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Objective Endometrial lesions are a frequent complication following breast cancer, and current 
diagnostic tools have limitations. This study aims to develop a machine learning-based nomogram 
model for predicting the early detection of endometrial lesions in patients. The model is designed to 
assess risk and facilitate individualized treatment strategies for premenopausal breast cancer patients. 
Method A retrospective study was conducted on 224 patients who underwent diagnostic curettage 
post-tamoxifen (TAM) therapy between November 2012 and November 2023. These patients exhibited 
signs of endometrial abnormalities or symptoms such as colporrhagia. Clinical data were collected and 
analyzed using R software (version 4.3.2) to identify factors influencing the occurrence of endometrial 
lesions and evaluate their predictive values. Three machine learning methods were employed to 
develop a risk prediction model, and their performances were compared. The best-performing model 
was selected to construct a nomogram of endometrial lesions. Internal validation was conducted using 
the bootstrap method, and the model’s accuracy and fit were assessed using the concordance index 
(C-index) and calibration curves. Results Independent risk factors for endometrial lesions included 
ultrasound characteristics, duration of TAM therapy, presence of colporrhagia, and endometrial 
thickness (P < 0.05). Among the machine learning methods compared, the LASSO regression 
integrated with a multifactorial logistic regression model demonstrated strong performance, with a 
concordance index (C-index) of 0.874 and effective calibration (mean absolute error of conformity: 
0.014). This model achieved an accuracy of 0.853 and a precision of 0.917, with a training set AUC of 
0.874 (95% CI: 0.794–0.831) and a test set AUC of 0.891 (95% CI: 0.777-1.000), closely aligning the 
predicted risk with the actual observed risk. Conclusion The developed prediction model is effective 
in evaluating endometrial lesions in premenopausal breast cancer patients. This model offers a 
theoretical foundation for improving clinical predictions and devising tailored treatment strategies for 
this patient group. 
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Breast cancer is among the most prevalent cancers in women worldwide, with approximately 310,000 new cases 
annually1, according to the World Health Organization’s International Agency for Research on Cancer (IARC) in 
2024. In Asia, breast cancer exhibits a bimodal distribution, with peaks in women in their late 40s to early 50s, of 
whom 60% are premenopausal2. With the continuous development of precision medicine and treatment concept, 
the optimization and precision of systemic therapy has become a research hotspot in the field of breast cancer in 
recent years3. In recent years, breast cancer treatment have evolved, ranging from surgery, chemoradiotherapy, 
endocrine therapy to some new types of breast cancer treatments, including targeted therapy, antibody-drug 
conjugates4,5and neoadjuvant immunosuppressant therapy6,7. These approaches have demonstrated efficacy, with 
drug choices individualized based on breast cancer type. With treatment, the five-year survival rate exceeds 90%, 
and the ten-year survival rate surpasses 85%. New endocrine agents and antibody-drug conjugates are changing 
the therapeutic landscape. Approximately 75% of newly diagnosed breast cancer cases are hormone receptor-
positive8. Endocrine therapy, primarily involving Tamoxifen (TAM), a selective estrogen receptor modulator, as 
a cornerstone of endocrine therapy for breast cancer, is often required for five years or more following surgery 
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and chemotherapy in premenopausal breast cancer patients9. Due to the receptor imbalances in endometrial 
tissues, TAM exerts an estrogen-like effect on the endometrium, leading to endometrial proliferation and 
glandular hypertrophy. This often results in abnormal glandular hyperplasia or structural changes, leading to 
conditions such as endometrial hyperplasia, polyps, endometrial cancer, and sarcoma10. Adverse reactions such 
as peripheral neuropathy11and ototoxicity7are also common in some cancer patients after chemotherapy and 
immunotherapy. Some studies have highlighted the prognostic value of the Royal Marsden Hospital Score12and 
the Neutrophil-to-Eosinophil Ratio13 in cancer patients. With the advent of new treatment options, risk 
assessment methods are becoming increasingly diverse, offering enhanced opportunities to identify the optimal 
therapeutic strategies that maximize clinical benefits while minimizing treatment-related toxicity.

