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Objective: The purpose is to establish a model to predict endometrial carcinoma and assess its value in the preliminary diagnosis of
endometrial carcinoma.

Methods: The data of 381 patients undergoing hysteroscopy were incorporated into the model, including 282 cases in the training cohort
and 99 cases in the validation cohort. Significant morphological indexes were selected using the chi-square test and subjected to the binary
logistic regression analysis. Besides, the scoring interval was set, and the nomogram of the prediction model was established. Model
calibration curves were drawn using the data from the validation cohort. The study was approved by the Ethics Committee of the Affiliated
Sir Run Run Hospital of Nanjing Medical University, and written informed consent was obtained from the patients.

Results: The sensitivity, specificity, positive predictive value, and negative predictive value of the model were 96.7%, 92.3%, 77.3%,
and 99.0%, respectively. Analysis of the receiver operating characteristic curve in the training cohort showed an area under the curve
of 0.984 (95% CI: 0.974-0.995). The receiver operating characteristic curve in the validation cohort revealed an area under the curve
of 0.976 (95% CI: 0.950-1.000). The calibration curve indicated that the probability in the actual setting was consistent with that
predicted by the nomogram in the training cohort.

Conclusion: Our model has high sensitivity and specificity in predicting endometrial carcinoma, and helps clinicians to make
accurate diagnosis.
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Introduction
Hysteroscopy is being widely applied in the diagnosis of endometrial carcinoma, due to its abilities to completely
visualize the lesion in the uterine cavity.! More accurate than vaginal ultrasound and diagnostic curettage, hysteroscopy
can define an area for effective biopsy, thus improving the diagnostic rate of endometrial cancer, especially local and
early-stage lesions.>> Hysteroscopic biopsy has become the gold standard for the diagnosis of endometrial carcinoma.*>
As the learning curve of hysteroscopy is easy to be improved, the number of low-seniority and high-seniority
hysteroscopic operators is increasing.’®
Endometrial morphology under hysteroscopy is the diagnostic basis for endometrial cancer. In the clinic, the nature of
endometrial lesions is preliminarily determined according to their morphological characteristics. Previous studies have
analyzed the correlation between some hysteroscopic features and endometrial cancer, but no hysteroscopic features have

been universalized as diagnostic criteria. Up to now, the criteria for the diagnosis of endometrial carcinoma by hysteroscopy

International Journal of Women’s Health 2023:15 1651-1659 1651
Received: 8 June 2023 © 2023 Wu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 7 October 2023 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 30 October 2023


http://orcid.org/0000-0002-7303-3124
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wu et al Dove

are based on the subjective evaluation of the operator after observing the uterine cavity, and there is no objective standard
based on morphology.” Most clinicians make the diagnosis based on personal experiences, which are always heterogeneous.

In this study, clinical and hysteroscopic data were collected. Using significant indexes, a model was constructed to
predict the risk of endometrial carcinoma.

Materials and Methods

Included were patients who had undergone hysteroscopy for endometrial thickening or abnormal uterine bleeding and no
history of malignancy and tamoxifen administration. Patients with poor-quality hysteroscopic images were excluded.
Each patient enrolled in the study had an endometrial biopsy pathology, based on which we divided all patients into two
groups: one group of benign endometrial lesions (including simple hyperplasia, polypoid hyperplasia, and submucous
myoma), and the other group of endometrial carcinoma.

A total of 282 patients in the Second Affiliated Hospital of Nanjing Medical University from October 2013 to
October 2019 were selected for model development and internal validation. A total of 99 patients in Pukou Branch of
Jiangsu People’s Hospital from January 2020 to March 2021 were selected for external validation.

Two experienced physicians blind to the patient’s medical history and histological diagnosis analyzed the hystero-
scopic images of each patient to record the following morphological characteristics: endometrial thickening (widespread
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or localized),®’ polyposis (multiple or single),

irregular vascular diameters (dilation, stenosis or interruption), abnormal endometrial color, increased brittleness
of tissue (worse fragility),'*'® dilated glandular orifices,'® and calcification'® (shown in Figure 1). The negative result
was given 0 and the positive result 1. These morphological indexes were recorded to assess the risk of endometrial
carcinoma.

