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Visually Estimated MRI Targeted Prostate Biopsy
Could Improve the Detection of Significant Prostate
Cancer in Patients with a PSA Level <10 ng/mL

Dong Hoon Lee’, Jong Kil Nam', Sung Woo Park’, Seung Soo Lee', Ji-Yeon Han', Sang Don Lee’,
Joon Woo Lee?, and Moon Kee Chung'
Departments of 'Urology and Radiology, Pusan National University Yangsan Hospital, Pusan National University School of Medicine, Yangsan, Korea.

Purpose: To compare prostate cancer detection rates between 12 cores transrectal ultrasound-guided prostate biopsy (TRUS-Bx)
and visually estimated multiparametric magnetic resonance imaging (mp-MRI)-targeted prostate biopsy (MRI-visual-Bx) for pa-
tients with prostate specific antigen (PSA) level less than 10 ng/mL.

Materials and Methods: In total, 76 patients with PSA levels below 10 ng/mL underwent 3.0 Tesla mp-MRI and TRUS-Bx prospec-
tively in 2014. In patients with abnormal lesions on mp-MRI, we performed additional MRI-visual-Bx. We compared pathologic re-
sults, including the rate of clinically significant prostate cancer cores (cancer length greater than 5 mm and/or any Gleason grade
greater than 3 in the biopsy core).

Results: The mean PSA was 6.43 ng/mL. In total, 48 of 76 (63.2%) patients had abnormal lesions on mp-MRI, and 116 targeted biop-
sy cores, an average of 2.42 per patient, were taken. The overall detection rates of prostate cancer using TRUS-Bx and MRI-visual-
Bx were 26/76 (34.2%) and 23/48 (47.9%), respectively. In comparing the pathologic results of TRUS-Bx and MRI-visual-Bx cores,
the positive rates were 8.4% (77 of 912 cores) and 46.6% (54 of 116 cores), respectively (p<0.001). Mean cancer core lengths and mean
cancer core percentages were 3.2 mm and 24.5%, respectively, in TRUS-Bx and 6.3 mm and 45.4% in MRI-visual-Bx (p<0.001). In ad-
dition, Gleason score >7 was noted more frequently using MRI-visual-Bx (p=0.028). The detection rate of clinically significant
prostate cancer was 27/77 (35.1%) and 40/54 (74.1%) for TRUS-Bx and MRI-visual-Bx, respectively (p<0.001).

Conclusion: MRI-visual-Bx showed better performance in the detection of clinically significant prostate cancer, compared to
TRUS-Bx among patients with a PSA level less than 10 ng/mL.
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INTRODUCTION

For prostate cancer diagnosis, many physicians rely on tran-
srectal ultrasound-guided prostate biopsy (TRUS-Bx). The pro-
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tocol of TRUS-Bx has recently changed to 12 cores from a pre-
vious sextant biopsy protocol, because many studies indicated
that an increased number of biopsy cores could increase the
detection of prostate cancer.! However, the detection rate of
prostate cancer was not improved in patients with elevated
prostate specific antigen (PSA) levels even with the increase
in biopsies obtained more than 12-cores.*® In addition, the
false negative results of prostate biopsy in those patients with
PSA levels below 10 ng/mL allow for possible disease progres-
sion and prevent possible curative therapy.*® For example,
when the prostate cancer is located in the anterior region of
prostate, it is not easy to find out, leading to false negative re-
sults.® Furthermore, because this scheme is based on the ran-
domized biopsy of prostate using the visual guidance of TRUS,
the 12-core TRUS-Bx can potentially misclassify as active sur-
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veillance (AS) candidates in prostate cancer patients who
need definite therapy.™ This results in the undersampling of
significant prostate cancer. To reduce these limitations, many
investigators have employed multiparametric magnetic reso-
nance imaging (mp-MRI) for prostate biopsy.

