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Objectives: To evaluate the efficiency of structured
reporting in radiologic education - based on the example
of different PI-RADS score versions for multiparametric
MRI (mpMRI) of the prostate.

Methods: MpMRI of 688 prostate lesions in 180 patients
were retrospectively reviewed by an experienced radiol-
ogist and by a student using PI-RADS V1 and V2. Data
sets were reviewed for changes according to PI-RADS
V2.1. The results were correlated with results obtained
by MR-guided biopsy. Diagnostic potency was evaluated
by ROC analysis. Sensitivity, specificity and correct-
graded samples were evaluated for different cutpoints.
The agreement between radiologist and student was
determined for the aggregation of the PI-RADS score in
three categories. The student’s time needed for evalua-
tion was measured.

Results: The area under curve of the ROC analysis was
0.782/0.788 (V1/V2) for the student and 0.841/0.833 (V1/
V2) for the radiologist. The agreement between student

INTRODUCTION

Structured reporting with standardization of radiological
reports ensures a complete analysis with higher quality and
less ambiguity." In combination with templates and digital
tools, the results are better comparable and can be used for
automatic functions. Structured reporting is well known in
breast imaging (BI-RADS - Breast Imaging Reporting and
Data System) and in prostate imaging (PI-RADS - Prostate
Imaging Reporting and Data System). Further reporting
systems exist for hepatocellular carcinoma (LI-RADS),
thyroid nodules (TI-RADS) and CT diagnosis of coronary
artery disease.””™*

and radiologist showed a Cohen‘s weighted k coefficient
of 0.495 for V1 and 0.518 for V2. Median student’s time
needed for score assessment was 4:34 min for PI-RADSv1
and 2:00min for PI-RADSv2 (p < 0.001). Re-evaluation
for V2.1 changed the category in 1.4% of all ratings.
Conclusion: The capacity of prostate cancer detection
using PI-RADS V1 and V2 is dependent on the reader's
experience. The results from the two observers indicate
that structured reporting using PI-RADS and, controlled
by histopathology, can be a valuable and quantifiable
tool in students or residents’ education. Herein, V2 was
superior to V1in terms of inter- observer agreement and
time efficacy.

Advances in knowledge: Structured reporting can be a
valuable and quantifiable tool in radiologic education.
Structured reporting using PI-RADS can be used by a
student with good performance. PI-RADS V2 is superior
to V1 in terms of inter -observer agreement and time
efficacy.

Garcia-Reyes et al evaluated a reader education program
on detection of prostate cancer and showed a significant
increase in diagnostic accuracy and confidence for index
lesion detection in a small population.® Structured reports
might contribute to effective training and supervision
of residents and students. Reproducibility is expected to
improve diagnostic accuracy, however, simplification could
be detrimental.>” Simultaneously, an excessive increase of
the time needed for assessment should be avoided.

The incidence of prostate cancer has declined or stabilized
in most of the countries in Northern and Western Europe.
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Figure 1. In-bore MRI-guided prostate biopsy, documentation
of needle course; patient 68 years; prostate-specific antigen
PSA 8.4ngml™"; prostate volume 65ml, PSA density 0.13ng/
ml?; a: coronal T2-weighted diagnostic imaging with small
lesion on the right side; b: coronal and c-f: consecutive axial
fast T2-weighted biopsy imaging showing the needle position
inside the lesion.

This trend may reflect updated recommendations for limited use
of PSA screening. Nevertheless, the incidence is still high. Pros-
tate cancer represents the second most diagnosed cancer among
males worldwide.® In 2012, the ESUR presented guidelines for
magnetic resonance imaging (MRI) in prostate cancer including
the structured reporting system PI-RADS.” Multiple compo-
nents of MRI as T,-weighted imaging (T2w), diffusion-weighted
imaging (DWI) and dynamic contrast enhanced imaging (DCE)
are scored separately on a five-point Likert scale. The published
criteria for this classification are based on consensus expert
opinion and literature evidence. The combination of these sepa-
rate scores yields an overall PI-RADS score. Similar to the known
BI-RADS score for radiologic breast diagnostic, this score
represents the probability for clinically significant cancer, that is
unlikely to be present with PI-RADS one and highly likely to be
present with PI-RADS 5.

