ORIGINAL RESEARCH • SPECIAL REPORT

PI-RADS Steering Committee: The PI-RADS
Multiparametric MRI and MRI-directed Biopsy Pathway
Anwar R. Padhani, MBBS, MRCP, FRCR • Jelle Barentsz, MD, PhD • Geert Villeirs, MD, PhD • Andrew B.
Rosenkrantz, MD • Daniel J. Margolis, MD • Baris Turkbey, MD • Harriet C. Thoeny, MD • Katarzyna J. Macura,
MD, PhD • Clare M. Tempany, MB, BAO, BCH • Sadhna Verma, MD • Jeffrey C. Weinreb, MD
From the Paul Strickland Scanner Centre, Mount Vernon Cancer Centre, Rickmansworth Rd, Northwood, Middlesex HA6 2RN, England (A.R.P.); Department of
Radiology and Nuclear Medicine Radboud University Medical Center, Nijmegen, the Netherlands (J.B.); Department of Radiology, Ghent University Hospital, Ghent,
Belgium (G.V.); Department of Radiology, NYU Langone Medical Center, New York, NY (A.B.R.); Weill Cornell Imaging, Cornell University, New York, NY (D.J.M.);
Molecular Imaging Program, National Cancer Institute, National Institutes of Health, Bethesda, Md (B.T.); Department of Radiology, Hôpital Cantonal de Fribourg
HFR, University of Fribourg, Fribourg, Switzerland (H.C.T.); Paris Descartes University, Department of Radiology, Hôpital Cochin, Assistance Publique-Hôpitaux de
Paris, Paris, France (F.C.); University of Toronto, Lunenfeld-Tanenbaum Research Institute, Sinai Health System, Toronto, Ontario, Canada (M.A.H.); Department of
Radiology and Radiological Science, Johns Hopkins University School of Medicine, Baltimore, Md (K.J.M.); Department of Radiology, Brigham and Women’s Hospital,
Boston, Mass (C.M.T.); Department of Radiology, University of Cincinnati, College of Medicine, Cincinnati, Ohio (S.V.); and Department of Radiology and Biomedical
Imaging, Yale School of Medicine, New Haven, Conn (J.C.W.). Received December 27, 2018; revision requested February 11, 2019; revision received March 28; accepted
April 16. Address correspondence to A.R.P. (e-mail: anwar.padhani@stricklandscanner.org.uk).
Conflicts of interest are listed at the end of this article.
Radiology 2019; 00:1–111

•

https://doi.org/10.1148/radiol.2019182946

•

Content code:

High-quality evidence shows that MRI in biopsy-naïve men can reduce the number of men who need prostate biopsy and can reduce the number of diagnoses of clinically unimportant cancers that are unlikely to cause harm. In men with prior negative biopsy
results who remain under persistent suspicion, MRI improves the detection and localization of life-threatening prostate cancer
with greater clinical utility than the current standard of care, systematic transrectal US guided biopsy. Systematic analyses show
that MRI-directed biopsy increases the effectiveness of the prostate cancer diagnosis pathway. The incorporation of MRI-directed
pathways into clinical care guidelines in prostate cancer detection has begun. The widespread adoption of the Prostate Imaging
Reporting and Data System (PI-RADS) for multiparametric MRI data acquisition, interpretation, and reporting has promoted
these changes in practice. The PI-RADS MRI-directed biopsy pathway enables the delivery of key diagnostic benefits to men suspected of having cancer based on clinical suspicion. Herein, the PI-RADS Steering Committee discusses how the MRI pathway
should be incorporated into routine clinical practice and the challenges in delivering the positive health impacts needed by men
suspected of having clinically important prostate cancer.
© RSNA, 2019
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Tand Data System (PI-RADS) was formulated based on

he current version of the Prostate Imaging Reporting

experience gained from PI-RADS version 1 accumulated
scientific evidence and expert consensus (1). The release of
PI-RADS version 2.1 is expected to further improve observer variability (2). A recent publication evaluated multiple clinical studies, systematic analyses, and professional
guidelines on their use of multiparametric MRI in prostate
cancer detection (3). It showed that the test performance
of multiparametric MRI-directed biopsy in the detection
of prostate cancer is superior to that of systematic transrectal US-guided biopsy. High-level evidence has now
established multiple benefits of MRI-directed biopsy over
systematic transrectal US-guided biopsy of the prostate (4).
These benefits include (a) a reduction in the number of
men who need to undergo biopsy (5–9); (b) a reduction in
the number of diagnoses of clinically insignificant cancers
that are unlikely to cause harm (4,10), with the potential
to reduce overtreatment, treatment-related complications,
and active surveillance rates (6); (c) improved detection
of clinically significant prostate cancers, particularly in
patients with prior negative transrectal US-guided biopsy
findings (4,10); and (d) improved risk stratification of
diagnosed cancers owing to greater precision in tumor
grade and volume determinations, which helps direct disease management. All these advantages can be achieved

with fewer targeted biopsy cores per patient, potentially reducing biopsy-related morbidity (6,8,11). The purpose of
this article is to focus on how multiparametric MRI results
can positively impact the health of men suspected of having clinically significant prostate cancer.

