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SUMMARY - This retrospective study aimed to evaluate the performance of multiparametric
MRI (mpMRI) interpreted according to the Prostate Imaging Reporting and Data System (PI-
RADS) version 2 (v2) in detecting clinically significant prostate cancer (csPCa). The study included
62 patients with a clinical suspicion of prostate cancer who underwent mpMRI of the prostate inter-
preted according to the PI-RADS v2 between January 2018 and December 2018. Histopathologic
findings were considered positive if csPCa was found; otherwise, clinical follow-up of at least 4 years
was required to rule out the presence of csPCa. Diagnostic accuracy of PI-RADS v2 was calculated
using score cutofts of 3 and 4. Out of 114 lesions detected on mpMRI, 21 were identified as csPCa.
The detection rates of PI-RADS scores 1-5 for detecting csPCa were 0%, 5.1%, 8.3%, 47.1%, and
87.5%, respectively. PI-RADS >4 cutoff yielded higher specificity (83.9%) and positive predictive
value (93%) for detecting csPCa than PI-RADS 23 (specificity 41.9%; positive predictive value 26%),
but exhibited lower sensitivity (71.4% versus 90.5%, respectively) and missed 28.6% of csPCa. In con-
clusion, better csPCa detection with PI-RADS v2 cutoff set at 3 comes at the cost of lower specificity

and more unnecessary biopsies.
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Introduction

Prostate cancer is the second most common cancer
and the fifth leading cause of cancer death in men'.
Early cancer detection is the most important strategy
to enable cancer patients to have a better prognosis for
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most solid cancers®. However, the importance of de-
tecting prostate cancer at an early stage is debatable
due to its heterogeneity®. The heterogeneity of prostate
cancer results in phenotypes ranging from those that
would not have become clinically significant during
the patient’s lifetime to more aggressive prostate can-
cers that require immediate treatment’. Widespread
screening for prostate cancer with the PSA blood
test remains controversial because it cannot reliably
distinguish benign lesions and insignificant cancers
from clinically significant cancers. Therefore, it leads
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to overdiagnosis and overtreatment and has little or no
impact on prostate cancer mortality rate’. There is no
general definition of clinically significant prostate can-
cer. However, according to the Prostate Imaging Re-
porting and Data System (PI-RADS) version 2 (v2),
clinically significant prostate cancer is defined by a
Gleason score 27 and/or tumor volume >0.5 ¢cm?® and/
or positive extracapsular extension or seminal vesicle
invasion®.

Elevated PSA levels and an abnormal rectal exam-
ination raise suspicion of prostate cancer and serve as
an indication for prostate biopsy’. A systematic 10-12
core biopsy performed transrectally under ultrasound
guidance is the standard for the diagnosis of pros-
tate cancer®’. Prostate ultrasound has low sensitivity
for detecting small prostate cancers, making systemic
12-core transrectal ultrasound (TRUS) guided biopsy
prone to sampling errors'®?. Therefore, the standard
diagnostic approach to prostate cancer detection may
lead to overdetection and overtreatment of indolent
prostate cancers and may miss clinically significant
cancers, resulting in treatment delays.

In the last decade, the use of multiparametric MRI
(mpMRI) has been encouraged in the detection of
clinically significant prostate cancer because it im-
proves diagnostic accuracy and may therefore reduce
the proportion of patients with elevated PSA levels
who require biopsy*". It is the best imaging modality
for prostate cancer detection, grading, staging, and tar-
geted biopsy guidance™.

The Prostate Imaging Reporting and Data System
(PI-RADS) is the product of a collaboration of the
American College of Radiology (ACR), the Euro-
pean Society of Urogenital Radiology (ESUR), and
the AdMeTech Foundation, designed to standardize
image acquisition techniques and interpretation of
prostate mpMRI®*". PI-RADS version 2 categorizes
the likelihood of clinically significant prostate cancer
on magnetic resonance imaging into five scores with
increasing probability of clinically significant prostate
cancer being present. PIRADS v2 scoring has been
shown to correlate with the Gleason score, which has
a pivotal role in prostate cancer management'®. As a
result of improved diagnostic performances, the use of
the PI-RADS v2 score has been recommended in pa-
tients with suspected cancer in treatment-naive pros-
tate glands since 2015%.

This study aimed to evaluate the performances of

multiparametric MRI interpreted with PI-RADS v2
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scores in detecting clinically significant prostate can-
cer.

