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ABSTRACT

Objectives: The objectives of this study were to clarify the pathological features of clinically significant prostate
cancer (csPC) that is undetectable on multiparametric magnetic resonance imaging (mpMRI).

Material and Methods: This single-center and retrospective study enrolled 33 men with prostate cancer (PC),
encompassing 109 PC lesions, who underwent mpMRI before radical prostatectomy. Two radiologists independently
*Corresponding author: assessed the mpMR images of all lesions and compared them with the pathological findings of PC. All PC lesions
Takahiro Yamamoto, were marked on resected specimens using prostate imaging reporting and data system version 2.1 and classified into
magnetic resonance imaging (MRI)-detectable and MRI-undetectable PC lesions. Each lesion was classified into
¢sPC and clinically insignificant PC. Pathological characteristics were compared between MRI-detectable and MRI-
undetectable csPC. Statistical analysis was performed to identify factors associated with MRI detectability. A logistic

Department of Radiology, Aichi
Medical University, Nagakute,

Aichi, Japan. regression model was used to determine the factors associated with MRI-detectable and MRI-undetectable csPC.
y:dm_amow'taka}‘"ro'294@mall' Results: Among 109 PC lesions, MRI-detectable and MRI-undetectable PCs accounted for 31% (34/109) and 69%
aichi-med-u.acjp (75/109) of lesions, respectively. All MRI-detectable PCs were csPC. MRI-undetectable PCs included 30 cases
of csPC (40%). The detectability of csPC on mpMRI was 53% (34/64). The MRI-undetectable csPC group had
Received: 04 April 2024 a shorter major diameter (10.6 + 6.6 mm vs. 19.0 £ 6.9 mm, P < 0.001), shorter minor diameter (5.7 + 2.9 mm

vs. 10.7 + 3.4 mm, P < 0.001), and lower percentage of lesions with Gleason pattern 5 (17% vs. 71%, P < 0.001).

Accepted: 05 May 2024 Shorter minor diameter (odds ratio [OR], 2.62; P = 0.04) and lower percentage of Gleason pattern 5 (OR, 24;

Published: 19 June 2024 P =0.01) were independent predictors of MRI-undetectable csPC.

DOI Conclusion: The pathological features of MRI-undetectable csPC included shorter minor diameter and lower

10.25259/JCIS_37_2024 percentage of Gleason pattern 5. csPC with shorter minor diameter may not be detected on mpMRI. Some
MRI-undetectable csPC lesions exhibited sufficient size and Gleason pattern 5, emphasizing the need for further

Quick Response Code: understanding of pathological factors contributing to MRI detectability.
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INTRODUCTION

Prostate cancer (PC) can be classified as clinically significant PC (csPC) and clinically insignificant
PC (ciPC). Curative therapies, such as radical prostatectomy, are indicated for csPC, whereas
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active surveillance using serum prostate-specific antigen
(PSA) is indicated for ciPC.!"?! A new grading system for PC,
which can predict cancer-specific mortality more accurately
than the traditional Gleason scoring system, was approved
by the International Society of Urological Pathology and the
World Health Organization in 2014.7 csPC has been defined
as a tumor with a Gleason Score (GS) of >7 and diameter
of 25 mm or a tumor with a GS of 3 + 3 and size 20.5 mL
(tumor diameter >8 mm).!! Multiparametric magnetic
resonance imaging (mpMRI) with T2-weighted imaging
(T2WI), diffusion-weighted imaging (DWI), and dynamic
contrast-enhanced (DCE) magnetic resonance imaging
(MRI) has been increasingly utilized for the detection and
risk stratification of csPC in recent years.™* The prostate
imaging reporting and data system (PI-RADS) version 2.1
(v2.1) was released in 2019 by the American College of
Radiology, European Society of Urogenital Radiology, and
the AdMeTech Foundation to standardize image acquisition
techniques, interpretation, and reporting of mpMRL®
Targeted biopsy of suspicious lesions visualized on mpMRI
has been shown to improve the detection rate of csPC,
and mpMRI may be used as a triage to avoid unnecessary
systematic transrectal ultrasonography-guided biopsy.!!l
However, 10-20% of missed lesions in patients with negative
mpMRI have csPC of Grade >2.11>14]

