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Abstract: Objective: To evaluate the predictive value of immunohistochemical markers combined with clinicopatho-
logical parameters for recurrence after lymph node dissection in patients with endometrial cancer (EC) and to con-
struct a comprehensive risk assessment model. Methods: A retrospective study was conducted on 118 EC patients 
who underwent radical surgery with systematic lymph node dissection between January 2023 and December 2025. 
Clinicopathological characteristics and expression of estrogen receptor (ER), progesterone receptor (PR), p53, and 
Ki-67 were collected. Kaplan-Meier (KM) analysis, Log-rank test, and Cox proportional hazards regression (Cox 
regression) models were used to identify prognostic factors. Receiver operating characteristic (ROC) curves and 
the DeLong test were applied to assess predictive performance. Results: During a median follow-up of 26 months, 
28 patients (23.7%) experienced recurrence. Univariate analysis showed that advanced International Federation 
of Gynecology and Obstetrics stage (FIGO stage), poor differentiation, deep myometrial invasion, positive lympho-
vascular space invasion (LVSI), lymph node metastasis, aberrant p53 expression, and high Ki-67 expression were 
significantly associated with recurrence (all P<0.05). Multivariate analysis identified lymph node metastasis (P = 
0.005), aberrant p53 expression (P = 0.008), Ki-67 ≥30% (P = 0.022), and LVSI positivity (P = 0.042) as indepen-
dent risk factors. The combined model achieved an area under the curve (AUC) of 0.876 (95% confidence interval 
(CI): 0.807-0.945), with a sensitivity of 85.7% and specificity of 82.2%, outperforming individual predictors (all 
P<0.05). Conclusion: Key clinicopathological and immunohistochemical factors are independently associated with 
recurrence after lymph node dissection in EC. The model may improve risk stratification and support postoperative 
follow-up and risk management.
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Introduction

Endometrial cancer (EC) is among the most 
common malignant diseases of the female 
reproductive tract, and its global incidence  
continues to rise [1]. Epidemiological data  
predicted that the number of newly diagnosed 
EC cases in the United States would exceed 
66,000 in 2024, and the number of related 
deaths was expected to exceed 13,000 [2, 3]. 
Accurate identification of high-risk recurrence 
populations after surgery has core clinical value 
for optimizing individualized intervention strate-
gies and customizing follow-up plans. Lymph 
node dissection is a key technical step in EC 

surgical staging, and its value lies in clarifying 
the regional lymph node involvement status, 
thereby laying a pathological basis for the selec-
tion of postoperative adjuvant therapy path-
ways [4]. However, this invasive procedure itself 
is also associated with an increased incidence 
of postoperative complications. The 2023 FIGO 
staging system revision first incorporated mo- 
lecular subtyping parameters into the staging 
framework, highlighting the strategic signifi-
cance of biomarkers in prognostic stratification 
[5]. Predictive value of immunohistochemical 
markers: Estrogen receptor (ER), progesterone 
receptor (PR), p53 tumor suppressor protein, 
and cell proliferation marker Ki-67 have been 
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widely used in EC prognostic assessment; how-
ever, their efficacy in predicting recurrence in 
patients after lymph node dissection still needs 
systematic validation. Mature evidence for clini-
copathological parameters: The strong corre- 
lation between pathological features such as 
tumor cell differentiation degree, myometrial 
invasion depth, and lymphovascular space infil-
tration (LVSI) and recurrence events has been 
established through numerous studies [6, 7]. 
Evidence suggests that LVSI is more closely 
related to distant organ metastasis, hence 
FIGO staging has upgraded LVSI positivity to a 
staging upgrade standard [8]. The degree of 
myometrial invasion, especially the involve-
ment of the outer 1/3 layer, has a significant 
statistical association with the risk of distant 
recurrence [9]. Prognostic significance of p53 
abnormal expression: Abnormal p53 protein 
expression is considered a key biological signal 
of poor prognosis and is positively correlated 
with high recurrence rate and low long-term 
survival [10, 11]. Limitations of single indica-
tors and the rise of combined models: Although 
single clinicopathological features or immuno-
histochemical markers have certain predictive 
value for recurrence, their discriminative effi-
cacy has a significant ceiling effect when used 
independently. In recent years, several research 
teams have been committed to developing 
multi-factor integrated prediction systems to 
improve the accuracy of risk assessment [12, 
13]. However, current evidence regarding re- 
currence prediction in endometrial cancer has 
largely focused on general surgical popula-
tions, with limited attention specifically to pa- 
tients undergoing systematic lymph node dis-
section. Lymph node dissection represents a 
distinct clinical scenario, as it not only refines 
staging accuracy but may also alter recurrence 
patterns and prognostic factor weighting. Pre- 
vious studies have attempted to construct pre-
dictive models integrating clinicopathological 
and immunohistochemical features. For ins- 
tance, Song et al. [14] developed a model incor-
porating Ki-67 and pathological characteris-
tics, achieving a C-index of 0.85. However, this 
model was primarily based on early-stage 
patients and did not specifically address the 
subgroup undergoing lymph node dissection. 
Therefore, whether the prognostic determi-
nants and model performance remain consis-
tent in this specific population remains unclear. 
The present study aims to fill this gap by focus-
ing on patients who underwent lymph node dis-

