RESEARCH PAPER

A multiparametric MRI score for prostate
cancer detection: Performance in
patients with and without endorectal
coil
Purpose: To assess the diagnostic performance of multiparametric MRI (mpMRI), in the detection of prostate cancer in two different
coil setting: endorectal coil (ERC) versus phased array coil alone (PAC).
Materials and Methods: The study included 302 out of 395 consecutive patients with PSA values between 2.5-4 ng/ml and an
abnormal Digital Rectal Examination (DRE), or patients with PSA values between 4-10ng/ml, independently from DRE. Each patient
provided informed consent to undergo at serum free/total PSA ratio (f/t PSA) assay, morphological MRI (mMRI), DWI, MRS, and Trans
Rectal Ultrasonography (TRUS) biopsy. The MRI data sets were scored singularly and then mMRI, DWI and MRS data were combined in
a single score (cMRI score). cMRI score was correlated to negative biopsies and Gleason score biopsies. ROC curve and McNemar tests
were performed.
Results: cMRI score showed high value of sensitivity and NPV for both coil setting (84% and 93% respectively using ERC, 87% and 87%
respectively using PAC). cMRI score using ERC did not show statistical superiority compared with cMRI score using PAC alone (p value
at McNemar test > 0.05). A significant correlation was obtained comparing the cMRI score to the Gleason score for both coil conditions.
Conclusions: Pelvic phased array coil imaging of the prostate produces high quality images and the overall performance in prostate
cancer detection is equal than those obtained with endorectal coil imaging.
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Introduction
Prostate cancer diagnosis still represents a
clinical challenge, as currently available diagnostic
methods remain suboptimal [1,2]. On the other
side, there are both over-diagnosis and overtreatment risks [3,4] Magnetic resonance imaging
(MRI) provides excellent high-contrast, highresolution images of the prostate. In recent years,
functional techniques have been applied in order to
improve the performance of MRI in the diagnosis
of prostate cancer [5-8]. Magnetic resonance
spectroscopy (MRS) measures prostate metabolites
concentrations, particularly choline and citrate, hat
are respectively increased and reduced in cancer [6].
Diffusion Weighted Image (DWI) provides water
diffusion properties based imaging, with reduced
water diffusion in highly cellular cancer tissues [5].
Early promising data suggest that multiparametric
MRI (mpMRI), including morphologic sequences
and functional MR approaches, may be of
additional value for the localization of prostate
cancer and its local staging [8-12].
Literature studies have found that, compared
to the use of a phased array coil (PAC) alone, the
use of both an endorectal coil (ERC) and a PAC
to acquire T2-weighted fast spin-echo images
of the prostate at 1.5T [13-16] and 3.0T [15]

ISSN 1755-5191

results in greater visibility of anatomical details
and more accurate prostate cancer staging. The
use of both a PAC and an ERC (a combination
referred to hereafter as ERC+PAC) improves
prostate imaging by providing greater signalto-noise ratio (SNR) and thus increased spatial
resolution. However, the insertion of the ERC
causes patient discomfort, is expensive, and can
lead to complications such as proctitis [15].
Recently, the availability of higher field strength
magnets, increased numbers of phased array
receiver coils or multi-channels phased array
(8 channels or more), and improved pulsesequence techniques has generated interest in
the possibility of performing prostate MRI
using only a PAC.
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The aim of this study was to evaluate
the diagnostic performance of mpMRI in
the detection of prostate cancer, including
morphological (mMRI), DWI and MRS
obtained with an ERC and a PAC compared to
mpMRI obtained with only a PAC.

