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Multiparametric (mp) prostate magnetic resonance imaging (MRI) is playing an increasingly
prominent role in the diagnostic work-up of patients with suspected prostate cancer. Per-
forming mpMRI before biopsy offers several advantages including biopsy avoidance under
certain clinical circumstances and targeting biopsy of suspicious lesions to enable the correct
diagnosis. The success of the technique is heavily dependent on high-quality image acquisition,
interpretation, and report communication, all areas addressed by previous versions of the
Prostate Imaging-Reporting and Data System (PI-RADS) recommendations. Numerous studies
have validated the approach, but the widespread adoption of PI-RADS version 2 has also
highlighted inconsistencies and limitations, particularly relating to interobserver variability for
evaluation of the transition zone. These limitations are addressed in the recently released
version 2.1. In this article, we highlight the key changes proposed in PI-RADS v2.1 and explore
the background reasoning and evidence for the recommendations.

© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

men presenting with a suspicion of prostate cancer has
increased from 55% in 2016 to 80% in 2018.’

The high incidence of the disease necessitates wide-
spread adoption of prostate MRI; it cannot remain the
preserve of tertiary referral centres. To ensure successful
outcomes, the images need to be of sufficient quality and
must be reported to a high level. These points are high-
lighted by the improved outcomes from single-site, expe-
rienced centres® compared to multicentre studies, which
incorporate differing MRI protocols and variable levels of
radiologist experience.” > The Prostate Imaging-Reporting
and Data System (PI-RADS) recommendations have been

Introduction

Prostate cancer is the most common male non-cutaneous
cancer, with an overall mortality rate of the disease now
exceeding that of breast cancer in the UK. Recent level 1a
literature evidence supports the use of multiparametric (mp)
magnetic resonance imaging (MRI) for the diagnosis of tu-
mours, showing an incremental improvement in detection
compared to systematic non-targeted transrectal prostatic
biopsy.>° Indeed, in England, the use of MRI pre-biopsy in
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developed with the aim of addressing these issues by
standardising the acquisition, interpretation, and reporting
of prostate mpMRI examinations.
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Evolution not revolution

The original 2012 European Society of Urogenital Radi-
ology (ESUR) prostate MRI recommendations (retrospec-
tively termed PI-RADS version 1) focused on image
acquisition, providing different protocols for detection,
staging, and node/bone assessment, and setting minimal
and optimal parameters®; however, the system did not fully
describe the process of deriving an overall assessment
category, leading to variable applications in practice.” PI-
RADS version 2 (v2) incorporated key advances in both
acquisition, with a uniform protocol recommended and no
longer including magnetic resonance spectroscopy, and
interpretation using a prescriptive algorithm provided for
deriving a five-point final score based on zone-specific
dominant sequences.” Version 2 was intended as a
“living” web-based document that could evolve with clin-
ical practice. Indeed, since its original online publication in
2015, the document has seen the subsequent additions of an
image atlas and introduction of report templates.

PI-RADS v2 has seen a broad uptake, with several studies
validating the scoring system'' ~'>; however, experience has
also highlighted ambiguities in the scoring''> and limita-
tions in relation to inter-reader reproducibility.'®'” Version
2.1 recommends several minor adjustments aimed at
simplifying assessment and reducing inter-reader vari-
ability, without changing the overall scope or principles of
the original system.'® For these reasons, the document
constitutes v2.1 rather than “version 3”. Herein, we high-
light the key changes proposed in PI-RADS v2.1 and explore
the background reasoning and evidence for the
recommendations.

MRI acquisition

The definition of mpMRI remains that of T2-weighted
(T2W) imaging, diffusion-weighted imaging (DWI), and
dynamic contrast-enhanced (DCE) sequences. Version 2.1
does not recommend biparametric (bp)MRI use, but ac-
knowledges the growing investigation of bpMRI,'® 2! which
may offer additional ancillary benefits such as avoidance of
adverse effects of gadolinium and reduced examination
time and cost, which may encourage greater uptake of MRI.