PI-RADS Version 1 (V1) was updated in 2015 as PI-RADS
V2.!%!! In particular, the correlation of a lesion to the prostate
zonal anatomy was considered and the evaluation of DCE was
simplified. Minor changes were released in 2019 as PI-RADS
V2.1."2 Several comparative studies are dealing with the accuracy
and inter-observer agreement of different PI-RADS versions.'*~*’
Data are limited in the literature on the efficiency of PI-RADS
in education of readers without specific radiologic experience.
This could also be an issue for urologists with interest in prostate
imaging and fusion biopsy.

We evaluated the role of structured reporting using different
PI-RADS versions in a student's training controlled by in-bore
MRI-guided biopsy.

Methods
This retrospective study was approved by the institutional review
board and informed consent was obtained from all patients.

Patients and diagnostic MRI
Multiparametric MRI was performed in patients with clini-
cally suspected prostate cancer on a 1.5 Tesla wide bore system

(ESPREE, Siemens Healthineers, Erlangen, Germany). For
diagnostic MRI, an endorectal coil was used combined to a six-
channel body array and an eight-channel spine coil. Our stan-
dard protocol fulfilling the requirements of Consensus Meeting
on the Standardization of Prostate MRI’ included T,-weighted
imaging in three planes (slice thickness 3 mm without a gap); the
axial in-plane resolution was 0.6 x 0.7 mm. DWI was performed
using 4 b-values (0,100, 800, 1400), apparent diffusion coeflicient
was calculated from b = 0, 100 and 800s/mm?2, the additional
b1400 s/mm2 sequence was used for further visual interpre-
tation. Volume interpolated gradient echo sequences with a
temporal resolution of 8s were used for DCE. Gadoteric acid
was applied as contrast media in a weight-adapted standard dose
(0.1 mmol/kg body weight) with an injection rate of 3 mls™.
Post-processing of DCE datasets was carried out on a Syngo
Multimodality Workplace with Tissue 4D (Siemens, Erlangen,
Germany) with colour-coded Ktrans maps and curve evalua-
tion according to Tofts pharmacokinetic model. Lesions scored
PIRADS category three or above in multiparametric MRI were
assigned to biopsy in a consensus-based decision by radiolo-
gist and urologist. After information, 180 consecutive patients
(mean age 64.9 years, range 39-82 years) gave their consent.
Fifty-eight patients had an ultrasound-guided biopsy without
malignant findings before. Median prostate-specific antigen PSA
was 7.2ng ml™ (range 0.4-122.7 ng ml™}, IQR 4.9) with a median
PSA density of 0.21 ng/ccm (range 0.02-2.32ng/ccm, IQR 0.14).

In-bore MR-guided biopsy and lesion marking
Biopsy was performed after accurate biopsy planning in a second
session with the patient in supine position lying on a biopsy
positioning device (Invivo, Schwerin, Germany) in the same 1.5
Tesla scanner. An adjustable needle guide was inserted transrec-
tally under control of sagittal and coronal fast imaging. Biopsy
was performed by an MR compatible fully automatic biopsy gun
(18G). Each procedure was documented by fast T,-weighted
imaging in axial and sagittal plane with the needle inside the
lesion. It was intended to obtain a minimum of two cores per
index lesion. Where appropriate biopsies were repeated, so 1-7
cores (mean 3.8) cores were taken per patient.

For image analysis, the MR scans were reviewed by the radiolo-
gist who performed the biopsy. The documented needle position
was marked in the axial T2w images of the preceding diagnostic
MRI in a synopsis of biopsy and diagnostic scans (Figures 1 and
2). According to the core length of 17 mm, the markings were set
in four or five consecutive 3 mm slices

Image evaluation

The medical student in her fifth year did not have prior specific
radiological knowledge nor practical experience in MR image
evaluation. The student was instructed using the published
criteria of PI-RADS V1 in a training less than two hours. The
instruction was performed by a radiologist with more than
10 years of experience in prostate imaging and biopsy. The
instruction went step by step through the image criteria for T,-
weighted imaging, diffusion-weighted imaging, and DCE based
on published sample images for PI-RADS V1.*® These sample
images were available for the student during the evaluation
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Figure 2. Same patient as Figure 1; diagnostic imaging; a: T2-
weighted axial imaging with retrospectively set markings of
two different biopsy cores (arrows), b: contrast-enhanced
imaging with diffuse enhancement because of associated
prostatitis; c: apparent diffusion coefficient map, d: diffusion-
weighted imaging with b-value of 1400; right peripheral
lesion: Gleason 3 + 3 (prognostic grade group according to
the International Society of Urological Pathology ISUP 1)

