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Purpose: Despite its success in the assessment of prostate cancer (PCa), in vivo 
multiparametric MRI has limitations such as interobserver variability and low spec-
ificity. Several MRI methods, among them MR elastography, are currently being 
discussed as candidates for supplementing conventional multiparametric MRI. This 
study aims to investigate the detection of PCa in fresh ex vivo human prostatectomy 
specimens using MR elastography.
Methods: Fourteen fresh prostate specimens from men with clinically significant 
PCa without formalin fixation or prior radiation therapy were examined by MR elas-
tography at 500 Hz immediately after radical prostatectomy in a 9.4T preclinical 
scanner. Specimens were divided into 12 segments for both calculation of storage 
modulus (G′ in kilopascals) and pathology (Gleason score) as reference standard. 
Sensitivity, specificity, and area under the receiver operating characteristic curve 
were calculated to assess PCa detection.
Results: The mean G′ and SD were as follows: all segments, 8.74 ± 5.26 kPa; 
healthy segments, 5.44 ± 4.40 kPa; and cancerous segments, 10.84 ± 4.65 kPa. The 
difference between healthy and cancerous segments was significant with P ≤ .001. 
Diagnostic performance assessed with the Youden index was as follows: sensitivity, 
69%; specificity, 79%; area under the curve, 0.81; and cutoff, 10.67 kPa.
Conclusion: Our results suggest that prostate MR elastography has the potential to 
improve diagnostic performance of multiparametric MRI, especially regarding its  
2 major limitations: interobserver variability and low specificity. Particularly the 
high value for specificity in PCa detection is a stimulating result and encourages 
further investigation of this method.
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1  |   INTRODUCTION

Despite its success in the assessment of prostate cancer (PCa), 
in vivo multiparametric MRI (mpMRI) suffers from limita-
tions such as interobserver variablility and low specificity.1,2 
Specifically, the differentiation of benign prostatic hyperpla-
sia nodules from malignant tumors and the low sensitivity to 
detect extraprostatic tumor extension into surrounding neu-
rovascular structures remain major obstacles. Although PCa 
is the second most common cancer in men worldwide, most 
men with diagnosed PCa will die of other causes.3 Due to 
this gap between incidence and mortality, accurate risk strati-
fication for identification of clinically significant PCa versus 
indolent PCa is desirable for clinical management, especially 
to select men for radical prostatectomy or active surveillance. 
The current clinical reference standard for staging PCa is his-
topathological analysis of transrectal ultrasound-guided core 
needle biopsy specimens typically taken from 12 different lo-
cations. However, this biopsy scheme is known to frequently 
underestimate Gleason scores (GS) and miss tumors espe-
cially in the anterior gland and apex.4,5

Magnetic resonance elastography (MRE) is a noninvasive 
method to quantify mechanical tissue properties. Previous stud-
ies investigating MRE of ex vivo prostates were performed in 
specimens with formalin fixation or prior radiation therapy, 
which are both known to substantially alter mechanical tissue 
properties.6-10 In comparison to MRE examinations of other 
organs such as liver or brain, the small prostate size and shear 
wave attenuation by surrounding tissue make it more challeng-
ing to generate shear waves with sufficient amplitudes while at 
the same time ensuring patient comfort.8 Previous pilot studies 
investigated various experimental approaches, including trans-
urethral, endorectal, and transperineal mechanical actuator set-
ups in animals and humans.11-13 To overcome current technical 
challenges and to explore the potential of prostate MRE, we 
used an ex vivo approach to characterize mechanical properties 
of human prostatectomy specimens. We aimed to assess the de-
tection of PCa in fresh specimens without formalin fixation or 
prior radiation therapy using MRE at 9.4 T and whole-mount 
pathology or biopsy as a reference standard.

