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Analysis of interreader agreement in structured reports of pelvic
multiparametric magnetic resonance imaging using the METastasis
Reporting and Data System for Prostate Cancer guidelines

Xiang Liu

Tingting Xie PURPOSE
Zhaonan Sun To evaluate interreader agreement on pelvic multiparametric magnetic resonance imaging (mp-
MRI) interpretation among radiologists using a structured reporting tool based on the METastasis

Ying Guo Reporting and Data System for Prostate Cancer (MET-RADS-P) guidelines.
Xiaodong Zhang

. . METHODS
Xiaoying Wang

A structured report for follow-up pelvic mpMRI for advanced prostate cancer (APC) patients was
formulated based on MET-RADS-P guidelines. In total, 163 paired pelvic mpMRI examinations were
performed from December 2017 to February 2021 on 105 patients with APC. These were retrospec-
tively reviewed by two senior and two junior radiologists for metastatic lesion detection and were
categorized by these readers using primary/secondary response assessment categories (RACs), with
and without the structured report. Interreader agreement regarding metastasis detection and RAC
scores was evaluated with Cohen'’s kappa and weighted Cohen'’s kappa statistics (K), respectively.

RESULTS

The two senior radiologists showed higher agreement with the reference standard for metastasis
detection using the structured report (S1: K = 0.83; S2: K = 0.73) compared with the conventional
report (S1: K= 0.72; S2: K= 0.61). Junior radiologists showed similar results (J1: 0.66 vs. 0.59; J2: 0.65
vs. 0.57). The overall agreement between the two senior radiologists was excellent for the primary
RAC pattern using the structured reports (K = 0.81) and was substantial for secondary RAC categori-
zation (K= 0.75). The interreader agreement of the two junior radiologists was substantial for both
primary and secondary RAC values (K = 0.76, 0.68).

CONCLUSION

Good interreader agreement was found for the follow-up assessment of APC patients between ra-
diologists, where the pelvic mpMRI was reported using MET-RADS-P guidelines. This improvement
applied to both metastatic lesion detection and qualitative RAC assessment.
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published practical guide that provides the
minimum standards for whole-body MRI
scans for image acquisition, interpretation,
and reporting of baseline and follow-up APC
patients, and it enables the documentation
of response heterogeneity using response
assessment categories (RACs) at the regional
level.* More importantly, the MET-RADS-P
score has been confirmed to be a prognostic
imaging biomarker, as it stratifies the can-
cer-specific survival of patients with castra-
tion-resistant prostate cancer (PCa).*

One of the important purposes of the
MET-RADS-P guide is to ensure the uniformi-
ty of imaging interpretations. To date, limited
data are available on the interreader agree-
ment of MRl examination reports when using
MET-RADS-P guidelines. Pricolo et al.’ found
excellent interobserver agreement for the
RAC assessment of bone between a senior
radiologist and resident radiologist when
using the MET-RADS-P guidelines, but re-
sults were mixed for other body regions that
relied on limited paired whole-body MRI ex-
aminations. Therefore, further improvement
of interreader agreement needs to be ad-
dressed. Consistency can often be improved
through training, while another solution is to
use a structured reporting tool.

Structured reports are popular in clinical
radiology workflows and have shown great
potential in improving practical workflows
by providing professional, well-defined, and
consistent report templates. Dimarco et al.®
confirmed that structured reports improved
the interreader agreement of pancreatic
ductal adenocarcinoma staging compared
with free-text reports. Therefore, this study
hypothesized that a structured report could
also improve the interreader agreement on
the metastatic evaluation of PCa, using MET-
RADS-P guidelines.

Given that PCa initially and predominant-
ly metastasizes to pelvic lymph nodes and
bone, and that extrapelvic metastases in the
absence of pelvic involvement are rare,’® a
routine pelvic examination is adequate for

* The structured report improved the accura-
cy of metastasis detection for readers.

* The agreement of senior readers for primary
response assessment category (RAC) scor-
ing was higher than that of the secondary
RAC scoring.

* The agreement of senior readers for primary
RAC scoring was higher than that of junior
readers.

the metastasis detection and response eval-
uation for PCa patients.>'® In this setting, the
researchers tailored a structured report for
follow-up pelvic multiparametric MRI (mp-
MRI), taking the MET-RADS-P template for
reference. This was used with a cohort of pa-
tients with APC at the study site, mimicking a
typical clinical workflow. The purpose of this
study was to evaluate the interreader agree-
ment of pelvic mpMRI interpretation among
radiologists using a structured reporting tool
based on MET-RADS-P guidelines.

Methods

Study participants

This retrospective study was approved by
the Peking University First Hospital Institu-
tional Review Board, and informed consent
was obtained from all patients in written
form (2021-060).