Issues of patient preparation have not been revisited
following a lack of consensus in version 2. It should be noted
that there is some emerging evidence in this field, partic-
ularly in relation to refraining from ejaculation,’>?> for
administration of antispasmodics,’*?> and for bowel
cleansing.?® 28

T2W imaging

T2W imaging remains the key sequence for staging dis-
ease and assessing lesions in the transition zone (TZ). High-
resolution, small field-of-view axial images enable evalua-
tion of lesion encapsulation in the TZ, but may be limited by
partial voluming, necessitating assessment in additional
planes. In version 2, the recommendation was to perform
T2W imaging in the axial, sagittal, and coronal planes;

however, PI-RADS v2.1 now states that T2W images should
be obtained in the axial plane and a minimum of one
additional orthogonal plane. A preference for the choice of
secondary plane is not explicitly stated; however, subse-
quent guidance on gland volume calculation describes
measurement on the sagittal plane. The plane of axial
acquisition can be acquired either in a true axial plane to the
patient, as recommended in current UK consensus docu-
mentation for reproducibility purposes,”® or in an oblique
axial plane perpendicular to the long axis of the prostate.>”
An axial plane oriented orthogonal to the rectum and the
posterior aspect of the prostate is not mentioned in v2.1,
although this will better reflect the slice orientation of
prostatectomy specimens,’' this may be of limited addi-
tional benefit in clinical, non-research settings.

DWI

Version 2 stated that the low b-value images should be
acquired at 50—100 s/mm?, in order to avoid the perfusion/
pseudo-diffusion effects at a b-value of 0 s/mm?*? 3%
however, it is noted that the potential advantages of doing
so have not subsequently been confirmed and that there
may be technical challenges in meeting this requirement
with certain equipment. Hence, the use of b=0 is now
deemed acceptable. There has been further clarification in
the definition of the maximum value from which to calcu-
late the apparent diffusion coefficient (ADC) maps. It is now
more strongly indicated that the ADC map should be
calculated only using b-values up to 1,000 s/mm?, to avoid
the kurtosis effects that occur at higher b-values and can
impact ADC calculation.>>*” Although a high b-value image
(>1,400 s/mm?) is mandatory, this should be acquired
separately or may be achieved by using calculated/synthetic
images, generated by extrapolation from the acquired lower
b-value data'” (Fig 1).

DCE MRI

In recognition of the widespread availability of three-
dimensional (3D)-DCE sequences on current systems and
the committee’s consensus that 3D confers signal: noise
ratio (SNR) advantages over 2D-DCE, it is now stated that a
3D acquisition is the preferred option. High spatial resolu-
tion is advantageous for DCE to allow differentiation of
periprostatic veins, which may provide false-positive high
DWI signal®® and can enable anatomical differentiation of
the peripheral zone (PZ) and TZ when this may be unclear
on T2W imaging at the apex due to partial voluming.
Another benefit of high spatial resolution is evaluating for
the more homogeneous enhancement typically seen in tu-
mours and described in the TZ as being “sheet-like”, rather
than a benign swirled or popcorn-like pattern.'” The choice
of temporal resolution involves a trade-off in spatial reso-
lution, and the previous recommendations of <10 seconds
(with <7 seconds preferred) risked compromising image
quality on some scanners, therefore version 2.1 advises that
temporal resolution can be increased up to 15 seconds.
Theoretically a longer temporal resolution could risk
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Figure 1 Benefit of synthetic b-values in a 61-year-old biopsy-naive man with a PSA of 8.29 ng/ml. (a,b) Axial T2-weighted image (a) shows a
wedge-shaped area of low signal in the right mid-gland laterally (arrow), with restricted diffusion on ADC maps (b). (¢) Acquired large field of
view (FOV) b=1,000 image shows increased signal in this region, but with limited conspicuity over background normal signal; this in isolation
world be PI-RADS score 3 for DWI. (d) Synthetic b=1,500 image calculated from large FOV b=50/750/1,000 image shows reduced signal in the
normal prostate with high conspicuity of the lesion, confirming PI-RADS score 4 for DWI. (e,f) Acquired small FOV b=2,000 image (e) shows the
lesion well, with further increased conspicuity seen in the synthetic b=2,500 image (f). Targeted transperineal biopsy showed Gleason 3+4=7 in

all four cores, with 9 mm maximum tumour length.

