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Multiparametric MRI has a changing role in prostate cancer diagnosis. Internationally recog-
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nized consensus documents such as prostate imaging reporting and data system version have
been developed and adapted to standardize the acquisition and reporting of prostate MRI. The
improvement in scanning techniques and development of highly sensitive functional sequences
have improved the detection of clinically significant prostate cancer as well as treatment plan-
ning and follow up. This has led to a recent NICE recommendation to use prostate MRI as the
initial investigation in men with clinically suspected localized disease. The results of several
recent international MRI prostate trials are influencing the way imaging is used to stratify which
patients require a prostate biopsy as well as howMRI guidance is used to target biopsies.
Semin Ultrasound CT MRI 41:366-372 Crown Copyright © 2020 Published by Elsevier Inc.
All rights reserved.
Prostate cancer is the second most common cancer in men,
accounting for up to 15% of all cancer diagnosed worldwide

with autopsy studies demonstrating that up to 38.5% of men
have some measurable prostate cancer, increasing incrementally
with age.1 With advancing awareness, and screening for prostate
cancer, there has been a reduction in disease-specific mortality
and aggressive cancer. Simultaneously there has been an increase
in detection of indolent cancer that would likely never have
become clinically apparent in the patients’ life times. Subsequent
overtreatment of these cancers has associated morbidity espe-
cially regarding continence, and potency.2 Definition of a “clini-
cally significant” prostate tumor is variable but Gleason grade of
�7 (International Society of Urologic Pathologists �2) and/or
>0.5 mL are generally considered to be the most accepted
criteria.3

The role of multiparametric magnetic resonance imaging
(mpMRI) of the prostate has changed in the last 20 years,
from its initial use to stage biopsy proven prostate cancer, to
a diagnostic and risk stratification tool in men with a clinical
suspicion of prostate cancer. Currently mpMRI has an
increasing role as a triage test to assess those men who may
have clinically significant disease, and to limit the number of
men undergoing unnecessary and morbid prostate biopsy.
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This is in addition to planning radical (radiotherapy, prosta-
tectomy) or focal treatments, and as a follow up test.

MRI is the best imaging technique to visualize the prostate
with excellent resolution and contrast between the prostate
gland and surrounding structures, as well as the anatomical
zones of the gland. mpMRI is the combination of anatomical
(T2-weighted) and functional sequences (Diffusion weighted
[DWI] and dynamic contrast enhanced [DCE]). Additional,
less commonly used, sequences include MR spectroscopy.

No single MR sequence performs as well as a combination of
sequences to diagnose significant prostate cancer (as defined by
Gleason score �7). This has been consistently shown in studies
comparing stand-alone sequences (T2, DWI, DCE) with mpMRI,
against prostatectomy and biopsy histology specimens. T2-
weighted sequences alone detected prostate cancer with a sensi-
tivity of 0.36-0.63, DWI sequences 0.38-0.53 and DCE 0.38-
0.43, whilst in combination, superior cancer detection rates were
achieved with sensitivities of 0.74-0.8, specificity of 0.8-0.93,
and positive predictive value of 0.9.4-7 Moreover mpMRI has
been shown to be more sensitive in detecting clinically significant
lesions (0.72-0.75)8,9 and has a reported negative predictive
value of between 0.63 and 0.98 for ruling out these lesions.9,10
Standardized Conduct and
Reporting of Prostate mpMRI
There are now several consensus and guideline documents
that aim to standardize the conduct and reporting of prostate
eserved.
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Table Prostate Imaging-Reporting and Data System (PIRADS) Showing Different Scores (1-5) Depending on T2, DWI, and
Dynamic Contrast Enhancement Findings
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mpMRI, in order to improve its diagnostic ability and repro-
ducibility.11 Some recommend the use of a Likert-type sys-
tem, whereby the radiologist assigns a score between 1 and 5
on the basis of the likelihood of the presence of clinically sig-
nificant cancer. The PIRADS system, which was first pub-
lished in 2012 and subsequently updated in 2016 12-14

provides a structured basis for scoring.
PIRADS
The Prostate Imaging Reporting and Data System version 2
(PIRADS v2 � Table) is a consensus document that aims to
standardize the techniques of mpMRI acquisition, reporting
and communication of results. The framework of PIRADS is
designed to help radiologists decide whether a lesion is likely
to represent clinically significant cancer or not, using a scor-
ing system of 1-5. Unlike Likert scoring, which does not
have a framework or structure, PIRADS attempts to catego-
rise specific imaging features on each MRI sequence. This
allows for a more objective assignment of likelihood and/or
score in an attempt to reduce variability in interpretation. It
is validated in men that have not undergone surgery or tar-
geted therapy. The “dominant” most useful sequence to diag-
nose malignancy differs for lesions in the peripheral or
Figure 1 Normal prostate zonal anatomy. (A) Axial T2w imag
zone that returns uniform high signal. Low signal stroma is s
normal anterior fibromuscular stroma. (B) Coronal T2W im
marked by an asterisk.
transition zones (TZs). The framework is summarized in
Table and described in more detail below.

