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Abstract: Purpose To clarify clinicopathological features of false-negative clinically significant
prostate cancer (csPC) at multiparametric prostate MRI (mpMRI).
Methods 95 patients with 139 csPC undergoing 3T mpMRI before radical
prostatectomy were included. Two radiologists were independently evaluated mpMR
images using PI-RADS v2. Clinicopathological findings were compared between a)
detectable and undetectable lesions using overall mpMRI criteria (o-mpMRI criteria)
and b) lesions with early enhancement effect (EEE) and lesions without EEE at DCE-
MRI.
Results The detection rate of csPS using cutoff value of category 3 or more in PI-
RADS v2 for positive lesion was 72.1% (98/136 lesions). In 38 false-negative lesions
with less than PI-RADS v2 category 3, the DCE-MRI detected 14 lesions. 17
undetectable lesions on o-mpMR criteria had lower PSA and D'amico risk
classification, and higher tumor apparent diffusion coefficient (ADC) than those of 118
detectable lesions (p ≤0.048). 89 lesions with EEE showed higher the PSA, tumor size,
prostatectomy GS grade, frequency of lesions with GS≥4+3 and lower tumor ADC than
those in 38 lesions without EEE (p≤0.046).
Conclusion Tumor detectability of csPC with PI-RADS v2 was limited compared with o-
mpMRI criteria. Moreover, false-negative lesions on o-mpMRI criteria were
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characterized as small in size, low risk and low cellularity.
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Referee's comments and our responses

Reviewer #1

Introduction:
1.Page 5, line 7: "Only a few previous studies… including DCE-MRI [15, 16, 18]." The
recent important papers by Truong M (J Urol. 2017;198: 316-321, J Urol. 2018;199:
106-113) should be cited in this connection here.
The suggested papers have been added in the introduction section (Page 5 and 18).

Materials and methods:
2.Page 6, line 36: Why did the authors calculate the ADC values with b=0 and 2000
s/mm2. The PI-RADS v2 recommends using the highest b-value of 800-1000 s/mm2
for ADC maps.
PI-RADS v2 recommends the optimal b-value of 800-1000 s/mm2 for qualitative
assessment of ADC map. However, optimal b-value for quantitative assessment such
as ADC hasn't been decided yet in PI-RADS v2. Furthermore, several papers with
utility of high b-value DWI such as 2000 s/mm2 for tumor detection and assessment of
tumor aggressiveness has been already published from Japan, and the high b-value
DWI is used in daily clinical setting of many Japanese institutions. Therefore, we
decided to use the ADC calculated from high b-value DWI (ADC map).

Kitajima K, Takahashi S, Ueno Y, Miyake H, Fujisawa M, Kawakami F, Sugimura K. Do
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apparent diffusion coefficient (ADC) values obtained using high b-values with a 3-T
MRI correlate better than a transrectal ultrasound (TRUS)-guided biopsy with true
Gleason scores obtained from radical prostatectomy specimens for patients with
prostate cancer? Eur J Radiol. 2013 Aug;82(8):1219-26.

Kitajima K, Takahashi S, Ueno Y, Yoshikawa T, Ohno Y, Obara M, Miyake H, Fujisawa
M, Sugimura K. Clinical utility of apparent diffusion coefficient values obtained using
high b-value when diagnosing prostate cancer using 3 tesla MRI: comparison between
ultra-high b-value (2000 s/mm²) and standard high b-value (1000 s/mm²). J Magn
Reson Imaging. 2012 Jul;36(1):198-205.

Tamada T, Kanomata N, Sone T, Jo Y, Miyaji Y, Higashi H, Yamamoto A, Ito K. High b
value (2,000 s/mm2) diffusion-weighted magnetic resonance imaging in prostate
cancer at 3 Tesla: comparison with 1,000 s/mm2 for tumor conspicuity and
discrimination of aggressiveness. PLoS One. 2014 May 6;9(5):e96619.

3.Page 7: Image analysis and data collection: The descriptions of this subsection are
somewhat complicated. What's the definition of "overall mpMRI criteria"? How did the
authors diminish recall bias between two protocols (PI-RADS and o-mpMRI)? I suggest
to rewrite this section substantially in an easy-to-understand way.
We used consensus data including the T2WI score, DWI score, positive or negative for
DCE-MRI, and DCE-MRI score by two reviewers to determine the final overall PI-
RADS assessment category and the overall mpMRI criteria. Therefore, our study didn't
have the recall bias between two protocols. Manuscript has been revised as suggested
(Page 8).

4.Page 8, line 15: ", three tumors in the peripheral zone… category determined (Fig.
1)". This should be mentioned in the results section.
The contents has been deleted from the text, since it was included in Figure 1.

5.The exclusions 3 in Fig. 1 (unevaluable of overall mpMRI criteria due to lack of DCE-
MRI (n=4)) are not described in the materials and methods section.
The contents has been deleted from the text, since it was included in Figure 1.

5.Page 9, line 44-51: The descriptions of " a moderate or strong EEE on DCE-MRI"
here are duplicated.
The contents has been deleted from the materials and methods section as suggested.

7.Most of descriptions in the Statistical analysis subsection should be stated in the
Image analysis and data collection subsection.
The image analysis and data collection subsection and the statistical analysis
subsection have been revised as suggested (Page 8-9).

