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a b s t r a c t

Background: Biparametric (bp) magnetic resonance imaging (MRI) could be an alternative MRI for the
detection of the clinically significant prostate cancer (csPCa).
Purpose: To compare the accuracies of prostate cancer detection and localization between prebiopsy
bpMRI and postbiopsy multiparametric MRI (mpMRI) taken on different days, using radical prostatec-
tomy specimens as the reference standards.
Material and methods: Data of 41 total consecutive patients who underwent the following examina-
tions and procedures between September 2015 and March 2017 were collected: (1) magnetic resonancee
and/or ultrasonography-guided biopsy after bpMRI; (2) postbiopsy mpMRI; and (3) radical prostatec-
tomy with csPCa. Two radiologists scored suspected lesions on bpMRI and mpMRI independently using
Prostate Imaging Reporting and Data System version 2. The diagnostic accuracy of detecting csPCa and
the Dice similarity coefficient were obtained. Apparent diffusion coefficient (ADC) ratios were also ob-
tained for quantitative comparison between bpMRI and mpMRI.
Results: Diagnostic accuracies on bpMRI and mpMRI were 0.83 and 0.82 for reader 1; 0.80 and 0.82 for
reader 2. There are no significantly different values of diagnostic sensitivities or specificities between the
readers or between MRI protocols. Intra-observer Dice similarity coefficient was significantly lower in
reader 2, compared to that in reader 1 between the two MRI protocols. The range of mean ADC ratio was
0.281e0.635. There was no statistically significant difference in the ADC ratio between bpMRI and
mpMRI.
Conclusions: Diagnostic performance of bpMRI without dynamic contrast enhancement MRI is not
significantly different from mpMRI with dynamic contrast enhancement MRI in the detection of csPCa.

© 2020 Asian Pacific Prostate Society, Published by Elsevier Korea LLC. 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 has been the most common malignancy for
decades and is the second leading cause of cancer-related death of
men in the United States1. Diagnosis of prostate cancer is tradi-
tionally performed by monitoring the elevated prostate-specific
antigen (PSA) level, rectal examination tests, and subsequent
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histological examination such as ultrasonography-guided biopsy.
Magnetic resonance imaging (MRI) helps to localize, determine the
stage, and predict the aggressiveness of the prostate cancer2-4.
Multiparametric (mp) prostate MRI, which is recommended by
current guidelines of Prostate Imaging Reporting and Data System
version 2 (PI-RADSv2), includes multiplanar T1-weighted (T1W)
and T2-weighted (T2W) imaging as well as functional sequence
diffusion-weighted imaging (DWI) and dynamic contrast
enhancement (DCE) imaging5.

Because of various sequences, mpMRI takes a relatively long
time, approximately 30e45 minutes6. In addition, the use of
gadolinium-based contrast agents presents problems of
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inconvenience of intravenous catheterization and the potential risk
of several adverse events such as nephrogenic systemic fibrosis or
gadolinium deposition in the brain. In PI-RADSv2, unlike in earlier
guidelines, the role of DCE-MRI is downgraded and plays only a
minor role in tumor assessment (tertiary sequence in the evalua-
tion of the lesions in the peripheral zone [PZ] and no role in the
transition zone [TZ]). To overcome these drawbacks, biparametric
(bp) prostate MRI (only T2W imaging and DWI) is considered to be
an alternative for the detection and evaluation of prostate cancer;
several studies have reported promising results7,8. However, most
studies comparing the diagnostic performance of mpMRI and
bpMRI used a fraction of mpMRI sequences to make up bpMRI and
were reported based on biopsy specimens, causing controversial
results6,9-12. Therefore, the purpose of this study is to compare
prostate cancer detection and localization accuracy of prebiopsy
bpMRI and postbiopsympMRI taken on different days, using radical
prostatectomy specimens as the reference standard.
2. Materials and Methods

