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Background: Accurate preoperative diagnosis of endometrial cancer (EC) with deep myometrial invasion 
(DMI) is critical to deciding whether to perform lymphadenectomy. However, the presence of adenomyosis 
makes distinguishing DMI from superficial myometrial invasion (SMI) on magnetic resonance imaging (MRI) 
challenging. We aimed to evaluate the accuracy of multiparametric MRI (mpMRI) in diagnosing DMI in EC 
coexisting with adenomyosis (EC-A) compared with EC without coexisting adenomyosis and to evaluate the 
effect of different adenomyosis subtypes on myometrial invasion (MI) depth in EC.
Methods: Patients with histologically confirmed International Federation of Gynecology and Obstetrics 
(FIGO) stage I EC who underwent preoperative MRI were consecutively included in this 2-center 
retrospective study. Institution 1 was searched from January 2017 to November 2022 and institution 2 was 
searched from June 2017 to March 2021. Patients were divided into 2 groups: group A, patients with EC-
A; group B, EC patients without coexisting adenomyosis, matched 1:2 according to age ±5 years and tumor 
grade. A senior radiologist assessed the MRI adenomyosis classification in group A. Then, 2 radiologists 
(R1/R2) independently interpreted T2-weighted imaging (T2WI), diffusion-weighted imaging (DWI), 
T1-weighted contrast-enhanced (T1CE), and a combination of all images (mpMRI) respectively, and then 
assessed MI depth. Accuracy, sensitivity, specificity, and the areas under the receiver operating curve (AUC) 
were calculated. The chi-square test was used to compare the accuracy of diagnosing DMI. Interobserver 
agreement was evaluated using the Kappa test.
Results: A total of 70 cases in group A and 140 cases in group B were included. The accuracy, sensitivity, 
and specificity of consensus were 94.3% [95% confidence interval (CI): 88.9–99.7%] vs. 92.1% (95% 
CI: 87.7–96.6%), 60.0% (95% CI: 17–92.7%) vs. 86.7% (95% CI: 68.4–95.6%), and 96.9% (95% CI: 
88.4–95.5%) vs. 93.6% (95% CI: 86.8–97.2%) (group A vs. group B, respectively). There was no significant 
difference in the diagnostic accuracy of DMI on each sequence between the groups (Reviewer 1/Reviewer 
2): PT2WI=0.14/0.17, PDWI=0.50/0.33, PT1CE=0.90/0.18, PmpMRI=0.50/0.37. The AUC for T2WI, DWI, T1CE, 
and mpMRI (Reviewer 1/Reviewer 2), respectively, were 0.54 (95% CI: 0.42–0.66)/0.78 (95% CI: 0.67–0.87), 
0.63 (95% CI: 0.50–0.74)/0.77 (95% CI: 0.65–0.86), 0.69 (95% CI: 0.57–0.80)/0.79 (95% CI: 0.68–0.88), 
and 0.91 (95% CI: 0.82–0.97)/0.89 (95% CI: 0.79–0.95) (group A) and 0.83 (95% CI: 0.76–0.89)/0.85 (95% 
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Introduction

Endometrial  cancer (EC) is  a common malignant 
reproductive system tumor in women, which has recently 
exhibited a gradual increase in incidence and mortality. 
According to the Global Cancer Statistics Report, 413,367 
new cases of EC (approximately 2.2% of all cancers) and 
97,370 new deaths were reported worldwide in 2020 (1). 
Hysterectomy with bilateral salpingo-oophorectomy, with 
or without removal of the pelvic and para-aortic lymph 
nodes, is currently a radical treatment for patients with 
EC. Preoperative magnetic resonance imaging (MRI) 
staging is useful to develop a personalized treatment plan 
(2,3). The depth of myometrial invasion (MI) in EC is 
considered an important factor closely related to lymph 
node metastasis and prognosis. A previous study (4) 
reported a much higher rate of lymph node metastasis in 
stage I EC with deep myometrial invasion (DMI) compared 
with superficial myometrial invasion (SMI) (46% vs. 3%, 
respectively). There is still controversy as to whether 
patients with SMI need to undergo lymphadenectomy, but 
patients with DMI are usually recommended to undergo 
lymphadenectomy or sentinel lymph node biopsy (5). In 
addition, adjuvant treatment options vary among patients 
with different depths of MI or risk stratification. The 
European Society of Gynecological Oncology-European 
Society for Radiotherapy and Oncology-European Society 
for Pathology (ESGO-ESTRO-ESP) guidelines (6) state 
that adjuvant therapy is not recommended for low-risk 
ECs [stage 1A, endometrioid, low grade, lymph vascular 
space invasion (LVSI) negative or focal]. For patients at 
intermediate (e.g., stage 1B endometrioid, low-grade, 

LVSI negative or focal) or higher risk, adjuvant therapy is 
recommended. Therefore, accurate preoperative assessment 
of the depth of MI is essential for prognosis and adjuvant 
therapy options in patients with EC.

MRI and transvaginal ultrasound are the main methods 
to evaluate the depth of MI preoperatively (7). Preoperative 
MRI is the first choice to determine the International 
Federation of Gynecology and Obstetrics (FIGO) stage 
of EC and has high sensitivity and specificity for the 
detection of DMI (8). Several meta-analyses (9-11) have 
reported that the sensitivity and specificity of MRI for 
assessing DMI range from 0.77 to 0.86 and 0.81 to 0.88, 
respectively. However, several studies (12-15) have reported 
several confounding factors in the interpretation of the 
depth of MI, namely adenomyosis, tumor extension to the 
uterine cornu, and the presence of leiomyomas. Notably, 
adenomyosis has been identified in 9–34% of resected 
specimens from patients with EC (16,17). A meta-analysis 
showed an overall prevalence of adenomyosis in EC patients 
of 22.6% (18). These findings suggest that EC coexisting 
with adenomyosis (EC-A) is not uncommon. However, the 
presence of adenomyosis makes it challenging to evaluate 
MI with imaging, especially for ultrasound. In 2004, 
Utsunomiya et al. (19) used T2-weighted imaging (T2WI) 
and dynamic T1-weighted imaging (T1WI) with contrast 
enhancement to assess the depth of MI in 12 lesions of EC-
A. The results showed that 7 lesions were misinterpreted or 
undetectable on T2WI, and 2 lesions were misinterpreted 
on dynamic T1WI. However, the study focused only 
on 2 sequences of T2WI and T1-weighted contrast-
enhanced (T1CE) imaging and did not evaluate the role 
of multiparametric MRI (mpMRI) in interpreting images. 

