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Abstract: The early diagnosis of endometrial carcinoma is critical for improving patient survival and prognosis.
However, the diagnostic efficiency of a single examination is often insufficient, because it is easy to cause misdi-
agnosis and missed diagnoses. Therefore, this study used the classification and regression tree (CART) algorithm
to establish and validate a CART model to distinguish endometrial carcinoma from other endometrial lesions. The
clinical data of 297 patients treated at Changde Hospital, Xiangya School of Medicine, Central South University be-
tween April 2021 and April 2023 for postmenopausal uterine effusion, postmenopausal vaginal bleeding, abnormal
uterine bleeding and endometrial thickening were retrospectively analyzed. Among them, there were 203 cases
of endometrial carcinoma and 94 cases of endometrial lesions. The pathological results from endometrial biopsy
and hysteroscopic curettage were compared. The coincidence rate of endometrial biopsy was 90.34% (187/207)
and the AUC, sensitivity, and specificity of the diagnosis of endometrial carcinoma were 0.920, 0.914, and 0.925,
respectively. Six serological indicators with diagnostic significance were screened out: carbohydrate antigen 125
(CA125), carbohydrate antigen 19-9 (CA19-9), human epididymis secretory protein 4 (HE4), vascular endothelial
growth factor (VEGF), D-dimer, and absolute neutrophil count (N). The AUC, sensitivity and specificity of the CART
model based on the above indicators were 0.949, 0.979, and 0.896, respectively. The CART model is an intuitive
and simple tool for the clinical diagnosis of endometrial carcinoma and endometrial lesions.
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Introduction

Endometrial carcinoma (EC), a prevalent ma-
lignant tumor in gynecology, originates from
endometrial epithelial cells, particularly in post-
menopausal women over 50 years old. The
prognosis of EC is not ideal, and the age of
onset has a significantly younger trend in re-
cent years [1]. Early EC lacks typical symptoms,
often manifested as irregular vaginal bleeding,
so it is easy to be overlooked in clinic, result-
ing in delayed diagnosis and treatment [2].
Therefore, the exploration of early screening
and late monitoring indicators of EC has gradu-
ally received attention. At present, laparoscopy
or laparotomy combined with postoperative
pathological testing is considered the gold
standard for diagnosing EC. However, these
methods are cumbersome and costly, thus not

suitable for large-scale population screening
[3]. Previous research has revealed that a one-
time uterine tissue aspiration tube for endome-
trial biopsy has the advantages of shorter oper-
ation time, less invasive, no need to dilate the
cervix, less pain, and low cost. This method can
be widely used in screening endometrial dis-
eases [4]. Serological markers are a group of
small molecules that are stable in the blood,
with a characteristic of easy detection, making
them ideal markers for cancer screening [5].
For instance, CA125, CA19-9, and HE4 are
used as auxiliary diagnostic indicators for EC in
clinical practice [6].

Classification and regression tree (CART) algo-
rithm, as a machine learning algorithm, is a
product of the current era of network intelligent
diagnosis and treatment technology. The CART
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algorithm is not limited by fixed modeling rules,
and can better deal with massive disordered
data. Compared with the traditional Logistic
regression model, CART has advantages, such
as easy interpretation of the output results,
which can help doctors make more accurate
disease judgments [7]. At present, there is no
clear distinction in the clinical application value
of relevant serological indicators in the diagno-
sis of EC. In addition, the use of a single diag-
nostic method may lead to misdiagnosis or
missed diagnoses [8, 9]. Combining the results
of endometrial biopsy with related indicators to
develop a model for joint diagnosis may provide
a comprehensive evaluation of patient condi-
tions and improve diagnostic accuracy. But no
relevant research on this aspect has been
found. Therefore, this work constructed a CART
model using results of endometrial biopsy and
serological indicators to distinguish EC from
other endometrial lesions, with a goal of provid-
ing a basis for early diagnosis of EC.

