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Background: Endometrial cancer (EC) is a common malignant tumor in the female reproductive system. Identifying patients with
a high risk of recurrence is beneficial for formulating personalized follow-up and treatment plans. This study aims to develop
a prediction model for evaluating the risk of recurrence of EC after treatment.

Methods: This study conducted a retrospective analysis on 486 patients with EC and randomly divided them into a training group (n=389)
and a validation group (n = 97). A nomogram was constructed after identifying predictors. The concordance index (C-index), receiver
operating characteristic (ROC) curve, calibration plots, net reclassification index (NRI), integrated discrimination improvement (IDI),
decision curve analysis (DCA) and Kaplan-Meier curves were used to evaluate the predictive model for EC recurrence.

Results: A predictive nomogram was constructed based on the six selected predictors. The ROC curve (area under the curve = 0.890) and
calibration curve indicate that the model has high discrimination and calibration capabilities. The NRI in the training set was 0.321 (95% CI:
0.031-0.438), and the IDI was 0.133 (95% CI: 0.052-0.215), indicating a significant improvement compared to the ESGO-ESTRO-ESP
pattern. The DCA curves indicated that this model exhibited excellent discriminative performance and clinical application value.
Conclusion: A nomogram based on pathological factors and immunohistochemical indicators was constructed and validated for
predicting the recurrence of EC. Its predictive performance was superior to the ESGO-ESTRO-ESP pattern, and it can be used as
a prognostic tool for clinical risk stratification.
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Introduction
Endometrial carcinoma (EC) ranks among the top three most prevalent gynecologic malignancies globally, with
a steadily increasing incidence.'™ Its predominant histological types are endometrioid carcinoma (EEC) and the more
clinically aggressive non-endometrioid carcinoma (NEEC). Surgical intervention serves as the cornerstone of manage-
ment for this disease, and approximately 90% of early-stage patients have a favorable prognosis, but some patients still
experience postoperative recurrence. According to statistics, the 5-year survival rate for stage I-II EEC can reach 92.7%.*
However, in the context of recurrence, even with chemotherapy, the response rate is only 12% to 42%, and the
improvements in progression-free survival and overall survival are usually short-lived.” For patients with advanced or
recurrent disease, currently available effective treatment options are relatively limited.

In traditional prognostic evaluation of EC, age, surgical-pathological stage, histological type and grade, depth of
myometrial invasion, and lymphatic and vascular invasion are key clinicopathological factors for assessing the risk of
recurrence.® Utilizing pathological information of postoperative tumors to predict the risk of recurrence can help provide

precision medicine for EC.” With the increasing depth of molecular biology research, immunohistochemical markers
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have gradually been incorporated into the prognostic evaluation system for malignant tumors,® ' providing significant
molecular basis for predicting patient survival outcomes.

In routine postoperative immunohistochemical markers of EC tumor tissues, the abnormal expression of estrogen
receptor (ER) and progesterone receptor (PR) plays a crucial role in the pathogenic mechanism of EC. Moreover, they
serve as crucial biomarkers for assessing prognosis and guiding treatment.''"'> Human epidermal growth factor receptor
2 (HER2), a transmembrane tyrosine kinase, plays a critical role in regulating cell proliferation, differentiation, and
survival. Patients with HER2-positive EC usually have a poorer prognosis.'> Abnormal expression of the p53 gene

promote tumor development'*'?

16,17

and can predict the prognosis of EC. The Ki-67 protein can serve as a marker for tumor
proliferation and invasion and predict a poor prognosis in EC.'®'? Dysfunction or low expression of mismatch repair
system proteins (MMR) can prevent the correction of DNA repair defects, leading to microsatellite instability and
mutation accumulation.”>?' Immunohistochemistry enables the direct assessment of MMR protein expression in tumor
samples. The four proteins most frequently evaluated for loss of expression in this context are MLH1, MSH2, MSHO,
and PMS2.*** In recent years, with the advancement of The Cancer Genome Atlas (TCGA) project, molecular
classification of EC has been incorporated into the prognosis assessment.**

