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Abstract 

Background Demographic features, suggestive gynaecological symptoms, and immunohistochemical expression 
of endometrial β-catenin have a prognostic capacity for endometrial hyperplasia and carcinoma. This study assessed 
the interaction of all variables and developed risk stratification for endometrial hyperplasia and carcinoma.

Methods This cross-sectional study was conducted from January 2023 to July 2023 at two teaching hospitals 
in Makassar Indonesia. Patients (< 70 years old) with suggestive symptoms of endometrial hyperplasia or carci-
noma or being referred with disease code N.85 who underwent curettage and/or surgery for pathology assess-
ment except those receiving radiotherapy, or chemotherapy, presence of another carcinoma, coagulation disorder, 
and history of anti-inflammatory drug use and unreadable samples. Demographic, and clinical symptoms were 
collected from medical records. Immunohistochemistry staining using mouse-monoclonal antibodies determined 
the β-catenin expression (percentage, intensity, and H-score) in endometrial tissues. Ordinal and Binary Logistic 
regression identified the potential predictors to be included in neural networks and decision tree models of histo-
pathological grading according to the World Health Organization/WHO grading classification.

Results Abdominal enlargement was associated with worse pathological grading (adjusted odds ratio/aOR 6.7 95% 
CI 1.8–24.8). Increasing age (aOR 1.1 95% CI 1.03–1.2) and uterus bleeding (aOR 5.3 95% CI 1.3–21.6) were associated 
with carcinoma but not with %β-catenin and H-Score. However, adjusted by vaginal bleeding and body mass index, 
lower %β-catenin (aOR 1.03 95% 1.01–1.05) was associated with non-atypical hyperplasia, as well as H-Score (aOR 1.01 
95% CI 1.01–1.02). Neural networks and Decision tree risk stratification showed a sensitivity of 80-94.8% and a speci-
ficity of 40.6–60% in differentiating non-atypical from atypical and carcinoma. A cutoff of 55% β-catenin area 
and H-Score of 110, along with other predictors could distinguish non-atypical samples from atypical and carcinoma.

Conclusion Risk stratification based on demographics, clinical symptoms, and β-catenin possesses a good perfor-
mance in differentiating non-atypical hyperplasia with later stages.
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Introduction
Epidemiology
Endometrial hyperplasia is characterized by an increase 
of gland proportions to stroma in endometrial tissue, 
which in certain conditions may lead to endometrial can-
cer. Stratification of endometrial hyperplasia was based 
on the presence of atypical nuclear [1] where the atypical 
form is associated with a higher risk of cancer progres-
sion. In a nested-cohort study, approximately 6 months 
diagnosed with endometrial hyperplasia, around 1.73% 
of participants developed carcinoma but the 20-year 
progression risk was lower in non-atypical individuals 
compared to atypical (5% versus 28%) [2]. Later stages 
(including atypical hyperplasia and carcinoma) require 
aggressive treatment, such as hysterectomy [3], thus cre-
ating a problem with those who prefer to preserve fer-
tility. Simple risk stratification is needed to screen the 
patient and efficiently allocate and maximize the perfor-
mance of the required examination (including biopsy for 
pathological examination) as a study in Korea demon-
strated a progression to endometrial carcinoma among 
women with endometrial hyperplasia who underwent 
repeated biopsies [4]. A good risk stratification should 
possess a better diagnostic performance to reduce the 
unnecessary burden of diagnostic and improper treat-
ment. Risk stratification may include demographic and 
clinical symptoms associated with endometrial cancer, 
as well as blood biomarker and immunohistochemistry 
staining.

Age, obesity, and certain chronic diseases such as dia-
betes and hypertension were associated with endome-
trial cancer and hyperplasia, particularly among Hispanic 
women [5] and Chinese women [6]. Moreover, parity was 
associated with a lower risk of endometrial cancer [7]. 
A meta-analysis demonstrates the diagnostic ability of 
gynaecological symptoms to differentiate uterine cancer. 
The sensitivity and specificity of using these symptoms 
were lower than 70%, except for postmenopausal bleed-
ing with sensitivity ranging from 67 to 93% and specific-
ity of 63–84% [8].

