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Objectives: To evaluate the detection rate of clinically significant prostate cancer (csPCa) in Magnetic
resonance imaging and ultrasonography (MRI/US) fusion biopsy in patients with biopsy-naïve men for
varying prostate-specific antigen (PSA) levels. Since MRI can efficiently detect csPCa compared to
standard transrectal ultrasound (TRUS) guided biopsy; however, the optimal PSA threshold for its use is
unclear.
Materials and methods: We retrospectively reviewed those who underwent MRI/US-fusion and stan-
dard biopsy from January 2016 to June 2018. Patients were divided into three groups: PSA <4, 4e10,
>10 ng/mL. Propensity scoring was performed to balance the characteristics of the different biopsy
groups, and the detection rate of csPCa was compared.
Results: Data from a total of 670 males were included in the analysis (standard TRUS, n ¼ 333; MRI/US
fusion, n ¼ 337). Prior to matching, patients who received MRI/US-fusion biopsy had lower prostate
volume. Propensity score matching balanced this characteristic and generated a cohort comprising 195
patients from each group. In the matched cohort, patients with PSA 4e10 ng/mL had a significantly
increased risk of csPCa by MRI/US-fusion vs. standard biopsy (35.0% vs. 26.6%, P ¼ 0.033). However,
patients with PSA <4 ng/mL had csPCa found by MRI/US-fusion versus standard biopsy (12.0% vs. 16.0%,
P ¼ 0.342), whereas, patients with PSA >10 ng/mL had csPCa found by MRI/US-fusion versus standard
biopsy (78.0% vs. 80.0%, P ¼ 0.596). In multivariate logistic analysis among patients with PSA 4-10 ng/mL,
MRI/US-fusion biopsy (odds ratio: 2.46, 95% confidence interval ¼ 1.31e4.60, P ¼ 0.005) were signifi-
cantly associated with a detection of csPCa.
Conclusions: Detection of csPCa by MRI/US-fusion biopsy is more efficient in patients with biopsy-naïve
men with PSA 4e10 ng/mL. However, standard TRUS biopsy may identify csPCa in patients with PSA
<4 ng/mL and �10 ng/mL, emphasizing the importance of performing a standard biopsy in conjunction
with MRI/US-fusion biopsy in such populations.
© 2022 Asian Pacific Prostate Society. Publishing services 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 (PCa) is the secondmost common cancer in men
worldwide [1]. Population-based screening programs such as
prostate-specific antigen (PSA) test, digital rectal examination are
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being increasingly adopted worldwide for prostate cancer detec-
tion. Patients that are positive for such risk factors undergo routine
transrectal ultrasound (TRUS)-guided systematic biopsy, which is
the current diagnostic standard for PCa. However, systematic
biopsies suffer from poor sensitivity with nearly 75% of males, with
PSA in the gray zone of 4e10 ng/mL, undergoing an unnecessary
biopsy, resulting in increased patient morbidity [2].

Multiparametric magnetic resonance imaging (MRI) of the
prostate has significantly improved the diagnostic accuracy of
clinically significant prostate cancer (csPCa) by MRI-guided
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targeted biopsies [3-6]. However, multiparametric MRI (mpMRI) is
expensive and not commonly used in a clinical setting. Instead, a
simplified biparametric MRI (bpMRI) protocol, comprising of only
T2-weighted and diffusion-weighted imaging, has been proposed
for the diagnosis of csPCa, [7, 8].

Therefore, we conducted MRI/US-fusion biopsy in patients with
biopsy-naïve men with elevated PSA levels and compared the re-
sults of standard TRUS biopsy (TRUSbx), and we further compared
the detection rate of csPCa in males with PSA in the gray zone in
order to minimize overdiagnosis and unnecessary treatment.

2. materials and Methods

2.1. Study Subjects

We retrospectively reviewed the medical records of a total of
670males that underwent eitherMRI/US-fusion (n¼ 337) biopsy or
standard TRUSbx (n ¼ 333) at the Keimyung University Dongsan
Medical Center, from January 2016 to June 2018 (Fig. 1). The Insti-
tutional Review Board approved this study (DSMC 2020-11-033).
We compared the following clinical variables: age (years), PSA
(ng/mL), prostate volume (PV) (cc), Gleason score (GS, the greatest
grade), clinical T stage, and lymph node metastasis and distant
metastasis. All histopathological biopsies were reported (core
length, cancer length, and GS) by a pathologist with at least 10 years
of experience in genitourinary pathology. We defined csPCa with a
GS 3 þ 4 or greater [9]. The patients were then divided into three
groups as follows; PSA <4 ng/mL, 4e10 ng/mL, and >10 ng/mL.

