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Multiparametric magnetic resonance imaging (mpMRI) has excellent pre-biopsy sensitivity for detection of 

clinically significant prostate cancer, and this now places mpMRI at the forefront of our risk stratification process. 

Despite this, it appears that not all significant cancers are detected by mpMRI. We know that Gleason grade and 

tumour volume are strong determinants of conspicuity on mpMRI, which works to our benefit, as it means that 

small, low-grade cancers can be avoided, whilst high-risk tumours can be detected [1]. However, beyond this, 

there are likely additional factors that influence tumour visibility on mpMRI. Here, we explore histopathological 

features (beyond grade and volume) associated with tumour conspicuity on mpMRI. 

 

Recently, Miyai and colleagues took a cohort of men undergoing radical prostatectomy (n=59) for prostate cancer 

and analysed histopathological aspects affecting tumour conspicuity on mpMRI. They restricted analysis to 

tumours measuring 10-20mm and classified cancers as mpMRI-visible (PI-RADS score 3-5) or mpMRI-invisible 

(PI-RADS score 1-2). They then used a combination of expert pathological review and semi-automated imaging 

analysis of cytokeratin (AE1/AE3) stained slides to assess proportions of key histological components between 

the two groups. They found that mpMRI-visible tumours appeared to have higher ‘architectural density’ than 

mpMRI-invisible tumours with an increased proportion of cancer cells (60.9% vs. 42.7%, p<0.0001), decreased 

proportion of stroma (33.8% vs. 45.1%, p=0.00089) and decreased proportion of luminal spaces (5.2% vs. 

12.2%, p<0.0001); which was reiterated by multivariate analysis. Interestingly, despite not matching for grade, 

they found no significant difference between grade group or percentage of Gleason pattern 4, between mpMRI-

visible and mpMRI-invisible tumours; however, this is limited by small sample size and selection bias associated 

with radical prostatectomy. Association of increased tissue density and tumour visibility on mpMRI has biological 

plausibility – MRI-signal generated on the diffusion-weighted imaging (DWI) sequence reflects restricted diffusion 

of water, which would likely be further restricted in tissue with high architectural density. 

 

In another study, Borren and colleagues used a previously developed logistic regression model to calculate 

voxel-wise tumour probability and correlated this with whole mount radical prostatectomy specimens (n=12) [3]. 

They defined tumour voxels as mpMRI-visible (hypointense T2-weighted [T2W], low values on apparent diffusion 

coefficient [ADC] mapping and high values on K
trans

) or mpMRI-invisible (non-hypointense T2W, high ADC and 

low K
trans

). Cell density was derived from digital scans of haematoxylin and eosin (H&E) slides and anti-CD31 

antibodies were used to assess microvessel density. They found that mpMRI-visible tumours tended to have 

higher density in both domains compared to mpMRI-invisible tumours (cell density: 3560 cells/mm
2
 vs. 2910 

cells/mm
2
; microvessel density: 115 vessels/mm

2
 vs. 90 vessels/mm

2
). Additionally, cellular and vascular density 
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of mpMRI-invisible tumours was similar to benign peripheral zone tissue, alluding to potential mechanisms of 

tumour invisibility on mpMRI, especially on MRI sequences reliant upon tissue density and diffusion of water. 

These findings recapitulate conclusions from Miyai, stressing the importance that density plays in conspicuity on 

mpMRI. Again, there is biological plausibility in association of microvessel density and tumour visibility on 

mpMRI; in this instance, MRI-signal generated on the dynamic contrast enhanced (DCE) sequence reflects 

tumour vascularity, which would likely be greater in tissue with higher microvessel density. 

 

Beyond density, it appears that histopathological-subtype also plays an important role in mpMRI-conspicuity. 

Ductal prostate cancer is a rare, aggressive and low PSA-secreting subtype that pathologically resembles uterine 

carcinoma and appears to have tendency toward mpMRI-invisibility. Schieda and colleagues investigated this by 

comparing the appearance of T2W MRI sequences of various cancers and normal tissues (including, ductal 

cancer, prostate peripheral zone [PZ] and muscle; n=11) [4]. They found significant differences in MRI-

appearances of ductal cancer and traditional high-grade cancer (T2W-signal intensity of each compared to 

muscle: 3.60 vs. 2.68, p = 0.003, respectively; T2W-signal intensity of each compared to PZ: 0.66 vs 0.46, p = 

0.004, respectively). However, using this approach, they found no significant differences between ductal cancer 

and traditional low-grade cancer (compared to muscle: 3.60 vs. 3.95, p=0.52, respectively; compared to PZ: 0.66 

vs 0.73, p=0.39, respectively). This implies that ductal carcinoma may have a seemingly benign or indolent 

appearance on T2W MRI sequences, which may in part account for the mpMRI-invisibility, and again this could 

reflect lower levels of tissue density in this subtype. 