missing focal early enhancement of a PZ lesion in a gland
with background inflammation/prostatitis; however, recent
studies suggest that lesion detection is not compromised by
extending timing beyond 10 seconds,>® and even up to 15
seconds.*”

bpMRI

In PI-RADS version 2, DCE only affected the scoring of
PZ lesions receiving a score of 3 on DWI, and had no

formal role in TZ lesion scoring. Version 2 also provided a
supplementary scoring system using T2W imaging for
DWI score 3 lesions in the PZ in the absence of DCE. To
further clarify the value of DCE, a number of studies have
looked at the merits of bpMRI, using diagnostic T2W and
DWI alone. Initial studies were retrospective, often
including mixed patient populations, and in some cases,
excluded patients with hip replacements or significant
DWI artefact, where DCE is of known benefit, or used
surgical series with the inherent likelihood of including
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Figure 2 Advantage of DCE in DWI failure in a 60-year-old biopsy-naive man with a PSA of 4.87 ng/ml. (a) Geographical low T2 signal bilaterally
at the apex in the posterior PZ. Distortion artefact due to rectal gas affects b-value (b) and ADC maps (c¢) making these uninterpretable. (d) Focal
early enhancement in the right apex PZ (arrow) makes this suspicious for tumour. Targeted transperineal biopsy of the right apex showed
Gleason 4+3 disease.

Figure 3 Normal CZ appearances. (a,b) Normal CZ at the base level identified as bilateral symmetrical low T2 signal intensity tissue surrounding
the ejaculatory ducts (arrows), located posterior to the TZ and the urethra on axial imaging (a), and coursing medially to join with the urethra at
the level of the verumontanum, often better appreciated on coronal imaging (b).
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larger lesions, which are more conspicuous on all se-
quences.”*1*? Subsequent prospective studies have also
supported the efficacy of a biparametric approach'®?’;
however, the PI-RADS Steering Committee has continued
concerns regarding the broad adoption of bpMRI and
emphasises that the utility of bpMRI relies on T2W and
DWI that is of high quality and artefact-free, which may
not always be the case, particularly in the absence of an
endorectal coil?’ (Fig 2). Although lower volume centres
may particularly benefit from the use of DCE to help
overcome any issues with T2W or DWI image quality*’
and to aid the less experienced readers,** it is paradoxi-
cal that these centres are the ones more likely to employ a
biparametric approach.*> A further implication is the po-
tential for category shift, with a biparametric approach
potentially resulting in a higher number of PI-RADS 3 and
fewer score 4 lesions, which may have implications for
score-based management pathways.'” The committee also
notes that no head-to-head comparisons have been per-
formed, and studies to date have been single-centre
studies with experienced readers. Thus, future multi-
centre studies with readers of mixed experience are
encouraged to further explore bpMRI.

The consistently high sensitivity and negative pre-
dictive value (NPV), but more variable specificity of
prostate MRI suggests that it performs better as a “rule
out” rather than a “rule in” test for clinically significant
prostate cancer (csPCa).>'>“%*’ Indeed, this is of
particular benefit when applied to clinical practice and
the potential to avoid biopsy in low-risk patients with a
negative MRI; thus, the investigation should be per-
formed to its optimal level. DCE has been shown to
further increase sensitivity for lesion detection in both
the PZ and TZ>%“®*° particularly in men with lower
prostate-specific antigen (PSA) levels (<10 ng/ml),”° and
for less experienced readers,** and can potentially serve
as a “safety net” for detection of lesions missed on
initial review of other sequences. Furthermore, in cir-
cumstances where DWI fails and no DCE has been
performed, PI-RADS states that the MRI assessment
should be limited to staging alone. DCE also remains
essential in the assessment of local recurrence following
prior radical treatment or focal therapy (although PI-
RADS assessment criteria explicitly do not currently
apply to these cohorts). The committee suggests that
bpMRI be reserved for select clinical indications;

