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Purpose: We evaluated the negative predictive value (NPV) of multiparametric magnetic
resonance imaging (mpMRI) in detecting clinically significant prostate cancer (csPCa)
according to biopsy setting and prostate-specific antigen density (PSAD) using transperineal
template-guided saturation prostate biopsy (TPB) as the reference standard.

Methods: A total of 161 patients with biopsy histories and negative pre-biopsy mpMRI
(Prostate Imaging Reporting and Data System version 2 scores of less than 3) participated in
the study. TPB was performed on the following indications: “prior negative biopsy” in patients
with persistent suspicion of prostate cancer (n = 91) or “confirmatory biopsy” in patients who
were candidates for active surveillance (n = 70). The csPCa was defined as a Gleason score of
3 + 4 or greater. We calculated the NPV of mpMRI in detecting csPCa according to biopsy
history and prostate-specific antigen density (PSAD) and conducted a logistic regression
analysis to determine the clinical predicator for the absence of csPCa.

Results: The detection rate of csPCa was 5.5% in the prior negative biopsy group and 14.3%
in the confirmatory biopsy group (P = 0.057). None of the variables in the logistic regression
models including PSAD <0.15 ng/mL/cc and prior negative biopsy could predict the absence
of csPCa. The NPV of mpMRI in detecting csPCa in patients with a prior negative biopsy
worsen from 94.5% to 93.3% when combined with PSAD <0.15 ng/mL/cc.

Conclusion: Patients with negative mpMRI findings may not omit repeat biopsy even if
their prior biopsy histories are negative and PSADs are <0.15 ng/mL/cc.

Keywords: carly detection of cancer, prostatic neoplasm, prostate-specific antigen density,
magnetic resonance imaging, negative predictive value, transperineal prostate biopsy

Introduction

Performing multiparametric magnetic resonance imaging (mpMRI) in patients with
suspicion of prostate cancer (PCa) before prostate biopsy improves detection rates of
clinically significant PCa (csPCa) by 2%—12% and reduces overdiagnosis of clinically
non-significant PCa (cnsPCa) by 11%-14%.'" In repeat biopsy settings, guidelines
strongly suggested performing the mpMRI prior to repeat biopsy to identify a target
lesion.*” It is currently recommended to perform a systematic biopsy when mpMRI is
negative in a patient with prior negative biopsy. However, the possibility of distin-
guishing patients that can safely avoid biopsy by risk stratification combining mpMRI
findings, clinical data, and other biomarkers has been proposed at the same time.°
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In this context, several studies have combined biopsy
histories and other biomarkers to improve the negative pre-
dictive values (NPVs) of mpMRI in repeat biopsy setting
(Table 1). Falagario et al analyzed different biopsy strategies
based on the combined use of prostate-specific antigen den-
sity (PSAD) and mpMRI and suggested the individualized
risk of missing PCa and csPCa.” Recent study from Oishi
et al investigated the NPVs of mpMRI in repeat biopsy
setting using transrectal ultrasound (TRUS)-guided biopsy
as the reference standard. They reported that the NPV of
mpMRI were improved from 82% to 100%, when combined
with negative biopsy history and PSAD <0.15 ng/mL/cc.?

Here, we attempted to validate the NPV of mpMRI in
a repeat biopsy setting using a median of 36 core transper-
ineal template-guided saturation prostate biopsy (TPB) as
the reference standard. In particular, the csPCa detection
rate and the NPV of mpMRI were investigated in combi-
nation with prior biopsy status and PSAD levels.

Patients and Methods
Study Population

This study was approved by the Institutional Review
Board of Samsung Medical Center (approval number:
2018-05-192) and performed in accordance with the prin-
ciples of the Declaration of Helsinki. We retrospectively
reviewed the clinical data of patients who underwent TPB
setting between May 2017 and
December 2020. Patients who underwent mpMRI at our

in repeat biopsy

institution and had negative mpMRI reports, defined as
a Prostate Imaging Reporting and Data System version 2
(PI-RADS v2) score of less than 3, were included in this
study. While those who had undergone any prior surgical
or medical treatment for benign prostatic hyperplasia or
previously diagnosed PCa were excluded.

