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Online Interactive Case-Based Instruction in Prostate Magnetic
Resonance Imaging Interpretation Using Prostate Imaging and
Reporting Data System Version 2: Effect for Novice Readers

Andrew B. Rosenkrantz, MDa,n, Jovan Begovic, MDa, Antonio Pires, MDa,
Eugene Won, MDa, Samir S. Taneja, MDb, James S. Babb, PhDa
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b Department of Pathology, NYU Langone Health, New York, NY
Purpose: To assess the effect on reader performance of an interactive case-based online tutorial for prostate magnetic resonance imaging (MRI)
interpretation using Prostate Imaging and Reporting Data System (PI-RADS).
Methods: An educational website was developed incorporating scrollable multiparametric prostate MRI examinations with annotated solutions based on
PI-RADS version 2. Three second-year radiology residents evaluated a separate set of 60 prostate MRI examinations both before and after review of the
online case material, identifying and scoring dominant lesions. These 60 examinations included 30 benign cases and 30 cases with a dominant lesion
demonstrating Gleason score ≥3 þ 4 tumor on fusion-targeted biopsy. The readers’ pooled performance was compared between the 2 sessions using
logistic regression and Wilcoxon signed rank tests.
Results: All readers completed the online material within four-hours. Review of the online material significantly improved sensitivity (from 57.8%-73.3%,
P ¼ 0.003) and negative predictive value (from 69.2%-78.2%, P ¼ 0.049), but not specificity (from 70.0%-67.8%, P ¼ 0.692) or positive predictive value
(from 59.6%-64.7%, P ¼ 0.389). Reader confidence (1-10 scale; 10 ¼ maximal confidence) also improved significantly (from 5.6 ± 2.7 to 6.3 ± 2.6, P ¼
0.026). However, accuracy of assigned PI-RADS scores did not improve significantly (from 45.5%-53.3%, P ¼ 0.149).
Conclusion: An online interactive case-based website in prostate MRI interpretation improved novice readers’ sensitivity and negative predictive value for
tumor detection, as well as readers’ confidence. This online material may serve as a resource complementing existing traditional methods of instruction
by providing a more flexible educational experience among a larger volume of learners. However, further more targeted educational initiatives regarding
the proper application of PI-RADS remain warranted.

& 2018 Elsevier Inc. All rights reserved.
Introduction

Prostate magnetic resonance imaging (MRI) has improved
substantially in diagnostic performance in recent years, related
to advances in both hardware and software along with continued
insights from radiologic-pathologic correlation studies.1 These
improvements have led to a growing spectrum of clinical applica-
tions of prostate MRI, including tumor detection and localization,
biopsy guidance, risk stratification, staging, surgical planning, and
guidance of focal therapy.2 Recent studies support the cost-
effectiveness of incorporation of prostate MRI into routine clinical
practice.3,4 Statements from the American Urological Association
(AUA), National Comprehensive Cancer Network, and European
Association of Urology, all recognize the potential clinical role of
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prostate MRI,5-7 and the AUA now offers regular educational
courses on MRI-targeted biopsy to the urological community.8

Thus, the dissemination of prostate MRI into smaller and com-
munity practices is anticipated to increase in the coming years.

Despite these advances, prostate MRI has been challenged by
substantial interobserver variation in interpretation and report-
ing.9,10 Even when high-quality images are obtained, interpreta-
tion is difficult given the heterogeneous appearance of the
prostate, potentially subtle tumors, and various anatomical find-
ings, pathologic conditions, and artifacts that lead to false-positive
and false-negative readings.11,12 Such interpretation challenges
pose an important hurdle to the successful widespread expansion
of prostate MRI into community settings. To address this issue, an
international expert panel developed the prostate imaging and
reporting data system (PI-RADS),13 for which version 2 (v2) was
released online in January 2015.14 PI-RADS v2 aimed to “promote
global standardization and diminish variation in prostate MRI
readings.”14

PI-RADS v2 has been the subject of intense interest in the
United States since its release,15-20 with a growing number of
centers embracing the scheme. Nonetheless, even PI-RADS v2 is
subject to interobserver variability or potential misreads. Indeed,
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FIG 1. Representative screen shots of the interactive online educational platform. (A) Scrollable multiparametric data set. (B) Solution consisting of annotated images and
explanation incorporating lesion assessment based on PI-RADS version 2.
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an initial study of 6 experienced readers reported moderate
reproducibility.21 Although the system is comprehensive, further
efforts are needed to educate radiologists regarding its nuances
and optimal translation to clinical practice. Although high-volume
centers may be rapidly gaining much direct experience in the
system, the resulting insights must be disseminated through
appropriately designed training opportunities to benefit the radi-
ology community at large.22,23 An educational resource meeting
this goal, if successful, would be of immense value to radiologists
both in practice and in training, throughout the United States and
abroad.

