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To determine the interobserver reproducibility of the
Prostate Imaging Reporting and Data System (PI-RADS)
version 2 lexicon.

This retrospective HIPAA-compliant study was institu-
tional review board-approved. Six radiologists from six
separate institutions, all experienced in prostate magnetic
resonance (MR) imaging, assessed prostate MR imaging
examinations performed at a single center by using the
PI-RADS lexicon. Readers were provided screen cap-
tures that denoted the location of one specific lesion per
case. Analysis entailed two sessions (40 and 80 exami-
nations per session) and an intersession training period
for individualized feedback and group discussion. Percent
agreement (fraction of pairwise reader combinations with
concordant readings) was compared between sessions. k
coefficients were computed.

No substantial difference in interobserver agreement was
observed between sessions, and the sessions were sub-
sequently pooled. Agreement for PI-RADS score of 4 or
greater was 0.593 in peripheral zone (PZ) and 0.509 in
transition zone (TZ). In PZ, reproducibility was moderate
to substantial for features related to diffusion-weighted
imaging (k = 0.535-0.619); fair to moderate for features
related to dynamic contrast material-enhanced (DCE) im-
aging (k = 0.266-0.439); and fair for definite extrapros-
tatic extension on T2-weighted images (k = 0.289). In TZ,
reproducibility for features related to lesion texture and
margins on T2-weighted images ranged from 0.136 (mod-
erately hypointense) to 0.529 (encapsulation). Among 63
lesions that underwent targeted biopsy, classification as
PI-RADS score of 4 or greater by a majority of readers
yielded tumor with a Gleason score of 3+4 or greater in
45.9% (17 of 37), without missing any tumor with a Glea-
son score of 3+4 or greater.

Experienced radiologists achieved moderate reproduc-
ibility for PI-RADS version 2, and neither required nor
benefitted from a training session. Agreement tended to
be better in PZ than TZ, although was weak for DCE in
PZ. The findings may help guide future PI-RADS lexicon
updates.

©RSNA, 2016

Online supplemental material is available for this article.

Radiology: \'olume 280: Number 3—September 2016 = radiology.rsna.org

793

(=)
=
9D
=
=
[
=]
m
wn
m
b=
==
Q
=
|
D
m
]
—
-
(=]
(—
=
=
=
2
-<
=
>
(1)
—
=
(]




Radiology

GENITOURINARY IMAGING: Interobserver Reproducibility of the Prostate Imaging Reporting and Data System

Rosenkrantz et al

espite a growing array of clinical
applications for prostate mag-
netic resonance (MR) imaging,
its widespread clinical adoption was
historically hindered by the lack of a
uniform system for reporting and in-
terpretation, which led to pronounced

Advances in Knowledge

B Interreader agreement among six
experienced prostate radiologists
by using Prostate Imaging
Reporting and Data System (PI-
RADS) version 2 (V2) for assess-
ment category 4 or greater was
moderate (peripheral zone [PZ]
k = 0.593, transition zone [TZ]
= 0.509, and k = 0.552 in both
zones combined].

B In the PZ, reproducibility was
moderate to substantial for fea-
tures related to diffusion-
weighted imaging (DWI) (k =
0.535-0.619), fair to moderate
for features relating to dynamic
contrast-enhanced imaging (k =
0.266-0.439), and fair for defi-
nite extraprostatic extension on
T2-weighted images (k = 0.289).

B In the TZ, reproducibility for fea-
tures related to lesion texture
and margins on T2-weighted im-
aging were variable reflected by k
values that ranged from 0.136
(moderately hypointense) to
0.529 (encapsulation).

B A training period that combined
individualized feedback and group
discussion did not substantially
improve interreader reproduc-
ibility for the evaluated features;
only one feature (DWI score in
the TZ of =3) showed an im-
provement in percent agreement
among readers once corrected for
multiple comparisons (P < .001).

® Among lesions that underwent tar-
geted biopsy, classification as
PI-RADS score of 4 or greater by
a majority of readers yielded a
tumor with a Gleason score of 3+4
or greater in 45.9% (17 of 37),
without missing any tumor with a
Gleason score of 3+4 or greater.

variability in its implementation among
radiologists (1,2). The release of the
Prostate Imaging Reporting and Data
System (PI-RADS) in 2012 was an im-
portant first step in addressing this
limitation and encouraging the stan-
dardization of prostate MR imaging
reporting (3). PI-RADS represented
a major advance by providing explicit
criteria for assigning scores on a scale
of 1-5 to stratify the level of suspicion
for clinically significant cancer for each
sequence routinely included within a
multiparametric prostate MR imaging
examination (3). However, early usage
of PI-RADS identified some weaknesses
of the system (4). By taking into ac-
count initial experiences and continued
evolution of the field, an international
expert panel developed a revised, sec-
ond version that was released in De-
cember 2014 as PI-RADS version 2 (V2)
(5). PI-RADS V2 is a more comprehen-
sive document, though with a similar
overarching aim to “promote global
standardization and diminish variation
in the acquisition, interpretation, and
reporting of prostate MR imaging ex-
aminations” (5).

PI-RADS V2 refines the criteria for
deriving the scores of 1-3 for each MR
imaging sequence to potentially im-
prove the precision of the system (5)
(Tables E1-ES [online]). For exam-
ple, V2 assigns scores for findings at
diffusion-weighted imaging (DWI) and
on the apparent diffusion coefficient
(ADC) map on the basis of mild-to-
moderate versus marked signal chang-
es, rather than by simply referring to

Implication for Patient Care

B Despite considerable variation in
reproducibility for individual fea-
tures within the PI-RADS version
2 lexicon, the system achieved
reasonable interreader reproduc-
ibility among experienced radiol-
ogists for PI-RADS score of 4 or
greater in both the PZ and TZ;
further studies are needed to
evaluate reproducibility and the
influence of training interventions
among less experienced
radiologists.