2  |   METHODS

2.1  |  Subjects

The study was approved by the University of Illinois at 
Chicago institutional review board, and written informed 

consent was obtained from all subjects. Prostate specimens 
of 14 men were examined in this prospective monocenter 
study. Inclusion criteria were men with a clinical indication 
for radical prostatectomy for PCa and age of 40 to 79 years. 
Exclusion criteria were preoperative hormone therapy, pre-
operative pelvic surgery, prior radiation therapy, and lack of 
adequate histopathology data to confidently localize the tu-
mors. All radical prostatectomies were performed by robot 
assistance with enbloc removal of prostate and seminal vesi-
cles by 1 of 2 experienced urologic surgeons (M.A. and S.C.). 
After surgery was performed, a small fiducial filled with 2% 
agarose gel was sewed to the prostate in an anterior and mid-
sagittal plane to maintain spatial orientation (Figure 1A). 
Additionally, an 18-French silicone catheter was placed in 
the urethral lumen.

2.2  |  Magnetic resonance elastography

Immediately after radical prostatectomy, fresh prostate 
specimens without formalin fixation were examined by 

K E Y W O R D S

MR elastography, prostate cancer, prostatectomy specimens

F I G U R E  1   A, Excised prostatectomy specimen with seminal 
vesicles (SV). A fiducial (asterisk) was sewed to the top of the 
prostate, and a catheter was placed inside the urethra (arrow).  
B, Magnetic resonance elastography setup with piezoelectric actuator 
(arrowhead) and cylindrical tube (red), into which the prostate was 
placed. The dashed arrow indicates the direction of vibrations
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MRE in a 9.4T MRI scanner (310/ASR; Agilent, Santa 
Clara, California) with a 62-mm inner diameter quadrature 
birdcage RF coil at room temperature (23°C). The prostates 
were placed inside a cylindrical tube (Figure 1B). To account 
for different prostate sizes and to maximize wave ampli-
tudes, paper towels were used to ensure full 360° contact of 
the organ with the tube. A piezoelectric actuator (P-840.1; 
Physik Instrumente, Karlsruhe, Germany) was attached to 
the tube and induced radially converging shear waves in the 
sample using a drive frequency of 500 Hz. One specimen 
(No. 3) had to be examined at 250 Hz because shear wave 
attenuation was too high at 500 Hz for this specific sample. 
To account for differences in prostate volume, geometry, 
and tissue properties, MRE sequence parameters were ad-
justed for every specimen individually to optimize resolution 
while maintaining a 2-hour period from the operating room 
to pathology. Scan parameters for all specimens are listed in 
Table 1. Magnetic resonance elastography was performed 
using a modified spin-echo pulse sequence based on sample 
interval modulation MRE for the simultaneous acquisition of 
wave field displacement along all 3 Cartesian directions, as 
described in Refs 14 and 15. The average MRE scan time was 
34 minutes.

2.3  |  Image processing

Complex wave images of each displacement component at 
the mechanical frequency used were calculated by apply-
ing a discrete Fourier transform along the 12 acquired time 
steps and extraction of the first harmonic. Images of com-
plex shear modulus G*, with its real (G′) and imaginary (G″) 
part representing the storage and loss modulus, respectively, 
were calculated from the noise-filtered complex wave images 
after application of the curl operator by inverting the overde-
termined Helmholtz equation in a least-squares manner.15,16 
Masks were generated to divide prostates into 12 segments 
(right/left, base/mid/apex, anterior/posterior) and to calculate 
segment-based averages of G′ and G″. A 3-pixel erosion was 
applied to the edge of the outer prostate contour and urethra 
to avoid boundary effects.