Interactive case-based content with direct feedback may pro-
vide an effective means of learning PI-RADS v2. This approach
provides individualized learning that engages participants and
allows identification of areas needing greatest improvement. A
prior study before the advent of PI-RADS demonstrated that
interactive individually tailored dedicated training in prostate MRI
led to significantly improved accuracy in comparison with standard
didactic sessions alone.24 An additional study demonstrated the
role of a dedicated reader education program in substantially
reducing interobserver variability.25 Although these studies were
effective in training participants at the authors’ institutions, they
were unable to directly benefit the broader radiology community.
Web-based delivery of such content may achieve this end. Indeed,
numerous studies have described the potential efficacy of web-
based training for a variety of topics in radiology.26-29

The aim of this study was to assess the impact on reader
performance of an interactive case-based online tutorial for
prostate MRI interpretation using PI-RADS.
Methods

This retrospective study was health insurance portability
and accountability act compliant and approved by the local
institutional review board. A waiver of written informed consent
was provided. The primary investigator (A.R.) is a fellowship
trained abdominal radiologist with 9 years of experience in
prostate MRI, currently serving on the PI-RADS Steering
Committee.
Description of the Website

A publicly available website was developed featuring a library
of 56 prostate MRI examinations.30 For each examination, the
website provides on a single screen 4 anonymized axial image sets
as separate image stacks (Fig 1): T2-weighted imaging (T2WI),
high b value diffusion-weighted imaging, apparent diffusion coef-
ficient map, and an early time-point from dynamic contrast-
enhanced imaging. The website incorporates a DICOM browser
plug-in to allow the user to scroll through the image sets, as well
as to window and level, pan, and zoom. Users may view the
examinations as “unknowns,” attempting to independently iden-
tify dominant prostate lesions and derive PI-RADS scores. Sub-
sequently, the user may select to view an annotated solution
depicting the dominant lesion, along with an explanation and
associated PI-RADS scoring, before proceeding to the next case
(Fig 1). The cases largely consist of histologically confirmed tumors
of varying degrees of interpretive difficulty, though also include a
smaller number of benign findings that mimic tumor, as well as
normal examinations. In addition, the cases encompass the full
spectrum of PI-RADS v2 scores in both the peripheral and
transition zones.
Reader Evaluation

To assess the educational value of the website, a reader study
was performed by 3 second-year radiology residents (A.A., B.B.,
C.C.) (J.B., A.P., and E.W.) who had not previously received formal
instruction in prostate MRI interpretation during clinical rotations
prior. The primary investigator provided the readers an introduc-
tory lecture covering the basics of prostate MRI interpretation. The
readers also independently evaluated a small number of exami-
nations not otherwise a part of the investigation to become
familiar with the protocol and to provide an opportunity to ask
questions regarding basic prostate anatomy and multiparametric
sequence assessment.

An experimental design was constructed to assess for an
improvement in diagnostic performance for a given set of prostate
MRI examinations based on a review of the online case material:
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(1) following the earlier described introduction, the three readers
independently evaluated a set of 60 prostate MRI examinations
that were distinct from the interactive website cases (hereafter,
referred to as session 1). (2) Next, the readers were instructed to
independently review the full set of website cases, viewing each
case as an unknown prior to accessing the online annotated
solution. (3) After completing the website review, the residents
again evaluated the same initial set of 60 examinations (hereafter,
referred to as session 2). For both sessions, the examinations were
reviewed in an anonymized fashion (including removal of the
clinical report and any image annotations) using the institutional
PACS (iSite; Philips Healthcare). The readers were not provided
solutions to the set of 60 test cases between the 2 sessions. In
addition, during session 2, readers were not provided with their
readings during session 1, which occurred at least 2 weeks earlier.
Finally, when reviewing the online interactive case material, the
readers were instructed not to access other portions of the
website.

When evaluating the 60 cases during each session, the readers
recorded whether or not a dominant lesion was identified. If so,
the readers recorded the corresponding image and series number
as well as the location of the lesion on a standardized diagram. An
associated PI-RADS v2 assessment category was also recorded. In
addition, for all cases, the readers recorded their confidence in
their provided interpretation, whether positive or negative, based
on a 1-10 scale (10 indicating maximal confidence).