Descriptive statistics were reported as frequencies and proportions for categorical variables and means and SDs for
continuous variables. #-test was used to assess the differences between means and y*test to proportions. Variables
clinically relevant for endometrial carcinoma by y’-test from the training cohort were put into the binary logistic

regression model, and a backward stepwise selection was performed. The final model takes the form as
logit(P)= 0+l «* X1 + 2%« X2+ ......

where P is the regression coefficient obtained from the logistic model and X is the reported value of the covariate
showing association in binary regression. A nomogram based on the final model was constructed from the overall data of
the training cohort. The formula for calculating the probability of endometrial cancer in the nomogram was calculated
with the R software package nomogramEX.

We used SPSS to calculate the area under the receiver-operating curve (AUC) and 95% Cls to assess the predictive
ability of the nomogram model for endometrial carcinoma. We generated 1000 bootstrap samples and created calibration
curves to evaluate the agreement between nomogram-predicted and actually observed probabilities in the training cohort.
We applied the predictive model to the dataset from Pukou Branch of Jiangsu People’s Hospital for external validation.
All the statistical analyses were performed with R 4.0.5 (http://www.r-project.org) and SPSS version 25 (IBM, Armonk,

NY, USA), and a p value of less than 0.05 was considered to indicate statistical significance.

Statement of Ethics: This study was approved by the Ethics Committee of the Second Affiliated Hospital of the
Nanjing Medical University ([2022]-KY-001-01) and the Ethics Committee of the Affiliated Sir Run Run Hospital of
Nanjing Medical University (2021-SR-S036). The objectives of the trial were explained to patients who were scheduled
to undergo hysteroscopy, and their written informed consent was obtained. The subjects were free to discontinue their
participation at any time. All personal data were treated confidentially and only reported in collective form.

Results

A total of 282 patients undergoing hysteroscopy in the Second Affiliated Hospital of Nanjing Medical University were
enrolled for modeling, including 222 cases of benign endometrial lesions (105 cases of simple hyperplasia, 107 cases of
polypoid hyperplasia, and 10 cases of submucous myoma), and 60 cases of endometrial carcinoma. The age was 61.23 + 10.9
years in the endometrial carcinoma group and 43.10 + 11 years in the benign endometrial lesion group, with statistical
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Figure | Morphological typical images.

Notes: (a) Widespread endometrial thickening: Extensive thickening of the endometrium can be seen. (b) Localized endometrial thickening: Localized thickening of the
endometrium was observed, with unilateral endometrial thickening. (c) Irregular endometrial color: The endometrium presents an abnormal pale color. (d) Singular
endometrial polyp: There is a single polyp in the uterine cavity. (e) Multiple endometrial polyps: There are multiple polyps in the uterine cavity. (f) Increased brittleness of
tissue: Endometrial neoplasms are brittle and easily destroyed. (g) Irregular distribution of vessels: The endometrium shows obvious vascular area and avascular area. (h)
Irregular branch vessels: Vascular branch from large vessel branch to small vessel lack hierarchy. (i) Irregular vascular diameter: There are abnormally dilated vessels or
abnormally narrow vessels in vascular contouring. (j) Dilated glandular orifices: Abnormally dilated glandular openings are seen on the endometrial surface. (k) Calcification:
There are high-signal white calcified spots in the endometrium.

difference (p < 0.001) (Table 1). The data of 99 cases receiving hysteroscopy in Pukou Branch of Jiangsu People’s Hospital
were used to verify the accuracy of the prediction model, including 80 cases of benign endometrial lesions (46 cases of
polypoid hyperplasia, 29 cases of simple hyperplasia, and 5 cases of submucous myoma), and 19 cases of endometrial
carcinoma. The age was 61.06 = 13.5 years in the endometrial carcinoma group, and 48.64 + 11.9 years in the benign

endometrial lesion group, with statistical difference (p < 0.001) (Table 2).