Results:
8.Page 10, line 54: ", indicating excellent agreement for all (Fig. 1)". "(Fig. 1)" should
be deleted.
The sentence has been revised as suggested (Page 10).

9.Results are too long. The most of results were summarized on the Tables. Avoid the
repeated descriptions.
The results section has been revised as suggested (Page 10-12).

Discussion:
10. The main contents of "Discussion" are repeated descriptions of the results.
The discussion section has been revised as suggested as much as possible (Page 12-
15).

Reviewer #2

Materials and methods
1.Line 51, Page 7
The word "distinct" seems to be inappropriate. Please change.
(Do you mean "well-recognizable"?)
Manuscript has been revised as suggested (Page 7).
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Result
2.In discussion, the author described that "DCE-MRI led to a positive result for more
false-negative lesions (14/38 lesions) than T2WI (4/38 lesions) and DWI (7/38
lesions)". I could not draw these numbers from results. Please show that clearly in
result.
The suggested contents have been already shown in the result section (Page 11).

Discussion
3.In study limitation, the author should add the difference of multiphase DCE-MR
sequences in two groups (64 vs. 23 patients)
Manuscript has been revised as suggested (Page 14).

Conclusion
4.It is better to add "in Japanese men" in the end of the first sentence at abstract and
text, as follows, "Tumor detectability of csPC with PI-RADS v2 was limited compared
with ompMRI criteria in Japanese men" and "tumor detectability of csPC with PI-RADS
v2 was limited compared with overall mpMRI criteria in Japanese men".
Manuscript has been corrected as suggested (Page 2 and 15).
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Abstract 

Purpose To clarify clinicopathological features of false-negative clinically significant 

prostate cancer (csPC) at multiparametric prostate MRI (mpMRI). 

Methods 95 patients with 139 csPC undergoing 3T mpMRI before radical 

prostatectomy were included. Two radiologists were independently evaluated mpMR 

images using PI-RADS v2. Clinicopathological findings were compared between a) 

detectable and undetectable lesions using overall mpMRI criteria (o-mpMRI criteria) 

and b) lesions with early enhancement effect (EEE) and lesions without EEE at 

DCE-MRI. 

Results The detection rate of csPS using cutoff value of category 3 or more in PI-RADS 

v2 for positive lesion was 72.1% (98/136 lesions). In 38 false-negative lesions with less 

than PI-RADS v2 category 3, the DCE-MRI detected 14 lesions. 17 undetectable 

lesions on o-mpMR criteria had lower PSA and D’amico risk classification, and higher 

tumor apparent diffusion coefficient (ADC) than those of 118 detectable lesions (p 

≤0.048). 89 lesions with EEE showed higher the PSA, tumor size, prostatectomy GS 

grade, frequency of lesions with GS≥4+3 and lower tumor ADC than those in 38 lesions 

without EEE (p≤0.046). 

Conclusion Tumor detectability of csPC with PI-RADS v2 was limited compared with 

o-mpMRI criteria in Japanese men. Moreover, false-negative lesions on o-mpMRI

criteria were characterized as small in size, low risk and low cellularity. 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



3 

Key words Magnetic resonance imaging; Prostate cancer; Tumor detection; Prostate 

Imaging and Reporting Data System Version 2; Dynamic contrast-enhanced MR 

imaging. 
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Introduction 

It has been reported that about 161,360 new prostate cancer (PC) cases in the United 

States and 86,100 new PC cases in the Japan were diagnosed in 2017, and the disease is 

the second and the sixth leading cause of cancer death for men, respectively [1, 2]. PC 

has been classified as clinically significant (cs) tumor, for which curative therapies such 

as radical prostatectomy are indicated, and clinically insignificant (ci) tumor, for which 

active surveillance using serum prostate-specific antigen (PSA) is indicated [3, 4]. 

Therefore, accurate pre-biopsy evaluation is essential to efficiently discriminate csPC 

from ciPC among multicentric PCs in each subject. 

In recent years, prostate multiparametric magnetic resonance imaging 

(mpMRI) has become the best diagnostic imaging tool for detecting csPCs [5, 6]. 

Moreover, in 2015, the Prostate Imaging and Reporting Data System Version 2 

(PI-RADS v2) was standardized for the assessment of the probability (PIRADS 

assessment category) of csPC using prostate mpMRI [3]. As a feature of PI-RADS v2, 

dynamic contrast-enhanced MRI (DCE-MRI) plays a minor role in mpMRI for 

determining the PIRADS assessment category [3], because it is said that absence of the 

early enhancement effect (EEE) within a lesion usually adds little information [3]. That 

is, this may mean lack of clinical knowledge of the difference between PCs with the 

EEE and PCs without the EEE. On the other hand, PI-RADS v2 shows a higher rate of 

false-negative results for csPC detection within the low PI-RADS assessment category 

[7-12]. In addition, in usual clinical practice, we often see csPCs with a false-negative 

result showing a low PI-RADS assessment category that could detect the lesion using 

the conventional overall assessment using mpMRI including T2-weighted fast spin-echo 

(FSE) imaging (T2WI), diffusion-weighted imaging (DWI), and DCE-MRI, not 
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PI-RADS v2. On the other hand, a fraction of csPCs that are not detected by the overall 

assessment using mpMRI also exist; that is, they are undetectable by all three sequences. 