TPB was performed if clinically indicated by 1)
a persistent suspicion of PCa with rising PSA despite
a “prior negative biopsy” or 2) a “confirmatory biopsy”
in patients with prior cnsPCa who are candidates for active
surveillance (AS). Based on biopsy histology, csPCa was
defined as a Gleason Score (GS) of 3 + 4 or greater, and
cnsPCa was defined as a GS of 6.

MRI Protocol and Interpretation

T1-weighted, T2-weighted, and diffusion-weighted ima-
ging (apparent diffusion coefficient maps and long-b
scans) and dynamic gadolinium contrast-enhanced ima-
ging were performed using a 3-tesla MRI instrument

(Intera Achieva TX; Philips Healthcare, Best, the
Netherlands) with a phased-array body coil.

All mpMRI findings were scored using the PI-RADS
v2 by two dedicated uro-radiologists with more than 10
years of experience in prostate MRI interpretation. The
prostate volume was calculated using the ellipsoid formula

based on MRI measurements.

Transperineal Template-Guided

Saturation Prostate Biopsy Protocol

The patients were given a cleaning enema and antibiotics
before biopsy. All biopsies were performed in an extended
lithotomy position under general anesthesia. After a digital
rectal exam, biopsy was performed via a standard 5-mm-
interval brachytherapy grid fixed on a stepper from the
medial to the lateral plane in the anterior, middle, and
posterior portions of the prostate gland under the guidance
of a biplanar TRUS 8848 probe (BK Medical, Herlev,
Denmark). All patients underwent 24 or 36 systematic
saturation biopsies depending on prostate size relative to
30 cc according to the Ginsburg protocol.” No MRI-
directed biopsies were performed in cases with lesions
with PI-RADS scores less than 3.

Statistical Analysis

The Mann—Whitney U-test was used for continuous vari-
ables, and the chi-square or Fisher’s exact test was used for
categorical variables. The NPVs of mpMRI in detecting
csPCa were calculated according to PSAD category and
biopsy history. In addition, we assessed the NPV of MRI in
combination with prior negative biopsy history and PSAD
cutoff of 0.15 ng/mL/cc, which had the lowest Youden index.
Univariate and multivariable logistic regression analyses
were performed to assess the predictors of absent csPCa
with clinically relevant parameters including previous biopsy
status and PSAD level. Statistical analyses were conducted
using the Statistical Package for the Social Sciences version
21.0 (IBM Corp., Armonk, NY, USA). All p-values were
two-tailed, and a p-value less than 0.05 was considered
statistically significant.

Results

A total of 452 consecutive men underwent TPB in repeat
biopsy setting at our institution between May 2017 and
December 2020, and 171 had negative results in prebiopsy
mpMRIs. Of the 171 patients with negative mpMRIs, we
excluded 6 patients who underwent treatment for benign
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Table 2 Demographics of Patients with Negative MRIs Who Underwent Transperineal Template-Guided Saturation Biopsies

Biopsy Indication
Total Prior Negative Biopsy Confirmatory Biopsy P

Number of patients 161 91 70
Median age (IQR) (years) 62 (58-68) 62 (58-67) 64 (58-69) 0.237
Suspicious DRE, n (%) 2(1.2) 2 (22) 0 (0) 0.505*
Family history of PCa, n (%) 9 (5.6) 6 (6.6) 3(43) 0.733*
Median PSA (IQR) (ng/mL) 5.6 (4.2-8.6) 6.6 (4.8-10.0) 4.6 (3.6-6.6) <0.001
Median prostate volume (IQR) 40.4 (31.3-54.8) 43.8 (34.8-57.0) 37.7 (29.7-50.0) 0.032
(c9)
Median PSAD (IQR) (ng/mL/cc) 0.14 (0.10-0.20) 0.15 (0.11-0.24) 0.13 (0.09-0.16) 0.004
<0.15 ng/mL/cc, n (%) 95 (59.0) 45 (49.5) 50 (71.4) 0.005
Prior TRUS-guided biopsy

Benign prostate tissue 83 (51.6) 83 (91.2) 0 (0)

HGPIN 5(3.1) 5(5.5) 0 (0)

ASAP 3(1.9) 3(3.3) 0 (0)

PCa (GS 3+3) 70 (43.5) 0 (0) 70 (100)

Notes: *Fisher’s exact test.

