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Background: The European Society of Urogenital Radiology has built the Prostate Imaging Reporting and Data System (PI-RADS) for
standardizing the diagnosis of prostate cancer (PCa). This study evaluated the PI-RADS diagnosis method in patients with prostate-specific
antigen (PSA) <20 ng/ml.

Methods: A total of 133 patients with PSA <20 ng/ml were prospectively recruited. T2-weighted (T2WI) and diffusion-weighted (DWI)
magnetic resonance images of the prostate were acquired before a 12-core transrectal prostate biopsy. Each patient’s peripheral zone was
divided into six regions on the images; each region corresponded to two of the 12 biopsy cores. T2WI, DWI, and T2WI + DWI scores
were computed according to PI-RADS. The diagnostic accuracy of the PI-RADS score was evaluated using histopathology of prostate
biopsies as the reference standard.

Results: PCa was histologically diagnosed in 169 (21.2%) regions. Increased PI-RADS score correlated positively with increased cancer
detection rate. The cancer detection rate for scores 1 to 5 was 2.8%, 15.0%, 34.6%, 52.6%, and 88.9%, respectively, using T2WI and
12.0%, 20.2%, 48.0%, 85.7%, and 93.3%, respectively, using DWI. For T2WI + DWI, the cancer detection rate was 1.5% (score 2),
13.5% (scores 3—4), 41.3% (scores 5-6), 75.9% (scores 7-8), and 92.3% (scores 9-10). The area under the curve for cancer detection
was 0.700 (T2WI), 0.735 (DWI) and 0.749 (T2WI + DWI). The sensitivity and specificity were 53.8% and 89.2%, respectively, when
using scores 5—6 as the cutoff value for T2ZWI + DWI.

Conclusions: The PI-RADS score correlates with the PCa detection rate in patients with PSA <20 ng/ml. The summed score of T2WI+ DWI
has the highest accuracy in detection of PCa. However, the sensitivity should be further improved.
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INTRODUCTION diagnostic tool in patients who are suspected to have PCa.l*
However, the sensitivity and specificity of these methods
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is not accurate enough, especially in patients with low PSA
levels.*) In this study, we therefore investigated another
method that can provide more information before a biopsy,
to avoid unnecessary biopsies and to increase the accuracy
of necessary biopsies.

Magnetic resonance imaging (MRI) has been accepted as
a primary imaging modality for evaluating the stage of
PCa. MRI provides excellent soft tissue resolution due to
the variation in tissues’ T1 and T2 relaxation times. These
times are related to the time required for the protons in a
tissue to emit their signals. T2-weighted imaging (T2WTI) can
obtain high-resolution images of internal prostate structures
such as the zonal anatomy and capsule. Advances in MRI
show promise for improved detection and characterization
of PCa, using a multi-parametric approach, including
adding diffusion-weighted imaging (DWI) or dynamic
contrast-enhanced MRI (DCE-MRI). Currently, the basis
of MRI diagnosis is T2WIL.

The European Society of Urogenital Radiology (ESUR)
has built a Prostate Imaging Reporting and Data
System (PI-RADS) to standardize the diagnosis of PCa.[*
However, this PI-RADS system was established and finalized
by two consensus meetings and E-mail discussions, which
lacked evidence-based study. The purpose of this study,
therefore, was to test the PI-RADS scoring system for T2WI
and DWI of the peripheral zone.

MEeTHODS

Patients

This prospective study was approved by the Institutional
Review Board of Beijing Hospital, and informed consent
was obtained from all patients. From December 2011 to
January 2013, patients with suspected PCa were referred
from Department of Urology at Beijing Hospital. Our patient
selection criteria were as follows: (1) all patients had been
referred for routine TRUS-guided prostate biopsies because
of abnormal PSA, DRE, or prostate MRI; (2) all patients had
a PSAlevel <20 ng/ml. According to the criteria, 167 patients
were selected. From these patients, 34 were excluded for the
following reasons: (1) surgery or other therapy that might
alter the morphology or metabolism of the prostate occurred
before prostate biopsy, including transurethral resection
of prostate (n = 4) and pelvic radiation therapy (n = 1);
(2) unwillingness to undergo prostate MRI (n = 13); (3) inability
to undergo an MRI because of contraindications (n = 5); (4)
the time interval between the prostate biopsy and the MRI
was longer than 2 months (n = 2); (5) MRI was performed
after prostate biopsy (n = 2); and (6) prostate biopsy was
not performed according to the unified standards (n = 7).
The left 133 consecutive patients underwent prostate biopsy
with PSA <20 ng/ml who were then enrolled. The median
age was 68.0 years (standard deviation: 7.9 years, range:
46-92 years) and median PSA was 6.9 ng/ml (standard
deviation: 4.0 ng/ml, range: 0.2—19.8 ng/ml). The PSA level
was <10 ng/mlin 101 patients (75.9%). PCa was diagnosed in
60 patients (45.1%), of whom 29 patients (48.3%) had tumors