Material and Methods
Patient selection
From 2009 to 2011, 395 consecutive male
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patients were screened to be enrolled in a singlecenter prospective observational study. The
inclusion criteria were: PSA values between
2.5-4ng/ml and an abnormal DRE, or PSA
values between 4-10ng/ml, independently from
DRE. The exclusion criteria were: inability to
give informed consent; prior history of prostate
cancer excluded, prior pelvic irradiation,
previous hormonal or surgical therapy; MRI
contraindications (cardiac pacemakers, surgical
clips, metallic hip implant); recent rectal surgery,
latex allergy.
All eligible patients underwent morphological
and functional MRI and TRUS prostate
biopsies. A register included every single patient
that decided to be enrolled in this approved
study. Any patient who decided to undergo the
MRI examination signed an explicit informed
consent.

MRI data acquisition
The MRI was performed before prostate
biopsies. The MRI protocol included insertion
of an endorectal coil (ERC) (Medrad, Pittsburg,
PA, USA), inflated with 60-90ml of air, and
subsequent imaging acquisition using both a
1.5T MRI system (Siemens Symphony Tim,
Erlangen, Germany) coupled to a phased-array
surface coil or a 8 channel phased-array surface
coil (PAC) alone. The MRI total acquisition
time was approximately 40mins. The mpMRI
included mMRI, MRS and DWI. The mMRI
included Turbo Spin Echo (TSE) T2-weighted
sequences in three perpendicular planes and
coronal and transverse TSE T1-weighted
sequence. Transverse TSE T2-weighted sequence
parameters were: TR/TE, 3800/104ms (sagittal:
4660/96ms; coronal: 5000/98ms); slice
thickness, 3 mm/gap 0mm; flip angle, 180◦;
acquisition matrix, 320 × 288 (sagittal and
coronal 320 × 256); field of view (FOV), 240 ×
240 mm2. Transverse T2-weighted images were
acquired with and without fat saturation.
TSE T1-weighted were acquired in coronal
to visualize lymph nodes, with the following
sequence parameters: TR/TE, 550/12 ms; slice
thickness, 3 mm/gap 0mm; flip angle, 150◦;
acquisition matrix, 256 × 202; FOV, 448 × 512
mm2. Transverse TSE T1-weighted sequence
parameters were: TR/TE, 706/7.8ms, slice
thickness, 3mm/gap 0mm; flip angle, 150◦;
acquisition matrix, 356 × 192; field of view
(FOV), 240 × 240 mm2. The MRS parameters
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were: TR/TE, 690/120 ms; flip angle, 90◦. The
volume of Interest (VOI) was composed by 16
× 16 × 16 voxel of 6.25 × 6.25 × 6.25 mm3.
The transverse echo-planar DWI pulse sequence
parameters were: TR/TE, 2700/83ms; slice
thickness, 3.56 mm; flip angle, 90◦, acquisition
matrix; 160x102 and FOV, 136x160 mm2; b
value=0, 50, 100, 150, 300, 600, 800 s/mm2.
Antispasmodic drug was not used.

Image analysis
All mpMRI findings were graded by two
radiologists with over 10-years of experience in
prostate MRI and blinded to both clinical and
biochemical data of the patients. A consensus
evaluation method for scoring MRI findings
was adopted in order to reach more reliability
in image interpretation. The scoring system
was evaluated on a per-patient basis being not
achievable a reasonably accurate evaluation on a
per-site basis. A 5 mm diameter was considered
as the inferior threshold for including lesions.
The mMRI was scored using a 0-3 scale
for peripheral gland (0=No abnormality;
1=Geometric hypointense area, with low cancer
suspicion; 2=Diffuse non nodular hypointense
area, with intermediate cancer suspicion; 3=
nodular hypointense area, with high cancer
suspicion) and by using a 0-2 scale for the central
gland (0=Heterogeneous well-marginated
nodules;
1=Homogeneously
hypointense
well-marginated nodules; 2=Homogeneously
hypointense ill-marginated nodules) [16-21].
The MRS raw data were elaborated using
Syngo MR-B17 spectroscopy package (Siemens,
Erlangen, Germany). The software generated
spectra and localized corresponding voxels on
superimposed T2-weighted images. The MRS
was rated as diagnostic or non-diagnostic if the
metabolites spectrum was good, after resolving
metabolic resonances, and limited baseline
distortions, due to residual water or lipids, were
present. For each voxel the software calculated
areas under citrate, choline and creatine peaks
and Choline+Creatine/Citrate peak ratio.
Diagnostic spectra were considered negative
or positive, and scored as 0 or 1 (sMRI score)
respectively, in relation to Choline+Creatine/
Citrate ratio threshold of 0.86, as reported in
the literature [6].
The DWI data and Apparent Diffusion
Coefficient (ADC) maps were elaborated using
Syngo MR-B17 diffusion package (Siemens,
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Erlangen, Germany). DWI was considered
positive when focal areas, characterized by
persistent signal intensity at b-value increase
and/or ADC map hypointensity in relation to
the adjacent gland, were evident [19]. DWI was
scored respectively as 0 or 1 (dMRI score) if a
negative or positive finding was reported.

