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O2: 92.2 %, P > 0.05). Prediction of high-grade PCa by PS4 
(O1: 75.1 %, O2: 74.7 %) was as good as with PS3 (O1: 75.1 %, 
O2: 72.8 %, P > 0.05). Kappa agreement between the two read-
ers was substantial (0.734 PS4) to moderate (0.558 PS3).
Conclusions  MP-MRI with four parameters including 
1H-MRSI does not increase the detection and grading of 
prostate cancer at 3  T compared to MP-MRI with three 
parameters. A sum score accurately detects PCa at 3  T 
without an endorectal coil and shows potential for the pre-
diction of tumor grade.

Keywords  Prostate cancer · Multiparametric MRI · 
PI-RADS · Sum score · 1H-MRSI · Grading

Introduction

Multiparametric magnetic resonance imaging (MP-MRI) 
of the prostate that includes T2-weighted (T2), diffusion-
weighted imaging (DWI), dynamic contrast-enhanced MRI 
(DCE), and 3D proton spectroscopic imaging (1H-MRSI) 
has been established and has been shown to be of high 
diagnostic accuracy for the detection and for local staging 
of prostate cancer (PCa) [1].

In this setting, 1H-MRSI is considered an additional 
optional technique. Compared to the other three MRI 
parameters, 1H-MRSI is relatively time-consuming, often 
leading to motion artifacts and deteriorated data [2, 3]. 
Despite initial encouraging results, the additional value of 
1H-MRSI has not been fully established [4]. Thus, several 
international societies strongly support continued research 
on the value of 1H-MRSI in MP-MRI of the prostate [5].

The aim of our study was to assess whether MP-MRI 
of the prostate with three parameters including DCE, 
DWI, and T2-weighted benefits from an additional fourth 
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parameter (1H-MRSI) in the detection and grading of pros-
tate cancer at 3 T.

Materials and methods

Patients

From May 2012 to June 2013, 64 consecutive patients 
without contraindications to MRI of the prostate were 
eligible for this prospective institutional review board-
approved, single-center study. Written, informed consent 
was obtained from all patients.

Inclusion criteria were as follows: elevated prostate-
specific antigen (PSA) levels >4.0 ng/ml; suspect findings 
at digital rectal examination; or TRUS and histopathologi-
cal evaluation of the suspect finding. In case of negative 
biopsy, a 24-month follow-up was ensured.

Patients with a history of prostate therapy (e.g., brachy-
therapy) or therapy to other organs in the vicinity of the 
prostate, or hormonal therapy, were excluded.

MR imaging

In case of prior biopsy, MR imaging was always performed 
after at least 4–6 weeks to avoid artifacts caused by post-
interventional hemorrhage [2]. All examinations were per-
formed using the vendor-supplied combined spine array 
and body array receive-only coils on a 3-T MRI system 
(Tim Trio, Siemens Healthcare, Erlangen, Germany). No 
endorectal coil was used for the examinations. After empty-
ing the bladder, the patients were positioned in the feet-first 
supine position. An antiperistaltic agent, 10 mg of hyoscine 
butylbromide (Buscopan®, Boehringer Ingelheim, GmbH, 
Germany), was injected i.m. To improve the image quality 
and avoid air bubbles, the rectum was filled with ultrasound 
gel.

The MP-MRI protocol included the following 
sequences:

Anatomical T2-weighted turbo spin echo in all three 
planes (TR/TE/TI  4000/101/230  ms; field of view (FOV) 
200 mm; 20 slices at 3.0. mm; matrix 320; flip angle 150°; 
TA ≤ 4:10 per plane) GRAPPA factor 2.

Diffusion-weighted, single-shot, echo-planar imag-
ing with inversion recovery fat suppression (DWI, TR/
TE 3300/60  ms; spectrally adiabatic inversion recov-
ery (SPAIR) fat suppression; FOV 260  mm; 20 slices at 
3.6  mm; matrix 160; eight averages; b values of 0, 100, 
400, and 800 s/mm2; TA 4:34 min) GRAPPA factor 2.