Our study focuses on the adverse effects of TAM in endocrine therapy. Some study indicate that the incidence 
of endometrial thickening during endocrine therapy ranges from 5 to 30%, endometrial polyps from 26 to 60%, and 
endometrial cancer from approximately 0.8–8%14,15. These rates are 2 to 7 times higher than those in the general 
population10. Additionally, Asian populations face a 2.87-fold increased risk of endometrial cancer compared to 
European and American groups, with approximately 20% of cases occurring in premenopausal women8. Several 
risk factors for breast cancer and endometrial carcinoma (EC) have been identified, highlighting the importance 
of awareness in reducing disease burden. Obesity, hypertension, and diabetes mellitus in metabolic syndrome 
are considered risk factors for EC and breast cancer in some previous studies. Colporrhagia frequently serves as 
an early symptom of endometrial cancer. Studies indicate that lifestyle-related factors, such as diet and exercise, 
significantly impact prognosis16. Consequently, identifying and addressing risk factors for endometrial lesions in 
younger breast cancer patients is crucial for enhancing early detection, diagnosis, and intervention.

Currently, there is no screening method that can accurately predict endometrial lesions; ultrasound remains 
the preferred screening tool and definitive diagnosis is established through endometrial biopsy. The risk of 
endometrial lesions has increased with the greater use of TAM and the longer life expectancy among breast 
cancer survivors, the risk of endometrial lesions is rising. Repeated ultrasounds and endometrial biopsies, which 
are commonly used to evaluate the need for continued endocrine therapy, are invasive and pose significant risks 
of complications. These procedures can adversely affect patients’ mental well-being and quality of life, potentially 
diminishing their willingness to attend clinic visits and adhere to treatment regimens17. This reluctance may lead 
to treatment discontinuation or even tumor recurrence. Considering current research trends, early prediction of 
endometrial lesions remains an urgent challenge to overcome.

Although many current clinical prediction models rely primarily on simple logistic regression, the advent of 
artificial intelligence and machine learning has significantly enhanced prediction accuracy, particularly in fields 
such as medical oncology and surgery. Given the limited use of machine learning for predicting endometrial 
lesions in premenopausal breast cancer patients, this study aims to identify risk factors associated with 
endometrial lesions and to develop machine learning models to forecast their likelihood. This approach aims to 
improve preoperative risk assessment, offering a more tailored and theoretically informed basis for endocrine 
therapy in these patients.

Methods
Dataset
This study retrospectively collected data from patients who were treated with tamoxifen (TAM) after breast 
cancer surgery and underwent diagnostic curettage at the gynecology department of Mianyang Central Hospital 
between 2012 and 2023. This study was approved by Biomedical ethics committee of Mianyang Centre Hospital 
(No. S20240332-01). and was conducted following the ethical guidelines of the Declaration of Helsinki. Written 
informed consent was obtained from all participants in this study. We are committed to protecting the privacy 
and personal information of the participants throughout the study and to ensuring that all procedures performed 
in the study follow applicable ethical standards. The inclusion criteria were: (1) premenopausal status at the time 
of breast cancer diagnosis; (2) before breast cancer, Vaginal ultrasound was normal; (3) postoperative treatment 
with TAM at a dosage of 20 mg/day; (4) complete clinical case data and follow-up records. Exclusion criteria 
included: (1) a history of other cancers; (2) advanced or recurrent breast cancer at initial diagnosis; (3) serious 
underlying diseases affecting patient survival.

Patients meeting these criteria were included in the study cohort. Using a nested case-control design, patients 
who developed endometrial lesions were identified as the case group, while those who did not develop lesions 
served as the control group. Collected clinical data included age, age at breast cancer diagnosis, family history 
of cancer, metastasis, number of deliveries and pregnancies, weight, height, body mass index (BMI), age at 
menarche, breastfeeding history, endometrial thickness, presence of colporrhagia, duration of TAM therapy, 
previous use of sex hormones, smoking history, hypertension, diabetes mellitus, hyperlipidemia, history of 
fibroid tumors, endometriosis, benign breast lesions, previous endometrial lesions, ultrasound features, and 
endometrial biopsy results.

Development and validation of prediction model
This study followed the TRIPOD guidelines18. The data were initially cleaned and subjected to dimensionality 
reduction. The data were initially cleaned and subjected to dimensionality reduction. Univariate and multivariate 
analyses were conducted to identify significant factors between groups and to establish the optimal cut-off value 
for endometrial thickness. Three machine learning methods were employed to screen for high-risk factors: Least 
Absolute Shrinkage and Selection Operator(LASSO) regression combined with multifactor logistic regression, 
decision tree, and random forest.

