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Background

The present study aimed to construct and validate a nomogram that can be used to predict cancer-specific survival (CSS) in patients with epithelial ovarian cancer (EOC).



Methods

A total of 7,129 adult patients with EOC were extracted from the Surveillance, Epidemiology, and End Results database between 2010 and 2015. Patients were randomly divided into the training and validation cohorts (7:3). Cox regression was conducted to evaluate prognostic factors of CSS. The internal validation of the nomogram was performed using concordance index (C-index), AUC, calibration curves, and decision curve analyses (DCAs). Data from 53 adult EOC patients at Shengjing Hospital of China Medical University from 2008 to 2012 were collected for external verification. Kaplan–Meier curves were plotted to compare survival outcomes among risk subgroups.



Results

Age, grade, histological types, stage, residual lesion size, number of regional lymph nodes resected, number of positive lymph nodes, and chemotherapy were independent risk factors for CSS. Based on the above factors, we constructed a nomogram. The C-indices of the training cohort, internal validation cohort, and external verification group were 0.763, 0.750, and 0.920, respectively. The calibration curve indicated good agreement between the nomogram prediction and actual survival. AUC and DCA results indicated great clinical usefulness of the nomogram. The differences in the Kaplan–Meier curves among different risk subgroups were statistically significant.



Conclusions

We constructed a nomogram to predict CSS in adult patients with EOC after primary surgery, which can assist in counseling and guiding treatment decision making.
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Introduction

Among malignant gynecological tumors, ovarian cancer (OC) ranks third in incidence and first in mortality rate. A recent study estimated that there were over 20,000 new cases of OC and over 13,000 deaths due to OC in the United States in 2020 (1).

Epithelial ovarian cancer (EOC) is the most common type of OC, accounting for 90% of OC cases, and the majority of EOC occurs in adults (2). The standard treatment for EOC is a combination of surgery and chemotherapy. Even so, most patients with EOC present at stage III (37%) or IV (28%) at the time of diagnosis, resulting in poor prognosis. The 5-year cancer-specific survival (CSS) rates for stage III and IV EOC are only 41% and 20%, respectively (3). In addition, due to the various factors that may affect cancer progression, evaluation of cancer prognosis based on American Joint Committee on Cancer (AJCC) stage alone is unpredictable (4). Therefore, it is of primary importance to establish an assessment system to guide prognostic evaluation for EOC and adjustments in specific treatment strategies.

Studies have demonstrated that absence of pelvic pain at diagnosis, International Federation of Gynecology and Obstetrics (FIGO) stage IIIC, suboptimal cytoreduction, presence of postoperative complications, inadequate adjuvant treatment, and pathological type of clear-cell cancer are prognostic factors for overall survival (OS) in patients with OC (5). However, to date, no comprehensive evaluation systems have been developed for determining postoperative prognosis in adult patients with EOC.

Among the most widely used prediction tools is the nomogram, which can be used to quantify risk and evaluate prognosis in patients with various types of cancer (6–10). Recent studies have indicated that the nomogram is superior to the AJCC staging system in predicting survival in patients with cancer (11–16). However, to our knowledge, there are currently only two nomograms that predict EOC prognosis in adults, and the sample sizes in the original studies were very small (17, 18). Therefore, it is of great clinical significance to immediately establish a large sample-based nomogram for predicting prognosis in adult patients with EOC.

In the present study, we aimed to analyze independent prognostic factors and construct a nomogram for predicting prognosis in adult individuals with EOC using data from the Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute (NCI). This study was externally validated in a cohort of patients with EOC treated in the Department of Gynecology at Shengjing Hospital of China Medical University. Our findings may aid clinicians in assessing patient outcomes more accurately and provide a foundation for patients with EOC to select individualized treatment.



Materials and Methods


Ethics Approval and Informed Consent

Informed patient consent was not needed for the SEER database data, as cancer is a publicly reportable disease in every state in the United States.

Ethical approval for the use of patient data for external validation in this study was obtained from the Clinical Research Ethics Committee of Shengjing Hospital of China Medical University (Approval No. 2020PS533K), and all patients provided signed informed consent in accordance with the Declaration of Helsinki.



