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T2-weighted MRI
Anatomy
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T2-weighted MRI
Peripheral zone cancer

Low signal intensity area
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T2-weighted MRI
Transition zone cancer

Area of uniform signal intensity decrease
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T2-weighted MRI
Assessment of aggressiveness

Gleason 3+3 Gleason 4+5

Wang, Radiology 2008;246:168

May, Invest Radiol 2019;54:146
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T2-weighted MRI
Assessment of aggressiveness
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Diffusion-Weighted Imaging
Phenotype

• Principle = INHIBITION OF WATER DIFFUSION

– No inhibition in normal tissue (fluid filled ducts, 

low/intermediate cellular density)

– Much inhibition in tumour lesions (vast tumoral sheats, 

high cellular density)
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Diffusion-Weighted Imaging
Peripheral zone cancer

b1400 ADC
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Diffusion-Weighted Imaging
Assessment of aggressiveness

ADC 762

Gleason 3+4

ADC 518

Gleason 5+4

*Hambrock, Eur Urol. 2012 Jan;61(1):177-84



GV

mp

MRI

T2W DWI



GV

mp

MRI

T2W DWI

DCE



GV

Dynamic Contrast-Enhanced MRI
Phenotype

• Principle = DEMONSTRATION OF 

NEOANGIOGENESIS
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Subtraction image
Tofts Model

(iAUC, Ktrans, ve, kep)

Dynamic Contrast-Enhanced MRI
Phenotype



GV

T2W DWI

DCE

mp

MRI



GV

mpMRI

How?
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Multiparametric MRI



GV

Multiparametric MRI
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PI-RADS 2PI-RADS 1

PI-RADS 5PI-RADS 4PI-RADS 3

DWI in PERIPHERAL ZONE
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PI-RADS 2PI-RADS 1

PI-RADS 5PI-RADS 4PI-RADS 3

T2 in TRANSITION ZONE
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PI-RADS
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PI-RADS

PI-RADS mpMRI probability of clinically significant disease

1 Clinically significant disease is very unlikely

2 Clinically significant disease is unlikely

3 Clinically significant disease is equivocal

4 Clinically significant disease is likely

5 Clinically significant disease is very likely
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mpMRI

Performance
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Validation of PI-RADS

• Meta-analysis of 21 single-institution

studies, including 3857 patients

– pooled sensitivity: 89% (range: 73% - 100%)

– pooled specificity: 73% (range: 8% - 100%)

Woo, Eur Urol 2017;72:177
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Validation of PI-RADS

• What is the impact of:

– technical parameters (magnet strength, coil use, …)

– definition of prostate cancer (all cancers versus clinically

significant cancers only)

– clinical scenario (biopsy naive, prior negative biopsy, 

known cancer)

– reader expertise
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I.

Impact of technical

parameters
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Impact of technique

• Do we need a 3T with ERC?

– no difference between 1.5T and 3.0T

– no difference between ERC or no ERC

→ good results also possible on state-of-the-art (strong

gradients, multiple channels) 1.5T system without ERC

• Technical standardization according to PI-RADS v2.1

Woo, Eur Urol 2017;72:177
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II.

Definition of

prostate cancer
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mpMRI vs. cancer aggressiveness

ISUP 1

ISUP 2

ISUP 3-5
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mpMRI vs. cancer aggressiveness

n = 339

68%*

Mehralivand, J Urol 2017;198:583

*Drost, Cochrane Database Syst Rev 2019;4:CD012663
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mpMRI vs. cancer aggressiveness

n = 339

89%*

Mehralivand, J Urol 2017;198:583

*Drost, Cochrane Database Syst Rev 2019;4:CD012663
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Mehralivand, J Urol 2017;198:583

*Drost, Cochrane Database Syst Rev 2019;4:CD012663

mpMRI vs. cancer aggressiveness

n = 339

96%*
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Rationale of mpMRI

• If mpMRI is negative (PI-RADS 1-2): do not biopsy

(high NPV for excluding clinically significant cancer)

• If mpMRI is positive (PI-RADS 3-5): target biopsy

needle towards mpMRI visible lesion
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NPV of mpMRI

• Meta-analysis of 48 studies (9613 

patients)