2.4  |  Reference standard

All patients underwent clinically indicated preoperative 
imaging-guided biopsies from all 12 segments as diagnostic 
reference standard, and the presence of any cancer (GS ≥ 6)  
was reported. Additionally, whole-mount pathology was 
performed in 8 radical prostatectomy specimens as the most 
accurate reference standard available. Prostate specimens 
were injected with formalin for fixation after the MRE meas-
urements were performed and within 2 hours after surgery. T
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Paraffin-embedded slices were obtained perpendicular to the 
urethral axis from apex to base every 3-4 mm. Slides were 
stained with hematoxylin and eosin and digitized by a whole-
slide scanner (Aperio Scanscope AT2; Leica Biosystems, 
Nussloch, Germany) at x20 magnification and 0.5 lm/pixel 
resolution. Tumor regions were annotated on the digitized 
hematoxylin and eosin–stained and CD31-stained slides 
(Aperio ImageScope). Gleason scores were determined for 
each slice and segment to categorize cancer as low-grade  
(GS = 6), intermediate-grade (GS = 7), or high-grade  
(GS = 8 and 9) PCa according to the 2014 recommenda-
tions of the International Society of Urological Pathology.17 
Segment-based averages of G′ and G″ were compared with 
biopsy findings and whole-mount pathology to determine the 
diagnostic performance.

2.5  |  Statistical data analysis

The Shapiro-Wilk test was used to assess the normal distri-
bution of G′ and G″ for all segments. The Wilcoxon rank 
sum test was used to assess differences between healthy and 
cancerous segments. Pearson’s correlation coefficient (R) 
was calculated for pairwise comparison of the most impor-
tant parameters (G′, G″, GS, age, prostate volume, propor-
tion of tissue involved by tumor). The level of significance 
for all tests was P ≤ .05. Optimized values for sensitivity, 
specificity, negative and positive predictive values, and area 
under the receiver operating characteristic curve (AUC) 
with 95% confidence intervals were calculated using the 
Youden index to assess the diagnostic performance of G′ 
for PCa detection. Statistical analysis was performed using 
MATLAB version 9.0 R2016a (The MathWorks, Natick, 
Massachusetts).

3  |   RESULTS

A total of 14 men with clinically significant PCa were in-
cluded in this study. MRE failed in 2 prostates due to tech-
nical difficulties with the custom-designed piezoelectric 
actuator. Analyses were conducted for the entire cohort (12 
patients with 144 individual prostate segments) and for a 
subgroup with whole-mount pathology (8 patients with 96 
individual prostate segments). The prostate specimens were 
from men with a mean age of 62 years and a range from 47 
to 75 years. Further patient characteristics are compiled in 
Table 2.

3.1  |  Magnetic resonance elastography

Figure 2 shows an exemplary case with preoperative in 
vivo mpMRI, ex vivo MRE, and whole-mount pathol-
ogy. Unlike mpMRI, ex vivo MRE magnitude images do 
not allow clear differentiation of anatomic zones in the 
prostate. Data were not distributed normally (P ≤ .001). 
Therefore, in addition to the mean values, median values of 
G′ and G′′ for the entire cohort and subgroup with whole-
mount pathology are listed in Table 3. Additionally, box-
plots are shown in Figure 3.

For the entire cohort, the mean G′ and SD were as fol-
lows: all segments (N = 144), 8.74 ± 5.26 kPa; healthy 
segments (N = 56), 5.44 ± 4.40 kPa; and cancerous seg-
ments (N = 88), 10.84 ± 4.65 kPa. A statistically significant 
difference between healthy and cancerous segments was 
evident for both G′ and G″ with P ≤ .001. Mean prostate 
volume was 27 mL, ranging from 16 to 63 mL. No signif-
icant correlation was found between G′ and the following 
parameters: age (R = −0.02; P  =  .95), prostate volume  

T A B L E  2   Patient characteristics

Patient Age (years) Prostate volume (mL) Tumor proportion (%) Reference method
Gleason
score

Clinical
stage

1 60 24 30 Biopsy 4 + 3 pT3a

2 69 29 15 Biopsy 3 + 4 pT2c

3 60 63 1 Biopsy 3 + 4 pT2a

4 59 16 5 Biopsy 3 + 4 pT2c

5 58 31 10 Whole-mount pathology 4 + 5 pT2c

6 52 28 13 Whole-mount pathology 3 + 3 pT2c

7 66 25 70 Whole-mount pathology 4 + 3 pT3a

8 47 24 10 Whole-mount pathology 5 + 4 pT3a

9 64 21 10 Whole-mount pathology 3 + 4 pT3a

10 72 21 7 Whole-mount pathology 3 + 4 pT3a

11 58 25 10 Whole-mount pathology 4 + 5 pT3b

12 75 21 17 Whole-mount pathology 3 + 4 pT3a
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(R = −0.34; P = .29), and proportion of tissue involved by 
tumor (R = 0.25; P = .43).