Immunohistochemistry staining of β-catenin in endo-
metrial tissue also possesses a potential prognostic capac-
ity. Along with E-Cadherin, β-catenin, an epithelial cell 
adhesion molecule, has a crucial role in the Wnt sig-
nal transduction pathway, affecting the epithelial integ-
rity [9]. Wnt-signalling activation enables β-catenin to 
bypass the inhibitory control of a cytoplasmic destruc-
tion complex, facilitating the translocation of β-catenin 

into the nucleus and subsequent activation of Wnt target 
genes [10]. Abnormal expression of β-catenin in cells also 
affects migration and cell invasion, and it arises from the 
disruption of the gene associated with β-catenin (specifi-
cally Catenin Beta-1/CTNNB-1) which plays a significant 
role in endometrial carcinoma progression [11] Moreo-
ver, nuclear expression of β-catenin was more frequent in 
endometrioid adenocarcinoma [12]. A murine-based study 
revealed the impact of deletion of exon 3 of CTNNB1 on 
endometrial hyperplasia [13]. Further study identified 
β-catenin capacity as an immunohistochemical surrogate 
of CTNNB1 exon 3 mutations, showing that β-catenin 
expression, particularly the nuclear expression possesses 
a good prognostic factor for endometrial carcinoma and 
may reflect the mutation of CTNNB1 gene [14].

We intended to assess interactions between associated 
factors of endometrial hyperplasia and carcinoma, the 
β-catenin expression in endometrial tissue, and the level of 
pathology in endometrial tissue. Moreover, we developed 
a novel risk-stratification system combining demography, 
clinical symptoms and β-catenin expression to classify the 
pathology level of endometrial hyperplasia and carcinoma 
among patients with gynaecological symptoms.

Methodology
Study design and target population
This is a cross-sectional study conducted between Janu-
ary 2023 and June 2023 at two teaching hospitals in 
Makassar Indonesia. Any patients with high suspicion of 
endometrial hyperplasia and/or endometrioid endome-
trial carcinoma (International Classification of Disease/
ICD-10 code N.85) referred for pathology assessment 
after curettage and/or surgical biopsy or hysterectomy 
were included, except for those above 70 years old, 
receiving radiotherapy, or chemotherapy, presence of 
another carcinoma, coagulation disorder, and history of 
anti-inflammatory drug use. Moreover, samples with the 
presence of dominant hemorrhagic or illegible for tissue 
processing were excluded, unless successful re-sampling 
had been performed.

Variables and tools
We obtained demographic data from medical records, 
including age at diagnosis, body mass index, number of 
parity, abortion and miscarriage, list of clinical symptoms 
and referral diagnosis by the gynaecologist. These data 
were collected during the initial admission of the patient 
at the hospital.
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Preparation of sample
We obtained the samples from either a curettage or a 
surgical procedure (hysterectomy). Block and section 
preparation was based on guideline [15] with some modi-
fications. Fixation of each specimen block was applied 
using formalin and embedded with paraffin. This block 
was then resected with microtome with the size of 3 μm 
then incubated in a water bath at 60 degrees Celsius, and 
placed on the poly-l-silane slides. Before staining, these 
slides were immersed in Xylol solution for five minutes, 
followed by 95% alcohol for two minutes, and 70% alco-
hol for two minutes before rinsing with water. The first 
staining involved immersion of slides into Hematoxylin 
Mayer solution for 15 min, and Eosin 1% for 5 min after 
the slides had been rinsed with water between two stain-
ing sessions. These slides were then dehydrated using 
graded alcohol solution levels (70% and 95%) for 2–5 min 
each followed by carbol xylol for five minutes and cov-
ered with glass.

Immunohistochemistry staining
This study modified a procedure from one study [16] as 
the cited study combined the staining of both β-catenin 
and CD10 (Cluster of Differentiation 10). Immunohis-
tochemical staining began with deparaffinization of 
samples with xylene for five minutes two times and rehy-
dration with graded alcohol solutions (96%, 80%, and 
70%) for five minutes for each solution. These samples 
were then soaked into a Tris Buffer Saline (TBS) solu-
tion and heated using a microwave for 10 min followed 
by a cooling down process and washed using Phosphate 
Buffer Saline (PBS) two times for 5 min. The edge of the 
tissue was marked and these samples underwent a perox-
ide block for 15 min, and a protein block for five minutes 
(with PBS rinsing between these steps).