Abbreviations: MRI, magnetic resonance imaging; IQR, interquartile range; DRE, digital rectal examination; PSA, prostate-specific antigen; PSAD, PSA density; TRUS,
transrectal ultrasound; HGPIN, high-grade prostatic intraepithelial neoplasia; ASAP, atypical small acinar proliferation; PCa, prostate cancer; GS, Gleason score.

prostatic hyperplasia and 4 patients who received andro-
gen deprivation therapy for PCa diagnosed in a prior
biopsy. Therefore, 161 patients met the inclusion criteria
for this study. Among this cohort, 91 (56.5%) patients
were indicated for TPB by a persistent suspicion of PCa
with rising PSA despite a negative result on prior TRUS-
guided biopsy, and 70 (43.5%) patients were indicated for
a confirmatory biopsy for the previously detected cnsPCa
by TRUS-guided biopsy.

The baseline demographics and characteristics of the
patients with negative mpMRIs are summarized in
Table 2. Patients in the prior negative biopsy group had
significantly higher PSA levels and larger prostate
volumes than those in the confirmatory group (P < 0.001
and P < 0.032, respectively). PSAD levels were higher in
the prior negative biopsy group, and the proportion of
patients with PSAD < 0.15 ng/mL/cc was higher in the
confirmatory group (P = 0.004 and P = 0.005, respec-
tively). Of the 91 patients with prior negative biopsies, 5
(5.5%) had previously been diagnosed with high-grade
prostatic intraepithelial neoplasia, and 3 (3.3%) were diag-
nosed with atypical small acinar proliferation.

The TPB results are presented in Table 3. According to
the TPB protocol of our institution, the median number of

biopsy cores (interquartile range) was 36 (24-36) in both
groups. The detection rate of any PCa was 23.1% in the
prior negative biopsy group and 58.6% in the confirmatory
biopsy group, including 8 patients with GS 7 (3+4) PCa
and 2 patients with GS 8 (4+4) PCa. There was
a significant difference in the detection rate of any PCa
between the two groups (P < 0.001). However, the detec-
tion rate of csPCa was 5.5% in the prior negative biopsy
group and 14.3% in the confirmatory biopsy group, and
there was no statistical difference between the groups (P =
0.057).

The NPV of mpMRI in detecting csPCa was 90.7%,
94.5%, and 85.7% in the overall study population, pre-
vious negative biopsy group, and confirmatory biopsy
group, respectively (Table 4). In the previous negative
biopsy group, the NPV of mpMRI was 100% in PSAD
categories of 0.15-0.20 ng/mL/cc and PSAD <0.10 ng/
mL/cc. However, the PSAD category of 0.10-0.15 ng/
mL/cc had the lowest NPV at 89.7%. When combined
with PSAD < 0.15 ng/mL/cc, it was found to be lower at
89.5% (Figure 1). In addition, in the prior negative biopsy
group, the NPV of mpMRI was 94.5% and it was found to
worsen at 93.3% when combined with PSAD < 0.15 ng/
mL/cc.
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Table 3 Results of Transperineal Template-Guided Saturation Biopsy in Patients with Negative MRIs
Biopsy Indication
Total Prior Negative Biopsy Confirmatory Biopsy P

Number of patients 161 91 70
Median number of biopsy cores 36 (24-36) 36 (24-36) 36 (24-36) 0.959
(IQR)
Median number of positive cores 0 (0-1) 0 (0-0) 1 (04) <0.001
(IQR)
Results of TPB, n (%)

Benign prostate tissue 93 (57.8) 65 (71.4) 28 (40.0)

HGPIN 2(1.2) 1 (1.1) 1 (1.4)