Although the ESGO-ESTRO-ESP (European Society of Gynecological Oncology, European Society for Radiotherapy
and Oncology and European Society of Pathology) risk stratification model has made progress in incorporating molecular
classification,”” it still faces limitations such as limited predictive accuracy. Studies showed that this model achieves
a c-index of 0.78 in assessing recurrence risk for early-stage EC, with unclear prognostic differentiation in the
intermediate-risk group.?® Even after incorporating molecular classification, 26.6% of patients primarily belonging to
the intermediate-high-risk group were still misstratified.”” Most p53mut cases occur in NEEC subtypes, but when NEEC
subtypes are excluded, the predictive power of this subgroup decreases in EEC patients, suggesting the need for more
histology-specific stratification methods.®

In terms of predictive model construction methods, although nomograms are inferior to machine learning in fitting
certain complex nonlinear relationships, they are widely adopted due to their good interpretability and clinical usability. Our
previous study has attempted to construct a nomogram for EC recurrence, but it did not incorporate the latest molecular
biomarkers and lacked independent validation.?’ Therefore, based on clinicopathological and immunohistochemical
indicators, this study developed and internally validated a nomogram for predicting postoperative recurrence risk, and
compared it with the ESGO-ESTRO-ESP pattern, hoping to assist clinicians in conducting more precise risk stratification.

Materials and Methods

Study Population

This study is a retrospective cohort study that included 486 EC patients treated at Nanjing Drum Tower Hospital from
January 2017 to December 2021. The study was conducted in accordance with the ethical guidelines of the Helsinki
Declaration and was approved by the Ethics Committee of Nanjing Drum Tower Hospital (2022-276-03). Due to the
retrospective study design, the requirement for informed consent was waived.

We included patients with a diagnosis of EC in the study cohort, which was confirmed by clinical manifestations,
auxiliary examinations, and postoperative pathological results. All included patients were surgical cases, thus post-
operative pathological results were obtained for analysis. Whether adjuvant therapy was administered postoperatively
and the specific treatment regimens were strictly determined based on current clinical guidelines and pathological
findings, meaning all enrolled patients received standardized treatment. Recurrence is determined by
a multidisciplinary team when the patient meets the following criteria after completing initial radical treatment:
confirmed by pathological biopsy or imaging examinations (CT, MRI, or PET-CT) showing new local or distant lesions,
along with clinical symptoms associated with recurrence supported by imaging findings.

The postoperative pathological results were clear and definite, and immunohistochemical detection were routinely
conducted on the tumor tissues. Essential documented parameters included age, menopausal status, tumor histology,
International Federation of Gynecology and Obstetrics (FIGO)stage, grade, lymph node metastasis, vascular invasion,
myometrial invasion, and immunohistochemical indicators of tumor tissues (HER2, ER, PR, P53, P16, Ki67, Mismatch

2 https: Cancer Management and Research 2026:18



Miao et al @

Repair Deficiency (AMMR) status). The patient will be followed up every 3 months after the treatment, and then every 6
months after three years. The median follow-up period was 48 months. Individuals lacking regular follow-up were
excluded from the analysis.

Immunohistochemical Staining

These immunohistochemical results were obtained from the standardized routine pathological examination for postoperative
EC at Nanjing Drum Tower Hospital, provided by the Department of Pathology. The immunohistochemistry was performed
using Roche Diagnostics antibodies with 3-3’-diaminobenzidine (DAB) chromogen (Maxin, Jichao Co., Ltd, Shanghai). Two
experienced pathologists, blinded to relevant clinical and pathological data, independently evaluated the results by randomly
selecting five high-power fields (400%) under an optical microscope (Carl Zeiss Axio microscope). In the pathological results,
HER?2 and P16 staining results are presented as staining intensity (-, +, ++, +++); ER and PR staining results are scored based
on the product of the percentage of positive cells (0 = 0%, 1 = 1-24%, 2 = 25-49%, 3 = 50-74%, 4 = 75-100%) and staining
intensity (0 = no staining, 1 = weak, 2 = moderate, 3 = strong); P53 results indicate staining intensity, wild-type (scattered
positive results of varying intensities) or abnormal expression (overexpression or complete absence). The P53 immunohis-
tochemical detection examines the protein expression pattern and serves as an alternative marker for TP53 gene mutations.
Ki67 immunohistochemical results are quantified as the percentage of positive cells (positivity rate). The AIMMR status is
determined by the immunohistochemical results of MLH1, MSH2, PMS2, and MSH6. If the results show complete absence of
any one of the four proteins, it is interpreted as dAMMR.

