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Objective

To investigate the utility of multi-sequence magnetic resonance imaging (MRI) and whole-tumor apparent diffusion coefficient (ADC) histogram metrics in preoperatively differentiating p53 abnormal (p53abn) from non-p53abn endometrial carcinoma (EC).





Methods

This retrospective study included 146 EC patients (29 p53abn cases and 117 non-p53abn cases) who underwent preoperative MRI scans. MRI features were analyzed. Whole-tumor ADC histogram analysis was conducted by delineating regions of interest (ROIs) on diffusion-weighted imaging (DWI) scans. Receiver operating characteristic (ROC) curve analysis with the area under the curve (AUC) was used for diagnostic performance evaluation.





Results

Extrauterine extension (p=0.004) and lymphadenopathy (p=0.005) were more frequently observed in p53abn EC compared to non-p53abn EC. p53abn EC exhibited significantly lower value of minADC (p=0.001), meanADC (p=0.005), P10 (p=0.009), P50 (p=0.007), and P90 (p=0.013) ADC and higher value of kurtosis (p=0.008), compared to non-p53abn EC. MinADC demonstrated the highest discrimination ability in differentiating p53abn from non-p53abn EC [AUC 0.70(0.60;0.80)].





Conclusion

Preoperative multi-sequence MRI findings and whole-tumor ADC histogram metrics are conducive to differentiating p53abn from non-p53abn EC.
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1 Introduction

Endometrial cancer (EC) represents the most prevalent gynecological malignancy in developed nations, with a globally increasing incidence and a notable trend towards younger patient populations (1). In recent years, substantial progress has been achieved in the management of EC, with molecular classification emerging as one of the most innovative advancements in this field. Numerous studies demonstrated that the molecular subtypes could independently prognosticate clinical outcomes while exhibiting significant prognostic value, particularly within high-risk cohorts of EC (2, 3). The World Health Organization (WHO) has established four distinct molecular subtypes of EC (4). Among them, patients with p53 abnormal (p53abn) EC exhibit a significantly higher incidence of lymph node metastasis and poorer prognosis. Additionally, emerging evidence suggests that patients with high-risk p53abn EC may derive benefit from the combination of chemotherapy and adjuvant external beam radiotherapy in the adjuvant treatment setting (3, 5–7). Therefore, distinguishing EC based on distinct molecular subtypes is of critical importance.

Magnetic resonance imaging (MRI) is the preferred modality for preoperative assessment of endometrial cancer (EC), playing a crucial role in guiding subsequent treatment strategies, surgical planning, and evaluating therapeutic outcomes. Additionally, diffusion-weighted imaging (DWI) and its quantitative apparent diffusion coefficient (ADC) provide significant insights into the assessment of myometrial invasion (8, 9), tumor histological subtypes and grading (8, 10–14), as well as lymph node metastasis of EC (9, 15). As highlighted by Restaino et al. (16), recent management guidelines for EC have begun to incorporate imaging strategies, particularly emphasizing the importance of MRI in conjunction with molecular classification.

While the preoperative assessment capabilities of MRI for EC are well recognized, the full potential of integrating MRI with molecular classification remain inadequately explored. Therefore, this study aims to investigate the application of multi-sequence MRI and the whole tumor ADC histogram indices for preoperative differentiation of p53abn from non-p53abn EC.




2 Materials and methods



2.1 Study population

The research was approved by the relevant Institutional Review Board, and informed consent requirements were waived due to the retrospective nature of the study design. A total of 146 patients with EC confirmed by postoperative histopathology and preoperative MRI at our hospital were identified between January 2021 and May 2024. The inclusion criteria were as follows: (a) pelvic MRI examination performed before the operation, (b) standard surgery undergone at our hospital and no other neoadjuvant treatment received before the examination and the surgery, and (c) complete postoperative pathologic results. Excluded criteria were as follows: (a) no residual lesion according to the pathological result after histological examination of endometrial tissue samples (n=12), (b) unavailable pretherapeutic or preoperative MR images (n=287), (c) incomplete immunohistochemical or genetic testing results precluded molecular classification(n=534), (d) the small size (maximum diameter <1cm) was detrimental to delineation of the region of interest (ROI) (n=52), and (e) incomplete image sequences or poor image quality that affected lesion observation and data measurement (n=5). Figure 1 illustrates the study flowchart.




Figure 1 | Flowchart illustrates the inclusion of study participants.






