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Abstract 
Purpose: The aim of the present study was to evaluate the patient population, 
different MRI examination protocols and the patient’s acceptance of the en-
dorectal coil in the diagnosis of prostate cancer regarding the current discus-
sion in PI-RADS v2.1. Material and Methods: In our institute, 256 patients 
were examined with different protocols and separated into six groups. The 
value of the different MRI protocols was identified by analyzing sensitivity, 
specificity, negative predictive value and positive predictive value. The pa-
tient population was tested for statistically significant differences in their 
characteristics to detect a distortion of the results. The patients’ acceptance of 
endorectal coil was evaluated by a query. Results: In total 4.7% of the patients 
would not recommend a MRI examination because of subjective physical 
strain and 65.6% of all patients subjectively saw a benefit in the examination 
in regard to an optimal diagnostic process. The protocol groups reached a 
sensitivity from 66.7% - 100%, a specificity from 40% - 75%, a positive pre-
dictive value from 33.3% - 80% and a negative predictive value from 66.7% - 
100%. Conclusion: MRI of the prostate is a safe and comfortable tool with 
high sensitivity and negative predictive value and the potential of ruling out a 
clinically significant prostate cancer. However, a general recommendation for 
the use of biparametric MRI could not be given, considering a higher sensi-
tivity could be performed when using dynamic contrast-enhanced MRI or 
spectroscopy. 
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1. Introduction 

The importance of Magnet Resonance Imaging (MRI) in the diagnosis of pros-
tate cancer is increasing rapidly. Because of the poor sensitivity and high num-
ber of side effects of transrectal ultrasound guided biopsy (TRUS-Bx) [1] [2] [3] 
[4] and the high sensitivity and negative predictive value of MRI [5] [6] [7], 
more and more patients are being examined by this method in case of supposed 
prostate cancer. 

In 2012, the European Society of Urogenital Radiology (ESUR) developed 
guidelines for judging MRI examinations of the prostate and recommended the 
use of multiparametric MRI (mpMRI), containing T1 and T2 weighted images 
(T2w), diffusion weighted imaging (DWI), dynamic contrast enhanced images 
(DCE) and optional proton-magnetic-resonance-spectroscopy-imaging (H-MRSI) 
(Figures 1-4) [8]. Furthermore, recommendations for the minimal technical 
requirement and the evaluation of prostate MRI were given. Thus, the prostate 
imaging reporting and data system (PI-RADS) score have been developed. Sev-
eral studies confirmed the use of these standardizations of MRI in the diagnosis 
of prostate cancer [9] [10], but it could be shown that the H-MRSI yields no 
further use in MRI of the prostate [9]. In 2014, the ESUR and the American Col-
lege of Radiologists (ACR) revised the standardizations of MRI and developed 
PI-RADS v2 [11]. The achievement of H-MRSI was not recommended any 
more. In MRI for the diagnosis of prostate cancer, T2 weighted images pointed 
out as the dominant sequence for the evaluation of the central zone and the DWI 
for the peripheral zone of the prostate [11]. Additional dynamic contrast 
enhanced sequences (DCE) could be used in case of unclear findings. Further 
studies have shown promising results [12] [13] [14]. The latest modifications of 
the standardization of the MRI in the diagnosis of prostate cancer were pub-
lished in 2019. In these PI-RADS v2.1 guidelines, the technical requirements and 
recommended MRI sequences were revised. Regarding time and cost-effectiveness, 
the use of biparametric MRI (bpMRI) consists of T2 weighted images and DWI, 
was discussed [15]. First studies proved the use of bpMRI on therapy naïve pa-
tients [16] [17]. The use of the endorectal coil in the diagnosis of prostate cancer is 
still unclear. The scientific literature shows contradictory results [18] [19] [20].  
 

 
Figure 1. T2 weighted images (T2w). 
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Figure 2. Dynamic contrast enhanced images (DCE). 

 

 
Figure 3. Diffusion weighted images (DWI). 

 

 
Figure 4. Proton magnetic resonance spectroscopy imaging (H-MRSI). 

 
In our institute, we have been using MRI in the diagnosis of prostate cancer 

since January 2007, five years before the first guidelines of the ESUR were pub-
lished. The aim of the present study was to evaluate the patients and the differ-
ent examination protocols of our institute regarding the current discussion in 
PI-RADS v2.1 guidelines. For technical evaluation, the patients’ acceptance of 
the endorectal coil was assessed. 
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2. Materials and Methods 
2.1. Patients 

MRI was performed on 256 patients between January 2007 and December 2010. 
Patients with a suspicious Digital-rectal-Examination (DRE) and/or a Pros-
tate-Specific-Antigen (PSA) level > 4 ng/ml were included in this study. This cut 
off value is recommended by the German Society of Urology [21] and common 
in the current literature [6] [22]. Exclusion criteria were general contraindica-
tions to MR imaging like heart pacemakers, allergy to contrast agents, severe 
claustrophobia, to biopsies and a known prostate cancer. Patient’s age, PSA level, 
diagnosed cancer, therapy, previous biopsies (MR or TRUS-guided biopsy) and 
patient’s medication were evaluated by a query. Further, the patients’ acceptance 
of the endorectal coil was analyzed. 

