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Background: Magnetic resonance imaging (MRI) and immunohistochemical (IHC) examination 
provides useful information for the risk stratification of endometrial cancer (EC). However, the use of the 
combination of MRI and IHC for the prediction of high-risk EC is controversial. The aim of this study was 
to evaluate the value of preoperative MRI and IHC examination in prediction of patients with high-risk EC.
Methods: This retrospective case-control study was conducted from January 1, 2018 to May 1, 2021 at two 
hospitals. A primary cohort (n=102) comprised patients with histologically confirmed EC in one hospital 
between January 1, 2018 and May 31, 2020. An additional external cohort (n=35) comprising patients with 
histologically confirmed EC in a different hospital from January 1, 2020 to May 1, 2021 was included for 
validation. Imaging features including tumor size, tumor margin, relative T2 value, tumor signal intensity 
on diffusion-weighted imaging (DWI), T1-weighted imaging (T1WI), T2-weighted imaging (T2WI) 
were determined from preoperative MRI images. IHC markers including ER, PR, p53 and Ki67 were 
determined through IHC staining of preoperative curettage specimen. Patients were divided into high-risk 
and low-intermediate- risk group based on the final histological results. Differences between categorical 
and numerical variables were assessed using chi-square test and independent-sample t-test, respectively. 
Multivariate binary logistic regression analyses were used for construction of the prediction model A 
fusion prediction model was constructed by combining MRI features and IHC markers. The predictive 
performance of the model was then validated using the external cohort.
Results: Imaging and IHC markers were significantly associated with risk ranks. Model 1 based on MRI 
features showed an area under the curve (AUC) of 0.822 [95% confidence interval (CI), 0.741–0.903] 
whereas Model 2 based on IHC markers showed an AUC of 0.894 (95% CI, 0.829–0.960). Notably, model 3  
integrating independent MRI and IHC risk factors demonstrated good calibration and high differentiation 
ability with an AUC of 0.958 (95% CI, 0.923–0.993), and showed good discrimination with an AUC of 0.84 
(95% CI, 0.677–0.942) using the external validation set.
Conclusions: This study proposes a comprehensive predictive model comprising MRI and IHC features 
as a powerful tool for preoperative risk stratification to assist in clinical decision-making for EC patients.
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Introduction

Incidence of endometrial cancer (EC) has been increasing 
exponentially in recent years worldwide (1). Most 
ECs can be diagnosed in the early stage due to their 
apparent clinical symptoms, therefore, patients have a 
better prognosis. However, some poorly differentiated 
and atypical histological types of EC may present with 
lymphatic vascular invasion (LVSI) or distant metastasis 
even in the early stage resulting in a poor outcome. 
Therefore, NCCN guidelines (2) stratify patients with EC 
into high-, intermediate- and low-risk subgroups which 
is useful in guiding adjuvant therapy. Currently several 
guidelines have been published for clinical practice (2-4),  
however, the recommended surgical strategies and 
adjuvant therapy for patients in different risk groups 
are significantly different. Therefore, it is important to 
accurately classify patients of high-risk EC group before 
surgery thus providing appropriate treatment plans. Recent 
studies used preoperative imaging examinations and 
curettage pathology to distinguish between different risk 
groups. Liu et al. (5) reported that ADC has the potential 
to discriminate intermediate- and high-risk stage I EC 
patients, whereas Lee et al. (6) reported that preoperative 
MRI and histological results can be used for identification 
of low-risk EC patients. However, results of risk prediction 
of EC using MRI or IHC alone show significant variations 
(6-9). Therefore, it is important to explore the effect of 
combining preoperative MRI features and IHC markers on 
the predictive value for high-risk EC. This study sought 
to establish a predictive model by combining preoperative 
MRI features and IHC markers which are easily accessible 
in clinical practice. The effectiveness of the model was 
externally validated and compared with efficacy of predictive 
models based on MRI or IHC separately.

We present the following article in accordance with the 
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-38).