Data Source and Extraction

Patient data for the current study is obtained from the SEER database, which is one of the most representative large tumor registration databases in North America, including data from 18 cancer registries and covering 34.6% of the population of the USA (19). The SEER database has a large sample size and relatively complete follow-up information. EOC cases were retrieved from SEER database using SEER*Stat software version 8.3.6 (https://seer.cancer.gov/seerstat/) (account ID: 19731-Nov2019).

Detailed selection of EOC patients in 2010-2015 from SEER database. The inclusion site code was C56.9-Ovary, and the histological code was Serous: 8441, 8442, 8460, 8461, 8462, 8463, 9014; Mucinous: 8144, 8384, 8470, 8471, 8472, 8480, 8481, 8482; Endometrioid: 8380, 8381, 8382,8383; Clear cell: 8310 and 8313, 8443, 8444, 9110; Transitional cell: 8120, 8122, 8130, 9000; Epithelial stromal: 8800,8801, 8804, 8805, 8810, 8814, 8840, 8850, 8851, 8854, 8890, 8891, 8896, 8900, 8901, 8902, 8920, 8921, 8930, 8931, 8933, 8935, 8936, 8950, according to the International Classification of Tumor Diseases, Third Edition (ICD-O-3).

Inclusion and exclusion criteria: (1) Patients with pathologically confirmed EOC were included, and patients with multi-source tumors and non-primary tumors were excluded. (2) Six types of EOC conforming to WHO (2014) were included (serous, mucinous, endometrioid, clear cell adenocarcinoma, transitional cell tumor [including malignant Brenner tumor and transitional cell carcinoma], and epithelial-stromal [including adenosarcoma and carcinosarcoma]) (20), and patients with unknown histological type (NOS patients) or could not be clearly classified into the above six histological subtypes were excluded. (3) including age, race, marriage, insurance factors, excluding age of patients under 19 years old. (4) Due to histological grade and stage are prognostic factors, histological grade and AJCC stage data were included, and patients with incomplete information above were excluded. (5) Patients who had undergone surgery for the primary lesion with clear surgical method, complete surgical records of lymph nodes, tumor size and residual lesions were included, and those who had not been operated were excluded. (6) Patients with complete follow-up information and cancer-specific death were included, and patients with incomplete follow-up time, other causes of death or unknown death status, and survival time for less than 1 day were excluded. A total of 7129 cases conforming to the screening criteria were included. In this study, the starting point of follow-up was the initial surgery for EOC, and the ending point was cancer-specific death or the end of follow-up was December 31, 2015.

There were 22 variables in this study, including year of diagnosis, age, race, insure, marriage, laterality, tumor size, preoperative serum CA125 level, surgery for primary lesions, regional lymph nodes dissected, histological grade, histologic types, AJCC stage, residual lesion size, lymph nodes positive, radiotherapy, neoadjuvant chemotherapy, chemotherapy, organ metastasis (bone, brain, liver, lung).

The clinical records of 53 patients who underwent surgery in the Department of Gynecology, Shengjing Hospital, China Medical University from 2008 to 2012 and were pathologically diagnosed as having EOC were retrospectively analyzed. Inclusion criteria: 1. Age ≥19 years old, surgery was primary surgery, the patients did not receive preoperative chemoradiotherapy or biological therapy; 2. The tumor was primary, and the postoperative pathological diagnosis was confirmed as EOC. The clinical data and postoperative follow-up data were complete. The cause of death was cancer-specific death. The end of follow-up was January 31, 2021.