Who Should Undergo MRI before
Biopsy?
Patients chosen for MRI before biopsy include biopsynaïve men with elevated serum prostate-specific antigen
(PSA) levels, abnormal digital rectal examination findings, or both, and men who are deemed to have persistent elevated risk of harboring clinically significant cancers
despite prior negative or nonexplanatory systematic
transrectal US biopsy findings. Indications for MRI
should be based on the recommendations for screening and early diagnosis of the National Comprehensive
Cancer Network and the European Association of Urology (12,13). Accordingly, biopsy-naïve men with lower
than average risk of prostate cancer should not undergo
prostate biopsy or MRI. However, limiting the options to
prespecified PSA thresholds is not recommended, as there
are many factors (eg, symptoms, age, race, family history,
PSA kinetics, digital rectal examination findings) that inform the decision to perform MRI or biopsy. Many tools
are being developed to decide on the need for biopsy. The
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Abbreviations
CI = confidence interval, ISUP = International Society of Urological
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Summary
The Prostate Imaging Reporting and Data System MRI-directed
biopsy pathway enables the delivery of key diagnostic benefits to men
suspected of having cancer according to their clinical priorities.
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High-quality Prostate Imaging Reporting and Data System (PIRADS)-compliant multiparametric MRI should be performed
before prostate biopsy in most men who are suspected of having
clinically important disease and are likely to be offered active treatment.
A monitoring safety net must be in place for patients who decline
immediate biopsy after MRI reveals a low likelihood of disease and
should include clinical examination, laboratory assays, and imaging, as per local clinical practice and as consistent with clinical
goals for individual patients; the roles and responsibilities of the
participants and the circumstances that should trigger reinvestigations should be clearly defined.
For men proceeding to biopsy after MRI reveals intermediate or
high likelihood of disease (ie, PI-RADS category 3 or higher), a
combination of systematic and targeted biopsies should be performed in biopsy-naïve men; only targeted biopsies are needed in
men with persistent suspicion after prior negative systematic transrectal US-guided biopsy findings.

emerging paradigm is to integrate clinical factors, risk calculators, molecular diagnostic results, and MRI findings (14,15).
Recently updated prostate cancer risk calculators (16,17) can
be informative when determining who might not need biopsy
based on lower than average predicted risk, as well as when identifying men with higher than average risk (13). However, risk
calculators should not be the only tool used to determine the
need for MRI or biopsy. Clinical judgment, intended purpose,
and patient preference should be considered when deciding on
the need for MRI or biopsy.
MRI results can be used in two distinct ways to improve the
yield of prostate biopsy and reduce the number of overdiagnoses (10). The first is the combined biopsy pathway, in which
patients with low-likelihood MRI findings undergo scheduled
systematic biopsy and those with higher-likelihood MRI findings undergo both systematic and MRI-directed biopsy (18) and
in so doing improve the diagnostic yield of clinically significant
cancers (15,17,19–22). The second is the MRI pathway, which
is distinct in that men with low-likelihood MRI findings do not
undergo biopsy at all and men with higher-likelihood findings
undergo only MRI-directed biopsy (without systematic cores).
The advantage of the MRI pathway is to reduce the number
of men who need biopsies and to reduce the total number of
biopsy cores in men with high-likelihood MRI findings, thus
helping reduce the overdiagnosis of clinically insignificant disease (15,23,24). A mixed approach can also be used.
There has been robust debate about how to best use MRI
results: to increase yields of clinically significant cancers or
reduce overdiagnoses of clinically insignificant cancers. In all
circumstances, MRI interpretations and the need for biopsy
2

should be assessed by multidisciplinary teams in the context of
patient care priorities. In biopsy-naïve men, there is a need to
minimize overdiagnosis and detect clinically significant cancers
(25). However, the priority in men with persistent suspicion of
clinically significant cancers after negative findings at previous
biopsy is to not miss potentially life-threatening cancers.
When systematic evaluations of multiparametric MRIs using
PI-RADS are undertaken in appropriately chosen men, an assessment of the likelihood of clinically significant cancer as low
(PI-RADS category 1 or 2), intermediate (PI-RADS category 3),
or high (PI-RADS category 4 or 5) can be made (1).