Our study was retrospectively conducted in a single center,
tertiary referral hospital. The institutional review board approved
this study and waived the requirement for informed consent (B-
1708-412-134).
Fig. 1. Flow chart of patient inclusion. bpMRI, biparametric magnetic resonance imagi
2.1. Study Population

Among the consecutive patients who underwent bpMRI be-
tween September 2015 and March 2017, data of patients who un-
derwent the following examinations and procedures were
collected: (1) magnetic resonance (MR)– and/or ultrasonography-
guided biopsy after bpMRI; (2) postbiopsy mpMRI; and (3) radical
prostatectomy with histopathologically confirmed, clinically sig-
nificant prostate cancer (csPCa), which was defined as Gleason
score (GS) � 7 cancer or GS 6 cancer with more than 0.5 cm3 vol-
ume13,14. Finally, 41 patients with a mean age ± standard deviation
(SD) of 64.3 ± 6.2 years (range 51e75 years) constituted the authors
study population (Fig. 1). Selected patients did not have histories of
previous biopsies or any other surgeries, such as transurethral
resection. The mean interval ± SD between bpMRI and mpMRI was
35 ± 24 days (range 8e157 days); the mean interval ± SD between
mpMRI and radical prostatectomy was 9.9 ± 9.7 days
(range 0e47 days) (Table 1).
2.2. MR Protocol

Patients were scannedwith 3.0-T Ingenia or 3.0-TAchieva TxMR
units (Philips Healthcare, Best, the Netherlands). Antiperistaltic
drugs (Buscopan, Boehringer Ingelheim, Germany) were injected
ng; mpMRI, multiparametric MRI; MR, magnetic resonance; US, ultrasonography.



Table 1
Clinical–pathologic features in the study population (n ¼ 41).

Age (yr)
Mean 64.3 ± 6.12
Range 51e75

Serum PSA level (ng/mL)
Mean 9.2 ± 5.3
Range 2.9e22.9

Prostate volume (mL)
Mean 33.1 ± 11.4
Range 15.9e69.0

PSA density (ng/mL2)
Mean 0.31 ± 0.25
Range 0.10e1.44

Diameter of index lesion (cm)
Mean 1.9 ± 0.8
Range 0.4e3.9

ISUP 2014 gradinga

1 10 (24)
2 18 (44)
3 9 (22)
4 3 (7)
5 1 (2)

Pathologic tumor staginga

T2a 2 (5)
T2c 31 (76)
T3a 8 (20)

PSA, prostate-specific antigen; ISUP, International Society of Urological Pathology.
a Data are numbers of patients, with percentages in parentheses. Percentagesmay

not add up to 100% because of rounding.
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intramuscularly 30 minutes before the MR examination. The pro-
tocol and the pulse sequence parameters used in bpMRI and
mpMRI followed the technical recommendations suggested by
current guidelines (PI-RADSv2)5, as summarized in Table 2.

In bpMRI, T1Wand T2W fast spin-echo images were obtained in
the transverse plane without fat suppression covering the prostate
gland and the seminal vesicles. In mpMRI, T2W fast spin-echo
images with additional planes (sagittal without fat suppression
and coronal with fat suppression) were acquired, covering the
prostate gland and the seminal vesicles. In both protocols, DWI was
obtained in the transverse plane with the same orientation as was
used for the T2W images. Apparent diffusion coefficient (ADC)
parametric maps were calculated using a monoexponential fit
based on three b values (0, 100, and 1000 s/mm2).

In the mpMRI, DCE images were obtained in transverse sections
using a three-dimensional T1W gradient-echo sequence with fat-
suppression technique (THRIVE) sequence with a temporal reso-
lution of 5 seconds. Gadobutrol (Gadovist; Bayer Schering Pharma,
Berlin, Germany) was used as a contrast agent in a dose of
0.1 mmol/kg of body weight with a flow rate of 2 mL/s.

2.3. Image Analysis

Two radiologistsdwith 15 (reader 1, an expert) and 3 years
(reader 2, a resident) of experience in prostate MRI, respective-
lydreviewed the bpMRI and mpMRI independently, localizing
Table 2
MRI protocols.

