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ABSTRACT

Background: Dynamic contrast-enhanced (DCE) magnetic resonance imaging (MRI) in the current Prostate Imaging-
Reporting and Data System version 2.1 (PI-RADS v2.1) is considered optional, with primary scoring based on T2-weighted
imaging (T2WI) and diffusion weighted imaging (DWI). Our study is designed to assess the relative contribution of DCE MRI in
a patient-cohort with whole mount prostate histopathology and spatially-mapped prostate adenocarcinoma (PCa) for reference.
Methods: We performed a partially-blinded retrospective review of 47 prostatectomy patients with recent multi-parametric MRI
(mpMRI). Scans included T2WI, DWI with apparent diffusion coefficient (ADC) mapping, and DCE imaging. Lesion conspicuity
was scored on a 10-point scale with > 6 considered “positive,” and image quality was assessed on a 4-point scale for each sequence.
The diagnostic contribution of DCE images was evaluated on a 4-point scale. The mpMRI studies were assigned PI-RADS scores
and tumor, node, metastasis (TNM) T-stage with blinded comparison to spatially-mapped whole-mount pathology. Results were
compared to the prospective clinical reports, which used standardized PI-RADS templates that emphasize T2WI, DWI and ADC.
Results: Per lesion sensitivity for PCa was 93.5%, 82.6%, 63.0%, and 58.7% on T2WI, DCE, ADC and DWI, respectively.
Mean lesion conspicuity was 8.5, 7.9, 6.2, and 6.1, on T2W, DCE, ADC and DWI, respectively. The higher values on T2WI
and DCE imaging were not significantly different from each other but were both significantly different from DWI and

Abbreviations: ACR, American College of Radiology; ADC, apparent diffusion coefficient; DCE, dynamic contrast enhanced; DWI, diffusion-weighted imaging; mpMRI, multiparametric magnetic
resonance imaging; PCa, prostate adenocarcinoma; PI-RADS, prostate imaging-reporting and data system; T1W, T1 weighted; T2W, T2 weighted.
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ADC (p <0.001). DCE scans were determined to have a marked diagnostic contribution in 83% of patients, with the most

common diagnostic yield being detection of contralateral peripheral zone tumor or delineating presence/absence of extra-

prostatic extension (EPE), contributing to more accurate PCa staging by PI-RADS or TNM, as compared to histopathology.

Conclusion: We demonstrate that DCE may contribute to lesion detection and local staging as compared to T2WI plus DWI-ADC
alone and that lesion conspicuity using DCE is markedly improved as compared to DWI-ADC. These findings support modification
of PI-RADS v2.1 to include use of DCE acquisitions and that a TNM staging is feasible on mpMRI as compared to surgical pathology.

1 | Introduction

The importance of multiparametric magnetic resonance
imaging (mpMRI) of prostate adenocarcinoma (PCa) is well-
recognized in diagnosis, directing biopsies, and therapy
management [1-7]. There remains a focus on continued
validation and development of improved strategies for
standardized image acquisitions, image processing, analysis,
and reporting.

The Prostate Imaging-Reporting and Data System (PI-
RADS), version 2.1 (v2.1) was published in 2019 and deve-
loped by an internationally representative group involving
the American College of Radiology (ACR), European Society
of Urogenital Radiology (ESUR), and AdMeTech Founda-
tion [4]. This document specifies basic technical require-
ments of mpMRI, as well las a standardized reporting
nomenclature. Changes to v2.1 from prior versions includes
differentiating peripheral (PZ) from transition zone (TZ)
tumors, primarily relying on diffusion weighted imaging
(DWI) in the PZ and T2-weighted imaging (T2WI) in the TZ.
PI-RADS attributes a supportive role for Dynamic contrast-
enhanced (DCE) T1l-weighted (T1W) images, with some
centers advocating no longer including these acquisi-
tions [8-14].