CI: 0.78–0.90), 0.83 (95% CI: 0.76–0.89)/0.86 (95% CI: 0.79–0.91), 0.88 (95% CI: 0.82–0.93)/0.86 (95% 
CI: 0.80–0.92), and 0.91 (95% CI: 0.85–0.95)/0.87 (95% CI: 0.80–0.92) (group B). Interobserver agreement 
was highest with mpMRI [κ=0.387/0.695 (case/control)]. The consensus results of MRI categorization of 
adenomyosis revealed no significant difference in the accuracy of diagnosing DMI by adenomyosis subtype  
(Pspatial relationship>0.99, Paffected area=0.52, Paffected pattern=0.58, Paffected size>0.99).
Conclusions: The presence of adenomyosis or adenomyosis subtype had no significant effect on the 
interpretation of the depth of MI. T1CE can increase the contrast between adenomyosis and cancer foci; 
therefore, the information provided by T1CE should be valued.
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Subsequent studies (12,13,20) have shown that EC-A can 
lead to varying degrees of misinterpretation of the depth 
of MI. Rockall et al. (13) reported a misjudgment rate of 
10% (1/10), and the misjudgment rate of Sala et al. (20) 
was 16.7% (1/6). Although these studies indicated that EC 
with or without coexisting adenomyosis was not associated 
with incorrect assessment of the depth of MI, the small 
sample sizes in these studies did not allow for an accurate 
assessment of the true impact of adenomyosis on MI in 
EC. Additionally, adenomyosis shows variable findings on 
imaging, and several MRI classifications of adenomyosis 
have been proposed (21-25). The impact of different 
adenomyosis subtypes on the assessment of the depth of 
MI in EC also is unknown. Therefore, the objectives of the 
present study were as follows: the primary objective was to 
evaluate the accuracy of mpMRI in the diagnosis of DMI 
in group A (EC-A) compared with group B (EC without 
coexisting adenomyosis) by sufficient sample size; the second 
objective was to evaluate the effect of different subtypes of 
adenomyosis in the interpretation of MI in EC. In this study, 
mpMRI was defined as a combination of multiple sequences 
including T1WI, T2WI, diffusion-weighted imaging (DWI) 
with apparent diffusion coefficient (ADC), and T1CE. We 
present this article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1621/rc).

Methods

Medical records with postoperative pathology confirming 
EC were consecutively searched from the Beijing 
Friendship Hospital Affiliated to Capital Medical University 
(institution 1) and Beijing Obstetrics and Gynecology 
Hospital Affiliated to Capital Medical University (institution 
2) respectively, with institution 1 searched from January 
2017 to November 2022 and institution 2 searched from 
June 2017 to March 2021.

This study was a case-control retrospective trial. The 
inclusion criteria for group A were as follows: (I) EC 
confirmed by pathology; (II) adenomyosis also confirmed 
by pathology; (III) preoperative contrast-enhanced MRI 
of the pelvis; (IV) EC lesions visible on imaging; and (V) 
time interval from MRI to surgery <60 days. The exclusion 
criteria were as follows: (I) non-stage 1 EC (26); (II) 
presence of other pelvic malignancies (e.g., ovarian cancer); 
(III) multiple fibroids that affected the interpretation of 
the depth of MI; (IV) history of preoperative neoadjuvant 
therapy; and (V) poor image quality or incomplete images. 

Group B comprised patients with stage I EC without 
coexisting adenomyosis, matched 2:1 by age (±5 years) and 
tumor grade with a patient in group A. The inclusion and 
exclusion criteria for group B were the same as those for 
group A, except for the absence of adenomyosis.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by institutional ethics boards of Beijing Friendship 
Hospital Affiliated to Capital Medical University (No. 
YYXSSC-2022-073) and Beijing Obstetrics and Gynecology 
Hospital Affiliated to Capital Medical University (No. 
2022-KY-061-01), and the requirement for individual 
consent for this analysis was waived due to the retrospective 
nature.

Imaging acquisition

All MRI examinations were obtained using 1.5- or 3.0-T 
scanners using a pelvic phased-array surface coil. Each patient 
fasted for 6 hours prior to the examination. Patients were 
placed in the supine position, and the center of localization 
was 2 cm above the midpoint of the pubic symphysis. 
The scanning range encompassed the uterus and bilateral 
appendages. Non-contrast enhanced scans comprised 
T2WI, T1WI, and DWI (b=0 and b=800/1,000 s/mm2). 
T1CE was also performed, after injection of gadopentetate 
dimeglumine at a dose of 0.1 mmol/kg. Fat-suppressed 
T1WI was acquired in the axial, sagittal, and coronal 
planes (before, 30, 70, and 240 s after contrast injection 
in the sagittal plane; 150 s after contrast injection in the 
axial oblique plane; and 300 s after contrast injection in the 
coronal plane). The MRI protocol parameters are shown in 
Tables S1-S4. 

Imaging analysis

All MR images were imported into a Picture Archiving 
and Communication System (PACS; DJ Health Union 
Systems Corp., Shanghai, China). First, the classification 
of adenomyosis in group A was performed by a senior 
radiologist (with 18 years of experience in gynecological 
imaging). At present, there is no consensus on the MRI 
classification of adenomyosis. In order to facilitate 
radiologists to perform MRI classification of adenomyosis, 
we chose the Kobayashi classification (23) as the standard 
for this study. The classifications were as follows:
	 Spatial relationship: adenomyotic lesions and 

cancer foci in close proximity were defined as 

https://qims.amegroups.com/article/view/10.21037/qims-23-1621/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1621/rc
https://cdn.amegroups.cn/static/public/QIMS-23-1621-Supplementary.pdf
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adjacent (Figure 1) and vice versa as non-adjacent 
(Figure 2).