The inclusion criteria for patients in this
study included a histologic diagnosis of PCa,
with metastatic lesions presented in previ-
ous and ongoing follow-up pelvic mpMRI ex-
aminations at the institution. Only patients
that had a complete pelvic mpMRI dataset
before and after systemic therapy were in-
cluded. The study excluded patients who
had an incomplete pelvic mpMRI protocol (n
= 7), poor image quality (n = 5), and absent
clinical information (n=11).

In total, 163 pairs of pelvic mpMRI exam-
inations were gathered for analysis. These
were performed on 105 patients with APC
who had undergone at least two examina-
tions between December 2017 and February
2021 for follow-up assessment after cancer
therapy. All patients underwent baseline
scanning before therapy. Among them, 58
patients had one follow-up examination (116
scans total, 58 examination pairs), 36 patients
had two follow-up examinations (108 scans
total, 72 examination pairs), and 11 patients
had three follow-up examinations (44 scans
total, 33 examination pairs). Pre-MRI clinical
information [age, prostate-specific antigen
(PSA) values, and therapy method] was col-
lected for all patients.

Imaging technique

All pelvic mpMRI images were acquired
on two 3.0 T MRI scanners (Discovery, GE
Healthcare; Intera, Philips Healthcare) using
an acquisition protocol that complies with
the MET-RADS-P standard. The imaging pro-
tocol consisted of multiplanar T1-/T2-weight-
ed imaging and diffusion-weighted imaging
with b values of 800-1,000 s/mm? along
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with reconstructed apparent diffusion coef-
ficient maps. The T1-weighted imaging was
obtained using the Dixon technique with
in-phase and out-of-phase and three-di-
mensional dynamic contrast-enhanced MRI.?
For patients who had previously undergone
prostatic biopsies, mpMRI examinations
were performed at least four weeks after the
latest biopsy.

MET-RADS-P system

The MET-RADS-P system assigned the
presence of clearly identified disease to 14
predefined regions of the body (the primary
disease site, seven skeletal and three nodal
regions, and lung, liver, and other soft tissue
sites); this was used at baseline and follow-up
assessments according to the morphological
and signal characteristics on all acquired im-
ages. For each anatomic region of metastasis,
a qualitative response assessment on a scale
of RAC 1 to 5 (1: highly likely to be respond-
ing; 2: likely to be responding, 3: stable; 4:
likely to be progressing; 5: highly likely to be
progressing) was recorded and compared
with the baseline study.?

Structured report template

A structured report for follow-up pelvic
mpMRI for patients with APC was formulat-
ed in line with the MET-RADS-P guidelines
by two urinary radiologists (with 4 and 15
years of experience in urinary radiology, re-
spectively) (Figure 1). The structured report
template consists of four sections: 1) clinical
evaluation: a statement regarding the pa-
tient’s clinical performance, prior treatment
methods, current pathological status, and
prior/current PSA level; 2) imaging tech-
nique: details of the pelvic mpMRI technique,
including the imaging protocol and quality
[notably, obvious deviations in techniques
and artefacts should be recorded with their
causes (e.g., metal implant artefacts, patient
movement)]; 3) key radiological findings: the
presence of metastasis and the RAC scores
for each pelvic region (including primary dis-
ease, skeletal pelvis, lymph nodes, seminal
vesicles, rectum, and bladder) based on the
baseline and follow-up examination; and 4)
diagnostic impression: an overall diagnostic
impression.

Image interpretation

All examinations were retrospectively and
independently reviewed, interpreted, and
scored according to MET-RADS-P guidelines
by two senior radiologists (all with six years
of experience in urinary radiology) and two
junior radiologists (all with three years of
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[1. Clinical evaluation ]

1.1 Pathological result
Time Result
1.2 Prior and current PSA level
Time PSA level

1.3 Prior and current therapy
radiotherapy
chemotherapy
endocrine therapy
Other

1.4 Prior MRI

Primary disease
Metastatic state

[ 2. Technique evaluation ]
Imaging protocol T2WI TIWI DWI ADC
Imaging quality incomplete mpMRI protocol
Unqualified scanning parameter
Image artifact Metal artifact
Motion artifact
[3. Radiological findings ]
Primary disease Skeletal pelvis
Involved Yes No Involved Yes No
RAC-1 RAC-2 RAC-1 RAC-2
Lymph nodes Seminal vesicles
Involved Yes No Involved Yes No
RAC-1 RAC-2 RAC-1 RAC-2
Rectum Bladder
Involved Yes No Involved Yes No
RAC-1 RAC-2 RAC-1 RAC-2
g I [ ‘ @ bladder
(47 N O e e | @ prostste
E e © } seminal
s ﬁ’/ - vesicles
NS 11 \ rectum
( ) M /\ \ .l‘. /.lymph
[ | | nodes
[ 4. Diagnostic impression ]

Figure 1. The structured report template of follow-up pelvic multiparametric magnetic resonance imaging

based on the METastasis Reporting and Data System for Prostate Cancer guidelines.

experience in urinary radiology). To repro-
duce the typical pelvic mpMRI interpretation
workflow as much as possible, the four ra-
diologists could obtain access to retrospec-
tive MRI examinations on a PACS worksta-
tion. For follow-up assessment after therapy,
the reports of prior examinations and all clin-
ical information were made available to the
radiologists.