A β-Catenin mouse-monoclonal antibody (Cell 
Marque© The Netherlands) was given for 10 min followed 
by a PBS rinse twice, each for five minutes. This was then 
followed by HRP (Horseradish Peroxidase) (Cell Marque© 
The Netherlands) and rinsing with PBS twice, each for five 
minutes. Furthermore, the preparations were incubated 
with chromogen Diaminobenzidine (DAB) and washed 
with running water for 5  min, then immersed in hema-
toxylin solution for 5  min. The preparations were then 
washed again with running water. Subsequently, dehydra-
tion was carried out with graded alcohol (70% alcohol, 
80% alcohol, 96% alcohol) for 5 min each and then cleared 
with two Xylol solutions for 5 min each. The slides were 
dried and then covered with deck glass.

Interpretation of immunohistochemical staining results
Positive expression of β-catenin will appear brown on 
the nuclear, membrane and/or cytoplasm of tumour 

cells and the nuclear, membrane and/or cytoplasm of 
endometrial glands with hyperplasia. All slides that had 
been stained with the immunohistochemical method 
were assessed by two gynaecological pathologists 
independently.

Scoring technique
Expression of β-catenin protein binding in endometrial 
tissue with hyperplasia, both atypical and non-atypi-
cal could be seen as a brownish chromogen substance 
on the cell membrane and/or cytoplasm, which was 
observed with a light microscope at 10 high-power 
fields with 400x magnification. Intensity score ranged 
from 0 to 3, whereas percentage points ranged from 0 
to 100%. The H-score was defined as the multiplication 
of percentage and intensity score. The classification 
of endometrial hyperplasia was following the World 
Health Organization (WHO) 2-level category with 70% 
diagnosis consistency [17]. Further differentiation of 
atypical and carcinoma was following a subset of WHO 
6 categories. Figure 1 shows the non-atypical hyperpla-
sia without expression of β-catenin and carcinoma with 
positive expression of β-catenin. The details are avail-
able in a Supplementary file.

Sample size
The sample size was estimated with the effect size 
derived from the difference between the proportion of 
nuclear β-catenin expression between the premalig-
nant endometrial hyperplasia and benign hyperplasia 
according to a systematic review [18]. With a 5% type 1 
error, 95% power of the study, and a 20% dropout rate, 
at least 89 participants should be included in the study.

Quantification of variables
Age and body mass index were presented as continuous 
data and its mean ± standard deviation. Further classifi-
cation of body mass index following the Asian classifi-
cation. Episodes of parity, miscarriage or abortus were 
presented with median and interquartile ranges. No 
specific quantification and discretization were made for 
other variables.

Analysis
Descriptive statistics will elaborate on the characteris-
tics of participants according to the pathology results. 
No missing data were imputed as all data included in 
this study should have complete responses. Normal-
ity tests along with the bivariate tests were conducted 
to assess the potential predictors. Differences between 
the two means were tested with independent t-test and 
Mann Whitney whereas three means were tested with 
Analysis of Variance/ ANOVA and Kruskal Wallis test. 
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The Chi-square and Fischer Exact test concluded the 
association between categorical variables.

Before the regression test, the selection of param-
eters was based on the p-value of the bivariate test of 
at least less than 0.2. Backward selection was also per-
formed case by case. As the level of pathology result 
was in three levels, hence, ordinal regression would be 
applied, assuming that the assumptions are met. Re-
classification of the results was made by merging two 
levels to create the binary response. In terms of differ-
entiating carcinoma, a subset of atypical and non-atyp-
ical was merged into one subset, whereas atypical and 
carcinoma were merged into one variable to assess the 
discriminant ability in the benign stage (non-atypical). 
Adjusted odds ratio (aOR) presented by the exponential 
B value (expB) along with the 95% confidence interval 
(CI) of expB was presented.

The Receiver Operating Characteristics (ROC) curve 
would assess the discriminant ability of β-catenin out-
comes to carcinoma, and non-atypical classification 
without the presence of other predictors. The Area 
Under the Curve (AUC) and the cut-off point would be 
determined should the ROC curve not intersect and be 
located above the diagonal line.

To accommodate other factors in predicting the car-
cinoma and non-atypical classification, we applied an 
Artificial Neural Network and Decision Tree model to 
build the classifiers. Details of syntax commands were 
attached as a Supplementary file. We assessed the diag-
nostic performance of the model (sensitivity, specificity, 
AUC), as well as identifying the most important factors 
in the model. All analyses were conducted using Statis-
tical Package for Social Science (SPSS) version 29.

Possible bias
The reliability issue in assessing the pathology fea-
tures was handled by involving two pathologists and 

one gynaecologist for clinical consideration. We also 
acknowledge the time-to-assessment was different 
between the samples however, a time constraint was set 
that all the samples should be interpreted according to a 
standard diagnostic time (within 24 h after immunohis-
tochemistry staining).

