ± 6.7
PSA level (ng/mL, mean ± SD) 9.0 ± 8.2
Estimated prostate volume (ml, mean ± SD) 40.1 ± 18.2
PSAD (ng/mL/mL, mean, SD) 0.27 ± 0.32

mpMRI findings _
PI-RADS v2 score (n) _
3 51
4 48
5 20
Target lesion size (mm, median, (IQR)) 10 (6e14)

No. of biopsy cores _
SBx (mean ± SD) 10 ± 0
TBx (mean ± SD) 2.5 ± 0.66

Initial-Bx, initial biopsy; Pre-Neg-SBx, previous negative systematic biopsy; SD, standard
mpMRI, multiparametric magnetic resonance imaging; PI-RADS, Prostate Imaging-Repo
biopsy.
Neg-SBx group (n ¼ 55). The two groups had no significant differ-
ences in age, PSA levels, prostate sizes, or prostate-specific antigen
density (PSADs); however, the PI-RADS v2 score was significantly
higher in the Initial-Bx group than in the Pre-Neg-SBx group
(P¼ 0.004). Notably, all patients underwent 10 cores of SBx, and the
number of TBx cores did not differ between the two groups.

Table 2 shows the comparison of biopsy outcomes between the
Initial-Bx and Pre-Neg-SBx groups. Total CDRs (68.8% vs. 47.3%,
P¼ 0.018) and csPC detection rates (63.6% vs. 45.5%, P¼ 0.027) were
significantly higher in the Initial-Bx group than in the Pre-Neg-SBx
group. Particularly for a PI-RADS v2 score of 4, the CDR was higher
in the Initial-Bx group (Initial-Bx group: 83.3% vs. Pre-Neg-SBx
group: 55.6%; P ¼ 0.037), even though there was no significant
difference between the two groups in PI-RADS v2 scores of 3 and 5.
Furthermore, there were no significant differences between the
two groups in the ISUP grades or SBx- and TBx-positive core
lengths.

While comparing the biopsy cores, CDRs were significantly
higher in the TBx cores than in the SBx cores (SBx cores: 13.6% [162/
1190 cores] vs. TBx cores: 36.9% [109/295 cores], P < 0.001), which
improved the CDR by 18.6% compared to that in SBx. Interestingly,
both TBx and SBx core positive cases were more common in the
Initial-Bx group (Initial-Bx group: 75% [33/44 cases] vs. Pre-Neg-
SBx group: 42.3% [11/26 cases], P ¼ 0.006), compared to only
TBx-core positive cases found majorly in the Pre-Neg-SBx group
(Initial-Bx group: 11.4% [13/44 cases] vs. Pre-Neg-SBx group: 30.8%
[8/26 cases], P ¼ 0.043).

3.2. Comparison of target regions classified by previous systematic
biopsies

Fig. 2 shows a comparison of target regions on mpMRI findings
and the TBx-positive cores between the Initial-Bx and Pre-Neg-SBx
groups. The proportion of anterior regions of the TBx-positive core
was significantly higher in the Pre-Neg-SBx group (52.6%) than in
the Initial-Bx group (26.3%, P¼ 0.049). Furthermore, as the number
of previous SBxs increases, the proportion of TBx-core-only positive
cases (P ¼ 0.024) and anterior lesion cases (P ¼ 0.004) significantly
increases (Table 3).

4. Discussion

In this study, we found that MRI-TRUS fusion TBx improved
CDRs and detected anterior lesions, and we observed that these
benefits were greater in patients with previous histories of SBxs
than in those undergoing an initial biopsy. In particular, our
s

Initial-Bx group (n ¼ 64) Pre-Neg-SBx group (n ¼ 55) P value

_ _ _
70.5 ± 7.7 71.9 ± 5.3 0.432
9.2 ± 9.3 8.7 ± 6.6 0.202
37.4 ± 18.4 43.3 ± 17.9 0.057
0.30 ± 0.41 0.23 ± 0.16 0.411
_ _ _
_ _ _
20 31 0.018
30 18
14 6
10 (7e15) 10 (5e14) 0.402
_ _ _
10 ± 0 10 ± 0 1.000
2.4 ± 0.73 2.5 ± 0.60 0.387

deviation; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density;
rting and Data System; IQR, interquartile range; SBx, systemic biopsy; TBx, target