Methods

Study population

The study was approved by the institutional review board of 

the Affiliated Hospital of the Nanjing University of Chinese 
Medicine (No. 2016NL-005-02). The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). Informed consent was waived as this is a retrospective 
case-control study. Sample size was calculated based on the 
area under the ROC curve (AUC). The minimum AUC 
for the prediction of high-risk group EC was expected to 
be 0.70 based on null hypothesis of 0.50. The minimum 
acceptable sample size was 41 participants for each group 
using a 5% α risk and 10% β risk. Statistical analyses were 
performed using MedCalc (V 19.4.0, Belgium). A total of 
192 patients with histologically confirmed EC in our center 
between January 1, 2018 and May 31, 2020, and 64 patients 
with histologically confirmed EC in Women’s Hospital of 
Nanjing medical University from January 1, 2020 to May 
1, 2021 were enrolled in this study. Notably, 119 patients 
were excluded based on the following criteria: (I) MRI 
scanning was not performed (n=11); (II) tumor lesions were 
not visible on MRI images (n=32); (III) MRI examinations 
were conducted more than 2 weeks before curettage 
or surgery (n=22); (IV) poor quality of MRI images for 
evaluation (n=23) and (V) preoperative curettage was not 
performed (n=31). Ultimately, 102 patients were included 
in the primary cohort, and 35 patients were included in 
the validation cohort. Participant selection details are 
presented in the flow chart shown in Figure 1. All enrolled 
patients underwent radical hysterectomy. Final pathological 
assessments were performed using surgical specimens.

Patients were divided into two groups based on the 
final histopathological diagnosis of the subtype and grade 
of the tumor for analysis. The groups included low-
intermediate-risk (LI-risk) group and high-risk group. 
The low-intermediate-risk group comprised patients 
with grade 1 and grade 2 endometrioid cancer with deep 
myometrial invasion (DMI) <50%, whereas the high-risk 
group comprised patients with non-endometrioid tumors 
or grade 3 endometrioid cancer with DMI ≥50% regardless 
of histopathology subtypes (10). Clinical and pathological 
characteristics of patients are presented in Table 1.

MRI protocol and Image analysis

MRI examination was performed using a 1.5T MRI 
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Figure 1 Flowchart of inclusion process of the study.

192 patients from the first 
medical center

64 patients from the first 
medical center

Primary cohort (n=102) Validation cohort (n=35)

MRI scanning was not 
performed (n=7)

MRI scanning was not 
performed (n=4)

Poor quality of the MRI 
images for evaluation 

(n=18)

Poor quality of the MRI 
images for evaluation 

(n=5)

Preoperative curettage was 
not performed (n=22)

Preoperative curettage was 
not performed (n=9)

The tumor lesion was not 
visible on MRI images 

(n=27)

The tumor lesion was not 
visible on MRI images 

(n=5)

MRI examination was 
conducted more than 2 

weeks before curettage or 
surgery (n=16)

MRI examination was 
conducted more than 2 

weeks before curettage or 
surgery (n=6)

equipment (Magnetom Aera; Siemens Healthcare, Erlangen, 
Germany) covering the whole pelvic area. Axial T1WI [time 
of reception (TR)/time of echo (TE), 145 ms/4.6 ms] and 
axial T2WI (TR/TE, 1,800 ms/75 ms) with an interaction 
gap of 1 mm and a thickness of 6.0 mm, and sagittal fat-
suppress (FS)-T2WI (TR/TE, 260 ms/4.6 ms) with an 
interaction gap of 1 mm and a thickness of 5.0 mm were 
evaluated. Moreover, sagittal DWI (TR/TE, 6,900 ms/80 ms)  
with an interaction gap of 1 mm, a thickness of 6.0 mm, and 
a b-value of 50 and 800 s/mm2 was determined. ADC maps 
were then generated using an automatic post process.

Two board-certified radiologists with 5 and 12 years 
of experience in abdominal MRI diagnosis examined the 
images independently. In case of discordance, a consensus 
was reached through discussion. Tumor size, tumor margin 
(well-defined or ill-defined), and relative T2 value were 
measured. In addition, tumor signal intensity on DWI, 
T1WI (hyper- or iso-intensity), and T2WI (hetero- or 
homogeneous) were recorded. DMI was defined as the 
deepest measurement assessed on T1WI, T2WI and DWI 
images. The regions of interest (ROI) were identified 
manually on the slice of the tumor which exhibited the 
largest diameter whereas cystic areas were avoided.