section and by constructing a tailored re- 
currence prediction model integrating both  
clinicopathological and immunohistochemical 
parameters.

Materials and methods

Study subjects

This retrospective cohort study included 118 
cases of endometrial cancer who underwent 
surgical intervention at The First People’s Hos- 
pital of Zunyi between January 2023 and De- 
cember 2025. Inclusion criteria included: (1) 
Preoperative histopathological confirmation of 
endometrial cancer diagnosis; (2) Complete 
postoperative pathology records, including im- 
munohistochemical data; (3) No prior anti-tu- 
mor systemic therapy (radiotherapy or chemo-
therapy); (4) Complete clinical follow-up records. 
Exclusion criteria included: (1) Concurrent pri-
mary malignancy; (2) Intraoperative discovery 
of extraperitoneal metastases or diffuse perito-
neal dissemination; (3) Final pathological diag-
nosis revised to uterine sarcoma; (4) Immuno- 
histochemical staining failure or missing key 
data. This study was approved by the Ethics 
Committee of The First People’s Hospital of 
Zunyi.

Sample size estimation

According to the event-per-variable (EPV) prin-
ciple, at least 10 outcome events are gene- 
rally recommended for each predictor variable 
in Cox regression models [15, 16]. Based on 
the expected inclusion of 8-10 variables, an 
ideal sample size would require approximately 
80-100 recurrence events. However, due to the 
retrospective nature of this study and limited 
follow-up data, only 118 patients were includ-
ed, with 28 recurrence events observed (EPV ≈ 
3-4). This relatively low EPV may increase the 
risk of model overfitting. To mitigate this issue, 
we restricted the number of variables included 
in the multivariate model and applied a step-
wise selection procedure. In addition, internal 
validation using bootstrap resampling (1000 
iterations) was performed to evaluate model 
stability. Therefore, the present model should 
be interpreted as an exploratory model.

Clinical pathology data collection

The following variables were extracted using 
the hospital’s electronic medical record sys-
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tem: (1) Baseline characteristics: patient age, 
body mass index (BMI); (2) Preoperative labora-
tory indicators: serum tumor marker CA125 
concentration; (3) Surgical pathology parame-
ters: FIGO 2023 staging, histological subtype 
classification, tumor differentiation grade, de- 
gree of myometrial invasion, lymphovascular 
space involvement (LVSI) status, cervical stro-
mal invasion, total number of lymph nodes re- 
moved, and number of positive nodes; (4) Po- 
stoperative adjuvant therapy strategies: radio-
therapy, cytotoxic chemotherapy, or a combina-
tion therapy; (5) Follow-up outcome informa-
tion: time of recurrence, anatomical location, 
and survival status.

Immunohistochemical staining procedure

Immunohistochemical staining of four protein 
markers [estrogen receptor (ER), progesterone 
receptor (PR), p53, and Ki-67)] was performed 
using a two-step EnVision detection system. 
The specific procedure was as follows: 4-micron 
thick tissue sections were cut from the postop-
erative paraffin-embedded specimen, dewaxed 
with xylene, and hydrated with graded ethanol. 
Antigen retrieval was performed using a high-
pressure steam method with citrate buffer at 
pH 6.0. Endogenous peroxidase activity was 
blocked by incubation with 3% hydrogen perox-
ide solution at room temperature for 10 mi- 
nutes.