the presence or absence of abnormal
signal on the high-b-value images and
the ADC map, as in version 1 (V1).
In addition, an expanded array of de-
scriptors that referred to the shape
and margins of the lesions was incorpo-
rated and included terms such as focal,
circumscribed, encapsulated, and ob-
scured margins. Also, explicit instruc-
tions are provided to assign a score
of 3 at both T2-weighted imaging and
DWI and ADC, whereas V1 reserved a
score of 3 for lesions with an “interme-
diate appearance not in categories 1-2
or 4-5.” Furthermore, a size threshold
of 15 mm was newly introduced to dif-
ferentiate between scores of 4 and 5
for T2-weighted imaging and DWI and
ADC. Moreover, the scoring of dynamic
contrast material-enhanced (DCE) im-
ages was greatly simplified. Whereas
PI-RADS V1 scored DCE images on a
1-5 scale on the basis of the enhance-
ment kinetics of lesions by taking into
account both wash-in and washout fea-
tures, PI-RADS V2 considers DCE in a
binary (negative vs positive) fashion.
DCE findings are considered to be pos-
itive per V2 criteria in the presence of

Published online before print
10.1148/radiol 2016152542 Content code: [Gu]
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V2 = version 2
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focal enhancement that is earlier than
or contemporaneous with enhancement
of adjacent normal tissue and that cor-
responds with a suspicious finding on
other sequences. In light of such re-
vised and expanded criteria for assign-
ing scores for each sequence, PI-RADS
V2 also incorporates a new lexicon
as an appendix that gives definitions
of numerous terms relating to shape,
margins, signal characteristics, and en-
hancement patterns of lesions, which
therefore form the basis of the scoring
criteria (5).

Formal investigations of the inter-
reader reproducibility of the PI-RADS
V2 scoring system are critical to con-
firm that it is attaining its primary aim
of standardization. To best identify po-
tential weaknesses and to best inform
future updates, such assessments would
optimally evaluate the reproducibility
not only of the overall suspicion scores,
but also of the lexicon that underlies
the assignment of such scores. In addi-
tion, such investigations would greatly
benefit from a multicenter approach
given the potential greater propensity
for readers from a single institution to
have a similar approach to image as-
sessment, a tendency that would bias
the analysis. Thus, we conducted this
multicenter study to determine the in-
terobserver reproducibility of the PI-
RADS V2 lexicon.

Materials and Methods

Patients

This retrospective study was Health
Insurance Portability and Accountabil-
ity Act-compliant and approved by our
institutional review board with a waiver
of the requirement for written informed
consent. All prostate MR examinations
were performed at the New York Uni-
versity Langone Medical Center. One
radiologist at this center served as the
study coordinator (A.R., with 6 years
of post-fellowship experience in pros-
tate MR imaging). The study coordina-
tor reviewed the reports of 3-T prostate
MR examinations performed on one of
two 3-T systems (Magnetom Skyra or
Trio; Siemens Healthcare, Erlangen,

Germany) between March 2013 and
January 2015 in which the coordinator
was the radiologist who had provided
the prospective clinical interpretation.
During this period, examinations were
interpreted by using a Likert scale in
which a suspicion score from 1 through
S5 was assigned to reported lesions on
the basis of the interpreting radiolo-
gist’s gestalt impression, free of any
explicit criteria (6). The prospectively
assigned Likert scores were used solely
for identification of a broad distribution
of cases for retrospective review for
purposes of this multicenter study;
once cases were identified, these initial
scores otherwise did not factor into the
present analysis.

Only a single lesion was consid-
ered per examination; in examinations
with multiple lesions, the lesion with
the highest suspicion score was con-
sidered. The coordinator identified 15
examinations that each received Likert
score from 2 through 5 for both the pe-
ripheral zone (PZ) and transition zone
(TZ) (ie, 135 lesions with Likert score
of 2 in the PZ, 15 with score of 2 in
TZ, 15 with score of 3 in PZ, and 15
with score of 3 in TZ). Examinations
were not selected for inclusion in the
analysis for a variety of reasons: Likert
score of 1 (indicating absence of any re-
ported lesion), examination performed
at 1.5T, nonenhanced examination,
nonstandard DCE acquisition for ex-
amination with an identified PZ lesion,
marked susceptibility artifact from hip
artifact, dominant lesion reported to
involve both the PZ and TZ (preclud-
ing clear assignment to a single zone),
prior therapy for prostate cancer, or
earlier examination from the same
patient already selected for inclusion.
Consecutively identified examinations
were included unless 15 examinations
having the given combination of zone
and suspicion score had already been
attained.

Approximately 700 reports were re-
viewed to obtain the target number of
15 examinations for each combination
of zone and Likert score. This process
yielded a final cohort of 120 patients
with 120 lesions for analysis (60 in the
PZ and 60 in the TZ; 15 lesions with

Likert scores 2-5 in each zone), simi-
lar to the total number of lesions eval-
uated in a recent investigation of the
interobserver repeatability of major di-
agnostic features and scoring systems
for hepatocellular carcinoma detection
with MR imaging (7). The included pa-
tients were a mean age of 65.3 years *
8.5 (standard deviation) (median age,
66 years; range, 43-85 years) and had
mean prostate-specific antigen level
of 6.9 pg/mL = 4.8 (median, 5.5 pg/
mL [range, 1.6-26.0 pg/mL]; prostate-
specific antigen was unknown in two
patients). At the time of the MR imag-
ing, 55 patients had a previous prostate
biopsy positive for cancer, 23 patients
had a previous prostate biopsy nega-
tive for cancer, and 42 patients had no
previous prostate biopsy. Patients from
this study were included in numerous
previous publications unrelated to this
investigation (8-14).

MR Imaging Protocol

Examinations were performed at 3
T by using an anterior pelvic phased-
array coil combined with a posterior
spine coil array. Axial turbo spin-echo
T2-weighted imaging was performed
by using the following parameters: rep-
etition time (msec)/echo time (msec),
4000-4960/105; section thickness,
3 mm; field of view, 180 X 180 mm;
256 X 256 matrix; parallel imaging
factor of two; and three averages. At
the time of the examinations, the tech-
nologists who performed the exami-
nations viewed the conventional axial
turbo spin-echo T2-weighted image,
and, if a motion artifact was observed,
they performed an additional axial T2-
weighted sequence by using a BLADE
acquisition scheme (125% BLADE
coverage; 5010/100; field of view, 180
X 180 mm; 256 X 256 matrix; and
parallel imaging factor of two) to po-
tentially reduce motion artifact (11).
Single short echo-planar imaging DWI
was performed by using the following
parameters: 4100/86; section thickness,
3 mm; field of view, 200 X 200; 100 X
100 matrix; parallel imaging factor of
two; 10 signal averages; and b values,
50 and 1000 sec/mm?). In an inline