Tissue and immunohistochemistry (IHC) analysis 

All histopathological slides were reviewed by a pathologist 
with 8 years of experience in gynecological malignancies 
who had no prior knowledge of patient information. Tissue 

sections were fixed in formalin for 8–24 hours and then 
embedded in paraffin for H & E staining. After examining 
expression of ER (DAKO, 1D5, Denmark), PR (DAKO, 
PgR636, Denmark), and ki-67 (DAKO, MIB-1, Denmark), 
the percentage of positive tumor cells was determined. In 
addition, P53 (Maixin, MX008, China) was classified as 
either wild type or mutant type. Clinicopathological features 
including stage, subtype, grade, DMI, and lymphovascular 
invasion (LVI) were recorded. 

Statistical analysis

Complete cases were included for statistical analysis. All data 
analyses were performed using IBM SPSS (Version 21.0; 
IBM Corp., NY, USA). Intraclass correlation coefficient 
(ICC) or Kappa coefficient were computed to determine 
the interrater reliability. For quantitative variables, data 
normality tests were performed using Shapiro-Wilk test and 
presented as mean ± SD. Group comparison was performed 
using student t-test. Qualitative variables were expressed as 
percentages and compared using chi-square test or Fisher’s 
exact test. 

Prediction model construction and validation

Multivariate logistic regression analyses were used to 
develop prediction models for differentiation between the 
two risk groups. The predictive values of the regression 
models were assessed using receiver operating characteristic 
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Table 1 Characteristics of patients in the primary and validation cohorts

Characteristics Primary cohort (n=102) Validation cohort (n=35) P

Age (year) 58.1±10.5 59.0±7.9 0.616

Menopausal status 0.840

Premenopausal 16 (15.7) 6 (17.1)

Postmenopausal 86 (84.3) 29 (82.9)

Clinical symptom 0.595

Abdominal pain 53 (51.9) 17 (48.6)

Irregular vaginal bleeding 45 (44.1) 20 (57.1)

Asymptomatic 21 (20.6) 6 (17.1)

Histology 0.785

Endometrioid adenocarcinoma 84 (82.4) 27 (77.1)

Serous carcinoma 13 (12.7) 6 (17.1)

Clear cell carcinoma 5 (4.9) 2 (5.7)

FIGO stage 0.354

I 78 (76.5) 24 (68.6)

II 17 (16.7) 5 (14.3)

III 5 (4.9) 4 (11.4)

IV 2 (1.9) 2 (5.7)

Tumor grade 0.664

Grade 1 44 (43.1) 18 (51.4)

Grade 2 35 (34.3) 11 (31.4)

Grade 3 23 (22.5) 6 (17.1)

Myometrial invasion 0.395

<50% 72 (70.6) 22 (62.9)

≥50% 30 (29.4) 13 (37.1)

Lymph vascular invasion 0.460

Positive 31 (30.4) 13 (37.1)

Negative 71 (69.6) 22 (62.9)

Risk stratification 0.085

LI-risk group 58 (56.9) 21 (60.0)

High-risk group 44 (43.1) 14 (40.0)

Values are given as n (%) or mean ± SD. LI-risk, low-intermediate-risk.

(ROC) curve analysis and area under the curve (AUC). 
DeLong’s test was used to evaluate the clinical efficacy by 
comparing the AUC of each predictive model. Hosmer-
Lemeshow test was performed to determine the calibration 

capability of prediction models. Generalizability of 
prediction model was verified with the external validation 
cohort. Significance level was set at P<0.05 for all statistical 
tests.
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Results

Clinical and pathological characteristics

A total of 102 patients (average age of 58.1±10.5 years) 
were included in the primary cohort. High-risk group rate 
among the 102 patients was 43.1% (n=44). Thirty-five 
patients (average age of 59.0±7.9 years) were included in 
the validation cohort. High-risk group rate of the validation 
cohort was 40% (n=14). Characteristics of patients in the 
primary and validation cohorts are presented in Table 1. 
Analysis showed no statistically significant differences 
in age, menopausal status, clinical symptom, tumor 
histology, FIGO stage, tumor grade, myometrial invasion, 
lymphovascular invasion and risk stratification between the 
two cohorts (P=0.616, 0.840, 0.595, 0.785, 0.354, 0.664, 
0.359, 0.460 and 0.085, respectively). 