Each radiologist read the same pair of
MRI examinations twice with and without
the structured report template (a structured
and conventional report, respectively), with
a one-month washout period (each radiolo-
gist read the assigned MRI scans without the
structured report template for the first time
and with the structured report template for
the second time after one month). After im-
age interpretation, the presence or absence
of metastasis was noted for each anatomic
region, and two RAC values between 1-5
(Figures 2, 3) were recorded for the primary
and secondary metastatic regions in case of
the heterogeneity of responses according
to the MET-RADS-P guidelines. The prima-
ry RAC value is based on the predominant
pattern (more than half of the lesions) of re-
sponse within the region. The secondary RAC
value represents the second most common
response pattern within the regions (when
assessing a single lesion in a region, the sec-
ondary RAC value is exempt). A radiology
expert (with more than 15 years of reading
experience) reviewed and evaluated all pel-
vic mpMRI examinations to indicate the ref-
erence standard.

Statistical analysis

After testing, the data was found to be
not normally distributed. As such, clinical
data (including the age and PSA level of the
patient cohort) are represented as medians
and interquartile ranges. The interreader
agreement between the radiologists for re-
gion-based metastatic lesion detection was
evaluated by Cohen’s kappa statistics (K).
The primary and secondary RAC scores for
each region were evaluated using weighted
Cohen’s kappa statistics (K).""'? Interreader
agreement was interpreted as none to slight
(K < 0.20), fair (K: 0.21-0.40), moderate (K:
0.41-0.60), substantial (K: 0.61-0.80), or ex-
cellent (K: 0.81-1.00). Statistical analysis was
carried out with SPSS software (version 23.0,
IBM Corp., Armonk, NY, USA). Statistical sig-
nificance was set at P < 0.05.
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Figure 2. Example images of a 72-year-old patient with advanced prostate cancer in response to endocrine therapy, with primary response assessment category 1.
(a-c) Axial diffusion-weighted images (DWI) (a), apparent diffusion coefficient (ADC) maps (b), and T1 weighted images (T1WI) (c) before therapy show a metastatic
lymph node (red arrow) within the region of the left internal iliac artery. (d-f) The metastatic lymph node (yellow arrow) shrinks on DWI (d), ADC maps (e), and TTWI
images (f) after endocrine therapy.

Figure 3. Example images of a 78-year-old advanced prostate cancer patient who is progressing, with primary response assessment category 5. (a-c) Axial diffusion-
weighted images (DWI) (a), apparent diffusion coefficient (ADC) maps (b), and T1 weighted images (T1WI) (c) at the baseline pelvic show multiparametric magnetic
resonance imaging (MRI) the presence of diffuse lesions in pelvic bones. (d-f) The lesions are more extensive in the follow-up MRI of DWI (d), ADC maps €, and T1WI
images (f).
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Table 1. Baseline characteristics of the study cohort (n = 105)

Parameters

Age (y)

PSA* level (IQR; ng/mL)

Post-MRI therapy method (no. of patients)
Radiotherapy

Chemotherapy

Endocrine therapy

Radical prostatectomy

Endocrine therapy + radiotherapy
Radical prostatectomy + radiotherapy
Gleason scoref (no. of patients)

4+3

4+4

445

Distributed site of pelvic metastases (no. of metastatic lesions)

Rectum
Bladder
Lymph nodes
Skeletal pelvis

Seminal vesicles

76 (68, 82)
26.33 (3.56, 74.94)

21
20
20
24
10
10

13
10

24
31
103
80
37

*The PSA determinations were performed less than two weeks before baseline pelvic mpMRI scanning. “The Gleason score was only available for patients who underwent radical
prostatectomy. PSA, prostate specific antigen; IQR, interquartile range; MRI, magnetic resonance imaging; mpMRI, multiparametric magnetic resonance imaging.

Results

Patient demographics

The clinical, radiological, and pathological
characteristics of the study cohort at the time
of inclusion are summarized in Table 1. For 34
of the 105 patients who had undergone rad-
ical prostatectomy, a Gleason score (GS) of 4
+ 3 was the most common pattern (38%, n =
13), followed by a GS of 4 + 5 (33%, n = 11)
and a GS of 4 + 4 (29%, n = 10). The remaining
patients were treated with radiotherapy (n =
21), chemotherapy (n = 20), endocrine thera-
py (n =20), and endocrine therapy combined
with radiotherapy (n = 10).