Methods

'This single-center retrospective study was approved
by the institutional review board, and the requirement
for informed consent was waived. The hospital infor-
mation system was reviewed for consecutive patients
who underwent mpMRI of the prostate between Jan-
uary 2018 and December 2018 at the University Hos-
pital Centre Zagreb. Only patients who underwent
mpMRI of the prostate because of clinically suspected
prostate cancer were included in the study. Patients
who received prior treatment for prostate cancer were
excluded from the study, as well as patients under ac-
tive surveillance for prostate cancer, patients lost from
follow-up, patients with histopathological reports not
available, and patients with poor image quality of the
prostate mpMRI. The patient selection process is sum-
marized in Figure 1.

All patients were scanned between January 2018
and December 2018 in a 3T MR scanner (Prisma Fit,
Siemens, Erlangen, Germany) using a phased-array
surface coil. Following the acquisition of three plane
localizer images, T2-weighted turbo spin-echo images
were acquired in three orthogonal planes (sagittal, ax-
ial, and coronal), with the following scan parameters:
repetition time 4130-6620 ms, echo time 91 or 101
ms, slice thickness 3 mm, interslice gap 0.3 mm, matrix
320x320 or 320x304, field of view 18 cm or 20 cm. To
assess lymph nodes, an axial T1-weighted turbo spin-
echo sequence was acquired with the following scan
parameters: repetition time 415 ms, echo time 9 ms,
slice thickness 5 mm, interslice gap 1.5 mm, matrix
256x240, field of view 32 cm.

Axial T2-weighted turbo spin-echo with short tau
inversion recovery fat suppression (STIR) images
of the whole pelvis were acquired using the follow-
ing parameters: repetition time 6180 ms, echo time
57 ms, slice thickness 6 mm, interslice gap 3 mm,
matrix 384x269, field of view 44.4 cm. Axial diffu-
sion-weighted images were acquired using the fol-
lowing imaging parameters: b values of 0, 500, 1500,
and 2000 s/mm?, repetition time 4100 ms, echo time
76 ms, slice thickness 3 mm, interslice gap 0.6 mm,
matrix 114x114, field of view 20 cm. Apparent dif-
fusion coeflicient (ADC) maps were automatically
constructed on a pixel-by-pixel basis. Axial dynam-
ic contrast-enhanced images were acquired using a

15



L. Grbanovié ef al.

Diagnostic performance of PI-RADS version 2 for Prostate Cancer Detection

Screened
Patients who underwent mpMRI of the prostate between January 2018
and December 2018 at the University hospital centre Zagreb

N=123

Patients undergoing active surveillance for prostate
cancer
N=6

> Patients who received prior treatment for prostate
cancer
N=0

Enrolled Patients undergoing prostate mpMRI for a diagnosis
Patients undergoing prostate mpMRI due to clinically suspected prostate other than suspected prostate cancer
cancer that has not been confirmed histopathologicaly N=1
N=116
Poor image quality or incomplete mpMRI
examination
N=4
logical report not availab

N=6

Final study cohort H hological report not available and

N=62 clinical follow-up criteria not met

N=44

r

Definitive histopathological analysis
N=25

Patients diagnosed with clinically
significant prostate cancer based on
histopathological analysis of core biopsy
samples

Patients in whom histopathological
analysis of surgical specimens after
radical prostatectomy ruled out the
presence of clinically significant prostate
cancer

N =17 N=8

Figure 1. Flow chart of the patient selection process.

T1-weighted volumetric interpolated breath-hold
examination (VIBE) sequence with the following
imaging parameters: repetition time 3.11 ms, echo
time 1.19 ms, slice thickness 3 mm, interslice gap 0
mm, matrix 224x101, field of view 32 cm. The dynam-
ic acquisition consisted of one precontrast series and
subsequent 50 postcontrast series performed after
intravenous administration of gadoterate meglumine
(Dotarem®, Guerbet, France) with a dose of 0.2 mL/
kg body weight at a concentration of 0.5 mmol/L.

Radiological reports were reviewed for the pres-
ence of PI-RADS v2 lesion categorization.

In the patients who underwent biopsy, both target-
ed and systematic biopsy were performed using a 18G
biopsy needle and an ultrasound station (Flex Focus
500, BK Medical, Denmark) with an ultrasound probe
(8818, BK Medical, Denmark). All biopsies were per-
formed in the lithotomy position, using a periprostatic
block with 2% lidocaine and an end-fire transrectal
probe. Targeted biopsies were performed using cog-
nitive fusion technique with 6 cores divided in up to
two leading lesions on the mpMRI and were followed
by standard 12-core systematic biopsy. The analysis of
the samples and assignment of Gleason scores, when
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Patients with a follow-up of at least 4 years
N=37

Patients who did not undergo prostate
biopsy with a clinical follow-up of at

Patients with prostate biopsy negative for
the presence of clinically significant

least 4 years prostate cancer with a clinical follow-up of
at least 4 years
N=16 N=21

applicable, were performed by expert genitourinary
pathologists.