	 Affected area: an affected area within the inner 
1/3 of the uterine wall was defined as internal 
adenomyosis. An affected area within the outer 
2/3 of the myometrium was defined as external 
adenomyosis. 

	 Affected pattern: the affected pattern was classified 
as diffuse or focal.

	 Affected size: the affected size was divided into 
thirds: <1/3, <2/3, or >2/3 of the uterine wall.

The depth of MI on MR images was independently 
interpreted by 2 radiologists (radiologist 1 X.M. and 
radiologist 2 H.J.) with 4 and 10 years of gynecological 
imaging experience, respectively. Both radiologists were 
unaware of the depth of MI pathologically, and the 
radiologists who reviewed the images was not involved 

initially in the cases. The image analysis was performed in 
multiple rounds, and the order of the images in each round 
was randomized. T2WI, DWI with ADC, T1CE, and 
mpMRI were interpreted in turn. The mpMRI readings 
simulated interpretation in clinical practice, mainly 
including T1WI, T2WI, DWI with ADC, and T1CE. 
The time interval between each round of reading was  
3 weeks. When mpMRI-based results were inconsistent, 
a third round of image reading was performed by a 
senior radiologist (D.Y.) with 18 years of experience in 
gynecological imaging, to reach consensus.

MRI interpretation criteria for MI depth 

MI appeared as an interrupted or irregular junctional 
zone of low signal on T2WI and interrupted rings of 
subendometrial enhancement on T1CE. Tumor invasion 

A B C

D E F

Figure 1 A 61-year-old patient with an endometrioid cancer (G1) coexisting adenomyosis and surgical pathology confirmed FIGO stage 
IA. (A) sagittal oblique T2WI, (B) axial diffusion weighted (b=1,000 s/mm2), (C) axial apparent coefficient diffusion map, (D) sagittal 
delayed-phase T1CE scan 150 s after gadolinium chelate injection, (E) axial oblique delayed-phase T1CE scan 180 s after gadolinium 
chelate injection, and (F) coronal delayed-phase T1CE scan 240 s after gadolinium chelate injection. The spatial relationship between the 
adenomyotic lesion and the cancer foci is adjacent. Diffuse adenomyosis is poorly demarcated from endometrial cancer, which is difficult 
to diagnose the depth of myometrial invasion on T2WI and DWI. T1CE increases the contrast between the lesions. Signal differences 
between endometrial cancer and adenomyosis at the continuation should be carefully discerned on T1CE. G, grade; FIGO, International 
Federation of Gynecology and Obstetrics; T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; T1CE, T1-weighted contrast-
enhanced.
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A B C

D E F

Figure 2 A 60-year-old patient with an endometrioid cancer (G1) coexisting adenomyosis and surgical pathology confirmed FIGO stage 
IA. (A) axial oblique T2WI, (B) axial diffusion weighted (b=1,000 s/mm2), (C) axial apparent coefficient diffusion map, (D) sagittal delayed-
phase T1CE MRI scan 150 s after gadolinium chelate injection, (E) axial oblique delayed-phase T1CE scan 180 s after gadolinium chelate 
injection, and (F) coronal delayed-phase T1CE scan 240 s after gadolinium chelate injection. Adenomyosis was located in the outer 
myometrium of the corpus uteri and is not adjacent to endometrial cancer foci. And adenomyosis did not affect the identification of the 
depth of myometrial infiltration in this case. G, grade; FIGO, International Federation of Gynecology and Obstetrics; T2WI, T2-weighted 
imaging; T1CE, T1-weighted contrast-enhanced; MRI, magnetic resonance imaging.

exceeding 1/2 of the myometrium was defined as DMI, 
otherwise it is defined as SMI. The depth of MI was 
assessed visually using 2 scoring systems. System 1 was a 
dichotomous system. An MI depth was recorded as DMI 
or SMI. System 2 was a 5-point system (1: positive SMI; 
2: possible SMI; 3: uncertain; 4: possible DMI; 5: positive 
DMI). Using these scoring systems, the radiologists were 
asked to record the readings in sequence in a preset Excel 
(Microsoft Inc., Redmond, WA, USA) form.

Histopathological analysis

All recruited patients underwent hysterectomy with bilateral 
salpingo-oophorectomy at both institutions. After specimen 
processing, samples were collected by a gynecological 
pathologist. Two gynecological pathologists (all with >5 
years of experience in gynecologic pathology) then analyzed 
the findings and confirmed the presence of adenomyosis 
in each institution. Tumor tissue infiltration exceeding 1/2 
of the muscle layer depth was defined as DMI (27). The 

histopathology report was reviewed by a radiologist, and the 
depth of the MI was documented.

Sample size calculation and statistical analysis

A formal statistical power analysis was used to determine 
the minimum acceptable sample size. On the basis of 
our pre-experimental results (odds ratio =0.32, P0=0.30) 
and assuming α=0.05 and a case: control ratio of 1:2, we 
calculated the sample size required for 80% power (PASS, 
version 2020; https://www.ncss.com/software/pass/). The 
results of the power analysis indicated that a minimum of 64 
patients were required to reach 80% power in group A.

The chi-square test was used to compare the differences 
in interpretation results (correct or incorrect) between 
group A and B and between different subtypes of 
adenomyosis. All statistical analyses were performed using 
SPSS 25.0 (IBM Corp., Armonk, NY, USA). The sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV), and accuracy were calculated to 

https://www.ncss.com/software/pass/
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108 eligible patients
• Institution 1, n=70
• Institution 2, n=38

70 included patients
• Institution 1, n=57
• Institution 2, n=13

Exclusion
Non-stage 1 EC

• Institution 1, n=5
• Institution 2, n=3

Pelvic malignancy other than EC
• Institution 1, n=5
• Institution 2, n=0

Incomplete images
• Institution 1, n=1
• Institution 2, n=22

Pre-operative neoadjuvant therapy
• Institution 1, n=2
• Institution 2, n=0

Figure 3 Flowchart of patient selection for group A at the two 
recruiting institutions. Group A, endometrial cancer coexisting 
with adenomyosis. Institution 1: Beijing Friendship Hospital 
Affiliated to Capital Medical University; institution 2: Beijing 
Obstetrics and Gynecology hospital Affiliated to Capital Medical 
University. EC, endometrial cancer.