Three-dimensional proton magnetic resonance spectro-
scopic imaging (1H-MRSI, TR =  750 ms; TE =  145 ms; 
six averages; spectral fat and water suppression each with 
a bandwidth of 1.55 ppm; delta positions of water and fat 

set to 0 and −3.4 ppm, respectively). The effective spatial 
resolution was 7 by 7 by 7 mm, and TA 8:14 after manual 
first- and second-order shimming (1–3  min), resulting in 
typical full width at half maximum (FWHM) of the water 
peak of ≤25 Hz.

Dynamic contrast-enhanced (DCE) MRI was acquired 
using a view-sharing, three-dimensional, T1-weighted 
gradient echo sequence (TWIST), first acquiring a high-
resolution k-space mask followed by repetitive subsampled 
central k-space acquisitions in order to achieve high spa-
tial and temporal resolution (TR/TE 3.85/1.42; flip angle 
12°; GRAPPA factor 2; 70 repetitions; TWIST k-space 
subsampling with central region A 30 % and sampling den-
sity 25 %, resulting in a temporal resolution of 4.22 s; FOV 
260 mm; matrix 160). Before dynamic scanning, T1-map-
ping sequences using the variable flip-angle method were 
applied. (TR/TE 3.85/1.42; flip angle 2.5,10, 20°; matrix 
256; FOV 260 mm; slice thickness 3.6 mm; four averages).

Gadoterate meglumine (Gd-DOTA, Dotarem®, Guer-
bet, France) was injected after three baseline scans intra-
venously as a bolus (0.2 ml/kg body weight) using a power 
injector at a flow rate of 4  ml/s, followed by a flush of 
20 ml of saline solution.

The complete MP-MRI protocol magnet time per patient 
was approximately 40 min.

Image interpretation

Two radiologists (observer 1  =  O1; observer 2  =  O2) 
(K.P.−O1, P.B.−O2 with 12 and 7  years of MRI experi-
ence, respectively) independently assessed the images on a 
dedicated workstation (Syngo, Siemens Healthcare, Erlan-
gen, Germany). Spectra were assessed on the same work-
station by a dedicated spectroscopy toolbox with presets 
for baseline correction and spectra fitting. Artifacts were 
excluded by visual inspection of the acquired spectra. 
At the time of image interpretation, the radiologists were 
aware of only the PSA level and were blinded to clinical 
stage and histopathology.

Diagnostic criteria in MP‑MRI

To describe the localization of the lesion, a 27-region 
scheme was used [2]. Subsequently, all lesions were 
grouped as peripheral zone or transition zone lesions. Each 
lesion suspected to be cancer was graded according to the 
PI-RADS classification system v1 for T2, DWI, DCE, and 
1H-MRSI [2] (Fig.  1). For 1H-MRSI, the different Cho-
line + Creatine/Citrate ratios in the peripheral and transi-
tion zones were considered. Here, a score from 1 (clinically 
significant cancer highly unlikely) to 5 (clinically sig-
nificant cancer highly probable) was given for each single 
parameter.
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In addition, a simple sum of the individual MP-MRI 
parameters was calculated for each index lesion [6–13]. 
The index lesion was defined as the most suspect intrapros-
tatic lesion with the highest sum score. The sum score was 
calculated for three-parameter MP-MRI (T2, DWI, and 
DCE; denoted as PS3), ranging between 3 and 15, and for 
four-parameter MP-MRI with optional 1H-MRSI (denoted 
as PS4), ranging between 4 and 20 (Fig. 2). We chose this 
approach, as the latest PI-RADS version (v2) does not 
include 1H-MRSI in its specific reporting recommenda-
tions. On the other hand, the used sum score has shown to 
be valid, robust, and reliable approach by several research-
ers [8–13].