Histopathological reports of biopsy specimens
were reviewed for the presence of clinically significant
prostate cancer in the patients who underwent biopsy
after MRI. Clinically significant prostate cancer was
defined according to PI-RADS v2 by having a Glea-
son score 27 on pathology/histology, and/or tumor
volume 20.5 cm?, and/or extraprostatic extension®.

At least 4 years of follow-up for patients who did
not undergo prostate biopsy and patients with a neg-
ative biopsy was required to exclude clinically signifi-
cant prostate cancer. A subset of patients underwent
prostatectomy during the follow-up, and their histo-
pathological reports were reviewed as well.

Clinically significant prostate cancer detection
rates were determined for each PI-RADS v2 category.
Measures of diagnostic accuracy of PI-RADS v2 with
cutoff values of score 3 and 4 for the detection of clini-
cally significant prostate cancer were calculated.

Results

After the selection process, the study included 62
patients with a clinical suspicion of prostate cancer
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who underwent mpMRI of the prostate between Jan-
uary 2018 and December 2018 and had an available
radiological report. Patient characteristics are present-

ed in Table 1.

Table 1. Characteristics of patients included in the study
(PSA — Prostate-specific antigen)

Age, years, mean (range) 64,8 (44-78)
Prostate volume, mL, mean (range) 86,5 (29-264)
PSA level, ng/mL, mean (range) 10,4 (2-48)

0 7 (11.3%)

1 26 (41.9%)
Prior biopsy, n

2 16 (25.8%)

>3 13 (21%)

All radiological reports were written by one of two
radiologists, each with more than 15 years of genitouri-
nary imaging experience, who assigned a PI-RADS v2
score to each lesion detected. Lesions were detected in
all 62 patients who underwent MRI. A total of 114 le-
sions were detected and assigned a PI-RADS score. The
majority of patients (27, 43.5%) had two lesions that
were detectable on mpMRI, 23 (37.1%) had 1 lesion,
and 12 (19.4%) had 3 or more lesions. In total, there
were 2 lesions with a PI-RADS score of 1, 39 lesions
with a PI-RADS score of 2,48 lesions with a PI-RADS
score of 3,17 lesions with a PI-RADS score of 4, and 8
lesions with a PI-RADS score of 5 (Figure 2).

Distribution of PI-RADS categories

30

20

10 I

i O
1 2 3 4 5

Figure 2. Distribution of PI-RADS categories.
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After mpMRI, the majority of patients were re-
ferred for biopsy (38, 61.3%). Prostate biopsy revealed
19 clinically significant cancers in 17 patients. During
the follow-up, 2 additional clinically significant pros-
tate cancers were detected in 2 patients. In the first pa-
tient, a PI-RADS 3 lesion was identified on MRI and
subsequent biopsy revealed a low-grade prostate can-
cer (Gleason 6). The patient underwent a prostatecto-
my 16 months after the MRI, and histopathological
analysis identified a clinically significant cancer (Glea-
son 7). In the second patient, who had a PI-RADS
4 lesion on MRI, the initial biopsy performed at an
outside institution was negative. However, a rebiopsy
performed 19 months after the MRI revealed a clini-
cally significant (Gleason 7) prostatectomy.

Eight patients (12.9%) underwent prostate surgery
for reasons unrelated to potential malignant disease.
Accordingly, all histopathological findings were nega-
tive for prostate cancer.

The detection rates of clinically significant prostate
cancer in biopsy specimens for PI-RADS scores 1, 2,
3,4, and 5 were 0% (0/2), 5.1% (2/39), 8.3% (4/48),
47.1% (8/17), and 87.5% (7/8), respectively.

Measures of diagnostic accuracy of PI-RADS
score for the detection of clinically significant prostate
cancer were separately calculated for score cutoffs of 3

and 4 and are listed in Table 2.