Table 1 Patient characteristics.

Characteristics Group A (n=70) Group B (n=140) P value

Age(year), mean ± SD 54.20±8.20 55.71±8.26 0.21

Pathological type, n (%) –

Endometrioid carcinoma  70 (100) 140 (100)

Non-endometrioid carcinoma  0 (0) 0 (0)

Tumor grade, n (%) >0.99

Low grade 67 (95.7) 134 (95.7)

High grade 3 (4.3) 6 (4.3)

Myometrial invasion, n (%) 0.01

DMI 5 (7.1) 30 (21.4)

SMI 65 (92.9) 110 (78.6)

Field strength, n (%) 0.09

1.5T 9 (12.9) 32 (22.9)

3.0T 61 (87.1) 108 (77.1)

Group A, patients with endometrial cancer coexisting with adenomyosis; Group B, patients with endometrial cancer without coexisting 
with adenomyosis. SD, standard deviation; DMI, deep myometrial invasion; SMI, superficial myometrial invasion.

evaluate the performance of MRI in diagnosing DMI by the 
dichotomous system. The areas under the receiver operating 
characteristic (ROC) curve (AUC) were also assessed 
by the 5-point system. MedCalc 20 (MedCalc Software, 
Mariakerke, Belgium) was used to compare differences 
between the case and control groups. Interobserver 
agreement was assessed using Kappa test and interpreted as 
follows: poor (0.20), fair (0.20–0.39), moderate (0.40–0.59), 
good (0.60–0.79), or excellent (0.80–1.00). A P value <0.05 
was considered a significant difference by 2-sided test.

Results

Patient characteristics

A total of 70 patients with EC-A were included in this study 
(Figure 3): 57 from institution 1 and 13 from institution 
2. A total of 140 controls were included in this study, all 
from institution 1. The patients’ characteristics are shown 
in Table 1, which shows that the pathological type was 
endometrioid carcinoma in all patients in both groups. The 
average age was 54.20±8.20 and 55.71±8.26 years in group 
A and B, respectively, with no significant difference between 
the groups (P=0.21). There were 5 (7.1%) and 30 (21.4%) 
cases of DMI in group A and B, respectively. 
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Table 2 Results of 2 reviewers for identifying the depth of MI correct or incorrect on each sequence 

Reviewer and 
modality

T2WI DWI T1CE mpMRI

Cases Controls P value Cases Controls P value Cases Controls P value Cases Controls P value

Reviewer 1 0.14 0.50 0.90 0.51

Undervalued 3 (4.3) 7 (5.0) 1 (1.4) 6 (4.3) 1 (1.4) 2 (1.4) 1 (1.4) 3 (2.1)

Correct 49 (70.0) 111 (79.3) 50 (71.4) 106 (75.7) 58 (82.9) 117 (83.6) 62 (88.6) 128 (91.4)

Overvalued 18 (25.7) 22 (15.7) 19 (27.1) 28 (20.0) 11 (15.7) 21 (15.0) 7 (10.0) 9 (6.4)

Reviewer 2 0.17 0.33 0.18 0.37

Undervalued 3 (4.3) 9 (6.4) 2 (2.9) 7 (5.0) 3 (4.3) 8 (5.7) 3 (4.3) 8 (5.7)

Correct 65 (92.9) 121 (86.4) 65 (92.9) 124 (88.6) 66 (94.3) 124 (88.6) 66 (94.3) 127 (87.9)

Overvalued 2 (2.9) 10 (7.1) 3 (4.3) 9 (6.4) 1 (1.4) 8 (5.7) 1 (1.4) 5 (3.6)

Data are presented as n (%). Cases, patients with endometrial cancer coexisting with adenomyosis (group A); controls, patients with 
endometrial cancer without coexisting with adenomyosis (group B). MI, myometrial invasion; T2WI, T2-weighted imaging; DWI, diffusion-
weighted imaging; T1CE, T1-weighted contrast-enhanced; mpMRI, multiparametric magnetic resonance imaging.

Misinterpretation rate of DMI (group A vs. group B)

From Table 2, the error rates (Reviewer 1/Reviewer 2) in 
identifying DMI using T2WI, DWI, T1CE, and mpMRI 
were 30.0%/7.2%, 28.6%/7.2%, 17.1%/5.7%, and 
11.4%/5.7% in group A, and 20.7%/13.5%, 24.3%/11.4%, 
16.4%/11.4%, and 8.5%/9.3% in group B, respectively. 
There were no significant differences (R1/R2) in 
misinterpreting DMI between the groups: PT2WI=0.14/0.17, 
PDWI=0.50/0.33, PT1CE=0.90/0.18, and PmpMRI=0.51/0.37. 

Diagnostic performance of MRI in 2 groups

For Reviewer 1, in group A, T2WI had the lowest 
sensitivity (40.0%), and DWI had the lowest specificity 
(70.8%). Similarly, in group B, T2WI had the lowest 
sensitivity (76.7%), and DWI the lowest specificity (74.5%). 
Reviewer 2, as a senior and experienced gynecological 
radiologist, had very similar accuracy in identifying DMI on 
each sequence. The consensus results were as follows: the 
sensitivity of MRI in group A was 60.0%, and the specificity 
was 96.9%. The sensitivity of MRI in group B was 86.7%, 
and the specificity was 93.6%. There was no significant 
difference in accuracy between the groups (Tables 3,4).  
Furthermore, we conducted a chi-square test on the 
misjudgments of DMI or SMI between the 2 groups, and 
the results are presented in Table 5. In group A, 2 out of  
5 DMI cases were underestimated, whereas in group B, only 
4 out of 30 DMI cases were underestimated.