Small field of view multiplanar T2 weighted-sequences
allow exquisite resolution of the zonal anatomy of the pros-
tate (Fig. 1), seminal vesicles, bladder, and other pelvic struc-
tures. The most commonly used T2 sequences in mpMRI are
fast-spin-echo or turbo-spin-echo with a field of view
between 12 and 20 cm and 3 mm slice thickness.

Prostate tumors, particularly in the peripheral zone (PZ),
are conspicuous on T2 imaging as low signal foci compared
to intermediate to high signal in the healthy background PZ
(Fig. 2). More linear and wedge shaped low-signal foci in the
PZ can be attributed to areas of scarring from infection, or
fibrosis, therefore functional data from DWI (and to a lesser
extent DCE sequences) is key in interpreting PZ changes.

The prostatic TZ is comprized of stromal and glandular tis-
sue with benign nodules recognized in almost all patients
undergoing mpMRI.15 These can return heterogeneous T2
signal and varying degrees of restricted diffusion and
enhancement. Benign nodules within the TZ are character-
ized by a continuous surrounding low signal capsule, which
is best identified on axial T2. The addition of a second
orthogonal plane can increase the radiologist’s confidence for
identifying the nodule as benign. The presence of microcystic
e of the prostate. Normal appearances of the peripheral
een within the Transitional zone. Arrows indicating the
age of the same prostate. The normal Central zone is



Figure 2 PIRADS 5/5 lesion in the right peripheral zone. (A) Axial T2w image of the prostate. Ill distinct low T2 region
in the right peripheral zone (PZ) (arrow). (B) DCE 2 minutes image of the prostate shows avid enhancement in this
right PZ (arrow). (C) Coronal T2w image that better demonstrates the focal low T2 lesion (arrows). This is a good
example of how an alternative plane can help interpret a low signal area. (D) B1400 DWI image with high signal in the
right PZ lesion that indicates marked restricted diffusion, confirmed in the corresponding ADC map E.
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change also suggests a non-malignant pathology.13 Adeno-
carcinoma in the TZ is less common than in the PZ (30% vs
70%)16 and can be difficult to detect amongst background
change; PIRADS v2.1 has been updated to specifically help
with assessment of the TZ.13,17

An entirely encapsulated TZ nodule is scored as a 1 within
the PIRADS framework, whilst an incomplete capsule around
a nodule (atypical nodule) or a focal area of mild hypointen-
sity within the TZ, interspersed between nodules, is scored a
2. If an atypical nodule demonstrates markedly restricted dif-
fusion then this should be upgraded to a score 3. It is impor-
tant to consider, however, that if several discrete, similarly
appearing nodules within the TZ all demonstrate restricted
diffusion, then this might be a feature of the background TZ
and each nodule should not be individually scored a 3.
On T2 imaging, TZ tumors (Fig. 3) are often described as

having a smudge like or “erased charcoal sign” appearance,
with a lack of defined capsule. In addition, they can typically
take a lenticular shape, particularly anterior tumors and those
abutting the “surgical capsule” between the PZ and TZ.18

PIRADS 3 lesions within the TZ include areas of ill-defined,
heterogenous low T2 intensity that may demonstrate
restricted diffusion, and measure less than a 1.5 cm. If the
region of restricted diffusion measures more than 1.5 cm this
is upgraded to a PIRADS 4 lesion. Abnormal T2 areas that
measure greater than 1.5 cm, or those with clear extra-pros-
tatic extension are scored PIRADS 5.
The normal central zone (CZ) can be tricky to differentiate

from tumor as its dense stromal tissue returns low signal on
T2. The CZ, in particular, can be prone to misinterpretation,
particularly when the prostate is large, with distorted and
asymmetrical anatomy. Clues to the identification of the nor-
mal CZ are its close relationship to the ejaculatory ducts at
the base of the gland and its cone-shape confluence of fibres
at the verumontanum; this is in combination with symmetri-
cal DWI signal and enhancement. The anterior fibromuscular
stroma refers to the tissue that lies anterior to the prostate.
The anterior fibromuscular stroma returns low signal on T2
imaging and should be interrogated carefully, particularly in
cases with anterior TZ tumors, which can invade anteriorly
into this region.
DWI
DWI produces a visual representation of the movement of
water molecules in tissue. Water molecules can freely move
within healthy prostatic tissue (several hundred microns),
compared to more limited flow within highly cellular tumor
where diffusion is restricted to submicron to tens of microns
in range.19