The set of 60 cases was constructed to include 30 cases positive
for tumor and 30 cases negative for tumor. Positive cases were
drawn from the primary investigator’s teaching files. All such cases
met 3 criteria: (1) the MRI demonstrated a single dominant lesion
for which the primary investigator assigned a PI-RADS v2 of 3 or
higher; (2) MRI-ultrasound fusion-targeted biopsy of the lesion
demonstrated tumor with a Gleason score of at least 3 þ 4; and
(3) systematic biopsy performed at the time of fusion biopsy did
not demonstrate tumor at a location remote from the MRI lesion
that had a Gleason score higher than 3 þ 3. The 30 negative cases
were selected at random from earlier investigations from our
institution31,32 and met the following criteria: (1) PI-RADS v2
score assigned by the lead investigator of 1 or 2 and (2) all
subsequent systematic and targeted biopsies were benign. In
addition, 19 of the patients were included in earlier unrelated
examinations from our institution regarding outcomes of fusion-
targeted biopsy.33,34

All MRI examinations were performed at 3T using a pelvic
phased-array coil and included multi-planar T2WI, diffusion-
weighted imaging with a calculated b value of 1500 s/mm2, an
apparent diffusion coefficient map, and dynamic contrast-
enhanced at a temporal resolution of 2.3 seconds. The mean ±
standard deviation (SD) patient age was 62.4 ± 6.9 years
(median ¼ 62 years; range: 51-79 years). The mean ± SD patient
serum prostate-specific antigen was 7.6 ± 7.3 ng/mL (median ¼
5.9 ng/mL; range: 1.4-48.4 ng/mL). Indications for the MRI exami-
nations were clinical suspicion for prostate cancer with no prior
prostate biopsy (n ¼ 31), prior negative prostate biopsy with
persistent clinical suspicion for prostate cancer (n ¼ 15), and prior
biopsy positive for prostate cancer (n ¼ 14).

Following completion of all reader evaluations, the primary
investigator compared the readers’ assessment with the histologic
reference standard. For this purpose, reader scores were dicho-
tomized, with assigned PI-RADS scores of 3-5 considered positive,
and assigned PI-RADS scores of 1-2 considered negative. A spatial
correspondence was required between the lesion called by the
reader and the location of the lesion based on the reference
standard to be deemed a match for purposes of defining a true-
positive interpretation.
Survey

The readers completed a brief survey at 2 time-points during
the study: (1) immediately after session 1 but before review of the
online material and (2) immediately after review of the online
material but before session 2. Thus, the only exposure to prostate
MRI examinations between the 2 survey time-points consisted of
the online case material itself. The prewebsite survey contained 3
statements regarding the readers’ level of comfort and confidence
in prostate MRI interpretation with which the readers rated their
level of agreement on a scale of 1 (least agreement) to 5 (maximal
agreement). The postwebsite survey contained these same 3 items,
as well as an additional 9 items regarding satisfaction with the
website and its perceived educational value with which the read-
ers rated their level of agreement using the same scale. The
postwebsite survey contained an additional three items regarding
the appropriateness of the amount of content on the website and a
free-response item regarding the amount of time needed to
complete the online case material.
Statistics

Sessions 1 and 2 were compared in terms of the sensitivity,
specificity, and overall accuracy of each reader using an exact
McNemar test, and compared for the positive and negative
predictive values (NPVs) of each reader, as well as for each
component of diagnostic accuracy pooled over readers, using
generalized estimating equations (GEE) based on a logistic
regression model to predict accuracy as a function of session.
These models treated data from the same patient as symmetri-
cally correlated and data from different patients as independent.
Similar comparisons of the 2 sessions were performed for
sensitivity for select subsets of examinations based on lesion
characteristics. The sessions were then compared to the accu-
racy of the readers’ assigned PI-RADS scores, first among all
examinations by considering the readers’ scores as incorrect
when failing to correctly detect the lesion, and then among
those examinations in which a given reader correctly detected
the tumor in both sessions. These comparisons in terms of
accuracy of the PI-RADS score used an exact McNemar test for
individual readers and used GEE when pooling across the three
readers as previously described. Next, sessions 1 and 2 were
compared in terms of individual readers’ confidence scores
using an exact paired-sample Wilcoxon signed rank test and
for confidence scores pooled over readers using a stratified exact
paired-sample Wilcoxon signed rank test with reader as the
stratification factor. Then, inter-reader agreement for tumor
detection and PI-RADS scores was assessed by comparing the
percentage of times a pair of readers provided concordant
interpretations using GEE as described previously. In addition,
reader agreement in terms of tumor detection and PI-RADS
scores were assessed using simple and linear weighted kappa
coefficients, respectively, with the assessment of agreement for
PI-RADS scores within each session being based on data for
tumors correctly detected by a given pair of readers during both
sessions. These assessments pooled data across the 3 distinct
possible reader pairs. The level of agreement was interpreted as
poor when kappa (κ) was less than zero, as slight when 0 ≤ κ ≤
0.2, as fair when 0.2 o κ ≤ 0.4, as moderate when 0.4 o κ ≤
0.6 and as substantial when κ 4 0.6. All statistical tests were
conducted at the 2-sided 5% significance level using SAS 9.4 (SAS
Institute, Cary, NC). Finally, the survey results were summarized
descriptively without formal significance testing given the
presence of only three readers.