We further analyzed the ROCs for identifying DMI, and 
the results are shown in Table 6. For Reviewer 1, the AUCs 

of T2WI, DWI, T1CE, and mpMRI for identifying DMI 
increased progressively in group A, with the lowest AUC of 
0.54 for T2WI and the highest AUC of 0.91 for mpMRI. 
The AUCs of T2WI, DWI, and T1CE in group B were 
higher than those in group A for Reviewer 1, and the AUCs 
of mpMRI were similar in 2 groups. For Reviewer 2, the 
AUC was highest for mpMRI at 0.89, and the remaining 3 
sequences had similar AUCs (0.78–0.79) in group A. The 
AUC values were very close between the sequences in group 
B. Independent ROC curve comparison analysis showed 
significant differences in AUCs between 2 groups with 
T2WI for Reviewer 1 (P=0.04). There were no significant 
differences in AUCs between group A and B for DWI, 
T1CE, and mpMRI (Figure S1). 

Interobserver agreement

We calculated the concordance between the 2 reviewers 
for detecting DMI in both groups (Table 7). Generally, the 
highest concordance was found in both group A and group 
B for mpMRI (κcase group=0.387, κcontrol group=0.695). Group A 
and group B had the lowest concordance for DWI, with κ 
values of 0.242 and 0.535, respectively. The concordance 
of each sequence in group B was higher than that of the 
corresponding sequence in group A. 

Diagnostic performance of MRI with different 
classifications of adenomyosis 

As adenomyosis could not be visualized on MRI in  

https://cdn.amegroups.cn/static/public/QIMS-23-1621-Supplementary.pdf
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Table 3 Diagnostic performance of two reviewers for DMI identification 

Reviewer and 
modality

T2WI DWI T1CE mpMRI

Cases Controls Cases Controls Cases Controls Cases Controls

Reviewer 1, % (95% CI)

Accuracy 70.0  
(59.3–80.7)

79.3  
(72.6–86.0)

71.4  
(60.9–82.0)

75.7  
(68.6–82.8)

82.9  
(74.0–91.7)

83.6  
(77.4–89.7)

88.6  
(81.1–96.0)

91.4  
(86.8–96.1)

Sensitivity 40.0  
(7.3–83.0)

76.7  
(57.3–89.4)

80.0  
(29.9–98.9)

80.0  
(60.9–91.6)

80.0  
(29.9–98.9)

93.3  
(76.5–98.8)

80.0  
(29.9–98.9)

90.0  
(72.3–97.4)

Specificity 72.3  
(59.6–82.3)

80.0  
(71.1–86.8)

70.8  
(58.0–81.1)

74.5  
(65.2–82.2)

83.1  
(71.3–90.9)

80.9  
(72.1–87.5)

89.2  
(78.5–95.2)

84.2  
(76.1–90.0)

NPV 94.0  
(82.5–98.4)

92.6  
(84.9–96.7)

97.9  
(87.3–99.9)

93.2  
(85.2–97.2)

98.2  
(89.0–99.9)

97.8  
(91.5–99.6)

98.3  
(89.7–99.9)

97.1  
(91.2–99.3)

PPV 10.0  
(1.8–33.1)

51.1  
(36.0–66.1)

17.4  
(5.7–39.5)

46.2  
(32.5–60.0)

26.7  
(8.9–55.2)

57.1  
(42.3–70.9)

36.4  
(12.4–68.4)

58.7  
(43.3–72.7)

Reviewer 2, % (95% CI)

Accuracy 92.9  
(86.8–98.9)

86.4  
(80.8–92.1)

92.9  
(86.8–98.9)

88.6  
(83.3–93.8)

94.3  
(88.9–99.7)

88.6  
(83.3–93.8)

94.3  
(88.9–99.7)

90.7  
(85.9–95.5)

Sensitivity 40.0  
(7.3–83.0)

70.0  
(50.4–84.6)

60.0  
(17.0–92.7)

76.7  
(57.3–89.4)

40.0  
(7.3–83.0)

73.3  
(53.8–87.0)

40.0  
(7.3–83.0)

73.3  
(53.3–87.0)

Specificity 96.9  
(88.4–99.5)

90.9  
(83.5–95.3)

95.4  
(86.2–98.8)

91.8  
(84.6–96.0)

98.4  
(90.6–99.9)

92.7  
(85.7–96.6)

98.4  
(90.6–99.9)

95.5  
(89.2–98.3)

NPV 95.5  
(86.4–98.8)

91.7  
(84.5–95.9)

96.9  
(88.1–99.5)

93.5  
(86.6–97.1)

95.5  
(86.6–98.8)

92.7  
(85.7–96.6)

95.5  
(86.6–98.8)

92.9  
(86.1–96.7)

PPV 50.0  
(9.2–90.8)

67.7  
(48.5–82.7)

50.0  
(13.9–86.1)

71.9  
(53.0–85.6)

66.7  
(12.5–98.2)

73.3  
(53.8–87.0)

66.7  
(12.5–98.2)

81.5  
(61.3–93.0)

Cases, patients with endometrial cancer coexisting with adenomyosis (group A); controls, patients with endometrial cancer without 
coexisting with adenomyosis (group B). DMI, deep myometrial invasion; T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; 
T1CE, T1-weighted contrast-enhanced; mpMRI, multiparametric magnetic resonance imaging; CI, confidence interval; NPV, negative 
predictive value; PPV, positive predictive value. 

Table 4 Diagnostic efficacy of to identify DMI after consensus 

Group Accuracy, % (95% CI) Sensitivity, % (95% CI) Specificity, % (95% CI) NPV, % (95% CI) PPV, % (95% CI) P

Group A 94.3 (88.9–99.7) 60.0 (17.0–92.7) 96.9 (88.4–95.5) 60.0 (17.0–92.7) 96.9 (88.3–99.5) 0.57

Group B 92.1 (87.7–96.6) 86.7 (68.4–95.6) 93.6 (86.8–97.2) 96.3 (90.1–98.8) 78.8 (60.6–90.4)

Group A, patients with endometrial cancer coexisting with adenomyosis; Group B, patients with endometrial cancer without coexisting 
with adenomyosis. DMI, deep myometrial invasion; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

2 patients, 68 patients were included in the analysis of 
adenomyosis subtypes. Generally, EC coexisting with 
different classifications of adenomyosis (adjacent vs. non-
adjacent, internal vs. external, diffuse vs. focal, <1/3 of 
the uterine wall vs. <2/3 of the uterine wall vs. >2/3 of the 
uterine wall) showed no significant difference in accuracy 
for identifying DMI (Table 8). As shown in Table S5, 