2.2. Examination Technique 

For MRI examinations the scanner types Trio, Avanto and Espree of the firm 
Siemens with a field strength of 3T were used. Additionally, we used an endo-
rectal coil. All patients received biopsy after MRI. For MRI of the prostate T2 
weighted images (T2w), diffusion weighted sequences (DWI), proton magnetic 
resonance spectroscopy (H-MRSI) and dynamic contrast enhanced sequences 
(DCE) were used. The results of the examinations were evaluated by a radiolo-
gist with 15 years of experience judging MRIs of the prostate. 

2.3. Subgroups 

Due to further developments of MRI protocols in our institution between 2007 
and 2010, patients were examined with different protocols and separated into six 
groups accordingly (Table 1). The value of the different MRI protocols was 
identified by analyzing sensitivity, specificity, negative predictive value and posi-
tive predictive value. 

2.4. Statistics 

The patient population was tested for statistically significant differences in their 
characteristics to detect a distortion of the results by using the chi-square test. 
All statistical analyses were performed with dedicated software (BiAS 9.17, Epsi-
lon, Frankfurt, Germany).  
 
Table 1. MRI protocols with included sequences and patients.  

MRI Protocol Included Sequences Number of Patients 

Group A T2 5 

Group B T2, DWI 17 

Group C T2, DCE 8 

Group D T2, H-MRSI 48 

Group E T2, DCE, DWI 3 

Group F T2, DCE, DWI, H-MRSI 47 
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2.5. IRB Approval 

IRB approval was issued by the ethics commission of the Goethe University of 
Frankfurt on the 26th of February 2016. 

3. Results 
3.1. Patients 

After disposing of the exclusion criteria 128 patients with a mean age of 72 
(range 52 to 93) and a mean PSA value of 6.92 ng/ml (range 0.02 ng/ml to 34 
ng/ml) were evaluated (Table 2). Prostate cancer was found in patients with a 
PSA value of 0 - 4 ng/ml in 45% (5/11), with a PSA of 4 - 10 ng/ml in 44% 
(25/57) and with a PSA > 10 ng/ml in 40% (8/20). PSA was not determined in 40 
patients. Prostate cancer was diagnosed in 42.2% (54/128) of the patients. 57.4% 
(31/54) of the patients underwent prostatectomy. A previous biopsy of the pros-
tate was performed in 75% (96/128) cases. A MRI-guided biopsy was accom-
plished in 31.3% (30/96) of the patients. Medications with potential distortion of 
the PSA value were taken in 5.5% (7/128) cases. For subjective acceptance of the 
MRI examination we asked our patients about their experiences with the endo-
rectal coil during the examination. The survey of the patients showed that 68.8% 
(88/128) did not feel uncomfortable because of the endorectal coil. In total 4.7% 
(6/128) of the patients would not recommend a MRI examination because of 
subjective physical strain and 65.6% (84/128) of all patients subjectively saw a 
benefit in the examination in regard to an optimal diagnostic process.  

3.2. Examination 

Carcinoma suspect lesions were shown in 68% (87/128) of all MRI examinations. 
The tumor stage according to the TNM system is shown in Figure 5. The results 
of the MRI protocols are shown in 3.3. 

3.3. Subgroups 

Statistical analyses of the particular MRI protocols are shown in Table 3. In 
every protocol, except group B and D, we reached a sensitivity of 100%. We also 
reached a negative predictive value of 100% in the groups A, C and F. 

3.4. Statistics 

In the statistical analysis, no significant link between the used MRI protocol and 
the patient’s age (p = 0.63) or their PSA value (p = 0.21) could be determined.  
 
Table 2. Included patients and inclusion criteria. 

Patients with complied inclusion criteria 256 
General Inclusion criteria: 
• Suspicious DRE and/or 
• PSA > 4 ng/ml 

Patients after return of the query 201 

Patients after exclusion of those with known prostate 
cancer or inadequately filled query 

128 
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Table 3. Results of MRI examinations (in brackets: 95% confidence interval). 