Recent studies have shown that additional targeted prostate
biopsies of suspicious lesions seen by mp-MRI enable more
complete and precise sampling.''® It has been proposed that
mp-MRI-targeted prostate biopsy (mp-MRI-Bx) decreases the
detection of insignificant prostate cancer while increasing de-
tection of significant tumors.'*'” Recently, many investigators
use one of two types of mp-MRI-Bx: MRI-visual-Bx or MRI/
TRUS-fusion-Bx.'*"* With regard to overall prostate cancer de-
tection, several studies have suggested that these two mp-MRI-
Bx techniques show similar performance.’*** According to re-
cent studies,'®" overall prostate cancer detection rate of MRI/
TRUS-fusion-Bx was 36.0-53.0% and that of MRI-visual-Bx was
32.0-47.0%. They reported that these rates were not statistically
different. However, MRI/TRUS-fusion-Bx need a specific soft-
ware and devices for targeting a suspicious lesion on mp-MRI.
We thought that MRI-visual-Bx is a realistic alternative under
the real practice in detecting clinically significant prostate can-
cer in patients with low PSA levels.

In this study, we investigated the ability of MRI-visual-Bx at a
single center to detect clinically significant prostate cancer
among patients with PSA levels less than 10 ng/mL.

MATERIALS AND METHODS

This prospective single center study was done at Pusan Na-
tional University Yangsan Hospital, Yangsan, Korea. Institu-
tional Review Board (IRB) approval was granted and informed
consent was obtained from patients before study inclusion.
We performed in accordance with the Declaration of Helsinki
(IRB number: 05-2013-007). We reviewed the records of 76
patients who underwent targeted prostate biopsy in 2014. All
patients were prospectively enrolled from January to Decem-
ber 2014. The study inclusion criteria were: 1) PSA level lower
than 10 ng/mL; 2) normal digital rectal exam; and 3) no previ-
ous prostate biopsy history. We decided these inclusion crite-
ria to show the performance of mp-MRI-Bx in comparison
with TRUS-Bx in potentially low risk prostate cancer patients
who had low PSA level under 10 ng/mL without extraprostatic
disease. Before prostate biopsy decision making, we explained
the risks and benefits of mp-MRI-Bx to the patients. We per-
formed mp-MR, including T2-weighted imaging and diffu-
sion-weighted imaging (DWI), in those patients who agreed
to proceed with mp-MRI-Bx.

Magnetic resonance imaging
Initially, all patients underwent 3.0 Tesla (T) DW-MRI (Intera-
Achieva 3.0 T, Phillips Medical System, Best, the Netherlands),
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equipped with a phased-array coil (six-channel). Two b-values
(0-1000) were used and diffusion restriction was quantified
through apparent diffusion coefficient (ADC) mapping. We
did not add dynamic contrast imaging to our MRI protocol, be-
cause it generates additional cost and time, and we also be-
lieved that there was little benefit for prostate biopsy of patients
with PSA levels below 10 ng/mL. The DWI data and ADC map
were interpreted by 2 experienced uroradiologists. The urora-
diologists denoted suspicious regions of interest (ROIs) on ADC
maps on a Digital Imaging and Communications in Medicine
(DICOM) workstation. We used a 3 grade scoring system based
on visual analysis of high b-value images and ADC maps to as-
sign suspicious lesions. In case of indistinct hypointense area
in ADC map, they described these ROIs as a low suspicious le-
sion. ROIs of focal mildly/moderately hypointense on ADC and
isointense/mildly hyperintense on high b-value DWI were in-
dicated as a moderately suspicious lesion. And, ROIs of focal
markedly hypointense on ADC and markedly hyperintense on
high b-value DWI were indicated as a highly suspicious lesion,
respectively.