if cancer was reported in at least one core,
independently from the Gleason grade. The
highest Gleason grade reported at biopsy was
considered as patients’ reference Gleason grade
value.

A multiparametric combined score (cMRI
score) was obtained for every site as the sum
of scores from every MRI technique. For every
derived score, the highest site score was used as
patient reference score. The cut-off for cMRI
was 2 as obtained in a previous studies [10].

Fishers exact test was used to evaluate statistical
significance of Decision matrix (DM) tables.
Sensitivity, specificity, positive and negative
predictive value (PPV and NPV) were calculated
for cMRI score, using DM. Matched sample
tables and McNemar test were used to compare
diagnostic performance for different coil setting
(ERC versus PAC). Spearman’s Rank Correlation
Coefficient was performed on a per-patient basis
correlating patients’ reference scores derived
from MRI data sets with the results of biopsies
(Gleason score). A p value <0.05 was considered
significant. All analysis were performed using
Statistic Toolbox of Matlab R2007a. Statistical
correlation (TABLE 4).

Biopsy and pathological analysis
TRUS biopsy was performed as previously
described in literature [11], by an expert
urologist with a 10-years experience. A 12-site
biopsy scheme (2 cores, paramedian and lateral,
from base, midgland and apex, bilaterally) was
adopted to cover the peripheral prostate, using
a biopsy gun armed with a 18-Gauge needle.
In patients with a prostate volume >45 cc four
additional cores were acquired from the central
gland (superiorly and inferiorly, bilaterally).
The urologist was blinded to the MRI findings
during the prostatic biopsy.
A pathologist with more than 10 years’
experience in genito-urinary pathology
evaluated biopsy cores. Gleason scores were
considered significant if at least cancer grade ≥
4 was evident. In case of a negative biopsy, the
patient was scheduled for a follow-up visit in a
year. When high-grade prostatic intraepithelial
neoplasia (HG-PIN) or atypical small acinar
proliferation (ASAP) were diagnosed, the biopsy
was repeated after 3-6 months using the 16-sites
(12 peripheral and 4 central sites) scheme. If the
repeat biopsy was negative for cancer, the patient
was scheduled for a follow-up visit at 1 year.
Patients were considered positive at biopsy
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Statistical Analysis

Results
Overall, 302 patients were enrolled in
the study, 136 acquired with endorectal coil
(FIGURES 1 and 2) and 166 acquired with
multi-channel phased array coil (FIGURES
3 and 4). TABLE 1 reported patient’s
characteristics for both coil setting. Fishers exact
tests showed statistical significance for each DM
table with a p value always <0.05. TABLE 2
reports diagnostic performance of cMRI score
using different coil setting. cMRI score showed
high value of sensitivity and NPV for both
coil setting (84% and 93% respectively using
ERC, 87% and 87% respectively using PAC).
cMRI score using ERC did not show statistical
superiority compared with cMRI score using
PAC alone (p value at McNemar test >0.05).
TABLE 3 showed Spearman’s Rank Correlation