MRI Protocol Sensitivity Specifity 
Positive Predictive 

Value 
Negative Predictive 

Value 

Group A 
100% 

(2.5% - 100%) 
75% 

(19.4% - 99.4%) 
50% 

(13.7% - 87.8%) 
100% 

(29.2% - 100%) 

Group B 
66.7% 

(22.3% - 95.7%) 
54.55% 

(23.4% - 83.3%) 
44.44% 

(13.7% - 87.8%) 
75% 

(34.9% - 96.8%) 

Group C 
100% 

(39.8% - 100%) 
75% 

(19.4% - 99.4%) 
80% 

(28.4% - 99.5%) 
100% 

(29.2% - 100%) 

Group D 
80% 

(59.3% - 93.2%) 
43.48% 

(23.2% - 65.5%) 
60.61% 

(42.1% - 77.1%) 
66.67% 

(38.4% - 88.2%) 

Group E 
100% 

(2.5% - 100%) 
0% 

(0% - 84.2%) 
33.33% 

(15.8% - 100%) 
0% 

(0% - 100%) 

Group F 
100% 

(80.5% - 100%) 
40% 

(22.7% - 59.4%) 
48.57% 

(31.4% - 66.0%) 
100% 

(73.5% - 100%) 

 

 
Figure 5. Tumor stadium according to the TNM system. 

 
Additionally, we could not prove a significant amount of either patients diag-
nosed with prostate cancer or not in the protocol group (p = 0.51). We could al-
so find no relevant relation between the diagnosis of prostate cancer in the MRI 
findings and the protocol group (p = 0.30). No significant correlation between 
the stage of the tumor (according to TNM classification) and the performed 
MR-sequences could be verified (p = 0.80). A statistically significant number of 
prostate biopsies in one of the protocol groups could be ruled out (p = 0.36). 
There was no statistical correlation between a diagnosed prostate cancer and the 
physical strain caused by the endorectal coil (p = 0.22). 

4. Discussion 
4.1. Other Groups Results 

The impact of multiparametric MRI has been evaluated in several studies and 
meta-analyzes. A sensitivity up to 96% and a specificity up to 88% have been re-
ported [23] [24]. In 2017, Ahmed et al. postulated that a multiparametric MRI 
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performed before the biopsy could avoid up to 27% of all biopsies of the prostate 
[7]. However, the precise MRI protocol is still unclear. As mentioned, in the lat-
est PI-RADS v.2.1 guidelines a biparametric MRI is being discussed regarding 
time- and cost-effectiveness [15]. Furthermore, there is potential to stint contrast 
medium containing gadolinium. However further research documented the 
possible use of further MRI sequences, especially in the diagnosis of early staged 
prostate cancer [25] [26] [27]. Kim et al. recommended the use of multiparame-
tric MRI in case of PI-RADS score 3 [28]. The benefit of the endorectal coil in 
the diagnosis of prostate cancer is still in discussion as well. In the current 
literature, Barth et al. could not find a benefit of the endorectal coil when using a 
3 T tomograph, while Hoffner et al. as well as Mirak et al. indicated an advantage 
when evaluating the posterior and peripheral zone of the prostate [19] [20].  

4.2. Patients 

The use of a suitable patient population is an important precondition of a repre-
sentative study. The participating patients showed similar epidemiological cha-
racteristics in age and PSA as patients of comparable studies [7] [23] [24]. The 
disposition of prostate cancer in the PSA groups in this study is striking. Com-
pared to other epidemiological studies there is a high number of patients with a 
prostate cancer and a PSA value of 0 - 4 ng/ml. With a percentage of 42.2% there 
is even a high number of prostate cancer in total. A possible reason for these 
findings is the patients’ preselection with suspicious examinations like DRE or 
dedicated clinical findings. However, in 31.3% (40/128) of all patients, we were 
not able to determine the PSA level. This could be a possible reason for a 
distortion of our results. Most of the patients with diagnosed prostate cancer 
underwent prostatectomy. Although the operation constitutes the gold standard 
in most cases, there is a high potential of side effects with a massive constraint of 
life quality [29] [30] [31]. 

A high number of patients underwent a previous prostate biopsy. But in only 
31.3% of all cases, a MR-guided prostate biopsy has been performed. This re-
flects the small importance of MR-guided biopsy at this early stage of MRI of the 
prostate. Regarding the high number of side effects during the prostate biopsy 
[1] [2], it is an important aim to reduce the number of prostate biopsies in gen-
eral. Current studies show that the MRI has high potential to reduce these biop-
sies [7] and is a feasible and safe tool to target prostate biopsy [22] [32]. There is 
also the possibility of the fusion of MR and sonography scans to get a better 
targeted biopsy. In several researches, this technique helps to reduce the number 
of biopsies up to 83% [33] [34].  