The number and distribution of met-
astatic sites at the baseline MRI scanning
are shown in Table 1. A total of 275 regions
were inspected across the 163 mpMRI ex-
aminations, and lymph nodes were the most
frequent regions of metastasis (n = 103), fol-
lowed by bone (n = 80) and seminal vesicles
(n = 37). Of the 163 mpMRI examinations, 90
were found to have multiple metastases, and
36 of 90 patients had both lymph node and
skeletal pelvis metastases. A more detailed
distribution of metastatic sites is shown in
the Supplementary Material (Supplementary
Table 1).

Detection of metastatic lesions

As all the patients included in this study
had metastatic APC, lesion detection of the
primary disease at the prostate site was not
analyzed here.

As shown in Table 2, two senior radiolo-
gists reported the presence of metastasis in
a total of 272 and 278 cases with the conven-
tional report, and 263 and 281 with the struc-
tured report, respectively. When using the
structured report, the two senior radiologists
showed substantial to excellent agreement
[K values: S1 vs. reference: 0.83 (0.79-0.88);
S2 vs. reference: 0.73 (0.68-0.78)] regarding
the reference standard for metastatic lesion
detection within the five regions. This value
was higher than that of the radiologists us-
ing the conventional report [K values: ST vs.
reference: 0.72 (0.67-0.77); S2 vs. reference:
0.61 (0.56-0.67)]. In addition, the interreader
agreement between the two senior radiolo-
gists improved from substantial [K value of
conventional report: 0.77 (0.72-0.81)] to ex-
cellent with the structured report [K value:
0.84 (0.79-0.88)1.

The two junior radiologists reported the
presence of metastasis in a total of 299 and
317 cases with the conventional report,
and in 301 and 292 cases with the struc-
tured report, respectively. Similar to senior
radiologists, structured reports improved

the diagnostic accuracy of metastatic le-
sions and interreader agreement compared
with conventional reports. The two junior
radiologists showed substantial agreement
[K values: J1 vs. reference: 0.66 (0.60-0.71);
J2 vs. reference: 0.65 (0.60-0.71)] regarding
the reference standard for metastasis detec-
tion using the structured report. This value
was higher than that of the radiologists us-
ing the conventional report [K values: J1 vs.
reference: 0.59 (0.53-0.65); J2 vs. reference:
0.57 (0.51-0.63)]. In addition, the interreader
agreement between the two junior radiol-
ogists improved from moderate [K value of
conventional report: 0.58 (0.52-0.64)] to sub-
stantial with the structured report [K value:
0.69 (0.64-0.74)]. A more detailed number
and distribution of metastatic regions for the
163 mpMRI examinations are provided in the
Supplementary Material (Supplementary Ta-
ble 2).

Assessment of primary RAC categorization

Considering that the structured report of
pelvic mpMRI based on MET-RADS-P guide-
lines performed better than the convention-
al report in lesion detection, the researchers
further analyzed its effect on RAC categoriza-
tion for the two senior radiologists and two
junior radiologists.

As shown in Table 3, the two senior ra-
diologists achieved high agreement with
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Table 2. The diagnostic accuracy and interreader agreement of metastatic lesions