Large tumor volume, advanced stage, and high GS
have been associated with intraductal carcinoma of the
prostate (IDC-P).['®) IDC-P, an independent risk factor for
progression-free and cancer-specific survival,'* is considered
to occur through the retrograde spreading of invasive
carcinoma cells into benign glandular structures.'>”! The
cribriform subtype is a factor indicating poor prognosis. The
2014 International Society of Urological Pathology grading
committee recommends that all cribriform subtype lesions
should be staged as Gleason pattern 4.°) IDC-P and the
cribriform subtype are morphologically similar, suggesting
that they may be identical or have similar pathologies.!"”
Some studies have reported that ICD-P and the cribriform
subtype affect the MRI detectability of PC, whereas others
have not reported such findings; thus, whether these factors
affect that the MRI detectability of PC remains unclear.!"!
Therefore, in this study, we aimed to compare the pathology
of MRI-detectable PC lesions with that of MRI-undetectable
PC lesions to clarify the pathological features of csPC lesions
that are undetectable on mpMRI.

MATERIAL AND METHODS
Patient selection

In total, 85 consecutive patients who had undergone radical
prostatectomy at our hospital between January 2018 and
December 2018 were retrospectively reviewed. Patients
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who met the following criteria were excluded: (1) prostate
MRI examination performed at other hospitals; (2) prostate
MRI examination performed more than 7 months prior at
our hospital; (3) no DCE and poor images; and (4) biopsy
performed before MRI. Figure 1 presents the patient selection
flowchart. A total of 109 lesions were detected in 33 patients.
The mean age of the patients was 70.7 + 5.62 years, and the
mean PSA level was 8 + 4.13 ng/mL. Table 1 summarizes the
clinical features of the study population and the pathological
characteristics of PC lesions. This single-center and
retrospective study was approved by the Local Institutional
Review Board, and the required informed consent was
obtained. This study was conducted in accordance with the
tenets of the Declaration of Helsinki.

Histopathologic examination

Standard step sections of the specimens acquired through
radical prostatectomy were obtained at 4-6-mm intervals,
and the sections were stained with hematoxylin-eosin
subsequently. Two pathologists recorded the tumor location,
major and minor diameters of the tumor, GS of all tumor
foci, and presence of IDC-P and cribriform subtype. The
pathological map of PC, defined as a macroscopic photograph
of the specimen on which all tumor lesions were marked, was
created subsequently [Figure 2]. The results were evaluated
by a uropathologist with more than 20 years of experience.
GS was assigned according to the 2014 International Society
of Urological Pathology Modified Gleason Grading System."!

MRI technique

A 3T scanner (MAGNETOM Skyra, Siemens Healthcare,
Erlangen, Germany) or 1.5T scanner (MAGNETOM Aera or
MAGNETOM Avant™, Siemens Healthcare) with a combination
of an 18-channel phased-array body coil and 32-channel spine

Radical prostatectomy performed between
January 2018 and December 2018 (n = 85)

Prostate MRI performed at other
| Excluded hospital (n = 24)
h Prostate MRI more than 7 months
prior (n = 4)
Excluded - -
«———— Lack of imaging (n=2) |
Excluded - -
«———— Previous biopsy (n = 12) |
A

Final inclusion:
109 lesions of 33 patients

Figure 1: Patient selection flowchart. (MRI: Magnetic
resonance imaging).
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Figure 2: Pathological map of PC. (A-K and 1-31 are specimen identification codes. The white line
is the excision line of the specimen. Four PC lesions detected on the pathological map of PC are
illustrated in red, yellow, blue, and green.) (PC: Prostate cancer.)