Immunohistochemical and MRI characteristics

Expression levels of ER, PR, Ki-67, and p53 were determined 
through immunohistochemical analysis from the samples 
obtained using diagnostic curettage and definitive operation. 
Analysis of IHC markers of the preoperative procedure and 
the definitive histopathological results showed statistically 
significant correlation (all P<0.05). Notably, LI-risk group 
showed a significantly higher expression of ER and PR 
compared with the level in high-risk EC patients (P<0.05). 
In addition, patients with high-risk EC showed higher levels 
of ki67 (P<0.01) compared with those with LI-risk EC. 
Mutated p53 was highly abundant in the high-risk group 
compared with LI-risk EC group (Table 2).

Analysis of tumor size, tumor margin, relative T2 value, 
DMI status, tumor signal intensity on DWI, T1WI, and 
T2WI showed good overall interrater reliability (ICC 
=0.834, 0.762, 0.804, 0.698, 0.882, 0.965, and 0.702, 
respectively). Analysis of age, menopausal status, tumor size, 
tumor margin, the signal on DWI, T1WI, or T2WI in the 
primary cohort showed no significant differences between 
the two risk groups. Analysis of age, menopausal status, 
PR, tumor size, tumor margin, the signal on DWI, T1WI, 
or T2WI in the validation cohort showed no significant 
differences observed between the two groups. Notably, 
tumors of high-risk patients in both cohorts indicated lower 
ADC values (P=0.003 and P<0.01, respectively) and larger 
size (P<0.01 and P=0.02, respectively) compared with those 
of the LI-risk patients. See Figures 2 and 3 for examples. In 
addition, the high-risk group showed a higher rate of DMI 
in tumors compared with the low-risk group (Table 2).

Performance of prediction models 

Multivariate logistic regression analyses were performed 
based  on the  var iab les  which were  s igni f icant ly 
different between the two risk groups to determine the 
independent predictors and construct prediction models 
for discrimination of high-risk from LI-risk EC groups 
(Table 3). A score for each risk factor of the patient was 
calculated using the models, and the total risk score was 
obtained by adding the scores for the risk factors. Model 1 
was based on preoperative MRI measurements (tumor size, 
ADC value, relative-T2 value, and DMI status). Analysis 
showed that ADC value (OR =1.956; 95% CI, 1.360–2.812) 
and DMI status (OR =0.996; 95% CI, 0.993–0.999) were 
independent markers for differentiation. Model 2 was 
established using IHC markers (ER, PR, ki67, and p53) 
of preoperative curettage tissue. Analysis showed that 
ER (OR =0.961; 95% CI, 0.941–0.983), PR (OR =0.975; 
95% CI, 0.958–0.993) and Ki67 (OR =1.956; 95% CI, 
1.360–2.812) were independent markers of differentiation 
between LI-risk and high-risk EC groups. Further, model 
3 was constructed based on combination of all MRI and 
IHC variables. Analysis of model 3 showed that ER (OR 
=0.852; 95% CI, 0.627–0.978), Ki67 (OR =1.756; 95% CI, 
1.022-2.091), DMI (OR =2.224; 95% CI, 1.458–3.636) 
and ADC value (OR =0.793; 95% CI, 0.689–0.997) were 
independent markers in this model. AUC of the 3 models 
(model 1, 2 and 3) were 0.822 (95% CI, 0.741–0.903), 
0.894 (95% CI, 0.829–0.960), and 0.958 (95% CI, 0.923–
0.993), respectively (Table 3). Sensitivity and specificity of 
the 3 models were (75%, 95%), (75%, 79%) and (89%, 
93%), respectively (Table 4). There were significant 
differences between these three ROC curves (Table 4). The 
results of Hosmer-Lemeshow test for the three models 
were χ2=5.635 (P=0.691), 10.393 (P=0.211), and 7.237 
(P=0.511), respectively. External validation showed good 
discrimination with an AUC of 0.84 (95% CI, 0.677–0.942), 
with a sensitivity of 78.57%, a specificity of 76.19%. ROC 
curves and AUCs of predicting models in high-risk EC 
prediction are presented in Figure 4.