Imaging at successive imaging points with different gradi-
ent strengths (b-values) allows the discrepancy in diffusion
between healthy tissue and tumor to become evident. On
“high b-value” images the tumor is conspicuous as a bright
focus on a dark background of normal tissue. The calculated
apparent diffusion coefficient maps (ADC), extrapolated
from the DWI data, shows tumors as a low ADC signal. Both
the high b-value and ADC images need to interpreted
together, to ensure true presence of an abnormality. B-values
of at least 1000 s/mm2 are required to nullify the DWI signal



Figure 3 PIRADS 5/5 lesion in the right transitional zone. (A) Axial T2w image of the prostate showing an ill distinct
low T2 region in the right TZ. This is also well seen in images C (coronal) and F (sagittal) T2 planes. (B) DCE 2 minutes
image showing marked early enhancement of the entire right TZ compared to the left. (C) coronal T2W image showing
tumor but also metastatic left pelvic side wall lymph nodes (arrow). (D) B1400 DWI image showing high signal in the
right TZ in keeping with restricted diffusion as evidenced by low signal in image E (ADC map).
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retained by healthy tissue20 and several studies have shown
even higher b-values of up to 2000 s/mm2, could provide
higher sensitivity of identifying tumors particularly in the
PZ.21 The PIRADS framework suggests B value of at least
1400 s/mm2.13 The trade-off is the higher the b-value the
greater the geometric distortion and poorer resolution from
reduced signal-to-noise ratio.
There is growing evidence that DWI imaging can differen-

tiate between low and higher grade cancers, predicting Glea-
son �4 disease in the PZ using semi-quantitative analysis of
signal intensity.22,23
DCE
DCE exploits the differences in vascularity and permeability
of tumor vessels. Tumors demonstrate exuberant prolifera-
tion of abnormal friable blood vessels due to vascular endo-
thelial growth factor secretion. Higher grade prostate cancer
(particularly in the PZ) correlates with increased intratumoral
microvessel density histologically.24 T1-weighted fast gradi-
ent-echo images are acquired pre-contrast and then at multi-
ple time points following intravenous gadolinium injection,
with a recommended temporal resolution of less than 15 sec-
onds, and overall time period between 2 and 5 minutes. Pre-
contrast T1 images should be assessed for the presence of
postbiopsy haemorrhage, which can be misinterpreted as
enhancement. Normal PZ tissue will tend to enhance slowly
and uniformly after approximately 30 seconds, whilst tumor
enhances promptly and homogenously in the arterial phase.
Benign adenomatous nodules will also commonly enhance
early post contrast,25 albeit more heterogeneously, but
highlighting the importance of considering all the mpMRI
sequences together.

Both quantitative assessment of enhancement using wash-
out curves and qualitative interpretation of DCE sequences
have been described in the literature. In recent years the
PIRADS steering committee have concluded that there is
insufficient evidence to recommend semiquantitative DCE
analysis, which is partly due to the variability in the tech-
niques to quantify enhancement and the inconsistency in
DCE protocols between different institutions. Instead the
PIRADS recommendation is to describe focal enhance-
ment corresponding with abnormal T2 or DWI findings
as positive DCE (DCE +ve) whilst normal enhancement
pattern or diffuse multifocal enhancement is defined as
negative (DCE �ve).
Overall Approach to Scoring
Using PIRADS
DWI and/or ADC is the dominant sequence in scoring PZ
lesions within the PIRADS framework. Normal or ill-distinct
signal abnormality on DWI and/or ADC images with homog-
enous high T2 or minimal linear or wedge-shaped T2
changes are designated as PIRADS 1 or 2 respectively. Abnor-
mal focal high signal on high-b value DWI and low signal on
ADC map must be correlated with T2 sequences and
assigned a score of 3 or 4 (mild or marked hypointensity on
ADC and mild or marked hyperintensity on DWI). In lesions
that score 3 on DWI and T2 sequences, if there is focal early
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enhancement post contrast (DCE positive) this lesion is
upgraded to a PIRADS 4. A PIRADS 5 lesions would consist
of a larger nodule (>1.5 cm) of marked DWI and/or ADC
abnormality and corresponding T2 change, including evi-
dence of clear extraprostatic extension (EPE).12

T2 is the dominant sequence in PIRADS scoring of the TZ,
with DWI and/or ADC sequences useful in specific scenarios
to help characterize atypical nodules.13

It is clear that, with PIRADS, DCE has a limited role in the
assessment of prostate for cancer (the only formal role is in
upgrading PIRADS 3 lesions on DWI and/or ADC and T2 in
the PZ). However, DCE can be crucial when the DWI imag-
ing is inadequate (eg, rectal gas artefact) and it has a useful
role in postoperative and postradiotherapy assessment.26,27