Figure 4 CZ tumour in a 73-year-old patient with a PSA of 8.87 ng/ml. (a) Low T2 signal with minor asymmetry at the base, within the central
zone (arrow). (b) Focal early enhancement on DCE. (c,d) Marked restricted diffusion within this area, particularly to the left of midline. Reported
as high probability for CZ tumour, with additional direct extension into the seminal vesicles. Biopsy of this region showed Gleason 4+5 disease

with core involvement up to 19 mm.
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however, rather than endorsing scenarios where bpMRI
could be utilised, v2.1 identifies circumstances in which
mpMRI is the preferred option, along with the sugges-
tion that mpMRI be used when the clinical priority is
not to miss any significant cancer. The latter proviso
may be of particular relevance to biopsy-naive men in
whom prostate MRI may be the only test performed
(aside from screening PSA) and, if negative, used as a
means to avoid biopsy. This justifies the additional cost
of contrast medium and the opportunity to perform the
test to its optimal diagnostic potential; thus, DCE re-
mains an integral component of prostate MRIL

Interpretation

The interpretation and scoring system employed in v2
applied to lesions arising from the PZ or TZ; however, some
areas do not fit this binary definition, for instance, the
central zone (CZ), anterior fibromuscular stoma (AFMS), or
at the PZ/TZ interface where the region of lesion origin is
uncertain. This has been a highlighted weakness of PI-RADS
and partially explains the UK preference for a Likert scoring

system29; however, advice is now offered for these areas in
v2.1. Nonetheless, separate scoring criteria are not provided
for these regions, and if no abnormality is present in the CZ
or AFMS, they do not need to be reported separately.
Additional clarification is proposed for the definition of a
negative DCE score, and minor changes have been made to
the scoring used systems in the TZ, and for DWI. Application
of the PI-RADS scoring system remains explicitly for initial
MRI assessment only, and not for assessment post-
treatment. Criteria are not provided for determining
whether a lesion on active surveillance has progressed be-
tween examinations.

z

The CZ is a Wolffian duct derivate with similar histo-
logical features to those of the seminal vesicles, which,
unlike the remaining prostatic tissue, derives from the
urogenital sinus.”’ The normal CZ can be identified in up
to 93% of MRI studies,”>> and is seen as low T2 signal
intensity tissue surrounding the ejaculatory ducts, located
posterior to the transition zone at prostatic base, and
coursing medially to the urethra at the level of the

Figure 5 “Pitfall of the pitfall” tumours. (a,b) Bilateral base level PZ tumours (arrows). Despite symmetric appearances, the lesions are within the
PZ rather than central zone (a); with marked restricted diffusion noted on ADC maps (b). Bilateral tumours were confirmed on targeted biopsy
and subsequent prostatectomy: Gleason 4+3 on right and 3+4 on left. (c,d) Tumour located medially within the left base/mid PZ, with mild
asymmetry (c), and confirmed to pass below the level of the verumontanum on sagittal imaging (arrows in d), therefore not relating to the CZ;

biopsy confirmed Gleason 4+3 tumour.
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verumontanum, often better appreciated on coronal im-
aging’” (Fig 3). Normal CZ can demonstrate mild increased
signal intensity on b-value imaging, and typically has ADC
values lower than normal PZ/TZ tissue and overlapping
with tumour ADC values.”® CZ tumours account for <5% of
all prostatic cancer, but tend to be more aggressive, with a
higher grade and increased incidence of extracapsular
extension and seminal vesicle invasion,”® making identi-
fication important. Key to assessment is the symmetrical
appearance at the base level, compressed by the TZ pos-
teriorly into a teardrop or “moustache” shape.*® A CZ
tumour is suspected when asymmetry is present or
extension below the verumontanum is confirmed in
multiple planes; however, a normal CZ can appear asym-
metric in 18% of cases,’” particularly in the setting of
significant benign prostate hyperplasia (BPH). To identify
CZ tumours, it can be useful to assess for presence of a
“mass-like” change rather than simple asymmetry. DCE is
also helpful for evaluation of the normal CZ, which typi-
cally demonstrates a type 1 (progressive) enhancement
curve compared to CZ tumours, which demonstrate early
enhancement and a type 3 (wash-out) curve’ (Fig 4). Care
has to be taken to avoid the “pitfall of a pitfall” when
tumour mimics normal CZ anatomy, for example, bilateral
basal PZ tumours manifesting in a similar fashion to the
CZ>° (Fig 5).