Support for DCE magnetic resonance imaging (DCE MRI)
has come from various types of PCa studies. DCE MRI
has been used to assess tissue perfusion and permeability
and to show that PCa may have differentiated enhancement
kinetics with faster enhancement and earlier contrast
washout, as compared with nonmalignant prostate [6, 15].
Direct comparison of contrast-enhanced ultrasound and
DCE MRI showed a superior performance of DCE MRI for
detection and for predicting aggressiveness [16]. DCE MRI
has been shown to improve confidence of tumor detection
for less-experienced readers [17, 18]. In comparison, DWI
generally remains signal-limited, noisy, and low resolution,
even with two or more minutes of acquisition time. DWI,
and the calculated ADC map images, are sensitive to several
sources of artifacts, including motion, bowel gas and metal
in patients with surgical clips or hip prostheses [19-23].

Since the introduction of PI-RADS there has been a growing
body of evidence for the diagnostic value of DCE in PCa
detection and staging [15, 24-29]. Overall image quality of
T2WI, DWI and DCE-T1W images continue to evolve, each on
their own paths of development. It stands to reason that there is
need for continued assessment of the relative contributions of
each of these acquisitions in relation to objective measures of
tumor defined by histopathology.

Our objective is to assess the relative sensitivity and diagnostic
contributions of DCE MRI in a well-defined cohort of PCa pa-
tients with surgical pathology, providing the opportunity for
evaluation of spatially mapped histopathology as a standard of
reference, and for evaluation of the capacity of DCE-T1W
imaging to impact PI-RADS or tumor, node, metastasis (TNM)
staging.

2 | Methods

2.1 | Study Population and Design

This was an IRB approved, HIPAA compliant, partially-blinded
retrospective study with a waiver for informed consent. Data
was collected from our Electronic Patient Registry (mPower,
Nuance, Burlington, MA), using a search window between July
2018 through December 2022 to derive 50 prostatectomy PCa
patients with prior mpMRI (Figure 1).

2.2 | Image Acquisition

mpMRI protocol was based on PI-RADS v2 and 2.1 specifica-
tions, the American Urological Association (AUA) guidelines,
and a recent review, including gadolinium-enhanced imaging

Prostatectomy patients with whole mount
pathology following a recent priormpMRI
(n=50)

Excluded: patients with missing or
incomplete data
(n=3)

. 4
Included in the study
(n=47)

l

Blinded mpMRl analyses by review panel

i

Unblinding and correlationwith
postsurgical pathology

l

Unblinding and comparisonto prospective
clinicalmpMRI reports

FIGURE 1 | Study Flowchart. mpMRI = multiparametric magnetic
resonance imaging.
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[1, 4, 30, 31]. Scans were performed at several hospitals of the
same health system across five MRI scanners from two vendors:
Discovery MR750 3.0 T (GE Healthcare, Waukesha, WI, n =29
patients), Magnetom SKYRA 3.0 T (Siemens Healthcare, Er-
langen, Germany, n = 16 patients), Optima MR450w 1.5 T (GE
Healthcare, Waukesha, WI, n =2 patients), Magnetom AERA
1.5T (Siemens Healthcare, Erlangen, Germany, n = 2 patients)
and SIGNA Architect 3.0 T (GE Healthcare, Waukesha, WI,
n=1 patient). Scans were obtained using a phased-array sur-
face coil. No endorectal coil was used. Intravenous (IV) Glu-
cagon (1 mg) was administered on the scanner table. Patients
were instructed to self-administer a Fleet's enema before their
appointment to minimize rectal stool and gas. Standard MRI
sequences used T1W imaging, T2WI, and DWI with apparent
diffusion coefficient (ADC) maps as well as DCE sequences
(Table 1). Pre-contrast TIW images were acquired in axial plane
using TIW 3D-gradient echo (GRE) technique. T2W images
were acquired in sagittal, oblique-axial and oblique-coronal
planes using FSE technique. DWI/ADC images were acquired
in oblique-axial planes with at least three b-values, from which
one was > 1400 s/mm?. Multiphase acquisition with temporal
resolution of 5-7s/scan was used to acquire DCE images in
oblique-axial planes post-IV administration of Gadolinium
(Gadavist, 0.1 mmol/kg at 3mL/s, Bayer Pharmaceutical,
Whippany, NJ).