MRI Sequence View TR (ms) TE (ms) FOV (mm � mm)

BP & MP T2W Axial 2,789 90 150 � 150
DW (b ¼ 0, 100, 1000) Axial 5,975 55 224 � 224
T1W Axial 554 10 150 � 150

MP onlya DCE Axial 4 1.5 160 � 160

BP, biparametric; DCE, dynamic contrast enhancement; DW, diffusion-weighted; MP, m
Inversion Recovery; T1W, T1-weighted; T2W, T2-weighted; TR, repetition time; TE, ech

a MP also included T2W sagittal image, T2W SPIR coronal image, and T1W SPIR contr
and evaluating suspicious lesions using PI-RADSv2. They were
informed that all the patients had undergone radical prostatec-
tomies and had csPCa. However, the radiologists were unaware of
the patients’ clinical (rectal examination), biological (serum PSA
level), and histopathological results (location, stage, or GS). For
reporting, the prostate was subdivided into 12 segments: four
quadrants (anterior right, anterior left, posterior right, and pos-
terior left) in the transverse plane and three levels (base, mid,
and apex) in the craniocaudal direction. The urethra was adopted
as an anatomic reference, dividing the anterior and posterior
sectors.

The likelihood of prostate cancer was assessed using PI-RADSv2
assessment categories5; all the detected lesions were classified as
categories 1e5. For lesions of TZ, the category was mainly deter-
mined by the T2W image; category 3 on the T2W image was
upgraded to category 4 when the lesionwas classified as category 5
on the DWI. For lesions of PZ, DWI played a key role; when DCEwas
positive on the mpMRI, category 3 lesions on the DWI were
upgraded to category 4. On the bpMRI, DCE measurement was
unavailable; in case of DWI category 3 lesion in PZ, T2W image used
instead, with threshold � category 4 considered positive, resulting
in upgrade of overall assessment categories 3e415. Categories 1e3
were considered negative, whereas categories 4 and 5 were
considered positive. The greatest dimension of categories 4 and 5
lesions was measured for comparison with prostatectomy
specimens.

The postbiopsy hemorrhage amount on the mpMRI was also
assessed for evaluation of influence on diagnostic performance.
Hemorrhages usually appear as hypointensity on the T2W image,
which may look similar to typical prostate cancer. However,
comparing the hyperintensity seen on the T1W image may be
helpful in locating the tumor16. To evaluate the effect of hemor-
rhage seen on postbiopsy mpMRI, a positive result was defined
when hemorrhages were more than half of each segment; radiol-
ogists reported the number of positive segments: 1e3 (0e25%) as 1,
4e6 (25e50%) as 2, 7e9 (50e75%) as 3, and 10e12 (75e100%) as 4,
respectively.

2.4. Matching of MRI and Prostatectomy Specimen

Clinically significant prostate cancer in the radical prostatec-
tomy specimenwas analyzed using the formal pathologic maps and
report, which contained information about the location, size, and
Gleason's score of the tumor. Localization was reported as 12 seg-
ments and the zonal anatomy of the prostate. Segment-based
diagnostic performance, including sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV), was
obtained based on the reports by the two radiologists compared
with the pathologic reports. In addition, a patient-based agreement
between MR-specified lesions and csPCa in the prostatectomy
specimen was determined by a consensus of two readers using the
pathologic map. Correlation of prostate MRI to histopathologic
maps is known to be difficult17.
Matrix Slice thickness
(mm)

Interslice gap
(mm)

NSA Scan time
(min:s)

Temporal
resolution (s)

300 � 298 3 1 1 3:04
112 � 111 3 0 1 3:17
300 � 300 3 1 1 3:22
108 � 105 8 �4 2 5:02 5

ultiparametric; MRI, magnetic resonance imaging; SPIR, Spectral Presaturation with
o time; FOV, field of view; NSA, number of signals averaged.
ast enhanced axial image.