Low-Likelihood MRI Scans (PI-RADS
Categories 1 and 2)
PI-RADS–compliant MRI has a powerful ability to assist
physicians when ruling out clinically significant cancer, with
the potential for biopsy avoidance in men who are unlikely
to have clinically significant cancer based on prostate MRI
findings (PI-RADS categories 1 and 2). The ability of MRI
to enable a physician to rule out important cancers depends
on many factors, including the histologic definition used
for clinically significant cancer and the method or methods
used to verify PI-RADS category 1 or 2 MRI results. Unfortunately, there has been no universal agreement among
pathologists and urologists regarding a working definition
of clinical importance. Recently, however, consensus has
emerged around the International Society of Urological Pathology (ISUP) (26) recommendation that a Gleason score
of at least 3+4 (ISUP grade group 2) should be used as the
primary definition of significant cancer, and this standard has
been adopted in this report. Currently, the ISUP consensus
does not distinguish between microfocal and larger-volume
tumors with a Gleason grade of 3+3 (ISUP grade group 1),
instead assigning equal prognoses to both.
The most reliable studies providing information on the
ability of multiparametric MRI to help rule out clinically significant cancer in biopsy-naïve patients have used transperineal
template-mapping biopsy (5,27) or transperineal targeting
of intermediate- or high-likelihood lesions in combination with
24-core systematic saturation biopsies (9,28) for histologic verification. The PROMIS study (PROstate MRI Imaging Study)
used transperineal mapping in biopsy-naïve men and showed
that systematic transrectal US-guided biopsy had a sensitivity
of 48% for cancers assigned to ISUP grade group 2 or higher.
In other words, 52% of ISUP grade group 2 or higher cancers
were missed with systematic transrectal US biopsy, whereas only
12% were missed with multiparametric MRI (sensitivity, 88%)
(5). Hansen et al (9) used saturation and targeted core biopsies
(Ginsburg mapping biopsy scheme) and found high per-patient
sensitivity (88%) for tumors classified as ISUP grade group 2 or
higher in biopsy-naïve men, thus matching the PROMIS data.
The nature of cancers missed after low-likelihood MRI
findings has also been examined in mapping biopsy studies
(5). Missed tumors included ISUP grade group 1 lesions,
scattered microfocal ISUP grade group 2 cancers, and ISUP
grade group 2 cancers with lower-volume Gleason pattern
4 histology findings. Patients with these types of lesions are
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often regarded as having favorable prognoses (29,30) and
may undergo active surveillance (30,31). It is also important
to consider the sensitivity of prostate MRI in the detection of
cancers that are universally regarded as unfavorable prognostically and should not be missed; these include lesions with
ISUP grade group 3 or higher and those with extraprostatic
extension, seminal vesical invasion, or both. Mapping biopsy
studies show high sensitivities exceeding 90% in most studies
(5,32,33), suggesting very few high-grade tumors are missed
when MRI is used, unlike when systematic transrectal US-guided
biopsy is used (5).

Patient Implications after MRI Reveals
PI-RADS Category 1 or 2 Results
Because of the high negative predictive value of PI-RADS–
compliant MRI protocols (5,9), a high proportion of men
can avoid immediate biopsy after low-likelihood MRI findings without substantially affecting the detection rates of clinically significant cancers. The number of men with PI-RADS
category 1 or 2 MRI findings is dependent on the prevalence
of clinically significant cancers within a population (34). In
prospective studies, the average proportion of biopsy-naïve
men with a low-likelihood multiparametric MRI finding is
33% (95% confidence interval [CI]: 26%, 41%) and ranges
from 21% to 49% (5,6,8,9,35) (Fig 1). When deciding to
perform histologic sampling, one should consider the risks
and benefits in the context of (a) the likely yields of systematic transrectal US biopsy in the absence of an MRI-definable
target or targets, (b) the impact of clinical biomarkers on biopsy decisions, and (c) the long-term safety of and follow-up
monitoring regimens in men who chose the no immediate
biopsy approach.
Yield of Systematic Transrectal US Biopsy after MRI
Reveals PI-RADS Category 1 or 2 Results
To mitigate the missed cancer risk of the no immediate biopsy approach, some urologists advocate performing systematic transrectal US-guided biopsy in biopsy-naïve men with
PI-RADS category 1 or 2 imaging findings. Data show that
the average detection rate of systematic transrectal US-guided
biopsy in patients with ISUP grade group 2 or higher disease
is 8% (95% CI: 6%, 12%) in biopsy-naïve men (4,7,8,36–
41) (Fig 1); this number is lower in men after prior negative
biopsy results (3). In other words, on average, 12 biopsy-naïve men with low-likelihood MRI findings need to undergo
transrectal US-guided biopsy to find one man with an ISUP
grade group 2 or higher cancer. In biopsy-naïve men with
low-likelihood imaging findings, the proportion of men with
a diagnosis of ISUP grade group 3 or higher lesions at systematic transrectal US-guided biopsy is very low (approximately
2%) (4,7,8,36–41).
On the other hand, performing systematic transrectal US–
guided biopsy after low-likelihood MRI findings in all men
results in overdetection in about 18% (95% CI: 14%, 24%)
of patients with ISUP grade group 1 disease (8,10,35–37,42–
44). In other words, if systematic US-guided transrectal biopsies are performed after low-likelihood MRI, two men will
Radiology: Volume 00: Number 0— 2019 n radiology.rsna.org