Development and Validation of the Nomogram

Among all the patient data, 80% was used as the training group, and the remaining 20% was selected as the validation
group. For the training queue, the aim was to screen factors for model construction. Meanwhile, the validation queue
verified the results from the training group. The overall proportion of incomplete data was 0.68%, and individual missing
items varied between 0.20% and 3.00%. To handle these gaps, after dividing the data into training set and validation set,
multiple imputation was carried out in SPSS 26 using the complete conditional specification approach, applying
predictive mean matching for scale-type variables. All available variables served as predictors to estimate EC recurrence
risk. In the univariate logistic regression, variables with P < 0.10 were included in the multivariate analysis. Those
predictors that demonstrated statistical significance (p < 0.05) in the multivariate analysis were retained. To reduce the
risk of overfitting, stepwise backward regression was applied to screen variables based on the Akaike Information
Criterion (AIC) criterion, and the stability of the model was evaluated through internal validation (random split validation
set). The goodness of fit of the model was assessed by the Hosmer-Lemeshow test. The discriminative ability of the
model was evaluated using the concordance index (C-index) and the receiver operating characteristic (ROC) curve, while
calibration was assessed via calibration plots. To further compare the performance of the nomogram against the ESGO-
ESTRO-ESP pattern, the Net Reclassification Index (NRI), Integrated Discrimination Improvement (IDI),***! decision
curve analysis (DCA) and Kaplan-Meier curves were employed (Supplementary Figure 1).

Statistical Analysis

All statistical analyses in this investigation were performed with RStudio (ver. 4.4.2) and IBM SPSS Statistics (ver. 26).
A significance threshold of p < 0.05 (two-tailed) was adopted. Several R packages supported specific analytical steps:
“caret” was used to randomly divide the research subjects into a training set and a validation set in a 8:2 ratio, “corrplot”
helped visualize variable correlations, “regplot” assisted in developing a nomogram through univariate, multivariate, and
stepwise logistic regression, and “pROC” enabled the ROC curve plotting. Model calibration was evaluated using the
“rms” package, while clinical usefulness was appraised via DCA from the “rmda” library, which computes net benefit
over a range of probability thresholds.**** The “survival” and “survminer” packages were used to plot Kaplan-Meier
curves. For comparative analyses across groups, continuous measures were examined with t-tests and categorical

measures with chi-square tests.
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Results

Characteristics of Patients

In this retrospective study, we included 486 patients diagnosed and treated for EC from January 2017 to December 2021.
The median follow-up period was 48 months. During the follow-up period, 65 patients experienced recurrence, and 421
patients had a favorable prognosis, accounting for 86.63%. Table 1 displays the basic information of the patients. There
were no significant differences in the clinical pathological characteristics and the immunohistochemical markers data
between the training set and the validation set. Table 1 summarizes the clinical characteristics of these EC patients. The
mean age of patients in the training set was 58.01 years; 68.64% of the patients were postmenopausal at diagnosis;
91.52% were patients with type I endometrioid adenocarcinoma; 8.23% of the patients had lymph node metastasis at

initial treatment, 18.77% had vascular invasion, and 19.02% exhibited myometrial invasion >1/2.