2.2. MRI protocol

The bpMRI examination was performed using a 3.0-T scanner
with a 32-channel phased-array coil (Ingenia 3T CX Quasar Dual;
Philips, The Netherlands). The Prostate Imaging Reporting and Data
System version 2.1 (PI-RADSv2.1) scores were assigned by a radi-
ologist (with at least 3 years of prostate MRI experience) on a scale
from 1 to 5 [10]. In a case of a suspicious lesion on MRI (PI-RADS
3-5), a targeted biopsy (TBx) was conducted (from one to three
cores) using the MRI-TRUS fusion software-assisted system
Fig. 1. Flowchart of inclusion crite
(BioJET®, D&K Technologies, Barum, Germany) followed by six plus
six systemic biopsy (SBx) cores [11]. All biopsies were performed by
an experienced radiologist through a transrectal route with an
enema and prophylactic antibiotics.

2.3. Statistical Analysis

The propensity score matching was performed to adjust for
significant imbalances in baseline characteristics between two bi-
opsy methods. This approach can be applied to minimize selection
bias in observational data [12]. Categorical variables were
compared between the groups using the chi-square, Fisher's exact
test, or linear-by-linear association, where appropriate. One-way
analysis of variance or Student's t-test was used for continuous
variables. Binary logistic regression was used to estimate the odds
of csPCa among males with PSA 4e10 ng/mL. The probability of
csPCawasmodeled by the stepwise regression of the following four
predetermined potential risk factors. The 95% profile likelihood
ratio confidence intervals (95% CIs) were calculated for the adjusted
odds ratios (ORs). All statistical analyses were performed using
SPSS version 25.0 software (IBM, Armonk, NY, USA). P-values less
than 0.05 were considered to be statistically significant.

3. Results

3.1. Subjects Characteristics

A total of 670 males were included in the analysis (MRI/US
fusion, n ¼ 337; standard TRUS, n ¼ 333) (Fig. 1). Among them, 348
(51.9%) were diagnosed with PCa, and 258 (38.5%) were diagnosed
with csPCa. Details of descriptive statistics for the entire cohort
(n ¼ 670), as well as the propensity score-matched cohort
(n¼ 390), are summarized in Table 1. In the entire cohort, there was
a significant imbalance in prostate volume between the two groups.
Mean PV in the standard TRUSbx group was higher than that of the
MRI/US-fusion biopsy group (50.2 vs. 45.0; P ¼ 0.002). Propensity
scorematching resulted in a cohort of 195 patients in each group. In
the matched cohorts, there were no between-group differences
with respect to patient baseline characteristics.
ria of the final patient cohort.



Table 1
Characteristics of the patients, stratified by the method of biopsy

Characteristics Entire cohort Propensity score-matched cohort

Standard TRUS
(n ¼ 333)

MRI-fusion
(n ¼ 337)

P-value Standard TRUS
(n ¼ 195)

MRI-fusion
(n ¼ 195)

P-value

Mean age, yr (SD) 68.5 (8.3) 67.9 (8.9) 0.339 68.2 (8.6) 68.1 (8.5) 0.899
Mean PSA, ng/mL (SD) 45.1 (31.5) 35.6 (15.0) 0.619 40.3 (24.6) 40.2 (20.7) 0.990
Mean PV, cc (SD) 50.2 (23.7) 45.0 (19.3) 0.002 47.6 (21.7) 47.5 (17.3) 0.946
Mean total biopsy core, n 12.3 (1.4) 13.0 (2.1) <0.001 12.3 (1.3) 12.7 (1.6) 0.502
PCa diagnosis, n (%) 184 (55.3) 164 (48.7) 0.088 112 (57.4) 103 (52.8) 0.089
Gleason score, n (%) 0.744 0.642
6 60 (18.0) 30 (8.9) 41 (21.0) 28 (14.3)
7 47 (14.1) 53 (15.7) 38 (19.4) 39 (20.0)
8-10 77 (23.1) 81 (24.0) 33 (16.9) 36 (18.4)