Statistical Analysis

X-tile software v3.6.1 (Yale University, New Haven, Connecticut, USA) (21) was used to ascertain the optimal cut-off points for age, tumor size, and the number of positive lymph nodes. Patients enrolled in our study were randomized into the training cohort and validation cohort in a 7:3 ratio (22–24). Univariate analysis was performed using the log-rank χ2 test. Univariate variables with P values < 0.05 were included in the least absolute shrinkage and selection operator (LASSO) analysis, which was used to further select useful predictive features to avoid over-fitting to some extent. The results were then further incorporated into a Cox multivariate regression analysis. All independent prognostic factors in the Cox multivariate regression analysis (P<5.00e-05) were integrated, and a nomogram predicting CSS was constructed using R software version 3.6.0 (http://www.r-project.org/). We internally validated the model in the training cohort and the validation cohort separately. The Concordance Index (C-Index) was used to evaluate the accuracy of the model. Higher C-Index values indicate more accurate prediction. The area under the receiver operating characteristic curve (AUC) was used to evaluate the discriminative ability of the nomogram. AUC values closer to 1 indicate better model discrimination (25, 26). The bootstrap method was used to re-sample the data 1,000 times and draw calibration curves to verify consistency between the predicted 1-year, 3-year, and 5-year CSS and actual survival. Better degrees of calibration reflect better coincidence between the survival probability predicted by the nomogram and the actual survival probability. Decision curve analysis (DCA) was used to assess the clinical practicability of the nomogram (27, 28). The clinical records of 53 patients with pathologically diagnosed EOC who underwent surgery in the Department of Gynecology at Shengjing Hospital of China Medical University from 2008 to 2012 were collected for external validation of the model. Moreover, all patients were regrouped into low- and high-risk groups based on the median risk score generated from the nomogram among the training cohort patients. Kaplan–Meier curves and the log-rank test were used to compare CSS between the two groups. The flow chart of study procedures is shown in Figure 1.




Figure 1 | Flow chart of study procedures.



All statistical analyses were performed using SPSS Mac version 25.0 (Chicago, IL, USA) and R software version 3.6.0. Differences were considered significant if P < 0.05.




Results


Clinicopathological Characteristics of Patients

In this study, a total of 7129 EOC patients were included from the SEER database, including the training cohort (n=4992) and the validation cohort (n=2137). There was no difference in various indicators between the two groups (P < 0.05, Table 1). Most of the patients were white (83.25%), the majority AJCC stage of the patients were stage III (47.30%), the most histological grade was G3 and G4 (75.27%), the histological type was mainly serous carcinoma (67.05%), and 83.85% of the patients received postoperative chemotherapy. The mean survival time of all patients was 59.153 months (95%CI 58.381-59.926), and the 1-year, 3-year, and 5-year CSS rates were 91.9%, 72.1%, and 57.7%, respectively. Characteristics of patients are shown in Table 1.


Table 1 | The clinicopathological characteristics and group comparison of 7129 patients with EOC.






Nomogram Construction


Univariate Analysis and LASSO Analysis

The variables are stratified according to the cut-off points which were ascertained by X-tile software v3.6.1: age: ≤53 years, 54~68 years and ≥69 years; tumor size: ≤62mm and ≥63mm; number of positive lymph nodes: ≤3 and ≥4 (Figures 2A–F).




Figure 2 | X-tile stratification and LASSO analysis. Histograms based on the appropriate cut-off points of (A) age (≤53 years vs. 54~68 years vs. ≥69 years), (B) tumor size (≤62mm vs. ≥63mm), and (C) the number of positive lymph nodes (≤3 vs. ≥4). The Kaplan–Meier curves for CSS in patients with EOC stratified according to (D) age (P<0.0001), (E) tumor size (P<0.0001), (F) positive lymph nodes (P=0.0124). (G) LASSO coefficient profiles of 17 variables for CSS; (H) LASSO analysis identified 17 variables for CSS. LASSO, least absolute shrinkage and selection operator; CSS, cancer-specific survival; EOC, epithelial ovarian cancer.



Univariate Log-rank χ2 test was performed and the factors with P < 0.01 were reserved. Among the 22 variables, year, race, insurance, radiation, and brain metastasis with P > 0.01 are excluded (Table 2). Lasso Cox regression analysis was performed on the remaining 17 variables, and the results showed that there were no further excluded factors (Figures 2G, H).


Table 2 | Univariate and multivariate Cox regression analysis.






Multivariate Analysis

All the 17 variables conforming to the analysis were included in the multivariate Cox analysis (Table 2). The variables with P<5.00e-05 were identified as independent prognostic factors, including age, regional lymph nodes dissected, lymph nodes positive, residual lesions size, histological grade, histologic types, AJCC stage and chemotherapy.