fashion, the console constructed both
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an ADC map and a calculated high-b-
value image set at a b value of 1500 sec/
mm? (15) by using a monoexponential
approach. In addition, in examinations
in which the identified lesion was in the
PZ, high spatiotemporal DCE imaging
was performed by using a 5 minute 38
second continuously acquired radial
golden-angle acquisition (3192 radial
spokes; 4.10/1.89; flip angle, 16°; sec-
tion thickness, 3 mm; field of view, 240
X 240; 224 X 224 matrix) with joint
parallel imaging and compressed-sens-
ing reconstruction that combined 21
radial spokes per time-point and yield-
ed a temporal resolution of 2.3 seconds
per time-point (16), which represented
the routine DCE sequence for prostate
MR imaging examinations performed
at the study coordinator’s institution
during the time of the study. Twenty
seconds after the initiation of the DCE
acquisition, 0.1 mmol/kg of gadobutrol
(Gadavist; Bayer Healthcare Pharma-
ceuticals, Berlin, Germany) was admin-
istered intravenously at a rate of 3 mL/
sec via power injector, followed by a 20-
mL saline bolus at the same rate.

Image Preparation

We wused OsiriX (Pixmeo, Geneva,
Switzerland) to prepare anonymized
Digital Imaging and Communications in
Medicine files of the key sequences for
each examination, which were stored
on DVDs that were provided to all
study readers. These included an ax-
ial T2-weighted image, ADC map, and
DWI set with a calculated b value of
1500 sec/mm?. For examinations in
which both a turbo spin-echo T2-
weighted image and BLADE T2-weight-
ed image were acquired, the study co-
ordinator viewed both image sets and
selected the one that had less subjec-
tive motion artifact for inclusion (turbo
spin-echo T2-weighted image selected
in 80 patients; BLADE T2-weighted
image selected in 40 patients). In ad-
dition, for lesions with an identified
PZ lesion, DCE time-points that corre-
sponded with 10, 20, 30, 40, 50, and 60
seconds after contrast agent injection
were provided, in addition to a single
precontrast DCE image set. Because
PI-RADS V2 advises interpretation

of DCE solely on the basis of a visual
assessment for early enhancement,
without incorporation of time-intensity
kinetic curves, pharmacokinetic maps,
or other measures to indicate contrast
agent washout (5), the exported im-
age sets did not include delayed DCE
time-points, screen captures of kinetic
curves, or pharmacokinetic maps. A
stand-alone Web-based Digital Imag-
ing and Communications in Medicine
viewer (Weasis; www.dcm4che.org)
was also included on each DVD.

The study coordinator also prepared
a portable document format (known as
a PDF) that contained a single slide for
each patient that denoted the location of
the single lesion to be evaluated for each
examination (120 slides total). The slide
presented a single axial T2-weighted im-
age with a circle that outlined the center
of the lesion. To avoid biasing interpre-
tations on the basis of the slide content,
the lesion location was always denoted
on T2-weighted imaging regardless of
the sequence on which the lesion was
most apparent, and the placed circle
was always of the same size regardless
of lesion size. Given marked differences
in PI-RADS V2 assessment in the PZ
and TZ, whether the lesion was to be
evaluated by using PZ or TZ criteria was
also recorded. This measure ensured
that the readers evaluated the same set
of features for each lesion. A unique
numeric identifier was used to link the
slides to the anonymized Digital Imag-
ing and Communications in Medicine
images.

Image Review

For purposes of this study, examina-
tions were interpreted by six fellow-
ship-trained abdominal radiologists at
six different academic medical centers
(b.C., D.M., AW,, B.T., R.G., and
AF, with 9, 9, 9, 6, 6, and 4 years
of post-fellowship experience, respec-
tively), none from the same center
where the examinations were per-
formed. The radiologists had special
clinical and research interest in pros-
tate MR imaging, and each radiologist
had at least one peer-reviewed pub-
lication on the topic. One of the radi-
ologists (D.M.) was a member of the

PI-RADS V2 Steering Committee and
another (B.T.) was a member of a PI-
RADS V2 Working Group. The six radi-
ologists had general familiarity with PI-
RADS V1, although none had adopted
it for routine clinical use, instead they
had used internally developed systems.
However, all six radiologists adopted PI-
RADS V2 for routine examination inter-
pretation and reporting since the sys-
tem’s release approximately 6 months
before the start of the readings for this
investigation. No radiologist who was
initially invited to participate in the in-
vestigation declined.

The radiologists  independently
viewed all pulse sequences for each
examination together, blinded to the
indication for the MR imaging and the
originally assigned Likert score. Readers
were provided an electronic worksheet
with a series of features to evaluate for
each lesion, directly drawing upon the
PI-RADS V2 lexicon. For all lesions, the
following features on DWI and ADC
map, which are identical in the PZ and
TZ in PI-RADS V2, were assessed: focal
versus indistinct, marked hyperintensity
at high-b-value DWI, and marked hy-
pointensity on ADC map. For all lesions,
the following feature on T2-weighted
images was assessed: definite extrapros-
tatic extension or invasive behavior. For
TZ lesions, the following additional fea-
tures on T2-weighted images were as-
sessed: circumscribed versus obscured
margins, encapsulation, heterogeneous
versus homogeneous, moderately hy-
pointense, lenticular shape, and defi-
nite extraprostatic extension or invasive
behavior. An overall score from 1 to 5
was also assigned for T2-weighted im-
aging and DWI for each lesion on the
basis of the PI-RADS V2 criteria for
application of the lexicon to score these
sequences. In addition, for PZ lesions,
the readers assessed the following on
DCE images: presence of any early en-
hancement in the region of the lesion,
presence of early focal enhancement,
and presence of early enhancement cor-
responding with the finding on other se-
quences. The readers also provided an
overall DCE score of positive or nega-
tive, on the basis of the V2 criteria for
these designations Because PI-RADS
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V2 assessment categories do not incor-
porate DCE in the TZ, DCE was not
assessed for TZ lesions. The maximal
axial diameter of each lesion was also
recorded in accordance with the strat-
egy for lesion measurement provided
in PI-RADS V2. The study coordinator
used an electronic spreadsheet to apply
an automated formula to derive an over-
all assessment category for each lesion
on the basis of the readers’ assessments
by using the framework within PI-RADS
V2 (5); the readers did not themselves
provide these overall assessment cat-
egories. To facilitate comparison of in-
terreader agreement between features,
all measures were evaluated in a binary
fashion. Accordingly, lesion size was
evaluated in terms of whether or not
it was at least 15 mm (corresponding
with the size threshold used in PI-RADS
V2), and scores of 1-5 were evaluated
in terms of whether or not these scores
were at least 3 and at least 4 (both of
which have been applied in the literature
as clinically relevant thresholds [17,18]).