[6, 13-17]. Only a few previous studies have assessed the clinical and biological 

differences between detectable and undetectable csPCs on mpMRI including DCE-MRI 

[15, 16, 18-20]. In particular, the differences between csPCs with the EEE and csPCs 

without the EEE remain unclear [16]. Accordingly, a multidimensional analysis to 

understand such characteristics in csPCs showing false-negative results on mpMRI may 

provide useful information for the next revision of PI-RADS to further improve the 

diagnostic accuracy of csPC. 

Therefore, the aim of this study was to clarify the clinicopathological features 

of false-negative clinically significant PC (csPC) on mpMRI. 

Materials and Methods 

Patient selection 

This single-center retrospective study was approved by the local institutional review 

board with a waiver of the requirement for written, informed consent. 

A total of 100 consecutive patients with biopsy-proven prostate 

adenocarcinoma who underwent prostate mpMRI followed by radical prostatectomy at 

our institution were initially identified. Then, 143 PCs with tumor diameter larger than 5 

mm and Gleason score (GS) ≥3+3 were identified from detailed diagrams mapping the 

location of tumors within the prostate at the time of radical prostatectomy. In addition, a 

lesion with GS ≥7 and tumor size ≥5 mm or a lesion with GS=3+3 and tumor size ≥0.5 

mL (tumor size ≥8 mm in diameter) was considered a csPC, which was the focus of this 

study. Of these, 4 PCs with GS=3+3 and tumor size <0.5 mL were excluded. These 
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exclusions resulted in a final study cohort of 95 patients with 139 PCs (Fig. 1). No 

patient had undergone any treatment for PC at the time of the prostate MRI examination. 

The clinicopathological features of the study population are summarized in Table 1. 

MRI 

After intramuscular administration of buscopan or glucagon to decrease intestinal 

peristalsis, all MRI examinations were performed under the fasting condition using a 

3-T scanner with a 16-channel phased-array coil (Toshiba Medical Systems, Tochigi,

Japan). 

MRI protocols included axial T1-weighted FSE imaging, axial and coronal 

T2WI, axial fat-suppressed single-shot echo-planar DWI, and axial DCE-MRI. DWI 

was acquired with motion-probing gradient (MPG) pulses applied sequentially along 

three orthogonal orientations following acquisition at b values of 0 and 2000 s/mm2. 

ADC maps were reconstructed by calculating the ADC in each pixel of each slice, and 

the ADC values were calculated by a mono-exponential fitting for a pair of b values (0 

and 2000 s/mm2). Data acquisition for DCE-MRI began simultaneously with the start of 

intravenous injection of a gadolinium-based contrast medium of 0.1 mmol/kg body 

weight at a rate of 3 mL/s (meglumine gadoterate (Magnescope; Guerbet Japan, Tokyo, 

Japan) or gadopentetate dimeglumine (Magnevist; Bayer Schering Pharma, Osaka, 

Japan)) or 1.5 mL/s (gadobutrol (Gadovist; Bayer Schering Pharma)) via a power 

injector, followed by a 40-mL saline flush at the same rate as contrast medium injection. 

Multiphase DCE-MRI images were obtained every 30 seconds for 180 seconds (six 

phases) in 64 patients with 94 lesions or every 7 seconds for 210 seconds (30 phases) in 

23 patients with 33 lesions without breath-holding. T2WI and DWI were acquired in all 
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95 patients with 139 lesions, while DCE-MRI was performed in 88 patients with 127 

lesions (Fig. 1). The detailed technical parameters of the mpMRI pulse sequences are 

shown in Table 2. 

Histopathologic examination 

The radical prostatectomy specimens underwent standard step sections at 4 to 6-mm 

intervals, with subsequent hematoxylin-eosin staining. A uropathologist with 22 years of 

experience who was blinded to the MRI findings recorded tumor location, tumor 

diameter, and the GS of all tumor foci, and the locations of extraprostatic extension 

(EPE) on a standardized diagram of the prostate. EPE was defined histopathologically 

as the presence of cancer cells beyond the prostatic capsular margin, extending into the 

periprostatic adipose tissue [21]. The GS of each tumor was evaluated according to the 

2014 International Society of Urological Pathology Modified Gleason Grading System 

[22]. 

Image analysis and data collection 

Two blinded radiologists (Blinded, with fellowship-trained abdominal radiologists with 

5 and 19 years of experience in prostate MRI) and the same uropathologist reviewed all 

MRI examinations in conjunction with the standardized diagrams of the prostate and 

determined the location of each tumor indicated by histopathology on multiparametric 

MRI, mainly T2WI. If a tumor was indistinct on T2WI, DWI and DCE-MRI were used 

to localize the lesion. This matching was performed by taking into account the tumor 

size and overall position in the craniocaudal, anteroposterior, and left-right planes on 

both the MR images and pathologic maps. 
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The same two radiologists independently assessed the mpMRI of each tumor 

using PI-RADS v2. These radiologists had two years of experience in image 

interpretation using PI-RADS v2 prior to this study. Each radiologist assigned each 

tumor a score of 1 to 5 for T2WI, a score of 1 to 5 for DWI, positive or negative for 

DCE-MRI, and the overall PI-RADS assessment category according to PI-RADS v2 [3]. 