Prostate biopsy procedures

A urologist (D.H.L) with over 10 years of experience in TRUS-
Bx performed all the prostate biopsies in the study. All patients
were prepared with local gel anesthetics using a BK ultrasound
scanner, endfire transducer, a needle guide, and an 18-G 25-cm
biopsy needle. The operator first reviewed the DWI data and
ADC map. Any suspicious lesions on the ADC map were visu-
ally matched and registered on the corresponding axial TRUS
image based on zonal anatomy and tissue landmarks such as
the ejaculation duct, apex or seminal vesicle. If a suspicious
lesion on the ADC map was clearly matched with TRUS imag-
ing, the operator sampled one targeted biopsy core without
additional specimens. If a suspicious lesion on the ADC map
was not clearly matched with TRUS imaging, the operator per-
formed prostate biopsy in the matched TRUS area using zonal
anatomy and also sampled an additional core from the same
prostatic area, if possible, using an adjacent area as a guide by
visual estimation. In this situation, the biopsy cores were kept
in the same tissue bottle. All other MRI-visual-Bx cores were
marked and kept in separate bottles according to the location
of the suspicious lesion on DWI. After MRI-visual-Bx, TRUS-
Bx cores were taken from 12 prostatic regions and marked sep-
arately. Patients without suspicious lesions on mp-MRI under-
went 12-core TRUS-Bx only.

Pathologic evaluation and criteria for significant
cancer cores

A genitourinary pathologist reviewed and described all biopsy
cores. For each positive biopsy core for prostate cancer, Gleason
score, the total core length, and the cancer core length were
reported. Also, atypical small acinar proliferation (ASAP), high-
grade prostate intraepithelial neoplasia (HGPIN), and any sign
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of inflammation were reported if present. To evaluate the clini-
cal significance of prostate cancer, we defined a clinically sig-
nificant prostate cancer core as having a cancer length greater
than 5 mm and/or a Gleason grade greater than 3.

Statistical analysis

We compared the pathologic results of biopsy cores from both
biopsy procedures using chi-square tests and independent t-
tests for categorical and continuous variables, respectively. In
comparing MRI-visual-Bx and TRUS-Bx, we analyzed the posi-
tive core rate, mean cancer core length, mean cancer core per-
centage and the rate of clinically significant prostate cancer
core. The results of targeted prostate biopsy were stratified ac-
cording to the level of suspicion on DWI. Also, we re-classified
and compared prostate cancer risk using the pathologic results

Table 1. Baseline Patient Characteristics (n=76)

Age (yrs) 65.8 (43-83)
PSA (ng/mL) 6.43(3.3-9.8)
Prostate volume (mL) 38.8(17-127)
PSA density 0.190 (0.050-0.435)
Abnormal lesion on mp-MRI
Yes 48
No 28
Number of biopsy cores
Systemic 12-core biopsy 912
mp-MRI targeted biopsy 116

Total number of patients who had a positive biopsy
On systemic 12-core hiopsy
On mp-MRlI-targeted biopsy
Using the combined results of two biopsy procedures
Total number of patients who had a positive biopsy
according to number of suspicious lesions on mp-MRI

26/76 (34.2%)
23/48 (47.9%)
29/75(38.7%)

1 1/10(10.0%)
2 7/16 (43.4%)
3 10/16(62.5%)
4-6 5/6 (83.3%)

mp-MRI, multiparametric magnetic resonance imaging; PSA, prostate specif-
ic antigen.

Table 2. Pathologic Results of Two Prostate Biopsy Procedures
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of TRUS-Bx, and combined the results of both biopsy proce-
dures. All statistical analyses were performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, USA). A p-value <0.05 was consid-
ered statistically significant.