Reviewer 1 was significantly more accurate in identifying 
DMI with diffuse adenomyosis compared with focal 
adenomyosis on T2WI (P=0.03); significantly more accurate 
in the subgroup with adenomyosis involving <1/3 of the 
uterine wall compared with the other 2 subgroups on T2WI 
(P=0.04); and significantly more accurate with internal 
adenomyosis compared with external adenomyosis on 

https://cdn.amegroups.cn/static/public/QIMS-23-1621-Supplementary.pdf
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Table 5 AUC values acquired based on MRI for identifying DMI of two reviewers 

Reviewer and 
modality

T2WI DWI T1CE mpMRI

Cases Controls P value Cases Controls P value Cases Controls P value Cases Controls P value

Reviewer 1 0.04 0.16 0.18 0.99

AUC  
(95% CI)

0.54  
(0.42–0.66)

0.83  
(0.76–0.89)

0.63  
(0.50–0.74)

0.83  
(0.76–0.89)

0.69  
(0.57–0.80)

0.88  
(0.82–0.93)

0.91  
(0.82–0.97)

0.91  
(0.85–0.95)

Reviewer 2 0.61 0.49 0.57 0.90

AUC  
(95% CI)

0.78  
(0.67–0.87)

0.85  
(0.78–0.90)

0.77  
(0.65–0.86)

0.86  
(0.79–0.91)

0.79  
(0.68–0.88)

0.86  
(0.80–0.92)

0.89  
(0.79–0.95)

0.87  
(0.80–0.92)

Cases, patients with endometrial cancer coexisting with adenomyosis (group A); controls, patients with endometrial cancer without 
coexisting with adenomyosis (group B). AUC, area under the curve; MRI, magnetic resonance imaging; DMI, deep myometrial invasion; 
T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; T1CE, T1-weighted contrast-enhanced; mpMRI, multiparametric magnetic 
resonance imaging; CI, confidence interval. 

Table 6 Inter-observer agreement analysis for each sequence 

Group Sequence Concordant, n (%) Discordant, n (%) Kappa

Group A T2WI 54 (77.1) 16 (22.9) 0.263

DWI 51 (72.9) 19 (27.1) 0.242

T1CE 58 (82.9) 12 (17.1) 0.282

mpMRI 62 (88.6) 8 (11.4) 0.387

Group B T2WI 114 (81.4) 26 (18.6) 0.536

DWI 112 (80.0) 28 (20.0) 0.535

T1CE 121 (86.4) 19 (13.6) 0.672

mpMRI 125 (89.3) 15 (10.7) 0.695

Group A, patients with endometrial cancer coexisting with adenomyosis; Group B, patients with endometrial cancer without coexisting 
with adenomyosis. T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; T1CE, T1-weighted contrast-enhanced; mpMRI, 
multiparametric magnetic resonance imaging.

Table 7 Diagnostic performance based on consensus of different subtypes of adenomyosis for DMI identification 

Subtype Classification Accuracy (%) Sensitivity (%) Specificity (%) NPV (%) PPV (%)

Spatial Adjacent 93.1 66.7 96.2 96.2 66.7

Relationship Non-adjacent 94.9 50.0 97.3 97.3 50.0

Affected area Internal adenomyosis 94.7 50.0 98.1 96.3 66.7

External adenomyosis 90.9 100.0 90.0 100.0 50.0

Affected pattern Diffuse 95.7 50.0 97.8 97.8 50.0

Focal 90.5 66.7 94.4 94.4 66.7

Affected size <1/3 of uterine wall 91.7 50.0 100.0 90.0 100.0

<2/3 of uterine wall 95.8 100.0 95.5 100.0 66.7

>2/3 of uterine wall 93.8 0.0 96.8 96.8 0.0

DMI, deep myometrial invasion; NPV, negative predictive value; PPV, positive predictive value.
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Table 8 A 2×2 table for mpMRI diagnosis of MI depth after consensus

Group
DMI SMI

Correct Incorrect P value Correct Incorrect P value

Group A 3 2 0.20 63 2 >0.99

Group B 26 4 107 3

Group A, patients with endometrial cancer coexisting with adenomyosis; Group B, patients with endometrial cancer without coexisting 
with adenomyosis. mpMRI, multiparametric magnetic resonance imaging; MI, myometrial invasion; DMI, deep myometrial invasion; SMI, 
superficial myometrial invasion.

T1CE (P=0.01). In contrast, for Reviewer 2, there was no 
statistical difference in accuracy for detecting DMI between 
the different categories of adenomyosis with coexisting EC. 
As demonstrated in Table 8, all subtypes of adenomyosis 
coexisting with EC were associated with excellent accuracy 
for MRI in detecting DMI.

Discussion

The aim of this study was to evaluate the accuracy of 
mpMRI in diagnosing DMI. Previously, several authors 
(19,28,29) have investigated the confounding factors for 
preoperative MRI assessment of the depth of MI in EC. 
Some studies (19,28,29) compared the accuracy of the depth 
of MI between different sequences, such as T2WI versus 
T1CE. Other studies (12-14) have identified multiple 
factors associated with misjudging the depth of MI, namely 
uterine fibroids, absence of the uterine junctional zone, and 
polypoid tumors. Unlike previous studies, the present study 
evaluated the effect of adenomyosis (including different 
classifications of adenomyosis) on the interpretation of 
the depth of MI (SMI or DMI) in EC using preoperative 
MRI. Through a formal statistical power analysis, our study 
included a sufficient sample size. Our results are similar 
to those of previous small sample studies: there was no 
significant effect of the presence of adenomyosis on the 
accuracy of detecting DMI (P>0.05). Furthermore, our 
results also show that there was no significant effect of the 
presence of different subtypes of adenomyosis (adjacent vs. 
non-adjacent, internal vs. external, diffuse vs. focal, <1/3 of 
the uterine wall vs. <2/3 of the uterine wall vs. >2/3 of the 
uterine wall) on the accuracy of detecting DMI (P>0.05). 