 

Cribriform cancer is another aggressive histopathological pattern that also appears to have an mpMRI-invisible 

phenotype. To examine this, Truong and colleagues took 83 tumours from radical prostatectomy specimens 

(n=22) and classed them as mpMRI-visible (PI-RADS score 3-5) or mpMRI-invisible (PI-RADS score 1-2) [5]. 

Within their cohort, the majority of cribriform pattern prostate cancers were mpMRI-invisible (66% vs. 34%) and 

the size threshold for mpMRI-visibility was higher for cribriform tumours than for other architectural patterns. 

However, in contrast, Tonttila and colleagues showed that cribriform cancer may in fact be mpMRI-visible [6]. 

They examined a cohort of men undergoing radical prostatectomy for prostate cancer (n=124) and found that 

71% of cases (89/124) contained cribriform or ductal pattern prostate cancer. Surprisingly, they found that 

preoperative mpMRI identified 90.5% of tumour (86/95) containing any cribriform or ductal pattern (sensitivity: 

90.5%, CI 82.5-95.6). The stark discrepancy in conclusions between Truong and Tonttila may be attributed to 

differences in histopathological reporting. In the Truong study, the 23 missed cribriform cases were pure 

cribriform pattern, whilst, in the Tonttila study, the nine missed cribriform cases actually contained less than 50% 

cribriform or ductal pattern (in other words, they were predominantly traditional pattern prostate cancers), 

suggesting that the true mpMRI-visibility status of these aggressive subtypes still warrants further evaluation. 

 

In summary, we are beginning to appreciate the histopathological characteristics associated with prostate cancer 

conspicuity on mpMRI, beyond tumour grade and size (figure 1). Density of tissue and histopathological subtype 

appear to be crucially important, however, further in-depth work is still required. Moreover, questions remain over 

the influence of concomitant prostatic features, such as luminal spaces, atrophy, inflammation and pre-malignant 

changes. Finally, and perhaps most importantly, the diagnostic and prognostic implications of these 

histopathological components have yet to be explored. 

 

 

Figure 1. Summary of histopathological features of prostate cancer conspicuity on mpMRI. 

 

A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

Conflicts of Interest 

Norris receives funding from the MRC and has previously received financial support for research from the 

National Institute of Health Research (NIHR), the Urology Foundation (TUF) and the Freemasons United Grand 

Lodge of England via the Royal College of Surgeons of England (RCSEng). Simpson receives funding from the 

Rosetrees Trust. Kirkham and Freeman have shares in Nuada Medical Ltd. Whitaker receives funding from 

Prostate Cancer UK, the Urology Foundation and the Rosetrees Trust. Emberton receives funding from NIHR-i4i, 

MRC, Sonacare Inc., Trod Medical, Cancer Vaccine Institute and Sophiris Biocorp for trials in prostate cancer. 

Emberton is a medical consultant to Sonacare Inc., Sophiris Biocorp, Steba Biotech, GSK, Exact Imaging and 

Profound Medical. Emberton has stock interest in Nuada Medical Ltd. Travel allowance was previously provided 

from Sanofi Aventis, Astellas, GSK, and Sonacare. Emberton is a proctor for HIFU with Sonacare Inc. and is paid 

for training other surgeons in this procedure. 

 

 References 

1. Ahmed HU, El-Shater Bosaily A, Brown LC, et al. Diagnostic accuracy of multi-parametric MRI and 

TRUS biopsy in prostate cancer (PROMIS): a paired validating confirmatory study. Lancet. 2017 Feb 

25;389(10071):815-22. 

2. Miyai K, Mikoshi A, Hamabe F, et al. Histological differences in cancer cells, stroma, and luminal spaces 

strongly correlate with in vivo MRI-detectability of prostate cancer. Mod Pathol. 2019 Jun 7. 

3. Borren A, Groenendaal G, Moman MR, et al. Accurate prostate tumour detection with multiparametric 

magnetic resonance imaging: dependence on histological properties. Acta Oncol. 2014 Jan;53(1):88-95. 

4. Schieda N, Coffey N, Gulavita P, Al-Dandan O, Shabana W, Flood TA. Prostatic ductal 

adenocarcinoma: an aggressive tumour variant unrecognized on T2 weighted magnetic resonance 

imaging (MRI). Eur Radiol. 2014 Jun;24(6):1349-56. 

5. Truong M, Feng C, Hollenberg G, et al. A comprehensive analysis of cribriform morphology on magnetic 

resonance imaging/ultrasound fusion biopsy correlated with radical prostatectomy specimens. J Urol. 

2018 Jan;199(1):106-13. 

6. Tonttila PP, Ahtikoski A, Kuisma M, Pääkkö E, Hirvikoski P, Vaarala MH. Multiparametric MRI prior to 

radical prostatectomy identifies intraductal and cribriform growth patterns in prostate cancer. BJU Int. 

2019 May 18. 

A
cc

ep
te

d 
A

rt
ic

le



bju_15085_f1.png

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le




