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Male; Purpose: To assess the performance of a computer-aided diagnosis (CADx) system trained at
Prostatic neoplasms; characterizing International Society of Urological Pathology (ISUP) grade >2 peripheral zone
Magnetic resonance (PZ) prostate cancers on multiparametric magnetic resonance imaging (mpMRI) examinations
imaging (MRI); from a different institution and acquired on different scanners than those used for the training
Diagnosis; database.

Computer-assisted Patients and methods: Preoperative mpMRIs of 74 men (median age, 65.7 years) treated
diagnosis by prostatectomy between 2014 and 2017 were retrospectively selected. One radiologist
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outlined suspicious lesions and scored them using Prostate Imaging-Reporting and Data System
version 2 (PI-RADSv2); their CADx score was calculated using a classifier trained on an inde-
pendent database of 106 patients treated by prostatectomy in another institution. The lesions’
nature was assessed by comparison with prostatectomy whole-mounts. Diagnostic accuracy
was estimated with areas under receiver operating characteristic curves (AUCs). Sensitivity
and specificity were calculated using a CADx threshold (>0.21) that yielded 95% sensitivity in
the training database, and a PI-RADSv2 > 3 threshold.

Results: A total of 127 lesions (PZ, n=104; transition zone [TZ], n=23) were described. In PZ,
CADx and PI-RADSv2 scores had similar AUCs for characterizing ISUP grade >2 cancers (0.78
[95% confidence interval (Cl): 0.69—0.87] vs. 0.74 [95%Cl: 0.62—0.82], respectively) (P=0.59).
Sensitivity and specificity were respectively 89% (95%Cl: 82—97%) and 42% (95%Cl: 26—58%) for
the CADx score, and 97% (95%Cl: 93—100%) and 37% (95%Cl: 22—52%) for the PI-RADSv2 score.
In TZ, both scores showed poor specificity.

Conclusion: In this external cohort, the CADx and PI-RADSv2 scores showed similar performances
in characterizing ISUP grade > 2 cancers.

© 2019 Société francaise de radiologie. Published by Elsevier Masson SAS. All rights reserved.

Multiparametric magnetic resonance imaging (mpMRI) has
high sensitivity for detecting prostate cancers with an Inter-
national Society of Urological Pathology (ISUP) grade >2
[1—3]. Thus, targeting suspicious lesions seen on mpMRI
improves the detection of these cancers as compared to the
classical diagnostic pathway that uses systematically dis-
tributed biopsies [4—7]. As a result, mpMRI is increasingly
obtained before biopsy [8,9].

However, mpMRI interpretation needs expertise and
shows moderate inter-reader reproducibility, even with
the use of the Prostate Imaging-Reporting and Data Sys-
tem version 2 (PI-RADSv2) [10—12]. In order to improve
mpMRI interpretation, many research groups have devel-
oped computer-aided detection and diagnosis (CAD) systems
that combine various image features [13—15]. There are two
types of CAD systems. Computer-aided detection (CADe) sys-
tems provide probability maps highlighting regions of the
gland that may contain cancer. They aim at improving both
the detection (sensitivity) and the characterization (speci-
ficity) of suspicious areas. Computer-aided diagnosis (CADx)
systems, only provide a probability score for disease in a
region of interest (ROI) delineated by the radiologist. Some
CAD systems [16—18] have been shown to improve human
interpretation in so-called ‘internal’ test populations, (i.e.,
on patients imaged in the same institution and on the same
MRI scanners). Evaluation in ‘internal’ test population is
optimistically biased [19] because of overfitting [20] and
because intensity and texture features derived from MR
images are prone to substantial variability across institutions
and scanners. The use of quantitative MRI [21] is expected
to reduce variability but some residual variability may exist
[22—26]. Only a few CAD systems gave good results when
tested on datasets from MRI scanners that were not those
used for training [27—29]; and yet, in these cases, test
populations were imaged on MRI scanners from the same
institutions, using similar imaging parameters. To our knowl-
edge, only one CADe system has been evaluated on a true

‘external’ database (i.e., on data coming from completely
different institutions) [30]. However, its impact on human
interpretation was moderate, with only a trend towards bet-
ter sensitivity in detecting index lesions in the transition
zone (TZ), for less-experienced readers.