For the subgroup with whole-mount pathology, the mean 
G′ and SD were as follows: all segments (N = 96), 11.83 ± 
3.53 kPa; healthy segments (N = 22), 10.08 ± 3.60 kPa; and 
cancerous segments (N = 74), 12.36 ± 3.34 kPa. A signifi-
cant difference between healthy and cancerous segments was 
evident for G′ (P ≤ .003) but not for G″ (P =.06). Moreover, 
there were no significant differences between low-grade, in-
termediate-grade, and high-grade PCa (Figure 3C). The AUC 

values decreased with increasing GS (Table 4). A weak cor-
relation between G′ and GS (R = 0.24, P = .02), but no cor-
relation between G″ and GS (R = 0.13, P = .21) was found.

Optimized values of diagnostic performance of G′ using 
the Youden index are compiled in Table 4. Overall, the best 
diagnostic performance was found for the entire cohort for 
the detection of any PCa (GS ≥ 6) with an AUC of 0.81 (sen-
sitivity, 69%; specificity, 79%; cutoff, 10.67 kPa). The cor-
responding receiver operating characteristic curve with 95% 
confidence intervals is shown in Figure 4.

F I G U R E  2   Axial plane through the midgland of a patient with prostate cancer. In vivo: A,B, T2 turbo spin echo (TSE) image with an 
extensive hypointensity in the left peripheral zone (arrow) and in the right and left transition zone (arrowhead). C, Diffusion-weighted imaging with 
b = 2000 s/mm2. The markedly hyperintense signal corresponds to the low T2 signal in (A) and (B). D, No abnormal signal increase is seen in the 
DCE sequence. Ex vivo: E, Magnitude image. F, Phase image scaled to shear wave displacement. G, The marked-up hematoxylin and eosin (HE) 
image depicts a tumor with a Gleason score of 3 + 4 = 7 (green, Gleason pattern 3; blue, Gleason pattern 4). H, Map of storage modulus (bright 
colors indicate the tumor with an increased shear stiffness)

Segments

G′ in kPa G″ in kPa

Mean Median SD Mean Median SD

Entire cohort (12 patients)

All (N = 144) 8.74 10.95 5.26 4.46 4.57 2.64

Healthy (N = 56) 5.44 3.08 4.40 2.92 1.95 2.16

Any cancer (N = 88) 10.84 12.58 4.65 5.45 6.03 2.43

Subgroup with whole-mount pathology (8 patients)

All (N = 96) 11.83 12.58 3.53 5.92 6.21 2.00

Healthy (N = 22) 10.08 11.54 3.60 5.13 5.76 1.88

Any cancer (N = 74) 12.36 12.91 3.34 6.15 6.50 1.98

GS 6 (N = 16) 11.73 12.71 3.30 5.80 6.61 1.78

GS 7 (N = 36) 12.64 13.32 3.25 6.30 6.67 1.94

GS 8/9 (N = 22) 12.34 12.84 3.46 6.16 6.21 2.13

Note: G′ and G″ are the real and imaginary part of the complex shear modulus, respectively.

T A B L E  3   Overview mean and median values
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4  |   DISCUSSION

In this pilot study, we assessed the detection of PCa in fresh 
human prostatectomy specimens using MRE. We aimed to 
explore the potential of prostate MRE by overcoming current 
technical limitations using an ex vivo approach and improved 
SNR at 9.4 T. Shear stiffness was measured in 12 ex vivo 
prostates without formalin fixation or prior radiation therapy, 
and the diagnostic performance in detecting PCa based on 
tissue mechanical properties was assessed.