Figure 3. Anterior carcinoma; patient 70 years; prostate-
specific antigen PSA 29ngml™"; prostate volume 41ml, PSA
density 0.71ng/ml?; a-d = diagnostic imaging; a: T2-weighted
axial imaging with retrospectively set markings of three dif-
ferent biopsy cores (arrows), b: diffusion-weighted imaging
with b-value of 1400; c: apparent diffusion coefficient map,
d: contrast-enhanced imaging; e + f=biopsy imaging; axial
and sagittal documentation of needle position No.2; anterior
lesion: Gleason 4 + 4 (prognostic grade group according to
the International Society of Urological Pathology ISUP V)

Garmer et al

Figure 4. Prostatitis; patient 77 years; prostate-specific anti-
gen PSA 21.9ngml™; prostate volume 85ml, PSA density
0.26ng/ml% a-d = diagnostic imaging; a: T2-weighted axial
imaging with retrospectively set markings of two different
biopsy cores (arrows), b: diffusion-weighted imaging with
b-value of 1400; c: apparent diffusion coefficient map, d:
contrast-enhanced imaging; e + f=biopsy imaging; axial and
sagittal documentation of needle position No.l; posterior
lesion: acute prostatitis, no carcinoma

process. Multiparametric MRI including the markings of 688
cores obtained were displayed in a picture archiving and commu-
nicating system to provide an evaluation of the prostate lesions
in multiplanar T,-weighted imaging, in diffusion-weighted
imaging including apparent diffusion coeflicient maps and DCE
(Figures 2-4). Because of missing data 50 of 688 lesions had to
be excluded. The documentation of 638 prostate lesions in 180
patients was rated separately by the student and by the radiol-
ogist corresponding to PI-RADS V1. After completion of the
PI-RADS V1 evaluation, further training on PI-RADS V2 was
based on published sample images by Weinreb et al.'’ All data
sets were again evaluated corresponding to V2. During the eval-
uation process, the pathological results were not available.

According to minor differences between V2 and V2.1, the docu-
mented results of V2 were searched for lesions of the transition
zone (TZ). TZ lesions with T2w single score of 2 were updated to
an overall score of 3 in case of a single DWI score of >4.

Data analysis

The results were correlated with the presence or absence of
prostate carcinoma in the tissue samples obtained. Diagnostic
performances of the student and experienced radiologist were
evaluated for different cutpoints including sensitivity, spec-
ificity and correct-graded samples. Area under the receiver
operating characteristic (ROC) curves (AUCs) was calculated.
The agreement between student and radiologist was deter-
mined using Cohen’s weighted « analysis for the aggregation of
the PI-RADS score in three categories according to the clinical
relevance. PI-RADS scores 1 and 2 were considered negative,
PI-RADS score 3 was considered equivocal and PI-RADS scores
4 and 5 were considered positive for suspected cancer. The time
needed for score assessment of the student for V1 and V2 was
measured and compared using the Wilcoxon signed-rank test.
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Table 1. Rating by the student and by the radiologist according to PI-RADS version 1 (V1) and PI-RADS version 2 (V2)

Student V1 Student V2 (%) Radiologist V1 Radiologist V2

PI-RADS n (%) n (%) n (%) n (%)

1 3(<1) 29 (5) 28 (4) 41 (6)

2 150 (24) 263 (41) 116 (18) 255 (40)

3 247 (39) 129 (20) 243 (38) 108 (17)

4 173 (27) 180 (28) 132 (21) 161 (25)

5 65 (10) 37 (6) 119 (19) 73 (11)

The Shapiro-Wilk test was used to assess the normality of the DISCUSSION

distribution of continuous variables.