TABLE 1
Comparison of measures of diagnostic performance between sessions 1 and 2

Measure Reader Session 1 Session 2 P*

% n % n

Sensitivity 1 60.0 18/30 83.3 25/30 0.016
2 63.3 19/30 73.3 22/30 0.375
3 50.0 15/30 63.3 19/30 0.289
All 57.8 52/90 73.3 66/90 0.003

Specificity 1 66.7 20/30 70.0 21/30 1.000
2 86.7 26/30 73.3 22/30 0.344
3 56.7 17/30 60.0 18/30 1.000
All 70.0 63/90 67.8 61/90 0.692

NPV 1 64.5 20/31 80.8 21/26 0.038
2 74.3 26/35 81.5 22/27 0.279
3 68.0 17/25 72.0 18/25 0.635
All 69.2 63/91 78.2 61/78 0.049

PPV 1 65.5 19/29 73.5 25/34 0.217
2 76.0 19/25 66.7 22/33 0.371
3 42.9 15/35 54.3 19/35 0.190
All 59.6 53/89 64.7 66/102 0.389

Accuracy 1 63.3 38/60 76.7 46/60 0.057
2 75.0 45/60 73.3 44/60 1.000
3 53.3 32/60 61.7 37/60 0.359
All 63.9 115/180 70.6 127/180 0.096

n Highlighted in bold when statistically significant at P o 0.05.
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Results

In the 30 examinations that were positive for tumor, the
tumor’s Gleason scores were as follows: 3 þ 4 (n ¼ 14), 4 þ 3
FIG 2. A 64 year-old man with Gleason score 3 þ 4 tumor on MRI-ultrasound fusion-tar
reader in session 1, but by all 3 readers in session 2 following review of the online inte
(n ¼ 7), 4 þ 4 (n ¼ 1), and 4 þ 5 (n ¼ 8). A total of 22 tumors
were in the peripheral zone, and 8 were in the transition zone. The
reference standard PI-RADS scores assigned to the lesions by the
primary investigator were PI-RADS 3 (n ¼ 7), PI-RADS 4 (n ¼ 12),
and PI-RDAS 5 (n ¼ 11).

Table 1 compares measures of diagnostic performance between
sessions 1 and 2 (before and after review of the online interactive
cases, respectively). Pooled across the three readers, performance
improved significantly from session 1 to session 2 in terms
of sensitivity (from 57.8%-73.3%, respectively; P ¼ 0.003)
and NPV (from 69.2%-78.2% respectively; P ¼ 0.049). There was
no significant difference for accuracy (from 63.9%-70.6%, respec-
tively; P ¼ 0.096), specificity (from 70.0%-67.8%, respectively;
P ¼ 0.692), or positive predictive value (from 59.6%-64.7%,
respectively; P ¼ 0.389). Figures 2-4 demonstrate representative
examples.

Table 2 compares the 2 sessions for sensitivity for selected
subsets of tumors. Pooled across the three readers, sensitivity
improved significantly from session 1 to session 2 for tumors with
a Gleason score of 3 þ 4 (from 48.9%-71.1%, respectively; P ¼
0.006) and for tumors located in the peripheral zone (from 60.6%-
80.3%, respectively; P o 0.001). Improvements in sensitivity for
tumors with a reference standard PI-RADS score of 3 (from 14.3%-
42.9%, respectively; P ¼ 0.070) and a reference standard PI-RADS
score of 4 (from 61.1%-77.8%, respectively; P ¼ 0.07) were not
significant. There was also no significant difference in sensitivity
for tumors with a PI-RADS score of 5, a Gleason score ≥4 þ 3, or a
location in the transition zone (P ≥ 0.289).

Table 3 compares performance between sessions in providing
a correct PI-RADS score. Pooled across readers, the accuracy of
the assigned PI-RADS score in session 1 compared with session 2,
for all tumors was 43.3% vs 53.3%, respectively (P ¼ 0.149), for
geted biopsy of left peripheral zone lesion. The lesion was correctly detected by one
ractive case material.