Overall, our results suggest a good diagnostic accuracy 
with AUC values of up to 0.81 for the detection of any PCa. 
The decrease in performance with increasing PCa grade 
might be attributed to similar stiffness values for low-grade, 
intermediate-grade, and high-grade PCa, where no signifi-
cant differences were evident. A possible explanation for this 
finding could be the fact that PCa is not limited to a singu-
lar location like most other primary cancers, but spread out 

through the entire organ with multiple foci and patterns of 
malignancy. This specific behavior of PCa is rarely reflected 
by mpMRI and only revealed in histopathological analysis in 
most cases. However, the finding of similar stiffness values 
for different PCa grades is preliminary and should be con-
firmed by larger studies in the future.

Although encouraging, we acknowledge that the perfor-
mance of MRE alone in this study was inferior to already 
established in vivo methods such as diffusion MRI and tran-
srectal ultrasound elastography, also bearing in mind the 
higher availability and lower cost of ultrasound. However, 
given that mpMRI has proven to improve biopsy outcomes 
and improve detection of high-grade PCa,18 adoption has in-
creased significantly worldwide. As such, new adjunct MR 
sequences, such as MRE, deserve study because the incre-
mental cost would become more favorable compared with 
non-MRI-based imaging. Other clinical utility advantages for 
MRI-based imaging are the potential for avoidance of biopsy 

F I G U R E  3   Boxplots show median, upper, and lower quartile, and whiskers of G′ and G″ for healthy and cancerous segments of the entire 
cohort (A) and subgroup with whole-mount pathology (B). Additionally, values for different Gleason scores (GS) of the subgroup are displayed in 
(C). Statistically significant differences between groups are demarcated with asterisks: **P < .01; ***P < .001

(A) (B) (C)

 

Entire cohort (N = 144) Subgroup whole-mount pathology (N = 96)

Any cancer  
(GS ≥ 6)

Any cancer  
(GS ≥ 6) GS ≥ 7 GS ≥ 8/9

Sensitivity 0.69 (0.61, 0.78) 0.61 (0.51, 0.71) 0.56 (0.46, 0.66) 0.36 (0.18, 0.56)

Specificity 0.79 (0.69, 0.87) 0.82 (0.68, 0.94) 0.78 (0.67, 0.89) 0.82 (0.75, 0.89)

NPV 0.62 (0.52, 0.72) 0.38 (0.27, 0.50) 0.53 (0.41, 0.63) 0.81 (0.74, 0.89)

PPV 0.84 (0.76, 0.91) 0.92 (0.85, 0.98) 0.81 (0.70, 0.90) 0.38 (0.20, 0.56)

AUC 0.81 (0.74, 0.87) 0.71 (0.62, 0.80) 0.65 (0.56, 0.74) 0.59 (0.46, 0.71)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

T A B L E  4   Diagnostic performance of G′ for the detection of prostate cancer
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and rectal ultrasound probes altogether if imaging protocols 
with sufficient negative predictive value could be developed.

4.1  |  Comparison with in vivo mpMRI

A major limitation of mpMRI is its low specificity. In com-
parison to a recent in vivo mpMRI study by Ahmed et al, our 
preliminary results show a lower sensitivity (93% versus 69%) 
but an increased specificity (41% versus 79%).2 The almost 
2-fold increase in specificity is a stimulating result, which po-
tentially might add value to in vivo scan protocols and improve 
differentiation of benign prostatic hyperplasia nodules from 
PCa. Of note, current standard mpMRI combines anatomic 
(T2-weighted), functional (DWI), and physiologic (DCE)  
assessment, whereas MRE relies on a single sequence. Another 
major limitation of mpMRI is interobserver variability.  
The current Prostate Imaging Reporting and Data System 
version 2.1 guidelines provide no clear definition of what 
constitutes mild, moderate, or marked restriction on DWI or 
hypointensity on T2-weighted imaging.19 Therefore, prostate 
MRE has the potential to improve diagnostic imaging and  
radiologic reporting as a quantitative imaging method.

