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Background: The Prostate Imaging for Recurrence Reporting (PI-RR) system was recently proposed 
to assess the local recurrence of prostate cancer (PCa), but its exact performance for the prostate after 
radiotherapy or radical prostatectomy is difficult to determine. We aimed to evaluate the diagnostic 
performance and interreader agreement of this system using whole-mount histology of the prostate after 
androgen deprivation therapy (ADT) as the standard of reference.
Methods: In total, 119 patients with PCa post-ADT underwent multiparametric magnetic resonance 
imaging (mp-MRI) before prostatectomy. Three radiologists analyzed the MRI images independently, 
scoring imaging findings according to PI-RR. Spearman correlation was performed to assess the relationship 
between the percentage of sectors with residual cancer and PI-RR score. The diagnostic performance for 
detection of residual cancer was assessed on a per-sector basis. The chi-squared test was used to compare the 
cancer detection rate (CDR) among readers. Overall and pairwise interreader agreement in assigning PI-RR 
categories and residual cancer sectors with a score ≥3 or ≥4 were evaluated with the Cohen kappa coefficient.
Results: Histology revealed 209 sectors with residual cancer. The percentage of pathologically positive 
sectors increased with the increase in PI-RR score for all readers. The sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) at a cutoff of score 3 ranged from 74.2% to 
83.7%, 86.4% to 92.7%, 51.3% to 64.3%, and 95.4% to 96.9%, respectively, and at a cutoff of score 4, they 
ranged from 47.4% to 56.5%, 97.9% to 98.6%, 82.5% to 85.3%, and 91.6% to 92.9%, respectively. There 
was no significant difference among the CDR of readers. In PI-RR categories and detection of residual 
cancer sectors, overall interreader agreement was moderate for all readers, but agreement was higher 
between the more experienced readers (moderate to substantial) than between the more and less experienced 
readers (fair to moderate). 
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Introduction

The Prostate Imaging Reporting and Data System (PI-
RADS) has been developed for treatment-naive patients, 
but its use in the posttreatment setting, especially after 
radiotherapy, has not been established. There is thus a 
need for well-designed and controlled means to evaluating 
patients with prostate cancer (PCa) using a standardized 
prostate magnetic resonance imaging (MRI) readout 
method (1).

The Prostate Imaging for Recurrence Reporting (PI-
RR) was designed to promote standardization and decrease 
variation in the acquisition, interpretation, and reporting 
of MRI for assessing the local relapse of PCa, as well 
as to better guide evaluation following therapy (2). A 
simplified and standardized terminology for the content 
of the reports, in which five assessment categories are 
used to summarize the suspicion of local relapse, has been 
developed. A recent study proved that PI-RR could provide 
reproducible, structured, and accurate assessment for local 
recurrence in patients with PCa after definitive therapy. 
However, in this study, PI-RR assessment categories 
were assessed on a per-patient basis, and all readers were 
experienced radiologists (3). The actual recurrence rates 
in individual PI-RR categories based on lesion or sector, 
which could facilitate a more approximate assessment 
following biopsy or therapy, are currently unknown, and 
the effect of readers’ experience on the efficacy PI-RR is 
also unclear.

Multiparametric magnetic resonance imaging (mp-MRI) 
for detection of relapse after radical radiotherapy (RT) 
has been examined in previous studies, but these studies 
were mostly based on the follow-up of patients undergoing 
needle biopsy, which is likely to miss some lesions and 
influence the assessment (4-11). A larger sample consisting 
of patients who have undergone whole-mount pathology, 
correlation with other imaging modalities, and clinical 
validation are therefore needed. However, the number of 

patients who have undergone radical prostatectomy (RP) 
after RT is rare, with the only two studies based on RP both 
using very small samples (12,13).

Androgen deprivation therapy (ADT), a vital form of 
neoadjuvant therapy before radiotherapy and surgery, 
is a key therapeutic approach for locally advanced and 
metastatic PCa (14). Prostate pathology after ADT shares 
a great deal in common with that after RT, with both 
including, for example, squamous metaplasia, marked 
atrophy, or a decrease in the number and reduction in 
the size of normal glandular acini (15,16), and both share 
similar MRI features (17-20). Moreover, many patients 
undergo RP after ADT, so a larger number of whole-mount 
pathology samples could be available. Therefore, an analogy 
can be made between patients post-ADT and those post-
RT for the validation of the PI-RR system. 