Interpretation Sessions

The interpretations of the 120 examina-
tions were performed in two sessions.
The first session served as a training
session and was composed of 40 exam-
inations (20 in the PZ, 20 in TZ; five
lesions for each Likert score in each
zone). The second session comprised 80
examinations (40 in the PZ, 40 in the
TZ; 10 lesions for each Likert score in
each zone). Before the start of the first
session, the readers were provided with
copies of the PI-RADS V2 PDF and the
reader worksheet (Table EG [online]),
with an opportunity to ask questions re-
garding the reading format and to pro-
vide feedback regarding the worksheet.

After the first session, a training in-
tervention was conducted to potentially
improve reproducibility. This interven-
tion consisted of the following three
elements: (a) each reader received an
individualized file providing the average
scores across the six readers for each
feature, along with their own average
score for each feature, to indicate fea-
tures for which the reader tended to
provide higher or lower scores com-
pared with the group; (b) each reader

also received an individualized file that
listed all features for all patients in
which a majority of readers provided a
concordant interpretation, and in which
the given reader was in the minority;
and (c) a catalog was created of all fea-
tures for all lesions in which there was
no consensus (ie, three readers who
scored the feature each way [positive
and negative findings]), and a cloud-
based discussion forum was conducted
in which the readers were invited to
provide reasons for their assignments
and to debate the optimal scoring. This
virtual discussion forum lasted for 2
weeks, and received contributions from
five of the six readers.

All second-session readings oc-
curred after completion of the training
intervention.

Pathologic Assessment

The electronic medical
searched to identify patients with an
available histologic reference standard
obtained after the MR imaging. Sixty-
three patients underwent subsequent
targeted transrectal biopsy with real-
time MR imaging and ultrasonographic
(US) fusion guidance; concurrent 12-
core systematic sampling was per-
formed during the same biopsy session
in 61 of these patients. Targeted biopsy
was performed by using the Ei-Nav Ar-
temis system (Eigen, Grass Valley, Ca-
lif), in conjunction with ProFuse soft-
ware (Eigen) for prostate segmentation
and annotation of MR imaging-derived
targets (19), with at least two fusion-
guided targeted cores taken from each
lesion identified by using MR imaging.
The biopsy results were obtained from
standard pathologic reports. Given an
estimated registration error of 3-4 mm
by using fusion systems for targeted
prostate biopsy (20-22), any tumor
within the targeted cores or within
the nearest adjacent systematic core
was considered to correspond with
the MR-imaged lesion. Radical prosta-
tectomy was performed in 29 patients,
although none of the specimens under-
went whole-mount processing. Radical
prostatectomy was not used as the his-
tologic reference standard because of
the limited number of such cases, the

record was

relative challenge in correlating tumor
locations between the sectioned pros-
tatectomy specimen and the MR imag-
ing sections compared with the use of
results of MR imaging-targeted biopsy
for this purpose, and the selection bias
inherent in the use of radical prosta-
tectomy (exclusion of patients without
cancer, and of patients with cancer on
active surveillance or having advanced
disease).

Statistical Assessment

Interreader agreement for each feature
for each of the two sessions was evalu-
ated by using two statistics. First, k coef-
ficients were computed and assessed as
follows (7): 0.01-020, slight agreement;
0.21-0.40, fair agreement; 0.41-0.60,
moderate agreement; 0.61-0.80, sub-
stantial agreement; and 0.81-0.99, al-
most perfect agreement. k coefficients
are influenced by the prevalence of the
observation and could be misleadingly
low in the setting of high prevalence of
a given observation, even if interreader
agreement is nearly perfect (23-23).
Therefore, the percent agreement (de-
fined as the fraction of all 15 possible
pair-wise reader combinations with a
concordant reading) was also computed
for each feature (23), which provided
a measure of agreement that is not di-
rectly influenced by changes in preva-
lence of the observation.

The percent agreement was com-
pared between sessions by using logis-
tic regression for correlated data, both
with and without consideration for mul-
tiple comparisons on the basis of a Bon-
ferroni-corrected P value of less than
.0015 (significance level of .05 divided
by 33 comparisons) that indicated sig-
nificance. Specifically, generalized es-
timating equations on the basis of lo-
gistic regression were used to model
the binary indicator of agreement as a
function of session while accounting for
within-patient correlation among re-
sults for the same patient. The analysis
assumed results to be symmetrically
correlated when derived for the same
patient and independent when derived
for different patients.

On the basis of a post hoc assess-
ment, the sample sizes of the two
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Table 1