Moreover the addition of DCE-MRI can often be useful in
establishing a non-malignant diagnosis (such as prostatitis
and/or atrophy) and can improve confidence in reporting
lesions seen on T2 and DWI.
There have been several single-centre prospective trials

that describe the use of biparametric MRI (ie, T2 and DWI
without DCE) to help risk stratify men pre-biopsy; negative
predictive values have been reported as high as 97% and
without significant discrepancy in cancer detection compared
to mpMRI protocols that include DCE.28-30

DCE may take a more limited role as a troubleshooting
sequence in the future. However, the results of prospective
trials evaluating biparametric MRI accuracy are awaited.
Use of mpMRI for Guiding Biopsy
The conventional diagnostic pathway of prostate cancer
detection has until recently been based on a combination of
elevated Prostate-Specific Antigen, digital rectal examination
and transrectal ultrasound guided, systematic 10 to 12-core
biopsies to “sample” the gland. There are significant limita-
tions to this non-targeted approach to biopsy, including
reduced sampling of the anterior periurethral and extreme
apical gland (of up to 20%), which may miss clinically signif-
icant disease, and conversely, the potential for overdiagnos-
ing clinically indolent cancers. Transrectal biopsy is a morbid
procedure, with the small but significant risk of sepsis.31,32

In recognition that in virtually no other solid organ malig-
nancy is a blind biopsy carried out without prior imaging,
mpMRI now plays a more routine role in diagnosing and
locating lesions, with targeted biopsy of those identified.3,33

Indeed, the 2019 UK The National Institute for Health and
Care Excellence guidelines now recommend mpMRI as the
first-line investigation for people with suspected clinically
localized prostate cancer, with the results reported using a 5
point Likert scale.34

They further recommend that those scoring Likert 3 or
more should be offered an mpMRI “influenced” prostate
biopsy, and that biopsy can be omitted in those scoring 1 or
2, after appropriate counselling. This is a significant shift
from previous guidance towards use of mpMRI only for
those with a previous negative biopsy with an ongoing suspi-
cion of cancer, or those undergoing active surveillance.
MRI-directed biopsy can be performed using MRI-ultra-
sound fusion software, or visual registration (ie, cognitive tar-
geting of the MRI lesion by the clinician), or “in-bore” within
the MR scanner. Currently there is no evidence to favour 1
technique over another.35 All MR directed prostate biopsy tech-
niques consistently offer increased detection of significant dis-
ease and reduced detection of clinically insignificant disease.36

The PROMIS trial evaluated the diagnostic accuracy of
mpMRI in 576 biopsy naïve men who underwent both trans-
perineal template mapping (comprehensive sampling of the
entire prostate at 5 mm intervals) and standard systematic
transrectal 12-core biopsies. mpMRI was found to be signifi-
cantly more sensitive than transrectal systematic biopsy in
detecting significant cancer (93% vs 48%) against template
biopsy as the reference standard. In addition, the study sug-
gested that up to 27% of men could avoid an unnecessary
biopsy where mpMRI is used a diagnostic triage test. Further-
more there would be an improved detection of clinically sig-
nificant cancer by 18%.37

Subsequent studies, including Prostate Evaluation for
Clinically Important Disease: Sampling Using Image Guid-
ance or Not? (PRECISION), have corroborated the improved
detection rate of clinically significant prostate cancer using
MRI directed biopsy.38 PRECISION randomized 500 men to
standard transrectal systematic biopsy, or mpMRI with MRI-
targeted biopsy (in those with a lesion). PRECISION reported
12% more clinically significant cancer in those men random-
ized to MRI-targeted biopsies 13% fewer men diagnosed
with clinically insignificant disease, additionally,28% of men
receiving MRI avoided biopsy entirely.

Although the role of mpMRI in the detection of prostate
cancer has been established, one needs to remember that
both mpMRI and targeted biopsy will fail to detect clinically
significant prostate cancer in a proportion of men. In a popu-
lation where the prevalence of prostate cancer is 30%, a MRI-
pathway can be expected to miss 84 significant cancers for
every 1000 men.39 Although this false-negative rate of MRI
pathway is favourable compared to systematic biopsy alone
(which would have missed 111 cancers in the same 1000
men) it highlights the need for follow up and safety-netting
for men with a negative MRI.36,39
mpMRI for Staging
Prostate cancer spreads through the condensation of fibromus-
cular stroma surrounding the gland (known as the “capsule”)
into the periprostatic fat (stage T3a) and can extend into the
seminal vesicles (stage T3b) or into local structures such as the
rectum, bladder and pelvic side-wall (stage T4). mpMRI can
identify gross EPE (Fig. 4), as well as assessment of abnormal
pelvic lymph nodes. However, a meta-analysis review of mpMRI
to stage local T3 disease revealed a low sensitivity of 0.66 and
specificity of 0.88. The sensitivity was improved when using 3T
MRI scanners with higher resolution T2 images. Overall, mpMRI
did not perform well in predicting microscopic EPE.40 Objective
measures to predict microscopic EPE have been investigated,
most commonly the length measured on T2 images of