The purpose of this study was thus to primarily evaluate 
the interreader agreement and diagnostic ability of PI-RR 
using post-ADT prostate MRI images based on whole-
mount pathology and to provide a reference for the further 
use of PI-RR in patients treated with RT. We present 
this article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1643/rc).

Methods

Study population

This retrospective, single-center study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013) and was approved by the Ethics Committee of Fudan 
University Shanghai Cancer Center. Informed consent was 
obtained from all individual participants.

From March 2017 to June 2022, 147 patients who 
underwent RP after neoadjuvant ADT and presurgical MRI 
examinations were retrieved from our picture archiving and 
communication system according to the following criteria 
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Figure 1 Flowchart of participant inclusion. PCa, prostate cancer; ADT, androgen deprivation therapy; RP, radical prostatectomy; RT, 
radical radiotherapy; mp-MRI, multiparametric magnetic resonance imaging. 

147 PCa patients undergoing ADT before RP

Final study population (n=119)

Inclusion
•	Clinically significant PCa as confirmed by biopsy 

before ADT
•	With post-ADT pathology confirmed by RP
•	Mp-MRI scans within 2 weeks before RP
•	More than 3 months with a complete androgen 

blockade with bicalutamide plus ADT

Exclusion
•	Any type of chemotherapy or RT before RP 

(n=18)
•	Inadequate image quality (n=10)

(Figure 1). 
(I) Patients had clinically significant PCa (Gleason score 

≥7, greatest percentage of cancer >50% and more than two 
positive cores) confirmed by biopsy before ADT, with post-
ADT pathology confirmed by RP. (II) Patients underwent 
post-ADT mp-MRI scans [T2-weighted imaging (T2WI), 
diffusion-weighted imaging (DWI), and dynamic contrast-
enhanced (DCE) imaging] in Fudan University Shanghai 
Cancer Center within 2 weeks before surgery, with the 
quality of images being sufficiently high for diagnosis and 
analysis. (III) Patients were treated for more than 3 months 
with a complete androgen blockade with bicalutamide plus 
ADT with goserelin, leuprolide, or abiraterone and did not 
receive other therapy.

Eighteen patients were excluded for any type of 
chemotherapy or RT before RP and 10 for poor-quality 
MRI images. Age, prostate specific antigen (PSA), duration 
of ADT, Gleason score and M stage were collected from 
each included patient.

MRI

Preoperative MRI was performed on two 3.0-T MRI 
systems (MAGNETOM Skyra 3.0 T, Siemens Healthineers, 
Erlangen, Germany). The entire prostate gland and seminal 
vesicles were imaged on coronal, sagittal, and axial slices 
using T2WI, DWI, and DCE. T2WI was completed with a 
fast-recovery fast-spin-echo (FR-FSE) sequence [repetition 
time (TR)/echo time (TE), 7,120 ms/89 ms; number 
of excitations, 2; slice thickness, 3 mm; spacing, 1 mm; 

matrix 324×320]. T1WI was completed with a fast spoiled 
gradient-echo (FSPGR) sequence (TR/TE, 231 ms/2.5 ms; 
slice thickness, 5.5 mm; spacing, 1 mm; matrix 204×320). 
DWI was completed with a readout-segmented echo-planar 
imaging (RS-EPI)-DWI sequence (TR/TE, 4,670 ms/ 
63 ms; field of view, 182×240 mm; slice thickness, 3 mm; 
spacing, 1 mm; matrix 88×116) with identical slice locations 
to those of transverse T2WI, and b values of 50, 1,000, and 
1,500 s/mm2. The apparent diffusion coefficient (ADC) 
value was calculated using the workstation with b values of 
50 and 1,000 s/mm2, and an ADC map was also generated.