Figure 1. Transverse TSE T2 weighted sequence (left image; TR/TE, 3800/104 ms; flip angle, 180°)
showed a small ill defined nodular hypointense area (mMRI= 3) in the right peripheral midgland
(arrowhead). MRS was negative, while positive findings were evident on ADC maps (right image,
arrowhead). cMRI score was 4. Gleason score was 8.
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Figure 2. On transverse T2 weighted sequence (left image; TR/TE, 3800/104 ms; flip angle, 180°) a
diffuse hypointense area (mMRI=2), particularly in the right peripheral midgland (arrowhead)
was evident. MRS was positive, and corresponding ADC map showed hypointense areas (right image,
arrowhead). cMRI score was 4. Gleason score was 8.

Figure 3. Transverse T2 weighted sequence (left image) shows an ill defined nodular hypointense
area (mMRI=3) in the left peripheral midgland (arrowhead). Positive findings were evident on MRS and
on ADC maps (right image, arrowhead). cMRI score was 5. Gleason score was 7.

Figure 4. On transverse T2 weighted sequence (left image) a diffuse hypointense area (mMRI=2) in
the left peripheral apex (arrowhead) is evident. MRS was negative while ADC map showed a hypointense
area (right image, arrowhead). cMRI score was 3. Gleason score was 7.

Figure 5. ROC curves for cMRI score in two coil setting.

Coefficients for each score using ERC and
PAC. A significant correlation was obtained
24
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comparing the cMRI score to the Gleason score
for both coil conditions (FIGURE 5).
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Table 1. Patients characteristics.
Variables
Patients, n
Age, years
PSA, ng/ml
f/t PSA, %
Values are expressed as a mean (SD)

ERC

PAC

136
66.35 (8.4)
6.8 (2.4)
18.5 (7.3)

166
64.23 (8.6)
6.6 (2.3)
19.1 (6.9)

Table 2. Diagnostic performance.
Variables

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

AUC

cMRI with ERC
84
50
28
93
0.74
cMRI with PAC
87
50
49
87
0.72
Abbreviations: cMRI: combined MRI score; PPV: positive predictive value; NPV: negative predictive
value; AUC: area under ROC curve

Table 3. Rho Spearman’s coefficient for each score using ERC.
Variables

mMRI Score dMRI Score sMRI Score cMRI Score Gleason Score
mMRI Score
dMRI Score

Rho
Spearman's
Coefficient

sMRI Score
cMRI Score

Gleason
Score
** p value < 0.01
* p value < 0.05

1.000
.304**
.000
.053
.502
.901**
.000
.424**
.000

.304**
.000
1.000
-.262**
.001
.509**
.000
-.011
.886

.053
.502
-.262**
.001
1.000
.311**
.000
.345**
.000

.901**
.000
.509**
.000
.311**
.000
1.000
.6608*
.000

.424**
.000
-.011
.886
.345**
.000
.668**
.000
1.000
-

Table 4. Rho Spearman’s coefficient for each score using PAC.
Variables

mMRI Score dMRI Score
mMRI Score
dMRI Score

Rho
Spearman's
Coefficient

sMRI Score
cMRI Score
Gleason
Score

1.000
.195*
.045
.035
.719
.847**
.000
.206*
.034

.195*
.045
1.000
-.071
.471
.508**
.000
.283**
.003

sMRI Score

cMRI Score Gleason Score

.035
.719
-.071
.471
1.000
.389**
.000
.283**
.003

.847**
.000
.508**
.000
.389**
.000
1.000
.650**
.000

.206*
.034
.283**
.003
.283**
.003
.650**
.000
1.000

** p-value <0.01
* p-value <0.05

Discussion
Many studies investigated MRI performances
for the diagnosis of prostate cancer. Because
prostate MRI interpretation can be subjective
and inconsistent and mMRI alone showed a wide
variability of sensitivity and specificity [4,21],
different techniques, such as MRS and DWI,