Materials and methods
Case selection and ethics approval

Patients treated at Changde Hospital, Xiangya
School of Medicine, Central South University
between April 2021 and April 2023 for post-
menopausal uterine effusion, postmenopausal
vaginal bleeding, abnormal uterine bleeding,
and endometrial thickening were selected as
subjects. Inclusion criteria: (1) Patients who
received both endometrial biopsy via one-time
uterine tissue aspiration and hysteroscopic
curettage in our hospital and obtained patho-
logical results; (2) Patients with comprehen-
sive clinical information. Exclusion criteria: (1)
Patients with vaginitis, cervical polyps, and
other malignant tumors; (2) Patients who re-
ceived hormone therapy within 1 year; (3) Pa-
tients with abnormal coagulation function or
heart, lung, liver, or renal insufficiency. There
were 297 patients meeting the mentioned cri-
teria, and they were categorized into two groups
based on their pathological diagnosis results
from hysteroscopic curettage: the EC group
(n=203) and the endometrial lesion group
(n=94). All patients provided an informed con-
sent for participating in the treatment. This
study was approved by the Ethics Committee
of Changde Hospital, Xiangya School of Me-
dicine, Central South University. The flow chart
of this study is shown in Figure 1.
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Methods of sampling and diagnosis

To collect the endometrial tissue, the patients
first underwent endometrial biopsy using a dis-
posable uterine tissue suction tube. The uter-
ine tissue suction tube was slowly inserted into
the uterine fundus, and the endometrial tissue
was sucked out and placed in a container con-
taining formaldehyde aqueous solution (speci-
men 1). Hysteroscopy was performed to ob-
serve the endometrial sampling under hystero-
scope. Curettage was also performed to ob-
tain endometrial specimens (specimen 2). The
results of hysteroscopic curettage were used
as the golden criteria [1]. Specimens 1 and 2
were pathologically diagnosed by two doctors
respectively. The pathological results were
divided into (1) endocrine changes in the en-
dometrium (including secretory endometrium,
proliferative endometrium, and menstrual en-
dometrium); (2) endometrial hyperplasia (inclu-
ding simple, complicated, and atypical hyper-
plasia); (3) endometrial polyps; (4) endometrial
carcinoma.

Data collection

The clinical data of patients were collected
from their electronic medical records, encom-
passing details such as age, body mass index
(BMI), carbohydrate antigen 125 (CA125), car-
bohydrate antigen 19-9 (CA19-9), vascular en-
dothelial growth factor (VEGF), human epididy-
mis secretory protein 4 (HE4), D-dimer, red
blood cell count (RBC), white blood cell count
(WBC), absolute neutrophil count (N), absolute
lymphocyte count (L), monocyte count (MON),
mean corpuscular hemoglobin content (MCH),
mean corpuscular volume (MCV), red blood cell
distribution width (RDW), platelet count (PLT),
mean platelet volume (MPV), platelet distribu-
tion width (PDW), neutrophil to lymphocyte
ratio (NLR), monocyte to lymphocyte ratio
(MLR), and platelet to lymphocyte ratio (PLR).
All serological indicators were measured in
fasting blood on the next day after admission.

Statistical analysis

Statistical analyses were performed using
SPSS 26.0 for Windows. Data with a normal
distribution were reported as mean + standard
deviation, and t-test was performed to com-
pare the group data. The non-normally distrib-
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From April 2021 to April 2023,297 patients received disposable uterine cavity tissue
suction and hysteroscopic curettage in our hospital.

Randomization 7:3

Y

Training set(n=207)

Validation set(n=90)

A

4

Screening serological
diagnostic indicators

Analyze the diagnostic efficacy of
disposable uterine cavity tissue suction

model

Construct a CART decision tree model and
evaluate the diagnostic performance of the

Figure 1. The flow chart of this
study.

uted measurement data were reported as
median (quartile), and Mann-Whitney U test
was employed to compare these data. Count
data were expressed as a percentage of the
total number of instances. R 4.2.3 software
was utilized for LASSO regression analysis and
multivariate logistic regression analysis. The
Wayne diagram was made to screen out the
indicators with statistical significance in LA-
SSO regression and logistic regression as
effective diagnostic indicators. The data were
randomly divided into a training set and a verifi-
cation set in a 7:3 ratio. The CART model was
built with “rpart” package in R, with the main
parameters set to parms=list (split=“gini”) and
method=“class”. The diagnostic efficiency was
verified by the ROC curve, calibration curve,
area under the ROC curve (AUC), sensitivity
and specificity. The delong test was used to
compare the AUC value. P<0.05 was set as the
statistical significance level.