(b)

847

AFMS

Lesions do not originate from the AFMS, but can arise
from the adjacent PZ or TZ, or invade into the AFMS.”’ It is
acknowledged that possible ambiguity of lesion zone of
origin is a limitation of PI-RADS, and therefore, interpreta-
tion and application of the scoring system here has some
inherently subjective components. Knowledge of the im-
aging appearances of the normal AFMS is of value: cres-
centic low T2 signal, no high signal on b-value imaging,
mildly reduced ADC, and a type 1 (progressive enhance-
ment) curve on DCE.>®*° An easy way to remember these
normal appearances is “low on all sequences”. Muscle
within the bladder wall is a useful internal reference point
for T2W signal intensity, with AFMS being iso- or hypo-
intense, and tumour being mildly hyperintense. The close
association of the AFMS to the TZ leads to a tendency to
apply the TZ scoring system to this region, including the
dominance of T2WI; however, DWI, especially the high b-
value image, and DCE may be essential for evaluation of this
region, particularly in cases with asymmetry or a bulky
appearance on T2WI. Tumour will demonstrate focal high
signal on the b-value image as well as early enhancement
on DCE (Fig 6), in contradistinction to normal AFMS, which
does not show true restricted diffusion, and demonstrates
delayed enhancement due to its fibrous composition.

Figure 6 Anterior tumour in a 65-year-old biopsy-naive man with a PSA of 6.5 ng/ml. (a) No clear abnormality demonstrated in the anterior
gland on T2W imaging (the key sequence for the TZ). (b) Focal high signal on b=2,000 DWI suspicious for tumour (arrow), with focal early
enhancement confirmed on DCE (c). Targeted biopsy confirmed Gleason 3+4 tumour.

(b)

Figure 7 New PI-RADS T2W imaging category 1 in the TZ. A 74-year-old man with a PSA of 16.04 ng/ml underwent systematic transrectal
ultrasound (TRUS) biopsy, which showed one core Gleason 3+3 on the right side, and MRI for staging. (a) Fully encapsulated nodule in the left TZ
(arrow) is of PI-RADS category 1 (previously, version 2 = category 2). Additional benign features include foci of high T2 signal within, consistent
with microcysts (dilated hyperplastic acini), and posteriorly location. (b) Marked restricted diffusion on ADC maps, making this score 5 for DWI
based on size. (c) Positive on DCE, with early enhancement. T2W imaging is the dominant sequence in the TZ; overall PI-RADS score 1.
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Figure 8 Up-scoring T2 category 2 lesions with DWI in a 75-year-old biopsy-naive man with a PSA of 9.5 ng/ml. (a) Partly encapsulated ho-
mogeneous circumscribed nodule within the anterior mid TZ (arrow), PI-RADS score 2 on T2W imaging as an “atypical nodule”. (b) Focal early
enhancement on DCE. (c,d) The nodule demonstrates marked restricted diffusion on b=2,000 (c) and ADC maps (d), PI-RADS score 4 on DWL
Overall PI-RADS v2.1 score 3. Targeted transperineal biopsy demonstrated Gleason 4+3 tumour in 2/3 cores, with all other background cores
negative.

Table 2
Evaluation of the TZ PI-RADS scoring system changes in version 2.1.

Score criteria
T2W for transition zone (TZ)

The TZ is challenging to assess on all imaging sequences,

typically containing hyperplastic nodules, areas of cystic 1 Normal appearing TZ (rare) or a round, completely encapsulated
change, and glandular and stromal components of mixed T2 “typical nodule”

2 A mostly encapsulated nodule OR a homogeneous circumscribed
Table 1 nodule without encapsulation (“atypical nodule”) OR a homogeneous
Guidance for assignment of overall PIRADS-v2.1 score. mildly hypointense area between nodules

3 UNCHANGED [Heterogeneous signal intensity with obscured margins. Or

Peripheral zone other, not in categories 1/2 or 4/5]