Primary antibody incubation: The following anti-
bodies were added and incubated overnight at 
4°C in a humidified chamber: Rabbit anti-hu- 
man ER monoclonal antibody (dilution 1:100, 
Cell Signaling Technology); Rabbit anti-human 
PR monoclonal antibody (dilution 1:100, Cell 
Signaling Technology); Mouse anti-human p53 
monoclonal antibody (dilution 1:200, Dako); 
Mouse anti-human Ki-67 monoclonal antibody 
(dilution 1:150, Dako).

After washing with PBS buffer, horseradish per-
oxidase (HRP)-labeled polymeric secondary 
antibody was added, and the cells were incu-
bated at 37°C for 30 minutes. DAB chromogen-
ic reagent was used for development, and the 
cell nuclei were counterstained with hematoxy-
lin solution. After routine dehydration and clear-
ing, the cells were mounted with neutral resin.

Criteria for interpreting staining results

ER/PR assessment: A positive rate of ≥1% in 
tumor cell nuclear staining was considered pos-
itive expression [17].

p53 classification: Based on nuclear staining 
patterns, it was divided into: wild type (10-70% 
of cell nuclei show positive reaction); mutant 
type (<10% of cells are completely negative or 
>70% of cells show strong positive overexpres-
sion) [18].

Ki-67 index: Five hundred tumor cell nuclei 
were randomly counted in representative ho- 
tspot areas, and the percentage of positively 
stained nuclei was calculated. The optimal cut-
off value for Ki-67 was determined by receiver 
operating characteristic (ROC) curve analysis 
using postoperative recurrence as the end-
point. The cutoff corresponding to the maxi-
mum Youden index was selected, and 30% was 
identified as the optimal threshold. Accordingly, 
Ki-67 expression was categorized as high pro-
liferative activity (≥30%) and low proliferative 
activity (<30%) [19].

All slides were independently reviewed by two 
senior pathologists. If there was a disagree-
ment in the interpretation results, a consensus 
was reached through consultation and dis- 
cussion.

Follow-up monitoring plan

The postoperative monitoring plan was as fol-
lows: quarterly follow-up for the first 24 months, 
semi-annual assessment for the 3rd-5th years, 
and annual follow-up after 5 years. Follow-up 
procedures included: gynecological physical 
examination, serum CA125 dynamic monitor-
ing, and enhanced CT or MRI scans of the 
chest, abdomen, and pelvis.

Recurrence was defined as localized recur-
rence or distant organ metastases confirmed 
by imaging examination or histopathological 
biopsy.

Data processing framework

Software environment: Analytical workflows 
employed SPSS Statistics 26.0 and R computa-
tional platform (build 4.2.0).

Descriptive characterization: Continuous pa- 
rameters were reported as arithmetic mean ± 
standard deviation (for Gaussian distributions 
with equal variance) or median accompanied 
by 25th-75th percentile range; comparative 
tests applied Student’s t or Mann-Whitney U 
procedures accordingly. Count data were tabu-
lated as absolute frequencies (relative percent-
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ages) with between-strata comparisons via chi-
square or Fisher’s exact probability assess- 
ment.

Recurrence-free survival estimation: Product-
limit (Kaplan-Meier) curves depicted temporal 
patterns; log-rank statistic evaluated inter-
group survival divergence. Candidate prognos-
tic factors (univariate screening P<0.10) under-
went multivariable Cox proportional hazards 
modeling via forward likelihood-ratio selection. 
Variables with P<0.10 in univariate analysis 
were considered candidate predictors and 
entered into the multivariate model, and the 
final model was established using forward step-
wise likelihood-ratio selection. Adjusted effect 
magnitudes were expressed as HR (95% CI).

Prognostic tool formulation: Independent pre-
dictors from multivariable analysis formed a 
composite scoring system. Discrimination abil-
ity was gauged through ROC methodology; pair-
wise AUC comparisons utilized DeLong’s vari-
ance estimation approach. The “rms” R pack-
age generated visual nomograms; calibration 
diagnostics confirmed prediction-observation 
concordance; clinical net benefit across deci-
sion thresholds was mapped via DCA. Inferential 
testing maintained two-tailed orientation with 
type I error rate fixed at 5%. To facilitate clinical 
application, a simplified risk scoring system 
was further derived from the final multivariate 
Cox model. Because the regression coefficients 
of the retained predictors were of similar mag-
nitude, each independent predictor was as- 
signed 1 point. The total score therefore ranged 
from 0 to 4, and patients were stratified into 
low-, intermediate-, and high-risk groups ac- 
cording to the cumulative score.