Results

Comparison of data between the training set
and the validation set

The clinical data of 297 patients were collect-
ed and randomly divided into a training set
(n=207) and a validation set (n=90) according
to the ratio of 7:3. There was no significant dif-

5396

ference in age, BMI and serological indexes
between the two cohorts (Table 1).

The diagnostic efficacy of endometrial biopsy
for endometrial lesions

The sensitivity, specificity, and AUC of the path-
ological results of endometrial biopsy were
analyzed. It was found that the coincidence
rate of pathological diagnosis of endometrial
biopsy was 90.34% (187/207). The sensitivity
of the diagnosis of EC was 0.914, the sensiti-
vity of the diagnosis of endometrial endocrine
changes was 0.941, the sensitivity of the diag-
nosis of endometrial hyperplasia was 0.927,
and the sensitivity of the diagnosis of endome-
trial polyps was 0.556 (Table 2).

Clinical data comparison between the two
patient groups

A comparison was conducted on the clinical
data of the two groups. The findings revealed
notable variations in CA125, CA19-9, HE4,
VEGF, D-dimer, MPV, N, and NLR between the
two groups (Table 3).

LASSO regression analysis

After univariate analysis, the regularization
method of LASSO regression was used to
screen the diagnostic indicators (Figure 2A).
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Table 1. Comparison of data between the training set and the validation set [mean + SD/M (P, P,)]

Patient characteristics Training set (n=207) Validation set (n=90) t/Z P

Age, year 51.34+8.09 52.39+8.09 1.025 0.306
BMI, kg/m? 23.74+2.57 23.67+2.97 0.222 0.825
CA125, U/mL 27.02 (15.71, 42.82) 28.18 (19.77, 44.18) 0.835 0.404
CA19-9, U/mL 20.84 (11.84, 32.32) 21.50 (13.01, 35.01) 0.948 0.343
HE4, pmol/L 70.20 (48.20, 96.10) 70.30 (52.50, 88.00) 0.209 0.835
VEGF, ng/L 291.68+95.87 291.56+£102.00 0.009 0.993
D-dimer, ng/mL 351.40+143.79 336.00+£133.19 0.864 0.388
RBC, 10%/L 3.96+1.28 3.82+1.14 0.860 0.391
MCH, g/L 128.44+1.74 128.26+1.88 0.814 0.416
MCV, fL 87.40+1.32 87.22+1.27 1.115 0.266
RDW, fL 44,43+2.99 44.23+2.50 0.540 0.590
PLT, 10%/L 223.97+63.02 230.28+72.78 0.753 0.452
MPV, fL 12.10 (10.80, 12.90) 11.75 (10.20, 12.90) 1.429 0.153
PDW, fL 13.96+2.09 13.55+2.19 1.525 0.128
WBC, 10°%/L 6.52+1.42 6.26+1.31 0.860 0.391
N, 10%/L 3.76+£1.27 3.77+1.27 1.462 0.145
L, 10°/L 1.90 (1.52, 2.36) 1.96 (1.53, 2.27) 0.220 0.826
MON, 10°/L 0.33+0.11 0.34+0.11 0.662 0.508
NLR 1.95 (1.47, 2.53) 1.94 (1.36, 2.52) 0.078 0.938
PLR 111.71 (88.02, 150.73) 114.43 (91.56, 159.46) 0.561 0.575
MLR 0.17 (0.12, 0.23) 0.17 (0.14, 0.22) 0.357 0.721

Note: BMI: body mass index; CA125: carbohydrate antigen 125; CA19-9: carbohydrate antigen 19-9; VEGF: vascular endothe-
lial growth factor; HE4: human epididymis secretory protein 4; RBC: red blood cell count; MCH: mean corpuscular hemoglobin
content; MCV: mean corpuscular volume; RDW: red blood cell distribution width; PLT: platelet count; MPV: mean platelet vol-
ume; PDW: platelet distribution width; WBC: white blood cell count; N: absolute neutrophil count; L: absolute lymphocyte count;
MON: monocyte count; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; MLR: monocyte to lymphocyte

ratio.