be diagnosed with insignificant cancer for one man detected
with an ISUP grade group 2 or greater cancer.
Combining MRI Results with Clinical Parameters
Emerging data suggest that many men can safely avoid immediate systematic transrectal US-guided biopsy after PI-RADS
category 1 or 2 MRI findings when the findings are reinforced
by clinical variables. The literature on the value of clinical variables for biopsy avoidance in most PI-RADS category 2 cases
and in some PI-RADS category 3 cases suggests that PSA density, family history, other biomarkers (24,45), and risk calculator scores (15,20) may be helpful (46). Several investigators
found that lower PSA density improves the negative predictive
value of MRI (11,33,42,47–49). For example, Hansen et al
noted that the negative predictive value for clinically significant cancer was better for patient subcohorts with lower PSA
density (0.1 ng/mL/cm3), where the negative predictive value
increased from 80% to 91% for ISUP grade group 2 or higher
tumors (47). Conversely, the negative predictive value of MRI
was only 66% when PSA density was greater than 0.2 ng/mL/
cm3 (47), showing that the decision to perform biopsy after PIRADS category 2 or 3 MRI findings requires integration with
clinical variables.
Safety of the No Immediate Biopsy Approach
Single- and multicenter studies have shown that it can be safe to
use the no immediate biopsy strategy after low-likelihood MRI
findings, provided adequate follow-up monitoring regimens are
in place to enable detection of emerging clinically significant
disease (8,50–52). For example, Panebianco et al (50) observed
1255 men with PI-RADS category 1 or 2 MRI findings (659 biopsy-naïve men, 596 men with previous negative biopsy results).
They found that the cancer-free survival rate at 2-year follow-up
was 95% in biopsy-naïve men and 96% in those with previous
negative biopsy results. All emerging clinically significant ISUP
grade group 2 or higher cancers (n = 60) were detected within
2 years of follow-up, with ISUP grade group 3 or higher disease found in 28 men; all emergent cancers were confined to the
prostate gland and were potentially curable.
These considerations indicate that the yields of clinically
significant cancers in biopsy-naïve men with low-likelihood
MRI findings are not high enough to justify the use of transrectal US-guided biopsy in all men, nor are they high enough
to justify their medical discharge. The health care burden of
monitoring men with low-likelihood MRI results who are not
undergoing biopsy needs to be weighed against the potential
for treatment-related harm from active treatments or the follow-up regimens of active surveillance in patients with a good
prognosis and low-risk cancers brought on by nontargeted
systematic transrectal US-guided biopsy. When multidisciplinary teams decide not to perform immediate biopsy after
low-likelihood multiparametric MRI, the follow-up monitoring regimens need to be precisely defined (8,31,50,51). It is
also important to record the characteristics of cancers that
emerge during follow-up to audit the safety of the no immediate
biopsy approach. Recommendations for PI-RADS category 1
or 2 cases can be found in Tables 1 and 2.
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Intermediate- (PIRADS Category 3)
and High-Likelihood
(PI-RADS Categories
4 and 5) MRI Results
Multiple patient- and lesionlevel analyses have shown that
higher levels of likelihood are
associated with higher overall
and higher clinically significant
cancer detection rates, both in
biopsy-naïve patients and in
those with prior negative biopsy results (5,8,9,11,35,53).
The validation study by Hansen et al (9) used the Ginsburg
saturation biopsy scheme and
documented increases in the
Figure 1: Infographic shows approximate diagnostic yields of systematic biopsy in biopsy-naïve men
detection rate of ISUP grade
on the MRI pathway. The MRI pathway consists of no biopsy in men with Prostate Imaging and Reporting
Data System (PI-RADS) category 1 or 2 findings and MRI-targeted biopsy in men with PI-RADS category
group 2 or higher lesions for
3–5 findings, without additional clinical factor input. Data are for guidance only and are based on a
PI-RADS category 3 (31%;
combination of the MRI pathway and systematic biopsy as the reference standards. Data do not total
95% CI: 25%, 38%) and PI100% because of rounding and aggregation of different data sources reported by Drost et al (10). Data
RADS category 4 or 5 (71%,
in parentheses are 95% confidence intervals for the mean values. ISUP = International Society of Urologi95% CI: 67%, 75%). Another
cal Pathology. This graphic was prepared with data kindly provided by Ivo Schoots, MD, PhD (Erasmus
University Medical Center, Rotterdam, the Netherlands).
study in 339 biopsy-naïve men
using transrectal US targeting
and systematic transrectal US-guided biopsy of 737 targets
confirmed in two recent large prospective multicenter clinical
found ISUP grade group 2 or higher cancers in 12%, 22%,
studies (8,35).
and 72% of men for PI-RADS categories 3, 4, and 5, respecMultiple studies have shown that expert review can decrease
tively (54). On average, the diagnostic yields of ISUP grade
the percentage of intermediate likelihood category (PI-RADS
group 2 or higher for PI-RADS categories 3, 4, and 5 were
category 3) scans (6,8,63). For example, in the prospective
12%, 48%, and 72%, respectively, in a pooled analysis by
PRECISION (Prostate Evaluation for Clinically ImBarkovich et al (55) and 21% (95% CI: 4%, 27%), 39%
portant Disease: Sampling Using Image Guidance or
(95% CI: 31%, 52%), and 73% (95% CI: 61%, 86%), reNot?) study, central review reduced the percentage of
PI-RADS category 3 scans from 20% to 6% (6). Published studies
spectively, in the pooled analysis by Schoots (56).
suggest that further refinements of MRI criteria could be used
The yields of clinically significant cancers per likelihood
to identify men in this subgroup who are more likely to harcategory depend on multiple factors, including histologic
bor cancers by including the number of sequences with which
definitions, with higher yields for definitions that incorpoabnormalities are visible (64), by using patterns of contrast enrate both tumor volume and tumor grade (5,8). Yields also
hancement that are not currently codified within the PI-RADS
increase when systematic biopsy cores are combined with
system (65), or by using apparent diffusion coefficient measureMRI-directed biopsy cores (8,35). Invariably, yields of ISUP
ments. As previously noted, multiple publications have shown
grade group 3 or higher cancers are highest in patients with
that clinical factors, including PSA density (11,20,42,47,49),
PI-RADS category 5 lesions (8,9,11,54).
risk calculators (19,56), and other serum biomarkers (24), can
The prevalence of the intermediate likelihood category
help determine which men with PI-RADS category 3 findings
(PI-RADS category 3) and the diagnostic yields of clinically
have higher probability of having clinically significant cancers.
significant cancers within this category are dependent on
the population disease prevalence, quality of MRIs, experPatient Implications after Intermediate- or
tise of readers, and methods used to verify biopsy findings
High-Likelihood MRI Findings
(8). Within reported clinical studies in biopsy-naïve men, the
The prospective randomized PRECISION trial showed the
mean prevalence of PI-RADS category 3 is 20% (95% CI:
utility of targeted biopsy alone (without accompanying system13%, 35%) (8,9,24,37,44,57–60) but is higher in men with
atic transrectal US-guided biopsy cores) in biopsy-naïve men
prior negative biopsy results (mean, 33%; 95% CI: 17%,
with intermediate- or high-likelihood MRI findings (6). The
48%) (32,58,61,62). In a systematic analysis, Schoots (56)
PRECISION investigators found that targeted biopsy alone
reported that the mean prevalence of ISUP grade group 2
in men with PI-RADS category 3–5 MRI results was superior
or higher cancers in this group detected with transrectal systo systematic transrectal US-guided biopsy in the detection of
tematic biopsy, targeted biopsy, or both was 20%; this was
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Table 1: Patient Groups and Proposed MRI-directed Biopsy Strategies according to PI-RADS Categorization