Results

General information and clinicopathological 
features of patients

This study enrolled 118 endometrial cancer 
patients, aged 28-78 years, with median age 
57 years (IQR: 51-64 years); BMI ranged 18.5-
38.2 kg/m2, with mean BMI of 25.8 ± 4.3 kg/
m2. Among these, 102 cases (86.4%) were 
endometrioid adenocarcinoma, and 16 cases 
(13.6%) were non-endometrioid adenocarcino-
ma, including 8 serous carcinoma cases, 5 
clear cell carcinoma cases, and 3 carcinosar-
coma cases. FIGO staging: Stage I 78 cases 

(66.1%), Stage II 19 cases (16.1%), and Stage 
III 21 cases (17.8%). Tumor grade: G1 42 cases 
(35.6%), G2 45 cases (38.1%), and G3 31 cases 
(26.3%). Among the 65 patients (55.1%) with 
muscle layer infiltration <50%, 53 patients 
(44.9%) had ≥50%. LVSI positivity occurred in 
33 patients (28.0%), and lymph node metasta-
sis presented in 24 patients (20.3%). Post- 
operative adjuvant therapy comprised radio-
therapy alone in 26 patients (22.0%), chemo-
therapy alone in 35 patients (29.7%), combined 
radiotherapy and chemotherapy in 21 patients 
(17.8%), and no adjuvant therapy in 36 patients 
(30.5%). Immunohistochemical results revealed 
ER positivity in 86 patients (72.9%), PR positiv-
ity in 82 patients (69.5%), abnormal p53 exp- 
ression in 35 patients (29.7%), and high Ki-67 
expression (≥30%) in 51 patients (43.2%). 
Median follow-up time was 26 months (range 
3-36 months). During follow-up, 28 patients 
(23.7%) experienced recurrence, including 10 
pelvic recurrence cases (35.7%), 13 distant 
metastasis cases (46.4%), and 5 cases with 
combined pelvic recurrence and distant metas-
tasis (17.9%). Median recurrence time was 15 
months (IQR: 9-21 months). The 1-year, 2-year, 
and 3-year RFS rates for the entire cohort were 
85.6%, 78.2%, and 73.5%, respectively.

Comparison of baseline indicators 

Significant differences were found between the 
two groups in FIGO stage, tumor grade, histo-
logical type, depth of muscle layer invasion, 
LVSI, lymph node metastasis, p53 expression, 
and Ki-67 expression (all P<0.05) (Table 1).

Multivariate regression results

Variables showing statistical significance or 
borderline significance in univariate analysis 
(P<0.10) were entered into the multivariate Cox 
regression model. After adjustment, only lymph 
node metastasis, aberrant p53 expression, 
Ki-67≥30%, and LVSI positivity remained sta-
tistically significant, whereas other factors lost 
significance, suggesting that their prognostic 
contribution may be partly explained by overlap 
with stronger independent predictors. Variables 
with P<0.10 in univariate analysis were includ-
ed in the multivariate Cox regression model, 
and a forward stepwise selection method was 
applied to identify independent predictors. 
Including the variables that were meaningful in 
the single-factor model into the Cox regression 
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Table 1. Comparison of baseline indicators between the two groups

Feature Recurrent Group 
(n = 28)

Non-recurrent 
Group (n = 90) Test Statistic P-value

Age (years) 58.5 ± 8.2 56.8 ± 9.1 t = 0.913 0.364
BMI (kg/m2) 26.2 ± 4.6 25.6 ± 4.2 t = 0.645 0.521
FIGO Stage χ2 = 17.353 <0.001
    Stages I-II 15 (53.6%) 82 (91.1%)
    Stage III 13 (46.4%) 8 (8.9%)
Histological Type χ2 = 4.102 0.043
    Endometrioid adenocarcinoma 21 (75.0%) 81 (90.0%)
    Non-endometrioid adenocarcinoma 7 (25.0%) 9 (10.0%)
Tumor Grade χ2 = 10.678 <0.001
    G1-G2 14 (50.0%) 73 (81.1%)
    G3 14 (50.0%) 17 (18.9%)
Myometrial Invasion Depth χ2 = 7.818 <0.001
    <50% 9 (32.1%) 56 (62.2%)
    ≥50% 19 (67.9%) 34 (37.8%)
Lymphovascular Space Invasion χ2 = 11.956 <0.001
    Negative 13 (46.4%) 72 (80.0%)
    Positive 15 (53.6%) 18 (20.0%)
Lymph Node Metastasis χ2 = 19.937 <0.001
    Negative 14 (50.0%) 80 (88.9%)
    Positive 14 (50.0%) 10 (11.1%)
ER Expression χ2 = 1.374 0.254
    Positive 18 (64.3%) 68 (75.6%)
    Negative 10 (35.7%) 22 (24.4%)
PR Expression χ2 = 1.338 0.252
    Positive 17 (60.7%) 65 (72.2%)
    Negative 11 (39.3%) 25 (27.8%)
p53 Expression χ2 = 13.674 <0.001
    Wild-type 11 (39.3%) 69 (76.7%)
    Abnormal expression 17 (60.7%) 21 (23.3%)
Ki-67 Expression χ2 = 15.117 <0.001
    <30% 7 (25.0%) 60 (66.7%)
    ≥30% 21 (75.0%) 30 (33.3%)
Note: Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; ER, 
estrogen receptor; PR, progesterone receptor.