2.2 MRI protocol

All patients underwent pelvic dynamic contrast enhanced (DCE) MRI on five 3.0-T MR scanners (three from GE Healthcare and two from Siemens Healthcare), using 8 channel-phased array body coils. The imaging protocol included five non-enhanced sequence: axial T1-weighted fast/turbo spin echo (T1-FSE/TSE), sagittal T2-weighted fast/turbo spin echo (T2-FSE/TSE), axial T2-FSE/TSE, axial T2-weighted fat-suppressed fast/turbo spin echo (T2-fs-FSE/TSE), and axial diffusion-weighted imaging (DWI). Additionally, three enhanced sequences were acquired in the axial, sagittal, and coronal planes. Detailed scanning parameters are provided in Table 1.


Table 1 | MRI sequence parameters.






2.3 Imaging processing and analyses

All MR images were independently reviewed by two radiologists (Reader 1 with 3 years of experience and Reader 2 with 30 years of experience in interpreting genitourinary MR images). The reviewers were aware that all patients had EC but were blinded to the clinical information and histopathological examination results.

The reviewers assessed multiple aspects of tumor presentation and characteristics, including size, depth of myometrial invasion, cervical stromal invasion, extrauterine extension, rectal or bladder invasion, peritoneal dissemination, presence of metastatic lymph nodes, and distant metastases. The maximum tumor diameter was measured on the T2-weighted imaging (T2WI). Deep myometrial invasion was defined as tumor involvement exceeding 50% of the myometrial thickness. On DCE-MRI, deep myometrial invasion was assessed during the equilibrium phase (2-3 minutes post-injection) because the tumor-to-myometrial contrast ratio was highest at this time point (17, 18). Cervical stromal invasion was evaluated in the delayed phase (4-5 minutes post-injection) (19). Lymphadenopathy was defined as a lymph node with a short-axis diameter greater than 8 mm (20).

The DWI images were transferred into Workstation (AW 4.6; GE Healthcare) for post-processing. ADC maps were generated from the DWI sequence using the Function tool ADC software. DWI with a b-value of 1000s/mm2 were used for image segmentation (Figures 2, 3). Care was taken to exclude necrotic areas and vessels by referencing T2WI and DCE sequences.




Figure 2 | A 53-year-old woman with p53 abnormal endometrial cancer (endometrioid carcinoma, G3, stage IICmp53abn). The tumor shows slight hyperintensity on axial T2-weighted imaging (T2WI) (A), hyperintensity on axial diffusion-weighted imaging (DWI) (b=1000s/mm2) (B), and hypointensity on apparent diffusion coefficient (ADC) map (C). The region of interest (ROI) was drawn along the contour of tumor on DWI and subsequently transferred to the corresponding ADC maps through an automated process (yellow in B, C).






Figure 3 | A 52-year-old woman with non-p53 abnormal endometrial cancer (endometrioid carcinoma, G2, stage IA2). The tumor shows slight hyperintensity on axial T2-weighted imaging (T2WI) (A), hyperintensity on axial diffusion-weighted imaging (DWI) (b=1000s/mm2) (B), and hypointensity on apparent diffusion coefficient (ADC) map (C). The region of interest (ROI) was drawn along the contour of tumor on DWI and subsequently transferred to the corresponding ADC maps through an automated process (yellow in B, C).



For the single-section region of interest (ROI) of DWI analysis in the slice with the maximum diameter possible, the measurement of ADC value was performed by two radiologists independently on the workstation. The ROIs were drawn along the contour of tumor on DWI. The ROI was automatically transferred to the corresponding ADC maps and then mean ADC value of ROI was recorded. The ADC values measured by two radiologists were averaged for further statistical analysis.

For the whole-tumor volume of interest (VOI) analysis, MRI data were processed with 3D-slicer software (v.5.6.2; www.slicer.org; open-source software). One radiologist (Reader 1) delineated the tumor VOIs of all the patients. To assess interobserver variability, another radiologist (Reader 2), who was blinded to Reader 1’s results, independently delineated the VOIs for a randomly selected subset of 50 patients. VOI was drawn manually by tracing tumor boundaries on each slice containing tumor on the DWI. VOIs were then copied and pasted onto the corresponding ADC maps, and ADC histogram analysis was performed using Radiomics in the extension of 3D-slicer. The following parameters were extracted from the ADC histograms (1): meanADC, minADC, and maxADC; (2) 10th, 50th, and 90th percentiles of ADC (denoted as P10, P50, and P90 ADC, respectively); and (3) skewness, uniformity, entropy, and kurtosis.




