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Abstract: Objective: To investigate the risk factors of sentinel lymph node (SLN) metastasis in patients with endome-
trial carcinoma (EC), and to establish a risk nomogram model. Methods: In this retrospective study, the clinical data 
of 79 EC patients who were treated in Zhumadian Central Hospital from January 2019 to January 2021 were ana-
lyzed. The patients were divided into SLN positive group and SLN negative group according to the occurrence of SLN 
metastasis. Univariate and multivariate analyses were performed to explore the factors affecting the occurrence of 
SLN metastasis in EC patients. The nomogram model predicting the risk of SLN metastasis in EC patients was con-
structed. The discrimination, accuracy and clinical benefit rate of the model were evaluated. Results: Multivariate 
analysis showed that body mass index (BMI) ≥ 24 kg/m2, tumor diameter ≥ 2 cm, low differentiation, and cervical 
stromal involvement were risk factors for SLN metastasis in EC patients (P < 0.05). And the risk of SLN in EC patients 
increased with the increase in human epididymis protein 4 (HE4) level (P < 0.05). The constructed nomogram model 
was tested, and the area under the curve (AUC) of the model was 0.934 (95% CI: 0.878-0.979), the calibration curve 
obtained a Brier of 0.084. Decision curve results showed that 68 out of every 100 EC patients could benefit without 
compromising the interests of others, with a benefit rate of 68%. Conclusion: The occurrence of SLN in EC patients 
is related to their personal general characteristics, pathological characteristics, tumor markers, and other multi-
dimensional indicators. The medical staff can evaluate the SLN risk of EC patients by combining multiple indicators. 
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Introduction

Endometrial cancer (EC) is one of the three 
major malignant tumors of the female repro-
ductive system, which originates from the 
endometrial glands, with an increasing trend in 
recent years [1, 2]. In some developed coun-
tries, the incidence of EC is higher than that of 
cervical cancer, accounting for about 20% to 
30% of genital tract malignancies [3, 4]. About 
90% of EC cases occur in people over 50 years 
old, of which 58 to 61 years old are the most 
commonly affected age. The occurrence of EC 
is related to long-term continuous estrogen 
stimulation, obesity, hypertension, diabetes, in- 
fertility, menopause and genetic factors. Most 
EC patients can be diagnosed early because of 
typical symptoms such as abnormal vaginal 
bleeding, vaginal discharge, or pain in the le- 
sions, and about 75% of patients have lesions 
confined to the uterus at the time of initial diag-

nosis [5]. In the treatment of EC, surgery is the 
main choice [6]. For patients with advanced  
disease who are not suitable for surgery, like 
those who need to preserve fertility, or whose 
systemic conditions cannot tolerate surgery, 
other treatment options such as radiotherapy 
and chemotherapy, high-dose therapy, and im- 
munosuppressive drugs are given after com-
prehensive evaluation [7]. At present, there are 
still some controversies in the choice of sur- 
gical plan, among which, whether to routinely 
perform systematic lymphadenectomy is one of 
the major issues of controversy. 

Lymph node metastasis (LNM) is one of the 
main metastasis pathways of EC. When the dis-
ease progresses, the tumor invades the deep 
myometrium or involves the cervical stroma, it 
is prone to LNM, and the 5-year survival rate  
of patients with LNM is less than 50% [8, 9]. 
Sentinel lymph node (SLN), as an effective bar-
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rier to prevent tumor cell metastasis, is the first 
group of lymph nodes that EC cells must pass 
through for lymph node metastasis [10]. 
Therefore, if the risk of SLN metastasis in 
patients with endometrial cancer can be pre-
dicted before perioperative surgery, it can pro-
vide a reference for taking targeted measures. 
This will significantly reduce surgical and post-
operative complications, reduce hospitalization 
time, reduce economic burden, improve surviv-
al rate, reduce recurrence rate, and improve 
quality of life. At present, there is no specific 
diagnostic method for SLN metastasis in EC 
patients. The auxiliary assessment methods 
include the general condition of the patient, 
preoperative magnetic resonance imaging, pre-
operative computed tomography, multiple pre-
operative tumor markers, intraoperative SLN 
mapping, and surgery pathology, etc. [11, 12]. 
These methods all have certain evaluation 
value for SLN metastasis in EC patients, but 
there are often errors when they are evaluated 
individually. Relevant studies have shown that 
the use of certain factors alone to assess the 
postoperative recurrence risk of EC patients 
has an error rate of about 40%, which will 
directly and adversely affect the initial surgical 
treatment of EC patients [13]. 