FIG 3. A 64 year-old man with Gleason score 4 þ 3 tumor on MRI-ultrasound fusion-targeted biopsy of left peripheral zone lesion. The lesion was correctly detected by no
readers in session 1, but by two of the three readers in session 2 following review of the online interactive case material.
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tumors in the peripheral zone was 45.5% vs 59.1%, respectively
(0.078), and for tumors in the transition zone was 37.5% in both
sessions (P ¼ 1.0). Comparisons of PI-RADS scores between
sessions were not significant for subsets of examinations in
which the reader correctly detected the tumor in both sessions
(P ≥ 0.508).

Table 4 compares reader confidence between the 2 sessions.
Pooled across readers, confidence increased significantly from
session 1 to session 2 for all examinations (from 5.6 ± 2.7-6.3 ±
2.6, respectively; P ¼ 0.026), examinations positive for tumor
(from 4.9 ± 2.5-5.7 ± 2.5, respectively; P ¼ 0.009), examinations
positive for Gleason score 3 þ 4 tumor (from 6.0 ± 2.6-6.8 ± 2.5,
respectively; P ¼ 0.026), examinations positive for Gleason score
≥4 þ 3 tumor (from 6.6 ± 2.7-7.0 ± 2.4, respectively; P ¼ 0.026),
examinations negative for tumor (from 4.9 ± 2.5-5.7 ± 2.5,
respectively; P ¼ 0.004), examinations positive for peripheral
zone tumor (from 6.4 ± 2.8-7.0 ± 2.5, respectively; P ¼ 0.002),
examinations with a reference standard PI-RADS score of 4 (from
5.9 ± 2.4-6.8 ± 2.4, respectively; P ¼ 0.032), and examinations
with a reference standard PI-RADS score of 5 (from 7.5 ± 2.6-7.9 ±
2.1, respectively; P ¼ 0.024). There was no significant difference in
confidence for examinations positive for transition zone tumor
(from 6.6 ± 2.2-6.0 ± 2.2, respectively; P ¼ 0.398) or examinations
with a reference standard PI-RADS score of 3 (from 5.0 ± 2.5-5.4 ±
2.3, respectively; P ¼ 0.857).

There was no significant difference between sessions 1 and 2 for
the the overall concordance among all possible pairs of readers
in interpreting examinations as positive or negative (from 81.7%
[147/180]-76.7% [138/180], respectively; P ¼ 0.230). However, there
was a significant improvement in session 2 for the overall
concordance among all possible pairs of readers in correctly detect-
ing tumors (from 61.1% [55/90]-73.3% [66/90], respectively; P ¼
0.027]. Among 50 instances of a given pair of readers correctly
detecting a tumor during both sessions, there was no significant
difference between sessions for concordance of the provided
PI-RADS score (from 64.0% [32/50]-70.0% [35/50], respectively;
P ¼ 0.607). Kappa coefficients for interpretation of examinations
as positive or negative indicated moderate reproducibility (0.53) in
session 1 compared with substantial reproducibility (0.63) in session
2. Kappa coefficients for PI-RADS scores for tumors correctly
detected by a given pair of readers during both sessions indicated
moderate reproducibility in both sessions (0.56 in session 1 and 0.57
in session 2).

Table 5 summarizes results of the survey completed before and
after website review. Small improvements were noted in readers’
reported comfort in interpreting prostate MRI, confidence in
ability to detect lesions, and confidence in ability to score lesions
using PI-RADS v2. The 3 readers all reported that the interactive
website took from 3.5-4 hours to review. All 3 readers indicated
that the number of available cases, the overall level of difficulty,
and the amount of time required to review the cases, were “about
right.” Following website review, the readers most strongly agreed
(maximal level of agreement of 5 provided by all 3 readers) that
the cases were useful as a learning tool, that they were likely to
view the cases again, that the interactive format enhanced the
cases’ educational value, and that review of the cases improved
their skill in prostate MRI interpretation. The readers had lowest
levels of agreement (average level of agreement of 3.7 on 1-5
scale) that the cases addressed a satisfactory range of diagnoses
and that the explanations of the interactive cases were satisfactory.



FIG 4. A 56 year-old man with Gleason score 3 þ 4 tumor on MRI-ultrasound fusion-targeted biopsy of midline anterior transition zone lesion. The lesion was correctly
detected by 2 of the 3 readers during both sessions, and missed by the remaining reader during both sessions. For the 2 readers who detected the lesion during both sessions,
confidence in the interpretation increased in session 2 following review of the online interactive case material.
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Discussion

The online interactive case material explored in this investiga-
tion resulted in significant improvements in readers’ sensitivity
and NPV for tumor detection on prostate MRI. This observation
may relate to the feedback that readers received while reviewing
the online cases, being informed of the presence and location of
tumors that they missed during their initial blinded review. The
improvements in detection were most notable for lesions with a
relatively lower PI-RADS score and a lower Gleason score, suggest-
ing particular value for helping novice readers of prostate MRI in
detecting potentially more subtle or challenging lesions. The
interactive online material also resulted in widespread significant
improvements in reader confidence, for both positive and negative
examinations. Such improvement in reader confidence is helpful
for fostering more firmly crafted reports that may provide clearer
guidance to referring physicians in clinical decision-making.