A total of 224 patients were randomly divided into a training set (85%) and a test set (15%). The machine 
learning model was trained on the training set and validated using the test set. Model performance was assessed 
using the receiver operating characteristic (ROC) curve and accuracy metrics. The optimal model was selected 
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and internally validated with the Bootstrap resampling method (1,000 iterations). The final model was presented 
as a nomogram graph, and its clinical utility was with evaluated using the concordance index (C-index) and 
decision curve analysis (DCA).

Statistical methods
Data analysis and graphing were performed using SPSS and R software (version 4.3.2). All data were statistically 
described: normally distributed measurements were expressed as mean ± standard deviation (Χ̅± s) and 
compared using the t-test; non-normally distributed measurements were expressed as median [P25, P75] and 
compared using the rank-sum test. Categorical variables were described as constituent ratios and compared 
using the chi-square test or Fisher’s exact test. Statistical significance was set at P < 0.05.

Results
Patient characteristics and endometrial biopsy results
A total of 224 premenopausal patients who underwent postoperative endocrine therapy for breast cancer were 
included in this study. Endometrial biopsies confirmed endometrial lesions in 98 cases, while the remaining 126 
cases served as controls, resulting in a prevalence rate of 43.75% (98/224). Detailed patient characteristics are 
presented in Table 1.

In the lesion group, 39 cases (39.8%) had a medication duration of 2 years, 12 cases (12.2%) had a medication 
duration of 2–5 years, and 47 cases (48.0%) had a medication duration of more than 5 years. The mean endometrial 
thickness in the case group was 1.20 cm, while it was 0.76 cm in the control group, as shown in Table 2.

Correlation of clinical factors on endometrial lesions
The analysis revealed no statistically significant differences between the groups in terms of age, age at diagnosis, 
presence of metastasis, hypertension, diabetes mellitus, history of endometriosis, benign breast lesions, age at 
menarche, number of pregnancies, number of deliveries, smoking, hyperlipidemia, history of breastfeeding, 
family history of cancer, pathological type of breast cancer, height, weight, BMI, hormone use, history of 
uterine fibroids, and previous benign breast lesions (P > 0.05). However, significant differences were found in 
ultrasound characteristics, duration of TAM therapy, presence of colporrhagia, previous endometrial lesions, 
and endometrial thickness (P < 0.05). The case group showed significantly higher rates of colporrhagia, increased 
endometrial thickness, and longer duration of TAM therapy compared to the control group.

The mean endometrial thickness was greater in the case group (1.20 ± 0.53 cm) compared to the control 
group (0.76 ± 0.37  cm, P < 0.001), and a higher proportion of colporrhagia symptoms was observed in the 
case group (44.9% vs. 23.8%, P < 0.001). The area under the ROC curves (AUC) for each factor was as follows: 
ultrasound characteristics (0.770), endometrial thickness (0.749), duration of TAM (0.608), colporrhagia 
(0.605), and history of leiomyoma (0.560). Endometrial thickness had the largest Youden index on the ROC 
curve, with a cut-off value of 0.438, a sensitivity of 71.4%, and a specificity of 72.4%, corresponding to an optimal 
ultrasonographic diagnostic threshold of 0.825 cm for abnormal endometrium. Detailed results are presented in 
Table 2 and illustrated in Fig. 1.

Machine learning
The correlation heatmap revealed several linear correlations between variables (Fig. 2). To minimize interference, 
clinical factors were included as predictors in the machine learning model.

LASSO regression with logistic regression algorithm
In the LASSO regression to select the most predictive features. A 10-fold cross-validation was performed, 
resulting in the selection of four variables as independent predictors, with endometrial lesions occurrence as 
the dependent variable. Multifactorial binary logistic regression analysis showed that previous endometrial 
lesions was not statistically significant (P > 0.05). However, ultrasound characteristics, duration of TAM therapy, 
presence of colporrhagia symptoms, and endometrial thickness were identified as independent risk factors for 
endometrial lesions (P < 0.05). These factors were subsequently included in the multifactorial logistic regression 
model. The dataset was split into a training set (n = 190) and a validation set (n = 34) in an 8.5:1.5 ratio. After 
1,000 Bootstrap self-samplings for internal validation, results showed a C-index of 0.874, indicating excellent 
model discrimination. The model demonstrated an accuracy of 0.853, a precision of 0.917, with an AUC of 0.874 

physiology control group(n = 126) Lesion group(n = 98)

normal 126 (100) 0 (0)