Developing a CADe is difficult because it needs automatic
segmentation between the peripheral zone (PZ) and TZ, and
robust co-registation between the pulse sequences despite
image distortion or prostate motion. A CADx fulfils a less
ambitious goal but provides less noisy quantifications and is
not limited by segmentation or co-registration issues.

We previously trained a CADx system to characterize ISUP
grade > 2 cancers on mpMRIs from two different manufac-
turers obtained at a single institution in patients treated by
radical prostatectomy [29]. It outperformed human reading
when tested in an independent ‘internal’ cohort of patients
referred for pre-biopsy mpMRI [31].

The purpose of this study was to evaluate the per-
formances of the CADx system in characterizing ISUP
grade > 2 cancers in an ‘external’ dataset obtained from a
different institution and different MRI scanners than the two
used during the training phase.

Materials and methods
CADx training database

The CADx was trained to characterize ISUP grade>2
cancers in PZ using a database of 106 mpMRIs obtained
before prostatectomy at Institution 1 (Hospices Civils de
Lyon). All patients gave written informed consent and
sighed the institutional review board-approved inclusion
form. mpMRIs included T2-weighted, diffusion-weighted
and dynamic contrast-enhanced (DCE) imaging. They were
obtained on one of three 3T imagers (MR 750°, General
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Electric Healthcare; Achieva X-series® and Ingenia®, Philips
Healthcare). Suspicious lesions were delineated by two
radiologists and their nature was assessed after comparison
with prostatectomy whole-mounts. The model providing
the best discrimination of ISUP grade > 2 cancers in PZ com-
bined the 10th percentile of the ADC distribution (ADC_10th)
and the time to the peak of enhancement (TTP). The CADx
score providing 95% sensitivity for detecting ISUP grade >2
cancers in the training database was 0.21. Using this score
as threshold, the specificity was 57% (95%Cl: 24—69) [29,31].

Test database

We retrospectively selected the patients who underwent
radical prostatectomy in the Department of Urology of Insti-
tution 2 (Centre hospitalo-universitaire Dijon Bourgogne)
between January 2014 and December 2017, and who had
undergone preoperative prostate mpMRI in the Departments
of Radiology of Institution 2 or of Institution 3 (Centre de
lutte contre le cancer Georges-Francois-Leclerc), these
two departments sharing the same MRI scanners and the
same Picture Archiving and Communication System (PACS).
There were no exclusion criteria based on the imaging
field strength nor on MR image parameters, provided the
protocol included T2-weighted, diffusion-weighted and DCE
imaging. The retrospective analysis of the test database
was approved by the Ethics Committee of the Hospices
Civils de Lyon; all patients received a letter detailing the
study and offering them the opportunity to withdraw. No
patient has withdrawn.

Three different MRI scanners from the same manufac-
turer (Siemens Healthineers) were used during the study
period: Magnetom Aera® (1.5T), Magnetom Trio-TIM® (3T,
from September 2013 to August 2016) and Magnetom Skyra®
(3T, from August 2016 to December 2017). An eight-channel
(Aera® and Trio-TIM®) or 18-channel (Skyra®) pelvic phased-
array coil was used without any endorectal coil. There was a
large heterogeneity in the image parameters used (Table 1).
For DCE imaging, an intravenous injection of 0.2 mL/kg
of gadoterate meglumine (Dotarem®, Guerbet) or gadobe-
nate dimeglumine (Multihance®, Bracco) was performed at
5mL/s [32].

Image interpretation and calculation of the
CAD scores

MR images of the test database were retrieved from the
PACS of Institution 2 and anonymized. They were reviewed
by an uroradiologist (O.R.) with 20 years of experience
in prostate imaging, blinded to clinical and pathological
data. The radiologist noted all visible lesions whatever
their degree of suspicion for malignancy. In PZ, all lesions
with low-signal intensity at T2-weighted imaging and/or
low-signal intensity on apparent diffusion coefficient (ADC)
maps, and/or focal early or intense enhancement at DCE
imaging were taken into consideration. In TZ, only homoge-
neous, low-signal intensity areas at T2-weighted imaging,
with ill-defined margins, no visible capsule, and no cystic
component were noted [33].