Results
A total of 167 participants were screened for clinical 
assessment. Following the eligibility criteria, nine sam-
ples from patients who fell outside the target age group 
were excluded, leaving 158 individuals for pathology 
assessment. As 35 participants were unable to undertake 
sampling procedures (curettage or surgery), and eight 
samples could not proceed for hematoxylin-eosin stain-
ing, this selection left 115 participants for immunohis-
tochemistry screening (fifteen participants repeated the 
sampling procedures). Under the criteria for immunohis-
tochemistry (IHC) screening, 25 samples were not eligi-
ble for IHC reading, thus the final samples for assessment 
were 90 samples as presented in Fig. 2.

The mean age was 45.07 ± 9.07 (23–66 years old) with 
a median parity of 2 (Interquartile range 0–5) times. 
The majority of participants never experienced miscar-
riage or abortion (70%) and at normal body mass index 
(46.7%) although the mean BMI was 27.33 ± 5.22  kg/
m2. The most frequent symptom reported by individu-
als was abnormal uterus bleeding (63.3%) with the most 
referred clinical diagnosis as Endometrial Hyperplasia 
(31.1%). Specimens were mostly obtained through sur-
gical incision and/or hysterectomy (62.2%). In terms of 
pathology classification, 32 patients (35.6%) presented 
with non-atypical endometrial hyperplasia, 27 with 
atypical form (30.0%), and 31 (34.4%) demonstrated 
carcinoma presentation. Table  1 describes the charac-
teristics of the participants according to the classifica-
tion of pathological findings.

Fig. 1  Expression of β-catenin in non-atypical hyperplasia and carcinoma. The non-atypical hyperplasia appears bluish with increased stromal 
cells and intact gland, marked with a red-dash line (A). Whereas expression of β-catenin, shown by red arrows, with irregular cell borders and poor 
differentiation, suggesting carcinoma (B)
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Participants with endometrial carcinoma were signif-
icantly older compared to other types (p < 0.001). Inter-
estingly, higher parity was observed in endometrial 
carcinoma although it was not significant (p = 0.101). 
Also, there were no significant differences in body mass 
index and abortion episodes (p > 0.05). Abdominal 
enlargement was seen more frequently in Endometrial 
Carcinoma (p = 0.001) but other symptom distributions 
were similar between the three classes. The major-
ity of people referred with abnormal uterus bleeding 
were presented with non-atypical findings, and among 
25 people referred with endometrial carcinoma, only 
one person had atypical findings. In terms of β-catenin 
expression, there was a significant difference between 
the three classes where β-catenin expression was higher 
in atypical cases, followed by carcinoma and non-atyp-
ical findings.

When considering the binary level of pathology results 
(Carcinoma versus Non-Carcinoma) and (Non-Atypical 
versus Typical and Carcinoma), different results could 
be seen. Aside from abdominal enlargement, menorrha-
gia (prolonged or heavy bleeding during the menstrual 
period) was significantly higher in non-carcinomatous 
patients (p = 0.030). The β-Catenin intensity, percentage, 
area and H-score were not significantly different between 
carcinoma and non-carcinoma (Supplementary Table 1), 
however, when considering non-atypical versus atypical 
plus carcinoma, along with BMI, β-Catenin outcomes 
(intensity, percentage, area and H-score) showed signifi-
cant differences where the β-Catenin values were lower 
in non-atypical samples (Supplementary Table 2).

At first, ordinal logistic regression was planned to 
examine the interaction between independent vari-
ables and three levels of pathology results. However, the 

parallel lines test violated the ordinal regression assump-
tion to which we applied Generalized Ordinal Logistic 
Regression. All variables with a p-value of less than 0.2 in 
Table 1 were included in the model presented in Table 2 
except H-Score and Percentage area level to reduce col-
linearity with the percentage and intensity of β-catenin.

From Table 2, abdominal enlargement (aOR 6.703 95% 
CI 1.811–24.800 ) and percentage of β-catenin (aOR 
1.024 95% CI 1.003–1.046) were the most significant 
predictors where it was associated with a severe level of 
pathology. In a different model (Supplementary Table 3), 
aside from abdominal enlargement (aOR 6.408 95% CI 
1.738–23.632) H-score, which was calculated from both 
percentage and intensity of β-Catenin, had a significant 
effect on pathology level (aOR 1.009 95% 1.003–1.015). 
Supplementary Fig. 1 depicts the difference in the median 
of β-catenin and H-Score according to the pathology 
level.