with a Gleason score of 6 or lower, 22 patients (36.7%) had
7, and nine patients (15.0%) had 8 or higher.

Magnetic resonance imaging technique

All examinations were performed using a 1.5T MRI
System (Magnetom Espree; Siemens, Beijing, China) within
the 2 months before the TRUS-guided prostate biopsy.
A spine receiver coil was used for optimal signal reception
while the body coil acted as a transmitter only. Each subject
was placed in the supine position with the pelvic region at
the center of the coil. A low-residue diet and a mild purgative
were implemented 1 day before the examination to reduce
bowel peristalsis.

Transverse T1-weighted turbo spin-echo (TSE) MRIs
were obtained using the following parameters: repetition
time (TR) 450 ms, echo time (TE) 12 ms, section thickness
5 mm, intersection gap 0.5 mm, field of view (FOV)
24 cm, and matrix 256 x 192. Transverse thin-section,
high-spatial-resolution and coronal T2-weighted TSE
MRIs of the prostate were obtained using the following
parameters: TR/TE 3500/85 ms, echo train length 19, section
thickness 5 mm, intersection gap 0.5 mm, FOV 24 cm, and
matrix 320 x 256.

Transverse DWIs were obtained by single-shot echoplanar
imaging using TR/TE 2900/84 ms, section thickness
3 mm, intersection gap 0.6 mm, FOV 23 cm X 23 cm,
matrix 230 X 256, and using diffusion gradients with two b
values (0 and 1000 s/mm?) in three orthogonal planes. The
apparent diffusion coefficient maps were constructed on a
workstation and simultaneously displayed.

Image analysis

All images were reviewed by two radiologists with 11
and 5 years of experience in interpreting prostate MRIs
respectively, who were blinded to both pathology results and
clinical data. The peripheral zone of the prostate was divided
into six regions in the same fashion as a biopsy: right and
left at apex, mid, and base level [Figure 1]. Thus, a total of
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Figure 1: Transrectal ultrasound-guided prostate biopsy sites in the
peripheral zone.
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798 regions were evaluated. Each observer independently
reviewed each patient’s T2WI and DWI of the peripheral
zone and assigned a score to each sextant according to the
scoring system based on the PI-RADS [Figures 2 and 3].1 In
addition, a summed score of T2ZWI + DWI was calculated for
all lesions. The observers would discuss to reach consensus
when their evaluations were discrepant.

Pathology

A TRUS-guided prostate biopsy was performed for
histological diagnosis of PCa with two cores in each
corresponding sextant in the peripheral zone region. Figure 1
shows 2™ and 4™ cores at left apex, 1* and 5™ cores at left
mid, 3" and 6™ cores at left base, 7" and 10™ cores at right
apex, 8" and 12" cores at right mid, and 9" and 11" cores at
right base. Thus, 12-core biopsy specimens were obtained
from each patient.

Biopsy specimens were fixed in 10% formalin for at
least 24 h and evaluated by a pathologist with 12 years
of experience in prostate pathology, who was blinded to
the MRI and TRUS findings. Specimens were defined as
cancerous or noncancerous. If there was a positive result,
the Gleason score and the exact distributions of positive
biopsy cores were evaluated. The results were verified
by a pathologist with 25 years of experience in prostate
pathology.

Statistical analysis

All data were analyzed using the statistical software
package SAS (version 9.2; SAS Institute, Cary, NC, USA).
The Cochran-Armitage trend test was used to evaluate the
relationship between MRI scores and positive biopsy rates.
Receiver operating characteristic (ROC) analysis was used

to evaluate the ability of MRI to detect PCa. The area under
each ROC curve (AUC) was calculated and then compared
among different sequences using the Z-test. Sensitivity
and specificity were calculated and compared using the
McNemar test. A P < 0.05 was considered statistically
significant.