The final misinterpretation rate of group A in this 
study was 5.7% (4/70), similar to the results of previous 
studies (12,13,20). The results of Reviewer 1 showed that 
most of the misclassified cases were overestimated DMI. 
Although we found no similar reports, we speculate that 

this result was associated with a lack of clinical experience 
and concern about missing cases. Unlike Reviewer 1, the 
accuracy of Reviewer 2 in detecting DMI was similar for 
each sequence, which may be attributed to the reviewer’s 
extensive experience and high confidence. Previous studies 
have confirmed that empirical knowledge can improve the 
accuracy of DMI (30,31).

In our study, the accuracy of identifying DMI in both 
groups improved markedly with T1CE and mpMRI, 
and T1CE provided better contrast for detecting DMI 
(Figure 1). These findings highlight the significance of 
the information provided by T1CE and the necessity of 
combining multiple sequences for thorough interpretation. 
The findings of our study differ from those of Bhosale  
et al. (32). This could be because DWI had a large field 
of view in our investigation, resulting in low resolution. 
MpMRI had good diagnostic efficacy for the identification 
of DMI in both group A and B. However, compared with 
previous studies (33,34), our results showed a low sensitivity 
(60.0%, 3/5) and high specificity (96.9%, 63/65) for 
detecting DMI in group A. This was due to the fact that 
patients with EC-A have less DMI. A large sample study (17) 
from China showed that 50.14% (1,043/2,080) of patients 
with endometrial endometrioid carcinoma (EEC) without 
adenomyosis had SMI, whereas the incidence of SMI in 
patients with EEC with coexisting adenomyosis was 86.5% 
(199/230). Therefore, the sensitivity in group A to detect 
DMI was lower. This is also supported in the results of 
Erkilinç et al. (35), who noted that most cases of EC with 
coexisting adenomyosis were FIGO stage IA. The final 
sensitivity and specificity for our control group were similar 
to those in previous studies (9,36,37). Overall, the accuracy 
was similar to that in previous studies regardless of the 
presence of adenomyosis (38). 

Although we consecutively collected 70 patients with 
EC-A, there were only 5 patients with DMI and this is an 
unavoidable limitation. The chi-square test showed that 
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2 out of 5 DMI cases were underestimated in group A, 
whrease only 4 out of 30 DMI cases were underestimated in 
group B. The results showed that there was no significant 
difference in detecting DMI (P=0.20). However, it is 
necessary to expand the sample size to further verify the 
impact of adenomyosis on the interpretation of MI depth in 
EC. Notably, although there was no significant difference 
in the accuracy of MRI for detecting DMI in patients with 
EC-A, the results showed higher AUC values in group 
B than those in group A for T2WI, DWI, and T1CE. 
Additionally, comparing the same sequence, the consistency 
of group B was higher than that of group A. These findings 
suggested that the presence of adenomyosis may reduce the 
diagnostic performance of the interpretation of MI in EC. 
A study by Haldorsen et al. (39) indicated that the overall 
agreement of radiologists in detecting DMI was fair [κ=0.39 
(range, 0.26–0.55)]. In contrast, our study showed fair and 
good agreement with mpMRI in both the case and control 
groups (κ=0.387 vs. κ=0.695, respectively).

Our study showed that in 2 of the 70 cases of EC-A, the 
adenomyosis was not visible. A recent study by Bourdon  
et al. (40) confirmed that some adenomyosis lesions cannot 
be visualized on imaging. To further investigate the 
influence of adenomyosis subtype on the depth of MI, we 
classified adenomyosis on MRI into 4 subtypes. Overall, the 
different subtypes had no significant effect on the accuracy 
of detecting DMI. For Reviewer 1, focal adenomyosis and 
an affected size of <1/3 of the uterine wall had a higher 
misjudgment rate on T2WI. A plausible explanation is 
that there was a large difference in the sample sizes for 
these 2 subtypes. Therefore, a larger sample size is needed 
to explore the true effect of adenomyosis subtype on the 
depth of MI. Additionally, diagnosing DMI with T1CE in 
EC coexisting with external adenomyosis is significantly 
less accurate compared with internal adenomyosis. It is not 
surprising that T1CE increases the signal contrast between 
adenomyosis and EC, resulting in significantly higher 
accuracy for EC coexisting with internal adenomyosis. 

Our study has the following limitations. First, all of the 
cancers were endometroid carcinomas and the small sample 
size especially regarding DMI cases due to objective reasons 
of prevalence. Second, this was a retrospective study, which 
may have led to selection bias. Third, factors such as MRI 
field strength or acquisition parameters with machines from 
different manufacturers may have increased the variability 
of the data between the 2 institutions participating in this 
study. However, we noticed that previous studies (29,41) 
also reported that images were acquired using several 

different MR machines, which is an accurate reflection of 
clinical practice; radiologists must read images acquired 
by different machines. Finally, the sample size used for 
performing MRI classification of adenomyosis was small 
and differed greatly.

Conclusions

The presence of adenomyosis may reduce the diagnostic 
performance of the interpretation of MI in EC. However, 
there was no significant difference in the accuracy 
of detecting DMI between the EC with coexisting 
adenomyosis and EC without adenomyosis groups, and 
between the different subtypes of adenomyosis. T1CE can 
increase the contrast between adenomyosis and cancer foci; 
therefore, the information provided by T1CE should be 
valued.
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Table S1 The MRI protocol parameters for GE (Signa Excite 1.5T) 

Parameters
T1WI T2WI Contrast-enhanced T1WI SS-EPI DWI

Axial Axial Sagittal Coronal Axial Sagittal Coronal Axial

Slice thickness, mm 4 4 4 4 4 4 4 4

Slice gap, mm 1.0 1.0 0.5 1.0 Volume 
scanning

Volume 
scanning

Volume 
scanning

1

TR, ms 400 2,700 3,000 3,000 3.6 4.1 4 4,000

TE, ms 8 68 102 85 1.7 5.1 1.9 74

Matrix 288×192 320×224 320×288 288×192 256×224 288×192 288×192 128×128

FOV, mm 320×320 300×300 260×260 40×400 360×360 320×320 360×360 360×360

b value, s/mm2 – – – – – – – 0, 800

Average 2 4 2 4 2 2 2 4

MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; SS-EPI, single-shot echo-planar imaging; 
DWI, diffusion-weighted imaging; TR, repetition time; TE, echo time; FOV, field of view.