Table | Clinical Characteristics of Endometrial Cancer Patients

Level Overall Training Cohort | Validation Cohort | P value
N 486 389 97
Age (mean [SD]) 58.36 [10.31] 58.01 [10.38] 59.76 [9.88] 0.134
Menopause (%) No 143 (29.42) 122 (31.36) 21 (21.65)
Yes 343 (70.58) 267 (68.64) 76 (78.35) 0.060
Histological type (%) EEC 440 (90.53) 356 (91.52) 84 (86.60)
NEEC 46 (9.47) 33 (8.48) 13 (13.40) 0.139
Grade (%) Gl 203 (41.77) 165 (42.42) 38 (39.18)
G2 179 (36.83) 141 (36.25) 38 (39.18)
G3 104 (21.40) 83 (21.34) 21 (21.65) 0.827
Stage (%) | 363 (74.69) 292 (75.06) 71 (73.20)
Il 51 (10.49) 42 (10.80) 9 (9.28)
1] 62 (12.76) 47 (12.08) 15 (15.46)
v 10 (2.06) 8 (2.06) 2 (2.06) 0.825
Lymph node metastasis (%) No 445 (91.56) 357 (91.77) 88 (90.72)
Yes 41 (8.44) 32 (8.23) 9 (9.28) 0.739
Vascular invasion (%) No 395 (81.28) 316 (81.23) 79 (81.44)
Yes 91 (18.72) 73 (18.77) 18 (18.56) 0.962
Muscular invasion (%) No 394 (81.07) 315 (80.98) 79 (81.44)
Yes 92 (18.93) 74 (19.02) 18 (18.56) 0916
HER2 (%) - 149 (30.66) 116 (29.82) 33 (34.02)
+ 262 (53.91) 212 (54.50) 50 (51.55)
++ 61 (12.55) 50 (12.85) 11 (11.34)
+++ 14 (2.88) I1(2.83) 3 (3.09) 0.865
ER (median [IQR]) 9.00 [6.00, 12.00] 9.00 [6.00, 12.00] 8.00 [4.00, 12.00] 0.303
PR (median [IQR]) 8.00 [2.00, 12.00] 8.00 [3.00, 12.00] 6.00 [2.00, 12.00] 0.096
P53 Abnormal (%) No 433 (89.09) 347 (89.20) 86 (88.66)
Yes 53 (10.91) 42 (10.80) 11 (11.34) 0.878
P16 (%) - 194 (39.92) 150 (38.56) 44 (45.36)
+ 165 (33.95) 134 (34.45) 31 (31.96)
++ 54 (11.11) 45 (11.57) 9 (9.28)
+++ 73 (15.02) 60 (15.42) 13 (13.40) 0.655
Ki67 (median [IQR]) 50.00 [30.00, 70.00] | 50.00 [30.00, 70.00] | 50.00 [35.00, 70.00] 0.234
dMMR (%) No 369 (75.93) 294 (75.58) 75 (77.32)
Yes 117 (24.07) 95 (24.42) 22 (22.68) 0.720
Notes: “-”, negative; “+”, weakly positive; “++”, moderately positive; “+++”, strongly positive.

Abbreviations: EEC, endometrioid endometrial cancer; NEEC, non-endometrioid endometrial cancer; HER2, human epidermal growth
factor receptor 2; ER, estrogen receptor; PR, progesterone receptor; dMMR, mismatch repair deficiency.
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Screening for Prognostic Variables

Correlation analysis revealed that among the pathological immunohistochemical indicators, there was a positive correlation
between ER expression and PR expression, and both were negatively correlated with the expressions of Ki67, HER2, P53, and
P16 (Supplementary Figure 2). In the univariate regression analysis, factors with P < 0.1 included age, menopause,

histological type, grade, stage, vascular invasion, muscular invasion, expression of HER2, ER, PR, P53, P16, Ki67 and the
presence of dMMR. These factors were included in the multivariate logistic regression analysis. Muscular invasion,
expression of HER2, ER, P53, P16, and the presence of dAMMR were factors with P < 0.05 in the multivariate logistic
regression analysis (Table 2, Supplementary Figure 3). The stepwise regression analysis results showed that the AIC values for

lymphatic invasion, vascular invasion, muscular invasion, expression of HER2, ER, P53, P16, and the presence of dIMMR
were the smallest, at 169.39. Therefore, six variables including muscular invasion, expression of HER2, ER, P53, P16, and the
presence of dAMMR were incorporated into the nomogram prediction model for EC recurrence.

Table 2 Univariate and Multivariate Logistic Regression Analyses on Variables for
the Prediction of Recurrence of Endometrial Cancer Patients

Variable Univariate Logistic Analysis | Multivariate Logistic Analysis
OR 95% ClI P value | OR 95% ClI P value

Age 1.05 1.02-1.08 0.002 1.0l 0.95-1.07 0.713

Menopause

No

Yes 2.8l 1.35-6.63 0.010 1.13 0.25-5.39 0.879

Histological type

EEC

NEEC 9.74 4.53-21.19 | <0.001 1.91 0.40-9.11 0415

Grade

Low

Media 2.98 1.07-9.56 0.045 .16 | 0.28-5.33 0.841

High 23.33 | 9.41-70.95 | <0.001 0.89 | 0.17-4.74 0.895

Stage

|

I 6.5 3-13.9 <0.001 1.73 0.49-6.01 0.386

n 3.16 1.35-7.02 0.006 1.99 | 0.41-9.53 0.388

v 1.7 2.62-52.49 | 0.001 0.34 | 0.024.30 0.398

Lymphatic invasion

No

Yes 1.94 0.74-4.54 0.146 024 | 0.04-1.17 0.088

Vascular invasion

No

Yes 7.57 4.05-14.32 | <0.001 220 | 0.77-6.28 0.138

Muscular invasion

No

Yes 3.63 1.92-6.77 <0.001 3.82 1.24-12.45 0.022

HER2

Low (-, +)

High (++, +++) 6.95 3.65-13.28 | <0.001 5.56 | 2.00-16.43 0.001

ER

Low expression

High expression 0.70 0.64-0.77 <0.001 0.76 | 0.62-0.90 0.004

(Continued)
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Table 2 (Continued).