Standard of reference

Histopathology was defined as the standard of reference. 
Histopathology specimens were obtained by either tran-
srectal ultrasound or MR-guided biopsy [14]. If radical 
prostatectomy was performed (13/64 patients), whole-
mount step section was used as the reference standard. If 
the histopathology specimens were obtained by system-
atic TRUS, the findings from the biopsied sectors were 
correlated with MP-MRI in order to identify concordant 

suspicious lesions. This verification was performed after 
MP-MRI reading. Only lobes with positive biopsy and MP-
MRI findings in the same sector were considered true posi-
tive (TP).

All specimens obtained from biopsy and the whole-
mount step section were reviewed by an in-house patholo-
gist (MS with 20  years of experience in uropathology) 
using the International Society of Urological Pathology-
modified Gleason score classification [15].

Statistical analysis

Statistical analysis was performed using SPSS 22.0 (IBM 
Corp, NY, USA) and R 3.1.1 (R Foundation for Statisti-
cal Computing, Vienna, Austria). All calculations were 
performed on a per patient basis, requiring the reader to 
correctly localize the lesion (Obuchowski level 2 analysis 
[16]). Receiver operating characteristics (ROC) analysis 
was performed to determine the overall diagnostic accuracy 
of the sum scores as defined above (PS3, PS4). Sensitiv-
ity and specificity and their 95 % confidence intervals (CI) 
were calculated at appropriate cutoff levels. Inter-rater vari-
ability for ordinal parameters was assessed by quadratic κ 
coefficients. Spearman correlation analysis was performed 

Fig. 1   MP-MRI performed in a 71-year-old patient. Prostate-
specific antigen (PSA) is 6.4  ng/ml at the time of imaging. a Axial 
3-mm thick T2-weighted image of the middle third of the prostate. 
The observers identified a suspicious hypointense area in the right 
peripheral zone (arrows) (PI-RADS 5). b, c On DCE-MRI, a type 
3 enhancement curve is appreciated inside the focally enhancing 
lesion (PI-RADS 5). d, e On the ADC map, the lesion presents as a 
focal area with low signal intensity with corresponding high signal 

intensity on b800 s/mm2 images (PI-RADS 5). f 1H-MRSI shows an 
elevated Choline/Citrate ratio in the suspicious region (PI-RADS 5). 
MP-MRI sum scoring according to PI-RADS with four parameters 
(PS4 19) and with three parameters (PS3 15) is rated true positive, 
indicating that the fourth parameter did not add any information. His-
topathological workup revealed a high-grade PCa Gleason score 7 
(4 + 3)
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to explore the association of the sum scores (PS3, PS4) 
with histopathological Gleason scores. A P value ≤0.05 
was considered a significant result.

Results

Patients and lesions

The median age of our patient cohort was 65.4 years (rang-
ing from 44 to 81 years), with a mean PSA level of 7.4 ng/
ml (ranging from 1.0 to 36.9 ng/ml).

In 52 of 64 patients, a PCa index lesion was confirmed 
by histopathology. Twenty-nine (55.8  %) index lesions 
were classified as a high-grade PCa (primary Gleason pat-
tern ≥4). Low-grade PCa was found in 23 (44.2 %) index 
lesions. Of all cancers, 44/52 (84  %) were located in the 
peripheral zone (PZ) and 8/52 (16 %) in the transition zone 
(TZ).

In 12 index lesions with a benign histopathology result, 
the most common referral diagnosis was prostatitis, in five 
(41.7 %) patients. Seven (58.3 %) index lesions were clas-
sified as benign and not otherwise specified.

Diagnostic performance for PCa detection

The area under the ROC curve (AUC) for MP-MRI with 
four parameters (PS4) equaled that of MP-MRI with three 
parameters (PS3: P = 0.928, O1; P = 0.922, O2) (Table 1). 
The results were similar for both observers (P  =  0.937 
PS4; P = 0.898 PS3) (Table 1).

The inter-reader agreement was substantial for PS4 
(0.783) and for PS3 (0.638). Variations in sensitivity and 
specificity values at comparable PI-RADS sum score cutoff 
values are provided in Table 2.