Table 3
Comparison of ADC and ADC ratios between prebiopsy biparametric and postbiopsy
multiparametric prostate MRI.

Biparametric MRI Multiparametric MRI P

ADC (�10�6 mm2/s)
Tumor 760.3 ± 154.8 722.3 ± 156.0 0.272
Peripheral zone 1843.3 ± 225.9 1796.3 ± 156.4 0.276
Transition zone 1199.8 ± 97.0 1223.5 ± 86.8 0.246
Tumor zone 1574.1 ± 345.7 1575.2 ± 295.6 0.987
Urinary bladder 2596.5 ± 265.3 2583.7 ± 246.8 0.821

ADC ratio
Tumor-to-peripheral zone 0.42 ± 0.09 0.40 ± 0.08 0.512
Tumor-to-transition zone 0.64 ± 0.12 0.59 ± 0.14 0.148
Tumor-to-tumor zone 0.51 ± 0.15 0.48 ± 0.15 0.414
Tumor-to-urinary bladder 0.29 ± 0.06 0.28 ± 0.06 0.336

Data are mean ± SD, and P values were calculated using the unpaired t test.
ADC, apparent diffusion coefficient; MRI, magnetic resonance imaging; SD, standard
deviation.
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2.5. ADC Value Analysis

After matching the MRI and prostatectomy maps, one radiolo-
gist located tumors on an ADC map using commercial analysis
software (Intellispace Portal version 9.0.1; Philips Healthcare, Best,
the Netherlands). Anatomical landmark structures such as the
border between the TZ and PZ, verumontanum, urethra, and other
benign lesions including cysts, calcification, and hyperplastic nod-
ules2,18 were used to help precise localization. Regions of interest
(ROIs) were drawn carefully for tumors, which appeared as lesions
with focal hyperintensity on high b-value (b ¼ 1000 s/mm2), DWI,
and corresponding low focal ADC value, relative to surrounding
benign tissues.

For the visible lesion, the ROI was measured as large as possible
on the slice showing the maximumwidth of the tumor; the tumor
edge was not included19. For the invisible lesion, the histopatho-
logic map and anatomical structure were used as a reference, and
the ROI was drawn at the corresponding tumor location on the ADC
map. To minimize mismatch between the ADC and histopathologic
maps, the tumor ROI on the ADC was drawn smaller than size on
the histopathologic map18. In addition, ROIs of at least 20 mm2

were drawn on the homogeneous portion of the PZ, TZ, and urinary
bladder without tumors, as previous reports suggested2,20,21. The
ADC ratio was calculated by dividing the ADC value of the tumor by
the reference ADC value. A total of four ADC ratios were obtained
according to the reference zone: tumor-to-PZ, tumor-to-TZ, tumor-
to-tumor zone (same value as tumor-to-PZ or tumor-to-TZ
depending on tumor location), and tumor-to-urinary bladder2,20.

2.6. Statistical Analysis

Statistical analysis was performed using SPSS version 19.0
software (IBM, Armonk, NY). A P value < 0.05 was considered to be
statistically significant. Diagnostic performance, including sensi-
tivity, specificity, PPV, NPV, and accuracy was compared between
the two readers using McNemar tests. The Dice similarity coeffi-
cient (DSC) was calculated to quantify spatial agreements of sus-
pected lesions between the readers and between the two MRI
protocols; DSCs were also compared using the independent sam-
ples Student t test. The greatest dimensions of PI-RADS 4 and 5
lesions were compared between bpMRI and mpMRI by using Wil-
coxon signed rank tests. Also, weighted Cohen kappa was used to
evaluate the degree of inter-observer agreement in postbiopsy
hemorrhage. The ADC ratios of the bpMRI and mpMRI were
compared using the independent samples Student t test.