Population and MRI-directed
Biopsy Strategy
Biopsy-naïve men
Recommendation
Option
Men with negative findings at
prior systematic transrectal
US-guided biopsy at
persistent risk*
Recommendation
Option
Men at persistent risk with
negative findings or
nonexplanatory histology at
MRDB without systematic
biopsy cores*
Recommendation

Option

PI-RADS Category 1–2

PI-RADS Category 3

PI-RADS Category 4–5

Transrectal US biopsy if patient
is at high risk*†‡§
If patient is not at high risk*,
no immediate biopsy‡–safety
net monitoring||

MRDB biopsy with or without
transrectal US biopsy‡
No biopsy in carefully chosen
patients if they are not at high
risk*#–safety net monitoring||

MRDB targeting and transrectal
US biopsy‡
MRDB focal saturation

If patient is not at high risk*,
MRDB alone‡, MRDB targeting
no immediate biopsy‡–safety
and transrectal US biopsy†
||
net monitoring
Whole-prostate mapping biopsies Whole-prostate mapping
if patient is at high risk or as part biopsies*†‡**
of clinical trial *†‡**

MRDB alone‡, MRDB targeting
and transrectal US biopsies†

Transrectal US, saturation, or
TPMB biopsies according
to local rules

Transrectal US biopsy with or
without MRDB

No biopsy, safety net monitoring||

Saturation or TPMB

MRDB focal saturation, MRDB
targeting and mapping
biopsies††

Multiple options, including
MRDB focal saturation
and MRDB focal saturation
with or without systematic
transrectal US biopsies, and
MRDB-focal saturation +
whole prostate mapping
Multiple options, including
MRDB focal saturation
and MRDB focal saturation
with or without systematic
transrectal US biopsies, and
MRDB-focal saturation +
whole prostate mapping

Note.—For transrectal US biopsy, 10–12 systematic transrectal US-guided core biopsies are performed, as per international standards. Saturation biopsy is performed by using transrectal or transperineal sampling (eg, Ginsburg approach). Focal saturation biopsy involves four or
more cores for each MRI target, including surrounding sextants. mpMRI = PI-RADS standard compliant multiparametric MRI. MRDB =
MRI-directed biopsy using US/MRI or the in-bore technique with two to four cores per lesion. PI-RADS = Prostate Imaging Reporting
and Data System, TPMB = transperineal mapping biopsy.
* Higher risk based on clinical suspicion, family history, prior biopsy result, and biomarkers, including 4 K, prostate health index, prostate
cance gene 3, family history, prostate-specific antigen density, and risk calculator scores alone or in combination. 4K incorporates a panel of
four kallikrein protein biomarkers (total prostate-specific antigen [PSA] level, free PSA level, intact PSA level, and human kallikrein-related
peptidase 2 level) and other clinical information in an algorithm that provides a percentage risk for clinically important (Gleason grade 7)
cancer seen at transrectal US biopsy.
†
American Urological Association (AUA)/Society of Abdominal Radiology (SAR) 2016 guidelines (79)
‡
European Association of Urology (EAU) 2019 prostate guidelines (https://uroweb.org/guideline/prostate-cancer/) (13).
#
National Health Service in England, 2018 (83).
§
National Comprehensive Cancer Network version 1.2019 Prostate Cancer Early Detection Recommendations (https://www.nccn.org/) (12).
||
Safety net monitoring consists of prostate-specific antigen level monitoring and follow-up imaging, as per local clinical practice and consistent with clinical goals in individual patients, with roles and responsibilities defined by multidisciplinary management teams.
** NICE guideline proposal 2019 (https://www.nice.org.uk/guidance/indevelopment/gid-ng10057) (31).
††
Dependent on the size and likely next step in management if clinically important prostate cancer is found.
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Table 2: PI-RADS Recommendations for Multiparametric MRI-directed Biopsies