The improved sensitivity as a result of the online material was
not accompanied by significant improvements in specificity or
PPV. Incorporating into the online case material a larger volume of
normal examinations, and of examinations with benign findings
that mimic tumor, may help the readers reduce the frequency of
false-positive interpretations. In addition, the significantly
improved sensitivity and reader confidence was observed solely
for tumors in the peripheral zone, and not for those in the
transition zone. A larger number of examples transition zone
tumors among the online cases may, therefore, have been helpful
as well. Detection of transition zone tumors is recognized to be
particularly challenging,35,36 and an earlier study reported that a
targeted didactic reader education program had the largest
diagnostic impact for anterior cancers.25 Thus, it remains impor-
tant for prostate MRI educational initiatives to specifically address
this aspect of interpretation.

Despite the improvements in sensitivity and reader confidence,
the online material did not lead to a comparable improvement in
correct assignments of PI-RADS scores to tumors. The annotated
solutions to the online material provided a PI-RADS score for each
examination, as well as a brief explanation. However, PI-RADS
remains a subjective system based on qualitative visual features,
without strict quantitative criteria for selecting a given score. In
addition, correctly identifying the exact PI-RADS score for a given
case presents an additional level of complexity beyond just tumor
detection in a binary fashion (ie, tumor present vs absent) given
the need to select a more granular score from among a multipoint
scale. Achieving improved PI-RADS scoring may require viewing a
larger volume of cases than included in the online material for this
investigation, more intensive didactic instruction regarding the
nuances of the system, or feedback of a more individualized nature
beyond simply providing a solution but also explaining why a
reader’s suggested PI-RADS score was incorrect.

Improving overall community performance in prostate MRI
interpretation currently represents a pressing issue within the
field.22,23 To address this issue, numerous national radiology
specialty societies have sponsored in-person hands-on prostate
MRI educational courses37-39 that incorporate case review with
feedback from a panel of experienced instructors. However, such
traditional educational initiatives, beyond high costs and logistical
challenges from the reliance upon on-site hardware for case
access, have inherent limitations in impact. The courses provide
only a single exposure of finite duration for a limited number of



TABLE 2
Comparison of sensitivity between sessions 1 and 2 for subsets of examinations based on tumor characteristics

Feature Reader Session 1 Session 2 P*

% n % n

PI-RADS 3 lesion by reference standard 1 14.3 1/7 42.9 3/7 0.500
2 14.3 1/7 42.9 3/7 0.500
3 14.3 1/7 42.9 3/7 0.625
All 14.3 3/21 42.9 9/21 0.070

PI-RADS 4 lesion by reference standard 1 58.3 7/12 91.7 11/12 0.125
2 75.0 9/12 75.0 9/12 1.000
3 50.0 6/12/ 66.7 8/12 0.500
All 61.1 22/36 77.8 28/36 0.070

PI-RADS 5 lesion by reference standard 1 90.9 10/11 100.0 11/11 1.000
2 81.8 9/11 90.9 10/11 1.000
3 72.7 8/11 72.7 8/11 1.000
All 81.8 27/33 87.9 29/33 0.625

GS 3 þ 4 tumor 1 53.3 8/15 86.7 13/15 0.063
2 53.3 8/15 60.0 9/15 1.000
3 40.0 6/15 66.7 10/15 0.125
All 48.9 22/45 71.1 32/45 0.006

GS ≥ 4 þ 3 tumor 1 66.7 10/15 80.0 12/15 0.500
2 73.3 11/15 86.7 13/15 0.500
3 60.0 9/15 60.0 9/15 1.000
All 66.7 30/45 75.6 34/45 0.289

Peripheral zone tumor 1 54.5 12/22 81.8 18/22 0.031
2 72.7 16/22 90.9 20/22 0.125
3 54.5 12/22 68.2 15/22 0.375
All 60.6 40/66 80.3 53/66 o0.001

Transition zone tumor 1 75.0 6/8 87.5 7/8 1.000
2 37.5 3/8 25.0 2/8 1.000
3 37.5 3/8 50.0 4/8 1.000
All 50.0 12/24 54.2 13/24 1.000

n Highlighted in bold when statistically significant at P o 0.05.