Logistic regression with conditional backward was exe-
cuted to assess the association of β-Catenin with binary 
classification (carcinoma versus non-carcinoma, and 
non-atypical versus atypical and carcinoma). The selec-
tion of parameters was based on variables with a p-value 
of less than 0.2 in Supplementary Tables 1 and 2.

Model three and four in Table 3 describes the signifi-
cant association of β-Catenin percentage and H-score 
when comparing Non-Atypical versus Atypical and car-
cinoma where an increase of one per cent of β-Catenin 
expression was contributed to 1.032 times of develop-
ing later stage, adjusted by other factors (95% CI 1.010–
1.054). A similar result was seen when considering the 
H-Score as the predictor where an increase of one unit 
of H-Score was associated with 1.011 times having a later 
stage of hyperplasia (95% CI 1.005–1.018). However, in 

Fig. 2 CONSORT participant’s flow
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Table 1 Participant’s characteristics according to pathology results

Continuous data were tested with Kruskal Wallis except * (ANOVA); IQR Interquartile Range, Categorical data were tested with Chi-Square except for # (Fischer Exact). 
N/A means not applicable

Variables Non-Atypical (n=32) Atypical (n=27) Endometrial Carcinoma 
(31)

p-value

Age* 44.97 ± 6.15 40.33 ± 10.33 49.29 ± 8.59 <0.001

Body Mass Index 26.12 ± 5.37 28.48 ± 4.79 27.57 ± 5.33 0.086

Parity Episode (Median) 2 (IQR 0-5) 2 (IQR 0-3) 3 (IQR 1-4) 0.101

Abortion Episode (Median) 0 (IQR 0-1) 1 (IQR-0-2) 1 (IQR 0-2) 0.308

Signs, Symptoms and Previous Intervention

 Vaginal Bleeding 12 (37.5%) 18 (66.7%) 15 (48.4%) 0.081

 Abdominal Enlargement 5 (15.6%) 1 (3.7%) 13 (41.9%) 0.001

 Mennorrhagia# 6 (18.8%) 6 (22.2%) 1 (3.2%) 0.065

 Mennometroraghia 5 (15.6%) 8 (29.6%) 6 (19.3%) 0.404

 Uterus Bleeding 20 (62.5%) 14 (51.8%) 23 (74.2%) 0.210

 Abdominal Pain# 1 (3.1%) 2 (7.4%) 4 (12.9%) 0.330

 Hormone Therapy# 2 (6.2%) 1 (3.7%) 2 (6.4%) 1.000

 Previous Curretage# 0 (0%) 1 (3.7%) 1 (3.2%) 0.537

Referral Diagnosis N/A

 Abnormal Uterus Bleeding 16 (50%) 10 (37.0%) 1 (3.2%)

 Endometrial Hyperplasia 13 (40.1%) 11 (40.7%) 4 (12.9%)

 Ovarian Carcinoma 1 (3.1%) 1 (3.7%) 1 (3.2%)

 Adenomyosis 0 (0%) 1 (3.7%) 0 (0%)

 Endometrial Cysts 0 (0%) 2 (7.4%) 0 (0%)

 Myoma Uteri 6 (18.8%) 3 (11.1%) 2 (6.4%)

 Cervical Polyp 0 (0%) 1 (3.7%) 0 (0%)

 Endometrial Polyp 0 (0%) 1 (3.7%) 0 (0%)

 Endometrial Carcinoma 0 (0%) 1 (3.7%) 24 (77.4%)

 Cyst Torsion 0 (0%) 0 (0%) 1 (3.2%)

β-Catenin

 Intensity 2.59 ± 0.49 2.96 ± 0.19 2.77 ± 0.42 0.004

 Percentage 50.94 ± 22.63 68.15 ± 18.82 63.87 ± 23.48 0.008

 Percentage Area Level 2.41 ± 0.49 2.78 ± 0.51 2.65 ± 0.61 0.008

 H-Score 138.13 ± 75.79 204.07 ± 57.66 184.51 ± 68.30 0.003

Table 2 Generalized ordinal logistic regression of three pathology class

Parameter B Std. Error B Sig. Exp(B) 95% Confidence Interval for 
Exp(B)