Clinical T stage, n (%) 0.340 0.678
T1 51 (15.3) 32 (9.5) 25 (12.8) 20 (10.2)
T2 91 (27.3) 94 (27.9) 57 (29.2) 58 (29.7)
T3 e T4 42 (12.6) 38 (11.3) 30 (15.3) 25 (12.8)

Lymph node metastases, n (%) 19 (5.7) 25 (7.4) 0.371 10 (5.1) 15 (7.6) 0.240
Distant metastases, n (%) 21 (6.3) 20 (5.9) 0.841 5 (2.5) 6 (3.0) 0.657
csPCa, n (%) 124 (37.2) 134 (39.8) 0.502 76 (38.9) 84 (43.0) 0.163

PSA, prostate-specific antigen; PV, prostate volume; TRUS, transrectal ultrasound; MRI, magnetic resonance image; PCa, prostate cancer; csPCa, clinically significant prostate
cancer.

Table 2
The detection rate of total PCa and csPCa according to PSA thresholds, stratified by the method of biopsy

Entire cohort Propensity score-matched cohort

Standard TRUS
(n ¼ 333)

MRI-fusion
(n ¼ 337)

P-value Standard TRUS
(n ¼ 195)

MRI-fusion
(n ¼ 195)

P-value

csPCa, n (%) 124 (37.2) 134 (39.8) 0.502 76 (38.9) 84 (43.0) 0.163
PSA <4 ng/mL (n, %)
Total PCa 20/54 (37.0) 15/54 (27.8) 0.304 11/25 (44.0) 9/25 (36.0) 0.089
csPCa 9/54 (16.7) 6/54 (11.1) 0.404 4/25 (16.0) 3/25 (12.0) 0.342

PSA 4 - 10 ng/mL (n, %)
Total PCa 89/194 (45.9) 83/196 (42.3) 0.483 58/120 (48.3) 53/120 (44.1) 0.396
csPCa 45/194 (23.2) 63/196 (32.1) 0.048 32/120 (26.6) 42/120 (35.0) 0.033

PSA >10 ng/mL (n, %)
Total PCa 75/85 (88.2) 66/87 (75.9) 0.035 43/50 (86.0) 41/50 (82.0) 0.156
csPCa 70/85 (82.4) 65/87 (74.7) 0.223 40/50 (80.0) 39/50 (78.0) 0.596

PSA, prostate-specific antigen; TRUS, transrectal ultrasound; MRI, magnetic resonance image; PCa, prostate cancer; csPCa, clinically significant prostate cancer.

Fig. 2. Incidence of clinically significant prostate cancer between standard TRUS-
guided biopsy and MRI/US-fusion biopsy according to PSA thresholds, PSA, prostate-
specific antigen; TRUS, transrectal ultrasound; MRI, magnetic resonance image; PCa,
prostate cancer; csPCa, clinically significant prostate cancer.
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3.2. Detection of csPCa Among Patients with PSA level

Table 2 shows the detection rate of PCa and csPCa in the entire
and matched cohort. The overall detection rate of csPCa of MRI/US-
fusion versus standard TRUSbx groups was no significantly
different in the unmatched (39.8% vs. 37.2%, P ¼ 0.502) and
matched cohort (43.0% vs. 38.9%, P ¼ 0.163). In the matched cohort,
in males with PSA 4e10 ng/mL, the detection rate of csPCa in the
MRI/US-fusion biopsy was higher compared to the standard biopsy
group (35.0% vs. 26.6%, P¼ 0.033). The detection rate of csPCa in the
standard biopsy group was not statistically different compared to
the MRI/US-fusion group in males with PSA <4 ng/mL (12.0% vs.
16.0%, P¼ 0.342) and inmales with PSA >10 ng/mL (78.0% vs. 80.0%,
P ¼ 0.596) (Fig. 2).

Table 3 summarizes the results of univariate and multivariate
analysis for the csPCa in males with PSA 4e10 ng/mL. In a multi-
variate analysis, older age (OR¼ 1.10, 95% CI¼ 1.06e1.15, P < 0.001),
smaller PV (OR¼ 0.96, 95% CI¼ 0.93e0.98, P < 0.001), andMRI/US-
fusion biopsy (OR ¼ 2.46, 95% CI ¼ 1.31e4.60, P ¼ 0.005) were
significantly associated with csPCa.