TABLE 3
Comparison of percentage of examinations with an accurate PI-RADS score
between sessions

Zone Reader Session 1 Session 2 P value

% n % n

All tumors
Both 1 33.3 10/30 56.7 17/30 0.092
Both 2 43.3 13/30 53.3 16/30 0.453
Both 3 53.3 16/30 50.0 15/30 1.000
Both All 43.3 39/90 53.3 48/90 0.149
Peripheral 1 36.4 8/22 59.1 1/22 0.180
Peripheral 2 45.5 10/22 63.6 14/22 0.125
Peripheral 3 54.5 12/22 54.5 12/22 1.000
Peripheral All 45.5 30/66 59.1 39/66 0.078
Transition 1 25.0 2/8 50.0 4/8 0.625
Transition 2 37.5 3/8 25.0 2/8 1.000
Transition 3 50.0 4/8 37.5 3/8 1.000
Transition All 37.5 9/24 37.5 9/24 1.000

Tumor correctly detected by given reader in both sessions*

Both 1 50.0 9/18 66.7 12/18 0.453
Both 2 60.0 12/20 65.0 13/20 1.000
Both 3 73.7 14/19 68.4 13/19 1.000
Both All 61.4 35/57 66.7 38/57 0.629
Peripheral All 62.8 27/43 69.8 30/43 0.508
Transition All 57.1 8/14 57.1 8/14 1.000

n The subset of tumors correctly detected by a given reader during both
sessions was not large enough to allow results to be stratified by both zone and
by reader; thus, for these examinations, results are only stratified either by zone or
by reader.
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participants who are able to attend. Also, the timing of the course
may not match when a given learner desires to access the material.
Moreover, a wider variety of audiences may be interested in the
course material than typically attend the traditional in-person
courses. Although individual departments may seek to create local
educational programs, departments’ resource and expertise in the
topic is variable. In addition, it is inefficient for multiple depart-
ments to prepare similar didactic content on the same topic, as
well as to offer similar content on multiple occasions.

In comparison, the online interactive case material allows
learners to drive the accessing of the material when it is most
relevant to them, unrestricted for time or location. Learners may
readily review selected portions of the content that are of greatest
personal interest, including revisiting material on multiple occa-
sions at their own discretion. Not only can a larger volume of
material be provided, but the online content is available to a
considerably larger number of learners, including more diverse
audiences40 that encompass radiologists of multiple levels of
experience, referring physicians, and patients. In this regard, the
online material allows for a more flexible educational experience
that can be tailored to meet learners’ individual goals. Moreover,
the online content provides standardized material that can be used
in a consistent fashion across programs nationally regardless of
their size, resources, and expertise in the topic, potentially provid-
ing exposure to the material for learners that otherwise may have
lesser opportunity to receive robust instruction in the area.

The survey indicated that the 3 readers responded favorably to
the online material and its perceived educational value, reporting
improved levels of confidence and comfort in prostate MRI



TABLE 4
Comparison of reader confidence between sessions

Cases Reader Session 1 Session 2 P*

All 1 3.2 ± 1.9 3.6 ± 2.0 0.097
2 7.0 ± 2.4 7.5 ± 1.4 0.244
3 6.5 ± 1.8 7.9 ± 1.5 o0.001
All 5.6 ± 2.7 6.3 ± 2.6 0.026

Benign 1 2.6 ± 1.6 2.6 ± 1.3 0.848
2 6.5 ± 2.5 7.1 ± 1.2 0.251
3 5.6 ± 1.1 7.4 ± 1.2 o0.001
All 4.9 ± 2.5 5.7 ± 2.5 0.004

Tumor 1 3.9 ± 2.0 4.6 ± 2.1 0.046
2 7.6 ± 2.1 7.8 ± 1.6 0.560
3 7.4 ± 2.0 8.4 ± 1.7 0.013
All 6.3 ± 2.7 6.9 ± 2.4 0.009

PI-RADS 3 lesion by reference standard 1 2.6 ± 1.8 2.6 ± 0.8 1.0
2 6.7 ± 2.1 6.4 ± 1.0 0.753
3 5.7 ± 1.3 7.3 ± 1.3 0.106
All 5.0 ± 2.5 5.4 ± 2.3 0.857

PI-RADS 4 lesion by reference standard 1 3.5 ± 1.8 4.2 ± 1.6 0.314
2 7.2 ± 2.1 7.9 ± 1.2 0.205
3 7.1 ± 1.2 8.3 ± 1.8 0.062
All 5.9 ± 2.4 6.8 ± 2.4 0.032

PI-RADS 5 lesion by reference standard 1 5.1 ± 1.8 6.3 ± 1.9 0.009
2 8.6 ± 1.9 8.5 ± 1.8 1.0
3 8.8 ± 2.1 9.1 ± 1.4 1.0
All 7.5 ± 2.6 7.9 ± 2.1 0.024