2.4 Histopathological analysis

All lesion specimens were obtained surgically and processed by experienced pathologists. The staging of EC was conducted according to the latest International Federation of Gynecology and Obstetrics (FIGO) 2023 staging criteria (21). Molecular classification was performed in accordance with the European Society for Medical Oncology (ESMO) guidelines (22). Histological subtype, grade, and lymphovascular space invasion (LVSI) were confirmed by hematoxylin-eosin staining. The expression of p53 and mismatch repair (MMR) proteins was determined by immunohistochemical staining. All patients underwent genetic testing for POLE hotspot mutations, while some also underwent testing for MMR-related genes and p53 gene mutations. In cases of conflicting results between genetic tests and immunohistochemistry, priority was given to the immunohistochemical findings.




2.5 Statistical analysis

Statistical analyses were performed with SPSS statistical software (IBM Corp. version 26.0. Armonk, NY) and MedCalc statistical software (version 22.0. Mariakerke, Belgium). In cases where different results of categorical data were obtained, the reviewers discussed and reached a conclusion by consensus. The results achieved by consensus were used for the statistical analyses, except for interobserver agreement. Continuous variables are presented as median and interquartile range. The interobserver agreement for two readers’ measurements was analyzed by calculating intraclass correlation coefficient (ICC) with 95% confidence interval and ICC value greater than 0.75 indicates good correlation. Associations between MRI parameters and molecular classification were assessed using appropriate statistical tests. Chi-squared and Fisher’s exact tests were used to compare the differences in categorical variables. The normality of continuous variables was assessed by the Shapiro-Wilk (S-W) test. If p-value was greater than 0.05, the data were considered normally distributed. According to the normality of data distribution, continuous variables were compared using the independent samples t test or the Mann-Whitney U test. A two-tailed p-value less than 0.05 was considered to be statistically significant. The receiver operating characteristic (ROC) curve was used to evaluate the predictive performance of metrics. DeLong’s method was used to compare the differences in areas under the curves (AUCs). The maximum Youden index (sensitivity +specificity-1) was used to determine the optimal cutoff value and the corresponding sensitivity and specificity.





3 Results



3.1 Patients’ demographics

A total of 146 patients with EC were included in this study, who were divided into two groups with 29 p53abn and 117 non-p53abn. There was no statistically significant difference in age between the p53abn and non-p53abn groups (p=0.155). The FIGO stage of patients with non-p53abn EC was most frequently at stage I (n=72; 61.54%), while the FIGO stage IICmp53abn was the most prevalent stage in patients with p53abn EC (n=18; 62.07%). In this study, 146 patients, including 122 patients with endometrioid adenocarcinoma, 6 with serous carcinoma, 2 with clear-cell carcinoma, 2 with mesonephric-like carcinoma, 9 with mixed carcinoma, and 5 with carcinosarcoma, were enrolled. More details are provided in Table 2.


Table 2 | Clinical and pathologic characteristics of patients with endometrial cancer.






3.2 Differences in MRI findings and ADC histogram metrics between p53abn and non-p53abn EC

Extrauterine extension (p=0.004) and lymphadenopathy (p=0.005) were more common in p53abn EC compared to non-p53abn EC. p53abn EC showed significantly lower value of minADC (p=0.001), meanADC (p=0.005), P10 (p=0.009), P50 (p=0.007), and P90 (p=0.013) ADC and higher value of kurtosis (p=0.008) compared to non-p53abn EC. While, no significant differences were found in other MRI metrics and ADC histogram parameters between p53abn and non-p53abn EC (Table 3). Among the 50 randomly selected lesions, ICCs for all ADC histogram parameters were excellent, ranging from 0.92 to 0.98. Detailed results are shown in Table 4.


Table 3 | Comparison of MRI findings and ADC histogram metrics.




Table 4 | Interobserver intraclass correlation coefficient between two readers for ADC histogram metrics.






3.3 ROC analysis for differentiating p53abn from non-p53abn EC

In differentiating p53abn from non-p53abn EC, minADC achieved the largest AUC of 0.70 among the MRI findings and ADC histogram metrics, while the diagnostic efficiency of other indicators was mediocre in general (Table 5). However, there were no statistical differences in the AUC values among these indicators through the Delong test validation. The ROC curve of minADC is shown in Figure 4.