ResuLts

Histopathology confirmed PCa in 60 of the
133 patients (45.1%). There were 169 (21.2%) regions
diagnosed with tumors within a total of 798 regions evaluated
in the peripheral zone. Among the regions evaluated, the
number of regions that scored one to five using T2WI
was 72 (9.0%), 507 (63.5%), 153 (19.2%), 57 (7.1%),
and nine (1.1%), respectively. The number of regions that
scored one to five using DWI was 600 (75.2%), 84 (10.5%),
50 (6.3%), 49 (6.1%), and 15 (1.9%), respectively.

The positive biopsy rates of different scores in T2ZWI, DWI,
or T2WI+ DWI are shown in Table 1. As the score increased,
the positive biopsy rate increased from 2.8% to 88.9% for
T2WI, 12.0% to 93.3% for DWI, and 1.5% to 92.3% for
T2WI + DWI. There were statistically significant increases
in positive biopsy rate with increasing scores (Z = —9.910,
P<0.001 for T2WI; Z=-14.451, P<0.001 for DWI; and Z=
—13.610, P <0.001 for T2WI + DWI).

When using a score of 3 as the cutoff value, T2WI had
a sensitivity of 53.8% and specificity of 79.7%; DWI
had a sensitivity of 47.3% and specificity of 94.6%. The
sensitivity and specificity of T2WI + DWI were 53.8%
and 89.2%, respectively, using scores 5—6 as the cutoff
value. ROC analysis showed that T2ZWI + DWI led to the

Figure 2: Scoring criteria of T2WI in the patient with PCa. (a) Score 1: uniform high SI; (b) score 2: Linear, wedge-shaped, or geographic areas of
lower Sl, usually not well demarcated; (c) score 3: intermediate appearances not in categories 1/2 or 4/5; (d) score 4: discrete, homogeneous, low
signal focus/mass confined to the prostate; (e) score 5: discrete, homogeneous low Sl focus with extracapsular extension/invasive behavior, mass
effect on the capsule (bulging), or broad (>1.5 cm) contact with surface. T2WI: T2-weighted imaging; SI: Signal intensity; PCa: Prostate cancer.
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Figure 3: Scoring criteria of DWI. (a and b) Score 1: no reduction in ADC compared with normal glandular tissue. No increase in Sl on any high
b-value image (b = 800); (c and d) score 2: Diffuse, hyper Sl on b = 800 image with low ADC; no focal features. However, linear, triangular, or
geographical features are allowed; (e and f) score 3: intermediate appearances not in categories 1/2 or 4/5; (g and h) score 4: focal area(s) of reduced
ADC, but iso-intense Sl on high b-value images (b = 800); (i and j) score 5: focal area/mass of hyper Sl on the high b-value images (b = 800)
with reduced ADC. DWI: Diffusion-weighted imaging; ADC: Apparent diffusion coefficient; SI: Signal intensity.

highest test accuracy for PCa detection and the AUC for
this method was 0.749 + 0.023. The AUCs of T2WI and
DWI were 0.700 + 0.024 and 0.735 + 0.024, respectively
[Table 2 and Figure 4]. There was a significant difference
between T2WI and T2WI+ DWI (P = 0.004). If using score
4 as the cutoff value, T2WI had a sensitivity of 22.5% and
specificity of 95.5% and DWI had a sensitivity of 33.1%
and specificity of 98.7%, respectively.

Discussion

MRI has been commonly used in diagnosis and staging of
PCa. However, worldwide consensus has not been reached
on the optimal image acquisition and evaluation protocols.
Cruz et al.!"" studied which morphological features of
low-intensity lesions in the peripheral zone were predictive
of PCa at prebiopsy T2WI. They found that a wedge-shaped
and diffuse extensions without mass effect were significantly
associated with benign lesions. Lesion size was significantly
associated with malignancy. Engelhard et al.!®! demonstrated
that low signal intensity (SI) cancerous areas appeared
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Figure 4: ROC analysis of T2WI, DWI, and T2WI + DWI. ROC: Receiver
operating characteristic; DWI: Diffusion-weighted imaging; T2WI:
T2-weighted imaging.