ASAP 4 (2.5) 4 (4.4) 0(0)

PCa (GS 3+3) 47 (29.2) 16 (17.6) 31 (44.3)

PCa (GS 3+4) Il (6.8) 3(33) 8 (11.4)

PCa (GS 4+3) 2 (1.2) 2 (2.2) 0(0)

PCa (GS 4+4) 2 (1.2) 0 (0) 2 (2.9)

Median maximal percent of 10 (5-30) 10 (5-30) 15 (10-40) 0.148

cancer in core (IQR)
Detection of any PCa, n (%) 62 (38.5) 21 (23.1) 41 (58.6) <0.001
Detection of csPCa, n (%) 15 (9.3) 5 (5.5) 10 (14.3) 0.057

Abbreviations: MRI, magnetic resonance imaging; IQR, interquartile range; TPB, transperineal template-guided saturation biopsy; HGPIN, high-grade prostatic intrae-
pithelial neoplasia; ASAP, atypical small acinar proliferation; GS, Gleason score; PCa, prostate cancer; csPCa, clinically significant prostate cancer.

Univariate and multivariate logistic regression models
were established for the analysis of association with the
absence of any PCa or csPCa based on age, family history
of PCa, PSA level, prostate volume, PSAD < 0.15 ng/mL/cc,
and the indication of TPB (Table 5). In the univariate model,
higher PSA level (OR 1.089, 95% CI 1.009-1.177, P =
0.029) and prior negative biopsy group (OR 4.197, 95% CI
2.073-8.496, P < 0.0001) were predictive of the absence of
any PCa. The multivariate model revealed that only the prior
negative biopsy group was predictive of the absence of any
PCa (OR 4.197, 95% CI 2.073-8.496; P < 0.0001). In con-
trast, none of the variables were predictive of the absence of

csPCa on TPB in either univariate or multivariate analysis.

Discussion
In this retrospective study, we examined the any PCa and
csPCa detection rates in patients who had no suspected
lesions on mpMRI (PI-RADS <3) and underwent repeat
biopsies using TPB. We also calculated the NPV of
mpMRI by combining the prior biopsy histories and
PSAD levels. To the best of our knowledge, this is the
first study to analyze the NPV of mpMRI scored by PI-
RADS v2 by performing TPB with a median of 36 cores.
Our institution has performed TPB if clinically indi-
cated by a persistent suspicion of PCa with rising PSA
despite a previous negative result on TRUS-guided biopsy
and as confirmatory biopsy in patient candidates for AS

Table 4 Negative Predictive Value of MRI According to Prostate-Specific Antigen Density Category and Biopsy History

PSAD Total

Biopsy Indication

Prior Negative Biopsy Confirmatory Biopsy

Total

PSAD 20.20 ng/mL/cc

0.15 ng/mL/ccs PSAD <0.20 ng/mL/cc
0.10 ng/mL/ccs PSAD <0.15 ng/mL/cc
PSAD <0.10 ng/mL/cc

90.7% (146/161)
92.7% (38/41)
92.0% (23/25)
87.9% (51/58)
91.9% (34/37)

94.5% (86/91)
93.5% (29/31)
100.0% (15/15)
89.7% (26/29)
100% (16/16)

85.7% (60/70)
90.0% (9/10)
80.0% (8/10)

86.2% (25/29)

85.7% (18/21)

Abbreviations: MRI, magnetic resonance imaging; PSAD, prostate-specific antigen density.
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90.7% (146/161) | 89.5% (85/95) | 94.5% (86/91) | 93.3% (42/45)

Figure | Negative predictive value of multiparametric magnetic resonance imaging
in detecting clinically significant prostate cancer in combination with prior negative
biopsy history and PSAD cutoff of 0.15 ng/mL/cc.