Table 5 | The performance of MRI findings and ADC histogram metrics for differentiating p53abn from non-p53abn endometrial cancer.






Figure 4 | Receiver operating characteristic (ROC) curve of minADC to differentiate p53 abnormal from non-p53 abnormal endometrial cancer. The area under the curve (AUC) of minADC is 0.70(0.60;0.80).







4 Discussion

Our study has identified distinct characteristics between p53abn and non-p53abn EC in terms of the frequency of invasive features and ADC histogram metrics. Extensive study of the surrogate markers on molecular classification of EC has shown a good relationship to clinical outcome, establishing their prognostic value. p53abn EC exhibit the poorest clinical outcome, irrespective of risk group, type of adjuvant treatment, tumor type or grade (23–25). Invasive features and advanced stage are frequently observed in p53abn EC, consistent with our study findings that extrauterine extension and lymphadenopathy were more prevalent in p53abn EC.

Molecular profiling traditionally depends on tissue obtained from surgical resection or biopsy in clinical practice. However, noninvasive imaging, through the identification of imaging markers correlating with molecular profiles, offers a promising frontier for tumor characterization. Although direct histopathological analysis remains the gold standard, preoperative prediction of molecular subtypes using MRI could have significant clinical implications. Relevant research reveals the potential of molecular classification of EC to improve patient management, such as reducing undertreatment in p53abn patients (25).

Our results demonstrated that quantitative ADC metrics, including minADC, meanADC, P10, P50, and P90 ADCs can effectively distinguish p53abn from non-p53abn EC. The ADC values of p53abn ECs were significantly lower than those of non-p53abn ECs, reflecting the more compact arrangement of tumor cells, smaller extracellular spaces, and restricted water molecule diffusion characteristic of p53abn EC. However, our study did not identify a statistically significant difference in ADC values between p53abn and non-p53abn EC. This may be attributed to tumor heterogeneity and the sampling bias inherent in single-slice analysis. Whole-tumor ADC histogram analysis facilitates the quantification of ADC value distribution, serving as a marker for structural heterogeneity and complexity. This approach mitigates sampling bias inherent in single-slice ROI delineation, thereby yielding more reproducible results compared to two-dimensional analyses (15, 16).

Our study demonstrated that kurtosis can effectively differentiate p53abn from non-p53abn EC. Kurtosis was significantly higher in p53abn EC compared to non-p53abn EC, likely due to increased tumor heterogeneity, which disperses cell characteristic values and elevates kurtosis. In addition, the application of new MRI imaging techniques, such as amide proton transfer weighting (APTw) imaging combined with intravoxel incoherent motion (IVIM), and radiomics are conducive to discriminating the p53abn status of EC (26, 27). These advancements may ultimately enhance our ability to noninvasively differentiate molecular subtypes, thereby facilitating a more refined approach to personalized treatment planning.

It is important to highlight that the application of these techniques extends beyond research on p53abn EC. The combination of APTw and IVIM has been demonstrated to be an effective non-invasive method for detecting microsatellite instability (MSI) in EC (28). Numerous studies have shown that radiomics analysis based on MRI or CT holds significant value in identifying MSI status in EC and predicting recurrence risk in patients with EC (29–32). In regions with limited access to MRI, CT radiomics models offer broader applicability. Furthermore, a recent study proposes the potential of using radiomics analysis of ultrasound images to predict molecular and genomic characteristics of endometrial cancer, aiming to provide a cost-effective and efficient approach for future diagnosis and treatment (33).

Our exploration of imaging characteristics based on molecular classification is preliminary and further research is still requisite for supplementation. Our study had some limitations. First, this was a retrospective, single-institution study with a limited sample size. A larger-scale study is needed to confirm these findings. Second, many patients underwent endometrial sampling biopsy (dilation and curettage, with or without hysteroscopy) prior to MRI, which may have reduced tumor size and potentially influenced its diagnostic performance. However, we excluded cases involving tumors that were either too small or not visible. Third, manual ROI segmentation introduces the potential for observer bias, highlighting the necessity for more advanced image analysis techniques, such as automatic or semiautomatic segmentation.