A nomogram is a visual model of the results of 
multivariate analysis, which can be used to 
diagnose or predict the onset or progression  
of a disease by combining multiple indicators. 
Some scholars have constructed a nomogram 
model for the prognosis of patients with low-
grade endometrial stromal sarcoma, and con-
firmed that the model has certain clinical value 
[14]. Xie et al. [15] reported in a study of EC 
patient-specific mortality that the nomogram 
model could accurately predict the cancer-spe-
cific mortality risk of EC patients treated with 
hysterectomy. From existing studies, nomo-
gram models for predicting sentinel LNM in EC 
patients are still rare. Therefore, it is still of 
great clinical significance to analyze the risk 
factors of sentinel LNM in EC patients based  
on multi-dimensional indicators and build a 
nomogram model.

Method

Research objects

In this retrospective study, the clinical data of 
79 EC patients who were treated in Zhumadian 
Central Hospital (from January 2019 to January 

2021) were analyzed. There were 18 patients 
with SLN metastasis and 61 patients without 
SLN metastasis. This study complied with the 
ethical guidelines of the Declaration of Helsin- 
ki and approved by the Ethics Committee of 
Zhumadian Central Hospital. 

Inclusion criteria: (1) Confirmed EC patients by 
pathological examination; (2) Patients with sur-
gical indications and received comprehensive 
EC staging surgery in our hospital (peritoneal 
flushing fluid + total hysterectomy/sub-exten-
sive hysterectomy/extensive hysterectomy + 
bilateral adnexectomy Surgery + pelvic lymph 
node dissection + para-aortic lymph node  
sampling/dissection); (3) Patients with no psy-
chiatric disease; (4) Patients with complete 
information required for this study. 

Exclusion criteria: (1) Patients with serous pap-
illary carcinoma and clear cell carcinoma; (2) 
Patients who had received radiotherapy, che-
motherapy, or immunosuppressive therapy be- 
fore operation; (3) Patients combined with oth- 
er malignant tumors; (4) Patients with recurrent 
EC.

Data collection methods

The medical records of EC patients were retro-
spectively reviewed to collect patients’ informa-
tion: patients’ age, preoperative body mass 
index (BMI), history of hypertension or diabe-
tes, pregnancy history, menopause, tumor dia- 
meter, degree of tissue differentiation, tumor 
stage, cervical interstitial involvement, postop-
erative complications, postoperative adjuvant 
therapy, Carbohydrate Antigen 125 (CA125), 
Human Epididymis Protein 4 (HE4), neutroph- 
ils-lymphocytes ratio (NLR), Platelet-lympho- 
cyte ratio (PLR). 

Model construction and verification

The rms program package in RStudio software 
was used to visualize the results of multiva- 
riate analysis to obtain a nomogram model. 
Nomogram is a quantitative analysis chart that 
uses a cluster of disjoint line segments to rep-
resent the functional relationship between mul-
tiple variables in plane coordinates. Its advan-
tage lies in that the value of a variable can be 
directly calculated by using the graph, such as 
the index score or survival probability of 
patients. Clinicians can add the scores corre-
sponding to various risk factors to get the total 
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score, which can be used to get the probability 
of disease occurrence and decide the next 
treatment. Internal validation of the model: 
receiver operator characteristic curve (ROC), 
calibration curve, and decision curve (DC) were 
used to evaluate the discrimination, accuracy, 
and clinical benefit rate of the model. The area 
under the ROC curve (AUC) was between 0.5 
and 1.0. AUC = 0.5, no diagnostic value; AUC: 
0.5-0.7, low; AUC: 0.7-0.9, medium; AUC: 0.9, 
high. 

Statistical analysis

SPSS 25.0 and R Studio statistical software 
was used for preliminary analysis of the 
research data. Qualitative data were expressed 
by frequency and percentage, and analyzed by 
χ2 test. Quantitative data conforming to a nor-
mal distribution were presented in the form of 
(meanantitativ deviation), and a t-test was per-
formed. P < 0.05 indicated that the difference 
was significant. 