RESULTS

The clinical characteristics of patients are shown in Table 1.
Among a total of 76 patients, the mean age was 65.8 years and
the mean PSA was 6.43 ng/mL. At the time of MRI-visual-Bx,
mean prostate volume was 38.8 mL and PSA density was 0.190.
A total of 116 targeted biopsy cores, an average of 2.42 per pa-
tient, were taken, and 48 of 76 (63.2%) patients had abnormal
lesions on DWI. The detection rate of prostate cancer using
TRUS-Bx and MRI-visual-Bx was 26/76 (34.2%) and 23/48
(47.9%), respectively. In combining both prostate biopsy pro-
cedures, the detection rate was 29/76 (38.2%), because an ad-
ditional 3 patients were diagnosed with prostate cancer by
MRI-visual-Bx. Among 47 patients with negative biopsies, 2
had ASAP and 1 had HGPIN on MRI-visual-Bx.

Table 2 shows the pathologic outcomes for each biopsy pro-
cedure. When we analyzed the pathologic results using each
prostate biopsy core, the detection rate of prostate cancer was
77/912 (8.44%) in TRUS-Bx cores and 54/116 (46.6%) in MRI-
visual-Bx cores (p<0.001). In addition, the mean cancer core
length and mean cancer core percentage were statistically dif-
ferent; mean cancer core length in MRI-visual-Bx cores was
significantly longer than TRUS-Bx cores (p<0.001). Also, there
were significant differences in the distribution of biopsy Glea-
son scores (p=0.028). In MRI-visual-Bx cores, Gleason score >7
was diagnosed more frequently than in TRUS-Bx cores. Glea-
son score 8 was found only in biopsy cores of MRI-visual-Bx.
Furthermore, the rate of clinically significantly cancer core was
significant higher in MRI-visual-Bx (p<0.001).

The results of MRI-visual-Bx according to the level of suspi-
cion in the DWI data are shown in Table 3. As the level of suspi-
cion increased, the detection rate of prostate cancer improved,
as did the number of clearly matched lesions on TRUS. In those

Systemic 12-core biopsy mp-MRI targeted biopsy pvalue

Number of biopsy cores 912 116
Number of positive cores 77 54 -
Positive rate (%) 8.4% 46.6% <0.001
Mean cancer core length (mm) 3.2+2.1 6.3+4.0 <0.001
Mean cancer core percentage (%) 245%16.2 4541268 <0.001
Biopsy Gleason score 0.028

6 58 (75.3%) 33(61.1%)

7 19(24.7%) 17 (31.5%)

8-10 0(0.0%) 4(7.4%)
The rate of clinically significant cancer core 27/77 (35.1%) 40/54 (74.1%) <0.001

mp-MRI, multiparametric magnetic resonance imaging.
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Table 3. Detection Rate of Prostate Cancer According to Concordance between a Matched Lesion on TRUS and a Suspicious Lesion on mp-MRl

Level of suspicion in mp-MRI

TRUS Low suspicious lesion Moderately suspicious lesion Highly suspicious lesion
No matched lesion 421 3/20 1/2
Clearly matched lesion 4/8 23/43 19/22
Total 8/29(27.6%) 26/63 (41.3%) 20/24 (83.3%)
Sensitivity 50.0% 88.5% 95.0%
Specificity 80.9% 45.9% 25.0%

TRUS, transrectal ultrasound; mp-MRI, multiparametric magnetic resonance imaging.

Table 4. Prostate Cancer Risk Re-Classification Using the Pathologic
Results of mp-MRI Targeted Biopsy

Systemic mp-MRI
12-core biopsy targeted biopsy
No cancer 3(10.3%) 0(0.0%)
Low risk (AS candidate) 8(27.6%) 3(10.3%)
Low risk 11(37.9%) 14 (48.3%)
Intermediate risk 7(24.2%) 8(27.6%)
High risk 0(0.0%) 4(13.8%)

mp-MRI, multiparametric magnetic resonance imaging; AS, active surveillance.

patients with lesions of low suspicion, there were fewer clear
TRUS lesions that could be used as a target for MRI-visual-Bx.
As such, the detection rate was lower than in other patients.
However, if clear TRUS lesions were present, and we could
perform a target for MRI-visual-Bx, even on a less suspicious
lesion, the detection rate was not significantly different.