5 Conclusion

Preoperative multi-sequence MRI findings and whole-tumor ADC histogram analysis are helpful to differentiate p53abn from non-p53abn EC. This distinction is clinically valuable for accurate risk stratification and treatment planning. Identifying p53abn EC, which is often associated with more aggressive behavior, allows clinicians to tailor therapeutic strategies, thereby improving patient outcomes and optimizing the use of adjuvant therapies.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by the Ethics Committee of Cancer Hospital, Chinese Academy of Medical Sciences. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin due to the retrospective nature of the study design.





Author contributions

YS: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. JZ: Formal Analysis, Resources, Writing – review & editing. YW: Formal Analysis, Validation, Writing – review & editing. XZ: Methodology, Writing – review & editing. YC: Conceptualization, Investigation, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.




Acknowledgments

We wish to thank the editors and the reviewers for their useful feedback that helped us improve this paper.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1565152/full#supplementary-material




References

1. Constantine, GD, Kessler, G, Graham, S, and Goldstein, SR. Increased incidence of endometrial cancer following the women’s health initiative: an assessment of risk factors. J women’s Health (2002). (2019) 28:237–43. doi: 10.1089/jwh.2018.6956

2. Cosgrove, CM, Tritchler, DL, Cohn, DE, Mutch, DG, Rush, CM, Lankes, HA, et al. An NRG oncology/GOG study of molecular classification for risk prediction in endometrioid endometrial cancer. Gynecologic Oncol. (2018) 148:174–80. doi: 10.1016/j.ygyno.2017.10.037

3. Bosse, T, Nout, RA, McAlpine, JN, McConechy, MK, Britton, H, Hussein, YR, et al. Molecular classification of grade 3 endometrioid endometrial cancers identifies distinct prognostic subgroups. Am J Surg Pathol. (2018) 42:561–8. doi: 10.1097/pas.0000000000001020

4. Cree, IA, White, VA, Indave, BI, and Lokuhetty, D. Revising the who classification: female genital tract tumours. Histopathology. (2020) 76:151–6. doi: 10.1111/his.13977

5. Alexa, M, Hasenburg, A, and Battista, MJ. The Tcga molecular classification of endometrial cancer and its possible impact on adjuvant treatment decisions. Cancers (Basel). (2021) 13(6):1478. doi: 10.3390/cancers13061478

6. Thompson, EF, Huvila, J, Jamieson, A, Leung, S, Lum, A, Offman, S, et al. Variability in endometrial carcinoma pathology practice: opportunities for improvement with molecular classification. Mod Pathol. (2022) 35:1974–82. doi: 10.1038/s41379-022-01165-w

7. Vermij, L, Léon-Castillo, A, Singh, N, Powell, ME, Edmondson, RJ, Genestie, C, et al. P53 immunohistochemistry in endometrial cancer: clinical and molecular correlates in the PORTEC-3 trial. Mod Pathol. (2022) 35:1475–83. doi: 10.1038/s41379-022-01102-x

8. Inoue, C, Fujii, S, Kaneda, S, Fukunaga, T, Kaminou, T, Kigawa, J, et al. Correlation of apparent diffusion coefficient value with prognostic parameters of endometrioid carcinoma. J magnetic resonance imaging: JMRI. (2015) 41:213–9. doi: 10.1002/jmri.24534

9. Nakamura, K, Imafuku, N, Nishida, T, Niwa, I, Joja, I, Hongo, A, et al. Measurement of the minimum apparent diffusion coefficient (Adcmin) of the primary tumor and Ca125 are predictive of disease recurrence for patients with endometrial cancer. Gynecologic Oncol. (2012) 124:335–9. doi: 10.1016/j.ygyno.2011.10.014

10. Ma, X, Shen, M, He, Y, Ma, F, Liu, J, Zhang, G, et al. The role of volumetric ADC histogram analysis in preoperatively evaluating the tumour subtype and grade of endometrial cancer. Eur J Radiol. (2021) 140:109745. doi: 10.1016/j.ejrad.2021.109745

11. Tian, S, Liu, A, Zhu, W, Li, Y, Chen, L, Chen, A, et al. Difference in diffusion-weighted magnetic resonance imaging and diffusion tensor imaging parameters between endometrioid endometrial adenocarcinoma and uterine serous adenocarcinoma: A retrospective study. Int J gynecological Cancer. (2017) 27:1708–13. doi: 10.1097/igc.0000000000001054