Results

Univariate analysis

The clinical data of 18 SLN-positive patients 
and 61 SLN-negative patients were analyzed  
by univariate analysis. The results showed that 
the BMI, tumor diameter, tissue differentiation 
degree, stage, cervical interstitial involvement, 
CA125, HE4, and other indicators of the two 
groups of patients were significantly difference 
(all P < 0.05), as shown in Table 1. 

Multivariate analysis

Multivariate logistic regression analysis was 
performed (as shown in Table 2 for variable 
assignments), and the results of multivariate 
analysis showed that BMI ≥ 24 kg/m2, tumor 
diameter ≥ 2 cm, low differentiation, and cer- 
vical stromal involvement were independent 
risk factors for SLN metastasis in EC patients 
(P < 0.05). And the risk of SLN in EC patients 
increased with the increase of HE4 level (P < 
0.05), as shown in Table 3. 

Model construction

According to the results of multifactorial analy-
sis, SLN metastasis in EC patients is affected 
by multiple factors. Combining multiple factors, 
we got a prediction model: Logit P = -33.024 + 

0.919 * BMI + 0.122 * diameter + 1.338 * dif-
ferentiated + 0.064 * Stage + 1.187 * Surgical 
street + 1.448 * HE4. In order to improve the 
readability of the model, we have visualized the 
model and obtained the nomogram predic- 
tion model as shown in Figure 1. It can be seen 
from the nomogram that when the patient’s 
BMI is < 24, the single score of BMI is 0, and 
when n 24, it is 12.5. The scoring principle of 
other indicators is the same as that of BMI. The 
sum of the individual scores of all indicators is 
the total score of the evaluated patient, and the 
corresponding risk value can be obtained 
according to the position of the total score on 
the risk axis. 

Verification of the nomogram model

From the ROC curve in Figure 2, the AUC of  
the model is 0.934 (95% CI: 0.878-0.979). The 
calibration curve in Figure 3 shows a Brier 
score of 0.084. The decision curve in Figure 4 
shows that the threshold probability of the 
model ranges from 2% to 88%. Taking this  
cutoff value of the ROC curve as the diagno- 
stic criterion, the threshold probability of the 
model was calculated to be 39%. When 39% 
was used as the basis for judging whether to 
take measures to intervene, 68 out of every 
100 EC patients could benefit without harming 
the interests of others. 

Discussion

At present, EC has become the No. 1 gyneco-
logical malignancy in some regions of China, 
and the onset tends to be in younger age of 
women. Identification of the influencing factors 
of LNM in EC patients has always been a 
research hotspot in this filed [16]. In this  
study, we analyzed the personal characteris-
tics, surgical and pathological characteristics, 
and clinical detection indicators of patients to 
find the risk factors for LNM in EC patients. 
Among the multiple personal characteristics  
of patients, obesity has been reported by mul-
tiple studies as a risk factor for lymph node 
metastasis in EC patients [17-19]. This study 
showed that the risk of LNM in EC patients with 
BMI ≥ 24 kg/m2 was 2.508 times that of EC 
patients with BMI < 24 kg/m2. Obesity can 
affect the generation and development of lym-
phatic vessels, causing structural damage  
and increased lymphatic permeability, thereby 
affecting the generation and transport of lymph 
fluid [20]. Therefore, clinical attention should 
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be paid to obese EC patients, and patients 
should be helped to lose weight if necessary. 
Yang et al. [21] indicated in their study that 
hypertension and diabetes are risk factors for 
LNM in EC patients after treatment. However, in 
this study, hypertension or diabetes were not 
risk factors for LNM in EC patients. It may be 
due to the fact that EC patients with hyperten-

sion or diabetes in this study had blood pres-
sure and glycemic level within the normal range, 
which reduced their effect on cancer cell 
metastasis, but the specific mechanism 
remains to be explored. 