For each lesion, the radiologist assessed its location
(PZ/TZ), its PI-RADSv2 score and the presence of post-
biopsy bleeding artefact (none, mild, moderate, marked).

Because high b-value (>1400s/mm?) images were not
available, PI-RADSv2 assessment for diffusion-weighted
imaging was made only on ADC maps (1: No abnormal-
ity on ADC; 2: Indistinct hypointense on ADC; 3: Focal
mildly/moderately hypointense on ADC; 4: Focal markedly
hypointense on ADC < 1.5 cm; 5: Focal markedly hypointense
on ADC>1.5cm).

Finally, the radiologist delineated the lesions on the three
pulse sequences using Osirix” software (Pixmeo). ROIs were
delineated only on the section level considered the most
representative of the lesion (i.e., the one showing the most
marked abnormality). For DCE images, ROIs were delineated
only on the phase that best showed the lesion and automat-
ically copied on the other phases. ROIs delineated on the
three pulse sequences could have different size and shape
and could be on slightly different slice levels if the lesion
encompassed several slice levels. The model defined in the
training population was used to calculate the CADx scores in
the ROIs.

Determination of ground truth

Prostatectomy specimens were processed according to ISUP
guidelines [34]. Tumor foci were given an individual ISUP
grade and were delineated on whole-mount specimens by a
pathologist (M.F.V.) with 15 years of experience in uropathol-
ogy.

The ROIs were compared to the prostatectomy whole-
mounts by the radiologist who delineated them, a researcher
with 16years of experience in prostate imaging (R.S.) and
another radiologist with one year of experience (S.T.).
By means of consensus, they assessed whether the ROIs
matched the position of a histologic cancer or not. They
also contoured, by consensus, histological cancers missed
at mpMRI interpretation but that could be retrospectively
seen on MR images.

Statistical analysis

Quantitative characteristics were described using medi-
ans and interquartile ranges (IQRs). PI-RADSv2 and CADx
scores were compared using areas under the receiver oper-
ating characteristic curves (AUCs). AUCs were estimated
using binormal smoothing and compared by the bootstrap
test. Sensitivities and specificities were calculated using
prospectively chosen thresholds (> 3 for the PI-RADSv2 score
and >0.21 for the CADx score) that were defined before
analyzing the data.

Statistical analysis was performed using R software
(http://www.cran.r-project.org). Multiple testing was
accounted for by using Bonferroni correction. P<0.05 was
considered statistically significant. All interval estima-
tions are 95% confidence intervals (95%Cls). The study is
registered on ClinicalTrials.gov (identifier NCT03687918).

Results
Test population

Seventy-four men were included (Fig. 1). Their median
age and prostate-specific antigen level were 65.7 years
(IQR, 62.1—68.7) and 7.4ng/ml (IQR, 5.7—11), respectively.
Patients underwent MR imaging between September 2013


http://www.cran.r-project.org/

Table 1 Parameters of prostate multiparametric magnetic resonance imaging.

Sequence TR (ms) TE (ms) FOV (mm?) AM Flip ST bV TP TPRE (s)
name angle (mm) (s/mm?)
()
3T T2/3D-1 3500 133 to 135 303 x 249 135 x 231 x 384 140 1.25
to
167 x 289 x 384
T2/3D-2 2350 to 101 to 134 243 x 303 137 x 223 x 384 130 1.25
3100 to to to
263 x 320 151 x 259 x 448 160
T2/3D-3 2500 136 320 x 320 312 x 430 x 448 100 1.25
to
110
T2/2D 4690 to 139 to 151 200 x 200 315 x 320 120 2,5
6450 to
220 x 220
DWI/600 2300-330 74 175 x 175 96 x 96 90 4 100—600
to
230 x 230
DWI/800-1 3500 67 250 x 250 106 x 156 90 4 200—800
DWI/800-2 3100 59 175 x 175 96 x 96 90 4 200—800
DCE-1 3.24 to 1.03 to 210 x 280 125 x 256 10 3.5 23 to 40 6.8to 17.6
3.95 1.29 to
263 x 350
DCE-2 3.92 1.43 260 x 260 205 x 256 12 3.5 23 to 35 8.1
1.5T T2 2780 151 250 x 250 320 x 320 132 3,2
DWI 3100 85 198 x 198 96 x 96 90 4 0-600
DCE 5.35 1.66 225 x 300 158 x 320 15 3 23 11.3 to
22.5