Next, the reviewers reassessed in consensus the mpMRI of tumors for which the score 

of each sequence and PI-RADS assessment category were discrepant for a given 

outcome, and they determined the final score of the three sequences and the final 

PI-RADS assessment category. In addition, on DCE-MRI, the degree of the EEE to 90 

seconds after contrast medium administration in each tumor was classified as none 

(score 0), weak (score 1), moderate (score 2), or strong (score 3) enhancement using a 

four-point scale. Furthermore, the reviewers determined the presence or absence of EPE 

according to previously described criteria [23]. These consensus data including the 

T2WI score, DWI score, positive or negative for DCE-MRI, and EEE score on 

DCE-MRI were used to determine the final overall PI-RADS assessment category and 

the overall mpMRI criteria. For tumor detection using the final overall PI-RADS 

assessment category after consensus reading, categories 1 and 2 were considered 

negative, and categories 3, 4, and 5 were considered positive. For tumor detection using 

the overall mpMRI criteria, if each tumor showed positive findings (score 4 or 5 on 

T2WI, score 4 or 5 on DWI, and EEE score 2 or 3 on DCE-MRI in consensus data 

mentioned above) on at least one of the three MRI sequences including T2WI, DWI, 

and DCE-MRI, the lesion was classified as detectable tumor [24]. The remaining lesions 

were classified as undetectable tumors. The ADC of each tumor was also measured 

using the region of interest (ROI) placement technique for the ADC map by the same 
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two radiologists by consensus. Each ROI was a circle or oval and was chosen to be as 

large as possible. The volume and mean ADC value of each ROI were recorded. 

Clinical data collection 

A study coordinator (blinded) reviewed the medical and pathology records. Clinical data 

included age at MRI, initial serum PSA level, prostate volume by preoperative 

transrectal ultrasound (TRUS), PSA density (ng/mL/cm3), tumor size, tumor location 

(PZ, central zone (CZ), and transition zone (TZ)), prostatectomy GS, D’Amico risk 

classification, and pathological staging (T stage, N stage, and M stage). 

Statistical analysis 

All statistical tests were performed at the 5% significance level using SPSS for 

Windows v. 24.0 software (SPSS, Chicago, IL). For the statistical analysis, it was 

assumed that the multiple lesions per subject were independent. The kappa statistic was 

used to estimate the inter-reader agreement of the scores for T2WI, DWI, and 

DCE-MRI and the PI-RADS assessment category between two reviewers. Kappa values 

of less than 0.20 indicated poor agreement, 0.21–0.40 indicated fair agreement, 

0.41–0.60 indicated moderate agreement, 0.61–0.80 indicated good agreement, and 0.81 

or higher indicated excellent agreement. The clinical and MRI characteristics were 

compared a) between undetectable PCs on overall mpMRI criteria and detectable PCs 

on overall mpMRI criteria and b) between undetectable PCs on DCE-MRI (EEE score 0 

or 1) and detectable PCs on DCE-MRI (EEE score 2 or 3) using Fisher’s exact test, the 

χ2 test, and the Mann-Whitney U test, as appropriate. Age, PSA level, PSA density, 

prostate volume on TRUS, tumor size, prostatectomy GS grade (GS=3+3, grade 1; 
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GS=3+4, grade 2; GS=4+3, grade 3; GS=3+5, grade 4; GS=4+4, grade 5; GS=4+5, 

grade 6), D’Amico risk classification (low=1, intermediate=2, high=3), tumor ADC, 

ROI size on tumor ADC measurement, T2WI score, DWI score, and overall PI-RADS 

assessment category were compared using the Mann-Whitney U test. The frequency of 

tumor location (PZ or TZ), prostatectomy Gleason score 1 (GS=3+3 or GS≥3+4), 

prostatectomy Gleason score 2 (GS≤3+4 or GS≥4+3), pathological T stage (pT2 or pT3), 

and suspected EPE (yes or no) were compared using Fisher’s exact test or the χ2 test. A 

tumor in CZ was included as PZ tumor for the statistical analysis of tumor location. The 

significance of the difference in the EEE score between tumors with GS=3+3, tumors 

with GS=3+4, and tumors with GS≥4+3 was assessed using the Kruskal-Wallis test. If 

the p value from the Kruskal-Wallis test was less than 0.05, pairwise comparisons 

between groups of two were performed using the Mann-Whitney U test. 

Results 

Inter-reader agreement for assessment of mpMRI using PI-RADS v2 

For inter-reader agreement between two readers, the kappa value was 0.888 for the 

T2WI score, 0.951 for the DWI score, 0.929 for the DCE-MRI score, and 0.960 for the 

overall PI-RADS assessment category, indicating excellent agreement for all. 