Figure 4 T4 Left peripheral zone lesion. (A) Axial T2W image of the prostate showing a large exophytic tumor erupting
posteriorly from the left PZ and invading the rectum causing it to tent anteriorly. (B) DCE image shows abnormal
tumoral enhancement and enhancing tissue extending laterally into the mesorectal fat.
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curvilinear tumor capsular abutment. Tumor capsular abutment
of 6-15 mm has been proposed as predictive for EPE, in combi-
nation with other features such as capsular bulging, with sensi-
tivities of 0.7 and specificity of up to 0.72.41-43 Local staging
with mpMRI, with assessment of tumor volume and location,
can impact the surgical approach, including in making the deci-
sion whether to spare the neurovascular bundles and/or bladder
neck, both of which can impact on post-operative morbid-
ity.44,45 No method is superior to mpMRI in local staging of
prostate cancer so future work will focus on validating and
improving current mpMRI staging assessments.
Conclusions
MpMRI of the prostate has developed hugely since its concep-
tion. Improvements in MRI resolution and the adoption of func-
tional images has led to high accuracy rates for ruling out
clinically significant disease, with improved sampling on targeted
biopsy, and lower rates of overdiagnosis of clinically indolent
disease. PIRADS has been adopted internationally as an evidence
based consensus for standardising the acquisition and interpreta-
tion of prostate mpMRI. Evolution of its recommendations, as
new evidence becomes available, should lead to further improve-
ments in the use of mpMRI within the diagnostic pathway, and
for planning treatment and follow-up. Recently updated guide-
lines have further elevated the diagnostic role of mpMRI. The
challenge will be to provide and maintain imaging standards suf-
ficient to accurately rule out the presence of clinically significant
disease, if men with a “negative” MRI are to safely avoid biopsy
altogether.
References
1. Sakr DJ, Crissman JD, Heilbrun LK, et al: High grade prostatic intraepithe-

lial neoplasia (HGPIN) and prostatic adenocarcinoma between the ages of
20-69: An autopsy study of 249 cases. In Vivo (Brooklyn) 8:439-444, 1994
2. Loeb S, Bjurlin MA, Nicholson J, et al: Overdiagnosis and overtreatment
of prostate cancer. Eur Urol 65(6):1046-1055, 2014. https://doi.org/
10.1016/j.eururo.2013.12.062

3. Mottet N, van den B, Briers E, C P, De Santis M, Fanti S, Gillessen S, Grum-
met J, H AM, et al: EAU - EANM - ESTRO - ESUR - SIOG Guidelines on
Prostate Cancer 2019. Eur Assoc Urol Guidel 53:1-161, 2019. 2019

4. Tamada T, Sone T, Higashi H, et al: Prostate cancer detection in patients
with total serum prostate-specific antigen levels of 4-10 ng/mL: Diag-
nostic efficacy of diffusion-weighted imaging, dynamic contrast-
enhanced MRI, and T2-weighted imaging. Am J Roentgenol 197
(3):664-670, 2011. https://doi.org/10.2214/AJR.10.5923

5. Turkbey B, Mani H, Shah V, et al: Multiparametric 3T prostate magnetic
resonance imaging to detect cancer: Histopathological correlation using
prostatectomy specimens processed in customized magnetic resonance
imaging based molds. J Urol 186(5):1818-1824, 2011. https://doi.org/
10.1016/j.juro.2011.07.013

6. Delongchamps NB, Rouanne M, Flam T, et al: Multiparametric magnetic
resonance imaging for the detection and localization of prostate cancer:
Combination of T2-weighted, dynamic contrastenhanced and diffusion-
weighted imaging. BJU Int 107(9):1411-1418, 2011. https://doi.org/
10.1111/j.1464-410X.2010.09808.x

7. De Rooij M, Hamoen EHJ, Fütterer JJ, Barentsz JO, Rovers MM: Accu-
racy of multiparametric MRI for prostate cancer detection: A meta-anal-
ysis. Am J Roentgenol 202(2):343-351, 2014. https://doi.org/10.2214/
AJR.13.11046

8. Rosenkrantz AB, Deng FM, Kim S, et al: Prostate cancer: Multiparametric
mri for index lesion localization - A multiple-reader study. Am J Roent-
genol 199(4):830-837, 2012. https://doi.org/10.2214/AJR.11.8446