Histopathological work-up

Prostatectomy specimens were treated as described in a 
previous study (21). Whole-mount tissue slices were stained 
with hematoxylin-eosin (HE) to create histologic slides (HE 
procedure stains the nucleus and cytoplasm contrasting 
colors to differentiate the fine structures of cells and 
tissues). Histological slices were assessed by a pathologist 
with 13 years of experience in urogenital pathology who was 
ignorant to the biopsy and MRI results.

Tumor foci were delineated on microscopy slides. 
Residual tumors were concordantly identified by two 
senior genitourinary pathologists. Pathological analysis was 
conducted independently from imaging analysis, and the 
pathologists were blinded to the imaging data in informing 
their tissue analysis. All prostate specimens were completely 
submitted to identify residual lesions.

Each residual cancer was labeled artificially on the glass 
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slide of the whole-mount section and on the corresponding 
area of the 12-sector map, similar to a previous study 
(Figure 2) (12). 

Image analysis

One radiologist with 5 years of experience in MRI organized 
the reading sessions on an Advantage Workstation 4.7 
(GE HealthCare, Chicago, IL, USA), serving as the study 
coordinator, to obtain a final set of independent readings 
from the other three pelvic radiologists with different levels 
of experience in prostate imaging diagnosis (15, 8, and  
3 years, respectively). Before the study, each reader had used 
PI-RR to interpret at least 100 post-ADT prostate MRI 
scans performed from 2013 to 2016.

MRI of the prostate was divided into 12 sectors, as 
described in the study by Kowa et al. (12). The three readers 
were aware of the inclusion criteria but ignorant of the 
history of patients. The PI-RR score was assessed based on 
sectors rather than on lesions because many lesions became 

scattered and small after ADT, making it difficult to confirm 
the number of lesions. Each sector was assessed and scored 
according to the PI-RR standard, and the content of score 5 
was changed slightly (Figure 3) as follows: (I) no abnormality 
on high b value DWI (b value =1,500 s/mm2), ADC map, 
and DCE image; (II) diffuse moderate hyperintensity on 
high b value DWI and/or diffuse moderate hypointensity 
on the ADC map, with DCE showing negative or slight 
enhancement; (III) focal marked hyperintensity on high b 
value DWI or focal marked hypointensity on the ADC map 
but not on both, with DCE showing negative or with slight 
enhancement; (IV) focal marked hyperintensity on high b 
value DWI and marked hypointensity on the ADC map but 
not in the same sectors of the primary tumor confirmed by 
biopsy or remarkable enhancement on DCE; and (V) focal 
marked hyperintensity on high b value DWI and marked 
hypointensity on the ADC map in the same sectors of the 
primary tumor confirmed by biopsy.

Upgrading from PI-RR 4 to 5 was appropriate if (I) the 
locations for diffusion restriction and enhancement matched 
and (II) if the radiologists judged the lesion in the same 
biopsy sector as the primary tumor (since the radiologists 
were blind to biopsy results). 

Finally, any sector with imaging findings identified by 
readers (PI-RR >2) was scored using PI-RR and recorded 
on the sector map.

The study coordinator and pathologist reviewed sector 
maps to match histological residual lesions with the imaging 
findings. If a finding lay in the same sector or at least half of 
the lesion lay in the same sector, it was considered to be a 
match.

Statistical analysis

All of the statistical analyses were performed with dedicated 
software (Stata Statistical version 12; StataCorp, College 
Station, TX, USA). The percentage of sectors with residual 
cancer was calculated for each score, and Spearman 
correlation analysis was performed to assess the relationship 
between percentage and PI-RR score. The per-sector 
sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) with the detection of 
the sector with residual cancer were calculated at PI-RR 
category 3 and 4 thresholds. To determine sensitivity, the 
cancer detection rate (CDR) per sector was calculated as the 
ratio of the number of sectors with suspicious MRI findings 
ultimately confirmed to be PCa to the total number of 
sectors with residual lesions found on histology; this was 