more often as round- and triangular-shaped lesions
whereas hypointense, benign tissue lesions showed more
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wedge-shaped, linear, and striped forms. They also noticed
that the benign lesion-to-muscle SI ratios were significantly
higher than the tumor-to-muscle SI ratios. The probability
of being histologically diagnosed with PCa is higher when
a low SI nodule is found in the peripheral zone. Although
PCa typically manifests as a low SI anywhere inside the
peripheral zone, low SI does not exclusively imply PCa.
Some benign lesions, such as prostatitis, hemorrhage,
prostate intra-epithelial neoplasia, scars, and posttreatment
changes can result in similar low SI areas in T2WI.
Conversely, some early-stage cancers or poorly differentiated
PCas infiltrating into the surrounding tissues lack the typical
low SI manifestation in T2WIL.]

A group of prostate MRI experts from the ESUR has
developed clinical guidelines for multi-parametric MRI of
the prostate.!® Using their previous experience, they built a
structured PI-RADS system to evaluate the risk of PCa by
analysis of MRIs. By describing and using a defined scoring
system, MRI data can be interpreted and presented in a more
“standardized” way, which links the scales with the risks of
PCa. However, this PI-RADS system was established and

Table 1: The distribution of positive biopsy rates for
each score for T2WI, DWI, or T2WI + DWI

Score Cancer regions* Total regions' Positive rate (%)
T2WI

1 2 72 2.8
2 76 507 15.0
3 53 153 34.6
4 30 57 52.6
5 8 9 88.9
DWI

1 72 600 12.0
2 17 84 20.2
3 24 50 48.0
4 42 49 85.7
5 14 15 93.3
T2WI + DWI

1-2 1 68 1.5
34 77 571 13.5
5-6 38 92 413
7-8 41 54 75.9
9-10 12 13 923
All 169 798 212

*The prostate tissue regions where biopsy is positive for prostate cancer;
Total prostate tissue regions, ignoring biopsy status. T2WI: T2-weighted
imaging; DWI: Diffusion-weighted imaging.

finalized by two consensus meetings and E-mail discussions,
which lacked evidence-based study.

In the present work, we performed a prospective study to
evaluate part of this PI-RADS. We focused on the scoring
system of T2WI, DWI, and T2WI + DWI for the peripheral
zone of the prostate. We chose the peripheral zone as the
target because it is the most common area of PCa occurrence
and a biopsy can frequently miss cancer present in the
transition zone. The results showed that the cancer detection
rate correlated with different PI-RADS scores. A threshold of
score 3 resulted in a sensitivity of 53.8% and specificity of
79.7% using T2W1 and a sensitivity of 47.3% and specificity
0f 94.6% using DWI. Even using T2WI + DWI, scores 5—6
as the cutoff led to a sensitivity of 53.8% and specificity
of 89.2%, which was not a high sensitivity. Some previous
studies, which included only patients without previous
biopsies, showed that the PI-RADS system had a sensitivity
of 71.0% and specificity of 77.0%.!'"Y However, it is difficult
to compare among these studies because the methodology
varied in the following ways: analysis per patient or per
lesion, TRUS-guided biopsy or MRI-guided biopsy, and
different cutoff values.

Ifapplying score 4 as the cutoff value, T2WI had a sensitivity
0f22.5% and specificity of 95.5% and DWI had a sensitivity
of 33.1% and specificity of 98.7%. Although the specificity
for both T2WI and DWI was improved, the sensitivity
became even lower, especially in patients with relatively low
PSA level. In other words, using a score of 4 as the cutoff
value caused a higher false-negative rate. The scores 5-6
were chosen as the cutoff value for T2WI + DWI because
having at least one of T2WI and DWI to be scored 3 or
higher was required.