coil were used to perform all MRI examinations. Overall, 23
and ten patients underwent MRI examinations with the 3T and
1.5T scanners, respectively. The images were acquired using
the following pulse sequences: Axial turbo spin echo T2WI
(3T: repetition time [TR]/echo time [TE], 4000/101 ms; slice
thickness, 3 mm; no intersection gap; field of view [FOV], 200 x
200 mm, matrix, 320 x 304; acquisition pixel size, 0.66 x 0.63 mm;
reconstruction pixel size, 0.31 x 0.31 mm; parallel imaging mode,
Generalized Autocalibrating Partially Parallel Acquisitions
[GRAPPA]; accel factor, 3. 1.5T: TR/TE, 3000/97 ms; slice
thickness, 3 mm; no intersection gap; FOV, 220 x 220 mmy;
matrix, 320 x 256; acquisition pixel size, 0.86 x 0.69 mm;
reconstruction pixel size, 0.34 x 0.34 mm; parallel imaging mode,
GRAPPA; and accel factor, 2) and axial single-shot spin echo-
planar DWI (3T: TR/TE, 6000/60 ms; slice thickness, 4 mm;
no intersection gap; FOV, 220 x 176 mm; matrix, 100 x 76;
acquisition pixel size, 2.32 x 2.20 mm; reconstruction pixel size,
1.1 x 1.1 mm; paralle] imaging mode, GRAPPA; accel factor, 2;
b values, 0 and 800 s/mm? and calculated high b value images
[1500 s/mm?]. 1.5T: TR/TE, 5500/70 ms; slice thickness 4 mmy;
no intersection gap; FOV, 240 x 216 mm; matrix, 100 x 90;
acquisition pixel size, 2.40 x 2.40 mm; reconstruction pixel size,
1.20 x 1.20 mm; parallel imaging mode, GRAPPA, accel factor,
2; b values, 0 and 800 s/mm? and calculated high b value images
[1500 s/mm?]). The apparent diffusion coefficient (ADC) maps
were created for b values of 0 and 800 s/mm? through mono-
exponential fitting. The DCE images were acquired through axial
3D gradient echo TIWIL The DCE images were acquired every
10 s for 35 phases. The detailed parameters of image acquisition
are listed in Table 2.

Image analysis

Two urologic radiologists with 7 years and 9 years of
experience in prostate MRI, who were blinded to the clinical
and histopathological findings, independently performed
a retrospective evaluation of the mpMR images of the
109 lesions with reference to the pathological map of PC
[Figure 2]. All mpMRI findings were assessed using PI-RADS
v2.1.1% The final decision was made by reaching a consensus
in case of disagreements between the two radiologists. PC
lesions with PI-RADS categories 3, 4, or 5 were classified as
MRI-detectable PC lesions, whereas PC lesions with PI-RADS
categories 1 or 2 were classified as MRI-undetectable PC
lesions [Figure 3]. Figure 4 presents the study flowchart.

Statistical analysis

Fleiss kappa statistics was used to determine the interobserver
agreement for the PI-RADS assessment category. The kappa
values were defined as follows: Poor agreement, <0.20; fair
agreement, 0.21-0.40; moderate agreement, 0.41-0.60; good
agreement, 0.61-0.80; and excellent agreement, >0.80. The
summary measurements are presented as means + standard
deviations. Student’s t-test, Chi-squared test, or Fisher’s
exact test were used to compare the study groups. Two-tailed
P-values were reported. A multivariate logistic regression
model was used to identify the factors associated with
MRI-detectable ¢sPC or MRI-undetectable csPC lesions.
All statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows (version 25;
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IBM Corp., Armonk, NY, USA). The level of significance was
setat P < 0.05.

Table 1: Clinicopathological characteristics of 109 prostate cancer
lesions in 33 patients.