Discussion

In this study, predictive model 1 based on MRI features 
performed well for differential diagnosis between the 
two risk groups of ECs preoperatively, with an AUC of 
0.822, sensitivity of 75% and specificity of 90%. Predictive 
performance of model 2 which was based on IHC markers 
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Table 2 Comparisons of clinical, pathological and imaging features between LI-risk and high-risk group of endometrial cancer patients

Characteristics
Primary cohort Validation cohort

LI-risk (n=58) High-risk (n=44) P LI-risk (n=21) High-risk (n=14) P

Age 57.7±10.6 58.2±10.1 0.82 58.1±7.3 60.4±8.8 0.4

Menopausal status 0.92 0.2

Premenopausal 11 (19.0) 8 (18.2) 5 (23.8) 1 (7.1)

Postmenopausal 47 (81.0) 36 (81.8) 16 (76.2) 13 (92.9)

ER* 25 [30] 60 [40] <0.01 45 [15] 50 [15] 0.04

PR* 35 [30] 30 [60] <0.01 45 [18] 47.5 [33] 0.55

Ki67* 40 [30] 60 [34] <0.01 40 [13] 45 [13] 0.03

p53 <0.01 <0.01

Mutated 8 (13.8) 23 (52.3) 17 (81.0) 5 (35.7)

Wild type 50 (86.2) 21 (47.7) 4 (19.0) 9 (64.3)

Tumor size (cm) 2.7±1.1 4.1±1.9 <0.01 2.5±0.8 3.8±1.9 0.02

Tumor margin 0.15 0.19

Well-defined 9 (15.5) 12 (27.3) 9 (42.9) 3 (21.4)

Ill-defined 49 (84.5) 32 (72.7) 12 (57.1) 11 (78.6)

Signal on DWI 0.42 0.66

Hyperintensity 53 (91.4) 42 (95.5) 19 (90.5) 12 (85.7)

Isointensity 5 (8.6) 2 (4.5) 2 (9.5) 2 (14.3)

ADC (×10–3 mm2/s) 0.83±0.1 0.76±0.1 0.003 0.82±0.08 0.72±0.07 <0.01

Signal on T1WI 0.26 0.13

Hyperintensity 4 (6.9) 6 (13.6) 1 (4.8) 3 (21.4)

Isointensity 54 (93.1) 38 (86.4) 20 (95.2) 11 (78.6)

Signal on T2WI 0.39 0.20

Heterogeneous 51 (87.9) 36 (81.8) 16 (76.2) 13 (92.9)

Homogeneous 7 (12.1) 8 (18.2) 5 (23.8) 1 (7.1)

Relative-T2 value 2.4±1.3 1.7±0.8 <0.01 2.2±1.1 1.8±0.5 0.04

MRI-reported DMI 21 (36.2) 29 (43.2) 0.003 4 (28.6) 9 (42.9) 0.39

Values are given as n (%), mean ± SD (range), or *median [IQR]. IQR, interquartile range; ER, estrogen receptor; PR, progesterone  
receptor; ADC, apparent diffusion coefficient; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; MRI, magnetic resonance imaging; 
DMI, deep myometrial invasion; LI-risk, low-intermediate-risk.