Results

The majority of the 638 samples obtained yielded benign
pathology (n = 443; 69 %). Prostate cancer was detected in 195
samples in 88 patients. Of these malignant samples, 157 lesions
were located in the peripheral zone and 38 lesions in the transi-
tion zone. The mean size of the related suspect area in MRI was
11.1mm (SD 4.5, range 4-22 mm). The prognostic grade group
according to the International Society of Urological Pathology
(ISUP) 1, 2, 3, 4 and 5 was determined in 67 (34 %), 46 (24 %),
47 (24 %), 27 (14 %) and 8 (4 %) of the malignant cores obtained.

The results of the PI-RADS score according to V1 and V2 rating
by the student and by the radiologist are given in Table 1. The
distribution of the scores in Figure 5 shows that in both ratings
the equivocal score PI-RADS three was less frequent using V2
compared to V1 while the non-suspect score PI-RADS two was
more frequent.

The ROC analysis is based on sensitivity, specificity and correct
graded samples for different cutpoints (Tables 2 and 3). The
student achieved an area under curve (AUC) of 0.782 (95% confi-
dence interval: [0.745; 0.819]) using V1 and 0.788 (95%-confi-
dence interval: [0.750; 0.826]) using V2. The radiologist achieved
an AUC of 0.841 (95% confidence interval: [0.806; 0.876]) using
V1 and 0.833 (95% confidence interval: [0.799; 0.867]) using V2.
The difference between student and radiologist was significant
for V1 (p = 0.0002) and V2 (p = 0.002).

The agreement between student and radiologist showed a
Cohen’s weighted « coeflicient of 0.495 (95% confidence interval:
[0.443;0.546]) for V1 and 0.518 for V2 (95% confidence interval:
[0.464;0.573]).

The median time needed for score assessment of the student was
4:34min for V1 and 2:00 min for V2 (p < 0.001).

For re-evaluation of V2.1, 236 lesions of the transition zone were
identified. TZ lesions were updated from a V2 score of 2 to a V2.1
score of 3 in case of a DWI category of >4. The student’s rating
was updated for five lesions (2% of all TZ lesions), none of these
five lesions showed cancer. The radiologist's rating was updated
for 13 lesions (6% of all TZ lesions); four of these 13 lesions
showed cancer. Overall, 1.4% of all ratings had to be changed
from V2 to V2.1.

Multiparametric prostate MRI represents a complex exam-
ination with a high clinical impact. The decision whether to
perform a prostate biopsy or not is increasingly based on MRI
results besides clinical factors. Inter-reader variability limits this
strength of MRI. The clinical management of patients can be
altered in a high percentage when a second opinion is consid-
ered.”’ Structured reporting in education using PI-RADS may be
appropriate to improve diagnostic accuracy.

In both ratings of the student and the experienced radiologist,
the equivocal score PI-RADS three was less frequent in favour of
PI-RADS two using V2 compared to V1.

Figure 5. Ratings by the student and by the radiologist V1 ver-
sus V2 (n = 638 samples). PI-RADS score three is less frequent
and PI-RADS score two is more frequent using V2.
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Table 2. Rating by the student “benign“ or “malignant” - V1 versus V2; sensitivity, specificity and correct-graded samples for

different cutpoints

Sensitivity (%) Specificity (%) Correct grades samples (%)

Cutpoint V1/V2 V1/V2 V1/V2

>=1 100.00/100.00 0.00/0.00 29.77/30.22
>=2 99.48/98.45 0.66/5.58 30.08/33.64
>=3 94.27/83.51 32.67/57.14 51.01/65.11
>=4 70.83/73.20 77.26/81.25 75.35/78.82
>=5 25.00/14.95 96.47/97.77 75.19/72.74
>5 0.00/0.00 100.00/100.00 70.23/69.78

For clinical use, this might help in decision-making, whether a
biopsy is indicated or not.