3. Results

3.1. Patient and Tumor Characteristics

The mean preoperative serum PSA level of the 41 patients was
9.2 ± 5.3 ng/mL (range 2.9e22.9 ng/mL). Pathologic stages were IIa
(n ¼ 1), IIc (n¼ 31), and IIIa (n ¼ 9). Gleason scores based on biopsy
were 6 in 10 (24.4%), 7 (3 þ 4) in 18 (43.9%), 7 (4 þ 3) in 9 (22.0%), 8
in 3 (7.3%), and 9 in 1 (2.4%) patients, respectively. The mean per-
centage of positive cores was 23.4% ± 12.7% (range 0e58.3%) on
routine transrectal 12-core biopsy. A total of 85 combined MR/US–
guided target biopsies for suspicious tumors were performed in 39
patients, and 49 positive cores (55.1%) were obtained.

Gleason scores of prostatectomy specimens were 7 (3 þ 4) in 27
(65.9%), 7 (4 þ 3) in 11 (26.8%), and 9 in 3 (7.3%) patients, respec-
tively. Regarding extraprostatic disease, 8 patients (19.5%) had an
extracapsular extension, and none had a seminal vesical invasion.
Among 26 patients who underwent lymph node dissection, none
had lymph node metastasis. Mean prostate volume and tumor
volume percentage based on radical prostatectomy were
33.1 ± 11.4 cm3 (range 15.9e69.0) and 8.9% ± 7.9% (range 1e35%).
3.2. Diagnostic Performance

The sensitivities, specificities, PPV, and NPV of localizing csPCa
on bpMRI were 0.22, 0.97, 0.63, and 0.85 for reader 1; 0.20, 0.94,
0.41, and 0.84 for reader 2, respectively. These measurements on
the mpMRI were 0.22, 0.95, 0.5, and 0.84 for reader 1; 0.24, 0.96,
0.55, 0.85 for reader 2, respectively. Accuracies on the bpMRI and
mpMRI were 0.83 and 0.82 for reader 1; 0.80 and 0.82 for reader 2.
There were no significantly different diagnostic parameters be-
tween the readers or the MRI protocols.

The inter-observer DSC of mean ± SD between readers 1 and 2
was 0.29 ± 0.42 for the bpMRI and 0.46 ± 0.48 for the mpMRI
(p ¼ 0.09). The intra-observer DSC of mean ± SD between the
bpMRI and the mpMRI was 0.43 ± 0.45 for reader 1 and 0.20 ± 0.38
for reader 2 (p ¼ 0.01). The intra-observer DSC was significantly
lower in reader 2 compared to reader 1 between the two MRI
protocols.

The mean greatest dimension (mean ± SD) of PI-RADS cate-
gories 4 and 5 on the bpMRI and mpMRI was 13.6 ± 5.1 mm and
13.6 ± 5.8 mm for reader 1; 15.4 ± 5.2 mm and 13.6 ± 4.8 mm for
reader 2. The dimension measured by reader 2 on the mpMRI was
significantly decreased compared with that on the bpMRI
(p¼ 0.025) and similar to thosemeasured by reader 1. Evaluation of
the postbiopsy hemorrhage amount showed good inter-observer
agreement (k ¼ 0.627) between the two readers.

The range of the mean ADC ratio was 0.281e0.635 (Table 3).
There was no statistically significant difference in the ADC ratio
between the bpMRI and mpMRI.
4. Discussion

This study compared the diagnostic performance in detection
and localization of csPCa in patients who underwent radical pros-
tatectomy and two preoperative prostate MRIs; bpMRI and mpMRI.
Our results support that bpMRI composed of a T2W and DWI
sequence is similar in diagnostic performance to mpMRI, which is
in agreement with many studies including recent meta-anal-
ysis6,9,13,22-26. In addition, there was no statistically significant dif-
ference in the ADC ratio between the twoMRI protocols, which was
performed to assess the quantitative difference of MRI.