Among 26 prostate cancer patients detected by TRUS-Bx,
19 were classified as low risk and 7 patients were at intermedi-
ate risk prostate cancer. No patients were at high risk of pros-
tate cancer. Additionally, 8 patients could be considered AS
candidates by the Prostate Cancer Research International: Ac-
tive Surveillance (PRIAS) protocol.” Inclusion criteria of PRIAS
protocol were 1) organ-confined Gleason score 6 disease; 2)
PSA level <10 ng/mL; 3) PSA density <0.2; and 4) less than 2
positive biopsy cores. However, using the combined patho-
logic results of MRI-visual-Bx and TRUS-Bx, an additional 3
patients were newly diagnosed as prostate cancer patients
and only 3 could be classified as AS candidates. Furthermore,
2 low risk prostate cancer patients and 2 intermediate prostate
cancer patients, as determined by TRUS-Bx, were re-classified
as having high risk prostate cancer (Table 4).

DISCUSSION

According to recent studies, mp-MRI-Bx and TRUS-Bx showed
a similar overall detection rate of prostate cancer in men with
an initial biopsy.'®'” However, for patients who had a previous
negative biopsy, mp-MRI-Bx showed an improved detection
rate in comparison with TRUS-Bx.'®"" For these reasons, many
urologists have questioned whether mp-MRI-Bx should be
performed for patients without a previous prostate biopsy his-
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tory because of associated extra cost and effort. However, its
improved detection rate of clinically significant prostate can-
cer in comparison to TRUS-Bx makes mp-MRI-Bx an attrac-
tive technique for both physicians and patients.'*"

Meta-analysis about mp-MRI-Bx'*" indicates that detection
of clinically significant prostate cancer was higher for mp-MRI-
Bx than TRUS-Bx with a relative sensitivity of 1.20 [95% confi-
dence interval (CI) 1.09-1.32]. Additionally, detection of insig-
nificant prostate cancer was lower for mp-MRI-Bx than TRUS-
Bx with relative sensitivity of 0.56 (95% CI 0.37-0.85). Compa-
ring with conventional TRUS-Bx, therefore, we could perform
prostate biopsy with an additional intraprostatic information
of DW-MRI as well as the abnormal lesion of TRUS. In other
words, we could target suspicious TRUS lesion in concordance
with MP-MRI finding and obtain prostate tissue more pre-
cisely. Therefore, MRI-visual-Bx might show better diagnostic
performance in identifying clinically significant prostate can-
cer than conventional TRUS-Bx.

This advantage of mp-MRI-Bx was also shown in compari-
son with the transperineal template prostate biopsy (TP-Bx).
In several centers, they performed TP-Bx for the first round
biopsy, repeat biopsy and also confirmatory biopsy to detect
clinically significant prostate cancer after TRUS-Bx.**** Ac-
cording to Ong, et al.,** the detection rate of clinically significant
prostate cancer were 81-87% in the first round and repeat bi-
opsies. Also, 23% of patients were diagnosed as higher grade
cancer in TP-Bx than that of initial TRUS-Bx.>* They reported
that the biopsy-related complications were not increased in
comparison with the TRUS-Bx during the TP-Bx.** According
to these above results, TP-Bx would be the alternative option
of TRUS-Bx and even mp-MRI-Bx. According to the head to
head comparison between TP-Bx and mp-MRI-Bx in prospec-
tive setting, however, mp-MRI-Bx showed significantly higher
performance to detect clinically significant prostate cancer.**
Considering the recent issues regarding the misclassification
of AS candidates in very low risk prostate cancer patients, the
above findings are invaluable in helping tailor decision-making
to avoid the possibility of underestimating pathologic results
from TRUS-Bx. We thought that the value of TP-Bx in compari-
son with mp-MRI-Bx should be needed for reevaluation, of sev-
eral aspects, including MRI cost, with more prospective trials.