Table S2 The MRI protocol parameters for PHILIPS (3.0T Ingenia)

Parameters
T1WI T2WI Contrast-enhanced T1WI SS-EPI DWI

Axial Axial Sagittal Coronal Axial Sagittal Coronal Axial

Slice thickness, mm 4 4 4 4 4 3 4 4

Slice gap, mm -2 1 1 1 −2 −1.5 −2 1

TR, ms 4.0 4,009 3,546 4,418 3.8 3.6 3.5 6,000

TE, ms 1.44 100 98 80 1.33 1.32 1.3 53

Matrix 316×235 320×320 316×316 400×312 268×220 240×198 252×221 120×93

FOV, mm 380×304 240×240 253×253 280×280 400×353 360×320 400×353 300×238

b value, s/mm2 – – – – – – – 0, 1,000

Average 1 1.3 1 1.2 1 1 1 3

MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; SS-EPI, single-shot echo-planar imaging; 
DWI, diffusion-weighted imaging; TR, repetition time; TE, echo time; FOV, field of view.

Supplementary
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Table S3 The MRI protocol parameters for Siemens (Prisma 3.0T) 

Parameters
T1WI T2WI Contrast-enhanced T1WI Resolve DWI

Axial Axial Sagittal Coronal Axial Sagittal Coronal Axial

Slice thickness, mm 3 4 4 4 2 2.5 3 4

Slice gap, mm 0.6 0.8 1.2 0.8 0.1 0.5 0.6 0.8

TR, ms 4.02 3,800 4,800 7,000 4.54 3.14 3.16 4,100

TE, ms 1.32 83 116 74 2.1 1.17 1.11 50

Matrix 188×320 240×320 288×384 210×320 195×320 175×320 182×320 72×128

FOV, mm 360×281 240×240 230×230 280×245 320×260 350×273 380×310 360×200

b value, s/mm2 − − − − − − − 0, 1,000

Average 1 1 1 1 1 1 1 3

MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; TR, 
repetition time; TE, echo time; FOV, field of view.

Table S4 The MRI protocol parameters for GE (750W 3.0T) 

Parameters
T1WI T2WI Contrast-enhanced T1WI SS-EPI DWI

Axial Axial Sagittal Coronal Axial Sagittal Coronal Axial

Slice thickness, mm 5.5 4 4 4 3.0 2 3 5.5

Slice gap, mm 1.0 1.0 0.5 0.5 Volume 
scanning

Volume 
scanning

Volume 
scanning

1

TR, ms 600 5,725 3,860 4,451 4.5 4.3 4.0 4,245

TE, ms 42 85 102 102 1.7 2 2.4 80

Matrix 320×224 300×256 384×256 320×256 288×224 288×192 256×224 128×128

FOV, mm 300×300 300×300 280×280 280×280 360×360 340×340 480×480 320×320

B value, s/mm2 − − − − − − − 0, 1,000

Average 2 4 4 2 2 2 1 4

MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; SS-EPI, single-shot echo-planar imaging; 
DWI, diffusion-weighted imaging; TR, repetition time; TE, echo time; FOV, field of view.
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Figure S1 The AUROC for identifying DMI. The 4 curves represent the diagnostic performance of T2WI, DWI, DCE, mpMRI, 
respectively. (A-D) represent the AUROC of reviewer 1 in group A, reviewer 2 in group A, reviewer 1 in group B and reviewer 2 in group 
B, respectively. Group A, patients with endometrial cancer coexisting with adenomyosis; Group B, patients with endometrial cancer without 
coexisting with adenomyosis. R1, reviewer 1; R2, reviewer 2; T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; T1CE, T1-
weighted contrast-enhanced; mpMRI, multiparametric magnetic resonance imaging; DMI, deep myometrial invasion; AUROC, area under 
the receiver operating curve.
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Table S5 Interpretation results of two reviewers and consensus for different subtypes of adenomyosis on T2WI, DWI, T1CE, mpMRI

Reviewer Sequence

Status Spatial relationship Affected area Affected pattern Affected size

Correct 
interpretation

Adjacent
Non-

adjacent
P value

Internal 
adenomyosis

External 
adenomyosis

P value Diffuse Focal P value
<1/3 of 

uterine wall 
<2/3 of uterine 

wall
>2/3 of uterine 

wall
P value

R1 T2WI Yes 18 30 0.184 42 6 0.279 37 11 0.028* 6 15 27 0.045*

No 11 9 15 5 10 10 6 9 5

DWI Yes 19 30 0.300 43 6 0.269 36 13 0.212 8 14 27 0.081

No 10 9 14 5 11 8 4 10 5

T1CE Yes 24 33 1.000 51 6 0.012* 42 15 0.082 9 19 29 0.340

No 5 6 6 5 5 6 3 5 3

mpMRI Yes 24 36 0.272 52 8 0.113 43 17 0.240 11 19 30 0.255

No 5 3 5 3 4 4 1 5 2

R2 T2WI Yes 27 36 1.000 54 9 0.181 45 18 0.167 10 23 30 0.395

No 2 3 3 2 2 3 2 1 2

DWI Yes 27 36 1.000 53 10 1.000 45 18 0.167 11 22 30 1.000

No 2 3 4 1 2 3 1 2 2

T1CE Yes 28 36 0.631 55 9 0.120 46 18 0.084 10 24 30 0.121

No 1 3 2 2 1 3 2 0 2

mpMRI Yes 28 36 0.631 55 9 0.120 46 18 0.084 10 24 30 0.121

No 1 3 2 2 1 3 2 0 2

Consensus mpMRI Yes 27 37 1.000 54 10 0.515 45 19 0.582 11 23 30 1.000

No 2 2 3 1 2 2 1 1 2

*, P<0.05. T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; T1CE, T1-weighted contrast-enhanced imaging; mpMRI, multiparametric magnetic resonance imaging; R1, reviewer 1; R2, reviewer 2.