Surgical pathology is a decisive factor for EC 
staging. Tumor diameter, pathological type, tis-

Table 1. Univariate analysis of SLN metastasis in EC patients
Factor SLN positive group (n = 18) SKN negative group (n = 61) χ2/t P
Age (years) 0.591 0.442
    ≥ 50 11 (26.19) 31 (73.81)
    < 50 7 (18.92) 30 (81.08)
BMI (kg/m2) 4.606 0.032
    ≥ 24 14 (31.82) 30 (68.18)
    < 24 4 (11.43) 31 (88.57)
Hypertension or diabetes 1.490 0.222
    yes 10 (29.41) 24 (70.59)
    no 8 (17.78) 37 (82.22)
Pregnancy history 1.171 0.279
    yes 6 (18.75) 10 (66.67)
    no 12 (25.53) 51 (79.69)
Menopause 0.736 0.391
    yes 13 (20.31) 35 (74.47)
    no 5 (33.33) 26 (81.25)
Tumor diameter (cm) 4.347 0.037
    ≥ 2 13 (32.50) 27 (67.50)
    < 2 5 (12.82) 34 (87.18)
Degree of tissue differentiation 4.511 0.034
    Poor 8 (40.00) 12 (60.00)
    Medium or high 10 (16.95) 49 (83.05)
Stage 4.107 0.043
    II-III 11 (34.38) 21 (65.63)
    I 7 (14.89) 40 (85.11)
Cervical interstitial involvement 4.725 0.030
    yes 12 (34.29) 23 (65.71)
    no 6 (13.64) 38 (86.36)
Postoperative complications 1.100 0.294
    yes 6 (31.58) 13 (68.42)
    no 12 (20.00) 48 (80.00)
Postoperative adjuvant therapy 0.599 0.439
    yes 13 (25.49) 38 (74.51)
    no 5 (17.86) 23 (82.14)
CA125 (U/mL) 41.22±10.38 29.31±8.61 4.917 0.000
HE4 (pmol/L) 137.29±29.16 109.93±22.07 4.283 0.000
NLR 2.01±0.39 2.17±0.31 1.811 0.074
PLR 151.08±31.22 159.87±35.41 0.949 0.346
Note: SLN: Sentinel Lymph Node; EC: Endometrial Carcinoma; BMI: Body Mass Index; CA125: Carbohydrate Antigen 125; HE4: 
Human Epididymis Protein 4; NLR: Neutrophils-Lymphocytes Ratio; PLR: Platelet-Lymphocyte Ratio.



Sentinel lymph node metastasis in endometrial cancer

8654 Am J Transl Res 2022;14(12):8650-8658

sue grade, depth of myometrial invasion, cer- 
vical stromal involvement, and vascular inva-
sion are all considered to be factors that may 
affect the prognosis of EC patients [22-24]. This 
study analyzed the pathological characteristics 
of EC patients such as tumor diameter, tissue 
differentiation, stage, cervical stromal involve-
ment, and found that patients with ≥ 2 cm had 
a significantly higher risk of SLN metastasis 
than those with < 2 cm. Larger tumor diameter 
suggests that tumor cells proliferate faster and 
have a higher risk of LNM [22]. These also sug-
gests that in actual clinical work, medical staff 
need to pay more attention to breast cancer 
patients with larger tumor diameters, such as 
early completion of tissue biopsy with active 
postoperative review, in the expectation that 
patients will benefit more from treatment. In 
addition, the degree of differentiation and cli- 
nical stage also have a significant impact on 
the risk of SLN metastasis in EC patients. For 
most types of cancers, a low degree of diffe- 
rentiation indicates a high degree of tumor 
malignancy and therefore a high risk of inva-
sion and metastasis [25-27]. The higher the 
clinical stage, the more likely the cancer cells 
are to spread. Therefore, aggressive lymph 
node biopsy should be performed for patients 
with poorly differentiated tumor tissue and in 
the middle and late stages. Cervical interstitial 
involvement is one of the independent risk  
factors for SLN metastasis in EC patients, 
which is consistent with the conclusions of 
scholars such as Li [28]. 