Variable Univariate Logistic Analysis | Multivariate Logistic Analysis
OR 95% ClI P value | OR 95% CI P value

PR

Low expression

High expression 0.68 0.6-0.75 <0.001 092 | 0.75-1.13 0.424

P53

WT

Abnormal 10.19 | 5.03-20.87 | <0.001 7.10 1.82-29.37 | 0.005

P16

+ 3.03 1.19-8.7 0.026 270 | 0.75-10.8l1 0.138

++ 873 3.15-26.68 | <0.001 7.92 1.94-36.06 0.005

+++ 11.12 | 4.39-32.22 | <0.001 1.84 | 0.35-943 0.464

Ki67 1.03 1.02—1.05 <0.001 1.01 0.99-1.04 0.332

dMMR

No

Yes 2.92 1.58-5.35 0.001 4.96 1.75-15.17 | 0.003
Notes: “-”, negative; “+”, weakly positive; “++”, moderately positive; “+++”, strongly positive. P values that

have statistical significance (<0.05) were in bold.

Abbreviations: OR, odds ratio; Cl, confidence interval; EEC, endometrioid endometrial cancer; NEEC,
non-endometrioid endometrial cancer; HER2, human epidermal growth factor receptor 2; ER, estrogen
receptor; PR, progesterone receptor; dMMR, mismatch repair deficiency.

Construction and Validation of a Predicted Nomogram

Based on univariate, multivariate and stepwise logistic regression, a nomogram model was constructed using the six
selected variables to estimate the risk of EC recurrence (Figure 1). In the nomogram model shown in Figure 1, after
mapping the patient’s values for each variable to the corresponding scale and obtaining individual scores, all the scores
are added together to calculate the patient’s total score. Then the corresponding position on the total score axis at the
bottom is found, and then map it downward to obtain the individual recurrence risk probability. ROC curve analysis
showed that the AUC value of this predictive model was 0.890 (95% confidence interval (CI) = 0.816-0.963)
(Figure 2A), indicating that the model has good discriminative power and predictive accuracy.

Subsequently, a predictive model was constructed based on the updated ESGO-ESTRO-ESP guidelines for the
management of EC patients in 2025. These guidelines incorporate molecular classification into the treatment
decisions.”> ROC curve analysis revealed that the AUC value of the ESGO-ESTRO-ESP pattern was 0.859 (95% CI
= 0.782-0.937) (Figure 2B). This indicated that the combination of clinicopathological factors with immunohistochem-
ical results could effectively predict the recurrence of EC, and its predictive ability is superior to the ESGO-ESTRO-ESP
model. (P value = 0.046) (Figure 2C). The C-index of the validation cohort was 0.896 (95% CI = 0.829-0.955), and there
was no significant difference in the statistical power compared to the training set model (P value = 0.488) (Figure 2D).

Evaluation of the Clinical Value of the Nomogram

The accuracy of the prediction model constructed with the six variables selected by univariate, multivariate logistic
analysis and stepwise regression was compared with the model based on the ESGO-ESTRO-ESP pattern using the
C-index, NRI, and IDI. The NRI was 0.321 (95% CI = 0.031 —0.438), while the IDI was 0.133 (95% CI = 0.052-0.215,
P= 0.002) (Table 3), indicating that the nomogram had significantly improved predictive accuracy compared with the
ESGO-ESTRO-ESP pattern. As shown in Figure 2E and F, the calibration curve indicates a good agreement between the
predicted probabilities of the model and the actual risk of recurrence in both the training set and the validation set. The
Hosmer-Lemeshow test also indicated the calibration effect of the nomogram (p = 0.866). To further evaluate its clinical
value, a DCA analysis was conducted. The results showed that the nomogram model demonstrated a favorable positive
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Figure | A nomogram to predict the recurrence of endometrial cancer.