of preoperative curettage specimens performed better 
compared with model 1, with an AUC of 0.894, sensitivity 
of 83% and specificity of 96%. To explore the synergistic 
prediction effect of these two preoperative examinations 
models, model 3 was developed using preoperative MRI 
and IHC variables. The AUC of model 3 was 0.958, 

sensitivity was 89% and specificity was 93%, implying that 
preoperative imaging and IHC examination are important 
in the preoperative risk assessment of EC. Notably, the 
combined model from these two techniques showed a higher 
differential value compared with the individual techniques. 
Therefore, model 3 consisting of MRI and IHC features can 
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Figure 2 Representative grade 1 EC images from a 43-year-old patient. (A) Transverse plane T1W, and (B) T2W MR image shows an 
intracavitary lesion (white arrows in A, B, C and D) with isointensity and hyperintensity, respectively. The tumor demonstrates significantly 
high signal intensity on DWI (b=800) (C) and moderate low signal intensity (ADC =0.793×10–3 mm2/s) on ADC maps (D). (E) Preoperative 
IHC results showed that the expression of ER in tumor tissues was diffuse and strongly positive, approximately 90% positive (original 
magnifications ×200). (F) Expression of Ki-67 in tumor tissues was focally positive, approximately 5% positive (original magnifications 
×200). EC, endometrial cancer; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; ER, estrogen receptor.

A

D

B

E

C
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be used for preoperative risk stratification of EC.
The predictive performance of model 1 based on 

preoperative MRI features was moderate (AUC =0.822, 
sensitivity =75%, a specificity of 90%), with high specificity 
implying that it can be used to identify LI-risk EC patients 
accurately. Several studies report that MRI parameters 
can be used for preoperative assessment of EC (5,11,12). 
In addition, Nougaret et al. (11) explored the correlation 
between ADC, tumor grade, and LVSI and reported that 
ADC values of G3 EC were significantly lower compared 
with those of G1/G2 EC. A study by Zhang et al. (13)  
reported that the area under the ROC curve (AUC) of 
ADC values was 0.892 in the identification of the low-risk 
EC. Moreover, Shen et al. (14) assessed the predictive value 
of ADC in low-risk EC subjects. In summary, these studies 
show that ADC is higher in low-risk EC patients compared 
with high-risk EC patients. The highest value of AUC for 
low-risk EC patients was 0.876 (95% CI, 0.798–0.954). In 
the present study, ADC value was identified as a significant 

predictor of tumor risk stratification in EC with an OR 
of 1.956 (95% CI, 1.360–2.812), which was consistent 
with previous results. Therefore, these findings show that 
preoperative tumor ADC values can be used to assess the 
risk level of EC particularly for patients with low-risk EC. 
Moreover, DMI ≥50% is an independent prognostic factor 
for EC (15). In addition, European Society for Medical 
Oncology (ESMO) reported that DMI can be used as 
a criterion for classification of patients of different risk 
groups. Dane et al. (16) explored the relationship between 
myometrial invasion and progression-free survival (PFS) 
or overall survival (OS) in EC. Their findings showed 
that patients with DMI exhibited a shorter PFS and OS, 
implying that DMI is an important prognostic indicator 
and can be used as a determinant of treatment in EC. In 
the current study, ADC value and DMI were significant 
predictors for differentiating high-risk from LI-risk EC, 
which was inconsistent with previous reports. In addition, 
studies report that tumor size plays an important role 
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Figure 3 Images of a 63-year-old woman with histopathologically diagnosed grade 3 endometrioid carcinoma. (A) Sagittal plane T1W MR 
image showing a large isointense lesion filling the endometrial cavity. (B) On T2W imaging the tumor shows slight hyperintensity compared 
with adjacent myometrium. (C) On DWI (b=800), the tumor shows significant hyperintensity compared with adjacent myometrium, whereas 
(D) on the ADC map it appears as dark signal areas (ADC =0.65×10–3 mm2/s), which represent water restriction. Preoperative IHC results, (E) 
expression of ER in tumor tissues was negative (original magnifications ×200), whereas (F) expression of Ki-67 in tumor tissues was diffuse 
positive, approximately 60% positive (original magnifications ×200). DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient.