Lower Upper

Threshold

 Atypical 6.312 2.3428 0.007 551.279 5.587 54392.811

 Carcinoma 7.824 2.4164 0.001 2499.001 21.925 284834.944

Vaginal Bleeding 0.607 0.4252 0.153 1.836 0.798 4.224

Abdominal Enlargement 1.902 0.6675 0.004 6.703 1.811 24.800

Menorrhagia -0.066 0.5790 0.910 0.937 0.301 2.913

Age 0.038 0.0301 0.205 1.039 0.979 1.102

Parity -0.023 0.2027 0.908 0.977 0.657 1.453

Body Mass Index 0.082 0.0463 0.075 1.086 0.992 1.189

Intensity β-Catenin 0.359 0.6293 0.568 1.432 0.417 4.917

Percentage β-Catenin 0.024 0.0106 0.024 1.024 1.003 1.046
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models one and two when comparing carcinoma and 
non-carcinoma, increasing one year of age and the pres-
ence of clinical symptoms (abnormal uterus bleeding and 
abdominal enlargement) had a significant association 
with carcinoma but not with the BMI, β-catenin percent-
age and H-Score.

Considering these logistic models as a classifier, all 
models possess a good specificity of over 80% but not 
with sensitivity (less than 55%) to predict two different 
binary stagings. Further ROC (Supplementary Fig.  2) 
analysis of both β-catenin percentage for carcinoma, 
and H-Score for Non-Atypical show insignificant discri-
minant ability as the ROC curve intersects with a diago-
nal line, hence misspecification of the cases occurred. 
This indicates that using β-catenin value only to screen 
carcinoma and non-carcinoma, as well as non-atypical 
and other types is not valid. Suppose that the AUC val-
ues were significant, the ideal cut-off of β-catenin and 
H-score with higher sensitivity and specificity (at least 
50%) to distinguish non-atypical from other stages was 

55% (sensitivity 75.9% specificity 59.4%) and 130 (sensi-
tivity 82.8% specificity 56.2%), whereas there was no ideal 
cut-off of β-catenin percentage and H-score for differen-
tiating carcinoma.

Two models based on Artificial Neural Networks and 
Decision Trees were made for binary classification for 
carcinoma and non-atypical class. The sensitivity and 
specificity of the model to distinguish carcinoma based 
on model 1 in Table  3 were improved from the logistic 
regression model in testing data (sensitivity 70.0% and 
88.2%). All predictors had a normalized importance score 
above 50% with age as the most important factor (Sup-
plementary Table 4). The neural network using model 2 
achieved a lower sensitivity but higher specificity (sensi-
tivity 60.0% and 94.1%), however, the H-Score only had 
a normalized importance score of 22.8% (Supplementary 
Table 5). The neural network to distinguish between non-
atypical and atypical + carcinoma derived from model 3 
exhibits sensitivity of 80.0% and 60% in testing data with 
% β-catenin as the most important factor (Supplementary 