model, results indicated that lymph node meta- 
stasis, abnormal p53 expression, Ki-67≥30%, 
and LVSI positivity constituted independent 
risk factors for postoperative recurrence in 
endometrial cancer patients (Table 2; Figure 
1).

Construction and evaluation of combined pre-
dictive model

ROC curve analysis: ROC curve analysis evalu-
ated the discriminatory capacity of individual 

predictive factors and the combined model. 
Individual AUC values were: lymph node metas-
tasis 0.708 (95% CI: 0.612-0.804), abnormal 
p53 expression 0.675 (95% CI: 0.572-0.778), 
Ki-67≥30% 0.647 (95% CI: 0.543-0.751), and 
LVSI positivity 0.654 (95% CI: 0.550-0.758). 
The integrated four-factor model demonstrated 
substantially enhanced discriminatory perfor-
mance with AUC 0.876 (95% CI: 0.807-0.945, 
P<0.001), significantly exceeding individual 
parameter performance (all P<0.01, DeLong 
test) (Table 3; Figure 2). For Ki-67, ROC analysis 



Predicting recurrence after lymph node resection in endometrial cancer patients

5228	 Am J Transl Res 2026;18(6):5223-5235

Table 2. Multivariate regression results

Variable
Univariate Analysis Multivariate Analysis

HR (95% CI) Test Statistic 
(Wald χ2) P HR (95% CI) Test Statistic 

(Wald χ2) P

Age ≥60 years 1.42 (0.68-2.97) 0.875 0.348
BMI ≥30 kg/m2 1.28 (0.52-3.15) 0.291 0.589
FIGO Stage III 4.85 (2.31-10.18) 18.457 <0.001 1.89 (0.76-4.71) 1.864 0.172
Non-endometrioid carcinoma 2.67 (1.14-6.25) 5.142 0.023 1.42 (0.54-3.76) 0.504 0.478
Grade G3 5.42 (2.58-11.39) 21.368 <0.001 1.76 (0.71-4.38) 1.485 0.224
Myometrial invasion ≥50% 4.68 (2.08-10.52) 16.892 <0.001 1.58 (0.64-3.91) 0.993 0.319
LVSI positive 4.52 (2.15-9.50) 16.547 <0.001 2.18 (1.03-4.62) 4.125 0.042
Lymph node metastasis 6.85 (3.28-14.31) 28.743 <0.001 3.24 (1.42-7.38) 7.896 0.005
ER negative 2.89 (1.36-6.14) 1.374 0.254 1.62 (0.68-3.87) 1.198 0.274
PR negative 1.68 (0.81-3.48) 1.924 0.164 - - -
p53 abnormal 5.68 (2.67-12.08) 22.145 <0.001 2.87 (1.31-6.29) 7.021 0.008
Ki-67 ≥30% 5.24 (2.28-12.03) 18.936 <0.001 2.45 (1.14-5.27) 5.247 0.022
Note: Abbreviations: HR, hazard ratio; CI, confidence interval; LVSI, lymphovascular space invasion.

Figure 1. Forest plot of multifactor regression model. Abbreviations: HR, hazard ratio; CI, confidence interval.

identified 30% as the optimal cutoff value 
according to the maximum Youden index, which 
was therefore used for subsequent dichotomi-
zation in survival analyses.