A

D

B

E

C

F

Table 3 Multivariate logistic regression models for differentiation of low-risk and high-risk endometrial cancer

Model Variables Regression coefficient OR (95% CI) P value

Model 1 ADC 0.671 1.956 (1.36–2.812) 0.001

DMI −0.04 0.996 (0.993–0.999) 0.005

Model 2 Ki67 0.051 1.053 (1.023–1.083) 0.001

ER −0.039 0.961 (0.941–0.983) 0.001

PR −0.025 0.975 (0.958–0.993) 0.006

Model 3 Ki67 0.054 1.756 (1.022–2.091) 0.003

ER −0.49 0.852 (0.627–0.978) 0.005

DMI −0.965 2.224 (1.485–3.636) 0.021

ADC 0.007 0.793 (0.689–0.997) 0.015

OR, odds ratio; ER, estrogen receptor; PR, progesterone receptor; ADC, apparent diffusion coefficient; DMI, deep myometrial invasion.
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in preoperative evaluation and therapy planning (3,12). 
However, in this study, this parameter was not statistically 
different in multivariate logistic regression analyses and 
thus was not selected for construction of model 2. This 
insignificance may be caused by specific criteria of different 
studies for the risk stratification of EC. Non-endometrioid 
type of EC was also included in the high-risk group in 
this study. This type of EC is characterized by a small size 
with more malignant characteristics, which may lead to 
inconsistency in results. Therefore, further studies using 
larger sample sizes and multimodal MRI parameters should 
be conducted to confirm these intriguing results.

Furthermore, the predictive performance of model 2 
based on IHC markers of curettage tissue showed good 
performance in preoperative risk stratification of EC. 
Preoperative endometrial sampling is an important approach 
for clinically suspected endometrial lesions, however, 
the conventional pathological technique is insufficient 
for risk assessment of EC. Notably, IHC examination 

can significantly improve the accuracy of diagnosis (7). 
Several studies report that IHC markers are important 
for identification of different pathologic subtypes and risk 
factors of EC. A study by Mhawech-Fauceglia et al. (17) 
used ER, PR, insulin-like growth factor II mRNA-binding 
protein 3 (IMP3), and intestinal trefoil factor 3 (TFF3) to 
distinguish endometrioid carcinoma from serous and clear 
cell carcinoma. Analysis showed that combination of ER 
(+)/PR (+)/TFF3 (+)/IMP3 (−) immunologic features was 
effective in diagnosis of endometrioid carcinoma subtypes 
(OR 19.2; 95% CI, 3–∞; P=0.0004). Moreover, Masjeed  
et al. (18) reported that the ER, PR, p53, Ki67, and IHC 
markers can effectively reveal benign and malignant 
biological characteristics of endometrial tumors. These 
outcomes were statistically correlated with tumor degree 
and recurrence of endometrial carcinoma. However, findings 
from previous findings were inconsistent with the findings 
from our study in that the findings from our study did not 
show sufficient evidence for risk stratification of EC using 

Figure 4 ROC curves of the models in primary and validation cohorts. (A) ROC curves of the performance of the model 1, model 2, and 
model 3 for high-risk EC prediction in primary cohort. AUC was 0.822 for model 1 (95% CI, 0.692–0.882; P<0.05), 0.894 for model 2 (95% 
CI, 0.829–0.960; P<0.05), and 0.985 for model 3 (95% CI, 0.923–0.993; P<0.05). (B) In the validation cohort, the AUC of model 3 was 0.840 
(95% CI, 0.677–0.942; P<0.05). ROC, receiver operating characteristic; AUC, area under the curve; EC, endometrial cancer.