2.3 | MRI Evaluation

This was a partially-blinded study with the investigators being
aware that all patients had a prostatectomy but blinded to the
original radiological reports, and histopathology. Images were
reviewed on a picture archiving and communication system
(Universal Viewer, GE Healthcare, Chicago, IL) by the clinical
investigational team comprised of two Board-certified Radi-
ologists with over 10 and 20 years of mpMRI experience, and
two clinical research fellows. Each study was displayed dei-
dentified and reviewed with a standardized protocol, viewing
the T2W images first, followed by DWI (from low to high
b-values), ADC maps and finally DCE images. DCE images
were visualized in the axial plane scrolling in the time domain
for each axial slice, then incrementing to the next slice to view
the perfusion in the time domain. The results were observa-
tional looking at abnormal increased arterial phase en-
hancement in the prostate PZ as a marker of tumor, without
quantitative kinetics.

Sensitivity was determined on a per lesion octant anatomic
grid of each prostate and compared to whole mount histo-
pathology as reference. Octant PZ spatial mapping followed
PI-RADS guidelines [4]. Central and transitional zones were
considered central gland (CG) and outlined by the inner
prostatic capsule. Lesion conspicuity was scored on a 10-point
scale (1-lowest, 10-highest) on T2W, DWI, ADC, and DCE-
T1W sequences. Image quality of sequences (T2W, DWI,
ADC and DCE-T1W) was evaluated individually on a 4-point
scale (1-unreadable, 2-poor, 3-satisfactory, 4-excellent). DCE
sequences’ contribution towards the final diagnosis was sep-
arately evaluated on a 4-point scale (1-lesion(s) not visualized
on DCE images, 2-lesion(s) visualized, but DCE had no added

value towards the diagnosis, 3-DCE images increased confi-
dence for establishing the diagnosis, 4-DCE images were
essential for diagnosis). An overall T-stage was assigned ac-
cording to the TNM classification.

Investigational findings were compared to the clinical MRI
reports. The clinical reports were prospective interpretations
generated with a structured template following PI-RADS v2 and
v2.1 guidelines. Discrepancies and their causes were docu-
mented and tabulated.

2.4 | Histopathology

Histology of total prostatectomy whole mount cross-sectional
specimens with hematoxylin eosin (H&E) staining as well as
Gleason scoring and TNM staging were assessed as per stan-
dards of practice [32-35] by one pathologist with over 20 years
of prostate clinical pathology subspecialty experience. All cases
had whole mount preparations, as per routine practice at our
center. The prostatectomy pathology was collected as part of a
prior IRB-approved protocol for a tissue repository at our
institution under direction of the lead urologist on this study.
Tumor mapping corresponded to the MRI regional mapping, as
per recommendations from the AUA [1, 30]. Histopathology
records are maintained in a Research Electronic Data Capture
database.

2.5 | Statistical Analysis

Sensitivity of MR sequences (T2W, DWI, ADC and DCE-T1W)
for detecting PCa lesions was calculated on a per-lesion score
with an octant spatial grid of the PZ, or CG, compared against
whole mount histopathology. Conspicuity scores on each
sequence were compared using Student's f-test (p <0.05=
significant), a score of > 6 being considered diagnostic. Pear-
son's correlation coefficients were calculated, correlating con-
spicuity scores of different MRI sequences with the Gleason
grade found on histopathology and for correlating the ADC
values with the Gleason grade. Linear correlation analysis of
conspicuity scores on DWI, ADC and DCE-T1W sequences
against lesional conspicuity on T2W was performed. A contin-
gency matrix was used to correlate the data obtained by mpMRI
and postsurgical pathology results. GraphPad Prism 10
(Dotmatics, Boston, MA) was used for calculations and graph-
ing statistics.