Table 3 Predictors of binary class

Parameter Model 1
Carcinoma Versus Non-Carcinoma

B Standard Error B. p-value Exp(B) 95% C.I.for EXP(B)
Lower Upper

BMI 0.101 0.058 0.081 1.107 0.988 1.240

Age 0.103 0.038 0.006 1.109 1.030 1.194

Uterus Bleeding 1.662 0.720 0.021 5.268 1.286 21.587

Abdominal Enlargement 2.851 0.800 <0.001 17.299 3.605 83.018

% β-Catenin 0.019 0.013 0.142 1.019 0.994 1.045

Adjusted  R2= 0.414

Parameter Model 2
Carcinoma Versus Non-Carcinoma

B Standard Error B. p-value Exp(B) 95% C.I.for EXP(B)
Lower Upper

BMI 0.091 0.057 0.111 1.095 0.979 1.224

Age 0.099 0.037 0.007 1.104 1.027 1.187

Uterus Bleeding 1.669 0.723 0.021 5.308 1.288 21.886

Abdominal Enlargement 2.801 0.801 <0.001 16.455 3.426 79.035

H- Score β-Catenin 0.005 0.004 0.228 1.005 0.997 1.013

Adjusted  R2= 0.406

Parameter Model 3
Non-Atypical Versus Atypical + Carcinoma

B Standard Error B. p-value Exp(B) 95% C.I.for EXP(B)
Lower Upper

BMI 0.077 0.048 0.106 1.080 0.984 1.185

Vaginal Bleeding 0.925 0.490 0.059 2.523 0.966 6.589

% β-Catenin 0.031 0.011 0.004 1.032 1.010 1.054

Constant -3.757 1.516 0.013 0.023

Adjusted  R2= 0.214

Parameter Model 4
Non-Atypical Versus Atypical + Carcinoma

B Standard Error B. p-value Exp(B) 95% C.I.for EXP(B)
Lower Upper

Vaginal Bleeding 0.834 0.487 0.087 2.303 0.887 5.982

H Score β-Catenin 0.011 0.003 0.001 1.011 1.005 1.018

Constant -1.680 0.659 0.011 0.186

Adjusted  R2= 0.215
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Table 6). However, the neural network from model 4 has 
a lower specificity (45.5%) but better sensitivity (87.5%) 
where H-score was the most essential factor (Supplemen-
tary Table 7).

A decision tree of model 3 to distinguish between 
non-atypical and atypical + carcinoma showed a higher 
sensitivity of 94.8% but a very low specificity (40.8%) 
with a cut-off of % β-catenin score of 55 (Supplementary 
Table 8). Moreover, the decision tree model from model 4 
yielded a sensitivity of 89.7% and specificity of 50% when 
using the cut-off H-Score of 110 (Supplementary Table 9). 
Since β-catenin percentage and H-score were not associ-
ated with carcinoma, therefore, no decision tree model 
was made. The summary of performance is concluded in 
Supplementary Table 10.

Discussion
Summary
Our study identified the association between β-catenin 
and the level of endometrial hyperplasia, adjusted by 
other factors. Moreover, combined with clinical symp-
toms and individual factors using advanced classifiers, 
β-catenin can distinguish benign lesions (non-atypical) 
and later stages, as well as carcinoma, thus, increasing 
the precision and confidence in pathology assessment of 
endometrial hyperplasia.

Association of clinical symptoms and Individual factors 
with β-catenin and pathology grading
Age was significant when differentiating carcinoma 
from non-carcinoma, This result is linear with a study 
from Israel, which stated that older women demon-
strated prevalent high-risk histologies [19]. However, 
the Pearson correlation shows a non-significant corre-
lation between age and β-catenin intensity, percentage 
and H-score (p > 0.05) (supplementary Table  11), mean-
ing that multiple age-related factors are influencing the 
carcinoma progression and not solely due to β-catenin 
expression in endometrium.

Body mass index was an insignificant predictor of 
pathology class and its addition to the predictive model 
did not contribute to a significant association as shown in 
Table 3. The BMI trajectories (rather than current BMI) 
particularly in adulthood were more important in endo-
metrial cancer risk where longer exposure to overweight 
and obesity contributed to an increased risk of endome-
trial cancer [20]. Further analysis in this study revealed 
that β-catenin intensity was positively correlated with 
BMI (Rs 0.251 p = 0.017 in supplementary Table 10), thus, 
when a person is exposed to obesity for a longer time, the 
β-catenin exposure, as well as abnormal Wnt/β-catenin 
signalling, also occur [21].

The initial episode of menorrhagia is assumed to be an 
impact of estrogen and progesterone imbalance activ-
ity. Through its receptor ERα (ESR1) and ERβ (ESR2), 
estrogen induces the proliferation of stromal cells and 
endometrial epithelial cells, whereas progesterone per-
forms a counteracting effect of estrogen [22]. There is a 
connection between β-catenin and estrogen which may 
contribute to the development of the endometrium. 
Estrogen was found to be affecting β-catenin by upregu-
lating β-catenin mRNA and protein expression mediated 
by Estrogen Receptors in stromal cells, activating the 
Wnt/β-catenin signalling pathway and, stimulating ESR1 
and β-catenin co-localization in the nucleus in of stromal 
cells in normal circumstances [23].

A study shows that estrogen and progesterone were 
exclusively expressed in stromal of non-atypical hyper-
plasia, compared to β-catenin which was expressed in 
non-atypical and atypical hyperplasia [24]. Menorrhagia 
was insignificantly associated with the pathology level in 
our study but was frequently observed in non-atypical 
and atypical findings. However, a study in the United 
States shows an insignificant association of menorrha-
gia to uterine cancer among patients who visited the 
clinic with gynaecology problems (aOR 1.2 with 95% CI 
0.7–2.2) [25]. Interestingly, further analysis in our study 
shows no significant difference in β-catenin values and 
menorrhagia (p > 0.05) (supplementary Table 11).