4.2  |  Comparison with other ex vivo 
MRE studies

As expected, the mean stiffness values of fresh prostatec-
tomy specimens in our study were lower (healthy, 5.44 kPa; 

cancerous, 10.84 kPa) compared with values reported in  
the literature: Dresner et al (formalin-fixed specimens): 
healthy = 11.89 kPa, cancerous = 21.52 kPa; Sahebjavaher 
et al (formalin-fixed specimens): healthy = 55-65 kPa, can-
cerous = 69 kPa; McGrath et al (prior radiation therapy and 
quasi-static MRE methodology): healthy = 48-99 kPa, can-
cerous = 85 kPa.6,7,9 Our results for G′ were not distributed 
normally, with median values slightly higher than mean val-
ues, except for healthy segments of the entire cohort. An 
even more skewed distribution of stiffness values was found 
in a study by McGrath et al.6 These preliminary findings 
might be attributed to a small sample size and heterogeneous 
tissue based on different anatomic zones within the prostate, 
and the presence of benign prostatic hyperplasia nodules, 
fibrosis, and inflammation. Another finding of McGrath  
et al was that formalin fixation has a substantial effect on 
mechanical tissue properties, with a highly heterogeneous 
increase in stiffness up to 17-fold and a reduction of stiffness 
differences between healthy and cancerous tissue.6 Possibly, 
this might explain the lower diagnostic performance in PCa 
detection shown by Sahebjavaher et al with AUC values of 
0.75 for the peripheral zone and 0.69 for the central gland.7 
Our results did not show a correlation between stiffness 
and the age of men, which is in alignment with a study of 
Dresner et al.10

4.3  |  Comparison with diffusion MRI

Rosenkrantz et al investigated the feasibility of in vivo 
diffusion kurtosis imaging for detecting PCa in the pe-
ripheral zone compared with standard DWI.20 They 
showed an excellent performance for ADC (AUC, 0.93; 
sensitivity, 78.5%; specificity, 95.7%), which was even 
further improved using diffusion kurtosis imaging (AUC, 
0.98; sensitivity, 93.3%; specificity, 95.7%). However, 
in a recent study including 285 patients with PCa, the 
same group found no clear benefit for diffusion kurto-
sis imaging (AUC, 0.90) in comparison to standard DWI 
(AUC, 0.92).21 In an ex vivo study, McGrath et al found 
no significant difference in ADCs between PCa and 
healthy tissue, although ADC values tended to be lower 
in PCa.6 Sahebjavaher et al directly compared the diag-
nostic performance of DWI and MRE in ex vivo speci-
mens with fixation and found a lower performance for 
DWI (AUC, 0.68 versus 0.75).7 Moreover, a combined 
analysis of MRE parameters and DWI further improved 
performance (AUC, 0.82), suggesting that MRE and DWI 
provide complementary information. Finally, Uyanik  
et al reported initial experience with the use of stretched 
exponential model parameters of diffusion signal decay 
in 31 men for quantification of tissue heterogeneity and 
PCa classification.22

F I G U R E  4   The receiver operating characteristic (ROC) curve 
shows the performance for the detection of any cancer (GS ≥ 6) for 
the entire cohort. Dashed lines display the 95% confidence interval. 
The Youden index shows optimized values for sensitivity (69%) and 
specificity (79%) using a cutoff of 10.67 kPa. The area under the ROC 
is 0.81
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4.4  |  Comparison with ultrasound 
elastography

Promising results have also been reported by studies inves-
tigating transrectal ultrasound elastography. Correas et al in-
vestigated peripheral zone PCa detection in 184 men with 
elevated prostate-specific antigen or abnormal digital rectal 
examination results.23 Of these men, 68 had positive biopsy 
findings, and ultrasound elastography showed excellent over-
all performance (AUC, 0.95; sensitivity, 96%; and specific-
ity, 85%). Wei et al investigated a cohort of 212 men with 
clinically localized PCa using whole-mount prostatectomy 
specimens as reference standard and found an excellent diag-
nostic performance as well (AUC, 0.98; sensitivity, 97%; and 
specificity, 68%).24