Table 2
Comparison of biopsy outcomes in the initial biopsy group and the previous negative systematic biopsy group

All (n ¼ 119) Initial-Bx group (n ¼ 64) Pre-Neg-SBx group (n ¼ 55) P value

No. of positive cases _ _ _ _
All cancers (n, %) 70 (58.8) 44 (68.8) 26 (47.3) 0.018
csPCs (n, %) 67 (56.3) 42 (65.6) 25 (45.5) 0.027

No. of positive cases by PI-RADS v2 score _ _ _ _
3 (n, %) 16/51 (31.4) 5/20 (25.0) 11/31 (35.5) 0.431
4 (n, %) 35/48 (72.9) 25/30 (83.3) 10/18 (55.6) 0.037
5 (n, %) 19/20 (95.0) 14/14 (100) 5/6 (83.3) 0.117

ISUP grade group _ _ _ _
Group 1 (n) 9 4 5 0.427
Group 2 (n) 21 13 8
Group 3 (n) 11 6 5
Group 4 (n) 24 17 7
Group 5 (n) 5 4 1

Biopsy cores _ _ _ _
No. of total SBx cores sampled 1190 640 550 _
No. of SBx positive cores (n) 162 114 48 _
Positive SBx core length (mm, mean ± SD) 5.2 ± 3.7 5.6 ± 4.0 4.2 ± 2.8 0.083
No. of total TBx cores sampled 295 155 140 _
No. of TBx positive cores (n) 109 69 40 _
Positive TBx core length (mm, mean ± SD) 8.2 ± 4.7 7.7 ± 4.3 8.9 ± 5.2 0.344

No. of cases per positive cores _ _ _ _
Both TBx and SBx (n, %) 44 (81.4) 33 (75.0) 11 (42.3) 0.006
TBx only (n, %) 13 (18.6) 5 (11.4) 8 (30.8) 0.043
SBx only (n, %) 13 (18.6) 6 (13.6) 7 (26.9) 0.167

Initial-Bx, initial biopsy; Pre-Neg-SBx, previous negative systematic biopsy; No, number; csPCs, clinically significant prostate cancers; PI-RADS, Prostate Imaging and Reporting
and Data System; ISUP, International Society of Urological Pathology; SBx, systemic biopsy; TBx, Target biopsy; SD, standard deviation.
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findings suggest that cancers missed by previous transrectal SBxs
are often anterior regional lesions and that MRI-TRUS fusion TBx
may be beneficial for detecting these missed anterior lesions.
Although several reports have shown that TBx improves CDR in
patients with a history of SBx,15,17 this study is the first to compare
tumor localization between the Initial Bx and Pre-Neg-SBx groups.
Fig. 2. Comparison of anterior regions between the initial biopsy group and the previously
TBx-positive cores were compared between the two groups. Abbreviations: mpMRI, multipa
negative systematic biopsy; TBx, targeted biopsy.
Generally, CDRs in patients with histories of negative SBxs are
lower than those in patients undergoing an initial biopsy,27 which
may be because they excluded cases whose cancer was detected by
a previous SBx. Consistent with previous studies, PI-RADS v2
scores, total CDRs, and csPC detection rates were lower in the Pre-
Neg-SBx group than in the Initial-Bx group in this study. However,
negative systematic biopsy group. The proportions of anterior regions on mpMRI and
rametric magnetic resonance imaging; Initial-Bx, initial biopsy; Pre-Neg-SBx, previous



Table 3
Proportions of target biopsy only positive cases and anterior lesions classified by the number of previous systematic biopsies

Initial-Bx group Pre-Neg-SBx group P value

Number of previous SBxs 0 1 2 3�
Number of patients (n) 44 14 6 6 _
TBx-core only positive cases (n, %) 5 (11.4) 1 (6.6) 3 (50) 4 (66.7) 0.024
Anterior lesion cases (n, %) 10 (22.7) 2 (14.3) 3 (50) 5 (83.3) 0.004

SBx, Systematic biopsy; TBx, Target biopsy.
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during subanalyses, CDRs were higher in the Initial-Bx group than
in the Pre-Neg-SBx group in cases with a PI-RADS v2 score of 4, and
it remains unclear why only the CDRs differed significantly be-
tween the two groups in cases with PI-RADS v2 scores of 4. Thus,
these results should be further examined in future studies.