– 82% median NPV for any cancer

exclusion

– 88% median NPV for clinically

significant (ISUP 2-5) cancer exclusion

Moldovan, Eur Urol 2017;72:250
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Rationale of mpMRI

• If mpMRI is negative (PI-RADS 1-2): do not biopsy

(high NPV for excluding clinically significant cancer)

• If mpMRI is positive (PI-RADS 3-5): target biopsy

needle towards mpMRI visible lesion
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PPV of mpMRI

• Systematic review of 12 studies (1981 

patients)*

– PPV range 34%- 68% for csPCA

• higher PPV for more aggressive tumors

• higher PPV for more targeted biopsies

(as opposed to systematic biopsy)

*Fütterer, Eur Urol 2015;68:1045
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mpMRI-guided biopsy

• Meta-analysis of 7 single-institution studies, 

including 2582 patients

– 57% more detection of csPCa

– 77% reduction of cores taken

– adding systematic biopsy to mpMRI-guided

biopsy does not seem to improve csPCa detection

*Elwenspoek, JAMA Network Open. 2019;2(8):e198427
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Rationale of mpMRI

• If mpMRI is negative (PI-RADS 1-2): do not biopsy

(high NPV for excluding clinically significant cancer)

• If mpMRI is positive (PI-RADS 3-5): target biopsy

needle towards mpMRI visible lesion
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A chain is as strong as its weakest link…
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mpMRI-guided biopsy

• Operator skills*

– learning curve effect up to 60 

procedures

– flattening after 80 procedures

– optimal number of procedures 

> 100

*Gaziev, BJU Int 2016;117:80

Mager, Int Urol Nephrol 2017;49:1

Stabile, Eur Urol Oncol 2018;1:120

Halstuch, Prostate Cancer Prostatic Dis 2019; doi: 10.1038/s41391-019-0137-2
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mpMRI-guided biopsy

• Technical options

– Cognitive fusion

– MRI-US fusion

– In bore biopsy

• No significant difference in 

csPCA detection*

*Wegelin, Eur Urol 2017;71:517
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III.

Impact of 

clinical scenario



GV

Guidelines
Repeat biopsy

Relative sensitivity of MRI-guided biopsy 

versus TRUS-guided biopsy in the repeat 

setting is 1.45 -1.62*
*Schoots, Eur Urol 2015;68:438

Stabile, Prost Cancer and Prost Dis 2018;21:473
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Guidelines
Initial biopsy

Relative sensitivity of MRI-guided biopsy 

versus TRUS-guided biopsy in the biopsy naïve 

setting is 0.97 – 1.15* *Schoots, Eur Urol 2015;68:438

Stabile, Prost Cancer and Prost Dis 2018;21:473
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mpMRI as triage test

• In the biopsy naïve setting, use of 

mpMRI is 5% more likely to make the 

correct diagnosis (relative sensitivity 

1.05)

• In the prior negative biopsy setting, us 

of mpMRI is 44% more likely to make 

the correct diagnosis (relative 

sensitivity 1.44)
*Drost, Cochrane Database Syst Rev 2019;4:CD012663

doi: 10.1002/14651858.CD012663.pub2
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mpMRI as triage test

• Incremental cancer detection is one thing…

• Other important questions in the screening setting:

– how many biopsies do we deem appropriate? (“primum 

non nocere”)

– do we really want to find ALL cancers? 
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mpMRI as triage test

ISUP 1

ISUP 2

ISUP 3-5
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mpMRI as triage test?
PROMIS PRECISION 4M MRI First COCHRANE

# patients 576 500 626 251 -

PSA ≤ 15 ng/mL ≤ 20 ng/mL
≥ 3

ng/mL
≤ 20 ng/mL -

Biopsies -27% -28% -49% -18% -33%

Insignificant 

cancers
-5% -13% -11% -13% -8%

Significant 

cancers
+18% +12% +2% +2% +2%

PROMIS - Ahmed, Lancet 2017;389:815

PRECISION - Kasivisvanathan, NEJM 2018;378:1767

4M – van der Leest, Eur Urol 2019;75:570

MRI First – Lancet Oncol 2019; 20: 100–09

Cochrane Review – Drost, Cochrane Database Syst Rev 2019;4:CD012663

doi: 10.1002/14651858.CD012663.pub2
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mpMRI as triage test?