Figure 2 Diagrams of the prostate on data collection forms. AFS, 
anterior fibromuscular stroma; PZ, peripheral zone; TZ, transition 
zone; CZ, central zone. 
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Figure 3 Examples of MRI after ADT. (A) Images from a 64-year-old man after ADT (PSA =0.01 ng/mL). MRI showed no abnormality on 
high b value DWI, ADC maps, or DCE imaging; therefore, all sectors were scored as PI-RR 1. (B) Images from a 64-year-old man (PSA 
=0.01 ng/mL). MRI showed diffuse and slight hyperintensity at DWI (arrow) on the right PZ with no suspicious focus of local relapse; 
hence, the sector was scored as PI-RR 2. (C) Images from a 69-year-old man (PSA =0.02 ng/mL). MRI showed focal hyperintensity on DWI 
(arrow) on the right PZ with slight enhancement (arrow) but no hypointensity on the ADC map; hence, the case was scored as PI-RR 3. (D) 
Images from a 66-year-old man (PSA =2.24 ng/mL). MRI revealed marked hyperintensity on the posterior part of the left PZ of the prostate 
on high b value DWI (arrow), with corresponding marked hypointensity on the ADC map and slight enhancement on DCE imaging 
(arrows); hence, the case was scored as PI-RR 4 (blind to biopsy results). (E) Images from an 85-year-old man (PSA =0.64 ng/mL). MRI 
showed remarkable hyperintensity on high b value DWI (arrow), hypointensity on the ADC map (arrow), and noticeable enhancement on 
DCE imaging (arrow) on the right PZ that matched the primary tumor sector confirmed by biopsy; hence, the sector was scored as PI-RR 5. 
T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced; 
PI-RR, Prostate Imaging for Recurrence Reporting; MRI, magnetic resonance imaging; ADT, androgen deprivation therapy; PSA, prostate-
specific antigen; PZ, peripheral zone. 
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then then compared across the three readers with the chi-
squared test. A suspicious sector was sectors with MRI 
findings of a category higher than 3 or 4.

Cohen’s kappa statistic (κ) was used to assess the 
interreader agreement in attributing PI-RR categories 

of sectors with residual lesions, with MRI findings being 
classified as the presence or absence of residual lesions (using 
category 3 and 4 thresholds, respectively). κ was calculated 
using the analytical method in the case of dichotomous 
variables or bootstrapping when two readers were involved 
or the variables had two levels; a weighted κ was used if 
necessary. The 95% confidence interval (CI) was calculated 
with the bootstrap method. The reference values included 
slight agreement (0.01–0.20), fair agreement (0.21–0.40), 
moderate agreement (0.41–0.60), substantial agreement 
(0.61–0.80), and almost perfect agreement (0.81–0.99).

Results

Among the patients deemed eligible for inclusion, 80 
with residual disease confirmed by pathology and 39 with 
pathological complete response (CR) were enrolled. All 
patients underwent a drastic decline in PSA levels, with the 
median PSA level dropping from 78.50 ng/mL [interquartile 
range (IQR), 4.63–1,410.00 ng/mL] to 0.09 ng/mL (IQR, 
0.01–12.22 ng/mL) (P<0.05) after neoadjuvant treatment. 
The clinical characteristics of the patients are summarized 
in Table 1. The percentage of pathologically positive sectors 
increased as PI-RR score increased for all readers, and a 
significant correlation was observed between percentage 
and score (all P values <0.05) (Figure 4).

Diagnostic efficacy of the PI-RR at cutoffs of 3 and 4

The results of MRI readings are illustrated in Tables 2,3, in 
which the sensitivity, specificity, PPV, and NPV at cutoffs of 
3 and 4 for readers 1–3 are also listed. With PI-RR 3 as the 
cutoff, among all readers, the sensitivity, specificity, PPV 
and NPV ranged from 74.2% to 83.7%, 86.4% to 92.7%, 
51.3% to 64.3%, and 95.4% to 96.9%, respectively, and at 
a cutoff of 4, they ranged from 47.4% to 56.5%, 97.9% to 
98.6%, 82.5% to 85.3%, and 91.6% to 92.9%, respectively. 
The CDR of readers with less experience was relatively 
higher, but there was no significantly difference among the 
CDR of three readers at the cutoff of score 3 or 4 (P>0.05).