Nomogram Construction

We established the nomogram based on the above independent prognostic factors for CSS. The nomogram was displayed for predicting the 1-, 3-, 5-year CSS (Figure 3). The different subtypes of each independent prognostic factor were projected onto the score scale to obtain the score for each item. The scores corresponding to independent prognostic factors were added to obtain the total score. A vertical line was drawn down on the total score scale to obtain the 1-, 3-, 5-year CSS. The higher the total score, the worse the prognosis. According to the patient information, this nomogram can obtain the individualized prediction of CSS, which improves the accuracy and efficiency of the prediction.




Figure 3 | Nomogram for predicting 1-, 3-, and 5-year CSS in adult patients who underwent primary surgery for EOC. LN, lymph node; AJCC, American Joint Commission on Cancer; CSS, cancer-specific survival; EOC, epithelial ovarian cancer; Ser, serous; Muc, mucinous; End,endometrioid; Cle, clear cell adenocarcinoma; Tra, transitional cell tumor; Sar, epithelial-stromal.






Nomogram Validation


Internal Validation

We validated the model internally in the training cohort and the validation cohort.

In the training cohort, the C-index of the nomogram (0.763 [95%CI 0.751-0.775]) was higher than the AJCC stage (0.687 [95%CI 0.675-0.699]) and histological grade (0.590 [95%CI 0.581-0.599]). In the validation cohort, the C-index of the nomogram (0.750 [95%CI 0.731-0.769]) was also higher than the AJCC stage (0.672 [95%CI 0.653-0.691]) and histological grade (0.581 [95%CI 0.567-0.595]). In addition, we found that the C-index values of our nomogram in the training cohort and the validation cohort were both higher than that of J.N. Barlin et al.’s study (0.714) and M.J. Rutten et al.’s study (0.710 [95% CI 0.690-0.740]) (Table 3).


Table 3 | Comparison of C-indexes in EOC patients.



Furthermore, the AUCs of the nomogram were higher than AJCC stage in both training (1-year AUC: 0.809 vs. 0.696, 3-year AUC: 0.790 vs. 0.721, 5-year AUC: 0.813 vs. 0.749, Figure 4A) and validation (1-year AUC: 0.785 vs. 0.653, 3-year AUC: 0.782 vs. 0.705, 5-year AUC: 0.809 vs. 0.756, Figure 4C) cohorts for 1-, 3- and 5-year CSS, respectively. In addition, we further compared the nomogram with AJCC stage based on the time-dependent AUCs from the half a year to the eighth year, and found that the nomogram performs obviously better in both the training and the validation cohorts, respectively (Figures 4B, D). These results indicate that the nomogram has better degree of discrimination than traditional AJCC stage in both the training and validation cohorts.




Figure 4 | AUC curves of the nomogram and AJCC stage in prediction of prognosis in the training and validation cohorts. AUC curves of the nomogram and AJCC stage in prediction of prognosis at 1-, 3- and 5-year point in the training cohort (A). Time dependent AUC curves of the nomogram and AJCC stage from 0.5 year to 8 year in the training cohort (B). AUC curves of the nomogram and AJCC stage in prediction of prognosis at 1-, 3- and 5-year point in the validation cohort (C). Time dependent AUC curves of the nomogram and AJCC stage from 0.5 year to 8 year in the validation cohort (D).



The calibration curves for the 1-, 3-and 5-year CSS were all close to the gray line of the ideal case, which indicated that there was high degree of consistency between the actual survival probability and the prediction in both the training cohort (Figure 5A) and the validation cohort (Figure 5B).




Figure 5 | Calibration curves for the nomogram in the training and validation cohorts. 1-, 3-, and 5-year calibration curves (A) for the CSS nomogram in the training cohort of patients with EOC (bootstrap = 1,000 repetitions). 1-, 3-, and 5-year calibration curves (B) for the CSS nomogram in the validation cohort of patients with EOC (bootstrap = 1,000 repetitions). EOC, epithelial ovarian cancer; CSS, cancer-specific survival.



Moreover, DCA curves in the training and validation cohorts also showed favorable prediction effects and had better clinical application value than the AJCC stage (Figure 6).




Figure 6 | DCA curves of the nomogram and AJCC stage for CSS in the training and validation cohorts. DCA curves of the nomogram and AJCC stage for CSS in both the training cohort (A) and validation cohort (B). DCA, decision curve analysis; AJCC, American Joint Commission on Cancer; CSS, cancer-specific survival.





