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Objectives

We aimed to analyze the risk factors of elderly women with epithelial ovarian cancer (EOC) using data on the SEER database, and to generate a nomogram model their 1-, 3-, and 5-year prognoses. The resulting nomogram model should be useful for clinical diagnoses and treatment.





Methods

We collected clinical data of women older than 70 years with epithelial ovarian cancer (diagnosed on the basis of surgical pathology) from the SEER database including datasets between 2010 and 2019. We randomly grouped the data into two groups (7:3 ratio) using the R language software. We divided the independent prognostic factors obtained by univariate and multi-factor Cox regression analyses into training and validation sets, and we plotted the same independent prognostic factors in a nomogram model of overall survival (OS) at 1, 3, and 5 years. We used the C-index, calibration curve, and area under the curve to validate the nomograms. We further evaluated the model and its clinical applicability using decision curve analyses.





Results

We identified age, race, marital status, histological type, AJCC staging, differentiation degree, unilateral and bilateral tumor involvement, number of positive lymph nodes, chemotherapy, surgery, sequence of systemic treatment versus surgery, and time from diagnosis to treatment as independent prognostic factors for elderly women with EOC (P < 0.5). The C-indexes were 0.749 and 0.735 in the training and validation sets, respectively; the ROC curves showed that the AUC of each prognostic factor was greater than 0.7; and, the AUC values predicted by the line plot were similar in the training and validation sets. The decision curves suggest that this line plot model has a high clinical value for predicting overall survivals at 1, 3, and 5 years in elderly women with EOC.





Conclusion

The nomogram model in this study can provide an accurate assessment of the overall survival of women older than 70 years with EOC at the time of the first treatment, and it provides a basis for individualized clinical treatment.
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1 Introduction

Ovarian cancer is the leading cause of death among the gynecologic cancers (1) and the fifth most common cause of death after lung, breast, colorectal, and pancreatic cancers (2). In addition, ovarian cancer is the most difficult gynecologic malignancy to treat in the clinical practice. Ovarian cancer occurs mostly in postmenopausal women. The main organs of the human body undergo gradual functional decline with age, and as a result elderly patients eshibit relatively poor tolerance to malignant tumors. The mortality rate of ovarian cancer has not declined satisfactorily since 1980 (3), but its incidence has shown a yearly decline in countries, such as the United Kingdom, France, Germany, and the United States (4). Accurate prognoses for elderly women with EOC would be helpful for guiding treatment and improving patients’ survivals. The Surveillance, Epidemiology and End Results (SEER) database in the United States covers approximately 47.9% of the US population and collects data on patient demographic characteristics, primary tumor sites, tumor morphology, stage at diagnosis, first course of treatment, patients vital statuses, and morbidity data (5). The 2022 statistics from the the SEER database show 1980 new cases of ovarian cancer and a five-year relative survival rate of 49.7% for ovarian cancers diagnosed between 2012 and 2018 (6). EOC is the most common type of ovarian cancer, accounting for more than 90% of cases (7); and, according to the 2020 World Health Organization (WHO) histopathological classification of ovarian tumors, EOC includes plasmacytomas, mucinous tumors, endometrioid tumors, clear cell tumors, and other epithelial ovarian tumors (Brenner tumors, other types of cancer, and mesenchyma-derived tumors) (8).

The SEER database has been kept up-to-date since its inception, and it contains basic information such as clinical diagnoses, treatments and prognosis survivals, providing a large amount of reliable data for prognosis survival analyses. Clinical practice prognoses based on tumor stages alone are unreliable, but considering different variables together such as the tumor stage, age, histological type, differentiation, and treatment features may improve the accuracy of prognoses; we aimed to construct and validate a clinical prognostic model for ovarian cancer based on the data available in the SEER database.




2 Materials and methods



2.1 Patient selection

We conducted this study using data from elderly women with pathologically confirmed EOC entered in the US SEER database (version 8. 4.1) between 2010 and 2019. The data are publicly accessible without the need for an ethics committee review or approval, or patient informed consents. We selected on the basis of the following inclusion criteria: women older than 70 years, who met the 2020 WHO classification criteria for female genital tumors with pathologically diagnosed EOC (ICD-O-3 code C56. 9) and complete clinical information (including age, race, marital status, histological type, stage, and treatment plan). We excluded data from women with other malignancies, or unknown tumor-specific survivals or overall survivals (in months), or unknown tumor stages.




2.2 Outcome indicators

We selected the following 17 indicators as candidate prognosis predictors: age, race, marital status, histological type, AJC staging, cell differentiation degree, preoperative serum CA125 level, unilateral or bilateral tumor involvement, tumor size, extent of lymph node surgery, number of positive regional lymph nodes, size of residual lesions after tumor cytoreductive surgery, chemotherapy, initial site surgery information, sequence of systemic versus surgical treatment, organ metastasis (bone, brain, liver, lung), and time from diagnosis to treatment. We recorded the overall survival (OS) in months at the end of the follow-up time.