Internal validation and calibration: Bootstrap 
internal validation (1000 resamplings) showed 
that the model had good stability, with a cor-
rected AUC of 0.868 (95% CI: 0.795-0.941). 
The calibration curves show a good agreement 
between the predicted and actual probabilities 
(Hosmer-Lemeshow test, P = 0.742, Figure 3).

Decision curve analysis: Decision curve analy-
sis showed that when the threshold probability 
ranged from 10% to 70%, the combined predic-
tion model provided a greater net benefit than 
any single predictor as well as the “treat-all” 
and “treat-none” strategies (Figure 4). Clinically, 
this threshold range may correspond to deci-
sion-making scenarios in which physicians con-
sider closer surveillance intensity, more fre-
quent imaging or CA125 monitoring, or further 
evaluation for postoperative management in 
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Table 3. ROC curve analysis of predictive factors
Predictive Factor AUC 95% CI Optimal Cutoff Sensitivity (%) Specificity (%) Youden Index
Lymph node metastasis 0.708 0.612-0.804 Positive 50.0 88.9 0.389
p53 abnormal 0.675 0.572-0.778 Abnormal 60.7 76.7 0.374
Ki-67 ≥30% 0.647 0.543-0.751 ≥30% 75.0 66.7 0.417
LVSI positive 0.654 0.550-0.758 Positive 53.6 80.0 0.336
Combined model 0.876 0.807-0.945 Score ≥2 85.7 82.2 0.679
Note: Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval.

Figure 2. ROC curves comparing individual predictors and combined mod-
el. Abbreviations: ROC, receiver operating characteristic; AUC, area under 
the curve.

patients judged to be at elevated recurrence 
risk.

Risk stratification system: Based on the final 
multivariate Cox regression model, a simplifi- 
ed additive scoring system was constructed 
using the four independent predictors (lymph 
node metastasis, aberrant p53 expression, 
Ki-67≥30%, and LVSI positivity). Each predictor 
was assigned 1 point, resulting in a total score 
ranging from 0 to 4. According to the score dis-
tribution and recurrence risk gradient, patients 
were categorized into three groups: low risk 
(<2), intermediate risk (2-3), and high risk (≥4). 
As the total risk score increased, the inciden- 
ce of recurrence rose markedly, whereas the 

3-year recurrence-free survi- 
val rate declined substantially 
(Table 4; Figure 5).

Nomogram development: The 
constructed nomogram (Figure 
6) can calculate the individual 
recurrence risk based on the 
scores of each predictor factor. 
Each predictor factor obtains a 
point value proportional to the 
Cox regression coefficient, the- 
reby enabling the calculation of 
the total score corresponding 
to the predicted recurrence pro- 
bability at 1, 2, and 3 years.

Comparative performance an- 
alysis: Comparative ROC analy-
sis via DeLong testing confir- 
med the combined four-param-
eter model’s statistically signifi-
cant superiority over all individ-
ual predictors (Table 5). The 
integrated model achieved AUC 
0.876, substantially exceeding 
single-parameter AUC values 
ranging 0.647-0.708 (all pair-
wise P<0.01).

Discussion

This study retrospectively included 118 cases 
of endometrial cancer that underwent lymph 
node dissection, and screened lymph node 
involvement, p53 protein abnormality, Ki-67 
overexpression, and LVSI invasion as indepen-
dent high-risk factors for postoperative recur-
rence. The risk assessment system established 
by integrating the above four indicators showed 
excellent discriminative ability (area under the 
curve 0.876), and supported risk stratifica- 
tion and follow-up management. Lymph node 
involvement is the strongest predictor of recur-
rence risk. Data showed that patients with 
lymph node metastasis had a recurrence prob-
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Figure 3. Calibration curve for recurrence prediction model.

Figure 4. Decision curve analysis for recurrence prediction models. 

ability 3.24 times higher than those without 
metastasis, which finding is consistent with  
the observation result of Ting’s team [20]. The 
team’s analysis of cases with clinical staging in 
the uterine body found that positive para-aortic 
lymph nodes were the only significant predictor 
of recurrence (hazard ratio 7.60). Leon-Cas- 
tillo’s research group [21] also verified in cases 
with poor differentiation that even after lymph 
node dissection, the status still dominated the 
prognosis. However, the risk ratio of lymph 