• Main objective of mpMRI in…

– biopsy-naive setting: decrease number of unnecessary

biopsies (-33%)

– prior negative biopsy setting: increase number of 

significant cancer detections (+40%)
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bpMRI as triage test?

• Bidoc trial: prospective paired-cohort 

study, PSA ≥ 4 ng/mL or abnormal DRE

– 1020 biopsy-naïve men

– bpMRI @ 3T (15 mins)

• ax/sag T2w + ax DWI (b0, b100, b800, b2000)

• modified PI-RADS: DWI 3 final

– standard biopsy + bpMRI-targeted biopsy

as reference

Boesen, JAMA Network open 2018;1:e180219
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bpMRI as triage test?

BIDOC

# patients 1020

PSA
≥ 4

ng/mL

Biopsies -30%

Insignificant 

cancers
-40%

Significant 

cancers
+11%

Boesen, JAMA Network open 2018;1:e180219
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bpMRI as triage test?

BIDOC PROMIS PRECISION 4M MRI First Cochrane

# patients 1020 576 500 626 251 -

PSA
≥ 4

ng/mL
≤ 15 ng/mL ≤ 20 ng/mL

≥ 3

ng/mL
≤ 20 ng/mL -

Biopsies -30% -27% -28% -49% -18% -33%

Insignificant 

cancers
-40% -5% -13% -11% -13% -8%

Significant 

cancers
+11% +18% +12% +2% +2% +2%

PROMIS - Ahmed, Lancet 2017;389:815

PRECISION - Kasivisvanathan, NEJM 2018;378:1767

4M – van der Leest, Eur Urol 2019;75:570

MRI First – Lancet Oncol 2019; 20: 100–09

Cochrane Review – Drost, Cochrane Database Syst Rev 2019;4:CD012663

doi: 10.1002/14651858.CD012663.pub2
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bpMRI as triage test?

• Yes, but…

– only in case of high quality DWI

– not in case of recurrence detection
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IV.

Effect of

expertise
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Effect of expertise
PROMIS PRECISION 4M MRI First COCHRANE

# patients 576 500 626 251 -

PSA ≤ 15 ng/mL ≤ 20 ng/mL
≥ 3

ng/mL
≤ 20 ng/mL -

Biopsies -27% -28% -49% -18% -33%

Insignificant 

cancers
-5% -13% -11% -13% -8%

Significant 

cancers
+18% +12% +2% +2% +2%

PROMIS - Ahmed, Lancet 2017;389:815

PRECISION - Kasivisvanathan, NEJM 2018;378:1767

4M – van der Leest, Eur Urol 2019;75:570

MRI First – Lancet Oncol 2019; 20: 100–09

Cochrane Review – Drost, Cochrane Database Syst Rev 2019;4:CD012663

doi: 10.1002/14651858.CD012663.pub2

• 25 centers in 11 

countries

• “modest experience”

• no central double reading

• 4 centers in 1 country

• highly experienced high-

volume academic center 

+ 3 sattelites

• central double reading
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Effect of expertise

• Prostate MRI is a great tool for prostate cancer

diagnosis, but highest quality is mandatory

– we need to standardize mpMRI (PI-RADS v2.1)

– we need to train, expand knowledge and maximize

expertise
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Effect of expertise

• Prostate MRI is a great tool for prostate cancer

diagnosis, but highest quality is mandatory

– we need to standardize mpMRI (PI-RADS v2.1)

– we need to train, expand knowledge and maximize

expertise

– we need quality criteria and certification (ESUR)
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Take Home

Messages
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Take Home Messages

• mpMRI is a combination of T2 + DWI + DCE

(if no DCE: bpMRI)

• mpMRI should be performed in a standardized way 

(PI-RADS)

– technical standardization

– reporting standardization
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Take Home Messages

• Level 1 evidence that

– negative mpMRI virtually excludes aggressive PCa

– positive mpMRI should get targeted biopsy

• mpMRI has high sensitivity and specificity

– ranging according to prostate cancer definition

– ranging according to clinical scenario

– ranging according to expertise → training and certification
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