Table 2. Measures of diagnostic accuracy of PI-RADS V2
Jor the detection of clinically significant prostate cancer
(PPV - positive predictive value, NPV - negative predic-
tive value)

PI-RADS | Sensitivity | Specificity | PPV | NPV | Accuracy
>3 90.5% 41.9% | 26% |95.1%| 50.9%
24 71.4% 89.3% | 60% | 93% | 86%
Discussion

Our study findings confirm the usefulness of the
PI-RADS v2 score for detecting clinically significant
prostate cancer. The implementation of this valuable
tool enables healthcare providers to make informed
decisions regarding further diagnostics and manage-
ment of tumors with a high potential for progression
and propagation, while simultaneously avoiding over-
treatment of indolent tumors.
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As expected, the detection rate of clinically sig-
nificant prostate cancer increased with increasing PI-
RADS score. The detection rate of PI-RADS 1 and 2
score was 0% and 5.1%, respectively, indicating a low
probability of clinically significant prostate cancer. In
contrast, PI-RADS scores of 4 and 5 exhibited higher
detection rates of 47.1% and 87.5%, respectively. These
results are consistent with the previous studies and
show a close resemblance to the study by Cash et al.,
where the detection rate was 46.1% for PI-RADS 4
and 84.6% for PI-RADS 52,

It has been reported that even expert radiologists
can miss 15-30% of clinically significant cancers on
mpMRI*. Even though the detection rate of clinically
significant cancer for PI-RADS score 2 in this study
was slightly below the data range of the previously
published studies (5.1% versus 5.6%), it is important
to investigate the potential causes of the failure to rec-
ognize such lesions as suspicious'®2"22,

In this study, both false negative lesions were lo-
cated in the transition zone of the prostate. The pre-
vious studies have reported variable performance of
multiparametric MRI (including T2-weighted, diffu-
sion-weighted, and dynamic contrast-enhanced im-
aging) for the detection of transition zone cancer®.
Detecting cancer in the transition zone of the prostate
on MRI can pose a challenge due to the presence of
benign prostatic hyperplasia (BPH) which may have a
low-signal intensity on T2-weighted imaging (T2WI)
similar to cancer, as well as an overlap of apparent
diffusion coefficient (ADC) values with cancer®*?.
Dynamic contrast-enhanced (DCE) imaging is also
of limited value in detecting transition zone prostate
cancer due to the high vascularity of benign prostatic
hyperplasia?’.

The review of the radiological reports indicated
that the changes implemented in the PI-RADS v2.1
classification would increase the overall PI-RADS as-
sessment category of these two lesions from 2 to 3,
based on the DWI score of 4%,

Considering the presence of multiple lesions in the
prostate of both patients, some with a PI-RADS score
of 3, it is also possible that an inadvertent error in the
biopsy site or marking of the biopsy samples may have
led to false positive results for PI-RADS 2 lesions and
false negative results for PI-RADS 3 lesions.

Using the threshold of PI-RADS 3, which denotes
equivocal presence of clinically significant prostate

cancer, yielded a high sensitivity and NPV of 91%
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and 95%, respectively, which is in concordance with
the previous studies that have reported sensitivities
between 82% and 100%, and slightly above the report-
ed range for NPV of 55-91%%%. However, specificity,
PPV, and accuracy were lower (41% versus reported
range of 0-84%, 26% versus reported range of 45-
85%, and 51% versus reported range of 65-85%, re-
spectively), implying that although the cutoff value of
PI-RADS 3 is effective in excluding clinically signif-
icant prostate cancer, it is more likely to produce false
positive results? . It is our tendency to attribute the
higher proportion of false-negative lesions in the PI-
RADS 3 category to the caution of radiologists.

On the other hand, the sensitivity for the cutoff
value of PI-RADS 4, indicating a lesion with high-
risk for clinically significant prostate cancer, was low-
er than that of the cutoff of PI-RADS 3 (71% versus
91%). The specificity and PPV were higher for cut-
off of PI-RADS 4 (89% versus 41% and 60% versus
26%, respectively), and NPV was similar (95% for PI-
RADS 3 and 93% for PI-RADS 4). With the cutoff of
PI-RADS 4, our results are consistent with the previ-
ous research, in which sensitivity, specificity, PPV, and
NPV ranged between 32-100%, 7-96%, 67-82%, and
40-100%, respectively'”3%333* except for the accuracy
of 86%, which was above the previously reported range
of 65-68%. These results indicate that while the use of
the cutoft value of PI-RADS 4 yields higher specifici-
ty for the detection of the clinically significant prostate
cancer than the use of the cutoff value of PI-RADS 3,
it may miss a considerable proportion of cases — spe-
cifically 6 out of 21 cases (28.6%) in our study, which
should not be disregarded.