3 | Results

3.1 | Patient Demographics and Group
Distribution

A list of 50 male patients who underwent prostatectomy fol-
lowing a mpMRI of the prostate gland was collated by mPower
from our electronic database. After exclusions, 47 patients were
included in the study (Figure 1). Clinical details and tumor
characteristics are summarized in Table 2.
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TABLE 2 | Patient characteristics and histopathological details. TABLE 3 | Contingency table for MRI and pathology results.
Characteristic Data Pathology
No. of patients 47 Positive Negative Total
Caucasian (Not Hispanic or 33 (70.2) MRI Positive 82 2 84
Latino) Negative 6 4 10
Caucasian (Hispanic or Latino) 3 (6.4) Total 88 6 94
Black 10 (21'3) Abbreviation: MRI, magnetic resonance imaging.
Asian 1 2.1)
Age (years)* 63 (61-71.5) . . .
. positives (Table 3). The overall MRI sensitivity for detecting PCa
Serum PSA (ng/mL) 72 (5-11.6) was 93.2% with a positive predictive value of 97.62%. As the
PSA density (ng/mL2)* 0.20 (0.13-0.29) evaluation was lesion-based, a negative result for the left or
Time between MRI scan and 12.07 (7.5-19.64) right side of the prostate gland could be assumed only when no
prostatectomy (weeks)* single tumor lesion was seen on that side and no tumor ex-
p I Ly 2834 tension from the contralateral side. A total of 10 negative results
rostate volume (mL) 36 (28.3-48.8) were reported on mpMRI (Table 3). From these, four cases
Prostate weight (g)* 35.5 (27.0-45.5) were confirmed as negative on postsurgical pathology and the
Dominant tumor size (cm)* 2.2 (1.6-2.9) remaining six cases had a Gleason score of six or seven, the
Prostate involved by tumor (%)* 20 (10-30) numbers being insufficient for a meaningful statistical analysis.
Location of tumor A comparison between the investigational mpMRI and pathol-
PZ 45 (95.7) ogy reports also revealed a 74.5% (n = 35) concordance in de-
CZ and/or TZ 0 (0.0) termining the prese.n.ce or absence of extra-prostatic extension
(EPE). Of the remaining 25.5% (n = 12) cases, 6.4% (n=3) had
PZ and TZ 1 2D microscopic or <3 mm EPE and 4.3% (n = 2) had microscopic
Gleason grade group bladder neck invasion.
No tumor 1 (21) o )

+ The conspicuity scores for the evaluated sequences are depicted
1(<6) 2 (4.3) in Figure 2B. The tumor conspicuity was most prominent on
2B+4=7)" 18 (38.3) T2WI (8.5+0.2) followed by DCE-T1W images (7.9 +0.3).
3(4+3=7) 9 (19.1) Lower values were recorded for ADC (6.2+0.3) and DWI
48y 7 (14.9) (6.1 £0.3). T-test analysis showed a statistical significance

. ’ between higher lesional conspicuity values detected on T2WI
5(29)" 9 (19.1) compared to DWI (p <0.0001) and ADC images (p < 0.0001),

Tumor stage and between DCE-T1W imaging compared to DWI (p = 0.0002)
No tumor 1 1) and ADC 1mages.(p:0.0007.). No significant difference was
noted between lesional conspicuity scores on T2W versus DCE
T2a 3 (6.4) sequences (p =0.1510). Linear correlation analysis for conspi-
T2b 0 (0.0) cuity scores on each sequence against T2W was also performed.
Tac 26 (55.3) The highest correlation was found between T2W and DCE
sequences (r=0.55), followed by DWI (r=0.45), and ADC

T3/T4 18 (38.3)

Note: Unless otherwise stated, patient numbers are stated in the right column with
percentages in parentheses.

Abbreviations: CZ, central zone; PSA, prostate-specific antigen; PZ, peripheral
zone; TZ, transition zone.

*Data are medians, with interquartile ranges in parentheses.

TEquivalent Gleason score is shown in parentheses.

3.2 | Sensitivity and Conspicuity

88 tumors were found in 47 prostatectomy specimens by his-
topathology (Table 3). The sensitivity of the evaluated MRI
sequences for detecting PCa lesions is depicted in Figure 2 A.
The highest sensitivities were recorded for T2WI (93.5%) and
DCE-T1W imaging (82.6%) sequences. Lower sensitivity values
were recorded for ADC (63.0%) and DWI (58.7%) sequences.