Table | Age and Endometrial Histological Results of Patients in the Second Affiliated
Hospital of Nanjing Medical University

Benign Endometrial Hyperplasia (n = 222) Endometrium
. R Carcinoma (n = 60)
Polypoid Hyperplasia Myoma
Total (rate) 107 (37.9%) 105 (37.2%) 10 (3.5%) 60 (21.3%)
Average age (+ SD) 42.99 (I1) 61.23 (10.9)

Notes: Age comparison between endometrial carcinoma group and benign endometrial lesion group, P<0.001.
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Table 2 Age and Endometrial Histological Results of Patients in Pukou Branch of Jiangsu

People’s Hospital

Benign Endometrial Hyperplasia (n = 80)

Endometrium

Carcinoma (n = 19)

Polypoid Hyperplasia Myoma
Total (rate) 46 (46.6%) 29 (29.3%) 5 (5.1%) 19 (19.2%)
Average age (+ SD) 48.64 (11.9) 61.06 (13.5)

Notes: Age comparison between endometrial carcinoma group and benign endometrial lesion group, P<0.001.

Compared with benign endometrial lesions, the proportion of patients with widespread endometrial thickening,

multiple endometrial polyps, abnormal endometrial color, irregular branched vessels, irregular distribution of vessels,

irregular vascular diameter, increased brittleness of tissue, calcification and dilated glandular orifices was significantly

higher in the endometrial cancer group (p < 0.001). The rate of localized endometrial thickening was higher in the benign

endometrial lesion group than in the endometrial carcinoma group (p < 0.001), while the rate of endometrial polyps

(single polyps) showed no significant difference (Table 3).

Binary logistic regression analysis showed that the independent risk factors for endometrial carcinoma were abnormal

endometrial color, irregular branched vessels, irregular distribution of vessels, irregular vascular diameter, and increased

brittleness of tissue (Table 4). Based on the final model, we generated a nomogram by assigning a weighted score to each

of the factors associated with endometrial carcinoma (shown in Figure 2). The total score of the nomogram was
calculated as: 50.62242 (irregular branched vessels) + 74.96612 (irregular distribution of vessels) + 67.49865 (irregular

Table 3 Descriptive Analysis and Chi-Square Test for Hysteroscopy-Obtained
Morphological Parameters

Variables Diagnostic Categories P P
EH EC

Widespread endometrial thickening 63 (27.0) 41 (68.3) 38.898 <0.001
Localized endometrial thickening 141 (60.5) 19 31.7) 17.800 <0.001
Singular endometrial polyp 51 (21.9) 17 (28.3) 1.790 =0.18l
Multiple endometrial polyps 90 (38.6) 41 (68.3) 15.669 <0.001
Irregular endometrial color 69 (29.6) 49 (81.7) 56.021 <0.001
Irregular branched vessels 24 (10.8) 48 (80.0) 118.926 <0.001
Irregular distribution of vessels 25 (26.6) 52 (86.7) 135.305 <0.001
Irregular vascular diameter 20 (30.5) 53 (88.3) 154916 <0.001
Increased brittleness of tissue 10 (4.3) 35 (58.3) 117.647 <0.001
Calcification 3(1.3) 25 (41.7) 81.361 <0.001
Dilated glandular orifices 34 (14.5) 25 (41.7) 19.824 <0.001

Table 4 Stepwise Binomial Logistic Regression Analysis of Main Variables and Their Scores

Variables p Coeff P Cl 95% Score
Widespread endometrial thickening 1.172 0.062 0.941 11.077 1.17
Irregular endometrial color 1.345 0.041 1.057 13.937 1.35
Irregular branched vessels 1.452 0.027 1.180 15.450 1.45
Irregular distribution of vessels 2.150 0.009 1.724 42713 2.15
Irregular vascular diameter 1.935 0.017 1.419 33.824 1.94
Increased brittleness of tissue 2.867 <0.001 3.132 98.802 2.87
Calcification 1.819 0.055 0.962 39.495 1.82
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Figure 2 Nomogram of morphologic prediction model for endometrial carcinoma.

Notes: Morphological characteristic values are located on the axis of each variable; a line is then drawn upward at a 90° angle to determine the number of points for that
particular variable. The sum of these numbers is located on the total score axis, and a line is drawn at a 90° angle downward to the risk of EC axis to determine the risk of
endometrial carcinoma.

vascular diameters) + 63.43083 (calcification) + 100 (increased brittleness of tissue) + 40.87858 (widespread
endometrial thickening) + 46.90257 (irregular endometrial color). Risk of endometrial carcinoma was calculated
as: (—2.98E — 07x [total score]* )+ (0.000191553 x [total score]z) —(0.034128083 x [total score])+1.944854925.