9. Fütterer JJ, Briganti A, De Visschere P, et al: Can Clinically Significant
Prostate Cancer Be Detected with Multiparametric Magnetic Resonance
Imaging? A Systematic Review of the Literature. Eur Urol 68(6):1045-
1053, 2015. https://doi.org/10.1016/j.eururo.2015.01.013

10. Hamoen EHJ, De Rooij M, Witjes JA, Barentsz JO, Rovers MM: Use of
the prostate imaging reporting and data system (PI-RADS) for prostate
cancer detection with multiparametric magnetic resonance imaging: A
diagnostic meta-analysis. Eur Urol 2015. https://doi.org/10.1016/j.
eururo.2014.10.033

11. Brizmohun Appayya M, Adshead J, Ahmed HU, et al: National imple-
mentation of multi-parametric magnetic resonance imaging for prostate
cancer detection – recommendations from a UK consensus meeting.
BJU Int 122(1):13-25, 2018. https://doi.org/10.1111/bju.14361

12. Weinreb JC, Barentsz JO, Choyke PL, et al: PI-RADS Prostate Imaging -
Reporting and Data System: 2015, Version 2. Eur Urol. 69(1):16-40,
2016. https://doi.org/10.1016/j.eururo.2015.08.052

http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0001
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0001
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0001
https://doi.org/10.1016/j.eururo.2013.12.062
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0003
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0003
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0003
https://doi.org/10.2214/AJR.10.5923
https://doi.org/10.1016/j.juro.2011.07.013
https://doi.org/10.1111/j.1464-410X.2010.09808.x
https://doi.org/10.2214/AJR.13.11046
https://doi.org/10.2214/AJR.13.11046
https://doi.org/10.2214/AJR.11.8446
https://doi.org/10.1016/j.eururo.2015.01.013
https://doi.org/10.1016/j.eururo.2014.10.033
https://doi.org/10.1016/j.eururo.2014.10.033
https://doi.org/10.1111/bju.14361
https://doi.org/10.1016/j.eururo.2015.08.052


372 C.v. Stempel et al.
13. Turkbey B, Rosenkrantz AB, Haider MA, et al: Prostate Imaging Report-
ing and Data System Version 2.1: 2019 Update of Prostate Imaging
Reporting and Data System Version 2. Eur Urol. 76(3):340-351, 2019.
https://doi.org/10.1016/j.eururo.2019.02.033

14. Röthke M, Schlemmer HP, Blondin D, Franiel T: PI-RADS classification:
Structured reporting for MRI of the prostate. RoFo Fortschritte auf dem
Gebiet der Rontgenstrahlen und der Bildgeb Verfahren 185(3):253-261,
2013. https://doi.org/10.1055/s-0032-1330270

15. Turkbey B, Huang R, Vourganti S, et al: Age-related changes in prostate
zonal volumes as measured by high-resolution magnetic resonance
imaging (MRI): A cross-sectional study in over 500 patients. BJU Int
2012. https://doi.org/10.1111/j.1464-410X.2012.11469.x

16. Haas GP, Delongchamps N, Brawley OW, Wang CY, de la Roza G: The
worldwide epidemiology of prostate cancer: perspectives from autopsy
studies. Can J Urol 15(1):3866-3871, 2008

17. Padhani AR, Barentsz J, Villeirs G, et al: PI-RADS Steering Committee:
The PI-RADS Multiparametric MRI and MRI-directed Biopsy Pathway.
Radiology 292(2):464-474, 2019. https://doi.org/10.1148/
radiol.2019182946

18. Akin O, Sala E, Moskowitz CS, et al: Transition zone prostate cancers:
Features, detection, localization, and staging at endorectal MR imaging.
Radiology 2006. https://doi.org/10.1148/radiol.2392050949

19. Xu J, Humphrey PA, Kibel AS, et al: Magnetic resonance diffusion char-
acteristics of histologically defined prostate cancer in humans. Magn
Reson Med 61(4):842-850, 2009. https://doi.org/10.1002/mrm.21896

20. Padhani AR, Liu G, Mu-Koh D, et al: Diffusion-weighted magnetic reso-
nance imaging as a cancer biomarker: Consensus and recommenda-
tions. Neoplasia 11(2):102-125, 2009. https://doi.org/10.1593/
neo.81328

21. Rosenkrantz AB, Hindman N, Lim RP, et al: Diffusion-weighted imaging
of the prostate: Comparison of b1000 and b2000 image sets for index
lesion detection. J Magn Reson Imaging. 38(3):694-700, 2013. https://
doi.org/10.1002/jmri.24016

22. Hambrock T, Hoeks C, Hulsbergen-Van De Kaa C, et al: Prospective
assessment of prostate cancer aggressiveness using 3-T diffusion-
weighted magnetic resonance imaging-guided biopsies versus a system-
atic 10-core transrectal ultrasound prostate biopsy cohort. Eur Urol
2012. https://doi.org/10.1016/j.eururo.2011.08.042