2.3 Analysis methods

After screening patient data for inclusion and exclusion criteria, we randomly grouped the relevant data from each patient collected from the SEER database using R Studio version 4.2.2 software, dividing them at a 7:3 ratio into a training and a validation sets. We analyzed the data from the two groups using chi-squared tests, with P < 0.5 representing statistically significant differences.



2.3.1 Cox regression analysis to determine independent prognostic factors

We subjected candidate prognostic factors to one-way Cox regression analysis in the training set, and included the resulting statistically significant (P < 0.5) prognostic factors in the multi-factor Cox regression analysis to obtain the independent prognostic factors for EOC; in addition, we derived the risk ratio (HR) and 95% confidence interval (CI) of each candidate prognostic factor and used the least absolute shrinkage and selection operator (LASSO) to further identify the screened independent prognostic factors.




2.3.2 Construction of survival nomogram

We included the independent prognostic factors obtained by regression analysis in the training set, and we drew a survival chart of the prognoses of elderly women with EOC. According to the different clinical characteristic groups, we entered the corresponding patients’ scores in the line chart and we added all the scores to get the total score to predict the 1-year, 3-year and 5-year OSs values for elderly women with EOC. We applied the consistency index (C-index) to evaluate the prediction accuracy of an event; we used the area under curve (AUC) to evaluate the differentiation of the line map, and the calibration curve to verify the consistency of the probability between the overall survival time and the actual survival time of the cancer; finally, we assessed the clinical applicability of the model line map obtained using a decision curve analysis (DCA).






3 Results

We included clinical data of 6421 elderly women with EOC from the SEER database in our analyses and randomized them into two groups (4445 cases in the training set and 1976 cases in the verification set; Figure 1). After chi-square tests, we found no significant differences between the two data sets (P>0.05, Table 1).




Figure 1 | SEER screening process.




Table 1 | Clinicopathological data of patients with EOC.





3.1 Model results

Our univariate analysis of the candidate predictors in the training set showed that the 17 predictive factors selected had an impact on the prognosis and survival of elderly women with EOC (P < 0.05; Table 2). The results of our multivariate analysis and forest map (Figure 2) show that, except for the tumor size and the scope of lymph node operation, the candidate predictors were independent risk factors for elderly women with EOC. Moreover, after eliminating the three factors with a coefficient of 0 (residual lesion size, preoperative serum CA125 level, and organ metastasis after tumor cell reduction) and performing a LASSO regression, the remaining 12 influencing factors did not need to be further excluded (Figure 3). The survival chart shows that each independent prognostic factor corresponds to a score. By adding the scores of independent prognostic factors of a patient, a specific total score can be obtained, corresponding to the 1-year, 3-year and 5-year OS values for that patient. For example, a 78-year-old white women with EOC widowed at the age of 78, who had moderately differentiated serous bilateral tumors, AJCC stage III, more than one positive lymph node, surgical treatment, systemic treatment during or after the operation, a time from diagnosis to treatment within 1–3 months, but no postoperative chemotherapy had a total score of 242.8; and her corresponding 1-year survival rate was higher than 70%, her 3-year survival rate was less than 40%, and her 5-year survival rate was only approximately 15% (Figure 4).


Table 2 | Univariate and multivariate Cox regression analyses of patients in training set.






Figure 2 | Multivariate regression model of women with EOC in training concentration. *P<0.05, **P<0.01, ***P<0.001, Statistically signicant difference, the significance increased successively. “#” It only stands for remarks.






Figure 3 | LASSO Regression analysis. (A) LASSO Coefficient distribution map-LASSO coefficient distribution of all variables. (B) variables determined by LASSO analysis (n=12).






Figure 4 | Line chart model of 1-year, 3-year and 5-year OS in elderly women with EOC.






3.2 Verification results

To verify the accuracy of the model, we drew a calibration curve with a slope of 1 as a reference between the training and verification sets. The calibration curve we obtained exhibited a close resemblance to the ideal curve, proving the adequacy of our line chart model and the consistency of the predicted survival rates with the actual survival rates observed (Figure 5).




Figure 5 | Calibration curve. (A–C) Training sets at 1 year, 3 years, and 5 years. (D–F) Validation sets at 1 year, 3 years, and 5 years.



In the training and verification sets, the C indexes of elderly women EOC were 0.749 and 0.735 respectively, indicating that the prediction accuracy of the line chart was high. According to the ROC curve in the training set, the 1-year AUC was 0.832, the 3-year AUC was 0.783, and the 5-year AUC was 0.782, and in the verification set the 1-year AUC was 0.813, the 3-year AUC was 0.754, and the 5-year AUC was 0.779. The AUCs of both sets were higher than 0.7 and the results were similar, indicating that the prediction model discrimination is high (Figure 6).