Interreader agreement

We observed moderate agreement in assigning PI-RR 
classes and in evaluating of presence of residual cancer with 
a threshold of PI-RR ≥3 or PI-RR ≥4 among all readers 
(Table 4 and Figures 5,6).

The agreement between more experienced readers 

Table 1 Clinical characteristics of patients (n=119)

Characteristic Values

Age (years), median [IQR] 68 [47–87]

PSA before ADT (ng/mL), median [IQR] 78.50 [4.63–1,410]

PSA after ADT (ng/mL), median [IQR] 0.09 [0.01–12.22]

Duration of ADT (months), median [IQR] 4.50 [3–51]

Gleason score, n (%)

≤7 28 (23.53)

≥8 91 (76.47)

M stage, n (%)

0 82 (68.91)

1 37 (31.09)

IQR, interquartile range; PSA, prostate-specific antigen; ADT, 
androgen deprivation therapy.

Figure 4 Percentage of sectors with residual lesions detected by 
readers. PI-RR, Prostate Imaging for Recurrence Reporting. 
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Table 2 Distribution of the PI-RR categories assigned by reader 1, reader 2, and reader 3 (15, 8, and 3 years of experience, respectively) and 
associated residual cancer detection performance

Lesions
Distribution

Reader 1 Reader 2 Reader 3

PI-RR assignment

PI-RR 1 24 22 20

PI-RR 2 25 32 14

PI-RR 3 52 56 57

PI-RR 4 24 27 47

PI-RR 5 84 72 71

Sensitivity

At cutoff 3 76.6% (160/209) 74.2% (155/209) 83.7% (175/209)

At cutoff 4 51.7% (108/209) 47.4 % (99/209) 56.5% (118/209)

Specificity

At cutoff 3 92.7% (1,130/1,219) 92.0% (1,121/1,219) 86.4% (1,053/1,219)

At cutoff 4 98.4% (1,200/1,219) 98.6% (1,202/1,219) 97.9% (1,194/1,219)

PPV

At cutoff 3 64.3% (160/249) 61.3% (155/253) 51.3% (175/341)

At cutoff 4 85.0% (108/127) 85.3% (99/116) 82.5% (118/143)

NPV

At cutoff 3 95.8% (1,130/1,179) 95.4% (1,121/1,175) 96.9% (1,053/1,087)

At cutoff 4 92.2% (1,200/1,301) 91.6% (1,202/1,312) 92.9% (1,194/1,285)

PI-RR, Prostate Imaging for Recurrence Reporting; PPV, positive predictive value; NPV, negative predictive value.

Table 3 Confusion matrix of the PI-RR categories assigned by readers with variable experience

Actual

Predicted

Reader 1 Reader 2 Reader 3

Cutoff ≥3 Cutoff ≥4 Cutoff ≥3 Cutoff ≥4 Cutoff ≥3 Cutoff ≥4

P N P N P N P N P N P N

P 160 49 108 101 155 54 99 110 175 34 118 91

N 89 1,130 19 1,200 98 1,121 17 1,202 166 1,053 25 1,194

PI-RR, Prostate Imaging for Recurrence Reporting; P, positive; N, negative. 

(reader 1 vs. 2) was moderate in assigning PI-RR classes 
and substantial in evaluating the presence of cancer under 
both the PI-RR ≥3 and PI-RR ≥4 thresholds. The more 
experienced readers agreed with each other to a greater 
extent than when they were each compared with the less 
experienced reader (fair to moderate) (Table 4).

Discussion

In this study, the likelihood of existent residual cancer in 
sectors increased as the PI-RR score rose, and at the cutoff 
of a PI-RR score of 3, the experienced readers provided 
moderate sensitivity, specificity, PPV, and NPV, while at a 



Quantitative Imaging in Medicine and Surgery, Vol 14, No 4 April 2024 3013

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(4):3006-3017 | https://dx.doi.org/10.21037/qims-23-1643

Table 4 Overall agreement and pairwise agreement between readers for all sectors with residual cancer and presence of residual cancer with a 
cutoff of PI-RR ≥3 or ≥4