During the process of malignant tumor progres-
sion or disease invasion, there may be “shed-
ding” of cancer cell antigens. These shed pro-

tumors for auxiliary diagnosis. The elevation of 
CA125 is associated with the stimulation of the 
peritoneum in states such as menstruation, 
pregnancy, and postpartum stress, and it is 
usually significantly elevated in benign condi-
tions such as inflammatory response, adeno-
myoma, and ovarian endometriomas, but it is 
not highly specific for the diagnosis of EC [29-
31]. In the univariate analysis results of this 
study, the CA125 levels of the positive group 
and the negative group were significan- 
tly different, but the multivariate analysis 
showed that the elevated CA125 level was not 
a risk factor for sentinel lymph node metasta-
sis in EC patients. HE4 is a novel tumor marker 
that has emerged in recent years, and was  
first discovered in epithelial cells distal to the 
male epididymal duct. HE4 is encoded by the 
whey acidic protein gene and is a member of 
the protease inhibitor family with protective 
immune functions. Relevant studies have 
shown that HE4 is expressed in the re-produc-
tive tract epithelium, but the content is not 
high, while the sensitivity to EC is 46-67%, and 
the specificity is over 90% [32]. This suggests 
that HE4 has a certain diagnostic value for EC. 
The analysis of this study found that with the 
increase of HE4 level, the risk of sentinel LNM 
in EC patients was significantly increased. 
Therefore, in the process of nursing EC pa- 
tients, we should pay close attention to the 
changes of HE4 in patients. If HE4 abnormally 
increases, corresponding measures should be 
taken to intervene. 

Disease prediction is the estimation of disease 
progression based on surveillance data, which 
aims to improve the predictability of disease 
prevention and control and to establish proac-

Table 2. Assignment of each factor
Variable Assignment
Dependent variable
    SLN transfer 1 = “positive”, 0 = “negative”
Independent variable
    BMI 1 = “≥ 24 kg/m2”, 0 = “< 24 kg/m2”
    Tumor diameter 1 = “≥ 2 cm”, 0 = “< 2 cm”
    Tissue differentiation 1 = “poor”, 0 = “medium or high”
    Stage 1 = “II-III”, 0 = “I”
    Cervical interstitial involvement 1 = “yes”, 0 = “no”
    CA125 Enter the actual value
    HE4 Enter the actual value
Note: SLN: Sentinel Lymph Node; BMI: Body Mass Index; CA125: Carbohydrate 
Antigen 125; HE4: Human Epididymis Protein 4.

teins are deposited in the lym-
phatic system, participate in the 
circulation in the body, and 
increase the serum antigens of 
cancer cells. Therefore, we can 
label these antigens, namely 
tumor markers, and detect the 
levels of these antigens to deter-
mine the progression of the dis-
ease and explore tumor markers 
that have predictive value for 
lymph node metastasis of endo-
metrial cancer. Although no spe-
cific tumor markers for EC have 
been found so far, a variety of 
tumor markers have been used 
in the field of gynecological 



Sentinel lymph node metastasis in endometrial cancer

8655 Am J Transl Res 2022;14(12):8650-8658

mainstream method for predicting the occur-
rence and development of diseases, and has 
been applied in different fields, such as predict-
ing the survival probability of different cancers, 
predicting infectious diseases, predicting car-
diovascular diseases, and predicting diabetes. 
In this study, based on the results of multivari-
ate analysis, a nomogram model of the risk of 
SLN in EC patients was constructed. The model 
was verified by the ROC curve, and the AUC  
was 0.934, indicating that the model has a high 
degree of discrimination. A Brier of 0.084 was 
obtained from the calibration curve, indicating 
that the model-predicted value was in good 
agreement with the actual probability. Decision 
curves also showed that the model had a good 
rate of clinical benefit. However, this study did 

Table 3. Multivariate analysis of risk factors for SLN
Variable B SE Wald χ2 P OR 95% CI
BMI ≥ 24 kg/m2 0.919 0.534 2.959 0.045 2.508 0.880-7.149
Diameter of tumor ≥ 2 cm 0.122 0.022 31.898 0.000 1.129 1.083-1.178
Poorly differentiated 1.338 0.475 7.940 0.005 3.812 1.503-9.669
Stage II-III 0.064 0.028 5.061 0.024 1.066 1.008-1.127
Cervical interstitial involvement 1.187 0.485 5.993 0.014 3.276 1.267-8.473
CA125 0.337 0.505 0.446 0.504 1.401 0.520-3.772
HE4 1.448 0.550 6.932 0.008 4.253 1.448-12.495
Constant -33.024 5.159 40.983 0.000 - -
Note: BMI: Body Mass Index; CA125: Carbohydrate Antigen 125; HE4: Human Epididymis Protein 4.

Figure 1. Nomogram model for predicting SLN metastasis in EC patients. 
Note: BMI: Body Mass Index; HE4: Human Epididymis Protein 4; SLN: Senti-
nel Lymph Node; EC: Endometrial Carcinoma.