The ideal input value was determined using the
10-fold cross-validation approach (Figure 2B).
In the figure, the two dashed lines correspond
to lambda.min and lambda.lse. The former sig-
nifies the A value at which the mean square
error is minimized, while the latter corresponds
to the A value associated with the smallest
mean square error considering standard error.
The model opts for the A value of 0.006, whi-
ch aligns with lambda.min. Ultimately, CA125,
CA19-9, HE4, VEGF, D-dimer, N, and MPV were
the selected variables.

Multivariate logistic regression analysis

CA125 (the original value), CA19-9 (the original
value), HE4 (the original value), VEGF (the origi-
nal value), D-dimer (the original value), N (the
original value), NLR (the original value) and
MPV (the original value) were used as indepen-
dent variables. The dependent variable utilized
was the diagnostic outcomes of hysterosco-
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pic curettage, with a value of 1 indicating EC
and O denoting endometrial lesions. The results
of the multivariate logistic regression analysis
indicated that CA125, CA19-9, HE4, VEGF,
D-dimer, and N were significant factors influ-
encing the differentiation between patients
with EC and those with endometrial lesions
(Table 4).

Serological indicators for the diagnosis of EC

The diagnostic indicators screened by LASSO
regression and Logistic regression were inter-
sected, and six common indicators, namely
CA125, CA19-9, HE4, VEGF, D-dimer, and N,
were obtained to make a Wayne diagram, as
shown in Figure 3.

Comparison of the efficacy of serological indi-
cators in the diagnosis of EC

By comparing the AUC values of each diagnos-
tic index, it was found that the diagnostic effi-
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Table 2. Diagnostic efficacy of endometrial biopsy for endometrial lesions (n=207)

Hysteroscopic curettage

Endometrial Endocrine changes in Endometrial . Endometrial
biopsy endometrium hyperplasia Endometrial polyps carcinoma
Yes No Yes No Yes No Yes No
Yes 16 5 38 8 5 2 128 5
No 1 185 3 158 4 196 12 62
Sensitivity 0.941 0.927 0.556 0.914
Specificity 0.974 0.952 0.990 0.925
AUC 0.957 0.939 0.773 0.920
95% CI 0.891-1.000 0.889-0.989 0.567-0.978 0.875-0.965

Table 3. Comparison of clinical data between the two groups of patients [mean + SD/M (P, P,.)]

Endometrial carcinoma Endometrial disease group

Patient characteristics group (n=140) (n=67) t/Z P

Age, year 51.16+7.61 51.70+9.00 0.445 0.657
BMI, kg/m? 23.92+2.54 23.36+2.60 1.475 0.142
CA125, U/mL 33.69 (19.56, 50.21) 17.55 (11.25, 29.12) 5.243 <0.001
CA19-9, U/mL 22.34 (13.67, 33.64) 19.56 (6.80, 28.34) 2.437 0.015
HE4, pmol/L 86.45+34.80 52.03+17.95 7.589 <0.001
VEGF, ng/L 322.61+88.40 227.05+76.73 7.549 <0.001
D-dimer, ng/mL 383.57+151.46 284.18+96.26 4.893 <0.001
RBC, 10°%/L 3.74 (3.11, 4.76) 4.26 (3.11, 5.13) 1.158 0.247
MCH, g/L 128.35+1.72 128.63+1.78 1.082 0.280
MCV, fL 87.34+1.42 87.53+1.06 0.971 0.332
RDW, fL 44.58+2.89 44.10+3.16 1.078 0.282
PLT, 10%/L 223.32+66.94 225.33+53.89 0.214 0.831
MPV, fL 12.25(11.00, 13.05) 11.60 (10.70, 12.60) 2.369 0.018
PDW, fL 13.81+2.13 14.28+1.96 1.529 0.128
WBC, 10°%/L 6.53+1.51 6.50+£1.22 0.169 0.866
N, 10%/L 4.02+1.32 3.20+£0.95 4.548 <0.001
L, 10%/L 1.96 (1.54, 2.40) 1.81(1.49, 2.19) 1.469 0.142
MON, 10°%/L 0.33+0.12 0.331£0.10 0.315 0.753
NLR 2.04 (1.53,2.72) 1.75 (1.28, 2.36) 2.578 0.010
PLR 109.15 (83.15, 149.35) 120.63 (94.78, 152.02) 1.342 0.180
MLR 0.17 (0.11, 0.23) 0.17 (0.13, 0.24) 0.619 0.536