Lesions Overall agreement Reader 1 vs. 2 Reader 2 vs. 3 Reader 1 vs. 3

PI-RR score 0.410 (0.371–0.450) 0.502 (0.428–0.575) 0.344 (0.272–0.415) 0.391 (0.318–0.463)

Presence of residual cancer

At cutoff of PI-RR ≥3 0.495 (0.387–0.603) 0.616 (0.510–0.722) 0.419 (0.326–0.511) 0.445 (0.381–0.509)

At cutoff of PI-RR ≥4 0.521 (0.462–0.580) 0.694 (0.571–0.818) 0.449 (0.368–0.531) 0.423 (0.356–0.491)

κ values are reported together with 95% confidence interval in brackets. PI-RR, Prostate Imaging for Recurrence Reporting. 

Figure 5 MRI scans in a 59-year-old man with residual cancer after ADT, in whom the initial PSA level was 41.22 ng/mL and was reduced 
to 10.04 ng/mL after 4-month therapy. (A) T2-weighted imaging showed a diffuse, low signal in the right PZ (short arrow), left PZ, and 
left TZ (long arrows). (B-D) DWI showed a remarkably high signal intensity and a low ADC value on the left TZ and PZ (long arrows), a 
slightly high signal on the right PZ (short arrows), remarkable enhancement on the left TZ, and slight enhancement on bilateral PZ. The 
three readers gave a PI-RR score of 5, 4, and 3 for the left TZ, left PZ, and right PZ, respectively (blind to the primary tumor site). (E) The 
residual cancer could be observed on the left TZ and PZ (long arrows) and right PZ (short arrow), stained with HE. (F) The left TZ showed 
residual cancer with significant malignant features (HE staining, ×5). (G) The lesions in right PZ and part of the left PZ showed slightly 
malignant characteristics after ADT, such as a clear cell pattern (HE staining, ×10). MRI, magnetic resonance imaging; ADT, androgen 
deprivation therapy; PSA, prostate-specific antigen; PZ, peripheral zone; TZ, transition zone; DWI, diffusion-weighted imaging; ADC, 
apparent diffusion coefficient; PI-RR, Prostate Imaging for Recurrence Reporting; HE, hematoxylin and eosin. 
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cutoff of 4, although the specificity, PPV and NPV were 
higher, the CDR/sensitivity was extremely low. For the less 
experienced reader, at a cutoff of 3 and 4, the CDR/sensitivity 
was relatively higher, but the PPV was extremely low. 

There could be two explanations for this result. First, 
the T2WI signal shows different degrees of change due 
to the subsequent changes in hormonally treated prostate  
glands (22) and hampers zonal anatomy depiction. It is 
difficult to assess the existence of residual lesions using 
morphological features, and readers must rely on the 
change of DWI signal or ADC value. However, in normal 