TR: repetition time; TE: echo time; FOV: field of view; AM: acquisition matrix; ST: slice thickness; bV: b-values; TP: time points; TPRE: temporal resolution. Before August 2016, three
3T protocols were used, associating the following pulse sequences: (a) T2/2D, DWI/600 or DWI/800-1, DCE-1; (b) T2/3D-1, DWI/600 or DWI/800-1, DCE-1; (c) T2/3D-2, DWI-600, DCE-1.
After August 2016, only one 3 T protocol was used, associating T2/3D-3, DWI/800-2 and DCE-2. The same 1.5 T imaging protocol was used during the study period.
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between January 2014 and December 2017
N=215

Patients who underwent radical prostatectomy

>

Patients imaged in other centers
N=121

v

Patients imaged at Institution 2 or at
Institution 3
N=94

Delay between MRI and surgery >8 months

Failure to retrieve images from PACS

History of radiation therapy (N=1)
MRI artifacts (motion N=1, hip prosthesis
N=1 or bulky bleeding N=2)

~
“1 N=10
v
Delay between MRI and surgery <8 months
N=84
~
-
N=5
v
Patients with complete protocol available
N=79
\ 4
Study population
N=74

With n=127 lesions described

\ 4
Transition zone

n=23 lesions.

¥

Positive CAD findings (Pr=0.21)

- benign tissue, n=16/31 lesions
- ISUP grade 1, n=6/7 lesions.

- ISUP grade 22, n=59/66 lesions.

Positive CAD findings (Pr=0.21)

- benign tissue, n=6/7 lesions

- ISUP grade 1, n=1/2 lesions.

- ISUP grade =2, n=14/14 lesions.

Figure 1.  Standards for Reporting of Diagnostic Accuracy (STARD) flow diagram. MRI: magnetic resonance imaging; PACS: picture archiving
and communication system; CAD: computer-aided diagnosis; MR: magnetic resonance; ISUP: International Society of Urological Pathology;

N: number of patients; n: number of lesions.

and December 2017; all were imaged at 3T but one. The
median time between MR imaging and surgery was 3.3
months (IQR, 2.1—4.8). On prostatectomy specimens, 93
cancers were found in PZ and 34 in TZ (Supplemental Tables
1 and 2).

MRI lesions

In total, the radiologist described 127 MRI lesions (PZ,
n=104; TZ, n=23); 57 had bleeding artifacts (Table 2;
Figs. 2 and 3). Tables 3 and 4 show the distribution of their
PI-RADSv2 and CADx scores.

Performance of the CADx and PI-RADSv2
scores in PZ

The AUCs of the CADx and PI-RADSv2 scores were not sig-
nificantly different, neither in the entire population of the
104 PZ lesions (P=0.59) nor in the subgroups of lesions with
(P=0.36) or without (P=0.56) bleeding artifacts (Table 5).
The AUCs of the CADx and PI-RADSv2 scores tended to be
lower when bleeding artifacts were present, but the dif-
ference was not significant, neither for the CADx score
(P=0.46) nor for the PI-RADSv2 score (P=0.29).

Using the>0.21 threshold, the sensitivity and speci-
ficity of the CADx score were 89% (95%Cl: 82—97%)
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Table 2 Focal prostatic lesions seen on multiparametric magnetic resonance imaging.

PZ (N) TZ (N) Total (N)

Nature of lesions

Benign tissue 31 7 38

ISUP grade 1 cancer 7 2 9

ISUP grade 2 cancer 36 7 43

ISUP grade 3 cancer 21 4 25

ISUP grade > 4 cancer 9 3 12
Bleeding artifacts

None 56 14 70

Mild 33 6 39

Moderate 7 1 8

Marked 8 2 10

PZ: peripheral zone; TZ: transition zone; N: number of patients; ISUP: International Society of Urological Pathology.