3.3. Presence of Suspicious Lesions on bpMRI

Subgroup analyses were performed to identify the presence of
suspicious lesions on bpMRI. Among subjects that underwent



Table 3
Logistic regression analysis for the csPCa among patients with PSA 4e10 ng/mL

Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Agea) 1.10 (1.05e1.14) <0.001 1.10 (1.06e1.15) <0.001
PSAb) 1.13 (0.99e1.30) 0.073
Prostate volume*** 0.95 (0.93e0.97) <0.001 0.96 (0.93e0.98) <0.001
Prostate biopsy
Standard TRUS 1 (Referent) 1 (Referent)
MRI/US-fusion 2.32 (1.30e4.13) 0.004 2.46 (1.31e4.60) 0.005

PSA, prostate-specific antigen; TRUS, transrectal ultrasound; MRI, magnetic reso-
nance image; csPCa, clinically significant prostate cancer.
*** ORs are for every 1 cc in prostate volume.
a) ORs are for every 1 year in age.
b) ORs are for every 1 ng/mL in PSA.
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MRI/US-fusion biopsy (n ¼ 337), 46.6% (n ¼ 157) with suspicious
cancer lesion underwent a combined TBx, whereas the other 53.4%
(n ¼ 180) with no suspicious cancer lesion underwent only a SBx.
The detection rate of csPCa in the TBx was significantly higher
compared to the SBx in males with PSA 4e10 ng/mL (TBx vs. SBx,
41.7% vs. 25.0%, P ¼ 0.013). Meanwhile, bpMRI conferred no benefit
in patients with PSA level <4 ng/mL and >10 ng/mL. (Table 4).

4. Discussion

MRI is an important tool in the diagnosis, staging, surgical
planning of prostate cancer recently. The 2020 European Associa-
tion of Urology guidelines recommends an MRI for all males
(biopsy-naive and previous negative biopsy patients) with a clinical
suspicion for PCa [13]. However, the use of MRI can place a signif-
icant financial and resource burden on the healthcare system. The
addition of serum and urine biomarkers, such as PHI (Prostate
Health Index) [14], 4K score [15], ExoDx [16], SelectMDx [15], PCA3
[17], and ConfirmMDx [18], can further improve the risk modeling
for csPCa; however, these tests are too expensive and not always
available in a routine clinical setting. Moreover, the use of these
biomarkers does not exclude the need for a prostate MRI, which
allows for TBx.

Multiple prior models based on clinical, laboratory, and TRUS
finding parameters have been developed for improving detection
rates and reducing unnecessary biopsies. The added value of
mpMRI for the clinical variables in predicting biopsy outcome has
already been demonstrated (PROMIS [3], PRECISION [4], MRI-FIRST
[5], and 4M [6] trials). More recently, various settings for MRI
findings have been developed. In a study by Lee et al, MRI without
an intravenous contrast agent was able to accurately predict PCa
Table 4
The association between systemic and targeted biopsy in MRI-fusion biopsy (n ¼ 337)

MR

Suspicious cancer lesion (�)
(n ¼ 180)

Total PCa, n (%) 87 (48.3)
csPCa, n (%) 63 (35)
PSA category
PSA <4 ng/mL (n ¼ 54)
Total PCa, n (%) 9/29 (31.0)
csPCa, n (%) 2/29 (6.9)

PSA 4e10 ng/mL (n ¼ 196)
Total PCa, n (%) 44/112 (39.3)
csPCa, n (%) 28/112 (25.0)

PSA >10 ng/mL (n ¼ 87)
Total PCa, n (%) 34/39 (87.2)
csPCa, n (%) 33/39 (84.6)

PSA, prostate specific antigen; TRUS, transrectal ultrasound; MRI, magnetic resonance im
and csPCa in a transperineal prostate biopsy [19]. Boesen et al
developed an internally validated nomogram for predicting
prostate biopsy outcome based on bpMRI [20].