Endometrial polyp 0 (0) 72 (73.5)

Endometrial hyperplasia without atypia 0 (0) 15 (15.3)

Endometrial polyp with EH 0 (0) 6 (6.1)

Atypical hyperplasia 0 (0) 2 (2)

Atypical polypoid adenomyoma 0 (0) 1 (1)

Endometrioid adenocarcinoma 0 (0) 2 (2)

Table 1. Pathological characteristics of the endometrium [cases (%)].
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control group Lesion group P-value

126 98

age(year) 51.68 ± 5.30 50.97 ± 5.28 0.318

Age at diagnosis of
breast cancer(year) 43.91 ± 4.39 43.15 ± 5.13 0.234

gravidity 2.73 ± 1.56 2.74 ± 1.59 0.945

parity 1.00[1.00,1.00] 1.00[1.00,2.00] 0.342

menophania(year) 13.00[12.25,14.00] 13.00[12.00,14.00] 0.679

weight(kg) 57.63 ± 6.76 56.85 ± 7.54 0.416

height(m) 1.57 ± 0.05 1.57 ± 0.05 0.589

Endometrial thickness(cm) 0.76 ± 0.37 1.20 ± 0.53 < 0.001

BMI(kg/m2) 23.39 ± 2.60 23.16 ± 2.78 0.533

Ultrasonic characteristics < 0.001

Normal 92(73.0) 28(28.6)

Uneven echo 32(25.4) 31(31.6)

Uterine cavity occupation 2(1.6) 35(35.7)

Endometrium heterogeneity
combined with uterine cavity occupation 0(0.0) 4(4.1)

duration of tamoxifen therapy 0.002

Within 2 years 70(55.6) 39(39.8)

2–5 years 24(19.0) 12(12.2)

More than 5 years 32(25.4) 47(48.0)

metastatic 0.061

yes 41(32.5) 20(20.4)

no 85(67.5) 78(80.6)

Family history of cancer 0.302

yes 18(14.3) 20(20.4)

no 108(85.7) 78(80.6)

breastfeeding 0.455

yes 121(96.0) 91(92.9)

no 5(4.0) 7(7.1)

diabetes 0.463

yes 4(3.2) 6(6.1)

no 122(96.8) 92(93.9)

hypertension 0.496

yes 12(9.5) 6(6.1)

no 114(90.5) 92(93.9)

smoking 1

yes 1(0.8) 1(1.0)

no 125(99.2) 97(99.0)

hyperlipemia 0.256

yes 16(12.7) 7(7.1)

no 110(87.3) 91(92.9)

colporrhagia 0.001

yes 30(23.8) 44(44.9)

no 96(76.2) 54(55.1)

hormone use 0.193

yes 7(5.6) 11(11.2)

no 119(94.4) 87(88.8)

leiomyoma 0.092

yes 44(34.9) 46(46.9)

no 82(65.1) 52(53.1)

endometriosis 0.826

yes 1(0.8) 2(2.0)

no 125(99.2) 96(98.0)

endometrial disease 0.008

yes 3(2.4) 12(12.2)

Continued
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for training set (95% CI: 0.794–0.831) and 0.891 for a test set AUC (95% CI: 0.777–1.000). Detailed results are 
shown in Figs. 3 and 4a, and Table 3.

Fig. 1. ROC curve for monofactor analysis of endometrial thickness. Vertical coordinate: sensitivity, 
horizontal coordinate: specificity.

 

control group Lesion group P-value

no 123(97.6) 86(87.8)

benign lesion 1

yes 47(37.3) 36(36.7)

no 79(62.7) 62(63.3)

BMI group 0.843

underweight 1(0.8) 2(2.0)

Normal 89(70.6) 66(67.3)

overweight 32(25.4) 27(27.6)

obesity 4(3.2) 3(3.1)

Table 2. Baseline characteristics of premenopausal breast cancer patients [cases (%)]. Note: (a) BMI 
refers to body mass index, calculation formula: BMI(kg/m2) = weight(kg)/(height × height(m2)), group: 
underweight < 18.5, normal:18.5–23.9, overweight:24–27.9, obesity:≥28; (b) Data were expressed as (s) or n 
(%) or M (P25, P75), P < 0.05 statistically significant; nonnorm refers to data being non-normally distributed.
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Decision Tree Algorithm
A prediction model for endometrial lesions was constructed using a decision tree. The decision tree was built 
through recursive partitioning and pruned to avoid overfitting, with the complexity parameter(cp.) value 
adjusted to 0.036 to improve generalization. The average accuracy of the training set was 0.800, with an AUC of 
0.888 (95% CI: 0.840–0.937). The average accuracy of the test set was 0.740 (95% CI: 0.533–0.947), with an AUC 
of 0.800 (95% CI: 0.640–0.960), demonstrating good prediction performance. Detailed results are illustrated in 
Figs. 4 and 6b.