DWI score DCE score T2W imaging  Overall 4—5 UNCHANGED [Lenticular or non-circumscribed, homogeneous,
(dominant (secondary score PIRADS-v2 moderately hypointense, either <1.5 cm (score 4), or >1.5 cm or features
sequence) sequence) score of ECE/invasive behaviour (score 5)]
1 Any Any 1 Diffusion-weighted Imaging
2 Any Any 2 1 UNCHANGED [No abnormality (i.e. normal) on ADC and high b-value
3 -ve Any 3 D WI] . .
3 s Any 4 2 Lmefir/wedge shgped area that is hypointense on ADC and/or
4 Any Any 4 hyperintense on high b-value DWI
5 Any Any 5 3 Focal area of hyperintensity on high b-value DWI and/or hypointense
on ADC; may have marked change on b-value imaging or ADC, but not
Transition zone on both
T2W imaging DWI score DCE score Overall 4—5 UNCHANGED [Focal markedly hypointense on ADC and markedly
score (secondary PIRADS-v2 hyperintense on high b-value DWI; either <1.5 cm (score 4), or >1.5 cm or
(dominant sequence) score features of ECE/invasive behaviour (score 5)]
sequence) Dynamic contrast-enhanced MRI
1 Any Any 1 - No early or contemporaneous enhancement, or; diffuse multifocal
2 <3 Any ) enhancement NOT corresponding to a focal finding on T2W and/or
2 >4 Any 3 LG
3 <4 Any 3 + UNCHANGED [Focal enhancement and earlier than adjacent normal
3 5 Any 4 tissue and corresponding to an abnormality on T2/DWI]
4 Any Any 4 Scoring for T2-weighted imaging in the PZ remains unchanged and is not
5 Any Any 5 included. ECE, extra-capsular extension; BPH, benign prostatic hypertrophy;
NB peripheral zone scoring system remains unchanged from version 2. ADC, apparent diffusion co-efficient; DWI, diffusion-weighted imaging.
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Figure 9 New DWI category 2 in a 72-year-old patient, who was undergoing active surveillance for low-volume right-sided Gleason 3+3 disease.
(a) Wedge-shaped area of intermediate T2 signal in the left mid PZ. (b,c) Wedge-shaped mild hyperintensity on b=2,000 DWI (b; arrow) and low

signal on ADC maps (c).

signal intensities. The morphological shape (lenticular) and
marginal features (obscured) of lesions are key for TZ
evaluation.®®®! Thus, T2W imaging remains the dominant
sequence and should be assessed in at least two planes. BPH
is typical in the age demographic of men undergoing MRI
for suspected prostate cancer, and this is now acknowl-
edged in v2.1 by reclassifying classic-appearing BPH nod-
ules (encapsulated) from previously PI-RADS score 2 to now
PI-RADS score 1. Category 2 is now reserved for “atypical
nodules,” which are almost, but not fully, encapsulated, or
homogeneously circumscribed, or homogeneous mildly
hypointense areas between nodules; the latter often scored
as “3” using v2 criteria. Another useful feature for “score 2”
nodules, not directly addressed in v2.1, but implied sche-
matically, is the presence of microcysts within a nodule
(Fig 7), which represent dilated hyperplastic acini and are a
feature suggestive of benign change.®”

The trend to down-score T2W imaging features is asso-
ciated with an increased emphasis on DWI scoring in the TZ,
reflecting the general importance of restricted diffusion
within tumours. Version 2.1 emphasises the identification
of areas in the TZ that are different from the background,
wherein multiple nodules that demonstrate similar degrees
of restricted diffusion are not scored. Conversely, areas

(b)

within or between nodules demonstrating more marked
restricted diffusion than background TZ should be scored.
Atypical TZ nodules (now PI-RADS score 2) can be upgraded
to PI-RADS assessment category 3 if they have a DWI score
of >4 (Fig 8), but importantly not with DWI score 3 (mild/
moderate restricted diffusion; Table 1). ADWI score of 5 (i.e.
size >15 mm or invasive behaviour) rather than 4 is still
required to up-score a T2W imaging category 3 to 4, a quirk
of the system that is further accentuated by the new criteria
for up-scoring T2W imaging score 2 lesions (only requiring
DWI score 4); however, the latter change will be partially
offset by the trend to down-score T2W imaging features in
previous categories 2 and 3, and should lead to reduced
inter-reader variability for lesions that are less conspicuous
on T2W imaging but that display marked restricted
diffusion.