23. Waseda Y, Yoshida S, Takahara T, et al: Utility of computed diffusion-
weighted MRI for predicting aggressiveness of prostate cancer. J Magn
Reson Imaging 46(2):490-496, 2017. https://doi.org/10.1002/jmri.25593

24. Erbersdobler A, Isbarn H, Dix K, et al: Prognostic value of microvessel
density in prostate cancer: A tissue microarray study. World J Urol 28
(6):687-692, 2010. https://doi.org/10.1007/s00345-009-0471-4

25. Oto A, Kayhan A, Jiang Y, et al: Prostate cancer: Differentiation of cen-
tral gland cancer from benign prostatic hyperplasia by using diffusion-
weighted and dynamic contrast-enhanced MR imaging. Radiology
2010. https://doi.org/10.1148/radiol.10100021

26. Roy C, Foudi F, Charton J, et al: Comparative sensitivities of functional
MRI sequences in detection of local recurrence of prostate carcinoma
after radical prostatectomy or external-beam radiotherapy. Am J Roent-
genol 200(4):361-368, 2013. https://doi.org/10.2214/AJR.12.9106

27. Cha D, Kim CK, Park SY, Park JJ, Park BK: Evaluation of suspected soft
tissue lesion in the prostate bed after radical prostatectomy using 3T
multiparametric magnetic resonance imaging. Magn Reson Imaging 33
(4):407-412, 2015. https://doi.org/10.1016/j.mri.2014.12.003

28. Jambor I, Boström PJ, Taimen P, et al: Novel biparametric MRI and tar-
geted biopsy improves risk stratification in men with a clinical suspicion
of prostate cancer (IMPROD Trial). J Magn Reson Imaging 2017. https://
doi.org/10.1002/jmri.25641

29. Boesen L, Nørgaard N, Løgager V, et al: Assessment of the Diagnostic
Accuracy of Biparametric Magnetic Resonance Imaging for Prostate Can-
cer in Biopsy-Naive Men: The Biparametric MRI for Detection of Pros-
tate Cancer (BIDOC) Study. JAMA Netw open 2018. https://doi.org/
10.1001/jamanetworkopen.2018.0219
30. Alabousi M, Salameh JP, Gusenbauer K, et al: Biparametric vs multipara-
metric prostate magnetic resonance imaging for the detection of prostate
cancer in treatment-naïve patients: a diagnostic test accuracy systematic
review and meta-analysis. BJU Int 124(2):209-220, 2019. https://doi.
org/10.1111/bju.14759

31. Loeb S, Vellekoop A, Ahmed HU, et al: Systematic review of complica-
tions of prostate biopsy. Eur Urol 2013. https://doi.org/10.1016/j.
eururo.2013.05.049

32. Pokorny MR, De Rooij M, Duncan E, et al: Prospective study of diagnos-
tic accuracy comparing prostate cancer detection by transrectal ultra-
sound-guided biopsy versus magnetic resonance (MR) imaging with
subsequent mr-guided biopsy in men without previous prostate biop-
sies. Eur Urol 2014. https://doi.org/10.1016/j.eururo.2014.03.002

33. Mohler JL, Antonarakis ES, Armstrong AJ, et al: Prostate cancer, version
2.2019. JNCCN J Natl Compr Cancer Netw 17(5):479-505, 2019.
https://doi.org/10.6004/jnccn.2019.0023

34. NICE Clinical Guidelines. NG131: Prostate cancer diagnosis and man-
agement. 2019. doi:10.1016/S0140-6736(96)07393-X

35. Wegelin O, van Melick HHE, Hooft L, et al: Comparing Three Different
Techniques for Magnetic Resonance Imaging-targeted Prostate Biopsies:
A Systematic Review of In-bore versus Magnetic Resonance Imaging-
transrectal Ultrasound fusion versus Cognitive Registration. Is There a
Preferred Technique? Eur Urol 2017. https://doi.org/10.1016/j.
eururo.2016.07.041

36. Stabile A, Giganti F, Emberton M, Moore CM: MRI in prostate cancer
diagnosis: do we need to add standard sampling? A review of the last 5
years. Prostate Cancer Prostatic Dis 21(4):473-487, 2018. https://doi.
org/10.1038/s41391-018-0071-8

37. 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 389(10071):815-822,
2017. https://doi.org/10.1016/S0140-6736(16)32401-1

38. Kasivisvanathan V, Rannikko AS, Borghi M, et al: MRI-targeted or stan-
dard biopsy for prostate-cancer diagnosis. N Engl J Med 378(19):1767-
1777, 2018. https://doi.org/10.1056/NEJMoa1801993