Percentage of Interpretations Scored as Positive among the Six Readers

Feature Session 1 Session 2 Sessions 1 and 2 Combined
Peripheral zone
Focal (not indistinct) shape on DWI and ADC map 58.3 (70/120) 66.3 (159/240) 63.6 (229/360)
Markedly hyperintense on high-b-value DWI 41.7 (50/120) 50.8 (122/240) 47.8 (172/360)
Markedly hypointense on ADC map 42.5 (51/120) 51.7 (124/240) 48.6 (175/360)
Definite extraprostatic extension or invasive behavior on T2-weighted images 16.7 (20/120) 11.7 (28/240) 13.3 (48/360)
Early enhancement in region 75.0 (90/120) 67.1 (161/240) 69.7 (251/360)
Focal early enhancement 48.3 (58/120) 48.8 (117/240) 48.6 (175/360)
Early enhancement that correspond with finding on other sequences 50.8 (61/120) 53.3 (128/240) 52.5 (189/360)
=15mm 15.0 (18/120) 14.2 (34/240) 14.4 (52/360)
T2 score =3 75.8 (91/120) 83.3 (200/240) 80.8 (291/360)
T2 score =4 35.8 (43/120) 45.8 (110/240) 42.5 (153/360)
DWI score =3 67.5 (81/120) 76.7 (184/240) 73.6 (265/360)
DWI score =4 41.7 (50/120) 50.0 (120/240) 47.2 (170/360)
DCE positive 49.2 (59/120) 49.2 (118/240) 49.2 (177/360)
PI-RADS assessment category =3 67.5 (81/120) 76.7 (184/240) 73.6 (265/360)
PI-RADS assessment category =4 52.5 (63/120) 60.8 (146/240) 58.1 (209/360)
Transition zone
Circumscribed (vs obscured) margins 62.5 (75/120) 57.9 (139/240) 59.6 (211/360)
Encapsulated 31.7 (38/120) 27.5 (66/240) 28.9 (104/360)
Heterogeneous (vs homogeneous) 60.8 (73/120) 64.2 (154/240) 63.1 (227/360)
Moderately hypointense 94 2 (113/120) 95.4 (229/240) 95.0 (342/360)
Lenticular shape .7 (8/120) 25.0 (60/240) 18.9 (68/360)
Definite extraprostatic extension or invasive behavior on T2-weighted imaging 12 5 (15/120) 17.9 (43/240) 16.1 (58/360)
Focal (vs indistinct) shape on DWI and ADC map 81.7 (98/120) 89.2 (214/240) 86.7 (312/360)
Markedly hyperintense on high-b-value DWI 53.3 (64/120) 62.1 (149/240) 59.2 (213/360)
Markedly hypointense on ADC map 55.0 (66/120) 70.0 (168/240) 65.0 (234/360)
=15mm 35.0 (42/120) 41.3 (99/240) 39.2 (141/360)
T2 score =3 71.7 (86/120) 76.7 (184/240) 75.0 (270/360)
T2 score =4 47.5 (57/120) 49.2 (118/240) 48.6 (175/360)
DWI score =3 80.8 (97/120) 92.1 (221/240) 88.3 (318/360)
DWI score =4 53.3 (64/120) 63.8 (153/240) 60.3 (217/360)
PI-RADS assessment category =3 71.7 (86/120) 76.7 (184/240) 75.0 (270/360)
PI-RADS assessment category =4 48.3 (58/120) 52.1 (125/240) 50.8 (183/360)
Peripheral and transition zones combined
PI-RADS assessment category =3 69.6 (167/240) 76.7 (368/480) 74.3 (535/720)
PI-RADS assessment category =4 50.4 (121/240) 56.5 (271/480) 54.4 (392/720)

Note.—Data are percentages; data in parentheses are numerators and denominators.

sessions provided approximately 80%
power to detect a difference in percent
agreement between sessions of 10% and
7% when assessed either with or with-
out the correction, respectively. The
coefficients and percent agreement were
compared between the two sessions to
decide whether to combine results from
the two sessions for a pooled analysis
on the basis of the presence or absence
of an apparent effect of the training pe-
riod. To assess the diagnostic perfor-
mance of the readers’ interpretations,

biopsy yields were computed among the
patients who underwent targeted biopsy
by using fusion of MR imaging and US.
These yields were computed as per-
centages of patients who demonstrated
various histologic results (benign tissue,
Gleason score =3+3 tumor, Gleason
score =3+4 tumor) among all patients
for whom a given threshold PI-RADS V2
assessment category (either =3 or =4)
was assigned by a majority of readers.
Sensitivity and specificity for detec-
tion of Gleason score of 3+4 or greater

tumor were also computed for interpre-
tations of PI-RADS assessment category
of 3 or greater and PI-RADS assessment
category of 4 or greater when assigned
by a majority of readers. Statistical as-
sessment was performed by using soft-
ware (SAS version 9.3; SAS Institute,
Cary, NC).

Table 1 shows the percentage of pos-
itive interpretations, pooled among
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Table 2

Interreader Agreement
K Value Percent Agreement
Feature Session 1 Session 2 Overall Session 1 (%) Session 2 (%) PValue* Overall (%)
Pz
Focal (vs indistinct) shape on DWI and ADC map 0.630 0.611 0.619 82.0 82.5 .853 82.3
Markedly hyperintense on high-b-value DWI 0.524 0.535 0.535 76.7 76.7 >.999 7941
Markedly hypointense on ADC map 0.611 0.533 0.562 81.0 76.7 139 71.8
Definite extraprostatic extension or invasive behavior 0.281 0.289 0.289 80.0 85.3 .043 84.9
on T2-weighted images
Early enhancement in region 0.163 0.305 0.266 68.0 69.2 722 68.8
Focal early enhancement 0.385 0.470 0.439 68.7 73.5 129 7.9
Early enhancement that correspond with finding 0.363 0.404 0.387 67.0 70.3 .307 69.2
on other sequences
=15mm 0.359 0.452 0.418 83.3 86.7 .181 85.6
T2 score =3 0.333 0.124 0.215 75.7 75.7 >.999 75.7
T2 score =4 0.497 0.550 0.529 75.7 7.7 770 77.0
DWI score =3 0.613 0.479 0.534 83.0 81.3 541 81.9
DWI score =4 0.699 0.574 0.617 85.3 78.7 .017 80.9
DCE positive 0.380 0.453 0.426 68.3 727 176 71.2
PI-RADS assessment category =3 0.613 0.479 0.534 83.0 81.3 541 81.9
PI-RADS assessment category =4 0.637 0.567 0.593 81.7 79.3 409 80.1
TZ
Circumscribed (vs obscured) margins 0.348 0.232 0.267 69.0 61.8 .035 64.2
Encapsulated 0.600 0.490 0.529 82.7 79.7 .283 80.7
Heterogeneous (vs homogeneous) 0.405 0.362 0.378 7.7 70.7 .755 71.0
Moderately hypointense 0.001 0.221 0.136 89.0 93.2 .034 91.8
Lenticular shape 0.036 0.531 0.472 88.0 81.7 .016 83.8
Definite extraprostatic extension or invasive behavior 0.348 0.303 0.318 85.7 79.5 .025 81.6
on T2-weighted imaging
Focal (vs indistinct) shape on DWI and ADC map 0.360 0.365 0.370 80.7 87.7 .006 85.3
Markedly hyperintense on high-b-value DWI 0.612 0.381 0.465 80.7 70.8 .039 741
Markedly hypointense on ADC map 0.583 0.357 0.453 79.3 73.0 .002 751
=15mm 0.575 0.708 0.667 80.7 85.8 .046 84.1
T2 score =3 0.387 0.383 0.386 747 773 374 76.4
T2 score =4 0.419 0.461 0.447 71.0 73.0 527 723
DWI score =3 0.302 0.348 0.343 78.3 90.5 <.001 86.4
DWI score =4 0.518 0.356 0.418 76.0 70.2 .066 721
PI-RADS assessment category =3 0.387 0.383 0.386 74.7 77.3 374 76.4
PI-RADS assessment category =4 0.426 0.550 0.509 71.3 77.5 .043 75.4
PZ and TZ combined
PI-RADS assessment category =3 0.501 0.428 0.458 78.8 79.3 .806 79.2
PI-RADS assessment category =4 0.531 0.561 0.552 76.5 78.4 .357 77.8

