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Learning Objectives: 

• The role of mp-MRI in the diagnosis of prostate cancer 
• Update the evaluation of prostate cancer using mp-MRI 
• Review published guidelines and recommendations 



Prostate Cancer Screening   

PSA, DRE and TRUS-GB 
Under-treatment: miss clinically significant prostate cancers 

• low sensitivity and specificity for PCa 
• grey- scale ultrasonography fails to distinguish disease  
• repeat biopsy yields a diagnosis in 10 -25% in persistent clinical 

suspicion 
• Gleason upgrading in 36% of radical prostatectomy specimens  

Over-treatment: high rate of over-detection of low risk disease  



Prostate Cancer Screening   

The ideal triage test: 
• minimally invasive 
• few side effects 
• identify men who would benefit from treatment 
• overlooks clinically insignificant cancer to minimize over-treatment 
• imaging for accurate detection, localization and staging  



multiparametric MRI (mp-MRI)
a. anatomical T2-weighted image 

low signal intensity, irregular 
border, ventral transition zone, 
anterior to BPH nodule 

b.diffusion weighted image, 
functional after iv contrast,     
cancer shows a lower value, 
darker than normal tissue  

c. diffusion weighted image at high 
b-values (diffusion effect), 
prostate cancer demonstrates 
high signal intensity (white)      

d.  dynamic contrast enhanced, 
asymmetric focal enhancement







European Society of Urogenital Radiology 

Clinically significant disease: 
• Gleason score ≥ 7  
•  tumour volume >0.5 ml 
• and/or extraprostatic extension

39 anatomical locations



Prostate Imaging Reporting and Data System (PI-RADS)  

2012 - European Society of Urogenital Radiology (ESUR) 
published guidelines to standardize evaluation 



Updated PI-RADSv2 in 2015 
Meta-analysis of 21 studies, 3,857 patients 
• PIRADS ≥ 4: Sensitivity 89% [86% - 92%], Specificity 73% [60% - 83%] 
• PIRADS ≥ 3: Sensitivity 95%  and poor Specificity  of 47% 
• all studies used PI-RADSv2 strictly according to guidelines  
• use of endorectal coil was not a statistically significant factor  
• 3 vs. 1.5 T magnet: Sensitivity 90% vs. 89% (p=0.03)



J Urol 2017

339 patients with mpMRI, systematic and targeted biopsy   
PIRADS scoring correlates with cancer detection and Gleason Grade 



PCa detection rates by mpMRI in radical prostatectomy specimen

Eur Radiol 2013



MRI-TRUS fusion biopsy



Prospective cohort at NCI of patients with elevated PSA and prior 
negative biopsy underwent targeted and standard 12 core biopsy 



690 patients (69%) demonstrated agreement between targeted 
and standard biopsy  
Targeted: 30% more high risk & 17% fewer low risk disease 







The utility of standard biopsy in addition to targeted biopsy was limited 
• The number needed to biopsy (standard template) to diagnose 1 additional 

high-risk tumor was 200 men 
• For every 1 high-risk tumor diagnosed, 17 additional low-risk tumors would 

also be diagnosed 

Limitation: referral bias, patients with MRI lesions and prior -ve biopsy  



J Urol Dec 2016

QUALITY ASSURANCE 
• Experienced radiologists and biopsy operators 
• Ongoing case review, comparing prospective interpretations with 

histological results 
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MRI Targeted Biopsy Methods  
1. Cognitive targeting involves estimating the location of a lesion 

• unreliable for lesions that are small or anterior



J Urol Dec 2016

MRI Targeted Biopsy Methods  
2. MR in-bore target biopsy  

• time-consuming (60 minutes) and labor-intensive  
• concurrent systematic biopsies are not obtained  



J Urol Dec 2016

MRI Targeted Biopsy Methods  
3. MRI/ultrasound fusion guided prostate biopsy  

• familiar approach easily incorporated into existing workflow 



72%

81%

89%



MRI-GB vs. TRUS-GB 
• Equivalent overall PCa detection 
• MRI-GB detects more CS-PCa (16%) 
• MRI-GB has a lower yield of insignificant PCa (0.47) 
• Omitting TRUS-GB would miss 19% of all PCa cases,10% of CS-PCa, 

and decrease the over diagnosis of insignificant PCa by 50%
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Additional Considerations for MRI Targeted Biopsy 
1. At least 2 cores from each MRI target  



Minimum number of MRI ultrasound fusion targeted biopsy cores 
needed for prostate cancer detection: Multivariable retrospective 
lesion-based analyses of patients treated with radical prostatectomy 
Leyh-Bannurah SR, Kachanov M, Beyersdorff D, Tian Z, Karakiewicz PI, Tilki 
D, Fisch M, Maurer T, Graefen M, Budäus L                           

J Urol Aug 2019
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Additional Considerations for MRI Targeted Biopsy 
2. Systematic and MRI targeted cores be separately labeled  

• pathologist to report the presence of inflammation, HGPIN and ASAP 
• correlative histological abnormality may provide assurance that 

targeting was accurate when the lesion is benign 



J Urol Dec 2016

Concurrent Systematic Sampling when Performing MRI Targeting 
• CS-PCa detected by systematic biopsies and missed by targeted 

biopsy (0% to 23%)  
repeat biopsies vs. biopsy-naive 



Quality of Life and Safety 
• no difference between groups 
• no difference WRT discomfort or pain 
• better in the MRI-targeted group at 30 days: 