GS 3 þ 4 tumor 1 3.5 ± 1.9 4.0 ± 1.5 0.102
2 7.5 ± 2.2 7.6 ± 1.6 0.249
3 6.9 ± 1.8 8.7 ± 1.2 o0.001
All 6.0 ± 2.6 6.8 ± 2.5 0.026

GS ≥ 4 þ 3 tumor 1 4.2 ± 2.1 5.1 ± 2.5 0.014
2 7.7 ± 2.1 7.9 ± 1.6 0.469
3 7.9 ± 2.1 8.1 ± 2.0 0.797

Peripheral zone tumor 1 3.6 ± 2.0 4.5 ± 2.2 0.008
2 8.1 ± 2.0 8.2 ± 1.5 0.643
3 7.6 ± 2.0 8.3 ± 1.8 0.045
All 6.4 ± 2.8 7.0 ± 2.5 0.002

Transition zone tumor 1 4.6 ± 2.1 4.8 ± 2.4 1.000
2 6.4 ± 2.1 6.6 ± 1.2 0.844
3 7.0 ± 2.1 8.5 ± 1.1 0.219
All 6.0 ± 2.2 6.6 ± 2.2 0.398

n Highlighted in bold when statistically significant at P o 0.05.
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interpretation. The overall volume of material, as well as its level of
difficulty, were deemed appropriate, and the readers all completed
the material within 4 hours. Given the observations, the online
interactive material may provide an enduring educational resource
of value not only for interpreting radiologists, but referring
physicians as well. Ultimately, it is intended that the educational
value of the website can translate to improved care for prostate
cancer patients. In addition, the interactive online material may
serve as a model to apply for development of similar educational
content for other areas of imaging.

This study has a number of limitations. First, assessment was
only performed among 3 readers from a single institution. Greater
variability in results may have been observed among a larger
number of readers, including readers from different institutions.
In addition, the effect of the online material was only assessed for
learners who were novices in prostate MRI interpretation. The
potential value of the material for more experienced readers
remains unknown. Also, it remains unknown from the analysis
to what extent the observed improvements resulted from the
annotated solutions provided by the online material vs the
inherent exposure to a larger number of examinations while
viewing the material. Finally, while the reference standard for
evaluating the readers’ assigned PI-RADS scores was established by
a radiologist experienced in prostate MRI and PI-RADS v2, these
scores remain subjective, with no perfect measure of ground
“truth.”

In conclusion, an online interactive case-based website in
prostate MRI interpretation could be completed within 4 hours
and resulted in significantly improved sensitivity and NPV for
tumor detection, along with significantly improved reader con-
fidence, among novice readers of prostate MRI. This online
material may serve as a resource that complements existing
traditional methods of instruction by allowing for a more flexible
educational experience among a larger volume of learners. How-
ever, the online material did not result in improved PI-RADS
scoring of detected tumors, such that further more targeted
educational initiatives regarding the application of PI-RADS v2
are warranted.



TABLE 5
Results of survey

Survey item Response*

Items included on survey completed both before and after website review
I feel comfortable interpreting prostate MRI examinations. (1-5) Pre: 2.3; Post: 3.7
I am confident in my ability to detect lesions. (1-5) Pre: 2.7; Post: 3.7
I am confident in my ability to score lesions using PI-RADS version 2. (1-5) Pre: 2.0; Post: 3.3

Items included on survey completed only after website review
How long did it take to complete to complete the cases? (free response) 3.5 hours (n ¼ 1); 4 hours (n ¼ 2)
The number of available cases on this website is: (multiple choice) “About right” (n ¼ 3)
The overall level of difficulty of the cases on this website is: (multiple choice) “About right” (n ¼ 3)
The amount of time required to review the cases on this website is: (multiple choice) “About right” (n ¼ 3)
I am likely to view the interactive cases again. (1-5) 5.0
The interactive cases are useful as a learning tool. (1-5) 5.0
The interactive cases had a user-friendly interface. (1-5) 4.7
The interactive format of the cases enhances their educational value. (1-5) 5.0
The interactive cases satisfactorily addressed my questions on this topic. (1-5) 4.0
The interactive cases addressed a satisfactory range of diagnoses (1-5) 3.7
The explanations of the interactive cases are satisfactory. (1-5) 3.7
Reviewing the interactive cases improved my skill in prostate MRI interpretation. (1-5) 5.0
Reviewing the interactive cases improved my knowledge of PI-RADS. (1-5) 4.7

n For all responses on a 1-5 scale, 5 indicates maximal agreement, and provided value indicates mean response from among the 3 readers.
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