Frequent episodes of parity were associated with lower 
endometrial cancer risk as stated in a meta-analysis [26] 
and our study revealed an insignificant dose-response pro-
tection (0.977 95% CI 0.657–1.453 in Table  2). However, 
there was no significant correlation between the number 
of parity and β-catenin values (p > 0.05 supplementary 
Table 10). It is important to identify the difference in the 
expression of genes related to endometrial proliferation 
between nulliparous and multiparous women, particularly 
the presence of abnormal Wnt/β-catenin signalling.

The β-catenin values show a better prognostic factor 
for the benign stage, rather than carcinoma
A good screening model should possess a higher sensi-
tivity and β-catenin values along with clinical symptoms 
and show a better discriminant ability to distinguish 
non-atypical lesions as these models show at least 80% 
sensitivity. However, higher specificity (at least 50%) was 
achieved only with neural network model 3 and decision 
tree model 4. A study involving neural networks to pre-
dict a class of tuberculosis resistance demonstrates that 
neural networks outperform another classifier model 
when combining clinical symptoms, demography fea-
tures and laboratory results, whereas decision trees pos-
sess higher sensitivity but very low specificity [27]. In 
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this study. β-catenin percentage of 55 has a nonsignifi-
cant diagnosis performance in the ROC curve (sensitiv-
ity 75.9% specificity 59.4%), and the sensitivity improved 
with neural network model Sensitivity (80.0% and speci-
ficity 60%). The decision tree model with a cut-off of 55% 
β-catenin has a higher sensitivity but very low specificity 
(94.8%). In the neural network, the performance was sim-
ilar to ROC (Sensitivity of 80.0% and specificity of 60%) 
meaning that neural networks outperform other models. 
A pathologist could apply this cut-off of 55 to identify 
any focal lesion that shows atypical or focal carcinoma. 
Another study demonstrated the association between 
β-catenin expression as a predictor for poor prognosis 
[28]. In short, β-catenin expression, along with suggestive 
symptoms shows a promising discriminant ability to dis-
tinguish non-atypical with advanced levels of pathology.

Strength and limitations
This study applied a standardized preparation of samples 
from curettage and surgical procedure and the samples 
were processed according to a standard β-catenin immu-
nohistochemistry staining. Moreover, robust statistical 
methods were implemented to derive the conclusions.

Despite being justified by statistical estimation, the 
sample size should be increased to maximize the model 
building and model performance. Furthermore, prospec-
tive testing with new patients should be done to identify 
the consistency of diagnostic performance. In addition, 
the generalizability of the study is limited as this study 
was done in a single centre that supervised the two hos-
pitals, although this centre accepts referred cases from 
the eastern part of Indonesia.

There is a question of whether hormonal therapy may 
affect the expression of β-catenin in endometrial tissue. 
Estradiol possesses a potential role in Wnt/β-catenin sig-
nalling by affecting the transcription of Wnt/β-catenin 
target genes [29] and enhancing the β-catenin intracellu-
lar stabilization and translocation to the nucleus through 
indirect crosstalking of PI3K2 pathway and canonical 
Wnt signalling, whereas progestogen inhibit the Wnt/β-
catenin signalling by enhancing DKK-1 in endometrium 
[30]. Additional analysis shows a significant difference in 
the percentage of β-catenin between those who received 
hormonal therapy and not (38% versus 61% p < 0.05). 
However, the distribution of the participants according 
to hormonal therapy was similar across pathology levels, 
thus this factor may not be a potential confounder.

Diabetes and hypertension were associated with endo-
metrial carcinoma. However, this study did not objec-
tively assess diabetes and hypertension status, thus the 
expression of β-catenin among participants with the 
chronic disease could not be identified and the potential 
confounding issue was not explored.

Lastly, there are some other potential predictors includ-
ing Cyclooxigenase-2 (COX2) expression for endometrial 
carcinoma [31], but this is beyond the scope of the study 
and further research to prove the incremental diagnostic 
value of COX2 and β-catenin should be done.

Conclusion
The β-catenin expression, particularly percentage and 
H-Score is a good predictor to differentiate carcinoma, 
or even earlier stage when combined with clinical symp-
toms and demographic parameters. Furthermore, BMI 
was associated with β-catenin intensity and therefore, 
BMI reduction may play a role in reducing the risk of 
disease progression. This study also proposes a new cut-
off for β-catenin percentage (55) that could discriminate 
non-atypical conditions from later stages although a pro-
spective test is needed.
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