External Validation

External data verification of our nomogram model was performed. A total of 53 patients with primary EOC who underwent surgery in the Department of Gynecology, Shengjing Hospital of China Medical University from 2008 to 2012 were collected, and all of them qualified for inclusion.

The mean age of all patients was 58.2 ± 1.24 years old (42-78 years old, median age was 58 years old). In the stages, the proportion of stage I-II was 43.3%. In the differentiation, the proportion of high, middle and low differentiation was 11.3%, 45.3%, and 43.4%, respectively. Among the histological types, the proportions of serous, mucinous, endometrioid, clear cell adenocarcinoma, transitional and epithelial-stromal were 45.3%, 17.0%, 9.4%, 13.2%, 3.8%, and 11.3%, respectively. The percentage of lymph node resection with 1-3 or more than 4 regions was 79.2% and 15.1%. Among the positive lymph nodes, the number of lymph nodes ≤ or ≥4 were 18.9% and 11.3%, respectively. Among the residual lesions, no residual lesions, residual lesions ≤ 1cm and residual lesions ≥ 1cm were 71.7%, 11.3%, and 11.3%, respectively. 81.1% of the patients received postoperative chemotherapy (Supplementary Table 1).

In the 53 patients, the C-index of the nomogram (0.920 [95%CI 0.875-0.965]) was higher than the AJCC stage (0.758 [95%CI 0.672-0.844]). Furthermore, the AUCs of the nomogram were significantly higher than AJCC stage (1-year AUC: 0.934 vs. 0.640, 3-year AUC: 0.892 vs. 0.743, 5-year AUC: 0.968 vs. 0.823, Figure 7) for 1-, 3- and 5-year CSS.




Figure 7 | External validation of the nomogram compared with AJCC stage in 53 cases of EOC from Shengjing Hospital. AUC curves of the nomogram and AJCC stage in the prediction of prognosis at the 1- (A), 3- (B), and 5-year (C) points.



The above internal and external verification results indicate that our nomogram has better performance.




Patient Risk Stratification

We divided the training and validation cohorts and the 53 patients into high-and low-risk groups based on the cutoff values separately. Kaplan-Meier survival analysis showed favorable CSS in the low-risk group compared with the high-risk group. Low-risk patients’ CSS rates were all higher than those of high-risk patients. (Figure 8, all P < 0.001).




Figure 8 | Kaplan–Meier curves of CSS for risk classification based on the nomogram scores in the training and validation cohorts. Kaplan–Meier curves of CSS for risk classification based on the nomogram scores (A) in the training cohort, (B) in the validation cohort, and (C) in the 53 patients with EOC treated at Shengjing Hospital. CSS, cancer-specific survival; EOC, epithelial ovarian cancer.






Discussion

Ninety percent of OC cases are epithelial, the vast majority of which occur in adults and are associated with poor prognosis. Reliable determinations of prognosis for adult EOC remain a difficult problem for clinicians. However, nomograms can be used to evaluate individual survival prognosis according to disease characteristics with high accuracy, which can aid in clinical decision-making for patients with various types of tumors (29–31). Moreover, nomograms have been significantly better at judging prognosis than traditional AJCC stage and clinician experience. At present, there is no reliable, large sample-based, real world tool for evaluating postoperative prognosis among adult patients with EOC. Therefore, using data from the SEER database, the present study aimed to evaluate prognostic factors for 1-, 3-, and 5-year CSS and establish an appropriate individualized nomogram for predicting prognosis in adult patients with EOC following primary surgery. Our internal and external validation results revealed a perfect prediction effect, suggesting that the nomogram can be highly useful in clinical situations.

Our study identified eight independent prognostic factors for CSS, including age, number of regional lymph nodes dissected, number of positive lymph nodes, residual lesion size, histological grade, histological type, AJCC stage, and chemotherapy. In general, older patients are more likely to have poorer survival outcomes. Kim et al. (32) conducted a retrospective analysis of 1,236 patients with EOC, reporting that an age of 66 years was the most significant cut-off for defining the effect of old age with independent prognostic power (HR=1.45; 95% confidence interval=1.04–2.03; p=0.027). In their survival analysis, patients aged ≥66 years had significantly worse overall survival than younger individuals (56 months vs. 87 months; p=0.006). In the present study, age ≥69 years was an independent risk factor for CSS in patients with EOC after primary surgery, and the results were basically consistent.