Abbreviations: NegBx, prior negative biopsy; PSAD, prostate-specific antigen
density (ng/mL/cc).

after a prior detected cnsPCa on TRUS-guided biopsy. In
91 (56.5%) patients with prior negative biopsies and 70
(43.5%) patients with prior positive biopsies, the histology
of a median of 36 cores of TPB using 5-mm sampling was
used as the reference standard. The incidence of biopsy-
detected csPCa was 5.5% in men with negative mpMRI
and prior negative biopsy history, and 14.3% in men with
negative mpMRI and prior positive biopsy history. The
NPV of mpMRI in the detection of csPCa in patients
with prior negative biopsies worsen from 94.5% to
93.3% when combined with PSAD < 0.15 ng/mL/cc.

The multi-institutional Prostate MR Imaging Study
(PROMIS) trial evaluated the detection rate of PCa in
576 patients who had undergone prebiopsy mpMRI with
saturation transperineal prostate biopsy as the reference
standard.'® Of the 158 patients with negative mpMRI in
the study, 141 patients reported having no cancer or non-
significant cancer (GS 6) on transperineal prostate biopsy,
and the NPV of mpMRI predicting the absence of GS 7 (3
+ 4) or greater cancer was 89% (95% confidence interval
83%—94%). PROMIS trial presents the possibility of redu-
cing the proportion of men with unnecessary biopsies.
However, limitations of the prebiopsy mpMRI were also

reported. Vargas et al confirmed that PI-RADS v2 was
limited for the assessment of GS >4+3 tumors with
a volume of less than 0.5 mL.!" In addition, in situations
where approximately 30% to 40% of the patients have
been reported to have negative results on prebiopsy
MRIs, it is not yet clear which patients can safely omit
the biopsy.

There have been several reports on improving the NPV
of mpMRI in combination with clinical information with
negative mpMRI findings (Table 1).%!'*7'> In particular,
two studies of Perlis et al and Oishi et al evaluated the
NPV of mpMRI by adding prior biopsy histories and
different biomarkers using TRUS-guided biopsy as the
reference standard. Perlis et al investigated patients with
a previous negative biopsy and patients on AS and
reported that with a negative multiparametric MRI and
normal prostate cancer antigen 3 (PCA3) score, no csPCa
was detected on repeat TRUS-guided biopsy.'> Therefore,
they suggested that repeat biopsies may not be needed in
patients with dual negative results (negative results from
both mpMRI and PCA3 scores). A recent study by Oishi
et al reported outcomes of repeat biopsy in 135 patients
with negative prebiopsy mpMRIs.® The detection rate of
csPCa (GS 3 + 4 or greater) was 18% in men with negative
mpMRIs. The NPV of mpMRI was 100% for patients with
prior negative biopsies who had PSAD < 0.15 ng/mL/cc,
and the authors proposed that this subset of patients could
avoid repeat biopsy.

However, because the reference standard of the afore-
mentioned two studies was TRUS-guided biopsy, informa-
tion regarding omitting biopsy might be limited. The
TRUS-guided biopsy can be associated with both the
underdetection of csPCa and the increased diagnosis of
many cnsPCas.'™'®!” In addition, in TRUS-guided biop-
sies, either the size or the grade of PCa may be under-
estimated due to random sampling error.'® Furthermore,
the pathological status derived from TRUS-guided biop-
sies in the repeat biopsy setting can be unreliable in dis-
criminating csPCa from cnsPCa, such that 34% of the men
have been found to have an upgrading of PCa.'” Thus,
TRUS-guided biopsy may not be a sufficient modality to
determine the NPV of prebiopsy mpMRI. Despite meeting
the criteria for combining negative MRI results and other
clinical information or biomarkers, patients could still
harbor risk of csPCa, and whether biopsies can be omitted
in these patients remains unclear. In patients with prior
negative biopsy of this present study, PSAD category of
0.10-0.15 ng/mL/cc had the lowest NPV. Practically, in
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Abbreviations: MRI, magnetic resonance imaging; IQR, interquartile range; TPB, transperineal template-guided saturation biopsy; HGPIN, high-grade prostatic intraepithelial neoplasia; ASAP, atypical small acinar proliferation; GS,

Gleason score; PCa, prostate cancer; csPCa, clinically significant prostate cancer.

our study, among the five patients diagnosed with csPCa in
the prior negative biopsy group, three patients had PSAD
< 0.15 ng/mL/cc (0.10, 0.11, and 0.14 ng/mL/cc).
Furthermore, the logistic regression analysis showed
none of the variables were predictive of the absence of
csPCa. These results suggest that there would be limita-
tions in distinguishing between patients who can safely
avoid biopsy with PSAD, even in patients with prior
negative biopsy and negative MRI.