Figure 2.  66-year-old man with a prostate specific antigen (PSA) level of 3.8 ng/mL. Multiparametric magnetic resonance imaging reveals
a 12-mm suspicious lesion in the peripheral zone of the left mid-gland that shows low-signal intensity on T2-weighted imaging (A, green
outline), restriction of diffusion on the apparent diffusion coefficient map (B, green outline) and early focal enhancement on dynamic
contrast-enhanced imaging (C, green outline). The radiologist assigned to that lesion a PI-RADSv2 score of 4. The CADx score was 0.60. On
prostatectomy whole-mount, the lesion corresponded to an ISUP grade group 2 cancer (D, arrow). The black outline in the right lobe visible
on Fig. D (arrowhead) corresponds to a microscopic focus of ISUP grade group 1 cancer.

and 42% (95%Cl: 26—58%), respectively. These sensitiv-
ity and specificity values tended to be lower than
those obtained using the same threshold in the train-
ing database, but the differences were not statistically

significant (P=0.06 for both). Using the > 3-threshold, the
sensitivity and specificity of the PI-RADSv2 score were 97%
(95%Cl: 93—100%) and 37% (95%Cl: 22—52%) respectively.
The sensitivities of the CADx and PI-RADSv2 scores were
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Figure 3.

62-year-old man with a prostate specific antigen (PSA) level of 4.2 ng/mL. Multiparametric magnetic resonance imaging showed

a 13-mm suspicious lesion in the peripheral zone of the right mid-gland that showed low-signal intensity at T2-weighted imaging (A, green
outline), restriction of diffusion on the apparent diffusion coefficient map (B, green outline) and early focal enhancement on dynamic
contrast-enhanced imaging (C, green outline). The radiologist assigned to that lesion a PI-RADSv2 score of 4. The CADx score was 0.02.
On prostatectomy whole-mount, there was no matching histological cancer (D, arrow). The blue outline on Fig D (arrowhead) shows a

microscopic focus of ISUP grade group 1 cancer.

significantly different (P=0.04) but not their specificities
(P=0.83).

Performance of the CADx and PI-RADSv2
scores in TZ

Of the 23 TZ lesions, only two had a CAD score<0.21; one
was benign and the other was an ISUP grade 1 cancer. All TZ
lesions had a PI-RADS score > 3, irrespective of their nature.

Missed cancers

Forty-nine histological cancers (26 ISUP grade 1, 23 ISUP
grade > 2) were missed by the radiologist. Sixteen of these
(3 ISUP grade 1, 13 ISUP grade > 2) were retrospectively visi-
ble on MR images and could be delineated. Thirteen of these
16 cancers (2 ISUP grade 1, 11 ISUP grade >2) had a CADx
score > 0.21.

Discussion

The purpose of this study was to evaluate the performances
of a CADx system combining ADC_10th and TTP in a test pop-
ulation of patients from a different institution and imaged
on MR scanners from a different manufacturer than those
included in the training database. This ‘external’ test popu-
lation was composed of patients treated by prostatectomy,
although the main target for our CADx system would be
patients referred to prostate biopsy. We made this method-
ological choice because comparison with prostatectomy
specimens allows precise radiologic-pathologic correlations.
Using targeted biopsy findings as ground truth is debatable
since targeted biopsy may miss some prostate cancer foci
or underestimate the aggressiveness of the detected can-
cers [35]. Had the CADx system showed poor results, we
wanted to make sure that these poor results were due to
the poor performance of the algorithm and not to imprecise
histological reference standard.

The patients of the test population were imaged on three
different MRI scanners, and imaging parameters varied sub-
stantially during the study period. DCE imaging temporal
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Table 3 Distribution of the PI-RADSv2 and CADx scores in prostatic lesions seen on multiparametric magnetic resonance

imaging.