The degree of cell differentiation or tumor histological grade has been considered to influence the biological behavior of the tumor and patient survival. Grade 1 tumors are associated with higher 3-year disease-specific survival rates (96.4%) than grade 2 (92.4%) or 3 (82.0%) tumors (P<0.001) in patients with early-stage EOC (33). In the present study, tumor histological grade was classified into well-differentiated (G1), moderately differentiated (G2), poorly differentiated (G3) and undifferentiated (G4). Mean CSS for G1, G2, and G3–G4 tumors was 77.428 months (95% CI: 75.942–78.913), 68.660 months (95%CI: 75.942–78.913), and 54.831 months (95% CI: 75.942–78.913), respectively. Multivariate analysis suggested that histological grade was an independent risk factor for patients with EOS, which further indicated that histological tumor grades are associated with worse prognosis among patients with EOC.

The effect of histological types of EOC on prognosis remains controversial. In one study involving 9,491 patients with EOC, 10-year survival rates were better among patients with mucinous, endometrioid, or clear-cell carcinoma than among those with serous carcinoma, although 10-year survival was worse for carcinosarcoma than for serous carcinoma (34). However, some scholars have proposed that long-term survival is worse among patients with clear-cell carcinoma than among those with serous carcinoma, or that there is no significant difference in survival between the two (35, 36). Among all six histological types observed in this study, the epithelial-stromal type (including adenosarcoma and carcinosarcoma) was associated with the shortest mean survival time (37.624 months [95% CI: 33.581–41.667]) and had the worst prognosis.

Previous research has indicated that tumor stage is the most prominent independent factor for progression-free survival (PFS) and OS (37). In the present study, mean survival times (months) for AJCC stages I, II, III, and IV were 78.316 (77.473–79.159), 69.403 (67.339–71.468), 53.253 (52.118–54.388), and 42.603 (40.786–44.421), respectively, and the differences were statistically significant (P0.002). Multivariate analysis revealed that AJCC stage was an independent prognostic factor for EOC, indicating that clinical stage was an important factor affecting the prognosis of EOC. This result suggests that, while focusing on improving clinical efficacy, early detection, early diagnosis, and early treatment are necessary to improve long-term outcomes among patients with EOC.

The most effective tumor cytoreductive surgeries are those in which there are no visible lesions remaining after the initial surgery. Residual tumor volume has been identified as an independent predictor of prognosis in patients with EOC (38). Data from three European prospective randomized trials (AGO-OVAR 3, AGO-OVAR 5, and AGO-OVAR 7) demonstrated that R0 resection was associated with significantly longer median overall survival (R0 resection, 99.1 months vs. <1 cm residual disease, 36.2 months vs. >1 cm residual disease, 29.6 months; P<0.0001) (39, 40). In our study, the mean survival time (months) of patients without residual lesions was 65.611, which was significantly higher than that of patients with residual lesions (46.838 for residual lesions ≤1 cm vs. 42.62 for residual lesions with >1 cm vs. 42.329 for residual lesions of unknown dimensions). Our multivariate analysis revealed that postoperative residual lesion size was an independent risk factor affecting the prognosis of patients with EOC: Satisfactory tumor cell reduction was associated with better prognosis than unsatisfactory tumor cell reduction, highlighting the importance of R0 resection.