Generally, mp-MRI-Bx can be classified into two types of ap-
proach: MRI-visual-Bx and MRI/TRUS-fusion-Bx. In MRI-vi-
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NR
75
74.1

232
418
35.1

47
343
38.7

59
55.2
34.2

T2WI, DCE,
DWI

T2WI, DCE,
DWI

T2WI, DWI

15T
30T
30T

52 (21-156)
46 (31-63)
39(17-127)

5.1(3.50-7.31)

10.0(1.3-52.0)
6.4 (3.30-9.80)

66 (43-83)
SD, standard deviation; PSA, prostate specific antigen; PV, prostate volume; T, tesla; MRI, magnetic resonance imaging; T2WI, T2-weighted image; DCE, dynamic contrast enhanced image; DWI, diffusion weighted

image; TRUS-Bx, transrectal ultrasound-guided prostate biopsy; MR-visual-Bx, visually estimated magnetic resonance imaging targeted prostate biopsy; NR, not reported.

65 (49-76)
65 (56-71)

Initial biopsy+
previous
negative biopsy
Initial biopsy
Initial biopsy

95
67
76

Puech, et al.”
Present study

Wysock, et al.™
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sual-Bx, operators estimate the targeted location in the pros-
tate using real-time TRUS in concordance with the information
of mp-MRI. Several investigators®”*® demonstrated that this
technique has better accuracy over TRUS-Bx. However, this
technique relies on an experienced operator, and thus suffer-
ing from operator handling error. This error is especially prom-
inent when targeting smaller lesions on mp-MRI. To overcome
this limitation, many investigators have recently performed
MRI/TRUS-fusion-Bx.?***! This technique uses unique com-
puter software to superimpose images from mp-MRI and real-
time TRUS. A novel device then can take a targeted biopsy based
on this newly generated superimposed image. Even though,
effective, MRI/TRUS-fusion-Bx is more expensive than MRI-
visual-Bx due to its requirements of a specific device and com-
puter software. Also, there are few prospective studies that
demonstrated MRI/TRUS-fusion-Bx to be superior to MRI-vi-
sual-Bx.

There have been only two reports on the comparison of MRI-
visual-Bx and MRI/TRUS-fusion-Bx.'*** In one study, MRI-vi-
sual-Bx did not show inferior detection of overall or significant
prostate cancer as measured against MRI/TRUS-fusion-Bx.
Puech, et al." compared MRI/TRUS-fusion-Bx to MRI-visual-
Bx in 95 men using a 1.5 T MRI system. Although the mean
PSA level of their cohort was 10.05 ng/mL (range: 1.3-52 ng/
mL), they demonstrated no differences in cancer detection,
cancer core length, or biopsy Gleason score in either technique.
Additionally, Wysock, et al.'"® demonstrated that, even though
MRI/TRUS-fusion-Bx often provided more histological infor-
mation than MRI-visual-Bx, it did not increase cancer detec-
tion rates. In their study, MRI/TRUS-fusion-Bx detected 20.3%
of Gleason score 27, compared with 15.1% by MRI-visual-Bx,
a statistically insignificant difference (p=0.0523). However,
MRI-visual-Bx had a longer mean cancer core length than MRI/
TRUS-fusion-Bx, even though they did not suggest statistical
differences. Although only two studies have compared the two
mp-MRI-Bx techniques, we thought that these results were
sufficient evidence to indicate little difference between MRI/
TRUS-fusion-Bx and MRI-visual-Bx. There are few studies thus
far to support the improved detection rate of clinically signifi-
cant prostate cancer in MRI-visual-Bx as compared to TRUS-
Bx (Table 5). Almost all studies of MRI-visual-Bx focused on
the accuracy and overall detection rate of prostate cancer com-
pared with TRUS-Bx, and ignored the detection rate of clini-
cally significant prostate cancer. Therefore, we thought that
the results of MRI-visual-Bx would not be significantly differ-
ent from those of MRI/TRUS-fusion-Bx and carried out our
study with the simpler procedure.