node metastasis in this group 
(3.24) was significantly lower 
than that reported by Ting et 
al., which may be attributed to 
differences in the composition 
of the enrolled population, the 
different distribution of dise- 
ase stages, and changes in ad- 
juvant therapy strategies. This 
study included more cases that 
received postoperative system-
ic treatment, which may have 
improved the outcome of the 
lymph node-positive popula-
tion to some extent. Abnormal 
p53 protein expression is clo- 
sely associated with poor prog-
nosis. In this study, p53 abnor-
mal expression increased the 
risk of recurrence by 2.87 ti- 
mes, which is highly consistent 
with the current consensus of 
molecular subtyping research. 
Mechanistically, p53 stability 
and function are tightly regu-
lated by post-translational mo- 
difications, particularly ubiqui-
tination. The E3 ubiquitin ligase 
MDM2 promotes p53 ubiquiti-
nation and proteasomal deg- 
radation, thereby reducing its 
tumor-suppressive functions 
and potentially contributing to 
recurrence risk [22]. The Uij- 
terwaal research group [23] 
found that the p53 abnormal 
subtype accounted for 61.6% 
of the patients in stage IV. 
Although the prognostic differ-
entiation ability of molecular 
subtyping in the late stage pop-
ulation is limited, p53abn is 
still a key adverse marker. The 

FIGO staging system revised in 2023 listed 
p53abn as a basis for upgrading [5], highlight-
ing its judgment value. Data from Yamazaki’s 
team [24] showed that even in early (stage I-II) 
cases, the 5-year recurrence rate of p53abn 
patients was 36.7%, far exceeding that of other 
molecular types. This study further confirmed 
that p53 abnormality is still an independent 
recurrence risk signal in people who have com-
pleted lymph node dissection, suggesting that 
such patients should receive more aggressive 
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Table 4. Risk stratification system and corresponding recurrence 
rates

Risk Category Score 
Range

Patient 
Count

Recurrence 
Events (%)

3-Year 
RFS (%) 95% CI

Low risk <2 58 3 (5.2%) 91.4 82.7-100
Intermediate risk 2-3 42 11 (26.2%) 73.8 60.5-87.1
High risk ≥4 18 14 (77.8%) 33.3 14.6-52.0

Figure 5. Kaplan-Meier recurrence-free survival curves by risk category. 

Figure 6. Prognostic nomogram for recurrence risk prediction.

adjuvant intervention and intensive monitoring. 
High Ki-67 expression reflects vigorous tumor 
cell proliferation. The study set 30% as the  
cutoff point, and the results showed that 
Ki-67≥30% increased the risk of recurrence by 
2.45 times. The risk model developed by Song 

et al. [14] also integrated the 
Ki-67 parameter and showed 
excellent predictive performa- 
nce in early cases (C-index 
0.85). The debate about the 
ideal cutoff value of Ki-67 con-
tinues, with the range reported 
in the literature ranging from 
15% to 30% [25]. This study 
locked 30% as the best cutoff 
value through ROC curve analy-
sis, achieving the best balance 
between sensitivity and speci-
ficity. The Liu team [26] also 
used Ki-67≥30% as a high-risk 
threshold in the machine learn-
ing framework, proving that its 
combined application can en- 
hance the accuracy of predic-
tion. It is worth emphasizing 
that Ki-67 detection results are 
easily affected by experimen- 
tal methods, and establishing 
standardized operating proce-
dures is a prerequisite for en- 
suring clinical application. LVSI 
status is the core indicator for 
predicting metastasis and re- 
currence. Data from this study 
showed that LVSI positivity in- 
creases the risk of recurrence 
by 2.18 times. The Buechi re- 
search group [27] verified in a 
real-world cohort that LVSI is an 
independent warning signal of 
recurrence in lymph node-neg-
ative patients. The FIGO stag-
ing update in 2023 has set LVSI 
positivity as a condition for sta- 
ge II advancement [5], and  
the RAINBO clinical trial project 
[28] also uses it as a key strati-
fication standard for molecul- 
ar subtyping-driven treatment. 
However, the interpretation and 
grading of LVSI (focal vs. sub-
stantial) depends on subjective 

assessment, and the consistency of judgment 
among observers needs to be improved. This 
study did not subdivide the degree of LVSI, 
which may limit its predictive power. Future 
work should adopt a more standardized LVSI 
evaluation system, such as using immunohisto-
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chemical staining to assist in identification, in 
order to improve the accuracy and repeatability 
of interpretation.