4.5  |  Limitations

Our study has some limitations. First, a limitation arose from 
the short 2-hour period available for our experiments between 
surgery and pathology. In consultation with the pathologists, 
we aimed at preventing any potential damage of the fresh 
specimens without fixation, which could negatively impact 
histopathological analysis and further patient management. 
Due to this restriction in time, additional experiments for 
a comparison of diagnostic performance across other MRI 
methods such as multifrequency MRE for the fitting of rhe-
ological models, DWI, or diffusion kurtosis imaging could 
not be performed in this study. Second, an accurate 1-to-1 
correlation and registration technique of tumor foci between 
MRI/MRE and whole-mount pathology slices remains chal-
lenging, primarily due to changes in volume and shape 
after surgical resection and during fixation.25 Therefore, a 
segment-based approach was chosen for generating results, 
which are not subject to manual segmentation of multiple 
small tumor regions throughout the prostate. A limitation of 
this approach is that an anatomic segment of the prostate con-
tains both transition and peripheral zones of the gland, which 
can contain unique nonmalignant pathology. Further devel-
opment of a registering method between histologic tumor an-
notations and radiologic imaging is desirable but still in an 
experimental stage.26-28 Third, ex vivo imaging results differ 
from the results acquired under in vivo conditions; therefore, 
clinical applicability is limited. Contributing factors include 
(1) 9.4T magnet at room temperature versus 1.5T or 3T mag-
net at body temperature, (2) 500-Hz shear waves ex vivo ver-
sus 60-120 Hz in vivo, and (3) no surrounding soft tissue ex 
vivo versus substantial attenuation in a clinical setting. It is 
especially challenging that the small size of the prostate con-
stitutes for higher mechanical frequencies, to see full wave 
periods in the order of the region of interest or smaller. High 

frequencies in turn encounter more damping from the sur-
rounding soft tissue. Furthermore, the implementation of a 
proportional–integral–derivative heating system to obtain 
specimen images at body temperature should be considered 
in future work, because stiffness tends to increase with de-
creasing tissue temperature. Still, the influence of room 
versus body temperature on tissue mechanical properties 
is expected to be a factor of only about 1.3, whereas tissue 
fixation causes variations of up to an order of magnitude.29 
Fourth, scan parameters such as TR, TE, and voxel resolution 
varied among specimens to account for different specimen 
sizes, and scan times were long in this experimental setting 
(Table 1). For instance, in certain cases (Table 1; prostates 
3, 4, 5, 7, and 8), a larger number of image slices constituted 
higher TR values. To implement prostate MRE in a clinical 
setting, we plan to develop a standardized protocol with fast 
EPI sequences. Finally, the influence of prostatic inflamma-
tion and fibrosis remains unclear but should be addressed in 
future studies.

4.6  |  Outlook

A recent study introduced a prostate-specific MRE setup with 
externally placed pressurized-air drivers, which provides an 
avenue for in vivo applications.30 In the future, incorporation 
of prostate MRE into mpMRI protocols may improve PCa 
detection and staging and may offer a noninvasive alternative 
to transrectal prostate biopsy.

5  |   CONCLUSIONS

This study provides preliminary results for the identification 
of PCa in fresh prostatectomy specimens without fixation or 
prior radiation therapy based on tissue mechanical properties. 
Especially the high value for specificity, in comparison to a 
current mpMRI study, is a stimulating result and encourages 
further investigation of this method as an adjunct MR se-
quence to already existing scan protocols. Our results suggest 
that prostate MRE has the potential to improve the diagnostic 
performance of mpMRI with special regard to its 2 major 
limitations: interobserver variability and low specificity.
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