Rectum Bladder Lymph nodes Skeletal pelvis Seminal vesicles Overall
Conventional report (no. of metastatic lesions)
S1 29 33 101 74 35 272
S2 35 37 93 75 38 278
J1 43 41 95 74 46 299
J2 49 46 98 72 52 317
S1 vs. reference 0.62 0.57 0.69 0.75 0.68 0.72
(K, 95% CI) (0.45-0.78) (0.41-0.73) (0.57-0.80) (0.65-0.85) (0.54-0.82) (0.67-0.77)
S2 vs. reference 0.49 0.43 0.62 0.62 0.57 0.61
(K, 95% CI) (0.32-0.66) (0.27-0.60) (0.50-0.74) (0.50-0.74) (0.42-0.72) (0.56-0.67)
J1 vs. reference 0.47 043 0.56 0.61 0.57 0.59
(K, 95% CI) (0.31-0.62) (0.27-0.60) (0.43-0.68) (0.49-0.73) (0.42-0.71) (0.53-0.65)
J2 vs. reference 0.40 0.45 0.62 0.58 0.47 0.57
(K, 95% CI) (0.25-0.55) (0.29-0.61) (0.50-0.74) (0.46-0.70) (0.32-0.62) (0.51-0.63)
S1vs.S2 0.69 0.66 0.77 0.78 0.70 0.77
(K, 95% CI) (0.55-0.83) (0.52-0.80) (0.67-0.87) (0.71-0.89) (0.57-0.83) (0.72-0.81)
J1vs. )2 0.52 0.51 0.55 0.63 0.48 0.58
(K, 95% Cl) (0.37-0.67) (0.36-0.66) (0.42-0.68) (0.51-0.75) (0.33-0.63) (0.52-0.64)
Structured report (no. of metastatic lesions)
S1 26 30 101 73 33 263
S2 31 36 103 76 35 281
J 39 46 92 75 49 301
J2 37 39 94 81 41 292
S1 vs. reference 0.67 0.78 0.84 0.87 0.78 0.83
(K, 95% Cl) (0.51-0.83) (0.65-0.90) (0.76-0.93) (0.79-0.94) (0.66-0.90) (0.79-0.88)
S2 vs. reference 0.63 0.64 0.76 0.71 0.68 0.73
(K, 95% CI) (0.42-0.75) (0.50-0.80) (0.66-0.87) (0.60-0.81) (0.54-0.82) (0.68-0.78)
J1 vs. reference 0.48 0.55 0.69 0.82 0.62 0.66
(K, 95% CI) (0.31-0.64) (0.40-0.69) (0.46-0.71) (0.73-0.90) (0.49-0.76) (0.60-0.71)
J2 vs. reference 0.48 0.53 0.68 0.72 0.60 0.65
(K, 95% CI) (0.21-0.55) (0.37-0.69) (0.57-0.79) (0.61-0.83) (0.45-0.74) (0.60-0.71)
S1vs. S2 0.81 0.77 0.82 0.87 0.81 0.84
(K, 95% CI) (0.69-0.93) (0.65-0.89) (0.72-0.91) (0.72-0.91) (0.70-0.93) (0.79-0.88)
J1vs. )2 0.67 0.55 0.70 0.75 0.68 0.69
(K, 95% CI) (0.54-0.79) (0.40-0.69) (0.54-0.77) (0.65-0.85) (0.56-0.80) (0.64-0.74)
S1 and S2 indicate the two senior radiologists; J1 and J2 indicate the two junior radiologists. Values in parenthesis represent a 95% confidence interval (Cl).
Table 3.The interreader agreement of primary RAC categorization (K, 95% Cl)
Primary disease* Rectum Bladder Lymph nodes Skeletal pelvis  Seminal vesicles Overall
S1 vs. reference 0.76 0.73 0.86 0.78 0.71 0.82 0.77
’ (0.63-0.82) (0.70-0.91) (0.74-0.95) (0.69-0.86) (0.62-0.83) (0.69-0.95) (0.60-0.94)
2 vs. reference 0.78 0.82 0.85 0.79 0.74 0.79 0.76
’ (0.63-0.86) (0.73-0.92) (0.71-0.93) (0.65-0.94) (0.65-0.79) (0.64-0.89) (0.62-0.93)
11 vs. reference 0.68 0.78 0.80 0.72 0.65 0.71 0.67
’ (0.56-0.76) (0.69-0.87) (0.74-0.92) (0.61-0.84) (0.53-0.71) (0.57-0.84) (0.53-0.85)
12 vs. reference 0.61 0.71 0.73 0.74 0.63 0.74 0.69
’ (0.53-0.74) (0.65-0.84) (0.58-0.82) (0.60-0.82) (0.52-0.75) (0.5-0.84) (0.51-0.83)
S1vs.S2 0.80 0.87 0.90 0.85 0.72 0.83 0.81
’ (0.63-0.91) (0.68-0.96) (0.73-1.00) (0.62-0.94) (0.61-0.83) (0.61-0.92) (0.70-0.96)
J1vs. 2 0.71 0.78 0.79 0.81 0.68 0.76 0.76
’ (0.60-0.81) (0.61-0.92) (0.64-0.90) (0.60-0.95) (0.54-0.85) (0.62-0.82) (0.61-0.85)

*The response assessment category (RAC) evaluation of the primary disease was only performed for patients who had not undergone radical prostatectomy. S1 and S2 indicate

the two senior radiologists; J1 and J2 indicate the two junior radiologists. Values in parenthesis represent a 95% confidence interval (Cl).
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Table 4. The interreader agreement of secondary RAC categorization (K, 95% Cl)

Primary disease* Rectum Bladder Lymph nodes Skeletal pelvis ~ Seminal vesicles Overall

1 vs. reference 0.66 0.71 0.78 0.72 0.64 0.76 0.71

’ (0.51-0.73) (0.58-0.80) (0.62-0.94) (0.56-0.93) (0.54-0.73) (0.62-0.85) (0.53-0.96)
o N — 0.71 0.74 0.77 0.70 0.66 0.73 0.72

’ (0.60-0.82) (0.51-0.93) (0.63-0.89) (0.57-0.91) (0.52-0.78) (0.52-0.88) (0.54-0.93)
11 vs. reference 0.53 0.64 0.65 0.69 0.59 0.62 0.58

’ (0.46-0.74) (0.49-0.77) (0.54-0.82) (0.51-0.80) (0.41-0.67) (0.45-0.81) (0.41-0.72)
12 vs. reference 0.57 0.62 0.63 0.66 0.56 0.61 0.59

’ (0.44-0.67) (0.50-0.75) (0.46-0.81) (0.52-0.79) (0.45-0.76) (0.49-0.75) (0.43-0.74)
S1vs.S2 0.78 0.75 0.79 0.82 0.73 0.77 0.75