Greer et al differentiated agreement of radiologists with different
levels of experience for V2 categories 3 and 4 and found slight
agreement for V2 category 3 but substantial agreement for V2
category 4%

Diagnostic performance of different versions of
PI-RADS

Many comparative studies, that focused diagnostic performance
V1 versus V2 on experienced readers, showed different results.
Some studies did not prove any significant difference between
V1 and V2.!*7 18183132 Other studies showed lower accuracy of
V2.1%2° Improved diagnostic performance of V2 versus V1 was
also described 2"

Reevaluation of V2.1 resulted in minor changes in only 6% of
all TZ nodules, yielding additional cancer in less than 1% in our
study. This is in line with the results of Byun et al, who reported
an upgrade in 4% (eight cases in 201 TZ lesions) with additional
cancer in 2% (four cases).?* Lim et al evaluated 40 upgraded TZ
lesions; 27.5% (11/40) showed cancer and 7.5% (3/40) showed
significant cancer.”

Studies comparing V2 to V2.1 yielded mixed results for diag-
nostic performance and inter -observer agreement. Wei et al
are in favour of V2.1,%> whereas others did not prove significant
benefit for V2.1 versus V2.2

In summary in the literature, there is no unequivocally endorsed
version of PI-RADS for experienced readers.

Experience-dependent diagnostic performance
There were minor differences of AUC between V1 and V2 for
the student (0.782 and 0.788) and for the radiologist (0.841 and
0.833). The radiologist achieved a significantly higher AUC than
the student with V1 and V2. This reflects a better performance of
the experienced radiologist as expected. This is also confirmed by
other authors. When focused to experience-dependent perfor-
mance in V2, Greer et al found a higher specificity on a patient
basis in readings by highly experienced readers compared to
intermediate and low level experienced readers.”® Pickershill et
al described significant differences in accuracy by radiologists of
different levels of experience in V1(34). None of these studies
evaluated performance of a student with no specific knowledge
in radiology.

Experience-dependent inter-observer agreement
The agreement between student and radiologist was moderate
using V1 and V2 with a slight advantage for V2 according to
Cohen's weighted k.

This is in line with the results of Tewes et al, who reported fair
inter -observer agreement for V1 and moderate agreement with
V2 in a study with two readers.'® Other comparative studies eval-
uated different readers and found poor agreement of individuals
and teams for V1,”* moderate agreement using V2°>* or using
both, V1 and V2,* good agreement for V1 and V2.!> Substantial

Table 3. Rating by the radiologist “benign” or “malignant” - V1 versus V2; sensitivity, specificity and correct-graded samples for

different cutpoints

Sensitivity (%) Specificity (%) Correct graded samples (%)

Cutpoint V1/V2 V1/V2 V1/V2

>=1 100.00/100.00 0.00/0.00 29.91/30.09
>=2 98.44/98.48 5.78/8.26 33.49/35.41
>=3 94.27/87.88 30.22/59.78 49.38/68.24
>=4 79.69/82.83 78.00/81.30 78.50/81.76
>=5 53.65/28.79 96.44/95.87 83.64/75.68
>5 0.00/0.00 100.00/100.00 70.09/69.91
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agreement was described for V1 and V2 evaluation limited to
anterior lesions."* Krishna et al reported a range from slight
(DCE) to substantial (DWI) agreement for V1 but moderate for
V2.2 Substantial to almost perfect agreement for V1 and V2 was
found by Polanec et al.'®

Some studies specified the results for different levels of expe-
rience. Greer et al also found moderate agreement of different
readers with high, intermediate and low experience using V2.%°
Excellent agreement was found only for index lesions, which
was not separately evaluated in our study. Kasel-Seibert et al
described an increased inter-observer reliability of both, expe-
rienced and unexperienced readers, from moderate in V1 to
substantial in V2.2 Glazer et al also evaluated index lesions using
V2, readers had experience from 1 to 11 years. Inter-observer
agreement was moderate in the peripheral zone and fair in the
transition zone.”® We did not evaluate inter-observer agreement
for separate prostate zones.

Our study design was demanding in some respects. Firstly, a
student with no specific knowledge in radiology evaluated multi-
parametric MRI after a training of less than two hours. Secondly,
we compared PI-RADS categories to the presence or absence of
prostate carcinoma in each tissue sample obtained in MR-guided
biopsy. A patient-based evaluation or a limited evaluation of
index lesions could have increased the agreement. Nevertheless,
our number of patients is considerably higher than in previous
studies mentioned above.

Overall, the student yielded a respectable diagnostic performance
and inter -observer agreement using structured reporting.

Time saving
In structured reporting, the efficiency in daily routine should be
considered.