Figure 2. Receiver operating characteristic curve.

tive safeguard mechanisms. 
With the continuous develop-
ment of mathematical mod-
els, computer simulation te- 
chnology, and even machine 
learning, many prediction mo- 
dels are gradually applied to 
the prediction of disease 
development trends and epi-
demic laws. Nomogram is a 
commonly used clinical dis-
ease prediction tool. It inte-
grates multiple predictors 
based on multivariate regres-
sion analysis, assigns values 
according to the impact of 
each index on the outcome 
event, and predicts the prob-
ability of individual outcome 
events through a certain func-
tional transformation relation-
ship. At present, the No- 
mogram model has become a 
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not carry out external verification, and large-
scale external verification is still required to 
apply the model to the clinic. 

Conclusion

In conclusion, the occurrence of SLN in EC 
patients is related to their personal characte- 
ristics, pathological characteristics, tumor ma- 
rkers and other multi-dimensional indicators, 
and the combination of multiple indicators is 
more conducive to assessing the risk of SLN.  
In this study, the nomogram model predicting 
the risk of SLN in EC patients was constructed, 
and the model was verified to have good dis-
crimination and prediction accuracy.

Disclosure of conflict of interest

None.

Address correspondence to: Hui Liu, Department  
of Nursing, Zhumadian Central Hospital, No. 747, 
West Section of Zhonghua Road, Zhumadian, 
Henan, China. Tel: +86-0396-2726210; E-mail: 
liuhui0396@163.com

References

[1] Huvila J, Pors J, Thompson EF and Gilks CB. 
Endometrial carcinoma: molecular subtypes, 
precursors and the role of pathology in early 
diagnosis. J Pathol 2021; 253: 355-365. 

[2] Soslow RA, Tornos C, Park KJ, Malpica A, Ma-
tias-Guiu X, Oliva E, Parkash V, Carlson J, Mc-
Cluggage WG and Gilks CB. Endometrial car- 
cinoma diagnosis: use of figo grading and  
genomic subcategories in clinical practice:  
recommendations of the international society 
of gynecological pathologists. Int J Gynecol 
Pathol 2019; 38 Suppl 1: S64-S74. 

[3] Bigby SM, Tin Tin S, Eva LJ, Shirley P, Demp-
ster-Rivett K and Elwood M. Increasing inci-
dence of endometrial carcinoma in a high-risk 
New Zealand community. Aust N Z J Obstet 
Gynaecol 2020; 60: 250-257. 

[4] Montoya-Gonzalez MC, Arias-Ortiz NE and Ar-
boleda-Ruiz WA. Incidence, mortality and sur-
vival of endometrial cancer in Manizales, Co-
lombia 2003-2017. Rev Peru Med Exp Salud 
Publica 2021; 38: 562-568. 

[5] Luna C, Balcacer P, Castillo P, Huang M and 
Alessandrino F. Endometrial cancer from early 
to advanced-stage disease: an update for radi-
ologists. Abdom Radiol (NY) 2021; 46: 5325-
5336. 

[6] Burrows A, Pudwell J and Bougie O. Preopera-
tive factors of endometrial carcinoma in pa-
tients undergoing hysterectomy for atypical 
endometrial hyperplasia. J Obstet Gynaecol 
Can 2021; 43: 822-830. 

[7] Moukarzel LA, Braxton KF, Zhou QC, Pedra No-
bre S, Iasonos A, Alektiar KM, Tew WP, Abu-
Rustum NR, Leitao MM Jr, Chi DS and Mueller 
JJ. Non-exenterative surgical management of 
recurrent endometrial carcinoma. Gynecol On-
col 2021; 162: 268-276. 

[8] Li W, Jiang J, Fu Y, Shen Y, Zhang C, Yao S, Xu 
C, Xia M, Lou G, Liu J, Lin B, Wang J, Zhao W, 
Zhang J, Cheng W, Guo H, Guo R, Xue F, Wang 
X, Han L, Zhao X, Li X, Zhang P, Zhao J, Ma J, 
Yao Q, Yang X, Dou Y, Wang Z, Liu J, Fang Y, Li 
K, Wang B, Chen G, Cheng X, Sun C and Kong 
B. Implications of isolated para-aortic lymph 
node metastasis in endometrial cancer: a 
large-scale, multicenter, and retrospective 
study. Front Med (Lausanne) 2021; 8: 754890. 