In the present study, we compared MRI-visual-Bx and TRUS-
Bx for prostate cancer detection among patients with a PSA
level below 10 ng/mL. When we compared mean cancer core
length, mean cancer core percentage, and biopsy Gleason score
in the two biopsy procedures, mean cancer core length was
longer and mean cancer core percentage was higher in MRI-
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visual-Bx. In addition, high Gleason scores were diagnosed
more frequently in MRI-visual-Bx than TRUS-Bx. Furthermore,
when we compared the pathologic results of each biopsy core
by the two biopsy procedures, the cancer detection rate was
significantly better in MRI-visual-Bx. Although we could not
show superiority of overall cancer detection rate using the com-
bined results of both biopsy procedures in comparison with
TRUS-Bx alone, MRI-visual-Bx itself was able to diagnose more
clinically significant cancer cores. These results were similar
to other studies associated with mp-MRI-Bx.

In the present study, the overall prostate cancer detection
rate was 34.2% in TRUS-Bx and 38.2% in the combined result
of both biopsy procedures. Also, only three additional patients
were diagnosed with prostate cancer by MRI-visual-Bx. Inter-
estingly, our prostate cancer detection rate with TRUS-Bx was
higher than other studies of Korean men who had PSA levels
below 10 ng/mL. Seo, et al.” reported that the prostate cancer
detection rate of Korean men with PSA levels under 10 ng/mL
was 19.6%. Similarly, according to Ahn, et al.,*® the detection
rate of our institute during the last 13 years was 21.8%. Even
with variation in the study cohorts, or the presence of selection
or sampling bias, the gap in detection rate between the pres-
ent study and current literatures is substantial.

It is quite likely that this difference was due to weakness of
our study design. We performed MRI-visual-Bx and TRUS-Bx
with the help of strictly one physician (D.H.L.). This means
that random targeting in the prostate area for TRUS-Bx would
be influenced by visually estimated mp-MRI targeted lesions
if they were identified by the operator prior to biopsy. This
could cause sampling bias for the increased detection rate of
prostate cancer in TRUS-Bx. In other words, even if we per-
formed the 12-core TRUS-Bx systematically by each divided
area of the prostate, each core was more likely to target near
previously identified mp-MRI-Bx lesions. To improve our
study design, we would perform TRUS-Bx after MRI-visual-Bx
using another physician under a blinded condition. This is the
major limitation of our present study.

Other limitations exist in the present study, even though to
alesser extent. First, the study cohort used was smaller in com-
parison to other studies. However, the number of samples was
limited a priori, since our study focused on patients with a PSA
level under 10 ng/mL. Second, we could not evaluate the for-
mal diagnostic accuracy of suspicious tumor lesions on mp-
MRI because radical prostatectomy specimens were not avail-
able. Our institute does not possess the robotic surgery system
used for radical prostatectomy, therefore, many patients who
underwent mp-MRI-Bx were unfortunately sent to another
tertiary hospital for robotic surgery. With matched prostate
specimens, we could be able to report on the accuracy of visu-
ally estimated lesion targeting between mp-MRI and TRUS. In
addition, we are planning a future study comparing diagnos-
tic performance between MRI-visual-Bx, MRI/TRUS-fusion-
Bx and TRUS-Bx for initial biopsy. The results will be helpful
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for choosing an initial biopsy technique for the diagnosis of
clinically significant prostate cancer in patients who have PSA
levels below 10 ng/mL.

In conclusion, our prospective study shows that MRI-visual-
Bx is a superior technique to TRUS-Bx for detecting clinically
significant prostate cancer, even in the initial biopsy of patients
with PSA levels under 10 ng/mL. However, there was no statis-
tical difference between two biopsy techniques in overall pros-
tate cancer detection rate. We believe that large cohort studies
should be conducted to more definitively characterize the ben-
efit for patients with low PSA levels.
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