tissue, ADC decreases after treatment due to ADT-
induced reduction in the extravascular extracellular space, 
fibrosis, or apoptosis, which decreases the ADC value and 
DWI signal gap between the normal tissue and cancer or 
even mimics the residual lesions. Against such a complex 
background, identifying tumor lesions is extremely 
challenging, further resulting in overestimation for less 
experienced readers. Moreover, for the majority of PCas 
after ADT, the overall ADC value of the tumor would 
increase, and the volume would decrease, rendering the 
lesions less remarkable and further reducing the CDR.
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Figure 6 MRI scans in a 71-year-old man with residual cancer after ADT (PSA =0.61 ng/mL). There was disagreement among readers in 
the PI-RR scoring. (A) T2WI showed an elliptic lesion with a low signal (arrow) in the right anterior portion of the central gland. (B-D) 
The lesion displayed high signal intensity on DWI, a low ADC value, and moderate enhancement compared with the background (arrows). 
Reader 1 and 3 scored the images as PI-RR 4, but reader 2 gave a PI-RR of 2. The difference was because reader 1 and 3 judged the score 
mainly based on the DWI signal, ADC value, and DCE according to the PI-RR guide, while the reader 2 took account of the clear margin 
of the lesion on T2WI and considered it to be benign prostatic hyperplasia. (E) The lesion appeared as a nodule with a clear margin on the 
histopathological slice (arrow), stained with HE. (F) Histopathological imaging (HE staining, ×10) showed stromal hyperplasia (arrows) 
mixed with scattered residual cancer (circle). (G) On histopathological imaging (HE staining, ×10) the residual cancer showed malignant 
characteristics after ADT, such as nucleolus-poor clear cell pattern with clear cytoplasm and small hyperchromatic nuclei. MRI, magnetic 
resonance imaging; ADT, androgen deprivation therapy; PSA, prostate-specific antigen; PI-RR, Prostate Imaging for Recurrence Reporting; 
T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced; 
HE, hematoxylin and eosin.
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In this study, readers with moderate to high experience 
showed moderate agreement in assigning PI-RR categories 
and moderate to substantial agreement in evaluating residual 
cancer with a cutoff of category 3 or 4. However, readers 
with low experience showed poor agreement with the other 
readers. Because of the structure and signal changes of 
normal tissues and lesions, it is difficult to establish a stable, 
clear morphological feature standard, such as the PI-RADS, 
for readers in terms of border, shape, or size (23). Moreover, 
cell apoptosis and atrophy of the gland occur at the same 
time during ADT, and histological change varies in the 
initial months of ADT, making the change in DWI signal 
and ADC value more uncertain and rendering it difficult 
to devise an optional cutoff for the signal or ADC value. 
On account of the lack of a clear standard, discrepancies 
between readers are practically unavoidable.

Our results are similar to those reported by Gold  
et al. (24), who reported that 13% of residual PCas post-
ADT were negative and 75% weakly positive on DWI, 
indicating that a less strict standard would be suitable for 

the detection of residual diseases. The DWI detection of 
recurrence in the prostate after RT revealed similar results. 
Among studies (8,10,12) using restricted diffusion on both 
DWI and ADC maps as the standard of recurrence, similar 
to the score of 4 in our study, one study reported a sensitivity 
on a per sector basis (six sectors for every prostate) of 
37.9% to 52.9% and a PPV of 66.7% to 76.7% (10),  
while another study (eight sectors for every prostate) 
reported a sensitivity of 68% and a PPV of 75% (8). Among 
studies using Likert scores, one reported a sensitivity 
ranging from 47% to 59% and a specificity from 82% to 
93% per sector at a cutoff of likelihood ≥3, while at a cutoff 
of likelihood ≥4, the sensitivity ranged from 22% to 55% 
and the specificity from 87% to 95% (9). Overall, these 
studies mentioned above and our own indicate a need for a 
less strict standard for the detection of lesions after therapy 
and suggest that a PI-RR ≥3 should lead to biopsy. For PI-
RR 4–5 findings, whose PPV is high and is associated with a 
greater likelihood of relapse, salvage therapy without biopsy 
could be indicated, whereas targeted biopsy could be used 
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to confirm relapse in clinically low-risk cases (2).
Several limitations to our study should be mentioned. 

First, although the prostate after ADT is similar to that 
after RT in its imaging and pathology characteristics, the 
pathological changes are more complex than are those 
after ADT. In addition to the influence being similar to 
that of ADT, the change in RT has a radiation-induced 
effect, which varies according to different doses and 
durations. Differences also exist between the two therapies 
in the application of the PI-RR; for instance, category 4 
after RT might indicate a new lesion, but in this study, it 
mainly indicated a lesion missed by biopsy. Second, our 
findings might be difficult to generalize across different 
organizations because readers from the same institution 
tend to show similar approaches and attitudes to image 
interpretation (25). Prospective, multicenter studies with 
larger samples are required in the future. Third, we did not 
evaluate the reproducibility of ADC and DWI images or 
perform lesion size assessment.

Conclusions

When readers used the PI-RR system, we observed 
moderate agreement in assigning the categories and 
evaluating the spectrum of residual lesions found on whole-
mount histology after ADT, and we found acceptable 
agreement among experienced radiologists. Although the 
interreader agreement and cancer diagnosis were influenced 
by readers’ experience, the PI-RR system could effectively 
detect residual cancer on post-ADT MRI and might provide 
a potential reference for the care of PCa after RT.
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