PI-RADSv2 score Benign tissue ISUP grade 1 cancer

ISUP grade 2 cancer ISUP grade > 3 cancer

<0.5cc >0.5 cc <0.5cc >0.5 cc
PZ

1
CAD — 5 (2) 0 0 1(1) 0 1(1)
CAD + 0 0 0 0 0 0

2
CAD — 4 (1) 0 0 0 0
CAD + 4(2) 1(1) 0 0 0 0

3
CAD — 1 0 0 0 0 0
CAD + 2 (1) 0 0 0 1(1) 0

4
CAD — 5(2) 0 0 1 3(2) (1)
CAD + 8 (2) 1(1) 2 (2) 0 25 (12) 11 (7)

5
CAD — 0 1(1) 0 0 0 0
CAD + 2 0 2 (1) 5(2) 0 17 (5)

TZ

3
CAD — 1 0 0 0 0 0
CAD + 2 (1) 0 1 0 1(1) 0

4
CAD — 0 1 0 0 0 0
CAD + 4 (2) 0 0 0 3 2 (1)

5
CAD — 0 0 0 0 0 0
CAD + 0 0 0 0 3(2) 5(2)

PZ: peripheral zone; TZ: transition zone; PI-RADSv2: Prostate Imaging-Reporting and Data System version 2; ISUP: International Society
of Urological Pathology; cc: cubic centimetre; CADx: computer-aided diagnosis system. The table shows numbers of lesions. The
numbers in parentheses are numbers of lesions with bleeding artefacts among the lesions of the cell. For example, a total of five lesions
in PZ had a PI-RADS score of 1, negative CADx findings and corresponded to benign tissue on prostatectomy specimens. Among these
five lesions, two had bleeding artefacts on magnetic resonance imaging. CADx score was dichotomized using a > 0.21 threshold.

Table 4 CADx scores of prostatic lesions seen on multiparametric magnetic resonance imaging.

PZ TZ

Median (IQR) n Median (IQR) n
Benign lesions and ISUP grade 1 cancers 0.30 (0.04—0.67) 38 0.85 (0.33—0.93) 9
ISUP grade 2 cancers 0.85 (0.46—0.97) 36 0.98 (0.93—0.99) 7
ISUP grade 3 cancers 0.78 (0.76—0.97) 21 0.74 (0.66—0.86) 4
ISUP grade >4 cancers 0.97 (0.92—0.97) 9 0.93 (0.86—0.95) 3

PZ: peripheral zone; TZ: transition zone; IQR: interquartile range; n: number of lesions; ISUP: International Society of Urological

Pathology; CADx: computer-aided diagnosis system.

resolution, that is essential for accurate estimation of TTP,
was highly variable (6.8—17.6s). The acquired b-values were
also variable. Maximum b-values were lower than those rec-
ommended by the PI-RADSv2 guidelines and different from
the one used in the training database (2000s/mm?). This is
explained by the fact that most MRI examinations were per-
formed before the PI-RADSv2 guidelines were published, and

by the absence of selection criteria based on image param-
eters or image quality; instead, we included all consecutive
MRI examinations in order to obtain a ‘real-life’ database.
As showed by a recent survey, the level of adherence to PI-
RADSv2 technical standards is highly variable across imaging
facilities [36]. In the only study that evaluated a CAD sys-
tem for prostate mpMRI using a truly ‘external’ database,
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Table 5 Areas under the receiver operating characteristic curves of the CADx and PI-RADSv2 scores in the peripheral

zone.

No bleeding artifacts (n=56) Bleeding artifacts (n=48) Overall population (n=104)
CADx 0.81 (0.68—0.92) 0.74 (0.59—0.87) 0.78 (0.69—-0.87)
PI-RADSv2 0.78 (0.66—0.89) 0.67 (0.51-0.83) 0.74 (0.62—0.86)

n: number of lesions. Data in parentheses are 95% confidence intervals.

there was also high variability in imaging parameters and all
protocols were not entirely compliant with PI-RADSv2 spec-
ifications, even if the participating centers were academic
institutions [30]. In the same study, 24% of MRI examina-
tions showed poor image quality based on rectal distension
and prostate motion [30]. CADs are not supposed to replace
non-valid MRI protocols and the uro-radiological community
must strive to facilitate the diffusion of PI-RADSv2 standards
across institutions. However, CAD systems will not be useful
in daily practice if they are not robust to variations in imag-
ing parameters. The fact that mpMRlIs of the test population
do not entirely comply with up-to-date standards impairs
the generalization of our results. It can also be viewed, on
the other hand, as a challenging test for our CAD system.

Unsurprisingly, the CADx sensitivity and specificity
tended to be lower in this difficult ‘external’ test popu-
lation than in the training population and the differences
almost reached statistical significance (P=0.06). However,
the difference between the observed sensitivity (89%; 95%Cl:
82—97%) and the expected 95% sensitivity remained small,
while the difference in specificity (42% [95%Cl: 26—58%] vs.
57% [95%Cl: 24—69%]) was substantial. The lower specificity
obtained in the test population could be explained, at least
partially, by the large proportion of lesions with bleeding
artifacts, that are known to create false positive-findings at
mpMRI [37,38] and that showed substantial impact on the
CADx AUC in this series. Because mpMRI is increasingly used
before biopsy, these bleeding artefacts will be less problem-
atic in the future.