Number of patients 33
Age (years)* 70.7+5.62
Interval from MRI to prostatectomy (months)* 3+1.27
PSA level (ng/mL)* 8+4.13
MRI prostate volume (cm?)? 36.9+15.78
MRI PSA density (ng/mL/cm?)* 0.25+0.16
Number of prostate cancers 109
Size (mm)?
Major diameter 10.2+8.54
Minor diameter 5.8+4.39
Lesion location® (%)
PZ 85 (78)
TZ 17 (16)
PZand TZ 7 (6)
Gleason score® (%)
343 45 (41)
3+4 29 (26)
3+4 with 5 12 (11)
443 5(5)
4+3 with 5 10 (9)
4+4 0
445 8(7)
Pathological tumor stage® (%)
T2 94 (86)
T3 15 (14)
IDC-P/Cribriform subtype® (%)
IDC-P 7 (6)
Cribriform subtype 2(2)
IDC-P and Cribriform subtype 11 (10)

“Data are presented as meanststandard deviations, "Numbers in
parentheses present the percentage values. IDC-P: Intraductal carcinoma
of the prostate, PSA: Serum prostate-specific antigen, PZ: Peripheral
zone; TZ: Transition zone, MRI: Magnetic resonance imaging. T2, T3:
signify a pathological tumor stage and are in common use.

RESULTS

Among the 109 PC lesions, 31% (34/109) and 69% (75/109)
were MRI-detectable and MRI-undetectable, respectively.
The kappa value for interobserver agreement between the
readers for the PI-RADS v2.1 assessment category was
0.79, indicating good agreement. All MRI-detectable PC
lesions were csPC (34/34). csPC accounted for 40% (30/75)
of MRI-undetectable PC lesions. The ciPC lesions could
not be identified (45/45). Table 3 presents the pathological
characteristics of MRI-detectable and MRI-undetectable
csPC lesions. The major (10.6 = 6.6 mm vs. 19 £ 6.9 mm,
P < 0.001) and minor (5.7 £ 2.9 mm vs. 10.7 + 3.4 mm,
P < 0.001) diameters were shorter in the MRI-undetectable
csPC lesions. Lesions with a minor diameter of <5 mm
accounted for 53% (16/30) and 6% (2/34) of MRI-
undetectable and MRI-detectable csPC lesions, respectively.
In more detail, 50% (8/16) of MRI-undetectable csPC lesions
with a minor diameter of <5 mm had a minor diameter of
<4 mm. The percentage of MRI-undetectable csPC lesions
with Gleason pattern 5 was low (17% vs. 71%, P < 0.001). The
breakdown of lesions exhibiting Gleason pattern 5 similar to
those with a GS of 9 (4 + 5) was as follows: 13% (4/30) of MRI-
undetectable csPC lesions and 12% (4/34) of MRI-detectable
csPC lesions. However, the occurrence of c¢sPC lesions with
tertiary pattern 5 among those with a GS of 7 (3 + 4 or 4 + 3)
was 69% (20/29) and 5% (1/21) in the MRI-detectable and
MRI-undetectable csPC groups. The pathological tumor
stage of MRI-undetectable csPC lesions was significantly
lower (P < 0.001). Notably, all T3 lesions were identifiable on
MRI. Furthermore, the incidence of IDC-P and cribriform
subtype was significantly lower (17% vs. 44%, P = 0.018)
in MRI-undetectable c¢sPC lesions. The cribriform subtype
was detected in only one lesion in either group. The index
lesion, defined as the most advanced PC lesion in the patient,
was less frequent in patients with MRI-undetectable csPC
lesions (17% vs. 71%, P = 0.02). No significant differences