We also analyzed the influence of the number of regional lymph nodes dissected and the number of positive lymph nodes on prognosis. The issue of lymph node dissection for OC remains controversial. A multi-center prospective randomized controlled trial (41) reported that systematic pelvic and paraaortic lymphadenectomy in patients with advanced OC who had undergone intraabdominal macroscopically complete resection and had normal lymph nodes both before and during surgery was not associated with longer OS or PFS than no lymphadenectomy. The authors also reported that systematic pelvic and paraaortic lymphadenectomy was associated with a higher incidence of postoperative complications. As a result, the researchers suggested that systemic lymphadenectomy should not be performed in patients with advanced OC who are clinically assessed with negative lymph nodes and have no residual lesions visible to the naked eye. This recommendation was adopted by the National Cancer Care Alliance (NCCA) guidelines in 2019. However, our analysis indicated that the number of regional lymph nodes resected was an independent protective factor for the prognosis of patients with EOC, and that patients with four or more regional lymph nodes resected had the best prognosis. Moreover, lymph node positivity was an independent risk factor for EOC prognosis, and patients with ≥4 positive lymph nodes had the worst prognosis. Thus, our findings highlight the importance of systemic lymphadenectomy for prognosis in patients with EOC. Further studies are required to compare the influence of the number of regional lymph nodes resected and the number of positive lymph nodes on prognosis in patients with early-stage and advanced EOC.

In 2018, the National Comprehensive Cancer Network (NCCN) still proposed that, among patients with EOC who can endure surgery, most will require postoperative chemotherapy after standardized transabdominal comprehensive staging surgery and tumor reduction surgery, with the aim of reducing the recurrence of EOC or treating residual lesions. Platinum combined with paclitaxel is the “gold standard” first-line chemotherapy regimen. In our study, we noted that chemotherapy was significantly associated with CSS, indicating its value in improving survival outcomes.

Based on the eight independent prognostic factors identified above, we constructed a nomogram to evaluate CSS of EOC in adults. It is well known that when the C-index and AUC exceed 0.7, the model has good predictive ability. In our study, the C-Index and AUC of the nomogram were both higher than 0.7, and both were higher than those for the AJCC staging system, indicating a better prediction effect. The calibration curve also revealed good agreement between the nomogram prediction and actual survival. Analysis of the DCA curve further confirmed that the nomogram exhibited better performance than the AJCC staging system. In addition, based on the nomogram, we developed a risk stratification system that allowed for clear division of all patients into two risk groups. The differences in the survival curves of the different risk subgroups were statistically significant.

Previous researchers have also established nomograms for predicting CSS in patients with EOC following surgery [17,18]. However, these studies were conducted with few patients at single centers, and the variables in their nomograms and the SEER database are not completely consistent, making it difficult to directly compare the nomograms. However, our C-index was higher (training cohort: 0.763 [95% CI: 0.751–0.775] vs. internal validation cohort: 0.750 [95% CI: 0.731–0.769] vs. 53 external validation patients: 0.920 [95% CI: 0.875–0.965]) than those reported by Barlin et al. (0.714) and Rutten et al. (0.710) [95% CI: 0.690–0.740]). Importantly, our model is based on a large-sample database in the real world, making our findings more reliable.

More importantly, the previous nomograms have rarely been externally validated. In the present study, external validation was performed using data from 53 eligible patients with EOC. The C-index and AUC results also indicated that the nomogram exhibited excellent performance, which was better than that for the AJCC staging system. Therefore, to our knowledge, our nomogram is currently the most optimal and directly applicable model for predicting CSS in adults who have undergone primary surgery for EOC.

Our study also has some limitations. First, selection bias is inevitable due to the retrospective nature of the study. Second, there is a lack of some important information in the SEER database. For example, the specific pathological types of epithelial carcinoma are not always mentioned, which leads to a certain extent of bias in the data analysis. Third, there are many potentially important factors affecting postoperative outcomes, such as preoperative examinations (positron emission tomography [PET]/computed tomography [CT], serum human epididymis protein 4 (HE4), Risk of Ovarian Malignancy Algorithm [ROMA] score, etc.), ECOG performance status, specific preoperative comorbidities (ascites, intestinal obstruction, etc.), operative time, and occurrence of serious postoperative complications (pulmonary infarction, infection of lymphatic cyst, etc.), none of which could be included in this study.



Conclusion

The large-scale SEER database was used to construct a nomogram that could accurately evaluate 1-, 3-, and 5- year CSS for adult patients with EOC following surgery. The nomogram was internally validated using the SEER database and externally validated in patients with EOC treated at Shengjing Hospital of China Medical University. A risk stratification system was established based on the risk score generated by the nomogram. To our knowledge, our nomogram is currently the most optimal and directly applicable model for predicting CSS in adult patients with EOC following surgery in clinical practice.
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