Tumor detection ability in prostate cancer using PI-RADS v2 

Table 3 demonstrates the results of assessment of mpMRI using PI-RADS v2 in 136 

csPCs (95 patients) (Fig. 1). In lesion-based and patient-based analyses using a 

PI-RADS assessment category cutoff of 3 or more for positive tumor detection on 

mpMRI, the detection rates were 72.1% (98/136 lesions) and 83.2% (79/95 patients), 
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respectively. In 38 lesions with a PI-RADS assessment category less than 3, 4 lesions 

(all PZ), 7 lesions (all TZ), and 14 lesions (PZ in 6 and TZ in 8) showed positive MRI 

findings on T2WI (score 4 or 5), DWI (score 4 or 5), and DCE-MRI (moderate or strong 

EEE), respectively (Figs. 2 and 3). Among the 38 lesions, two lesions with a DWI score 

less than 3 in PZ were not assessed for the overall PI-RADS assessment category due to 

lack of DCE-MRI. Of the remaining 36 lesions, 22 (PZ in 9 and TZ in 13) (PI-RADS 

assessment category 1 in 9, category 2 in 13) (61.1%) had a positive MRI finding on at 

least one of the three MRI sequences. On the other hand, in subgroup analyses using 

103 lesions with GS≥3+4 (81 patients) and 95 lesions with GS≥3+4 and diameter ≥8 

mm (≥0.5 cc) (76 patients), the tumor detection rates were 75.7% (78/103 lesions) and 

77.9% (74/95 lesions), respectively. 

Clinicopathological features of prostate cancers showing undetectable tumor on 

mpMRI 

The results of the comparisons of clinical, pathological, and MRI characteristics 

between PCs with detectable tumor (detectable mpMRI group) and with undetectable 

tumor (undetectable mpMRI group) on overall mpMRI criteria are summarized in Table 

4 (Figs. 1 and 4). The PSA, PSA density, and D’Amico risk classification were 

significantly lower in the undetectable mpMRI group than in the detectable mpMRI 

group, suggesting lower risk tumor in the undetectable mpMRI group (p=0.042 to 

0.048) (Table 4). In addition, the tumor ADC was significantly higher in the 

undetectable mpMRI group than in the detectable mpMRI group, suggesting lower 

cellularity in the undetectable mpMRI group (p<0.001). 
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Clinicopathological features of prostate cancers with the EEE on DCE-MRI 

Table 5 shows the results of the comparisons of clinical, pathological, and MRI 

characteristics between PCs with (early enhancement group) and without (no early 

enhancement group) the EEE on DCE-MRI in 88 patients with 127 lesions (Fig. 1). In 

comparisons between the groups, there were significant differences in the PSA, tumor 

size, mean prostatectomy GS grade, prostatectomy GS 2 (GS≤3+4 vs. GS≥4+3), and 

tumor ADC (p=0.001 to 0.046), suggesting larger size, more aggressive tumor, such as 

GS≥4+3, and higher cellularity in the early enhancement group. In addition, the T2WI 

score, DWI score, PI-RADS assessment category, and frequency of suspected EPE were 

significantly higher in the early enhancement group than in the no early enhancement 

group, suggesting that tumors with the EEE were easy to detect on T2WI and DWI 

(p<0.001 to 0.034). The EEE score was significantly greater for tumors with GS≥4+3 

than for tumors with GS=3+3 and tumors with GS=3+4 (p=0.003 and 0.022, 

respectively), but no significant difference between tumors with GS=3+3 and tumors 

with GS=3+4 (p=0.437) (Table 6). 

Discussion 

First, the ability of PI-RADS v2 to detect csPC was evaluated using radical 

prostatectomy as the reference standard. The false-negative rate was 27.9% on a 

per-lesion basis. However, the use of overall mpMRI criteria detected 61.1% (22/36 

lesions) of lesions with a false-negative result (PI-RADS assessment category 1 or 2). In 

particular, DCE-MRI, which has a minor role for the determination of the PI-RADS v2 

assessment category, led to a positive result for more false-negative lesions than T2WI 

and DWI [3]. Therefore, the present results showed that further revision of PI-RADS 
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including re-evaluation of DCE-MRI is warranted to improve the diagnostic accuracy 

for the detection of csPCs [11]. In addition, the remaining 14 lesions were not detected 

(10.1%; 14/139 lesions) even with these assessments. Therefore, particularly on initial 

prostate biopsy, in addition to MRI-ultrasound fusion targeted prostate biopsy for 

lesions with highly suspicious mpMRI, conventional systematic biopsy for lesions that 

are undetectable on either mpMRI sequence will need to be performed for reliable 

detection of csPCs [25-27]. On the other hand, the false-negative rate for the detection 

of csPCs using PI-RADS v2 was higher in the present study than in previous reports 

(27.9% vs. 2.7% (11/410 lesions [8]) to 9.3% (15/162 lesions [9]). This difference may 

be the result of differences in the definition of csPC, age of onset, biological 

aggressiveness, and tumor size in PC between Western countries and Japan [28-31] and 

the acquisition methods of mpMRI. However, in the subgroup analyses of present study, 

the false-negative rate decreased by loosening the definition of csPC. 

Next, the 17 undetectable tumors on overall mpMRI criteria were characterized 

by relatively low-risk PC, in comparison with the detectable tumors. In addition, the 

undetectable tumors tended to be small in size and low prostatectomy Gleason grade, 

with marginally significant differences (p=0.074 and 0.061, respectively) (Table 4). 