Transrectal ultrasound (TRUS)-guided biopsy of
the prostate is a commonly employed diagnostic pro-
cedure for the detection of prostate cancer, but was
shown to have a sensitivity of only 48% for detecting
clinically significant prostate cancer, which was the
reason we decided on an additional follow-up period
for the patients with a negative biopsy®. In this study,
two additional cases of clinically significant cancer
were identified during the 4-year follow-up period. The
first patient’s PI-RADS 3 lesion, initially diagnosed
as a low-grade cancer, was reclassified as a clinically
significant cancer following prostatectomy performed
16 months after the MRI, and a PI-RADS 4 lesion
in the other patient negative on the initial biopsy was
confirmed to be a clinically significant cancer on re-

peated biopsy performed 19 months after the MRI.
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'The authors of the previous study have concluded that
the risk of progression among prostate cancers with a
Gleason score of 6 within the 3-year period is relative-
ly low, and that in most cases an upgrade of a Gleason
score within a shorter time interval is more likely to
be a consequence of insufficient sampling at the first
biopsy than true disease progression®. Based on our
understanding, it is likely that the same holds true for
the subsequently detected clinically significant can-
cers in this study. The detection of clinically significant
prostate cancers can be improved by implementing
transperineal template prostate-mapping (TTPM) bi-
opsy, which has previously shown a sensitivity of 78%
to 85%%.

Two key advantages of this study were utilization of
clinical follow-up data, in addition to histopathologic
findings, to exclude clinically significant prostate can-
cer, and use of 3T MRI findings to enhance precision.
'The drawbacks of our study included its retrospective
nature and small sample size. Furthermore, each re-
port was created by a single radiologist, and there was
no assessment of inter-reader agreement. In order to
expand upon the findings in this study, future studies
should employ a prospective multi-center design with
a larger sample size and include a measurement of in-
ter-reader agreement.

In conclusion, the PI-RADS v2 score is useful for
the detection of clinically significant prostate cancer.
The specificity and positive predictive value for the
PI-RADS 4-5 categories are better than PI-RADS
3-5. However, the percentage of missed carcinomas
using the PI-RADS cutoff of 4 is not insignificant.
The most effective detection of clinically significant
prostate cancers is achieved with the PI-RADS cutoft
value of 3, but at the expense of lower specificity. This
may potentially lead to a greater number of invasive
diagnostic procedures and associated complications.
Finally, this study suggests that PI-RADS 3-5 lesions
should be monitored for at least two years despite be-
nign biopsy results.
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Sazetak

EVALUACIJA DIJAGNOSTICKE TOCNOSTI DRUGE VERZIJE SUSTAVA ZA RADIOLOSKU
KLASIFIKACIJU PROMJENA U PROSTATTI (PI-RADS V2) ZA DETEKCIJU KARCINOMA PROSTATE:
RETROSPEKTIVNA STUDIJA JEDNE USTANOVE

L. Grbanovic, L. Kovacevic, T. Kulis, 7. Kastelan, M. Kralit, S. Ivandici M. Prutki

Cilj ovog istrazivanja je procijeniti to¢nost multiparametrijske magnetske rezonancije (mpMR) prostate interpretirane
uz pomo¢ druge verzije sustava za radiolosku klasifikaciju promjena u prostati (PI-RADS v2) u detekeiji klinicki znacajnih
karcinoma prostate (csPCa).

Utinjena je retrospektivna analiza 62 bolesnika kojima je izmedu sije¢nja i prosinca 2018. godine zbog sumnje na posto-
janje karcinoma prostate snimljen mpMR prostate interpretiran prema PI-RADS v2.

Patohistologka analiza koristena je kao referentni standard u bolesnika kojiima je na taj na¢in potvrden csPCa, a u bole-
snika s negativnim ili nedostupnim patohistoloskim nalazima praéenjem od barem Cetiri godine iskljuéeno je postojanje
csPCa.

Mjere dijagnosti¢ke to¢nosti mpIMRI prostate za detekeiju csPCa izracunate su koristenjem grani¢nih vrijednosti PI-
RADS kategorija 3 i 4. Od ukupno 114 mpMR pregledom detektiranih lezija, 21 je identificirana kao csPCa. Stope detekcije
csPCa za PI-RADS kategorije, redom od 1 do 5, bile su 0%, 5.1%, 8.3%, 47.1%, i 87.5%. Grani¢na vrijednost PI-RADS 4
pokazala je bolju specifiénost (83.9%) i pozitivau prediktivnu vrijednost (93%) u odnosu na PI-RADS 3 (specifi¢nost 41.9%;
pozitivna prediktivna vrijednost 26%) uz nizu osjetljivost (71.4% u usporedbi s 90.5%), ¢ime smo previdjeli 28,6% csPCa.

Zaklju¢no, za bolju detekeiju csPCa vazno je ukljuciti PI-RADS 3 lezije, premda to dovodi do manje specifi¢nosti i
nepotrebnih biopsija.

Kljuéne rijedi: karcinom prostate, multiparametrijska magnetska rezonancija prostate, PI-RADS.
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