We performed a receiver operator characteristic curve (ROC curve) analysis of this prediction model, which showed
that the area under the curve was 0.984 (95% CI: 0.974-0.995), and the Jordan index was 0.89 with a sensitivity of
96.7%, a specificity of 92.3%, a PPV of 77.3%, and an NPV of 99.0% (shown in Figure 3).
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Figure 3 ROC curve of prediction model for endometrial carcinoma (training cohort).
Notes: The area under the curve was 0.984 (95% Cl: 0.974-0.995) and the Jordan index was 0.89 with sensitivity 96.7%, specificity 92.3%, positive 77.3%, and negative 99.0%
for the score based on the ROC curve and the Jordan index maximum.

International Journal of Women’s Health 2023:15 hetps: 1655

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wu et al Dove

The model was externally validated. The receiver operating characteristic curve from the validation cohort showed that the
area under the curve was 0.976 (95% CI: 0.950-1.000), indicating that the model had a good fit (shown in Figure 4).

The calibration plots (apparent and bias-corrected) overlapped with the ideal lines in the training and validation
cohorts, showing a good agreement between the nomogram predictions with the actual observations (shown in Figure 5).
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Figure 4 ROC curve of morphological prediction model for endometrial carcinoma (Validation cohort).
Notes: The area under the curve was 0.976 (95% Cl: 0.950-1.000), indicating a good fit to the predicted model.
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Figure 5 Calibration curve of morphological prediction model for endometrial carcinoma.

Notes: The probability that the prediction model predicts the occurrence of cancer is plotted on the x-axis. The actual cancer occurrence probability is plotted on that
y-axis. The “Ideal” line refers to an ideal curve with the predicted probability and the actual probability completely consistent. The “Apparent” line refers to the fitting line of
the prediction model of the training cohort to predict the probability of occurrence of cancer and the actual probability of occurrence of cancer.
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Discussion

Hysteroscopic biopsy has become the gold standard for the diagnosis of endometrial cancer. However, endometrial
carcinoma shows evident morphological heterogeneity, which often leads to empirical diagnosis. Therefore, objective
criteria are needed to standardize the diagnosis.

In this study, we reviewed relative literature and filtered out a number of morphological features that are closely related to
endometrial cancer, including endometrial thickening (widespread or localized), polyposis (multiple or single), irregular
branched vessels, irregular distribution of vessels, irregular vascular diameters (dilation, stenosis or interruption), abnormal
endometrial color, increased brittleness of tissue (worse fragility), dilated glandular orifices, and calcification, etc.'?'>'%2°
Subsequently, through binary logistic regression analysis, we determined predictive factors for endometrial cancer, including
widespread endometrial thickening, abnormal endometrial color, irregular branched vessels, irregular distribution of vessels,
irregular vascular diameters, increased brittleness of tissue, and calcification. The diagnosis was made based on the cutoff value
obtained from the ROC curve and the total characteristic score of all significant indexes. The cutoff had high sensitivity and
specificity, indicating its high value in the diagnosis of endometrial carcinoma. The negative predictive value of 99.0% indicated
the low rate of missed diagnosis by this model. However, the positive predictive value of 74.7% was low, indicating a certain rate
of misdiagnosis. In this retrospective study, tissue fragility, with a higher contribution to the model’s predictive power, was judged
through pictures and videos. The operations, such as exploration before hysteroscopy and dilation of uterus, can damage the
intrauterine tissue, resulting in wrong judgment by the researcher. Reducing intrauterine manipulations before hysteroscopy,
researchers can judge tissue fragility in a real setting, which may increase the positive rate of the prediction model.