* Pvalue for comparison of sessions 1 and 2, derived from logistic regression for correlated data. Bonferroni-corrected P values are considered statistically significant when they are less than .001.

all six readers, for all study features.
Table 2 shows the k coefficients and
interreader agreement for all fea-
tures. Without correcting for multi-
ple comparisons, six features showed
an increase in percent agreement and
six features showed a decrease in per-
cent agreement between the two ses-
sions. When corrected for multiple

comparisons, only one feature showed
a difference in percent agreement be-
tween sessions (DWI score in the TZ,
= 3; P < .001). In addition, in session
2, k values increased for 16 parame-
ters and decreased for 17 parameters.
Therefore, the training period was con-
sidered not to have had a substantial
effect, and pooled results for all 120

lesions from both sessions were con-
sidered for the remaining analyses.

In terms of overall assessment cate-
gories, k was higher for PI-RADS assess-
ment category of 4 or greater than for
PI-RADS assessment category of 3 or
greater whether in the PZ, TZ, or both
zones combined (k values of 0.509-
0.593 vs 0.386-0.534, respectively).
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Figure 1

In addition, whether at a threshold of
PI-RADS assessment category of 3 or
greater or PI-RADS assessment cat-
egory of 4 or greater, agreement was
higher in the PZ than in the TZ (k
values of 0.534-0.593 vs 0.386-0.509,
respectively). Nonetheless, at a thresh-
old of PI-RADS assessment category of
4 or greater, the six readers reached
moderate reproducibility in both the PZ
(k =0.593) and TZ (x = 0.509).

In the PZ, reproducibility for fea-
tures related to DWI was substantial
for focal shape (k = 0.619) and moder-
ate for those related to marked high-b-
value or ADC map signal abnormality
(k = 0.535-0.562). Agreement was sub-
stantial for DWI score of 4 or greater
(k = 0.617) and moderate for DWI
score of 3 or greater (k = 0.534). Re-
producibility was fair to moderate for
features related to DCE (k = 0.266-
0.439). Figure 1 shows a representative
PZ lesion with interreader variability.

In the TZ, reproducibility for fea-
tures related to lesion texture and mar-
gins at T2-weighted imaging ranged

Figure 1:

Images in a 72-year-old man who has not
undergone previous prostate biopsy and with prostate-
specific antigen of 6.4 wg/mL. Readers evaluated left
transition zone lesion (arrow) on (a) axial T2-weighted
image, (b) high-b-value DWI, and (c) ADC map. Three
readers assessed the lesion as having circumscribed
margins, and three readers assessed the lesion

as having obscured margins. Overall PI-RADS
assessment categories assigned by the six readers
were 2,2, 3,5, 5, and 5, respectively (three readers
scored PI-RADS =4, three scored PI-RADS <<4). On
subsequent MR imaging and US fusion biopsy, the
lesion exhibited Gleason score 3+3 tumor.

from 0.136 (moderately hypointense) to
0.529 (encapsulation). Reproducibility
for measures related to DWI was lower
in the TZ (k = 0.343-0.4635) than in the
PZ. The feature that achieved highest
reproducibility in the TZ was a size of
15 mm or larger (k = 0.667). Figure 2
shows a representative TZ lesion with
interreader variability.

Definite extraprostatic extension or
invasive behavior on T2-weighted im-
ages had fair agreement in both zones
(k = 0.289-0.318).

On the basis of the pathologic re-
sults in the 63 patients who underwent
subsequent MR imaging and US fusion-
guided biopsy (Table 3), the lesions ob-
served on MR images were classified as
positive for tumor in 47.6% (30 of 63)
and positive for tumor with a Gleason
score of 3+4 in 27.0% (17 of 63). The
distribution of Gleason score in positive
lesions was 3+3 (n = 13), 3+4 (n = 8),
4+3 (n=5),4+4 (n=1), and 4+5 (n=3).
All lesions with a Gleason score of 3+4
or greater were classified as PI-RADS
assessment category of 4 or greater by

a majority of the six readers (classified
as PI-RADS =4 by four readers in 5.9%
[one of 17], by five readers in 17.6%
[three of 17], and by all six readers
in 76.5% [13 of 17]). Among lesions
classified as PI-RADS assessment cat-
egory of 4 or greater by a majority of
readers, 67.6% (25 of 37) were Glea-
son score of 3+3 or greater and 45.9%
(17 of 37) were Gleason score of 3+4 or
greater. Among lesions not classified as
PI-RADS assessment category of 4 or
greater by a majority of readers, 84.6%
were benign, 15.4% were Gleason
score of 3+3, and none were Gleason
score greater than 3+3. For detection
of tumor with a Gleason score of 3+4
or greater among the selected lesions,
interpretations of PI-RADS assessment
category of 3 or greater and of PI-RADS
assessment category of 4 or greater by
a majority of readers both had sensi-
tivity of 100%, as well as specificity of
39.1% and 56.5%, respectively.