Table 4 The statistical difference between three ROC curves

Model AUC (95% CI) SEN (%) SPE (%) Z P value

Model 1 0.822 (0.741–0.903) 75 97 1.443a 0.0149a

Model 2 0.894 (0.829–0.960) 75 79 2.429b 0.0152b

Model 3 0.958 (0.923–0.993) 89 93 3.577c 0.0003c

a, Model 1 vs. Model 2; b, Model 3 vs. Model 1; c, Model 3 vs. Model 2. SEN, sensitivity; SPE, specificity.
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markers such as Ki-67, vimentin, and other IHCs. The IHC 
markers may be predictors of the histopathologic grade 
of tumors, however, more studies should be performed 
to validate the specific correlation between these factors 
and malignant degree of EC. Notably, Guan et al. (19)  
reported that ER/PR were independent predictors of 
PFS and OS. Patients with ER/PR loss exhibited deeper 
muscular infiltration, advanced FIGO staging, and a higher 
rate of pelvic lymph node metastasis, resulting in shorter 
PFS and OS. Furthermore, Di Donato et al. (20) reported 
that ER and PR loss were more mainly found in G3 tumors. 
High expression of Ki-67 is significantly associated with 
DMI, and these three markers (ER, PR and Ki67) are 
independent predictor factors for endometrial malignancy. 
In the current study, lower ER and PR expression, and 
higher Ki-67 were observed in FIGO grade 3 endometrioid 
and non-endometrioid carcinoma, which was consistent 
with previous reports. Han et al. (21) explored the 
differential diagnostic value of 12 IHC markers in high-
grade endometrial carcinoma. Analysis showed that 
multiple-IHC marker panels significantly improved the 
diagnostic accuracy of EC subtypes. IHC markers in several 
previous studies were obtained from a definitive gross 
specimen, whereas in the current study they were obtained 
from preoperative curettage specimens. Subsequently, this 
was valuable to surgeons in making a viable decision before 
surgery. Model 2 is a three-IHC marker panel with good 
performance in risk stratification of EC. The markers used 
in model 2 are routinely used in clinics with no extra cost.

Imaging or histological information provided by MRI 
or endometrial biopsy is useful but insufficient for accurate 
preoperative assessment. Therefore, the predictive efficacy 
of model 3 was determined by combining model 1 and 
model 2. Clinical efficacy of model 3 was statistically better 
compared with that of model 1 (Z=2.429, P=0.015) and 
model 2 (Z=3.577, P=0.0003), respectively. Notably, the 
difference between model 1 and model 2 was not statically 
significant (Z=1.443, P=0.149). These findings show 
that this model had the best AUC and highest sensitivity 
compared with other models, however the specificity was 
compromised. These outcomes imply that the combination 
of preoperative MRI and IHC results can accurately identify 
high-risk EC, thus promoting a precise treatment for these 
patients. A study by Luomaranta et al. (9) reported a PPV 
of 74.4% and NPV of 86.1% for the detection of high-
risk EC using combination of preoperative histology and 
MRI. However, IHC examination was not assessed in their 
study. Furthermore, Weinberger et al. (22) reported that 

a new model incorporating clinical data and IHC markers 
increased the diagnostic accuracy of prognosis prediction 
with a sensitivity of 75.8%. Lee et al. (6) identified low-
risk EC patients based on MRI and histological results 
and obtained an AUC of 0.70 (95% CI: 0.65–0.75) for 
the diagnosis of low-risk patients. In summary, ADC 
value, DMI status, ER, and Ki67 are significant predictors 
for differentiating high-risk EC from LI-risk EC. The 
sensitivity and specificity of model 3 were 0.886 and 0.934, 
respectively. Model 3 showed moderate discrimination 
ability in the external validation set. This performance may 
be partly attributed to the small sample number, therefore, 
further evaluation using larger sample size should be 
performed. These results were consistent with previous 
conclusions, that preoperative IHC examination are useful 
in assessing risk groups and thus can be used to optimize 
therapy. Notably, model 3 (comprising of ADC value, 
DMI status, ER, and Ki67) is highly valuable in clinical 
application. 

Despite these intriguing results, this study had a few 
limitations. First, serum markers were not included for the 
evaluation. A recent study (23) report that CA-125 exhibits 
an imperative role in predictive models. Therefore, future 
studies should incorporate serum markers such as CA-125 
or L1CAM for more reliable results. Second, parameters 
of dynamic contrast-enhanced (DCE) MRI were not 
included in this work due to high medical cost. Although 
the performance of model 3 was good, further studies 
comprising DCE-MRI sequences should be performed. 
Lastly, the sample size of the validation set was small, 
therefore the validated results were not reliable. Therefore, 
a multi-center program with larger sample sizes should be 
conducted for further validation of these results.

Conclusions

In summary, preoperative MRI and IHC parameters are 
valuable markers for risk stratification of EC. Model 3 
comprising preoperative MRI and IHC exhibited a good 
discriminatory ability in high-risk EC discrimination.
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