General recommendations
High-quality PI-RADS–compliant multiparametric MRI should be performed before biopsy in most men suspected of having clinically
important disease, who are likely to be offered active treatment.
MRI interpretations and the need for biopsy should be in the context of patient care priorities, noting that the priority in biopsy-naïve
men is to minimize overdiagnosis and detect clinically important cancers. For men with previous negative findings at previous systematic
transrectal US-guided biopsy at persistent suspicion, the priority is to not miss clinically important cancers.
Recommendations for men with PI-RADS category 1 or 2 MRI findings
The guidelines for 2019 from the European Association of Urology (EAU) and the United Kingdom National Institute for Health and Care
Excellence (NICE) encourage no biopsy after low-likelihood MRI in men without high clinical risk for both biopsy-naïve patients and
those with negative results from prior biopsy.
In biopsy-naïve men with low-likelihood MRI, shared physician-patient decision making should consider the risks and benefits of the no
immediate biopsy approach.
For those opting for biopsy after low-likelihood MRI and those at higher than usual risk based on clinical parameters, a systematic prostate
biopsy should be undertaken (EAU 2019, NICE 2019, National Comprehensive Cancer Network [NCCN] 2019).
A safety net of clinical, laboratory (including prostate-specific antigen), and imaging monitoring needs to be in place for those patients
opting for no immediate biopsy after low-likelihood high-quality MRI, as per local clinical practice and consistent with clinical goals for
individual patients, with the roles and responsibilities of the participants and the circumstances that should trigger reinvestigations being
clearly defined.
Recommendations for men with PI-RADS category 3–5 MRI findings
PI-RADS category 3 scans should be regarded as a positive scan requiring peer-review and biopsy considering clinical and laboratory findings.
The EAU 2019 and NCCN 2019 guidelines encourage the performance of a combination of systematic and targeted biopsies in biopsynaïve men destined for biopsy after intermediate- or high-likelihood MRI findings (ie, PI-RADS category 3). The EAU 2019 guidelines
recommend only targeted biopsies are needed in men with prior negative systematic biopsy results.
When targeted biopsies are performed, multiple cores (focal saturation) should be obtained from MRI-defined targets to minimize underdiagnoses and improve risk stratification.
Note.—EAU 2019 prostate cancer guidelines can be found at https://uroweb.org/guideline/prostate-cancer/ (13). NICE 2019 guidelines can
be found at https://www.nice.org.uk/guidance/indevelopment/gid-ng10057 (31). NCCN Clinical Practice Guidelines in Oncology version
1.2019 can be found at https://www.nccn.org (12).

ISUP grade group 2 or higher cancers (+12%) and reduced the
detection of clinically insignificant (ISUP grade group 1) cancers by 13% (6). These findings are countered by the consistent
finding in the literature of additional ISUP grade group 2 or
higher disease not being detected with MRI-directed biopsyonly cores but instead being found in accompanying systematic transrectal US-guided biopsy cores in 5% (95% CI: 3%,
8%) of biopsy-naïve men (8,37,53,58,66) (Fig 1).
Recent data also show that most additional ISUP grade group
2 or higher tumors found at systematic biopsy are in sextants
adjacent to MRI-identified lesions (8,35,67–69), suggesting
that targeting errors and tumor heterogeneity contribute substantially to nondetection and undergrading. These studies also
document low yields of sampling normal-appearing nonadjacent
sextants that do not alter overall risk stratification in the majority
of patients with a cancer diagnosis (Fig 2) (8,35,67). Multiple
analyses indicate that when targeted biopsies are performed, additional cores (so-called focal saturation) increase biopsy yields
(67,69–72); however, the optimal number of focal saturation
biopsy cores remains undefined (8,69,70,73).
It is necessary to determine the optimal number of biopsy
cores per lesion because of the link to cancer detection rates and
for deciding on the need for repeat biopsy after negative results.
Biopsy core numbers are also related to the accuracy of cancer
risk stratification. Recently, Zhang et al (72) noted that more
clinically significant prostate cancers were detected when the
6