Table 2: mpMRI pulse sequence parameters.
Imaging Pulse TR/TE FOV Matrix Acquisition Reconstruction Slice thickness/
sequence sequence (ms) (mm) pixel size (mm) pixel size (mm) gap (mm)
3T
T2WT axial SE 4000/101 200%200 320x304 0.66x0.63 0.31x0.31 3.0/0
T2WI coronal SE 4000/101 200x200 320%x256 0.78%0.63 0.31x0.31 3.0/0
DWI SE 6000/60 220x176 100x76 2.32x2.20 1.10x1.10 4.0/0
DCE GRE 3.45/1.60 200200 128x122 1.67x1.56 0.78%0.78 3.0
1.5T
T2WT axial SE 3000/97 220%220 320%x256 0.86x0.69 0.34x0.34 3.0/0
T2WI coronal SE 3000/95 220220 320x224 0.98%0.69 0.34x0.34 3.0/0
DWI SE 5500/70 240x216 100x90 2.40x2.40 1.20x1.20 4.0/0
DCE GRE 4.00/1.79 220x192 128x101 1.97x1.72 0.86x0.86 3.0
DCE: Dynamic contrast enhanced, DWTI: Diffusion-weighted imaging, FOV: Field of view, GRE: gradient echo, mpMRI: multiparametric magnetic
resonance imaging, SE: Spin echo, T2WI: T2-weighted imaging, TE: Echo time; TR: Repetition time. T (tesla): represents a unit of magnetic force. It is a
commonly used notation.
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Figure 3: (a) Pathological map of PC, (b-e) mpMRI; (b) DWI, (c) ADC map, (d) T2WI, and
(e) DCE. (a) Two lesions, one yellow and one brown, were detected on the pathological map
of PC. The yellow lesion (white arrow) in the left peripheral zone showed hyperintensity on
DWI, hypointensity on ADCmap, hypointensity on T2WI, and early enhancement on DCE.
The yellow lesion (white arrow) was assessed as PI-RADS category 5 and classified as MRI-
detectable PC. In contrast, the brown lesion (white arrow head) in the right peripheral zone
showed no abnormal signal on mpMRI. The brown lesion (white arrow head) was assessed PI-
RADS categories 1 and classified as MRI-undetectable PC. (ADC: Apparent diffusion coefficient,
DCE: Dynamic contrast-enhanced, MRI: Magnetic resonance imaging, DWI: Diffusion-
weighted imaging, mpMRI: multiparametric magnetic resonance imaging, PC: Prostate cancer,
T2WI: T2-weighted imaging, PI-RADS: Prostate imaging reporting and data system.)

All prostate cancers (PC)
(n =109 lesions)

l

Image Analysis
PCs detectable on MRI; PI-RADS v2.1 category = 3
PCs undetectable on MRI; PI-RADS v2.1 category < 2

/\

PC detectable on MRI PC undetectable on MRI
(n=34) (n=75)
Clinically insignificant PC Clinically insignificant PC
(n=0) (n = 45)
A
Clinically significant PCs (csPC) Clinically significant PCs (csPC)
(n=34) (n=30)
| csPC detectable on MRI | | ¢sPC undetectable on MRI |

Figure 4: Flowchart of the study. (n: Number of lesions, csPC: Clinically significant prostate cancer,
MRI: Magnetic resonance imaging, PI: prostate imaging, RADS: reporting and data system).

were observed among the remaining pathological features. ~ 292; P = 0.01) were factors associated with MRI-undetectable
Multivariate analysis revealed that the minor diameter  csPC lesions [Table 3]. No significant correlations were
(odds ratio [OR] 2.62; 95% confidence interval [CI]: 1.04, observed among the remaining pathological features. Four
6.62; P = 0.04) and Gleason pattern 5 (OR 24; 95% CI: 2.02, MRI-undetectable csPC lesions had a GS of 9 (4 + 5). The
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Table 3: Pathological characteristics of detectable csPC and undetectable csPC on mpMRI.

MRI-detectable = MRI undetectable
csPC (n=34) csPC (n=30)

Size (mm)?

Major diameter 19.0£6.9 10.6+6.6

Minor diameter 10.7+3.4 5.742.9
Lesion location®

PZ 20 (59%) 23 (77%)

TZ 8 (23%) 6 (20%)

PZ and TZ 6 (18%) 1 (3%)
Gleason score®

6 1 (3%) 5 (17%)

7 29 (85%) 21 (70%)

8 0 0

9 4(12%) 4 (13%)
Including pattern 5° 24 (71%) 5 (17%)

3+4 with 5 10 (29%) 1 (3%)