Revision of DWI criteria

The DWI features of high probability (score 4—5) lesions,
namely marked hyperintensity on high b-value imaging
and marked low ADC, is well known to radiologists. Abso-
lute ADC measurements do not form part of the scoring
system. Version 2.1 addresses the definition of score 2 and 3

Figure 10 Adjusted scoring for DWI category 2 in a 54-year-old biopsy-naive man, with a PSA of 5.72 ng/ml. (a) Wedge-shaped are of low T2
signal at the right base PZ; PI-RADS score 2. (b,c) DWI shows wedge-shaped mild hyperintensity on b=2,000 (b) and mild hypointensity on ADC
(c). PI-RADS version 2 this would be category 3 due to “Focal mildly/moderately hypointense on ADC and isointense/mildly hyperintense on high b-
value DWI”; however, on v2.1 this is category 2 due to “linear/wedge shaped area hypointense on ADC and/or hyperintense on high b-value DWI”. (d)
Positive on DCE due to focal early enhancement matching a T2/DWI abnormality. DWI is the dominant sequence in the PZ, therefore the overall
assessment category is PI-RADS 4 using v2, but PI-RADS score 2 with v2.1. Targeted biopsy was benign, with histological features of focal mild
acute inflammation.
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for DWI, which lacked clarity in v2, including the differen-
tiation between “focal” and “indistinct” (Table 2). DWI
category 2 is now defined as a linear/wedge-shaped area
that is hyperintense on high b-value DWI and/or hypo-
intense on ADC (Fig 9). This broadly mirrors the T2W
scoring for PZ category 2, and is in part a reversion to the
earlier recommendations of version 1, wherein DWI cate-
gory 2 was defined as “diffuse, hyperintensity on >b=800
image with low ADC; no focal features, however, linear,
triangular, or geographical features are allowed”.® This
should help to reduce the potential scoring of inflammation
as score 3 on DWI, which in turn can be elevated to an
overall PI-RADS category 4 if showing associated focal early
enhancement (Fig 10). Score 3 is now defined as a focal area
of hyperintensity on high b-value DWI and/or hypointense
on ADC; this category may have marked change on b-value
imaging or ADC, but not on both. The term “marked” as
applied to categories 3—5 is now clearly defined as “a more
pronounced signal change than any other focus in the same
zone.”

Clarification of negative DCE scoring

The definition of positive findings on DCE is unchanged;
however, the features of a negative score on DCE have been
modified to help reduce over-calling and improve inter-
reader reproducibility (Table 2). The definition is generally
opposite to that of positive DCE, but also includes diffuse or
multifocal enhancement, more typically associated with
inflammatory change.

MRI reporting

A structured report remains the preferred format, with
recent studies supporting this as a means to improve con-
sistency and to ensure report completeness.®> % Since the
original publication of v2, there have been the online ad-
ditions of example report templates and an imaging atlas.
The template suggests including a statement of PI-RADS
protocol compliance, clinical information including PSA
density, a comment on image quality, and to report findings
at both a lesion and patient (overall) level.

There is increasing evidence for the use of PSA density as
a clinical biomarker, with a threshold of 0.15 ng/ml/ml
proving a useful aid to the clinical decision-making proc-
ess.%97%8 As such, reporting of the gland volume is a key
component of prostate MRI studies. This can be performed
either by segmentation software or triplanar measurements
using an ellipsoid formula. In a change to version 2, v2.1
recommends taking the maximum anteroposterior (AP)
measurement from the mid-sagittal rather than axial T2
image, with the maximum transverse diameter still taken
from the axial plane. The change will avoid variations in AP
measurements that may relate to differences in the choice
of axial plane, and ensure a more uniform measurement is
acquired perpendicular to the long axis of the prostate.