Note: BMI: body mass index; VEGF: vascular endothelial growth factor; HE4: human epididymis secretory protein 4; RBC: red
blood cell count; MCH: mean corpuscular hemoglobin content; MCV: mean corpuscular volume; RDW: red blood cell distribu-
tion width; PLT: platelet count; MPV: mean platelet volume; PDW: platelet distribution width; WBC: white blood cell count.

cacy of HE4 and VEGF were comparable. The
diagnostic efficiency of CA19-9 was low, and its
AUC value was significantly lower than that of
HE4, VEGF and CA125 (Table 5).

CART model
The diagnostic results of endometrial biopsy

and 6 diagnostic indicators (CA125, CA19-9,
HE4, VEGF, D-dimer, and N) were included in
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the CART model. Two effective diagnostic indi-
cators were screened out by the model, which
were the diagnostic results of endometrial
biopsy and HE4. The model generated three
diagnostic rules (Figure 4).

The ROC curve depicted an AUC of 0.949 (95%
Cl: 0.914-0.985) for the training set and an AUC
of 0.942 (95% Cl: 0.885-1.000) for the valida-
tion set. The model performed well in terms of
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Figure 2. LASSO regression screening diagnostic indicators. A. The selection path diagram of LASSO regression. B.
The change curve of cross-validation under different penalty intensity.

Table 4. Multivariate Logistic regression screening diagnostic

bility of the CART model ex-

indicators ceeded that of individual tests,

Factor B SE  Waldy? p OR 95% Cl with AUC=0.949, sensitivity =

CA125 0092 0023 15484 <0.001 1.096 1.047-1.148 0.979, and specificity =0.896,

CA19-9 0.065 0.023 8.102 004 1.067 1.020-1.115 demonstrating a strong diag:

) ) ) ) ’ : - nostic performance (Table 6).

HE4 0.041 0.010 15.700 <0.001 1.041 1.021-1.062

VEGF 0.013 0.003 18.418 <0.001 1.014 1.007-1.020 Discussion

D-dimer 0.008 0.002 10.129 0.001 1.008 1.003-1.012 .

MPV 0.107 0.477 0.367 0.545 1.113 0.787-1.574 EC is the most common type
’ ’ ’ ’ ’ e of gynecological malignant tu-

N 0.833 0.300 7.719 0.005 2.301 1.278-4.142 mor. Patients with early EC

NLR 0.013 0.338 0.001 0.969 1.013 0.523-1.964

have a 5-year survival rate of

Note: CA125: carbohydrate antigen 125; CA19-9: carbohydrate antigen 19-9;
VEGF: vascular endothelial growth factor; HE4: human epididymis secretory pro-
tein 4; MPV: mean platelet volume; N: absolute neutrophil count; NLR: neutrophil

to lymphocyte ratio.

discriminating (Figure 5). The calibration curve
showed that the diagnostic outcomes for EC
and endometrial lesions in in both the training
and validation sets of the CART model were
consistent with the pathological examination
results of patients after hysteroscopic curet-
tage (Figure 6).

Comparison of diagnostic efficacy between
single diagnostic index and CART model

Among the seven single diagnostic indexes, the
diagnostic efficiency of endometrial biopsy via
disposable uterine tissue suction tube was the
highest, with AUC=0.920, sensitivity =0.914,
and specificity =0.925. The diagnostic capa-
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more than 85%, while patients
with advanced EC have a
5-year survival rate of less
than 35% [10, 11]. However,
due to the variety of endome-
trial lesions and the complex structure, the
diagnostic efficacy of a single examination is
often insufficient, which is easy to cause misdi-
agnosis and missed diagnosis of EC [8].
Therefore, combined multi-index detection is of
great significance for early diagnosis of endo-
metrium, improvement of survival rate and
prognosis of patients.