Tumor localization analysis, comparing mpMRI to pathology,
showed two true negatives, six false negatives and two false

(r=0.31) sequences. Pearson's correlation coefficient for con-
spicuity score of each sequence with Gleason grade found on
histopathology were as follows: 0.39, 0.33, 0.31, and 0.21 for
T2W, DCE, DWI, and ADC, respectively.

The added value of DCE MRI is shown in Figure 3. In 83% of
patients DCE imaging increased confidence or was scored es-
sential to tumor detection and localization. An example of
mpMRI and whole-mount pathology correlation with differen-
tial conspicuity of high-grade PCA on the different MRI
acquisition is shown in Figure 4.

3.3 | Image Quality

Figure 5 summarizes the qualitative measures of image
quality for each of the mpMRI acquisition sequences by
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FIGURE 3 | Relative contribution of DCE-T1IW MRI in

lesion detection. 4 = Essential, 3 = Increased Confidence, 2 =No
Added Value, 1=No DCE. [Color figure can be viewed at
wileyonlinelibrary.com]

assigning a score from 1 to 4. T2W images displayed the
highest quality, with 98% of scans scored as excellent or
satisfactory quality and a mean score of 3.8. A relatively
lower quality was recorded for other sequences, with 79% of
DWI, 81% of ADC and 77% of DCE images being of excellent
or satisfactory quality, and with mean scores of 3.3, 3.4, and
3.0, respectively. Of note is that DCE images were mostly
acquired without fat suppression and this factor reduced the
score by 1 point for 24 out of 47 studies, even when the
image quality remained unaffected.

3.4 | ADC Values and Gleason Score

Table 4 shows the mean ADC values of all the tumors
detected on mpMRI, categorized against respective Gleason
score and grade group [32]. A negative correlation was
observed (p < 0.0001), similar to prior reports [36-39].

3.5 | Analyses of the Prospective Clinical mpMRI
Reports

The prospective radiology clinical reports were available for
all 47 patients in this study for comparison to the over-reads
and pathology (Table 5). All 47 reports used a group-
standardized reporting system based on PI-RADS v2.1 for
anatomical regional localization, and using the T2WI,
DWI and ADC maps for the primary scoring. The DCE
images, although available, were not emphasized or used
universally, as per guidelines. Table 5 shows 42.7% of scans
had a significant difference from the over-reads where the
DCE images were included in the assessment in every case
and where a significance threshold was considered a change
in the PI-RADS and/or T-staging. Table 5 categorizes both
significant and nonsignificant differences. The most com-
mon errors were missed tumors on the contralateral side
(12.8% of cases, or 30% of detected errors) and erroneous
determination of EPE (14.9% of cases or 35% of detected
errors). In each of these cases DCE images were found to be
contributory (Figure 3, category 3 or 4).