The sector map used for lesion localisation has added
two additional sectors to the base level of the PZ (right and
left posterior PZ medial: PZpm). This brings the overall total

to 41 sectors, incorporating the 38 prostatic sectors, plus
two for the seminal vesicles and one for the membranous
urethra. The 38 prostatic sectors build on the earlier

Table 3
Summary of key changes made for PIRADS-v2.1.

e Format and scope

- Scope remains for initial MRI assessment, not for assessment post-
treatment

- Recommends several minor adjustments aimed at simplifying
assessment, without changing the overall categorisation frame-
work, thus v2.1 rather than “version 3”

e MRI acquisition

- T2W images to be obtained in the axial plane and a minimum of
one additional orthogonal plane

- Axial plane can be true axial to the patient or in an oblique axial
plane matching the long axis of the prostate

- Lowering of the acquired low b-value range to 0—100 s/mm? (50
—100 s/mm? remains preferred)

- The maximum high b-value for ADC map calculation is <1,000 s/
mm?

- High b-value DWI image of 1,400—2,000 s/mm? should be ac-
quired separately, or may be generated by extrapolation from
acquired lower b-value data

- DCE is still recommended, although biparametric MRI is
acknowledged

- DCE 3D T1W GRE is preferred over 2D acquisitions

- DCE temporal resolution increased to <15 s

o Interpretation

- Guidance given for assessment of the CZ and AFMS. If no abnor-
mality is present, they do not need to be reported separately

- Tumours within the AFMS may arise from the PZ or TZ and
judgement may be required as to which scoring system is applied.

- The normal AFMS appears as “low on all sequences”

- TZ assessment: increased emphasis on DWI features, including
distinction from background TZ

- Atypical TZ nodules on T2W imaging (score 2) are upgraded to

category 3 if they have a DWI score of >4. Presence of T2 hyper-

intense “microcysts” can help imply benignity

Definitions for DWI scores 2 and 3 have been revised; scores 1, 4, 5

remain unaltered from v2

- DWI “marked” change as applied to scored 3—5 is defined as “a

more pronounced signal change than any other focus in the same

zone”

Negative DCE now more clearly defined (“positive” DCE definition

is unchanged)

e Reporting

- Structured reports still recommended. Example report templates
are now provided on-line

- The maximum AP prostate measurement should be taken from
the mid-sagittal T2W image rather than axial T2

- Sector maps consist of 38 prostatic regions (41 in total), an in-
crease of two relating to the right and left posterior medial PZ

- Sector map AFMS abbreviation change from “AS” to “AFS”

MRI, magnetic resonance imaging; T2W, T2-weighted; ADC, apparent
diffusion coefficient; DWI, diffusion-weighted imaging; DCE, dynamic
contrast-enhanced; 3D, three-dimensional; 2D, two-dimensional; GRE,
gradient echo; CZ, central zone; AFMS, anterior fibromuscular stoma; PZ,
peripheral zone; TZ, transition zone.
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increase from 27 in version 1 to 36 in v2. Another minor
change in the sector map is the anterior fibromuscular
stroma abbreviation change from “AS” to “AFS”, which may
avoid confusion with the standard abbreviation of “AS” used
for active surveillance. Although the sector locations are a
useful means of simplifying and standardising the message
of lesion location to the end user, the inter-reader exact
agreement for defining sectors has been shown to be low at
21.2%, with agreement on defining the same level of disease
(i.e., apex, mid, base) only 61.4%.%° This needs to be recog-
nised as a source of potential error when a cognitive
approach is taken to targeted biopsy.

Summary

PI-RADS version 2 has been widely adopted and tested in
clinical practice, with experience highlighting areas of am-
biguity, poor performance, and reduced inter-reader vari-
ability. Version 2.1 makes several minor modifications
aimed at addressing these issues and simplifying the
scoring system without changing the overall framework for
acquisition or interpretation using the principles of the
dominant sequence paradigm (Table 3). Although bpMRI is
now acknowledged, concerns are noted, and mpMRI re-
mains advised in a range of scenarios. PI-RADS remains an
assessment based on image features alone; however, other
clinical factors may also, appropriately influence decisions
to biopsy or not. As with prior versions, further research is
encouraged to assess the accuracy, reproducibility, and
interobserver agreement of v2.1 and to identify any im-
provements that may aid in the evolution of version 3.
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