In this study, the disposable uterine tissue
suction tube was used for endometrial biopsy.
The pathological diagnosis coincidence rate
was 90.34% (187/207), showing a high effi-
ciency as a single detection of EC. Cai et al.
[4] pointed out that using endometrial biopsy,
the diagnosis rate of endometrial atypical
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LASSO Logistic trial polypg was lower than that
of conventional curettage [12].
The single application of endo-
metrial biopsy in the diagnosis
1 6 0 of EC has certain limitations.
Therefore, combined detection
CA125 with related serological indica-
CA19-9 tors is particularly important.
MPV HER In this study, six serological
VEG_F indicators were screened for
D-dimer the diagnosis of EC, which
N were CA125, CA19-9, HEA4,
VEGF, D-dimer, and N, respec-
tively. CA125 is essentially an
ovarian cancer-related anti-
gen, which is often used to
Figure 3. Wayne diagram of the common diagnostic indexes in LASSO re- detect epithelial malignant
gression and Logistic regression (CA125: carbohydrate antigen 125; CA19- tumors [13]. As a tumor-asso-

9: carbohydrate antigen 19-9; VEGF: vascular endothelial growth factor;
HE4: human epididymis secretory protein 4; MPV: mean platelet volume; N:

absolute neutrophil count).

Table 5. Comparison of the efficacy of serologj-
cal indicators in the diagnosis of endometrial
carcinoma

Index Sensitivity Specificity AUC 95% ClI

CA125 0.393 1.000 0.725* 0.658-0.793
CA19-9 0.971 0.284 0.605 0.520-0.689
HE4 0.750 0.761  0.797* 0.739-0.856
VEGF 0.821 0.627 0.791* 0.727-0.856
D-dimer  0.550 0.821 0.701° 0.631-0.771
N 0.564 0.776  0.706 0.634-0.777

Note: Compared with the AUC value of the CA19-9, @P<0.05.
Compared with the AUC value of the D-dimer, °P<0.05.
CA125: carbohydrate antigen 125; CA19-9: carbohydrate
antigen 19-9; VEGF: vascular endothelial growth factor; HE4:
human epididymis secretory protein 4; N: absolute neutrophil
count.

hyperplasia and EC was in good agreement
with hysteroscopic curettage. It can be a sc-
reening method for EC with great potential. This
study found that the sensitivity of endometrial
biopsy in the diagnosis of endometrial polyps
was low (0.556), and there were many missed
diagnoses. Therefore, patients with uterine
cavity occupation or highly suspected endome-
trial polyps suggested by color Doppler ultra-
sound were not recommended to undergo
endometrial biopsy. Relevant study also found
that the accuracy of endometrial biopsy with
small instruments in the diagnosis of endome-
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ciated antigen of a class of
oligosaccharides, CA19-9 is
abundant in the serum of indi-
viduals with uterine malignant
tumors [14]. CA125 and CA19-9 are raised to
varying degrees in the serum of most patients
with EC, but its efficacy as a single diagnosis
index is limited for early EC [15, 16]. This study
also observed notable elevations in the levels
of CA125 and CA19-9 within the EC group. How-
ever, relying solely on these two markers for
diagnosis yielded unsatisfactory results. The
sensitivity of CA125 alone was 0.393, and the
specificity of CA19-9 alone was 0.284. HE4 is
a whey-acidic protein that is linked to cancer
cell development, adhesion, proliferation, and
metastasis. HE4 levels have been found to be
significantly higher in patients with EC, and it
has great sensitivity and specificity in the
identification of EC [17, 18]. VEGF is a specific
vascular growth factor. As the most effective
promoter of vascular endothelial cell division, it
is the key to tumorigenesis, invasion and
metastasis [19]. Hassan et al. [20] discovered
that when endometrial lesions advanced to EC,
the expression of VEGF rises considerably. The
high expression of VEGF is associated with a
higher stage of EC [21]. D-dimer is an important
biomarker of fibrinolysis. The invasive growth of
tumor tissue causes damage to vascular endo-
thelial cells, which leads to the imbalance
between procoagulant and fibrinolytic systems
in the human body, and increased level of
D-dimer expression in patients’ peripheral
venous blood [22]. You et al. [23] discovered
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Figure 4. CART (O: endometrial lesions, 1: endome-
trial carcinoma). CART: classification and regression
tree.