The use of the endorectal coil achieved a high patients’ acceptance. Only 31% 
of the patients felt explicitly impaired by the coil. Regarding the inconsistent li-
terature, we see this result as an argument for the use of the endorectal coil. 
However, this procedure is an invasive treatment with possible side effects. Thus 
non-invasive alternatives are definitely preferable, but would need further re-
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search before they could be recommended [35].  

4.3. Examinations 

In case of diagnosed prostate cancer, it is conspicuous that there was a very high 
number of T2 staged prostate cancer. The very low number of T1 cancer could 
be reasoned by the fact that there are still difficulties in detecting a small sized 
prostate cancer. Even in 2011, Röthke et al. postulated that the possibility of de-
tecting prostate cancer in the MRI depends on its size [36]. Although there is no 
direct therapeutical consequence for T1 cancer in a lot of cases regarding the 
concept of watchful waiting, there is still a potential of improving the MRI of the 
prostate. According to the current literature the use of further sequences like 
H-MRSI could improve the detection rate of small sized prostate cancer [26].  

4.4. Subgroups 

The group A in our study was examined with only morphological sequences 
(Table 1 and Table 3). These at first sight impressive findings should be taken 
with great care because of the very low number of patients. 

In our study, we had five groups with the combination of morphological and 
functional MRI sequences. The results are shown in Table 3. 

Table 3 shows excellent findings in group C and group F compared with for-
mer findings. However, our results in group C were achieved with a very small 
number of patients and should be taken with great care. Compared with the re-
sults of the current studies there are at least two important points. 

First, the multiparametic MRI did not reach the high specificity of similar stu-
dies, which means we had a higher number of false-positive findings. A possible 
reason is the fact, that our study group was examined between 2007 and 2010. 
Two years later the ESUR published recommendations for the examination and 
the judging of multiparametic MRI, like the PI-RADS score. 

Second, we could confirm the excellent results regarding sensitivity and nega-
tive predictive value. Considering the results there is always a higher sensitivity 
and negative predictive value than in the urological standard diagnostics, in-
cluding PSA, DRE and TRUS-guided biopsy, regardless of the used examination 
protocol.  

Currently, the use of biparametric MRI is in discussion regarding time- and 
cost-effectiveness [15]. In our study, we could improve the sensitivity by adding 
an extra examination sequence, like DWI or H-MRSI. A general recommenda-
tion for the use of bpMRI could not be given by our results. However, further 
research is necessary because of the high socio-economic importance.  

4.5. Statistics 

There was no statistical correlation between the patient’s acceptance of the en-
dorectal coil and a diagnosed prostate cancer. A potential distortion of results 
could be ruled out. The statistical analyses of the subgroups yield no significant 
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differences regarding several characteristics like age, PSA value, or diagnosed 
prostate cancer. A potential distortion of the results due to a random disposition 
of important characteristics in a particular subgroup could be ruled out. 

4.6. Limitations 

There are several limitations to our study that should be mentioned: 
Due to the fact that the TRUS-controlled biopsy can lead to scarring in the 

area of the prostate, there is a danger of a false-positive result. Even in 2005, 
Scheenen et al. described the possibility of TRUS controlled biopsies causing 
susceptibility-artifacts through hemorrhages into the tissue of the prostate [37]. 
A sufficient wait of six weeks between a biopsy and a MRI examination is there-
fore important [37]. This fact is discussed in the current PI-RADS v2.1 guideline 
[15], however it should be considered in further studies. 

Furthermore, our study shows some methodical weaknesses, like a nonexistent 
randomization of the participants in the individual protocol groups. The ran-
domization only took place at the time of the retrospective analysis which led to 
a considerable difference in the amount of patients in the protocol groups. As a 
consequence, representative statements and statistically significant examinations 
were made impossible by the fact that several MRI protocols were carried out 
with only a small amount of patients.  

5. Conclusion 

In conclusion, MRI of the prostate is a safe and comfortable tool with high sensi-
tivity, specificity and negative predictive value in the diagnosis of prostate cancer 
and a high potential in ruling out a clinical significant prostate cancer. However, 
there is an ongoing discussion about some aspects like the dedicated examina-
tion protocol or the benefit of the endorectal coil. A recommendation for the 
biparametric MRI consisting T2 and diffusion weighted images, as proposed 
from the ACR, could not be given regarding our study results that the use of 
DCE or H-MRSI could improve the sensitivity. Because of the high patient’s ac-
ceptance of the endorectal coil, we recommend its use in 3 T MRI according to 
current studies [19] [20]. However, further research is needed to accomplish 
more evidence for the examination protocol and the endorectal coil. 
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