4+3 with 5 10 (29%) 0

445 4(12%) 4 (13%)
Pathological tumor stage®

T2 19 (56%) 30 (100%)

T3 15 (44%) 0
Index lesion® 24 (71%) 5(17%)
IDC-P/cribriform subtype 15 (44%) 5 (17%)

IDC-P 5(15%) 2 (7%)

Cribriform subtype 1 (3%) 1 (3%)

IDC-P and cribriform 9 (26%) 2 (7%)

subtype

P-value from Odds ratio®

multivariable analysis

P-value from
statistical tests

<0.001* 0.018 0.79 (0.56-1.11)

<0.001% 0.04 2.62 (1.04-6.62)
0.129*
0.733**
0.109*+*
0.15%* 0.24 0.39 (0.08-1.90)
<0.001* 0.001 24 (2.02-292)
<0.001%* 0.99 65x108 (0.00- ---)
0.02+* 0.62 0.59 (0.07-4.71)
0.018** 0.98 1.03 (0.58-18.3)

“Data are presented as meanststandard deviations, "Numbers in parentheses present the percentage values, “Data in parentheses present the 95% confidence
interval values. *Student’s t-test. **? test, ***Fisher’s exact test. csPC: Clinically significant prostate cancer, IDC-P: Intraductal carcinoma of the prostate,
mpMRI: Multiparametric magnetic resonance imaging, PZ: Peripheral zone, TZ: Transition zone, with 5: Tertiary pattern 5. MRI: Magnetic resonance

imaging, T2, T3: Signify a pathological tumor stage and are in common use.

mean size of the four MRI-undetectable csPC lesions with a
GSof9 (4 +5) was 13.5+ 6.2 mm x 4.7 + 2.1 mm. The largest
lesion of them was 20 mm x 8 mm. The other three of the
lesions had a minor diameter of <5 mm. On the other hand,
the mean size of the four MRI-detectable csPC lesions with
aGSof9 (4 +5)was24.5+ 11.5 mm x 10.7 + 3.8 mm. The
smallest of those lesions was 13 mm x 5 mm.

DISCUSSION

Larger tumor size stands out as a primary indicator of
successful detection on mpMRI.* The MRI-undetectable
PC lesions were found to be smaller than the MRI-detectable
PC lesions in previous studies, in consistency with our
findings.">*! Kido et al. reported a mean tumor size of
MRI-undetectable csPC lesions as 11.9 + 4.0 mm.*! The
mean tumor size (major diameter) of MRI-undetectable
csPC lesions was 10.6 + 6.6 mm in the present study, which
is a reasonable size for MRI-undetectable csPC lesions.
Turkbey et al. reported that the detection of PC lesions
<5 mm on mpMRI was poor.?! The mean major diameter
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of MRI-undetectable csPC lesions was 10.6 £ 6.6 mm in
the present study, whereas the mean minor diameter was
5.7 + 2.9 mm. To the best of our knowledge, no previous
study has examined the minor diameter of csPC lesions.
Multivariate analysis revealed a significant correlation
between the minor diameter of the csPC lesions and
decreased detectability on mpMRI (OR, 2.62; 95% CI,
1.04-6.62; P = 0.04). In our study, the proportion of the
MRI-undetectable csPC lesions was 47% (30/64), which
was higher than in previous reports. The reason for this
was thought to be due to the large number of small lesions.
About 53% (16/30) of the MRI-undetectable csPC lesions
had a minor diameter of <5 mm, and another half (8/16)
of those lesions had a minor diameter of <5 mm. This
suggested that even if csPC lesions had a long enough major
diameter, it would be difficult to detect on MRI if the minor
diameter was <5 mm. Insufficient tumor volume may have
contributed to the detectability of MRI.

Important pathological features of MRI-undetectable PC
lesions typically involve less aggressive tumors, with a
majority representing low-risk cancers characterized by a
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GS of <6.122>2739 The percentage of PC lesions with tertiary
pattern 5 in a GS of 7 was 69% (20/29) and 5% (1/21) in
the MRI-detectable and MRI-undetectable csPC groups,
respectively. The proportion of lesions with Gleason
pattern 5 was significantly lower in the MRI-undetectable
csPC group (17% vs. 71%, P < 0.001), suggesting a
comparatively lower risk profile for MRI-undetectable
csPC lesions relative to their MRI-detectable csPC lesions.