Random Forest Algorithm
A prediction model for endometrial lesions was also constructed using a random forest approach. Five hundred 
trees were established, and as the number of trees increased, the out-of-bag (OOB) error rate decreased and 
stabilized indicating model stability. Factors were ranked in order of importance, with ultrasound characteristics, 
endometrial thickness, duration of TAM therapy, and colporrhagia symptoms being the most influential. The 
OOB error rate for the random forest training set was approximately 23.68%, with an average accuracy of 100% 
(95% CI: 0.981–1.000), and an AUC of 1.000 (95% CI: 1.000–1.000). The test set had an average accuracy of 0.735 
(95% CI: 0.556–0.871), with an AUC of 0.784 (95% CI: 0.632–0.867), indicating good prediction performance. 
Detailed results are shown in Figs. 5 and 6c.

Fig. 2. Heat map of correlation between related data. * indicates correlation between data, *** means 
significant correlation.
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Model comparison and visualization
A comparison of the accuracy and AUC of the models determined that the LASSO regression combined with 
multifactorial logistic regression (LR) was the optimal model (see Fig. 6; Table 4).

Consequently, a nomogram graph model was constructed based on this combination for predicting the 
occurrence of endometrial lesions (see Fig. 7). For example, a female patient with more than five years of TAM 
therapy, colporrhagia, and an endometrial thickness of 1.6 cm would have corresponding scores of approximately 
22.5, 17.5, and 60, respectively, totaling 100 points. This total score corresponds to an estimated probability of 
80% for developing endometrial lesions. The application of the nomogram graph provides a clear and concise 
explanation of the model’s individualized prediction for the patient.

The calibration curve suggests that the mean absolute error between predicted and actual values is 0.014, 
indicating that the predicted risk closely aligns with the actual risk. The Decision Curve Analysis (DCA) curve 
evaluates the predictive model and the concordance diagnostic test, calculating the clinical “net benefit” of the 
predictive model. The results show that using a column chart for predictions is valuable within a threshold 
probability range of 5–90% (see Figs. 8 and 9).

Fig. 4. Decision Tree Prediction Model after Pruning.

 

Fig. 3. Variable filtering process for Lasso regression analysis. (a) Cross-validation plots for selecting the 
optimal lambda (λ) in LASSO regressions use 10-fold cross-validation. The binomial deviation is plotted 
against log(λ). The left vertical dashed line indicates the value of λ associated with the minimum deviation, 
and the right vertical dashed line indicates the optimal value of λ determined by the minimum deviation and 
1 standard deviation of the minimum deviation; (b) 25 characteristics were included in the LASSO regression, 
and a coefficient distribution plot was generated based on the log(λ) series, showing that regression coefficient 
estimates evolve with increasing regularization. Four non-zero coefficient variables, drug duration, endometrial 
thickness, and colporrhagia, were selected from the 25 variables to derive the optimal lambda.
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Discussion
In this study, we developed and evaluated three machine learning models to accurately predict the risk of 
endometrial lesions in premenopausal breast cancer patients undergoing TAM therapy. The LASSO regression 
combined with logistic regression achieved the best predictive performance, demonstrating an accuracy of 
0.853 and precision of 0.917 using four easily accessible patient features. This model exhibited high diagnostic 
performance with an AUC of 0.891 (95% CI: 0.777–1.000). The findings confirm that ultrasonographic features, 
duration of TAM therapy, endometrial thickness, and colporrhagia symptoms are significant predictors of 
endometrial lesions.

A national retrospective study of 102 breast cancer patients treated with TAM postoperatively found that 
the duration of TAM use and symptoms of abnormal colporrhagia were significant risk factors for developing 
endometrial lesions, consistent with our findings. Additionally, substantial epidemiologic evidence suggests 
that TAM is associated with an increased risk of endometrial lesions, with the risk of developing endometrial 
carcinoma (EC) being 1.5–6.9 times higher in a dose- and time-dependent manner19. The ATLAS study found 
that patients using TAM for 10 years had a higher cumulative risk of endometrial cancer compared to those 
using it for 5 years9. However, only 10% of patients in the ATLAS study were premenopausal, which may limit 
the generalizability of its findings.