' (0.65-0.90) (0.63-0.89) (0.71-0.93) (0.61-0.93) (0.64-0.91) (0.60-0.87) (0.61-0.87)
11 vs. )2 0.67 0.75 0.74 0.72 0.63 0.63 0.68

’ (0.56-0.82) (0.61-0.88) (0.59-0.86) (0.60-0.83) (0.56-0.73) (0.47-0.74) (0.53-0.86)

*The response assessment category (RAC) evaluation of the primary disease was only performed for patients who had not undergone a radical prostatectomy. S1 and S2 indicate
the two senior radiologists; J1 and J2 indicate the two junior radiologists.
Values in parenthesis represent a 95% confidence interval (Cl).

the reference standard for the primary RAC
values [K values: S1 vs. reference: 0.77 (0.60-
0.94); S2 vs. reference: 0.76 (0.62-0.93)]. The
overall agreement between the two senior
radiologists for the primary RAC pattern was
excellent [K value: 0.81 (0.70-0.96)]. For the
two junior radiologists, the agreement us-
ing the reference standard was substantial
[K value: J1 vs. reference: 0.67 (0.53-0.85); J2
vs. reference: 0.69 (0.51-0.83)]. The overall in-
terreader agreement between the two junior
radiologists had a K value of 0.76 (0.61-0.85).

Assessment of secondary RAC categorization

As shown in Table 4, for the four radiolo-
gists, the agreement was substantial for S1/
S2 and the reference standard [K values: S1
vs. reference: 0.71 (0.53-0.96); S2 vs. refer-
ence: 0.70 (0.54-0.93)], and moderate for J1/
J2 and the reference standard [K values: J1 vs.
reference: 0.58 (0.41-0.72); J2 vs. reference:
0.59 (0.43-0.74)]. The interreader agreement
was substantial for both senior and junior ra-
diologists [S1 vs. $2:0.75 (0.61-0.87); J1 vs. J2:
0.72 (0.53-0.86)]. The primary and secondary
RAC values for each region are summarized
in the Supplementary Material (Supplemen-
tary Table 3).

Discussion

In this study, the researchers developed
a structured report for pelvic mpMRI using
MET-RADS-P guidelines and investigated its
reproducibility among multiple radiologists
on a large cohort of patients with APC who
underwent pelvic mpMRI for follow-up eval-
uation. The results showed that both the se-
nior and junior radiologists performed better
when using the structured report than when
using the conventional report for metastasis
detection, and high interreader agreement

regarding lesion detection and RAC categori-
zation was found when using the structured
report. As expected, the level of interreader
agreement was generally higher between
senior radiologists than between junior ra-
diologists.

As novel whole-body imaging tech-
niques, whole-body MRI and positron emis-
sion tomography/computed tomography
(PET/CT) are known for being more accurate
for evaluating the treatment responses of
patient with APC with bone disease, com-
pared with bone scanning and CT."* Whole-
body MRI has been noted to provide clear
categorization of bone metastasis response
and is suggested to be suitable for wide de-
ployment in disease detection settings,'*'®
given its established diagnostic accuracy,
wide availability, and multi-organ evaluation
capabilities.’>'®* However, in terms of the fol-
low-up treatment evaluation, whole-body
MRI is probably not a better technique com-
pared with PET techniques, which are ahead
in this specific domain."”'® Compared with
whole-body MRI, several studies have con-
firmed the advantages of prostate-specific
membrane antigen (PSMA) PET/CT for eval-
uating disease progression and treatment
responses.’”?® Such research shows that
PSMA PET/CT promises to become a power-
ful alternative to whole-body MRI, assuming
the limitations of ionizing radiation exposure
and spatial resolution are solved.”!

The subjective criteria applied for assess-
ing metastatic lesions using whole-body
MRI may result in unsatisfactory interreader
concordance. The MET-RADS-P guidelines
were designed to minimize the inconsis-
tencies caused by various reading criteria.?
However, for radiologists, especially junior
radiologists, the MET-RADS-P guidelines are

too complex to use effectively. The K value
of the interreader agreement between two
radiologists varied from 0.56-1.0 (primary
RAC) and 0.44-0.93 (secondary RAC) among
different regions when using the MET-
RADS-P guidelines.® By creating a structured
report of follow-up pelvic mpMRI according
to the standardization requirements of MET-
RADS-P and actual clinical work experience
of the unit, the study found improved inter-
reader agreement for both RAC assessments
compared with conventional reports. This is
crucial for the follow-up evaluation of APC
patients, as follow-up pelvic mpMRI examina-
tions are usually reviewed by different med-
ical staff at different periods. In addition, in
an analysis of body regions, both senior and
junior radiologists showed the highest diag-
nostic accuracy for metastasis detection in
the regions of the skeletal pelvis and lymph
node with or without structured reports. This
may be attributed to the pelvic lymph node
and bone metastases being present in most
of the enrolled APC patients and the metas-
tases within the two regions often appearing
in the form of multiple metastases.