[9] Ali M, Mumtaz M, Naqvi Z, Farooqui R and 
Shah SA. Assessing tumor size by MRI and pa-
thology in type I endometrial carcinoma to  

Figure 3. Calibration curve.

Figure 4. Decision curve.

mailto:liuhui0396@163.com


Sentinel lymph node metastasis in endometrial cancer

8657 Am J Transl Res 2022;14(12):8650-8658

predict lymph node metastasis. Cureus 2022; 
14: e23135. 

[10] Eriksson AGZ, Davidson B, Bjerre Trent P, 
Eyjólfsdóttir B, Dahl GF, Wang Y and Staff AC. 
Update on sentinel lymph node biopsy in sur- 
gical staging of endometrial carcinoma. J Clin 
Med 2021; 10: 3094. 

[11] Curcio E, Miller B, Giglio A, Akoluk A, Erler B, 
Bosscher J, Borowsky M, Hicks V and ElSahwi 
K. Sentinel lymph node sampling in robot-as-
sisted staging of endometrial cancer. South 
Med J 2021; 114: 680-685. 

[12] Zhou J, Zhu W, Zhu T and Tang X. Application of 
single-hole laparoscopy and sentinel lymph 
node imaging in early endometrial carcinoma 
in special population. Comput Math Methods 
Med 2021; 2021: 9285708. 

[13] Blakely M, Liu Y, Rahaman J, Prasad-Hayes M, 
Tismenetsky M, Wang X, Nair N, Dresser KA, 
Nagarsheth N and Kalir T. Sentinel lymph node 
ultra-staging as a supplement for endometrial 
cancer intraoperative frozen section deficien-
cies. Int J Gynecol Pathol 2019; 38: 52-58. 

[14] Wu J, Zhang H, Li L, Hu M, Chen L, Xu B and 
Song Q. A nomogram for predicting overall sur-
vival in patients with low-grade endometrial 
stromal sarcoma: a population-based analysis. 
Cancer Commun (Lond) 2020; 40: 301-312. 

[15] Xie G, Qi C, Yang W, Wang R, Yang L, Shang L, 
Huang L and Chung MC. Competing risk no- 
mogram predicting cancer-specific mortality 
for endometrial cancer patients treated with 
hysterectomy. Cancer Med 2021; 10: 3205-
3213. 

[16] Meng N, Fang T, Feng P, Huang Z, Sun J, Wang 
X, Shang J, Wang K, Han D and Wang M. Amide 
proton transfer-weighted imaging and multi- 
ple models diffusion-weighted imaging facili-
tates preoperative risk stratification of early-
stage endometrial carcinoma. J Magn Reson 
Imaging 2021; 54: 1200-1211. 

[17] Cobb LP, Siamakpour-Reihani S, Zhang D, Qin 
X, Owzar K, Zhou C, Conrads TP, Maxwell GL, 
Darcy KM, Bateman NW, Litzi T, Bae-Jump V 
and Secord AA. Obesity and altered angiogen-
ic-related gene expression in endometrial can-
cer. Gynecol Oncol 2021; 163: 320-326. 

[18] Fucinari J, Elshaikh MA, Ruterbusch JJ, Khalil 
R, Dyson G, Shultz D, Ali-Fehmi R and Cote ML. 
The impact of race, comorbid conditions and 
obesity on survival endpoints in women with 
high grade endometrial carcinoma. Gynecol 
Oncol 2021; 162: 134-141. 

[19] Kokts-Porietis RL, Elmrayed S, Brenner DR and 
Friedenreich CM. Obesity and mortality among 
endometrial cancer survivors: a systematic re-
view and meta-analysis. Obes Rev 2021; 22: 
e13337. 

[20] Mili N, Paschou SA, Goulis DG, Dimopoulos 
MA, Lambrinoudaki I and Psaltopoulou T. Obe-
sity, metabolic syndrome, and cancer: patho-
physiological and therapeutic associations. 
Endocrine 2021; 74: 478-497. 