The conclusions of this study partially overlap 
with the findings of the Dinoi team [29], but 
there are some differences. Dinoi et al. con-
firmed in a lymph node-negative stage I endo-
metrioid adenocarcinoma population that the 
degree of myometrial invasion (≥71% of the 
outer 1/3 layer) and tumor grade are indepen-
dent predictive factors for distant metastasis, 
while in the multivariate model of this group of 
data, these two factors did not reach statistical 
significance. Possible reasons for the differ-
ences include: first, this study covers different 
clinical stages (stages I-III) and histological sub-
types, and the population composition is more 
diverse; second, 45% of the cases in this group 
received postoperative systemic treatment, 
which may have changed the prognostic weight 
of traditional risk factors; third, the difference 
in sample size (118 cases in this study com-
pared to 386 cases in the Dinoi study) may 
affect the power of the test. Notably, this stu- 
dy introduced immunohistochemical markers 
(p53, Ki-67) to overcome the limitations of rely-
ing solely on clinicopathological features, pro-
viding a more comprehensive prognostic frame-
work. It is noteworthy that several variables 
significant in univariate analysis, such as FIGO 
stage, tumor grade, histological type, and myo-
metrial invasion depth, did not remain signifi-
cant in the multivariate model. This finding sug-
gests that part of their prognostic effect may be 
captured by more proximal or biologically domi-
nant predictors, particularly lymph node status, 
LVSI, and immunohistochemical markers.

This study has several limitations. First, the 
relatively small sample size and limited number 
of recurrence events may increase the risk of 
model overfitting, despite the use of bootstrap 

tion system developed in this study achieved 
an area under the curve (AUC) of 0.876, signifi-
cantly outperforming the discriminative power 
of single indicators and consistent with multi-
ple literature reports [30, 31]. The four ele-
ments included in the model (lymph node sta-
tus, p53, Ki-67, and LVSI) are all routine clinical 
tests, making data acquisition convenient and 
cost-effective, and possessing good practical 
operability. Using nomograms, clinicians can 
intuitively quantify the recurrence probability of 
individual patients, providing an objective basis 
for treatment selection. For example, the 3-year 
recurrence-free survival rate for high-risk gr- 
oups (score ≥4) is only 33.3%, and intensive 
adjuvant interventions such as combined radio-
therapy and chemotherapy or molecular target-
ed therapy should be considered; while the 
3-year recurrence-free survival rate for low-risk 
patients (score <2) is as high as 91.4%, allow-
ing for appropriate reduction in treatment in- 
tensity and avoiding overtreatment. Compared 
with the nomogram, the simplified point-based 
scoring system may be more convenient for 
bedside risk stratification and routine postop-
erative follow-up planning. The decision curve 
analysis also confirmed the model’s clinical net 
benefit, particularly within the threshold proba-
bility range of 10%-70%. In practical terms, this 
range may reflect scenarios in which clinicians 
would consider intensifying follow-up sched-
ules, increasing surveillance frequency, or per-
forming additional postoperative risk evalua-
tion for patients estimated to have a higher 
recurrence probability. Therefore, the DCA find-
ings support the model’s utility in recurrence 
risk management rather than direct treatment 
assignment. The relatively low EPV in this study 
may affect model stability; however, similar 
exploratory models with limited sample sizes 
have been reported in previous oncological 
prognostic studies.

Table 5. Pairwise AUC comparison: combined model versus indi-
vidual parameters

Comparison AUC  
Difference 95% CI DeLong 

Z P-value

Combined vs. LN metastasis 0.168 0.089-0.247 4.23 <0.001
Combined vs. p53 abnormal 0.201 0.118-0.284 4.76 <0.001
Combined vs. Ki-67 ≥30% 0.229 0.145-0.313 5.28 <0.001
Combined vs. LVSI positive 0.222 0.139-0.305 5.14 <0.001
Note: Abbreviations: AUC, area under the curve; CI, confidence interval.

internal validation. Second, 
this was a single-center retro-
spective study, which may in- 
troduce selection bias and li- 
mit generalizability. Third, ex- 
ternal validation was not per-
formed. Therefore, the predic-
tive performance of the mo- 
del requires further validation 
in larger, multicenter cohorts. 
The comprehensive predic-
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In summary, recurrence after lymph node dis-
section in endometrial cancer patients is influ-
enced by key factors such as lymph node 
metastasis, abnormal p53 expression, high 
Ki-67 expression, and LVSI positivity. The com-
bined predictive model has good predictive 
value and provides new insights for screening 
and preventing recurrence rates in these 
patients.
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