There was no significant difference in the diagnostic perfor-
mance of the experienced and inexperienced reader, as Di Campli
et al27 suggested. However, for reader 2, intra-observer DSC



Fig. 2. A 58-year-old biopsy-naïve man with prostate cancer in left peripheral zone (GS 4 þ 5 ¼ 9 on prostatectomy specimen; PSA level, 14.7 ng/mL). Prebiopsy T2W image (A) and
ADC map (B) show a hypointense lesion in the left peripheral zone of the midgland, which appears less prominent on postbiopsy T2W (C) and ADC map (D). Postbiopsy T1W image
(E) shows diffuse hemorrhage in the peripheral zone. ADC, apparent diffusion coefficient; GS, Gleason score; PSA, prostate-specific antigen; T1W, T1-weighted; T2W, T2-weighted.
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between bpMRI and mpMRI was significantly lower than that in
reader 1, and the mean measured the greatest diameter of the
suspected lesion was larger on bpMRI than that on mpMRI. These
results might be attributed to the fact that postbiopsy hemorrhage
from the mpMRI affected the lesion conspicuity on ADC image,
especially for inexperienced radiologists. The DSC measures the
amount of overlap between a pair of regions and ranges from 0 (no
overlap) to 1 (complete overlap)28, which could express how
similar the selected segments are by two readers (inter-observer)
and between bpMRI and mpMRI (intra-observer). Lower intra-
observer DSC with relative high SD might imply low reproduc-
ibility of tumor detection. The mean greatest dimension of PI-RADS
categories 4 and 5 lesions on mpMRI measured by reader 2 was
similar to that of reader 1. As seen in the previous study16, the
margin of the suspected lesion on the mpMRI seemed to be
attributed clearly to the hemorrhage exclusion sign after biopsy
(Fig. 2).

Most previous studies13,22,24,26,27 that compare the diagnostic
performance of bpMRI and mpMRI extracted T2W and DWI se-
quences retrospectively frommpMRI. On the other hand, this study
compared two MRIs taken on different dates and found no differ-
ence in diagnostic performance and ADC ratio between bpMRI and
mpMRI. This result supports the authors hypothesis that bpMRI is
sufficient for detecting csPCa. However, except in csPCa detection,
the role of bpMRI for clinical staging is limited and has not been
evaluated well except by the preliminary report on bpMRI detec-
tion of extraprostatic extension29. In addition, the reference stan-
dard of the csPCa in this study was a whole-mount prostatectomy
specimen. Considering the positive biopsy result of combined MR/
US–guided biopsy was 55.1%, correlation with a radical prostatec-
tomy specimen could reduce false positives and false negatives of
missed or incorrect targeting on the biopsy.

One patient was upgraded by reader 1 to PI-RADS category 4
with a DCE positive. The patient's csPCa had a volume of 0.42 cm3

and 7 (3 þ 4) of GS as a result of prostatectomy. The DCE sequence
on the mpMRI is not only important in upgrading PI-RADS category
3 lesions in PZ to category 430 but may also improve diagnostic
performance of prostate cancer, particularly in less experienced
residents, by detecting lesions missed on bpMRI31 and in patient
with prostatitis or previous prostate biopsy. However, the overall
detection rate of csPCa was not significantly different in this study.

This study has several limitations. First, the study consisted of a
relatively small number of patients and had a retrospective design.
A prospective study with a large patient sample is warranted.
Secondly, the sensitivity of the csPCa detection was 0.20e0.24,
which was relatively low. This can be attributed to the relatively
low-grade histopathology of prostate cancer; of 41 patients, 28
patients showed GS 6 and 7 (3 þ 4) on biopsy, and no patient
showed lymph node or other distal metastasis. The accuracy of
csPCa detection was 0.80e0.83, which is relatively reasonable.
However, because history of radical prostatectomy was part of the
inclusion criteria on this study, early stage prostate cancer samples
might be not included in this study. Therefore, results should be
interpreted with caution for early stage prostate cancer.

In conclusion, for the detection of csPCa, bpMRI showed similar
predictive values compared to mpMRI.
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