Our study showed that the duration of TAM was an independent risk factor for developing endometrial 
lesions, consistent with previous studies20. Choi et al. demonstrated that benign endometrial disease incidence 
was highest in subjects under 40 years of age treated with TAM, significantly increasing the risk of endometrial 
cancer21. Similarly, Liu et al. found that the standardized incidence of endometrial cancer was elevated in breast 
cancer patients diagnosed after the age 4022. Younger patients treated with TAM have a higher risk of subsequent 
endometrial cancer, particularly those aged 40–4923. Bergman’s study further indicated that TAM-induced 
endometrial cancers were more malignant and aggressive20. Some studies, however, have shown no correlation 
between TAM and endometrial lesions. For instance, Takashima24found no significant association between 
shorter TAM therapy duration and endometrial lesions. Chiofalo and Chu also reported no correlation between 
TAM and endometrial cancer development23,25,26.

Fig. 5. Random Forest Prediction Model. (a) random forest model; (b) feature importance ranking.

 

Coef S.E. Wald Z Df P-value OR 95%CI

Constant −3.851 0.637 −6.04 7 < 0.001 - -

colporrhagia 1.385 0.422 3.28 7 0.001 3.996 1.746–9.145

Endometrial thickness 1.887 0.457 4.13 7 < 0.001 3.747 2.002–7.014

duration of tamoxifen therapy 7

2-5years:
Within 2 years 0.35 0.56 0.63 - 0.532 1.419 0.474–4.253

More than 5 years:
Within 2 years 0.946 0.432 2.19 - 0.029 2.575 1.104–6.006

Ultrasonic characteristics 7

Uneven echo 1.491 0.434 3.43 - 0.001 4.44 1.897–10.394

Uterine cavity occupation 3.349 0.802 4.17 - < 0.001 28.475 5.908–137.250

Endometrium heterogeneity combined with uterine cavity occupation 7.192 21.794 0.33 - 0.741 1328.2 3.733E-16-4.726E + 21

Table 3. Multifactorial logistic regression analysis of independent risk factors based on Lasso Regression. 
Note: OR: ratio of ratios; CI: confidence interval.
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In our study, ultrasound characteristics emerged as the most important factor in predicting endometrial 
lesions, aligning with previous research. Ultrasound is the preferred monitoring tool, with abnormal occupancy 
or heterogeneous endometrial echogenicity on ultrasound increasing the likelihood of endometrial lesions and 
the need for endometrial biopsy. Previous NSABP studies, which included mainly postmenopausal women, 
suggested no additional monitoring for asymptomatic women to avoid unnecessary invasive procedures. 
However, this may underestimate the risk in premenopausal patients27,28. Young breast cancer patients 
undergoing prolonged TAM therapy may require closer monitoring. Endometrial screening and evaluation 
should be conducted before TAM treatment, followed by regular transvaginal ultrasound monitoring to enable 
early detection and management of endometrial lesions.

Endometrial thickness was also a significant factor in endometrial lesion occurrence, with the optimal 
diagnostic threshold being 0.825 cm, consistent with previous findings by Zhouqi and Burkart2,29. Since TAM 
stimulates endometrial gland hypertrophy, leading to pharmacological thickening, it is challenging to establish 
a TAM-related endometrial thickness threshold in young breast cancer patients.

Colporrhagia was identified as a significant risk factor. Patients with colporrhagia are more likely to develop 
endometrial lesions, and this symptom serves as a warning for early hospital visits, improving detection rates. 
However, Maria et al. found no difference in abnormal colporrhagia between the case group and patients with 
normal endometrium, emphasizing the need for further research30.