We observed overall moderate repro-
ducibility in the use of PI-RADS V2
among six experienced prostate radiol-
ogists from different academic centers
(k = 0.352 for PI-RADS =4 when pool-
ing PZ and TZ lesions in both sessions
combined). This level of reproducibility
compares favorably with that reported
for the Breast Imaging Reporting and
Data System (BI-RADS) on which PI-
RADS was modeled (5). For example,
k values for overall BI-RADS categories
reported within the peer-reviewed liter-
ature have included 0.45 for mammog-
raphy (26), and k values of 0.21-0.28
for breast US (27,28). In addition, one
study reported a k value of 0.45 among
expert readers by using the Liver Imag-
ing Reporting and Data System (known
as LI-RADS) (7), while another investi-
gation reported a k value of 0.61 for use
of the Thyroid Imaging Reporting and
Data System (known as TI-RADS) (29).
Therefore, while our data show consid-
erable interreader variation by using
PI-RADS V2, the system appears to
achieve reasonable consistency in view
of published data regarding report-
ing systems for other cancer imaging
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Figure 2

c. d.

Figure 2: Images in a 61-year-old man who has not undergone previous prostate biopsy and with
prostate-specific antigen of 7.7 wg/mL. Readers evaluated left peripheral zone lesion (arrow) on

(a) axial T2-weighted image, (b) high-b-value DWI, (c) ADC map, and (d) early DCE time-point. Five of
six readers assessed the lesion as showing early enhancement. However, it is equivocal whether this
represents diffuse background enhancement or corresponds with the lesion on other sequences, and
only two readers considered the lesion as meeting PI-RADS V2 criteria for DCE (+).0Overall PI-RADS as-
sessment category assigned by the six readers were 2, 3, 3, 4, 4, and 4 (three readers scored PI-RADS
=4, three scored PI-RADS <4). On subsequent MR imaging and US fusion biopsy, the lesion exhibited
Gleason score 3+3 tumor.

examinations that are currently in clin-
ical usage.

Past investigations also explored the
reproducibility of PI-RADS. In one ad-
ditional study that evaluated PI-RADS
V2, Muller et al (30) reported a k value
of 0.46. In studies that evaluated the
PI-RADS V1 sum score (on a 3-13
scale), Renard-Penna et al (31), Vaché
et al (32), and Rosenkrantz et al (6) re-
ported k values of 0.73, 0.38-0.44, and
0.56, respectively. In addition, Schim-
moller et al (33) reported «k values
that ranged from 0.63 to 0.80 for the
individual sequence scores by using PI-
RADS V1. However, these other stud-
ies evaluated agreement among readers
from a single center. Readers from a
single center may have a heightened
tendency to approach cases similarly,
whether through individual adoption
of the predominant local interpreta-
tion schemes, internal consultations
for equivocal cases, peer review of one
another’s reports, or other factors. In
addition, readers from a single center
have greater familiarity with the local
imaging protocol and may be able to
apply insights from histologic correla-
tions performed by using the local pro-
tocol to influence their interpretations.
Thus, single-center studies may suggest
greater interreader agreement, if not
greater agreement with a histologic
reference, than is actually encountered
across multiple centers in clinical prac-
tice. Ultimately, it is agreement among
radiologists across centers that is criti-
cal for enabling consistent management

Table 3

Association of Reader Assessments and Pathologic Results from Combined Systematic and MR Imaging and US Fusion Targeted

Biopsy
Reader Agreement Negative for Cancer* Reader Agreement Positive for Cancer* Detection of GS = 3+4 Tumor
Parameter Benign GS =3+3 GS =3+4 Benign GS =3+3 GS =3+4 Sensitivity Specificity
PI-RADS =3 88.9 (16/18) 11.1(2/18) 0(0/18) 37.8 (17/45) 62.2 (28/45) 37.8 (17/45) 100 (17/17) 56.5 (26/46)
PI-RADS =4 84.6 (22/26) 15.4 (4/26) 0 (0/26) 32.4 (12/37) 67.6 (25/37) 45.9 (17/37) 100 (17/17) 39.1 (18/46)

Note.—Concurrent systematic sampling performed in 61 of 63 patients who underwent MR imaging and US fusion-targeted biopsy. Data are percentages. Data in parentheses are numerator and

denominator. GS = Gleason score.

* Reader agreement required that a majority (at least four) of the six readers assigned a lesion a PI-RADS assessment category meeting the specified threshold (3 or 4).

Radiology: \/olume 280: Number 3—September 2016 = radiology.rsna.org

801



Radiology

GENITOURINARY IMAGING: Interobserver Reproducibility of the Prostate Imaging Reporting and Data System

Rosenkrantz et al

decisions among treating physicians
on the basis of the reported suspicion
levels. In this regard, the moderate re-
producibility that we observed among
radiologists at six different centers is
reassuring in terms of the potential
ability of PI-RADS V2 to be applied
consistently across practices.

The training period, which incorpo-
rated individualized feedback and group
discussion, did not yield a noticeable
improvement in reproducibility. Past
studies showed improved diagnostic
accuracy in prostate MR imaging inter-
pretation after an educational interven-
tion among radiology fellows (34,35).
An additional study (26) showed an
improvement in k value from 0.31 to
0.45 in the interpretation of mammog-
raphy among practicing physicians after
a training intervention. The similar re-
producibility that occurred before and
after the training period can be inter-
preted in different ways: The readers
failed to benefit from the intervention,
which suggested a potential limit to the
degree of reproducibility that may be
achieved for qualitative imaging-based
descriptors, despite measures taken to
aim to identify and improve upon areas
of disagreement. However, experienced
readers did not require an extensive
training period to achieve moderate re-
producibility. The PI-RADS V2 lexicon
can be directly applied with reason-
able consistency by radiologists familiar
with prostate MR imaging simply on
the basis of an awareness of the lexi-
con descriptions provided in the source
document. Intuitively, the radiologists’
pre-existing expertise in prostate MR
imaging contributed to the lack of effect
of the training session. Therefore, fur-
ther studies are required to evaluate the
potential impact of a training interven-
tion on the reproducibility of PI-RADS
V2 among inexperienced observers.