number of core biopsy samples per index lesion was increased
from one to three and from three to five (6.4% and 2.4%, respectively) when performing cognitive MRI-targeted transrectal
US biopsy. As the biopsy paradigm changes toward targeted biopsy, it seems paradoxical that acquisition of more cores per lesion is advocated to overcome targeting inaccuracies and tumor
heterogeneity, particularly when a major MRI-directed biopsy
claim is the improved detection of clinically significant cancer
with fewer core samples.
There are discrepancies between histologic grading from
MRI-directed biopsy and those from final pathologic examination after prostatectomy (both upgrading and downgrading)
(69,74). These discrepancies are also common after diagnoses
made with systematic transrectal US-guided biopsy (75). Readers should be aware of the potential for risk inflation with MRIdirected biopsies because of greater tumor core involvement
(76). For these reasons, oncologic equivalence between selective
sampling of a few MRI-directed biopsy cores and 10–12 cores
obtained during systematic transrectal US-guided biopsy cannot
be assumed.
The debate between using MRI-directed biopsy alone or in
combination with systematic transrectal US-guided biopsy after
intermediate- or high-likelihood MRI findings in biopsy-naïve
men is evenly balanced. Since the estimated added value of systematic transrectal US biopsy to MRI-directed biopsy is approximately 5% (Fig 1), 20 combined biopsies are needed to detect
radiology.rsna.org n Radiology: Volume 00: Number 0— 2019
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Figure 2: Images in a 75-year-old man with a serum prostate-specific antigen level of 14.6 ng/mL. A, T2-weighted MR
image, B, apparent diffusion coefficient map, C, diffusion-weighted MR image (b value, 2000 sec/mm2), and, D, dynamic
contrast-enhanced MRI show a lesion (arrows) classified as Prostate Imaging Reporting and Data System category 4 in A and C
and as positive in D in the midline anterior apical transition zone. E, Targeted biopsy was performed with transrectal US/MRI
and revealed Gleason grade 3+4 cancer in three of the four cores sampled from this lesion. F, Volume-rendered MRI shows
mapping of the four targeted cores and systematic 12 cores. One of the 12 systematic biopsy cores revealed Gleason grade
3+3 prostate adenocarcinoma (5% core involvement), which made no difference for risk stratification in this patient.

one additional ISUP grade group 2 or higher cancer not detected
with MRI-directed biopsy cores (8,37,58,66). This number is
higher in men with prior negative biopsy results (4). Systematic US-guided biopsy cores also expose men to the diagnosis
of ISUP grade group 1 cancers on top of those diagnosed with
MRI-directed biopsy (Fig 1). Recommendations for PI-RADS
category 3–5 cases can be found in Tables 1 and 2.

Recommendations for MRI-directed Biopsy
To our knowledge, there is no clear stepwise algorithm that will
enable us to advise patients clinically suspected of having cancer to undergo blood or urine biomarker tests, MRI, and then
biopsy and treatment. Clinical decision making in patients
with a prostate cancer diagnosis incorporating MRI findings is
inherently complex, and there is no optimal way to balance
the gains (eg, correctly diagnosing clinically significant cancers
or avoiding unnecessary biopsy) and losses (eg, missing clinically significant cancers or diagnosing clinically insignificant
disease). Decision curve analyses (77) and prostate cancer risk
calculators (16,17) can be helpful when managing the complex
information for patient decision making regarding the need for
biopsy after MRI (78).
Diagnostic pathway benefits can only be accrued if MRI
findings direct patient management. Decision making regrading
biopsy needs and methods and follow-up strategies in men with
high-, intermediate-, or low-likelihood MRI findings requires
consensus within multidisciplinary teams. Radiologists need to
Radiology: Volume 00: Number 0— 2019 n radiology.rsna.org

be part of this conversation as new pathway paradigms incorporating MRI and MRI-directed biopsy emerge (Fig 3). Decisions
are multifaceted depending on (a) the respective clinical priorities for biopsy-naïve men and those with prior negative biopsy
results, (b) the prevalence of clinically significant cancer within
the examined population, (c) the ability of MRI to help rule-out
clinically significant cancer according to local disease prevalence
and diagnostic team expertise tailored to working definitions of
clinically significant disease, (d) the likely diagnostic yields of
nontargeted systematic transrectal US-guided biopsies for finding clinically significant and insignificant cancers in men with
both low- and intermediate- or high-likelihood MRI findings,
and (e) the number of negative biopsy results that urologists and,
most importantly, patients are willing to accept to find one additional case of clinically significant cancer (17) (Fig 1).
There are limited guidelines on MRI-directed management
actions in biopsy-naïve patients, even though the use of MRI
in these patients is increasing. If the clinical priority as expressed by the U.S. Preventative Services Task Force is to avoid
overdiagnoses, especially in men older than 70 years (25), then
the 2019 European Association of Urology recommendation
to not perform systematic biopsy after low-likelihood MRI
findings is appropriate (https://uroweb.org/guideline/prostatecancer/) (Table 2). However, this advice is at odds with the
Society of Abdominal Radiology and American Association of
Urology statement, which recommends systematic biopsy in
the absence of an MRI target (79), as does the 2019 National
7
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apart. Clear annotations on the origin of recommendations are
given in Tables 1 and 2, so as not to give widely variant advice.