that elevated D-dimer expression was also
found in patients with EC. Furthermore, the
elevated expression was notably higher in
patients with EC than in those with benign
endometrial tumors. This study found that the
levels of HE4, VEGF, and D-dimer in the EC
group were elevated compared to the levels
observed in the endometrial lesion group. It is
suggested that these three indicators have a
certain predictive effect on the development
and progression of EC. When HE4 was employed
as a solitary diagnostic marker for EC, it yielded
an AUC of 0.797, a sensitivity of 0.750, and a
specificity of 0.761, indicating a high diagnostic
efficiency. Cuesta-Guardiola et al. [24] pro-
posed that serum HE4 levels could serve as an
early diagnostic indicator for EC, with its detec-
tion efficiency surpassing that of CA125. The
study findings revealed that VEGF also exhibit-
ed strong diagnostic efficiency as a standalone
factor, with an AUC of 0.791, a sensitivity of
0.821, and a specificity of 0.627. The sensitivi-
ty of D-dimer was low (0.550). Neutrophils can
activate other immune cells and release pro-
inflammatory cytokines to promote disease
progression [25]. Studies have confirmed that
increased N in patients with advanced EC are
associated with tumor recurrence and metas-
tasis [26]. According to the findings of this
study, the N in the EC group was greatly higher
than that in the endometrial lesion group, but
its sensitivity for the sole detection of EC was
low (0.564), with certain limitations.

Due to the shortcomings of the above individu-
al detection methods for diagnosis, combined
detection has become a new direction in clini-
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cal research. Many studies have suggested
that combined detection is better than single
detection. Combining detection of HE4 with
CA125, for example, can aid in the identifica-
tion of EC [27]. In this study, the results of endo-
metrial biopsy were combined with the above
six serological indicators for joint detection,
and a CART model was constructed. The mod-
el's AUC (0.949), sensitivity (0.979), and speci-
ficity (0.896) for diagnosing EC all exhibited
enhancements, resulting in a notably elevated
diagnostic efficiency compared to the single
detection methods. In the validation set, the
model also exhibited good diagnostic perfor-
mance. The CART model screened out two ef-
fective diagnostic indicators, results of endo-
metrial biopsy and HE4 level, and generated a
total of three diagnostic rules, which were intui-
tive and easy to explain, thus convenient for
extensive promotion in clinical practice.

Certain limitations are present within this study.
It is conducted as a single-center retrospective
study, potentially introducing some degree of
selection bias. At the same time, there is no
age stratification of the included patients, so
it is impossible to verify whether the model
applies to women of different ages. In the fu-
ture, a multi-center prospective study will be
conducted to establish a comparison of vari-
ous machine algorithms such as random forest
and artificial neural network, and to explore
their diagnostic efficacy in women of different
ages, so as to provide a reference for optimiz-
ing the model.

Conclusion

In summary, this study established a CART
model to distinguish EC and endometrial le-
sions based on the diagnostic results of endo-
metrial biopsy and six serological indicators
(CA125, CA19-9, HE4, VEGF, D-dimer, and N),
and verified the efficiency of the model, which
was found to be an intuitive and simple tool for
clinical diagnosis of EC.
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Figure 5. ROC curve of CART model. A. Training set. B. Validation set. CART: classification and regression tree.
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Figure 6. Calibration curve of CART model. A. Training set. B. Validation set. CART: classification and regression tree.

Table 6. Comparison of diagnostic efficacy of single diagnostic index and CART model

Index Sensitivity Specificity AUC 95% ClI z P

CART model 0.979 0.896 0.949 0.914-0.985 - -

Endometrial biopsy 0.914 0.925 0.920 0.875-0.965 3.791 <0.001
CA125 0.393 1.000 0.725 0.658-0.793 7.828 <0.001
CA19-9 0.971 0.284 0.605 0.520-0.689 8.963 <0.001
HE4 0.750 0.761 0.797 0.739-0.856 6.536 <0.001
VEGF 0.821 0.627 0.791 0.727-0.856 6.177 <0.001
D-dimer 0.550 0.821 0.701 0.631-0.771 7.991 <0.001
N 0.564 0.776 0.706 0.634-0.777 7.762 <0.001

Note: The P value in the table is the AUC value of each index compared with the AUC value of the CART model. CART: classifica-
tion and regression tree.
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