✴ hematuria (30% vs. 63%) 
✴ hematospermia (32% vs. 60%) 
✴ rectal bleeding (14% vs. 22%) 
✴ pain (13% vs. 23%) 
✴ erectile dysfunction (11% vs. 16%) 
✴ serious adverse events (2% vs. 2%)



Infections and hospitalizations 
the lower incidence among patients undergoing MRI-targeted prostate biopsy 
appears related to trans-perineal access rather than the number of cores taken  
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Role of Immediate Re-biopsy after MRI 
• Target biopsy PIRAD 4 or 5 lesions, and likely 3 

continue followup, as 5% - 15% of CS-PCa remain undetected on MRI 
serial PSA, DRE and repeat MRI 



Under-treatment: AS may miss clinically significant prostate cancers 
• 25% harbour aggressive tumor at radical prostatectomy 
• high risk disease often located anteriorly 

Over-treatment and morbidity of repeat biopsy





mp-MRI Health Economics 
Cost savings over standard TRUS-guided biopsy may emerge: 
• earlier detection of clinically significant cancers  
• fewer cases of insignificant cancer diagnosed  
• fewer repeat biopsies



Full PI-RADS-compliant protocol  

1. T2- weighted imaging (T2WI) in 3 orthogonal planes 
2. after iv contrast, diffusion-weighted imaging (DWI) 
3. and dynamic contrast-enhanced (DCE), reserved for the clarification of 

equivocal abnormalities in the peripheral zone  

Short, non-contrast bi-parametric MRI (bp-MRI) may be safer, faster, 
cheaper and expand usage: 
1. T2WI 
2. DWI



*
*





Evidence up to July 2018, 43 studies, 13,770 men 
• Out of 1000 men at risk for PCa, MRI will correctly identify 273 out of 300 who 

actually have CS-PCa (Sn 91%),  but miss 27 men 
• Of the remaining 700 men, MRI will correctly identify 259 as not having PCa, 

but will misclassify 441 men as having CS-PCa (Sp 37%)



In the same population MR-targeted biopsy, 
• Out of 300 men with CS-PCa, will correctly identify 240 (Sn 80%), but miss 60 
• Of the remaining 700 men without CS-PCa, will correctly identify 658 (Sp 94%), 

but misclassify 42 as having CS-PCa



In the same population systematic biopsy, 
• Out of 300 men with CS-PCa, will correctly identify 189 (Sn 63%), but miss 111 
• Of the 700 men without CS-PCa, all will be correctly identified (Sp 100%)



mp-MRI performance compared to systematic biopsy (detection ratio) 
• 1.12 for ISUP grade ≥ 2 

1.44 in patients with prior negative biopsy 
1.05 in biopsy-naive 

• 1.2 for ISUP grade ≥ 3 
1.64 in patients with prior negative biopsy 
1.09 in biopsy-naive



Recommendations in biopsy-naïve patients LE Strength 
rating

Perform mpMRI before prostate biopsy 1a Weak

When mpMRI is positive (i.e. PI-RADS ≥ 3), combine targeted 
and systematic biopsy.

2a Strong

Recommendations in patients with prior negative biopsy LE Strength 
rating

Perform mpMRI before prostate biopsy 1a Strong

When mpMRI is positive (i.e. PI-RADS ≥ 3), perform targeted 
biopsy only. 2a Weak

When mpMRI is negative (PI-RADS ≤ 2), and clinical suspicion 
of prostate cancer is high, perform systematic biopsy 2a Strong

2019 EAU Guidelines  



Recommendations in men on active surveillance LE Strength 
rating

Perform mpMRI before a confirmatory prostate biopsy, if not 
done before the first biopsy.

1a Strong

Perform the combination of targeted biopsy (of any PI-RADS 
≥ 3 lesion) and systematic biopsy at confirmatory biopsy.

2a Weak

2019 EAU Guidelines  





The reference test was template prostate mapping (TPM): 
• core biopsies of the entire prostate taken every 5 mm 
• centrally reported by expert uropathologists 
• blinded to MR images and TRUS-biopsy findings 
Clinically significant prostate cancer: 
• Gleason ≥4 + 3 
• or core length ≥6 mm



PIRAD  (n) 
MRI 1   23 
MRI 2   135 
MRI 3   163 
MRI 4   120 
MRI 5   135







Is MRI The Ideal Triage Test 

mpMRI has a high negative predictive value (NPV):  
• one-quarter of men would avoid prostate biopsy  
• minimize over-diagnosis 
• side-effects of over-treatment  
• burden of active surveillance on patients and system  

Low specificity and PPV means that biopsy is still needed 
target or systematic?  



MR-Targeted Biopsy Alone





PRECISION
PRostate Evaluation for Clinically Important disease: Sampling using Image guidance Or Not



Screening population: 
• no prior biopsy 
• elevated PSA (≤20) &/or +ve DRE (≤T2)



Screening population: 
• no prior biopsy 
• elevated PSA (≤20) &/or +ve DRE (≤T2)







Clinically significant prostate cancer defined as Gleason score  ≥ 3+4



Further management 
• standard group 39 (16%) >> 38 (15%) mp-MRI  

>> repeat biopsy 9 >> 3 clinically significant cancer 
• MRI group 7 (3%) >> 3 (1%) standard biopsy  

>> all negative