[21] Yang X, Li X, Dong Y, Fan Y, Cheng Y, Zhai L, 
Zhang S, Zhou J and Wang J. Effects of meta-
bolic syndrome and its components on the 
prognosis of endometrial cancer. Front Endo-
crinol (Lausanne) 2021; 12: 780769. 

[22] Akis S, Kabaca C, Keles E, Özturk UK, Özyurek 
E, Api M, Cetiner H and Bostanci E. Tumor di-
ameter as a predictor of lymph node involve-
ment in endometrioid type endometrial ade- 
nocarcinomas. J Obstet Gynaecol Res 2021; 
47: 3968-3978. 

[23] Monsur M, Yamaguchi M, Tashiro H, Yoshinobu 
K, Saito F, Erdenebaatar C, Li C, Iwagoi Y, Oh- 
ba T, Iyama KI and Katabuchi H. Endometrial 
cancer with a POLE mutation progresses fre-
quently through the type I pathway despite its 
high-grade endometrioid morphology: a cohort 
study at a single institution in Japan. Med Mol 
Morphol 2021; 54: 133-145. 

[24] Nasioudis D, Ko EM, Cory L and Latif N. Impact 
of surgical approach on prevalence of posi- 
tive peritoneal cytology and lymph-vascular in-
vasion in patients with early-stage endometrial 
carcinoma: a National Cancer Database study. 
Int J Gynecol Cancer 2021; 31: 1001-1006. 

[25] Xiang R, Rong Y, Ge Y, Song W, Ren J and Fu T. 
Cell differentiation trajectory predicts patient 
potential immunotherapy response and prog-
nosis in gastric cancer. Aging (Albany NY) 
2021; 13: 5928-5945. 

[26] Yang B, Xia H, Xu C, Lu M, Zhang S, Wang G 
and Ma L. Impact of sarcomatoid differentia-
tion and rhabdoid differentiation on prognosis 
for renal cell carcinoma with vena caval tu-
mour thrombus treated surgically. BMC Urol 
2020; 20: 14. 

[27] Cochrane DR, Campbell KR, Greening K, Ho 
GC, Hopkins J, Bui M, Douglas JM, Sharland-
jieva V, Munzur AD, Lai D, DeGrood M, Gibbard 
EW, Leung S, Boyd N, Cheng AS, Chow C, Lim 
JL, Farnell DA, Kommoss S, Kommoss F, Roth 
A, Hoang L, McAlpine JN, Shah SP and Hunts-
man DG. Single cell transcriptomes of normal 
endometrial derived organoids uncover novel 
cell type markers and cryptic differentiation of 
primary tumours. J Pathol 2020; 252: 201-
214. 

[28] Li M, Wu S, Xie Y, Zhang X, Wang Z, Zhu Y  
and Yan S. Cervical invasion, lymphovascular 
space invasion, and ovarian metastasis as pre-
dictors of lymph node metastasis and poor 
outcome on stages I to III endometrial cancers: 
a single-center retrospective study. World J 
Surg Oncol 2019; 17: 193. 



Sentinel lymph node metastasis in endometrial cancer

8658 Am J Transl Res 2022;14(12):8650-8658

[29] Sasamoto N, DePari M, Vitonis AF, Laufer MR, 
Missmer SA, Shafrir AL and Terry KL. Evalua-
tion of CA125 in relation to pain symptoms 
among adolescents and young adult women 
with and without surgically-confirmed endo- 
metriosis. PLoS One 2020; 15: e0238043. 

[30] Dochez V, Caillon H, Vaucel E, Dimet J, Winer N 
and Ducarme G. Biomarkers and algorithms 
for diagnosis of ovarian cancer: CA125, HE4, 
RMI and ROMA, a review. J Ovarian Res 2019; 
12: 28. 

[31] Sayyadi BM, Takai IU, Ibrahim SA, Abdulsalam 
K and Ibrahim UM. CA125 levels in pregnancy: 
a case-control study amongst pregnant women 
in Aminu Kano teaching hospital, North-West 
Nigeria. Niger Postgrad Med J 2020; 27: 325-
330. 

[32] Cramer DW, Vitonis AF, Sasamoto N, Yamamo-
to H and Fichorova RN. Epidemiologic and bio-
logic correlates of serum HE4 and CA125 in 
women from the National Health and Nutri- 
tional Survey (NHANES). Gynecol Oncol 2021; 
161: 282-290.