In the present study, we demonstrated the reasonable perfor-
mance and the potential clinical benefit of prebiopsy bpMRI find-
ings with clinical variables for the detection of csPCa in males
compared to the SBx. Previously, we used the mpMRI, including all
MRI sequences (T2-weighted, diffusion-weighted, and dynamic
contrast-enhanced imaging). It cost approximately 750 US dollars
and took around 45 min to obtain all the necessary images.
Although we demonstrated the efficacy of MRI for detecting csPCa,
the cost and extended time made it difficult in a clinical setting.
Thus, the use of a more rapid and cost-effective prostate MRI
protocol, without the use of intravenous contrast agent, was
required. The MRI protocol alteration consisted of only two se-
quences: axial T2-weighted and diffusion-weighted image. These
sequences were acquired within 4 min and 8 min, respectively.
The cost of the MRI was reduced to 250 US dollars from 750 US
dollars. De Rooij et al. further reported the cost-effective MRI
strategy compared to the standard TRUSbx [21].

We further analyzed how to optimize patient guidance ac-
cording to the PSA levels. In males with the “gray zone”
4e10 ng/mL, the detection rate of csPCa in the MRI/US-fusion bi-
opsy was higher compared to the standard TRUSbx after propensity
score matching (35.0% vs. 26.6%, P ¼ 0.033). Furthermore, the
multivariate logistic regression analysis identified that age, PV, and
MRI-fusion biopsy to be associated with csPCa. Wei et al. demon-
strated that patients with a large PV (>50 mL) had a 5.22% risk of
csPCa compared to males with the smallest PV (<30 mL) that had a
41.18% risk of csPCa. The risk of csPCa decreased significantly with
increased PV (P < 0.05), and the combination of PI-RADS v2 and PV
improved the diagnostic specificity and sensitivity (84.1% and
83.4%, respectively) of csPCa compared with that of PI-RADS v2
alone with PSA levels in the gray zone [7]. Al-Azab et al. showed
that a smaller PV was the strongest predictor of PCa when the PSA
level was in the 2�9 ng/mL range [22]. Polanec et al. showed that
the combination of PI-RADS v2 scores with age and PSAD could
help avoid unnecessary biopsies while still detecting the majority
of csPCa cases [23]. In contrast, Cuocolo et al. confirmed that bpMRI
was a powerful tool for detecting csPCa, while the combination of
bpMRI with PSAD demonstrated no significant improvement
compared to bpMRI alone [24]. The outcomes based on a larger PV
corresponding to a lower risk of PCa were the result of a higher
proportion of low-volume cancers in larger prostates. The relative
contribution of detectable cancer to elevated PSA levels would be
greater in patients with smaller prostate glands.
I (n ¼ 337)

Suspicious cancer lesion (þ)
(n ¼ 157)

P-value

77 (49.0)
71 (45.2)

6/25 (24.0) 0.565
4/25 (16.0) 0.399

39/84 (46.4) 0.317
35/84 (41.7) 0.013

32/48 (66.7) 0.042
32/48 (66.7) 0.055

age; PCa, prostate cancer; csPCa, clinically significant prostate cancer.
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For males with PSA <4 ng/mL, there was no significant differ-
ence between themethod of biopsy for csPCa. For this PSA level, the
detection rate of csPCa was only 11.8% (15/108), and therefore,
MRI/US-fusion biopsy did not affect the results. For males with PSA
>10 ng/mL, the detection rate of PCa and csPCa in the standard
biopsy group was higher compared to the TBx; SBx was sufficient
for diagnosing of PCa in patients with PSA >10 ng/mL. For this PSA
level, the detection rate of csPCa was 78.4% (135/172), and there-
fore, MRI-fusion biopsy did not affect the results. Thereby, we
suggest that TRUS-guided systemic random biopsy is sufficient for
males with PSA <4 ng/mL or >10 ng/mL.

There are several limitations to our study. First, this is a retro-
spective, single-center study that may lead to a selection bias.
Adjustment for possible confounding factors was made by pro-
pensity score matching, although it is possible that unknown
confounding factors may persist. Further multicenter large cohort
studies are required to confirm our findings. Second, the actual
detection rates of csPCa may have been underestimated compared
to studies using whole-gland prostatectomy or template mapping
biopsy. Third, data were interpreted using PI-RADS v2 onMRI by an
experienced radiologist; it is also possible that one person inter-
preted the MRI findings, and there was bias in that interpretation.

5. Conclusion

In conclusion, we report that the MRI/US-fusion biopsy has a
high accuracy for detecting csPCa compared to standard TRUSbx in
patients with biopsy-naïve men with PSA levels in the gray zone of
4e10 ng/mL. This technique, considering the good performance and
cost-effectiveness of the bpMRI, is a good option for initial prostate
biopsy in a clinical setting.
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