Prediction of PCa Gleason score by MP‑MRI

MP-MRI with three parameters and MP-MRI with four 
parameters were positively correlated with a PCa lesion’s 
Gleason score (Fig.  3). Considering the AUC for predic-
tion of a PCa lesion’s Gleason score, MP-MRI with four 
parameters, the diagnostic performance of both observers 
was equal to that of MP-MRI with three parameters (P = 1, 
O1; P = 0.844, O2) (Table 1). The results were similar for 
both observers (P = 0.966 PS4; P = 0.812 PS3) (Table 1).

Fig. 2   MP-MRI performed in a 64-year-old patient. Prostate-
specific antigen (PSA) is 5.8  ng/ml at the time of imaging. a Axial 
3-mm thick T2-weighted image of the middle third of the prostate. 
The observers described an area with rather homogeneously low 
signal intensity and a well-defined margin in the transition zone (PI-
RADS 2). b, c On DCE-MRI, a type 3 enhancement curve is appre-
ciated inside the focally enhancing lesion (PI-RADS 5). d, e On the 

ADC map, the lesion presents as a focal area with low signal inten-
sity with corresponding high signal intensity on b800 s/mm2 images 
(PI-RADS 4). f 1H-MRSI shows a Citrate peak exceeding the Choline 
peak two times (PI-RADS 1). MP-MRI sum score with four param-
eters (PS4 = 12) is rated false negative. On the other hand, MP-MRI 
with three parameters (PS3 11) is rated true positive. Histopathologi-
cal workup revealed a PCa Gleason score 6 (3 + 3)
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Discussion

Our results show that MP-MRI with four parameters that 
include 1H-MRSI does not increase the detection and grad-
ing of prostate cancer at 3  T compared to MP-MRI with 
three parameters. Applying a sum score can accurately 
detect PCa at 3  T without an endorectal coil and shows 
potential for prediction of tumor grade. Our results imply 
that omitting 1H-MRSI at 3 T without using an endorectal 
coil can considerably shorten prostate MRI examinations.

1H-MRSI is seen as an optional imaging parameter, but 
its value as a fourth parameter has not been fully estab-
lished [2]. Thus, several international societies support con-
tinued research on the value of 1H-MRSI in MP-MRI of the 
prostate [5].

Röthke et  al. examined 64 consecutive patients at 3T 
without an endorectal coil in a consensus reading approach. 
Using three parameters, specificity was 95.5 % and sensi-
tivity was 71.4  %. When 1H-MRSI was included, a simi-
lar specificity and sensitivity of 94.7 and 75.8 %, respec-
tively, were reported. A second group using four-parameter 
MP-MRI of the prostate did not calculate a sum score, but 
described a limited clinical utility for 1H-MRSI. Using 
three parameters, investigators have reported a sensitivity 
of 80–95 %, a specificity of 62–92 %, and an area under the 
ROC curve of 69–97 % [9, 10, 12, 17–19]. These findings 
are in good agreement with our results, showing similar 
sensitivity and specificity. When 1H-MRSI was added, no 
improvement in PCa detection and grading was achieved in 
our study.

In addition to the diagnostic accuracy for the detection of 
PCa, there is growing interest in image-guided risk stratifi-
cation of PCa lesions by predicting the Gleason score. Prior 

publications demonstrated that MP-MRI of the prostate has 
the potential to differentiate between low- and high-grade 
PCa [20]. Again, adding 1H-MRSI did not improve the 
diagnostic performance of MP-MRI for tumor grading. We 
demonstrated a positive correlation between PCa Gleason 
scores and MP-MRI with three parameters and between 
MP-MRI with four parameters; the results did not differ. A 
higher PSsum score showed the potential to predict high-
grade PCa. In the clinical setting, this seems to provide use-
ful information for targeting the most significant lesion in 
the prostate, to overcome the problem of overdiagnosis of 
clinically insignificant disease [21, 22].