12. Takahashi, M, Kozawa, E, Tanisaka, M, Hasegawa, K, Yasuda, M, and Sakai, F. Utility of histogram analysis of apparent diffusion coefficient maps obtained using 3.0t MRI for distinguishing uterine carcinosarcoma from endometrial carcinoma. J magnetic resonance imaging: JMRI. (2016) 43:1301–7. doi: 10.1002/jmri.25103

13. Nougaret, S, Reinhold, C, Alsharif, SS, Addley, H, Arceneau, J, Molinari, N, et al. Endometrial cancer: combined MR volumetry and diffusion-weighted imaging for assessment of myometrial and lymphovascular invasion and tumor grade. Radiology. (2015) 276:797–808. doi: 10.1148/radiol.15141212

14. Shih, IL, Yen, RF, Chen, CA, Chen, BB, Wei, SY, Chang, WC, et al. Standardized uptake value and apparent diffusion coefficient of endometrial cancer evaluated with integrated whole-body Pet/MR: correlation with pathological prognostic factors. J magnetic resonance imaging: JMRI. (2015) 42:1723–32. doi: 10.1002/jmri.24932

15. Rechichi, G, Galimberti, S, Oriani, M, Perego, P, Valsecchi, MG, and Sironi, S. ADC maps in the prediction of pelvic lymph nodal metastatic regions in endometrial cancer. Eur Radiol. (2013) 23:65–74. doi: 10.1007/s00330-012-2575-2

16. Restaino, S, Paglietti, C, Arcieri, M, Biasioli, A, Della Martina, M, Mariuzzi, L, et al. Management of patients diagnosed with endometrial cancer: comparison of guidelines. Cancers (Basel). (2023) 15(4):1091. doi: 10.3390/cancers15041091

17. Park, SB, Moon, MH, Sung, CK, Oh, S, and Lee, YH. Dynamic contrast-enhanced MR imaging of endometrial cancer: optimizing the imaging delay for tumour-myometrium contrast. Eur Radiol. (2014) 24:2795–9. doi: 10.1007/s00330-014-3327-2

18. Manfredi, R, Mirk, P, Maresca, G, Margariti, PA, Testa, A, Zannoni, GF, et al. Local-regional staging of endometrial carcinoma: role of MR imaging in surgical planning. Radiology. (2004) 231:372–8. doi: 10.1148/radiol.2312021184

19. Maheshwari, E, Nougaret, S, Stein, EB, Rauch, GM, Hwang, KP, Stafford, RJ, et al. Update on MRI in evaluation and treatment of endometrial cancer. Radiographics. (2022) 42:2112–30. doi: 10.1148/rg.220070

20. McMahon, CJ, Rofsky, NM, and Pedrosa, I. Lymphatic metastases from pelvic tumors: anatomic classification, characterization, and staging. Radiology. (2010) 254:31–46. doi: 10.1148/radiol.2541090361

21. Berek, JS, Matias-Guiu, X, Creutzberg, C, Fotopoulou, C, Gaffney, D, Kehoe, S, et al. FIGO staging of endometrial cancer: 2023. J gynecologic Oncol. (2023) 34:e85. doi: 10.3802/jgo.2023.34.e85

22. Oaknin, A, Bosse, TJ, Creutzberg, CL, Giornelli, G, Harter, P, Joly, F, et al. Endometrial cancer: ESMO clinical practice guideline for diagnosis, treatment and follow-up. Ann Oncol. (2022) 33:860–77. doi: 10.1016/j.annonc.2022.05.009

23. Kommoss, S, McConechy, MK, Kommoss, F, Leung, S, Bunz, A, Magrill, J, et al. Final validation of the proMisE molecular classifier for endometrial carcinoma in a large population-based case series. Ann Oncol. (2018) 29:1180–8. doi: 10.1093/annonc/mdy058

24. Talhouk, A, McConechy, MK, Leung, S, Li-Chang, HH, Kwon, JS, Melnyk, N, et al. A clinically applicable molecular-based classification for endometrial cancers. Br J Cancer. (2015) 113:299–310. doi: 10.1038/bjc.2015.190

25. León-Castillo, A, de Boer, SM, Powell, ME, Mileshkin, LR, Mackay, HJ, Leary, A, et al. Molecular classification of the PORTEC-3 trial for high-risk endometrial cancer: impact on prognosis and benefit from adjuvant therapy. J Clin Oncol. (2020) 38:3388–97. doi: 10.1200/jco.20.00549