Lanieri et al have created a scoring system for hysteroscopic diagnosis of endometrial hyperplasia and adenocarci-
noma, using eight variables: atypical vessels, widespread and irregular endometrial thickening, dilated glandular orifices,
crumbling of the endometrial neoplasm, multiple endometrial polyps, irregular aspect of the polyp, growth of cerebroid
and arborescent aspects, and irregular endometrial color.”’ The system achieved a sensitivity of 95.4%, a specificity of
98.2%, a PPV of 85.7% and an NPV of 99.5%, all basically consistent with those in our study. Some of these variables
were not used in our study. In our study, we observed that malignant tumors had rich blood vessels. The positive rates of
three manifestations of atypical blood vessels (irregular branched vessels, irregular distribution of vessels, and irregular
vascular diameter) were significantly higher than those in the benign lesion group. The values of three atypical vessels
were assigned to the prediction model of our study. It was found that the rates of multiple polyps and dilated glandular
orifices were significantly higher in the endometrial carcinoma group, but both features were also observed in the benign
lesion group. Therefore, both were not scored in the logistic regression analysis and incorporated into the model. Our
model showed the ability to distinguish benign lesions from multiple polyps but with less angiogenesis.

In another study by Dueholm et al,'* a scoring system was established for assessing the risk of endometrial carcinoma
based on endometrial surface contour changes, evidence of necrosis, and vessel pattern, achieving a sensitivity of 89%
and a specificity of 92%. In their study, the morphological features were divided into three major categories, and each
category was further subdivided. For example, abnormal blood vessels were subdivided, as we did in the present study.
However, their system was used only for predicting endometrial cancer in women with postmenopausal bleeding women,
not all the women with non-menopause.

In the present study, initial analysis showed that age was associated with endometrial carcinoma probability. The
ROC curve analysis of age showed that the probability increased in patients over 51 years old. However, once age is
included in the regression analysis, its weight was so large as to disbalance the model. As a potential independent factor
for endometrial carcinoma, it was excluded from the model.

In this study, the patients were only assigned to two groups. Considering the small proportion of patients with normal
endometrium or atypical endometrial hyperplasia, we did not set up related groups. Therefore, we did not evaluate the power
of the model to distinguishing normal endometrium or atypical endometrial hyperplasia. To be more accurate, new models
should be designed via incorporating these two groups or non-morphological clinical data, such as age, abnormal uterine
bleeding and BMI.

Recently, research has focused on the genetic characteristics of tumors in order to make early diagnosis, determine
prognosis and personalized medicine. It has been found that genetic mutation and epigenetic modification are the basis of
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endometrial carcinoma. Bartosch et al reviewed the progress of epigenetics in endometrial carcinoma in recent years, and
found that epigenetic changes related to DNA methylation, histone modifications, chromatin remodeling and noncoding
RNAs played an important role in the occurrence and development of endometrial carcinoma.”' Piergentili et al found that
noncoding RNAs (ncRNAs) are deregulated in endometrial carcinoma, which is helpful to determine the subtypes of
endometrial carcinoma. With further research, ncRNAs are expected to become biomarkers to improve risk stratification
for endometrial carcinoma patients and an important tool to formulate personalized medicine.”* Novel minimally invasive
approaches for the early detection of EC, including blood, uterine lavage, and cervicovaginal fluid, show promise, and novel
genomic biomarkers detected in biofluid samples show the potential for early screening for endometrial cancer.? In the future,
we consider adding the biomarkers related to the epigenetics of endometrial carcinoma into the predictive model to further
enhance the ability of the model for early diagnosis of endometrial carcinoma.

Conclusion

Our model has high sensitivity and specificity in diagnosing endometrial carcinoma, with a low rate of missed diagnosis.
Junior clinicians perform hysteroscopic surgery under the guidance of senior clinicians. Using this predictive model can
better guide clinicians to biopsy suspicious lesions in the uterine cavity, help clinicians to preliminarily judge whether
there is endometrial carcinoma in morphology, and greatly reduce the missed diagnosis of patients with endometrial
carcinoma. The model should also be optimized with more data and validated in the clinical environment. In the future,
we will incorporate the detection of new biomarkers related to endometrial carcinoma into the predictive model, which
will further improve the early screening efficiency of the predictive model.

Synopsis
This prediction model improves the accuracy of diagnosis of endometrial cancer, and overcomes clinicians’ subjectivity
in judging hysteroscopic morphology.
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