Moreover, the lower cellularity with high tumor ADC values was also an important 

pathological characteristic of the undetectable tumors, indicating less aggressive PC 

[32-35]. With respect to tumor ADC using DWI with acquisition at b values of 0 and 

2000 s/mm2 with a 3-T scanner, the mean ADC value of 1.04×10-3 mm2/s in the 

undetectable tumors was equivalent to that of low-risk cancers with Gleason score ≤6, 

since a previous study presented an ADC cut-off value of 0.92×10-3 mm2/s for 

differentiating between low-risk cancers with Gleason score ≤6 and intermediate or 
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high-risk cancers with Gleason score ≥7 [36]. Thus, although these undetectable tumors 

on mpMRI were classified as csPCs in the present study, an undetectable tumor on 

mpMRI with such features may be included in the category of ciPC by considering its 

biologic behavior. Further investigations will need to clarify the pathological and 

prognostic characteristics of such undetectable tumors on mpMRI to accurately 

differentiate between csPC and ciPC. 

Finally, the tumors with the EEE tended to be larger in size, more aggressive, 

and detectable lesions even on T2WI and DWI, in comparison with the tumors without 

the EEE. In these results, interestingly, the difference in the prostatectomy Gleason 

grade between the groups was associated with the difference in the degree of tumors 

with GS≤3+4 and tumors with GS≥4+3, but not between tumors with GS=3+3 and 

tumors with GS≥3+4. In addition, there was a significant difference in the degree of the 

EEE between low-risk (GS=3+3) or intermediate-risk tumor (GS=3+4) and high-risk 

tumor (GS≥4+3). Thus, the neovascularization in PC may develop rapidly at the stage 

of high-risk tumor. Moreover, past studies showed that discriminating PCs with GS≤3+4 

from PCs with GS≥4+3 is effective for patient prognosis and patient selection for active 

surveillance [37, 38]. Thus, the EEE on DCE-MRI in addition to tumor ADC, which has 

high discrimination ability between PCs with GS≤3+4 and PCs with GS≥4+3, may be a 

new predictor for determination of risk stratification in PC [28, 34]. 

There are several limitations in this study. First, it was performed 

retrospectively in a single institution with a relatively limited sample size. Second, this 

study included only patients who underwent radical prostatectomy, suggesting patient 

selection bias. Third, we had two different kinds of multiphase DCE-MR sequences. 

Thus, the difference might have been influenced for assessment of DCE-MRI. Forth, 
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only pathologically true-positive lesions were used for csPC in this study. Therefore, 

diagnostic ability such as detection specificity and ROC analysis could not be assessed. 

Finally, detailed pathological assessments such as of the epithelium, stroma, and luminal 

space to clarify biologic features in false-negative csPCs on mpMRI were not performed 

in the present study. 

In conclusion, tumor detectability of csPC with PI-RADS v2 was limited 

compared with overall mpMRI criteria in Japanese men. Moreover, false-negative 

lesions on overall mpMRI criteria were characterized as small in size, low-risk, and low 

cellularity. These observations demonstrate that further modification of PI-RADS is 

warranted to improve the detectability of csPCs. DCE-MRI may become a predictor of 

tumor aggressiveness in PC. 
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Table 1. Clinicopathological characteristics of 95 patients with 139 prostate cancers 

Item Value 

No. of patients 95 

No. of prostate cancers 139 

Age 

Median 69 

Range 53-84

Initial PSA level 

(ng/mL)*  

Median 7.83 

Range 1.20-38.17 

Prostatectomy Gleason 

score  

Median 7 

Score (no. of patients) 

  3+3 8 

  3+3+4 5 

  3+4 41 

  3+4+5 2 

  3+5 1 

  4+3 27 
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  4+3+5 4 

  4+4 3 

  4+5 4 

Pathological tumor 

stage (no. of patients) 

T2a 3 

T2b 0 

T2c 59 

T3a 25 

T3b 8 

D'Amico risk 

classification (no. of 

patients) 

Low 4 

Intermediate 42 

High 49 

Lymph node metastasis 

present (no. of patients) 
1 

Distant metastasis 

present (no. of patients) 
0 

Note: Data are in 95 patients with histologically proved prostate cancer 

(adenocarcinoma) by prostatic resection. 
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Table 2. Multiparametric MRI sequences and parameters 

Sequence T1-weighted 

FSE 

T2-weighted 

FSE 

T2-weighted 

FSE 

DWI 

(Single-shot 

SE EPI) 

DCE-MRI 

(3D GRE) 

DCE-MRI 

(3D GRE) 

Plane Axial Axial Coronal Axial Axial Axial 

TR/TE (msec) 870/12 4300/120 5000/120 7100/95 5.5/2.5 4.0/1.3 

Echo train length 4 19 19 NA NA NA 

Flip angle (degrees) NA NA NA 90 13 12 

b values (s/mm2) NA NA NA 0 and 2000 NA NA 

Field of View (cm) 24 × 24 24 × 24 24 × 24 36 × 36 35 × 35 35 × 28 

Matrix Size 320 × 256 384 × 384 512 × 192 128 × 256 320 × 192 192 × 144 

No. of excitation 1 4 1 3 1 1 

Slices thickness (mm) 3 3 3 4 3 3 

Parallel Imaging Factor 2 1.8 NA 2.5 2 2.3 

No. of temporal 

acquisitions 

6 30 

Temporal resolution 

(sec) 

30 7 

TR repetition time, TE echo time, FSE fast spin-echo, DWI diffusion-weighted imaging, 

EPI echo-planar imaging, DCE-MRI dynamic contrast-enhanced MR imaging, GRE 

gradient-echo, NA not applicable 
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Table 3. Classification of PI-RADS v2 category with mpMRI of 136 clinically 

significant prostate cancer lesions in 95 patients 

PI-RADS v2 

assessment category 

Total number 

of lesions 
PZ lesion TZ lesion 

Both PZ and TZ 

lesion 

1 18 10 8 

2 20 8 12 

3 12 1 11 

4 59 48* 10 1 

5 27 17 8 2 

Note.—Data are in 136 clinically significant prostatic adenocarcinomas with 95 patients 

who underwent radical prostatectomy. 