Several reports have shown the improvement of CDR by TBx in
patients with histories of previous SBx.15,17 From our results, the
proportion of TBx-only positive cases was higher in the Pre-Neg-
SBx group than in the Initial-Bx group. Likewise, the proportion
of anterior lesions was higher in the Pre-Neg-SBx group than in the
Initial-Bx group. Therefore, these findings suggest that anterior
lesions that may have been missed in previous transrectal SBxs
procedures were detected using MRI-TRUS fusion TBxs. Moreover,
it is worth noting that the higher the number of previous SBx
procedures, the stronger the tendency to detect these lesions. Thus,
we hypothesized that this might reflect the fact that the Pre-Neg-
SBx group had a relatively high proportion of anterior lesions
because cases of posterior region cancers were excluded by previ-
ous SBxs.

Furthermore, the differences between transrectal and trans-
perineal approaches should be noted. Although the transrectal
approach is more commonly used because it can be performed
easily at the bedside without lumbar anesthesia, it has been
demonstrated that the transperineal approach is more effective in
detecting anterior lesions and has fewer complications of
infection.4,7,14,24,28 Thus, since biopsy approaches vary among in-
stitutions, pre-biopsy MRI should be performed actively to screen
for anterior lesions before a transrectal biopsy is performed.

Regardless of the abovementioned demerit, it has been noted
that SBx should not be left out because there are some cases in
which cancer is missed by TBx and detected by SBx alone.15,29 For
instance, in this study, some cases were detected by SBx alone
(n ¼ 13). Of the 13 cases, in half of the cases, the lesion site on
mpMRI findings matched the site of the SBx-positive core, whereas
the other half did not match. Owing to these observations, we hy-
pothesized that there are two patterns of SBx-only positive cases:
(i) cases in which lesions were identified by mpMRI but could not
be detected by TBx cores, and (ii) cases in which lesions could not
be identified by mpMRI.

This study has some limitations. First, 3T MRIs are recom-
mended for MRI-TRUS fusion TBx; however, a 1.5 T MRI was used in
this study. Notwithstanding, we consider this appropriate because,
even though the accuracy of mpMRI findings was possibly inferior
to that of 3T MRI, several reports have shown that 1.5 T was suffi-
cient for PC screening.25,26 Second, there may be confounding fac-
tors among cases that have previously undergone three or more
SBxs, leading to variations among the included participants. Third,
it was not possible to draw comparisons with saturation biopsies or
total excision specimens, which may have led to pathological un-
derestimation in this study, as research has shown that total exci-
sion specimens produce approximately 36% more pathological
upgrades compared with biopsy results.30 Fourth, the MRI-TRUS
fusion system used in this study was not adapted to the deforma-
tion of the prostate by the pressure of the echo probe; thus, it is
necessary to consider distortion by the echo probe. Fifth, since the
boundary between the anterior and posterior regions of the pros-
tate was defined as a line 20 mm from the rectal side, the propor-
tion of the anterior region may differ depending on the prostate
volume. Moreover, the prostate volume was relatively higher in the
Pre-Neg-SBx group, which had a higher proportion of anterior le-
sions, compared to the Initial-Bx group (37.4 ml vs. 43.3 ml,
P ¼ 0.057, Table 1). Therefore, these findings suggest that anterior
lesions may be missed if only transrectal SBx is performed in cases
of high prostate volume.

In conclusion, our findings suggest that mpMRI should be per-
formed to screen for anterior lesions that may be missed on
transrectal SBx, especially in patients with a history of SBx. Addi-
tionally, we have demonstrated that the MRI-TRUS fusion of TBx is
useful for the detection of anterior lesions in PCs.
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