Junker et al.'"! prospectively evaluated the PI-RADS
scoring system for classifying multi-parametric MRI
findings of the prostate and analyzed the correlation between
the PI-RADS scoring system and tumor aggressiveness
using whole-mount step-section slides as the reference
standard. They concluded that the PI-RADS scoring system
showed good diagnostic accuracy and only PI-RADS four
and five showed high-grade PCa. The high-PCa incidences
in PI-RADS category four of that study may be explained
by selection bias: all included patients were scheduled
for radical prostatectomy because of a biopsy-proven
PCa. Schimmoller et al.l'? performed a study to test the
application of PI-RADS for the diagnosis of PCa using

Table 2: ROC analysis of T2WI, DWI, and T2WI + DWI

ltems AUC SD 95% CI for AUC P Cutoff Sensitivity Specificity Youden
0, 0, H
Lower Upper value (%) (%) index
DWI 0.735 0.024 0.703 0.766 <0.001 3 473 94.6 0.419
T2WI 0.700 0.024 0.667 0.732 <0.001 3 53.8 79.7 0.335
T2WI + DWI 0.749 0.023 0.717 0.778 <0.001 5-6 53.8 89.2 0.430

T2WI: T2-weighted imaging; DWI: Diffusion-weighted imaging; ROC: Receiver operating characteristic; AUC: Area under ROC curve; CI: Confidence

interval; SD: Standard deviation.
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TRUS-guided prostate biopsy rather than MRI-guided
biopsy. Although MRI-guided biopsy is more consistent in
overlapping the radiologically suspicious site and the biopsy
site, it tends to focus on patients with higher PI-RADS
levels, because one prerequisite indication for MRI-guided
biopsy is the existence of a suspicious area on MRI. In
their study, Schimmdller ez al. used a summed score of
T2WI + DWI + DCE to evaluate the combination effect of
these three MRI sequences. For all lesions, sensitivity and
specificity for detection of PCa were 76.0% and 73.8%,
respectively, when applying a cutoff PI-RADS summed
score value of 11. We followed this method and obtained a
similar result in which T2WI + DWI had higher AUC than
T2WTI only although the sensitivity in our study was lower.
The different levels of summed score reflected the different
cancer detection rates. This suggests that the summed score
could be an evaluation method. The ESUR guideline does
not provide a fixed threshold at which to consider a lesion
as suspicious for PCa. Establishment of a threshold requires
more study, especially for establishment of a threshold for
the summed score of different sequences.

One reason for the low sensitivity in the present study could be
the patient population. We chose patients with PSA <20 ng/ml
as candidates for the study, which was different from many
other previous MRI studies.'*! Among PCa patients with
higher PSA levels, the incidence of PCa is high and a biopsy
is strongly recommended.> Therefore, MRI diagnosis in
these patients is not as important as its application in lower
PSA level patients, which was one reason why we chose
those with PSA <20 ng/ml as targets. In addition to targeting
a group that may be safely spared an unnecessary biopsy,
one of our previous retrospective studies demonstrated
that the distribution of abnormal T2WI manifestations was
significantly different between patients with PSA above and
below 20 ng/ml.l'! The incidence of cancer-specific T2WI
features, such as abnormal prostate morphology, invasion to
the periprostatic fat, or neurovascular bundle involvement,
was much lower in patients with PSA <20 ng/ml compared
to patients with higher PSA. In the present study, only 1.1%
of regions evaluated scored 5 in T2WI. More than 70% and
80% of the regions evaluated in T2ZWIand DWI scored 1 or 2.

Several limitations exist in this study. First, this is a
prospective study performed only in one hospital. Further
multi-center studies with a larger patient population are
required to strengthen the conclusion. Second, our reference
standard was TRUS-guided biopsy and, as a result, the
intrinsic limitations of false-negative biopsies could not be
avoided. Although some other studies used whole-mount
histopathologic examination to improve the agreement
between MRIs and histopathology, studying only those
men who underwent radical prostatectomy introduced a
nonnegligible selection bias. Such a study excluded those
patients who received other treatments. Patients who receive
radical surgery are more likely to harbor high-risk tumors.['”)
Moreover, prostate biopsy plays an important role not only
in diagnosis but also in determining the disease prognosis,

particularly before radical prostatectomy.!'! Even so, the
findings of our study still possessed significance and merit
for early stage PCa detection in clinic practice, compared
with tissue biopsy. Third, central gland tumors were not
assessed because of their different genetic mutations,
biologic behavioral features, and prognoses.!*-2"

In conclusion, our study suggests that the PI-RADS includes
a diagnostic scoring method that has a good correlation with
tumor detection rate in patients with PSA <20 ng/ml. PCa
detection rate increases when the PI-RADS score increases.
The combination of T2WI + DWI scores into a single score
is more successful at PCa detection than that of the score of
T2WTI alone. Such a method can help improve PCa diagnosis
and reduce unnecessary prostate biopsies.
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