39. Drost F-JH, Osses DF, Nieboer D, et al: Prostate MRI, with or without
MRI-targeted biopsy, and systematic biopsy for detecting prostate can-
cer. Cochrane Database Syst Rev 2019. https://doi.org/10.1002/
14651858.cd012663.pub2

40. de Rooij M, Hamoen EHJ, Witjes JA, Barentsz JO, Rovers MM: Accuracy
of Magnetic Resonance Imaging for Local Staging of Prostate Cancer: A
Diagnostic Meta-analysis. Eur Urol 70(2):233-245, 2016. https://doi.
org/10.1016/j.eururo.2015.07.029

41. Rosenkrantz AB, Shanbhogue AK, Wang A, Kong MX, Babb JS, Taneja
SS: Length of capsular contact for diagnosing extraprostatic extension
on prostate MRI: Assessment at an optimal threshold. J Magn Reson
Imaging 43(4):990-997, 2016. https://doi.org/10.1002/jmri.25040

42. Kongnyuy M, Sidana A, George AK, et al: Tumor contact with prostate
capsule on magnetic resonance imaging: A potential biomarker for stag-
ing and prognosis. Urol Oncol Semin Orig Investig 2017. https://doi.
org/10.1016/j.urolonc.2016.07.013

43. Mehralivand S, Shih JH, Harmon S, et al: A Grading System for the
Assessment of Risk of Extraprostatic Extension of Prostate Cancer at
Multiparametric MRI. Radiology 2019. https://doi.org/10.1148/
radiol.2018181278

44. Lee T, Hoogenes J, Wright I, et al: Utility of preoperative 3 Tesla pelvic
phased-array multiparametric magnetic resonance imaging in prediction
of extracapsular extension and seminal vesicle invasion of prostate can-
cer and its impact on surgical margin status: Experience at a Canadian
academic tertiary care centre. Can Urol Assoc J 11(5):E174-E178, 2017.
https://doi.org/10.5489/cuaj.4211

45. Baack J, Tharakeswara K, Chad KB, et al: Impact of preoperative pros-
tate magnetic resonance imaging on the surgical management of high-
risk prostate cancer. Prostate Cancer Prostatic Dis 2019. https://doi.org/
10.1038/s41391-019-0171-0

https://doi.org/10.1016/j.eururo.2019.02.033
https://doi.org/10.1055/s-0032-1330270
https://doi.org/10.1111/j.1464-410X.2012.11469.x
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0016
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0016
http://refhub.elsevier.com/S0887-2171(20)30030-5/sbref0016
https://doi.org/10.1148/radiol.2019182946
https://doi.org/10.1148/radiol.2019182946
https://doi.org/10.1148/radiol.2392050949
https://doi.org/10.1002/mrm.21896
https://doi.org/10.1593/neo.81328
https://doi.org/10.1593/neo.81328
https://doi.org/10.1002/jmri.24016
https://doi.org/10.1016/j.eururo.2011.08.042
https://doi.org/10.1002/jmri.25593
https://doi.org/10.1007/s00345-009-0471-4
https://doi.org/10.1148/radiol.10100021
https://doi.org/10.2214/AJR.12.9106
https://doi.org/10.1016/j.mri.2014.12.003
https://doi.org/10.1002/jmri.25641
https://doi.org/10.1001/jamanetworkopen.2018.0219
https://doi.org/10.1111/bju.14759
https://doi.org/10.1016/j.eururo.2013.05.049
https://doi.org/10.1016/j.eururo.2013.05.049
https://doi.org/10.1016/j.eururo.2014.03.002
https://doi.org/10.6004/jnccn.2019.0023
https://doi.org/10.1016/j.eururo.2016.07.041
https://doi.org/10.1016/j.eururo.2016.07.041
https://doi.org/10.1038/s41391-018-0071-8
https://doi.org/10.1016/S0140-6736(16)32401-1
https://doi.org/10.1056/NEJMoa1801993
https://doi.org/10.1002/14651858.cd012663.pub2
https://doi.org/10.1002/14651858.cd012663.pub2
https://doi.org/10.1016/j.eururo.2015.07.029
https://doi.org/10.1002/jmri.25040
https://doi.org/10.1016/j.urolonc.2016.07.013
https://doi.org/10.1148/radiol.2018181278
https://doi.org/10.1148/radiol.2018181278
https://doi.org/10.5489/cuaj.4211
https://doi.org/10.1038/s41391-019-0171-0

	MRI in the Management of Prostate Cancer
	Standardized Conduct and Reporting of Prostate mpMRI
	PIRADS
	DWI
	DCE

	Overall Approach to Scoring Using PIRADS
	Use of mpMRI for Guiding Biopsy
	mpMRI for Staging
	Conclusions
	References