V2 emphasizes the weight of the diffusion score for periph-
eral lesions and the weight of the T2w score in transition zone
lesions. Consequently, in some cases, it is not mandatory to eval-
uate the other parameters in detail leading to savings in time.
According to this, simpler evaluation in an abbreviated pathway
in V2 versus V1 the time needed for score assessment was signifi-
cantly less (2:00 min versus 4:34 (p < 0.001)).

This is in line with the study of Tewes et al, who also reported a
significant lower time required for V2 compared to V1.'¢

Education model

This study aimed to quantify the efficiency of structured
reporting combined with simple image-based assistance. Clin-
ical cases were prepared for re-evaluation in an education model.
The correlation between a student and an experienced reader
and the correlation with histological results was measured to
compare different versions of the structured reporting.

An education set and a test set for training radiology on breast
imaging according to BI-RADS residents have already been eval-
uated with good results.””

The need for novel ways of training in prostate MRI has been
described in a survey among urology residents. Online modules
for self-directed learning were endorsed.*® Artificial intelligence
was also proposed to make a virtual experienced reader available
during the training.

Barth et al evaluated two different readings of non-specialized
radiology residents. For the first read, the residents used the
PI-RADS v2.1 document only. A second read was assisted
by a browser-based calculator.” This calculator presented a
reporting pathway comparable to the described pathway in
our study; based on the mentioned above simplification of V2
versus V1, not all parameters had to be described in detail in
this pathway. The student in our study was similarly assisted
by visual examples. Barth et al found a significant time-saving
using the calculator versus using the PI-RADS document
only without loss of diagnostic accuracy. This observation
is in line with the significant time-saving in our study in V2
versus V1. Therefore, a clear reporting pathway should be an
essential part of structured reporting and effective training.
The browser-based presentation may have a further effect on
the time required. Further attempts at improvement could
include a self-control system based on histological results for
predefined lesions. Such a model should be evaluated with
participation of several readers.

An optimal education model yields high acceptance and a high
trainee outcome.

Our findings may enhance this approach for prostate image
interpretation for students, residents in radiology, or urology.
The reliability of reporting becomes quantifiable using PI-RADS
structured reporting. V2 seems to be slightly superior to V1
regarding reliability and time efficiency in education.

Limitations

Structured reporting according to PI-RADS was reduced in
our study design to evaluation of previously described lesions
with probability of cancer risk. There was no need to identify
lesions independently. No extra prostatic disease and no inci-
dental findings other than prostate carcinoma were consid-
ered. However, the results of our study encourage a training
model using predefined lesions. A further step could be the
autonomous identification of an index lesion.

The allocation of biopsy samples to lesions in MRI (Figures 1 and
2) seems reliable, as biopsy was performed in-bore under image
control. Nevertheless, this procedure could be afflicted with
errors, as there was no postoperative whole mount histopatho-
logical correlation available.

Although during the retrospective evaluation process, the
pathological results were not available, the radiologist, who
performed the diagnostic and the biopsy, could have been
influenced by information from the clinical process. However,
in consideration of the high number of lesions, this restriction
seems negligible.
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The number of lesions was high leading to increasing experience
of the student. Training effects of the student between the reading
sessions have not been evaluated. This might have contributed to
a better inter -observer agreement using V2.

Reevaluation of V2.1 was limited to upgrade of TZ lesions cate-
gory two in T2w in case of DWI category 24 in our study. The
modifications in v2.1 also address interpretation of TZ nodules
in T2w, this was not evaluated in our study. Furthermore, inter-
pretation of PZ lesions is modified in V2.1. Nevertheless, higher
sensitivity for V2.1 in PZ lesions was shown in a current paper
only among experienced readers with less specificity at the same
time.

CONCLUSION
In our large study population, the capacity of prostate cancer
detection using PI-RADS V1 and V2 was dependent on the

Garmer et al

reader's experience, but with good diagnostic performance even
for a student with limited expert radiological knowledge. The
results from the two observers indicate that structured reporting
using PI-RADS and, controlled by histopathology, can be a valu-
able and quantifiable tool in students” or residents’ education.
Herein, V2 was superior to V1 in terms of inter -observer agree-
ment and time efficacy.
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