With regard to the detection and grading of prostate 
cancer, our findings are important, as data acquisition and 
interpretation of 1H-MRSI are time-consuming and thus 

Table 1   Area under the curve (AUC) and corresponding 95 % confi-
dence intervals (95 % CI) for MP-MRI with four parameters and with 
three parameters for diagnosing lesion type and PCa grading accord-
ing to the PI-RADS [7]

PS3, Sum score including T2, DCE, and DWI; PS4, including addi-
tional 1  H-MRSI

Variable AUC SE P value 95 % CI  
lower bound

95 % CI 
upper bound

Benign versus malignant

 PS4 O1 0.917 0.049 0.000 0.820 1.000

 PS4 O2 0.913 0.035 0.000 0.845 0.982

 PS3 O1 0.928 0.052 0.000 0.826 1.000

 PS3 O2 0.922 0.034 0.000 0.855 0.989

High grade versus low grade

 PS4 O1 0.751 0.070 0.002 0.614 0.888

 PS4 O2 0.747 0.071 0.002 0.609 0.885

 PS3 O1 0.751 0.069 0.002 0.616 0.887

 PS3 O2 0.728 0.071 0.005 0.589 0.866

Table 2   PSsum cutoffs values for MP-MRI with four parameters 
(PS4) and with three parameters (PS3) and resulting diagnostic 
parameters (sensitivity, specificity, positive, and negative likelihood 
ratio, LR+, LR−) for diagnosis of lesion type (benign versus malig-
nant) and lesion grade (high grade with primary Gleason pattern ≥4 
vs. low grade)

Variables Cutoff Sensitivity Specificity LR+ LR−

Benign versus malignant

 PS4 O1 >11 98.11 % 72.73 % 3.60 0.026

>13 83.02 % 81.82 % 4.57 0.21

>14 66.04 % 90.91 % 7.26 0.37

>16 41.51 100 % n.a. 0.58

 PS4 O2 >11 88.68 % 72.73 % 3.25 0.16

>13 79.25 % 100 % n.a. 0.21

>14 67.92 100 % n.a. 0.32

>16 35.28 100 % n.a. 0.55

 PS3 O1 >8 98.11 % 72.73 % 3.6 0.026

>10 94.34 % 81.82 % 5.19 0.069

>11 75.47 % 90.91 % 8.30 0.27

>13 35.85 % 100 % n.a 0.64

PS3 O2 >8 92.45 % 63.64 % 2.54 0.12

>10 84.91 % 90.91 % 9.34 0.17

>11 67.92 % 100 % n.a. 0.32

>13 26.42 % 100 % n.a 0.74

High grade versus low grade

 PS4 O1 >11 100 % 26.47 % 1.36 0.00

>15 80.00 % 76.47 % 3.40 0.23

>18 33.33 % 91.18 % 3.78 0.73

 PS4 O2 >11 90.00 % 32.35 % 1.33 0.31

>15 66.67 % 88.24 % 5.67 0.38

>18 23.33 % 97.06 7.93 0.79

 PS3 O1 >11 90.00 % 58.82 % 2.19 0.17

>13 50.00 % 88.24 % 4.25 0.57

 PS3 O2 >11 83.33 % 63.64 % 3.59 0.25

>13 36.67 % 91.18 % 4.16 0.69
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detrimental, both in terms of examination costs and read-
ing time [2, 3]. 1H-MRSI requires careful positioning of 
the examination voxel, saturation regions, and shimming. 
The acquisition time is long, making this sequence more 
vulnerable to patient motion. Spectra analysis is more 
time-consuming than standard-imaging sequences, as they 
require dedicated software and co-registration with anatom-
ical images. Thus, our results are important, as they imply 
that omitting 1H-MRSI at 3 T without using an endorectal 
coil can considerably shorten prostate MRI examinations. 
Consequently, prior research supports our own finding: 
1H-MRSI does not add incremental diagnostic information 
in 3-T MP-MRI of the prostate without the use of an endo-
rectal coil.