*Data includes a lesion in central zone.

PI-RADS v2 Prostate Imaging and Reporting Data System Version 2, mpMRI 

multiparametric MRI, PZ peripheral zone, TZ transition zone
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Table 4. Clinical and MRI characteristics of clinically significant prostatic cancers with 

undetectable tumors or detectable tumors on prostate multiparametric MRI

Data 

Undetectable tumor on 

mpMRI  

(n = 17) 

Detectable tumor on 

mpMRI  

(n = 118) 

P value 

Age (y)* 67.1 ± 4.34 68.6 ± 5.59 0.204 

PSA (ng/mL)* 7.99 ± 4.91 10.6 ± 6.89 0.048 

PSA density 

(ng/mL/cm3)* 
0.33 ±0.22 0.49 ±0.40 0.045 

Prostate volume on 

TRUS (cm3)* 
26.2 ± 7.21 24.7 ± 9.76 0.315 

Tumor size (mm)* 11.9 ± 4.00 13.9 ± 5.12 0.074 

Tumor location†  

Peripheral zone 

  Transition zone 

9 (53) 

8 (47) 

74 (64) 

41 (36) 

0.364 

Mean prostatectomy 

Gleason grade* 
2.00 ± 1.17 2.40 ± 0.99 0.061 

Prostatectomy 

Gleason score 1†  

GS = 3+3 

  GS ≥ 3+4 

 5 (29) 

12 (71) 

27 (23) 

91 (77) 

0.373 

Prostatectomy 

Gleason score 2†  

GS ≤ 3+4 

  GS ≥ 4+3 

 14 (82) 

3 (18) 

77 (65) 

41 (35) 

0.160 

D’Amico risk 

classification†  

Low 

  Intermediate 

2 (12) 

9 (53) 

4 (4) 

44 (37) 

0.042 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



27 

  High 6 (35) 70 (59) 

Pathological 

T stage†  

T2 

  T3 

 13 (76) 

4 (24) 

72 (61) 

46 (39) 

0.217 

Tumor ADC* (×10-3 

mm2/s) 
1.04 ± 0.15 0.76 ± 0.24 < 0.001 

Region of interest* 

(mm2) on tumor ADC 

measurement 

28.4 ± 22.7 30.1 ± 20.2 0.674 

Suspected 

extracapsular 

extension† 

0.214 

  Yes 1 (6) 20 (17) 

  No 16 (94) 98 (83) 

Note.—Data are in 17 undetectable prostatic adenocarcinomas on mpMRI with 16 

patients and 118 detectable prostatic adenocarcinomas on mpMRI with 87 patients who 

underwent radical prostatectomy. 

*Data are the mean ± standard deviation.

†Numbers in parentheses are percentages. 

mpMRI multiparametric MRI, PSA prostate-specific antigen, TRUS transrectal 

ultrasound, ADC apparent diffusion coefficient 
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Table 5. Clinical and MRI characteristics of clinically significant prostatic cancers with 

the early enhancement effect or without the early enhancement effect on dynamic 

contrast-enhanced MRI 

Data 

Tumor without early 

enhancement effect on 

DCE-MRI 

(n = 38) 

Tumor with early 

enhancement effect on 

DCE-MRI 

(n = 89) 

P value 

Age (y)* 68.0 ± 3.89 68.6 ± 5.59 0.418 

PSA (ng/mL)* 8.40 ± 5.71 10.9 ± 6.96 0.031 

PSA density 

(ng/mL/cm3)* 
0.35 ± 0.19 0.51 ± 0.42 0.059 

Prostate volume on 

TRUS (cm3)* 
24.4 ± 7.28 25.1 ± 9.97 0.963 

Tumor size (mm)* 12.4 ± 4.63 14.4 ± 5.20 0.015 

Tumor location†  

Peripheral zone 

  Transition zone 

23 (61) 

15 (39) 

53 (62) 

33 (38) 

0.908 

Mean prostatectomy 

Gleason grade* 
2.03 ± 1.08 2.34 ± 1.11 0.017 

Prostatectomy 

Gleason score 1†  

GS = 3+3 

  GS ≥ 3+4 

 12 (32) 

26 (68) 

 19 (21) 

70 (79) 

0.219 

Prostatectomy 

Gleason score 2†  

GS ≤ 3+4 

  GS ≥ 4+3 

 30 (79) 

8 (21) 

 54 (61) 

35 (39) 

0.046 

D’Amico risk 0.166 
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classification†  

Low 

  Intermediate 

  High 

3 (8) 

17 (45) 

18 (47) 

3 (3) 

33 (37) 

53 (60) 

Pathological 

T stage†  

T2 

  T3 

27 (71) 

11 (29) 

54 (61) 

35 (39) 