Delivering Benefits to Patients

Figure 3: Diagram shows patient flow in the prostate cancer diagnostic pathway. Safety net monitoring consists of prostate-specific antigen monitoring and follow-up imaging as per local clinical practice
and consistent with clinical goals for individual patients, with roles and
responsibilities defined by multidisciplinary management teams (8,52).
MDT = multidisciplinary team, mpMRI = PI-RADS-compliant multiparametric MRI, PI-RADS = Prostate Imaging Reporting and Data System,
PSAD = prostate-specific antigen density.

Comprehensive Cancer Network guideline (12). As stated by
the European Association of Urology, consideration must be
given to other risk factors that could override a recommendation
not to perform biopsy, as discussed in the preceding section on
patient selection.
Performing only targeted biopsies in men with intermediateor high-likelihood images has been shown to be efficacious in
an influential prospective randomized study (6). However, the
2019 European Association of Urology guidelines (13) suggest
the use of combined systematic and targeted biopsies in biopsynaïve men with intermediate- or high-likelihood MRI findings
and recommend omitting systematic cores only in those with
prior negative biopsy results, which the PI-RADS steering committee endorses (Table 2).
After taking these variations into account, the PI-RADS
steering committee proposes the PI-RADS multiparametric
MRI and MRI-directed biopsy pathway (3) (Table 1, Fig 3),
which details the acceptable actions for low-likelihood (PIRADS categories 1 and 2), intermediate-likelihood (PI-RADS
category 3), and high-likelihood (PI-RADS categories 4 and
5) MRI findings. When formulating these recommendations,
available clinical guidelines have been incorporated to provide
consistent advice for practice. When clinical guidelines are at
odds with our view or for imaging matters that are in our purview, the PI-RADS steering committee recommendations stand
8

The PI-RADS steering committee acknowledges the considerable challenge presented by implementation of multiparametric MRI and MRI-directed biopsies for most men suspected of
having clinically significant prostate cancer. We acknowledge
that not all patients suspected of having cancer benefit from the
multiparametric MRI approach because clinical studies have
largely excluded men with clinically obvious locally advanced
disease with a markedly elevated PSA level (80). Furthermore,
we realize that the results of studies undertaken in high-volume expert centers, with the advantages of state-of-the-art
equipment, optimized protocols, and highly experienced subspecialized radiologists, may not be applicable to clinical practice everywhere. For multiparametric MRI and MRI-directed
biopsy to deliver the intended pathway benefits, the quality
of the entire diagnostic process must be ensured by having
robustly trained technologists, experienced radiologists, and
practitioners who conduct MRI-directed biopsy while working
within multidisciplinary teams.
Many centers struggle with image optimization, particularly
with diffusion-weighted sequences, which are important in
disease detection and characterization. The quality of diffusionweighted images affects apparent diffusion coefficient map calculations and computed high-b-value images, both of which are
important for MRI risk categorization. Unfortunately, there are
no universally accepted technical quality criteria that encompass
the necessary spatial resolution, signal-to-noise ratio, and diffusivity measurements for prostate MRI. The Radiological Society
of North America Quantitative Imaging Biomarkers Alliance is
addressing this issue. MRI manufacturers need to provide equipment that delivers high-quality diffusion-weighted sequences;
this point cannot be overemphasized. Well-trained MRI technologists and real-time quality control are needed to obtain the
best images possible with the equipment used.
Reader expertise is also a major issue contributing to variability in reported studies and can potentially affect clinical care. Multiple factors affect the learning curve of prostate
MRI reading (81). These include the expertise of radiologists,
the availability of histopathologic and urologic feedback during multidisciplinary meetings, and mentoring. Several groups
have advocated training and certification for radiologists who
supervise and interpret prostate multiparametric MRIs (52,82),
suggesting that performance measures should be considered to
ensure quality throughout the process. These measures include
(a) requiring MRI readers and those who perform MRI-guided
biopsy to complete continuing medical education courses, (b)
requiring that radiologists interpret and report on a minimum
number of prostate MRI studies per year, (c) requiring that
whomever performs biopsies performs a minimum number of
biopsies per year, (d) establishing benchmarks for the percentage
of MRI studies that result in PI-RADS category 3 findings, and
(e) requiring feedback from pathology and urology colleagues so
that results can be audited and improved. Expert panels working
within accrediting organizations, such as the American College
radiology.rsna.org n Radiology: Volume 00: Number 0— 2019
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of Radiology and the European Society of Urogenital Radiology,
are taking the lead in defining detailed quality criteria for these
purposes.

Future Directions and Conclusions
The PI-RADS version 2.1 update was recently released (2). The
next major revision of PI-RADS is anticipated to be a multiyear endeavor because it will require additional research data to
emerge on the clinical use of MRI and MRI-directed biopsy.
The international PI-RADS Steering Committee therefore encourages investigations into the areas highlighted within Table
E1 (online); the strength of emerging evidence will inform future PI-RADS guidance developments.
Notwithstanding, there is already high-quality evidence
showing that PI-RADS evaluations of multiparametric MRI
can help detect and localize life-threatening prostate cancer
with greater clinical utility than the current standard, which is
systematic transrectal US biopsy. MRI is already transforming
prostate cancer diagnosis internationally. However, additional
work needs to be done before we know the clinical impact of the
incorporation of prostate MRI on the health outcomes of men
suspected of having prostate cancer.
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