In the PZ, findings that involved
the interpretation of DCE images had
the lowest reproducibility, whether
relating to the mere presence of
early enhancement, or to the ex-
tent to which such early enhance-
ment was focal or matched findings
on other sequence. Visual evaluation
of DCE images is confounded by the

combination of the need to review mul-
tiple dynamic time-points (compared
with review of a single image set for
other qualitative features), the frequent
nature of nonspecific background en-
hancement in the PZ, and the lack of
a clear temporal definition for what
constitutes early enhancement. The
occasional presence of hemorrhage af-
ter biopsy compounds these challenges
regarding consistent interpretation of
DCE images. PI-RADS V2 aims to sim-
plify the assessment of DCE images
compared with PI-RADS V1 by remov-
ing consideration of signal intensity ki-
netic curves, pharmacokinetic maps, or
delayed time-points for washout. How-
ever, we speculate that these sophis-
ticated assessments may be useful to
more reliably determine the presence
of an abnormal enhancement pattern,
in part because such assessments may
distill multiple postcontrast time-points
to a single image set for review. While
the DCE imaging score only influences
whether to assign an overall PI-RADS
assessment category of 3 or 4 in the PZ,
the distinction between these two cate-
gories represents a potential threshold
in decisions regarding whether to per-
form targeted biopsy (17). Therefore,
consideration of approaches to improve
the reproducibility of the interpretation
of DCE images is warranted.

The TZ traditionally was considered
to provide a greater challenge than the
PZ, even when formal interpretation
systems were used. This was largely
related to the presence of nodules of
benign prostatic hyperplasia through-
out the TZ. For instance, one study that
used the PI-RADS V1 sum score re-
ported a k value of 0.539 in the PZ com-
pared with 0.43 in the TZ (6). Another
study that used PI-RADS V1 reported a
concordance coefficient among experi-
enced readers of 0.677 in the PZ, com-
pared with 0.376 in the TZ (36). In light
of these earlier findings, our observed
moderate agreement for PI-RADS score
of 4 or greater in the TZ of 0.509, albeit
somewhat lower than that in the PZ, is
encouraging regarding a potential im-
provement achieved by PI-RADS V2 in
TZ assessment. This potential benefit of
PI-RADS V2 may relate to its provision

of a more nuanced lexicon to guide de-
termination of levels of suspicion in TZ
lesions.

k coefficients were higher, at a
threshold of 4 or greater versus 3 or
greater, regardless of zone or assess-
ment of T2-weighted imaging, DWI,
or overall PI-RADS category. This ob-
servation is of particular relevance be-
cause past literature (8,17,18) variably
suggested suspicion levels of both 3 and
4 to serve as thresholds for perform-
ing targeted biopsy. In order for a given
threshold to be broadly accepted and
integrated into routine clinical practice,
radiologists must be able to evaluate ex-
aminations at that threshold in a repro-
ducible fashion. Not only did a thresh-
old of PI-RADS assessment category
of 4 or greater achieve greater repro-
ducibility, it also had a substantial yield
of clinically significant (Gleason score
=3+4) cancer of approximately 45%,
while not missing any tumors with a
Gleason scores of 3+4 or greater within
a limited cohort of patients for whom
a pathologic reference standard was
available. While decisions to perform
targeted biopsy of MR imaging find-
ings will continue to be influenced by a
range of clinical factors (37), including
prostate-specific antigen, ancillary bio-
markers, previous biopsy results, and
patient preference, our observations
may support clinical paradigms that use
a threshold of PI-RADS assessment cat-
egory of 4 or greater to select MR imag-
ing lesions for targeted biopsy.

We anticipate that our findings may
be useful for guiding future updates of
the PI-RADS lexicon. Specifically, con-
tinued revisions may contain adjust-
ments to reflect our observations re-
garding the features that have greatest
reproducibility. For example, in the PZ,
subjective features relating to DWI and
ADC, which largely drive the overall
assessment category in this zone, had
moderate-to-substantial agreement. On
the other hand, features that had an
incremental effect relative to DWI and
ADC, such as definitive extraprostatic
extension, size of 15 mm or greater,
and DCE characteristics, all had poorer
reproducibility. In the TZ, the individual
features that contributed to the overall
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assessment category varied consider-
ably in terms of their reproducibility,
and encapsulation was the most repro-
ducible among the subjective features.
These findings may help inform selec-
tion of features to receive greater or
lesser emphasis in potential revisions
to the PI-RADS, particularly in the TZ.
Potential exclusion of less reproducible
features (ie, moderate hypointensity in
the TZ) would also serve to further sim-
plify the interpretation system.

Our study has a number of limita-
tions. The primary limitation may be
that the readers only evaluated fea-
tures for a single a priori specified le-
sion for each examination. Thus, var-
iability that resulted from differences
in selection of a dominant lesion was
not considered. This method was cho-
sen because of an emphasis on the PI-
RADS V2 lexicon and to ensure that
all readers assessed the components
of this lexicon for the same abnormal-
ity. In addition, all examinations were
performed at a single center by using
a single MR imaging protocol. It is pos-
sible that reproducibility may be dif-
ferent if some of the technical aspects
of the acquisition varied (ie, if exam-
inations were acquired at 1.5 T or
used an endorectal coil, if there were
different b values for DWI and ADC,
or if a different temporal resolution
was used for DCE). Also, the extent
of correlative pathologic data available
for the lesions is limited in view of the
study’s primary aim and design to eval-
uate interreader agreement. Further
studies with different methodologic
designs are required to more reliably
evaluate the cancer detection rates as-
sociated with the PI-RADS assessment
category. Finally, as previously noted,
this study only included experienced
readers of prostate MR imaging. This
approach removes reader inexperience
as a potential source of variability and
better probes the potential maximal
attainable reproducibility that may be
anticipated in an optimal reader set-
ting. Nonetheless, we acknowledge
that additional studies with inexperi-
enced readers would be informative.

In conclusion, experienced radiol-
ogists from different academic centers

achieved moderate reproducibility by
using the PI-RADS V2 lexicon, and
they neither required nor benefitted
from a training session. Agreement in
terms of the overall PI-RADS assess-
ment category was somewhat high-
er in the PZ than the TZ. In the PZ,
agreement was weakest for DCE imag-
ing. Among subjective features in the
TZ, agreement was highest for encap-
sulation and weakest for moderate hy-
pointensity. Agreement, as indicated by
k coefficients, was better at an overall
PI-RADS assessment category of 4 or
greater than of 3 or greater, and an in-
terpretation by a majority of readers of
PI-RADS assessment category of 4 or
greater did not miss any tumors with a
Gleason score of 3+4 or greater within
our cohort. The findings may be use-
ful in guiding future PI-RADS lexicon
updates.
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