In contrast to TRUS-guided biopsy, TPB has very high
sensitivity and specificity for csPCa detection, and the
results of TPB more accurately reflect the subsequent
pathological results of radical prostatectomy than those
of TRUS-guided biopsy.”> ** The TPB has the advantage
of approaching the anterior prostate and the transitional
zone and produces a histological map of the entire prostate
gland.**?> This biopsy modality not only produces
a three-dimensional map of the entire prostate gland but
also evaluates small lesions (<0.5 mL) that mpMRI may
not assess.' >’

There was a previous study of the NPV of mpMRI
using transperineal approach. Distler et al combined
mpMRI with PSAD to predict the detection rate of
csPCa (GS 3 + 4 or greater) by performing transperineal
systematic biopsy in biopsy-naive or previously negative
patients.'® They described the NPV of mpMRI for detect-
ing csPCa in patients with negative mpMRI (PI-RADS
version | score less than 3). Unlike our study, the NPV
of mpMRI in patients with prior negative biopsies
increased from 83% to 93% in combination with PSAD
< 0.15 ng/mL/cc. This might be explained that the NPV of
mpMRI was too low due to the low sensitivity of PI-
RADS version 1; thus, this could be interpreted that the
NPV improvement was observed when PSAD was com-
bined. In our study, the NPV of mpMRI in patients with
a prior negative biopsy was 94.5%, which was much
higher than the result of the study (83%). Statistically, as
the sensitivity of a test increases, the NPV also increases.
Regarding the sensitivities of PI-RADS version 1 and PI-
RADS v2, Tewes et al evaluated the diagnostic accuracy
according to PI-RADS version 1 and PI-RADS v2 of two
independent readers, and reported sensitivities of reader 1
and reader 2 of 84% and 74% for PI-RADS version 1,
respectively, and 100% and 81% for PI-RADS v2,
respectively.”® A head-to-head comparison of PI-RADS
version 1 and PI-RADS v2 stratified by cancer location
reported higher sensitivity of PI-RADS v2 than version 1
(87.5-100% vs 75%) in transitional zone cancer, and the
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similar sensitivity of the two versions in peripheral zone
cancer (both 100%).”° Furthermore, the relatively low
prevalence of PCa in our Asian cohort compared to that
in the Western population could affect higher NPV of
mpMRI,303!

Our study also has several limitations. First, due to its
nonrandomized retrospective cohort study design, the
patient information in our data might be incomplete.
Because our institution also performed repeat prostate
biopsy with the transrectal approach in some patients who
did not want general anesthesia, selection bias that can
impact the results could not be eradicated. Second, the
cohort size was relatively small. However, TPB under gen-
eral anesthesia was used to obtain more detailed information
on the prostate of the participants. Furthermore, to maintain
the uniformity of our study cohort, we excluded patients
who had undergone medical or surgical treatment for benign
prostatic hyperplasia or PCa. Third, the present study
focused primarily on the pathological findings from biop-
sies, but not radical prostatectomy specimens. Nevertheless,
we performed TPB in all patients with the most accurate
biopsy modality to reflect the pathologic results of the
prostatectomy specimens.”’ Finally, MRI scans were not
specifically reviewed in this study. Nonetheless, high-
quality mpMRI was performed with an identical instrument
for all patients, and two experienced uro-radiologists inter-
preted and reported the images according to the PI-RADS
criteria.”

Conclusion

The NPV of mpMRI in patients with a prior negative
biopsy did not improve when PSAD was combined.
Patients with negative MRIs, prior negative biopsies and
PSAD < 0.15 ng/mL/cc may not omit repeat biopsies, as
some patients could be diagnosed with csPCa, especially
when performing TPB.
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