4 | Discussion

PI-RADS provides a framework for mpMRI scanning and
interpretation to achieve standardization. It is evidence-
based and dependent on the collective experience of an
international group of experts. PI-RADS has evolved with
the most recent update published in 2019. The PI-RADS
Steering Committee justified a reduced role of DCE-MRI by
the lack of expert consensus, stating a difficulty of inter-
preting DCE-MRI sequences by eye [40]. Alternative meth-
ods include the Likert scale [41-43], ESUR score [44], or
EPE grade [45, 46]. The Likert scale, proposed in the United
Kingdom [41], employs all mpMRI acquisitions with DCE
having a primary role for both transitional and peripheral
zone cancer [18, 42, 43]. Furthermore, DCE imaging can
either upgrade or downgrade the score, whereas in PI-
RADS, DCE imaging only upgrades the score in certain
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FIGURE 4 | PCa multi-focal scattered lesions in the bilateral peripheral zones (PZs) most conspicuous on T2W and DCE-T1W scans in a
65-year-old male with rising PSA. Axial T2W images (A), DWI with b-value of 1600 (B), corresponding ADC map (C), and arterial phase
DCE-T1W images (D). Histopathological specimen showing multifocal postero-lateral PZ, with corresponding high magnification of regional
highest-grade tumor (E). Spatially corresponding tumor foci (Gleason score 4 + 4 on the right, and 3 + 4 on the left) are marked by yellow
arrows (A-D) and black rectangles (E). Focal and nonuniform T2 signal hypo-intensities are evident at the left posterolateral and right
lateral PZ (A). DWI and ADC sequences provide lower lesion conspicuity with indistinct signal changes throughout the PZ (B and C). The
mean ADC value for the lesion on the left is 1064 mm?/s and 1186 mm?/s on the right (C, arrows), which was interpreted as benign (PI-RADS
2) on the prospective clinical radiology report. Combined with the T2W features, the prospective report provided a PI-RADS score of up to 3,
based on T2W images. DCE-T1W imaging, however, shows distinct arterial enhancement (D, yellow arrows), in keeping with malignancy. A
1.7 cm confluent area of T2 hypo-intensity (white dotted oval, A and D) was also prospectively reported in the central gland with features of
broad internal capsular abutment and possible extra-capsular extension and categorized as a PI-RADS 5 lesion. However, this region was not
associated with diffusion restriction (B, C) or early arterial enhancement (D), and, in retrospect, in keeping with central zone (CZ) stromal
hypertrophy. Postsurgical pathology revealed left and right PZ acinar adenocarcinoma with a Gleason score of 3+4=7 and 4+4=38,
respectively, corresponding to T2W and DCE-T1W imaging (A and D). No tumor was identified in the CZ, with histological features of
stromal hypertrophy. [Color figure can be viewed at wileyonlinelibrary.com]

100+ == 4 - Excellent TABLE 4 | ADC values against Gleason groups.
83 =mm 3 - Satisfactory Gleason grade Mean ADC
801 2 - Poor Gleason score group value
" - — 1 -iUnreadabic No tumor No tumor 956.5
560+ <6 1 823.1
Q 53 51
7] 7=3+4 2 771.4
(e
\‘340- 7=4+3 3 663.2
)
28 26 8 4 490.4
19 19 2
201 15 17 >9 5 482.9
2 0 2 0 0 Abbreviation: ADC, apparent diffusion coefficient.
T2W DWI ADC DCE
Sequence

scenarios [18, 41, 43]. The Prostate Imaging for Recurrence
Reporting (PI-RR) is another scoring system, proposed in
2021 by the ESUR and members of the PI-RADS Steering

FIGURE 5 |
is scored from 1 to 4. The relative quality score of T2W images

Image quality of sequences analyzed. Image quality

greater than for DWI (p = 0.0043), ADC (p =0.0007) or DCE T1W
(p <0.0001). A higher proportion of DCE scans were given a score
of 3 due to the lack of fat suppression in a subset of cases (Fat-
suppression is the current recommended standard of practice by the
ACR PI-RADS documentation). [Color figure can be viewed at
wileyonlinelibrary.com]

Committee, where DCE imaging is weighted with more
significance [18, 47], and studies suggest DCE images gen-
erate the highest inter-reader agreement [48, 49].