Notes: Read the individual scores for each variable on the corresponding axes. Add up these scores to obtain the total score, and then read the corresponding
individualized recurrence probability on the bottom risk axis. The red dot in the figure illustrates an application example, where the total score of 2.50 obtained by summing
up the scores of each variable corresponds to a recurrence probability of 0.015. “-”, negative; “+”, weakly positive; “++”, moderately positive; “+++”, strongly positive.
Abbreviations: HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; P53abn, P53 abnormal; dMMR, mismatch repair deficiency.

net benefit (Figure 3A). Figure 3B and C demonstrates that the prediction model incorporating six variables—muscular
invasion, expression of HER2, ER, P53, P16, and dAMMR—exhibits better predictive accuracy to the prediction model
based on the ESGO-ESTRO-ESP pattern. Simultaneously, the DCA curve of the validation set confirms this nomogram’s
good clinical applicability in predicting recurrence in EC patients (Figure 3D).

Patients were risk-stratified based on the recurrence probability calculated from the nomogram. When divided into
two groups (low-risk group (probability <0.5) and high-risk group (probability >0.5)) or four groups (low-risk group
(probability <0.25), mediate-risk group (0.25<probability <0.5), mediate-high-risk group (0.5<probability <0.75), and
high-risk group (probability >0.75)), the Kaplan-Meier recurrence-free survival (RFS) curves consistently demonstrated
significant differences between risk categories (P < 0.001), indicating that the nomogram has good discriminative ability
(Figure 3E and F).

In addition, the predictive model was also used to evaluate the recurrence risk after grouping by EC stage (early and
advanced) and pathological type (EEC and NEEC), verifying the performance of the model in subgroups. The model
demonstrated great performance across different subgroups (Supplementary Figure 4).

Discussion

This study aims to construct a nomogram model for predicting the risk of EC recurrence, achieving effective prediction with
as few variables as possible, while balancing statistical power and clinical utility. We collected clinical data from relevant
patients and employed multivariate logistic regression analysis. Based on the minimum AIC criterion, predictive variables
were selected through stepwise regression method. Ultimately, six variables were identified and integrated into the
nomogram design. During the model training phase, 80% of the case data was randomly sampled to establish the prediction
model, and then the remaining 20% of the patients were used to form a validation cohort to evaluate the stability of the
model. The predictive explanatory power and efficacy of the nomogram performed well by incorporating multiple
influencing factors, with a C-index of 0.890. Multiple metrics, including the C-index, NRI, IDI, and DCA curves, indicate
that the nomogram exhibits excellent discriminative ability and outperforms the ESGO-ESTRO-ESP pattern.
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Figure 2 Performance evaluation of the model for predicting recurrence in endometrial cancer patients. (A) The ROC curve of the predictive nomogram constructed with
the six variables selected in the training cohort. (B) The ROC curve of the ESGO-ESTRO-ESP pattern for the recurrence prediction of EC in the training cohort. (C)
Comparison of ROC curves between the six-variable nomogram and the ESGO-ESTRO-ESP pattern in the training cohort. (D) Comparison of the ROC curves between the
training and validation cohorts for the predictive nomogram. (E) Calibration plot of the predictive nomogram for EC recurrence in the training cohort. (F) Calibration plot
of the predictive nomogram for EC recurrence in the validation cohort.

Abbreviations: ROC, receiver operating characteristic; EC, endometrial cancer.

All the samples included in this study were patients who received surgical treatment. The postoperative pathological
and immunohistochemical indicators were mainly used as factors to construct the predictive model, and the variables
related to postoperative adjuvant therapy (such as chemotherapy and radiotherapy) were excluded. This is because
whether the patients in this institution receive adjuvant therapy and the specific treatment plan are strictly based on the
current clinical guidelines and determined according to the postoperative pathological results (including high-risk factors
such as stage, grade, and depth of myometrial invasion). Therefore, adjuvant therapy is prescribed based on pathological

Table 3 C-Index, NRI and IDI of the Nomogram in Predicting the Recurrence of Endometrial
Cancer Patients

Variable Training Cohort Validation Cohort

Estimate 95% CI P value | Estimate 95% CI P value

C-index (ROC)

Nomogram 0.890 0.816-0.963 0.896 0.829-0.955
ESGO-ESTRO-ESP model 0.859 0.782-0.937 0.046 0.869 0.785-0.953 0.042
Index