26. Shifeng, T, Yue, W, Wen, Z, Lihua, C, Nan, W, Liangjie, L, et al. The value of multimodal functional magnetic resonance imaging in differentiating P53abn from P53wt endometrial carcinoma. Acta radiologica (Stockholm Sweden: 1987). (2023) 64:2948–56. doi: 10.1177/02841851231198911

27. Shen, L, Dai, B, Dou, S, Yan, F, Yang, T, and Wu, Y. Estimation of TP53 mutations for endometrial cancer based on diffusion-weighted imaging deep learning and radiomics features. BMC Cancer. (2025) 25:45. doi: 10.1186/s12885-025-13424-5

28. Ma, C, Tian, S, Song, Q, Chen, L, Meng, X, Wang, N, et al. Amide proton transfer-weighted imaging combined with intravoxel incoherent motion for evaluating microsatellite instability in endometrial cancer. J magnetic resonance imaging: JMRI. (2023) 57:493–505. doi: 10.1002/jmri.28287

29. Veeraraghavan, H, Friedman, CF, DeLair, DF, Ninčević, J, Himoto, Y, Bruni, SG, et al. Machine learning-based prediction of microsatellite instability and high tumor mutation burden from contrast-enhanced computed tomography in endometrial cancers. Sci Rep. (2020) 10:17769. doi: 10.1038/s41598-020-72475-9

30. Coada, CA, Santoro, M, Zybin, V, Di Stanislao, M, Paolani, G, Modolon, C, et al. A radiomic-based machine learning model predicts endometrial cancer recurrence using preoperative ct radiomic features: A pilot study. Cancers (Basel). (2023) 15(18):4534. doi: 10.3390/cancers15184534

31. Jiang, X, Zhai, W, Song, J, Shao, W, Zhang, A, Duan, S, et al. Associations between MRI radiomic phenotypes and clinical outcomes in endometrial cancer: implications for preoperative risk stratification. Magnetic resonance Imaging. (2025) 117:110298. doi: 10.1016/j.mri.2024.110298

32. Song, XL, Luo, HJ, Ren, JL, Yin, P, Liu, Y, Niu, J, et al. Multisequence magnetic resonance imaging-based radiomics models for the prediction of microsatellite instability in endometrial cancer. La Radiologia Med. (2023) 128:242–51. doi: 10.1007/s11547-023-01590-0

33. Bogani, G, Chiappa, V, Lopez, S, Salvatore, C, Interlenghi, M, D’Oria, O, et al. Radiomics and molecular classification in endometrial cancer (the Rome study): A step forward to a simplified precision medicine. Healthcare (Basel Switzerland). (2022) 10(12):2464. doi: 10.3390/healthcare10122464




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Sun, Zhang, Wang, Zhang and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.





Glossary

ADC: apparent diffusion coefficient

APTw: amide proton transfer weighting

AUC: area under the curve

DCE: dynamic contrast enhanced

DWI: diffusion-weighted imaging

EC: endometrial cancer

ESMO: European Society for Medical Oncology

FIGO: International Federation of Gynecology and Obstetrics

ICC: intraclass correlation coefficient

IVIM: intravoxel incoherent motion

LVSI: lymphovascular space invasion

MMR: mismatch repair

MRI: magnetic resonance imaging

MSI: microsatellite instability

p53abn: p53 abnormal

POLEmut: POLE-ultramutated

ROC: receiver operating characteristic

ROI: region of interest

S-W: Shapiro-Wilk

T1-FSE/TSE: T1-weighted fast/turbo spin echo

T2-FSE/TSE: T2-weighted fast/turbo spin echo

T2-fs-FSE/TSE: T2-weighted fat-suppressed fast/turbo spin echo

T2WI: T2-weighted imaging

VOI: volume of interest

WHO: World Health Organization
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Enhanced scan was done by injecting gadopentetate dimeglumine into the upper limb vein by using a high-pressure syringe, with a flow rate at 2.0 ml/s and a total dose of 0.2 mmol/kg body
weight. A total of 15 phases were obtained post-drug injection with a time interval of 15s in the sagittal plane, followed by a delayed phase with axial and coronal scanning.

MRI, magnetic resonance imaging; T1-FSE/TSE, T1-weighted fast/turbo spin echo; T2-FSE/TSE, T2-weighted fast/turbo spin echo; T2-fs-FSE/TSE, T2-weighted fat-suppressed fast/turbo spin
echo; DW1, diffusion-weighted imaging.
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