Our overarching study objective was to assess the relative
contributions of the different components of a standardized
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” mpMRI scan, searching for optimization in diagnostic yield.
2 Our results support three main conclusions. First, PI-RADS
zZ = : : it : a 8 may be underweighting the role of DCE images. In our study, it
g - a4 aa - was determined that DCE sequences, at minimum, improved
=® diagnostic confidence in most cases (83%) and was essential in
11% of cases, suggesting that employment of DCE images as a
e ) major score element would markedly increase PCa PZ lesion
% « © 0 ® 3 detection and staging accuracy.
:_" ¢ 2 2 9 g «
; Second, the role of DWI and derivative ADC mapping is rela-
tively inferior to T2W or DCE imaging for lesion detection,
o particularly for smaller or multifocal disease. Here, we show
q N that DWI and ADC have significantly lower diagnostic per-
T N N 0 Ao formance compared to T2W and DCE imaging. DWI sequences
= are intrinsically low signal, noisy, and lower resolution com-
pared to the other scanning techniques. Longer scan times,
fg go 2 usually requiring multiples of minutes, leads to motion-related
= | g deterioration from patient motion and other internal sources of
Q 2 o 0= s movement, such as bowel and bladder contractions, or from
T; a ?30 S ;‘5 susceptibility-related signal distortion from adjacent bowel gas.
N A G S
§ g S g % Ry § Third, our study, which examined prospective clinical reports
5§ 2 3 5 2 = g . S that strictly used the prescribed PI-RADS v2.1 methodology,
£ S § 2 & P g 2 E : showed that the most common errors are from under-staging of
S &Y '2 5 g Z j:: e a patients with multi-focal and bilateral disease, where multifocal
g é ;;‘s‘D S ‘;" @ = g and contralateral lesions were not appreciated on T2W and
e & 8 § S 2 & 8 DWI-ADC imaging alone and most often scored as borderline
5 = a3 5 T° 9 = PI-RADS 3. The next most common error was EPE under/over-
g % 5 3 e ing. findings show that these errors would be sig-
g g 3 2 £ re?p.ortmg Our fin g : . g
) Z &é = = nificantly reduced by implementing DCE images.
2 S g 38 8
é E e 2 § Prior reports with at least similar sample sizes measured sen-
= 4 sitivities from 47.8% to 94% for T2WI and 73% to 82.6% for DCE-
2 n 2 MRI [50-52], including higher sensitivity for DCE-MRI versus
S 2 o o o " - o Ed T2WI in two studies. A meta-analysis involving data extracted
:12: G - o - “ = é" from 22 articles involving 1483 patients determined area under
é IS8 é the curve values of 0.82, 0.81, 0.7 and 0.83 and sensitivity values
§ § of 55%, 46%, 46%, and 64% for DCE-MRI, DWI, T2WI, and
= E 2 combined T2WI and DCE-MRI, respectively [2]. In keeping
é § o X o < 3 5 E with our findings, DCE scans have been shown to improve
8 = DR I © = % %D detection of small tumors or tumors in cases with technically
5 IS 5 impaired T2W/DWTI scans [18, 53].
2 5 E
§ IS é % Our results have several other implications. There is active
§ 3 N o A Nt ~ 8 2 § development for further improving standardized reporting
é = E :g with computational image analysis using Artificial Intelligence
5 <2 (AI). The use of DCE scans should be considered, along with
§ T;j = T2WI and DWI, for neural-network training and development
§ K> 2 é i of Al-based computer-assisted diagnostics and it would be
& - ‘@A 2 5 22 important to include annotated DCE images. Further gains
&é K = ) g § I3 = = g will also result from focused development and improvement in
) g \LI/ % = I % 2 < ; DCE scanning. Newer techniques may include radial stack-of-
8 2 2 g g E £ g g % stars combined with neural-network implementations useful
E; § e § § E g é = for reducing noise, improving speed and resolution, and
z e = g g 5§ o g PR eliminating artifacts [54].
Slglgges &% 8 |i:
.‘3 :; g % % & S E: '2 ug}:j % Limitations of our study include a retrospective partially-
w &l 8 2 § = _U; g = § £ é blinded design, with case review conducted knowing patients
5 3 % g E 2 2 ; g 8 £ = §§ had PCa and introducing bias for sensitivity. While a fully
2 'C‘“; %D 5 % S g 5 2 g 5 E §§ blinded prospective analysis, including patients without PCa,
= Z < would provide another measure of sensitivity and specificity,
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our study was designed to compare the performance of different
scan techniques. We achieved that by comparing a per-lesion
detection in total prostatectomy patients with spatial mapping
to the whole mount pathology. Another concern may be that
our measure of DWI inferiority may be the result of poor
techniques. To test that, we compared the ADC quantitative
map of tumor lesions to the Gleason Score, showing that there
was an inverse correlation between these measures. This is
supported by prior reports and provides indirect evidence that
our DWI and ADC maps are behaving as expected.

5 | Conclusions

DCE sequences have marked potential for improving PCa
diagnosis, with unique information related to perfusion and
tumor neovascularization. We show DCE imaging improved
diagnostic performance of mpMRI, using whole gland pathol-
ogy for reference, and generated higher staging accuracy on
TNM classification. A reporting system for mpMRI should
assign DCE imaging similar weighting and importance as T2W
images.
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