NRI 0.321 0.031-0.438 0.183 0.009-0.351

DI 0.133 0.052-0.215 0.002 0.167 0.069-0.265 0.008

Abbreviations: C-index, concordance index; NRI, net reclassification index; IDI, integrated discrimination improvement; Cl,
confidence interval.
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Figure 3 Clinical applicability analysis of the nomogram for predicting recurrence in endometrial cancer patients. (A) DCA curve of the six-variable nomogram for EC
recurrence prediction in the training cohort. (B) DCA curve of the ESGO-ESTRO-ESP pattern in the training cohort. (C) Comparison of DCA curves between the
nomogram and the ESGO-ESTRO-ESP pattern in the training cohort. (D) Comparison of the DCA curves between the training and validation cohorts for the predictive
nomogram. (E) Kaplan-Meier RFS curves based on the predicted risk levels, with 0.5 as the dividing point. (F) Kaplan-Meier RFS curves based on the classification of the
predicted risk levels into four groups, with 0.25, 0.5, and 0.75 as quartile points.

Abbreviations: DCA, Decision curve analysis; EC, endometrial cancer; RFS, recurrence-free survival.

features. If it is included in the model together with pathological factors, it may lead to collinearity problems, thereby
affecting the predictive value of pathological and immunohistochemical indicators. Secondly, the indicators selected in
this study are all tumor biomarkers that already exist in pathology and immunohistochemistry, which enhances the
stability and clinical applicability of the model. By analyzing these pathological features related to recurrence risk, the
interference of different treatment strategies can be reduced, making the model more robust and clinically interpretable,
and further guiding treatment.

The clinicopathological factors of interest in this study, such as age, histopathological type, FIGO stage, tumor grade,
myometrial invasion, lymph node metastasis, and vascular invasion, are all closely associated risk factors for EC
recurrence.®>**> Additionally, the immunohistochemical markers can also indicate the prognosis of EC.>® ER can predict
EC prognosis, and its prognostic significance varies across different clinicopathological risk groups and molecular
subtypes of EC.*” In high-grade EC, the expression level of HER2 is higher,®

a worse prognosis for EC.>>° P16, a key regulator of the cell cycle functioning, demonstrates upregulated levels in EC

and HER2 positivity often indicates

and serves as a critical biomarker for its clinical diagnosis.*® P53 immunohistochemistry has evolved into an accurate
surrogate marker reflecting the potential TP53 mutation status.*' Most p53abn EC have a higher grade and involve other
tissue types, and are consistently associated with poor clinical prognosis.** Immunohistochemical testing for MMR
proteins (including MLH1, MSH2, MSH6, and PMS2) serves as a highly accurate alternative to molecular testing for
microsatellite instability in EC.**** The dMMR molecular profile is most frequently observed in endometrial and
colorectal carcinomas. It is closely related to specific pathogenic mechanisms, pathological features and prognosis.*’
Unlike previous prognostic tools that mainly relied on clinical pathological parameters, this model integrates
immunohistochemical markers such as p53 and MMR. The theoretical basis lies in the fact that these markers not
only reflect the biological behavior of tumors but are also closely related to prognosis in the TCGA molecular
classification. This model demonstrates good discrimination and calibration in predicting the recurrence of EC, with
predictive performance superior to the ESGO-ESTRO-ESP pattern. However, this study has certain limitations. Firstly, as
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a single-center retrospective study, the sample size is limited and lacks external validation, so its clinical applicability still
needs further verification. Secondly, the actual impact of the model on clinical decision-making has not been fully
verified. For example, whether high-risk patients truly benefit from treatment adjustments still requires further prospec-
tive research to verify. Thirdly, this model does not include POLE mutation detection, and the integration with the
complete TCGA molecular classification requires further exploration. In summary, this study provides a promising tool
for predicting the recurrence risk of EC, but its application in clinical practice still requires support of prospective,
multicenter, and external validation studies.

Conclusion

Our research established a nomogram model by screening key clinical pathological factors and immunohistochemical
indicators and found that the combined evaluation of muscular invasion, expression of HER2, ER, P53, P16, and the
presence of dAMMR can predict the recurrence of EC. Our nomogram demonstrated the potential for risk stratification of
EC recurrence. However, this study was a single-center retrospective design and lacked external validation, requiring
further prospective and multicenter validation before clinical application.
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