Most current clinical prediction models rely on linear relationships between variables, which often limit their 
predictive accuracy. Machine learning applications in medicine are becoming increasingly common, providing 
innovative tools for clinical diagnosis and prediction. In our study, we applied machine learning techniques to 
visualize and predict the incidence of endometrial lesions, addressing a critical knowledge gap in evaluating 
premenopausal breast cancer patients undergoing endocrine therapy. By leveraging LASSO regression and 
multifactorial logistic regression, we mitigated the risk of overfitting and achieved validation results with an 
average absolute error of 0.014 between predicted and actual values. These findings highlight the potential of 
machine learning to revolutionize endometrial lesion prognosis, offering a significant step toward precision 
medicine in this field. This study holds substantial potential to improve clinical outcomes by enabling earlier 

model accuracy AUC sensitivity specificity

LR 0.853 0.891 1.000 0.733

Decision tree 0.740 0.800 0.947 0.667

Random forest 0.735 0.784 0.632 0.867

Table 4. Comparison of models.

 

Fig. 6. Model ROC Curve. (a) ROC Curve of LASSO Regression with Logistic Regression Algorithm; (b) ROC 
curves for decision tree prediction model after pruning; (c) ROC curves for the Random Forest prediction 
model.
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detection and more accurate risk prediction of endometrial lesions, particularly in vulnerable populations such 
as breast cancer patients undergoing hormonal treatments. By providing a theoretical foundation for developing 
individualized treatment strategies, this research bridges a critical gap in understanding how endocrine therapy 
impacts endometrial health. Researchers addressed these gaps by integrating robust statistical methods with 
advanced machine learning algorithms, ensuring model reliability and clinical relevance. Over the next five 
years, we foresee this area evolving significantly as artificial intelligence and machine learning technologies 
advance. Future research will likely focus on integrating multi-modal data, including imaging, genomic, and 
biochemical markers, to enhance the comprehensiveness of predictive models. Such developments could lead to 
even more accurate tools for clinical decision-making, risk stratification, and personalized treatment strategies. 
Furthermore, as these technologies are validated and refined, their integration into routine clinical practice will 
become more widespread, reducing the risk of complications and improving the overall management of breast 
cancer patients. In parallel, the growing emphasis on personalized medicine will likely catalyze the development 
of artificial intelligence tools tailored to individual patient profiles, setting new standards for treatment precision 
and effectiveness.

Our study also has some limitations. First, as a single-center retrospective study, our findings are inherently 
constrained by limited data diversity and a small sample size, which may reduce the generalizability of our 
results and introduce potential selection and recall biases. To mitigate these issues, future research should 
incorporate larger, multicenter cohorts that reflect broader population variability and improve the robustness 
of the findings. Second, incorporating additional objective indicators, such as hormonal profiles or advanced 
imaging biomarkers, could enhance the predictive accuracy of our model and establish more precise criteria for 
clinical use. Third, although our machine learning approach demonstrated promising results, the lack of genetic 
or molecular data in our analysis represents a key gap. Recent research has identified specific genes associated 
with breast cancer recurrence, and emerging biomarkers31for breast cancer prognosis could offer valuable inputs 
to further refine predictive models. Integrating genetic testing results and biomarker data into future studies 
could significantly enhance the clinical utility and precision of prediction tools32. Lastly, as machine learning 
models are only as reliable as the data they are trained on, external validation using independent datasets is 
essential to confirm the reproducibility of our findings. Future studies should prioritize external validation 
and longitudinal data to strengthen the clinical applicability of these models. Addressing these limitations will 
ensure that predictive models evolve into robust tools capable of supporting personalized treatment strategies 
and improving outcomes for breast cancer patients.

Conclusion
This study developed a predictive risk model using machine learning, with LASSO regression combined 
with multifactorial logistic regression demonstrating the best performance. The model identified ultrasound 
characteristics, TAM duration, colporrhagia, and endometrial thickness as independent risk factors for 
endometrial lesions in premenopausal breast cancer patients. Regular monitoring of these factors can aid in the 

Fig. 7. Column line diagram for predicting endometrial pathology.
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early detection and reduction of endometrial lesions, providing a foundation for evaluating endocrine therapy, 
endometrial monitoring during treatment, and individualized therapeutic strategies for breast cancer patients.

Fig. 8. Calibration curves for the column-line diagram model. Horizontal coordinate: predicted incidence of 
column-line plots, vertical coordinate: actual incidence. The solid black line represents the performance after 
internal validation by self-sampling 1000 times, the thin black dashed line represents the performance of the 
column-line graph, and the thick black dashed line represents the perfect prediction of the ideal model. The 
prediction accuracy of the column-line diagram is better when the line is closer to the thick black dashed line.
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Data availability
All data are fully available without restriction. The datasets used and/or analysed during the current study avail-
able from the corresponding author on reasonable request.
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