Truong et al. first reported that IDC-P and the
cribriform subtype hindered the detectability of PC on
mpMRL!" However, some studies have reported that IDC-P
and the cribriform subtype reduced the detection rate of
tumors, whereas others have reported that they did not affect
the detectability of tumors, with recent studies predominantly
reporting that IDC-P does not affect the detectability of tumors.
(192331 Tn our study, the presence of IDC-P and the cribriform
subtype did not affect the detectability of csPC lesions on
mpMRI. Notably, these histological features were more
frequently observed in MRI-detectable csPC lesions compared
to their MRI-undetectable counterparts (44% vs. 17%, P =
0.018), aligning with expectations given their association with
larger and more advanced lesions.""! However, only one lesion
each with the cribriform subtype was present in the MRI-
detectable and MRI-undetectable csPC groups; thus, the effect
of the cribriform subtype must be examined further.

In our study, four undetectable csPC lesions had a GS of 9 (4 +
5). The mean size of the four tumors was 13.5 + 6.2 mm X
4.7 £ 2.1 mm, and the minor diameter was <5 mm in three
tumors. This finding suggests that csPC lesions with a GS of
9 and a short minor diameter are undetectable on mpMRI.
However, one tumor was 20 mm X 8 mm in size, which is
sufficiently large to be detected on MRI [Figure 5]. Although
not considered in the present study, this tumor might be
a lesion with a low density of cancer cells.?*!) A subset of
MRI-undetectable c¢sPC lesions exhibited sufficient size and
harbored Gleason pattern 5. Unfortunately, there is currently
no established MRI technique specifically tailored for detecting
these lesions. It is important to consider pathologic findings
other than the pathological features discussed here to fully
elucidate the causes of failure to identify csPC on mpMRI.

This study has some limitations. First, this was a single-
center and retrospective study with a relatively small sample
size. Second, there is a possibility of overestimation of MRI-
detectable PC lesions as the pathological map of PC was
used for lesion detection on mpMRI. Furthermore, lesion
morphology concordance, that is, whether any part of the
lesion depicted on the pathological map could be discerned
by mpMRI, was not assessed, leading to classification of
lesions as MRI-detectable PC lesions. Finally, the areas of
csPC identified on MRI were not cross-referenced with
pathological features, thus the inclusion of Gleason pattern 5
in the identified areas.

Figure 5: (a) Pathological map of PC, (b-d) mpMRI; (b) T2WI, (c)
DWI, and (d) DCE. (a) Three lesions, one green, one red, and one
blue, were detected on the pathological map of PC. (a) The white
line is the excision line of the specimen. The Gleason score for all
three lesions were 9 (4+5). The green lesion (thin white arrow) was
MRI-detectable csPC, approximately 43 mm x 10 mm in size. The
red lesion (white arrow head) and blue lesion (thick white arrow)
lesions were MRI undetectable csPC, approximately 20 mm x 8 mm
and 19 mm X 5 mm in size, respectively. (DCE: Dynamic contrast-
enhanced, MRI: Magnetic resonance imaging, DWI: Diffusion-
weighted imaging, mpMRI: Multiparametric magnetic resonance
imaging, PC: Prostate cancer, T2WT: T2-weighted imaging, csPC:
Clinically significant prostate cancer).

CONCLUSION

This study demonstrated that the pathological features of
MRI-undetectable csPC include shorter minor diameter and
lower proportion of lesions with Gleason pattern 5. However,
a small number of MRI-undetectable csPC lesions were of
sufficient size and had Gleason pattern 5. Thus, it is crucial
to consider pathologic findings other than the pathological
features discussed here to fully elucidate the causes of failure
to identify csPC lesions on mpMRI.
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