The RAC value provides a qualitative re-
sponse assessment category for each ana-
tomic region by comparing the alterations of
the metastatic lesions between baseline and
follow-up examinations. This study found
that the interreader agreement between the
two junior radiologists for primary RACin the
skeletal region was slightly lower than that in
other regions. The reason for this finding is
probably due to the different assessment cri-
teria for bones and soft tissues. For response
assessments of soft tissues (prostate, bladder,
rectum, lymph nodes, and seminal vesicles),
the RAC assessment standard was based on
the prescribed and established RECIST guid-
ance."? For bone disease (skeletal pelvis),
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the RAC values were summarized using the
newly developed MET-RADS criteria,® which
were more complicated and mainly relied
on subjective morphological features, thus
affecting the assessment performance and
interobserver agreement for bone metasta-
ses. Additionally, the interreader agreement
on the secondary RAC pattern was slightly
lower than that on the primary RAC pattern
for both senior and junior radiologists, which
may be because the secondary RAC assess-
ment requires readers to be able to identify
the response differences present in a small
subgroup of metastases. The comparison
of the radiologists and reference standard
indicated that the accuracy of RAC categori-
zation for senior radiologists was higher than
that of junior radiologists, especially for the
secondary RAC evaluation. This suggests that
the feasibility and accuracy of the structured
report for pelvic mpMRI using MET-RADS-P
guidelines can be affected by the reader’s ex-
perience in clinical practice.

In this research, the overall agreement
for both primary and secondary RAC as-
sessment between senior radiologists was
slightly higher than that between junior
radiologists, which differs from the previ-
ous study conducted by Pricolo et al.* Their
results showed high interreader agreement
between two readers with different levels
of expertise (a senior radiologist with nine
years of experience vs. a resident radiologist
after six months of training). This may be
attributed to the fact that only two readers
were involved in their study and the less ex-
perienced resident radiologist was trained
by the senior radiologist. Compared with the
current study’s four independent readers,
the results of Pricolo et al’s® study may have
been affected by selection bias.

The current study had some limitations.
First, it was limited to the follow-up analysis
of pelvic mpMRI examination for patients
with APC by radiologists, while further analy-
sis of the impact on clinical decision-making
processes and patient outcomes is not per-
formed here. Therefore, prospective clinical
studies are necessary to further consolidate
the results. Second, the soft tissue evaluation
of the RAC system in this research is tailored
to the pelvic region instead of the whole
body, which is currently a speculative and
tentative application. In addition, although
the readers recruited for the study were four
independent radiologists, all readers came
from the same institution, which may lead
them to adopt similar interpretation schemes
to reduce a priori variability in clinical assess-
ments. Multicentre studies may be helpful to

address this limitation. The final limitation
was the weak standard of reference used. A
pathology reference standard or comparison
with other techniques (such as PSMA PET/
CT) would be superior to the expertise used
here, as this is considered best practice. How-
ever, it was difficult to gain access to the nec-
essary histological/PET information.

In conclusion, a good interreader agree-
ment was found for the follow-up assess-
ment of APC patients between radiologists
who had different levels of expertise using
the structured report for pelvic mpMRI based
on MET-RADS-P guidelines. In particular, the
agreement was excellent between senior ra-
diologists in metastatic lesion detection and
qualitative RAC assessment. The study shows
that interreader agreement can be improved
using MET-RADS-P guidelines and provides
insights into its clinical significance for the
clinical management of metastasis in a grow-
ing number of APC patients.
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Number of lesions

Single region involvement

Rectum
Bladder

Lymph nodes

Skeletal pelvis

Seminal vesicles

Multiple region involvement

Bladder + rectum

Lymph nodes + rectum

Lymph nodes + bladder

Bladder + skeletal pelvis

Rectum + skeletal pelvis

Bladder + seminal vesicles

Seminal vesicles + rectum

Lymph nodes + skeletal pelvis

Seminal vesicles + skeletal pelvis

Lymph nodes + seminal vesicles

Lymph nodes + bladder + rectum

Lymph nodes + rectum + skeletal pelvis

Lymph nodes + bladder+ skeletal pelvis

Lymph nodes + seminal vesicles+ rectum

Seminal vesicles + rectum + skeletal pelvis

Lymph nodes + bladder + seminal vesicles

Lymph nodes + seminal vesicles + skeletal pelvis

Lymph nodes + seminal vesicles + rectum + skeletal pelvis

Lymph nodes + bladder + seminal vesicles + skeletal pelvis
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Supplementary Table 2. The number and distribution of metastatic regions for the 163 multiparametric magnetic resonance imaging