were proposed [4-14]. Combining mMRI with
functional approaches improves MRI specificity
[22-25], particularly when using an integrated
data analysis with scoring system [24-25].
Prostate Imaging and Reporting Archiving Data
System [PI-RADS] have been developed on a
1- to 5-point scale for improved standardization
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of MRI interpretation and reporting [24] using
a multi-parametric approach. A recent metaanalysis of 14 studies evaluating use of the
PI-RADS scoring system for prostate cancer
detection on multi-parametric MRI showed
good diagnostic accuracy [25].
In our previous study [10] we demonstrated
that the cMRI score had higher sensitivity
and higher NPV than either single techniques
(mMRI, DWI and MRS), or their combinations
in couples (mMRI/MRS score and mMRI/DWI
score). Moreover, it was superior to f/t PSA. The
cMRI score was also better in differentiating
negative biopsies and significant or insignificant
Gleason score positive biopsies. A significant
correlation was observed between cMRI
score and Gleason score, with all significant
Gleason score tumors showing a cMRI score
≥ 2. Objective of this study was to evaluate
the diagnostic performance of mpMRI in the
detection of prostate cancer, including mMRI,
DWI and MRS obtained with an ERC and a
PAC compared to mpMRI obtained with only
a PAC.
Generally, use of a higher field strength
(3.0T instead of 1.5T) ore use of endorectal
coil improved the detection sensitivity for
extracapsular extension (ECE) and seminal
vesicle invasion (SVI) detection [8]. ERC use
appeared useful for a field strength of 1.5T in
the absence of multiparametric MRI. An ERC
is inserted tightly against the prostate during
MRI examination in order to increase image
resolution and improve staging accuracy [2629].
The results of our study show that pelvic
phased array coil imaging of the prostate
produces high quality images (FIGURES 3 and
4 versus FIGURES 1 and 2) and that the overall
performance in the detection of prostate cancer
is equal than those obtained with endorectal coil
imaging (TABLES 2 and 3). These results are
similar at those reported by Lee et al. [26] that
concluded that in terms of diagnostic accuracy
and comfort of patients, the use of ERC did
not significantly improve the staging of prostate
cancer and presented several complications;
therefore, phased-array coil MRI is a better
alternative considering comorbidity. Different
results were reported from Baur et al. [5]: T2
weighted imaging and DWI had a range of area
under the curve with a PAC and with ERC-
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PAC of 0.95-0.99 and 0.93-0.97, respectively
(p=0.1395). They concluded that T2 weighted
imaging and DWI performed at 3T for prostate
cancer lesion identification and evaluation did
not differ significantly with both coil setups and
that patients preferred MRI without an ERC.
Instead, our results are in contrast compared to
the findings of Fütterer et al. [27] and Costa et al.
[30]. Futterer et al. [27] showed an accuracy and
a specificity significantly better with endorectalpelvic phased-array coils (P<0.05). The overall
staging accuracy, sensitivity and specificity for
the retrospective readers were 78-79%, 56-58%
and 96%, for the endorectal-pelvic phasedarray coils. Area under the ROC curve (Az)
was significantly higher for endorectal-pelvic
phased-array coils (Az=0.74) compared to pelvic
phased-array coil (Az=0.57), for the prospective
reader. Costa et al. [30] showed that the use of
combined ERC and pelvic phased-array coil for
T2-weighted imaging and diffusion-weighted
imaging with 3T MR scanner provides superior
sensitivity for the detection of prostate cancer
(78%) compared to an examination performed
without the ERC (43%).
However, a well recognized limitation of
endorectal coil imaging is the presence of
artefacts which degrade image quality, but
this drawback has not been emphasized as an
important cause of errors in the radiological
literature. The changes in prostate shape and
volume after the introduction of an endorectal
coil may cause difficulties in MRI-computed
tomography fusion and radiotherapy planning
[31]. In one recent study reported by Jager et
al. [32] artefacts were considered to be the
prime cause of low quality images in 14% of
cases. Artefacts encountered in ERC imaging
include coil flare, which is seen at the interface
of the anterior aspect of the balloon and normal
tissue, and appears as a band or flare of high
signal intensity on all sequences. The coil
related “straight line” artefact is seen as a line
of high signal intensity across the image in the
transaxial plane. Rectal movement also degrades
image quality by producing movement artefacts
across the image, resulting in poor definition of
anatomical structures. Although signal intensity
post-processing algorithms which reduce these
artefacts are available from some manufacturers
(and third party suppliers), these algorithms
vary widely in quality and are therefore not
uniformly reliable.