In this series, the CADx AUC for characterizing ISUP
grade > 2 cancers (0.78; 95%Cl: 0.69—0.87) was similar to
that of the PI-RADSv2 score assigned by an experienced
radiologist (0.74; 95%Cl: 0.62—0.86). However, when both
tests were dichotomized, the sensitivity of the CADx score
(threshold > 0.21) was significantly lower than that of the
PI-RADSv2 score (threshold > 3). This latter result must be
interpreted with care. Indeed, a CADx only provides a score
for lesions that have been detected by the human reader. Its
expected added value lies in characterizing these lesions,
i.e. in improving the specificity of reading. Only a CADe sys-
tem can be expected to improve the sensitivity of human
interpretation. In this study, 16 of the 49 histological cancers
missed by the radiologist were retrospectively visible on MR
images. The CADx score was > 0.21 in 13 of these 16 cancers,
including 11 ISUP grade > 2 cancers. This strongly suggests
that a CADe approach has the potential to improve the sen-
sitivity of cancer detection, even for experienced readers.
However, as discussed above, this necessitates to deal with
more noisy parameters, since quantification is made at the
pixel level rather than in large ROIs, and to address segmen-
tation and co-registration issues that are not trivial [30].

CAD systems are not designed to replace radiologists but
to help them. They may be mostly needed for the PI-RADSv2
3—4 lesions, which are the most difficult to characterize.
Our results suggest the CADx could help in this setting, at
least in PZ. There were only 4 PI-RADSv2 3 lesions in PZ; the
CADx was positive in three including the only ISUP > 2 can-
cer. Similarly, ISUP > 2 cancers corresponded to 50% (5/10)
of PI-RADSv2 4 lesions with negative CADx findings and to 77%
(36/47) of PI-RADSv2 4 lesions with positive CADx findings.

The current version of the CADx was trained only on PZ
lesions and showed poor specificity on suspicious TZ lesions.
This was also observed in the ‘internal’ validation cohort
[31]. Diagnosis of TZ cancers relies on other criteria than
signal changes (e.g., absence of capsule, lenticular shape,
anterior-apical position) [33] that are not yet taken into
consideration by our CADx system.

This study has some limitations. First, PI-RADSv2 assess-
ment for diffusion-weighted imaging was based only on ADC
maps. However, PI-RADSv2 criteria do not account for large
discrepancies between ADC maps and high b-value images
(e.g., marked hypointense on ADC and mildly hyperintense
on high b-value images; or, mildly hypointense on ADC and
markedly hyperintense on high b-value images), probably
because they are rare. Thus, we believe that using only ADC
maps for scoring had little impact on the final score. In our
experience, high b-value images are mostly useful for tumor
detection because they provide good contrast between can-
cers and background prostate tissue. Thus, the proportion
of cancers missed by human lecture may have been overes-
timated in the present study. Second, only one radiologist
read the MR examinations. However, our purpose was only
to provide an initial assessment of the CADx in an ‘exter-
nal’ test cohort. Third, because we used patients treated by
prostatectomy, the results reported herein may not be fully
reproducible on patients with suspicion of prostate cancer.
Nonetheless, in an independent ‘internal’ test population
of patients referred for prostate biopsy, using the > 0.21
threshold, the CADx sensitivity (96%; 95%Cl: 92—100%) and
specificity (44%; 95%Cl: 36—52%) for ISUP grade > 2 cancers
were close to those observed in the present cohort [31].

In conclusion, our study is one of the first evaluations of a
CAD system designed for prostate mpMRI in a truly ‘external’
test population. In this ‘external’ heterogeneous validation
cohort of mpMRIs performed during routine practice accord-
ing to variable protocols, the CADx system tended to show
lower sensitivity and specificity than in its training database,
but yielded an overall performance similar to the PI-
RADSV2 score assigned by an experienced radiologist. In the
future, CAD systems may therefore help readers with less
experience standardize routine interpretation of prostate
mpMRI.
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