There is an ongoing debate about using an endorectal 
coil in the clinical setting for the local detection of PCa 
on 1.5-T and on 3-T devices. At 1.5 T, an endorectal coil 
improves the 1H-MRSI qualities, leading to a higher sen-
sitivity and specificity [23]. However, at 3  T, guidelines 
do not recommend an endorectal coil for cancer detection 
and grading protocols [2]. This can be explained by the 
fact that, for the three other parameters, sufficient diag-
nostic image quality and high sensitivity and specificity 
are achieved with MP-MRI. It has been suggested that the 
signal-to-noise ratio of peripheral gland 1H-MRSI may be 
up to tenfold higher using an endorectal coil compared to a 
surface body coil [4, 24].

In addition, the use of an endorectal coil requires addi-
tional time, incurs additional costs, can cause discomfort 
and minor complications, and is contraindicated in several 

circumstances [25]. We demonstrated, in the current study, 
that MP-MRI is feasible with a simple body coil at 3 T. In 
addition to patient comfort and equipment costs, this set-
ting is clearly preferable in patients who choose radiation 
therapy as an alternative treatment option to radical prosta-
tectomy [26, 27].

The PI-RADS scoring system has been established as a 
feasible method for the clinical routine and allows stand-
ardized reporting [8]. Such a system is intended to improve 
the inter-reader reproducibility [2]. The reproducibility 
of the sum score in our study, as measured by the kappa 
agreement, was substantial for PS3 and for PS4. One group 
reported the inter-reader agreement for each single param-
eter from moderate to substantial for T2, DWI, and DCE 
(0.55, 0.64, and 0.65, respectively) [18]. Another group 
published an inter-reader agreement for a sum score from 
0.378 to 0.441, which included three readers with different 
levels of experience and the images were acquired on both 
1.5- and 3.0-T devices [28]. These results are in good con-
cordance with Rosenkrantz et al., who reported a moderate 
kappa agreement (0.41–0.49) for three readers on a 3.0-T 
device, without the use of an endorectal coil [8]. Conse-
quently, our results are in accord with the literature, and 
underline a clinically reasonable level of reproducibility in 
reading MP-MRI of the prostate using a sum score.

The use of a sum score in the assessment of the diagnos-
tic accuracy and grading of prostate cancer can be seen as 
a potential limitation. However, even the recent PI-RADS 
version (v2) does not provide any recommendation on how 
to integrate 1H-MRSI into the clinical evaluation process 

Fig. 3   Receiver operating characteristics curves for detection (left) and prediction of prostate cancer tumor grade (right) by PS4 and PS3 as 
assessed by both readers (O1, O2)
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[5]. On the other hand, the sum score has been shown to 
be robust valid and reliable used by several researchers 
[9–11, 13]. The reference standard was not the same in all 
patients, as consecutive patients who fulfilled predefined 
inclusion and exclusion criteria were recruited from clinical 
practice. All lesions were histopathologically proven. Con-
sidering one image-related reference standard only (e.g., 
MR-guided biopsy) would bias the patient group toward 
lesions suspicious on MRI, possibly resulting in a lower 
specificity. However, considering whole-mounted speci-
mens only would raise reader awareness for the presence 
of cancer, possibly resulting in a higher sensitivity [29]. 
Consequently, our results reflect what is to be expected in 
a real-life clinical setting. In addition, our patient-based 
Obuchowski level 2 analysis implies a possible bias toward 
an overestimated sensitivity when there are several lesions 
per patient. Further, specificity can be overestimated under 
certain conditions. Again, our approach reflects the clinical 
cancer detection scenario and thus the diagnostic perfor-
mance in the clinical scenario.

Conclusions

In conclusion MP-MRI with four parameters that include 
1H-MRSI does not increase the detection and grading of 
prostate cancer at 3  T compared to MP-MRI with three 
parameters. MP-MRI with three parameters can accurately 
detect PCa at 3  T without an endorectal coil, and shows 
potential for the prediction of tumor grade.
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