A multiparametric MRI score for prostate cancer detection: Performance in patients with
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Recent developments in sequence design
with the introduction of turbo fast spin echo
sequences and in design of pelvic phased array
coils have undoubtedly improved image quality
of prostate cancer imaging. Phased array coil
imaging has the advantage that the anterior
pelvis, bladder and pelvic lymph nodes can be
evaluated with high resolution images and that
the technique is non-invasive. Although the
endorectal coil can be combined with a PAC
coil as part of a multicoil array [13], use of
this facility has been slow to develop in clinical
practice and hence experience remains limited.
Another limitation is that patients with
rectal stenosis or immediately after surgery
or radiotherapy may not be good candidates
for the use of the endorectal coil during MR
examination. When higher field strengths or
phased array coil multichannel (8 channel or
more) and additional functional techniques
were used, studies that used an ERC showed
lower sensitivity and heterogeneous specificity
than studies without an ERC [8]. Lee et al.
[26] reported that the use of ERC MRI did not
significantly improve the staging of prostate
cancer (AUC 0.67 versus 0.66 respectively
with and without ERC) and presented several
complications in 11.4% of patients. Margolis et
al. [17] reported that an endorectal coil is not
absolutely necessary and that the utility will
depend on the performance of the scanner in
question. Rectal distention with the associated
susceptibility can markedly degrade DWI and
potentially MRSI. An 8-channel external phased
array could replace the use of an endorectal coil
and the use of additional functional imaging
techniques seemed to improve the accuracy of
local staging (17, 26). Also the ESUR prostate
MR guidelines 2012 reported in acquisition
protocols minimum requirements that imaging
can adequately be performed at 1.5T using a
good 8 to 16-channel pelvic phased array [33].
Considering our results the use of PAC
alone for morphological and functional MRI
acquisition did not limit overall images quality
and diagnostic accuracy and it should be prefer
for patient comfort.
A single limitation of the study is reported.
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MRI was compared to TRUS biopsy. Even if
TRUS biopsy is reported to have a low diagnostic
accuracy, it remains the only current diagnostic
technique for the diagnosis of prostate cancer.
The purpose of our study was to evaluate the
diagnostic performance of the scoring system
for patients work-up, where TRUS biopsy is the
gold standard. When surgery is used as standard
reference in a study, a large selection bias is
introduced because many patients can be selected
for non-surgical treatment or active surveillance
[34], as occurred in our population. According to
the literature, we adopted a consensus evaluation
method for scoring MRI findings in order to
have more reliability in image interpretation
[25]. We evaluated the scoring system on a
per-patient basis because a reasonably accurate
evaluation on a per-site basis was not achievable
[34]. As reported [22], during needle biopsy the
path does not usually correspond to any MRI
plane. Moreover, biopsy tumour localization is
affected by cores classification according to the
needle entry site, without considering the real
needle path [35]. Furthermore, in our study, the
urologist was blinded to the MRI findings during
the prostatic biopsy. Further investigation should
be performed to obtain reslicing and registration
of MR images in order to reliably correlate MRI
findings to TRUS biopsy.

Conclusion
In conclusion, the cMRI score showed high
accuracy both in term of sensitivity than in terms
of NPV independently if an endorectal coil is
used or a phased array coil alone. Therefore,
the use of an ERC may be omitted in a prostate
cancer detection setting and multi-channel
phased-array coil MRI is a better alternative
considering comorbidity.
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