examinations

Distribution Reference Conventional report Structured report
sandard g1 1 2 s 2 N 2
Single region involvement
Rectum 6 9 10 7 8 9 7 7
Bladder 8 11 11 7 11 12 12 9
Lymph nodes 27 31 29 26 24 33 28 14 24
Skeletal pelvis 22 20 21 16 16 18 13 16 16
Seminal vesicles 10 5 8 11 10 1 9 13 10
Multiple region involvement
Bladder + rectum 2 2 3 1 1 4 4 3 3
Lymph nodes + rectum 6 4 2 8 8 4 4 8 7
Lymph nodes + bladder 8 6 8 8 6 4 4 10 4
Rectum + skeletal pelvis 2 2 2 7 3 1 3 2 2
Seminal vesicles + rectum 1 1 1 1 2 2 1 5 3
Bladder + skeletal pelvis 3 4 4 8 5 2 6 3 4
Bladder + seminal vesicles 2 3 3 2 1 2 3 3
Lymph nodes + skeletal pelvis 36 32 25 20 17 38 39 24 29
Seminal vesicles + skeletal pelvis 3 3 3 3 2 4 3 2 8
Lymph nodes + seminal vesicles 8 10 7 7 9 7 5 7 5
Lymph nodes + bladder + rectum 1 2 1 3 4 3 3 2 3
Bladder + rectum + skeletal pelvis - - 1 2 2 - - 2 2
Bladder + seminal vesicles + rectum = 1 1 1 2 = = = 1
Lymph nodes + bladder + skeletal pelvis 4 2 2 - 1 3 2 6 6
Lymph nodes + seminal vesicles + rectum 2 3 2 3 4 3 2 3 2
Seminal vesicles + rectum + skeletal pelvis 1 1 2 2 3 - 2 1 -
Bladder + seminal vesicles + skeletal pelvis - 1 - - 3 - - 1 1
Lymph nodes + bladder + seminal vesicles 2 1 2 3 4 1 2 3 2
Lymph nodes + seminal vesicles + skeletal pelvis 6 5 5 6 6 3 5 9 5
Lymph nodes + seminal vesicles + rectum + skeletal pelvis 1 1 3 2 1 - 3 2 1
Lymph nodes + bladder + seminal vesicles + skeletal pelvis 1 - 1 2 2 1 1 1 -
Lymph nodes + bladder + rectum + skeletal pelvis - - 1 3 5 - - - 1
Lymph nodes + bladder + seminal vesicles + rectum - - 1 1 1 - 1 - -
Lymph nodes + bladder + seminal vesicles + rectum + skeletal pelvis - - - - 1 - - - -
S1 and S2 indicate the two senior radiologists; J1 and J2 indicate the two junior radiologists.
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Supplementary Table 3. The distribution of primary and secondary RAC for each radiologist

Primary RAC Secondary RAC
regions Reference s o op R g o,
Primary disease*
RAC-1 23 20 21 18 18 18 16 15 14 17
RAC-2 27 29 25 29 31 23 25 22 26 21
RAC-3 15 17 18 18 17 12 15 16 11 13
RAC-4 3 4 2 2 2 1 2 2 3 3
RAC-5 2 2 3 3 2 - 1 - - 1
Bladder
RAC-1 9 7 11 14 9 10 9 8 7
RAC-2 13 12 15 20 15 5 6 7 6 4
RAC-3 7 7 8 8 10 5 4 3 4
RAC-4 1 2 3 3 3 = 1 1 = =
RAC-5 1 2 = 1 2 1 1 1 1 =
Rectum
RAC-1 11 12 14 13 11 4 3 4 5
RAC-2 6 6 7 13 9 9 5 4 4
RAC-3 4 5 6 10 9 4 3 4 1
RAC-4 2 2 3 1 4 - 1 - - -
RAC-5 1 1 1 2 4 2 3 2 2 2
Lymph nodes
RAC-1 42 34 39 31 26 32 29 27 22 26
RAC-2 35 34 31 33 28 33 32 30 26 28
RAC-3 15 20 21 15 21 23 23 23 20 21
RAC-4 6 7 6 8 1 3 3 2 2 1
RAC-5 5 6 6 5 2 2 2 3 2 2
Skeletal pelvis
RAC-1 27 20 22 24 27 22 19 17 19 17
RAC-2 30 26 30 31 27 27 23 24 24 24
RAC-3 16 17 13 14 19 17 18 12 15 17
RAC-4 6 9 9 6 6 4 4 5 3 2
RAC-5 1 1 2 - 1 = = 1 = =
Seminal vesicles
RAC-1 13 10 9 18 10 11 9 7 9 10
RAC-2 14 13 12 18 17 7 9 4 8 5
RAC-3 6 6 8 8 5 5 6 5 2
RAC-4 3 3 4 4 6 4 3 3 4 3
RAC-5 1 1 1 2 3 - - - - -

*The response assessment category (RAC) evaluation of the primary disease was only performed for the patients who had not undergone radical prostatectomy. S1 and S2
indicate the two senior radiologists; J1 and J2 indicate the two junior radiologists.
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