0.265 

Tumor ADC* (×10-3 

mm2/s) 
0.90 ± 0.26 0.76± 0.24 0.001 

Region of interest* 

(mm2) on tumor ADC 

measurement 

26.2 ± 18.1 32.2± 21.7 0.113 

T2-weighted imaging 

score* 
2.82 ± 1.11 3.58 ± 1.16 0.001 

DWI score* 2.89 ± 1.27 3.78 ± 1.07 < 0.001 

PI-RADS v2 

assessment category* 
2.66 ± 1.28 3.76 ± 1.16 < 0.001 

Suspected 

extracapsular 

extension† 

0.034 

  Yes 2 (5) 18 (20) 

  No 36 (95) 71 (80) 

Note.—Data are in 38 undetectable prostatic adenocarcinomas on DCE-MRI with 30 

patients and 89 detectable prostatic adenocarcinomas on DCE-MRI with 71 patients 

who underwent radical prostatectomy. 

*Data are the mean ± standard deviation.

†Numbers in parentheses are percentages. 

DCE-MRI dynamic contrast-enhanced MRI, PSA prostate-specific antigen, TRUS 
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transrectal ultrasound, ADC apparent diffusion coefficient, DWI diffusion-weighted 

imaging, PI-RADS v2 Prostate Imaging and Reporting Data System Version 2 
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Table 6. Comparison of the degree of the early enhancement effect on dynamic 

contrast-enhanced MRI among three Gleason score groups

GS = 3+3 

(n=31) 

GS = 3+4 

(n=53) 

GS ≥ 4+3 

(n=43) 

P value at 

Kruskal-Wallis 

test 

EEE score* 1.74 ± 0.18† 1.89 ± 0.16‡ 2.40 ± 0.13 0.01 

Note.—Data are in 31 prostatic adenocarcinomas with GS = 3+3, 53 prostatic 

adenocarcinomas with GS = 3+4, and 43 prostatic adenocarcinomas with GS ≥ 4+3 in 

88 patients who underwent radical prostatectomy. 

*Data are the mean ± standard deviation.

†Significantly different from the GS ≥ 4+3 at P=0.003. 

‡Significantly different from the GS ≥ 4+3 at P=0.022 
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Figure legends 

Fig. 1: Patient selection flowchart. 

GS, Gleason score; PI-RADS v2, Prostate Imaging and Reporting Data System Version 

2; T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; DCE-MRI, dynamic 

contrast-enhanced MRI; PZ, peripheral zone. 

Fig. 2: A 62-year-old man with prostate cancer (prostate-specific antigen level of 6.35 

ng/mL, PSA density of 0.13 ng/mL/cm3) in the middle right region in the peripheral 

zone (pT2a, pN0, M0, R0, prostatectomy Gleason score of 4 + 5). (a) T2-weighted 

image shows an area of focal heterogeneous hypointensity with a capsule in the middle 

right region of the peripheral zone (arrow). (b) Apparent diffusion coefficient (ADC) 

map shows an indistinct hypointense lesion (arrow). (c) DWI shows isointensity (arrow). 

(d) Early phase T1-weighted image on DCE-MRI shows focal strong early enhancement

(arrow). The lesion was assigned a T2-weighted imaging score of 3, DWI/ADC map 

score of 2, and DCE-MRI score of positive. The overall category of PI-RADS v2 is 2. 

(e) Photograph of a macroscopic specimen shows the location of the cancer lesion

(arrow). 

Fig. 3: A 70-year-old man with prostate cancer (prostate-specific antigen level of 12.4 

ng/mL, PSA density of 0.50 ng/mL/cm3) in the bilateral anterior region in the transition 

zone. (pT2c, pN0, M0, R0, prostatectomy Gleason score of 4 + 3). (a) T2-weighted 

image shows an area of heterogeneous hypointensity in the apex region of the transition 

zone (arrow). (b) Apparent diffusion coefficient (ADC) map shows indistinct 

hypointensity (arrow). (c) No abnormal signal intensity is observed on DWI (arrow). (d) 
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Early phase T1-weighted image on DCE-MRI shows focal moderate early enhancement 

(arrow). The lesion was assigned a T2-weighted imaging score of 2, DWI/ADC map 

score of 2, and DCE-MRI score of positive. By PI-RADS v2 decision rules, the overall 

category is 2. (e) Photograph of a macroscopic specimen shows the location of the 

cancer lesion (arrow). 

Fig. 4: A 66-year-old man with prostate cancer (prostate-specific antigen level of 4.25 

ng/mL, PSA density of 0.18 ng/mL/cm3) in the middle right region of the peripheral 

zone (pT2a, pN0, M0, R0, prostatectomy Gleason score of 3 + 3). (a) T2-weighted 

image shows an area of diffuse slightly low signal intensity in the middle right region of 

the peripheral zone (arrow). (b), (c) No abnormal signal intensity is observed on the 

apparent diffusion coefficient (ADC) map and DWI. (d) Early phase T1-weighted image 

on DCE-MRI shows no focal early enhancement. The lesion was assigned a 

T2-weighted imaging score of 2, DWI/ADC map score of 1, and DCE-MRI score of 

negative. By PI-RADS v2 decision rules, the overall category is 1. (e) Photograph of a 

macroscopic specimen shows the location of the cancer lesion (arrow). 
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