Figure 6 | ROC curves. (A) Training sets at 1, 3, and 5 years. (B) Validation sets at 1, 3, and 5 years.






3.3 Risk stratification and decision curve

We divided the risk scores of independent prognostic factors into low risk and high risk groups according to the median risk scores of the independent prognostic factors. In the training set,the median survival times of the high risk group were 19 months, and the low risk group were 65 months. In the Verification set, the median survival times of the high risk group were 22 months, and the low risk group were 64 months. The Kaplan-Meier curves in Figure 7 show that the 1-, 3- and 5-year survival prognoses of the low-risk group were significantly better than those of the high-risk group (P < 0.001), demonstrating the robust risk stratification ability of our line chart.




Figure 7 | Kaplan-Meier curves of risk stratification. (A) Training set. (B) validation set.



In addition, combined with the results of the DCA curve(Generally, the farther the model curve is from all or none curves, the higher the clinical application value of the model curve). It can be clearly concluded from the results that in the DCA curves of the training set and the validation set, the threshold of patients who can benefit is basically aroud 20%-95%. Therefore, the line chart model can be used to effectively predict the 1-, 3- and 5-year overall survival rates of elderly women with EOC (Figure 8).




Figure 8 | DCA curves. (A) Training set. (B) validation set.







4 Discussion

In this study, we analyzed multiple independent factors for EOC in elderly women, and our results show that the survival rates predicted by our model line chart align well with the actual survival rates, indicating that the clinical prognostic model is useful to evaluate the survival prognosis of elderly women with EOC.

Ovarian cancer may occur in any age group, but it is more common in patients older than 50 years (2). We included data from patients with EOC older than 70 years in this study. Our line chart predicts a worsening prognosis with age increases. We believe that age is a risk factor for ovarian cancer with older women being at higher risk of developing invasive tumors. In addition, the physical function decline of older women results in relatively poor survival prognoses, a finding consistent with those of Pawelec G et al. (9).

Zeng C et al. found that the ethnic survival gap is widening in patients with ovarian cancer (10). Factors such as poverty and lack of access to health care may affect the outcome of diseases like ovarian cancer (11). On the basis of the results of the African American Cancer Epidemiological study (AACES), Schildkraut JM et al. compared cases in the SEER database and found that black women with lower levels of income (45% < $25000 per year), education (51% ≤ high school education), and insurance coverage (32% without insurance or Medicaid) had poorer prognoses than white women in the SEER database (12). This suggests that ethnic differences in the survival rate of ovarian cancer are associated with the stage of diagnosis, the quality of care, and social factors of health (11, 13). More than 90% of the data in this study are derived from Caucasian and black women, and most are derived from Caucasian women. The prognosis differences may be related to a lack of supportive care for black women.

Our results show that the OS values of unmarried elderly women with EOC are significantly lower than those of married or widowed elderly women. This is consistent with the results of other studies (14): compared with married elderly women with EOC, unmarried women with EOC have a higher risk of late diagnosis and worse survival outcomes. The reason for this may be related to a higher number of ovulation cycles in unmarried women, who are also more likely to develop malignant tumors. The risk of ovarian cancer increases in women with more ovulation cycles, such as those with younger menarche and later menopause (15, 16). Therefore, unmarried elderly women with ovarian cancer require special attention during their diagnoses and treatments.

Tumoral histological types and cell differentiation degree have an important role in the prognosis and survival of elderly women with EOC. EOC is the most common ovarian cancer, and high-grade serous ovarian cancer is its most common type and one of the most aggressive histological types, accounting for about 70% of newly diagnosed cases (17). Endometrioid tumors, clear cell tumors, and other types of tumors account for the remaining 30%. The prognosis of serous tumors is better than those of mucinous, clear cell, and other epithelial ovarian cancers. Usually, EOC is diagnosed by histopathological evaluation after ovariectomy, or fallopian tube or peritoneal biopsy; and, the treatment regimen is individualized according to the histopathological type, stage, and individual symptoms of each patient (18). However, studies have found that (19) only approximately 13% of serous ovarian cancer cases are diagnosed during stages I or II; the 10-year survival rate for early diagnoses is 55% and that for late diagnoses reaches only 15%. Moreover, most of these patients are diagnosed because they develop symptoms of distant metastasis, which have a great impact on the prognoses of the patients. Other studies (20, 21) have shown that women with serous ovarian cancers have a worse prognosis than those with mucinous or clear cell cancers. Howere, in our study, the prognoses of serous ovarian cancer have been found to be significantly better than that of ovarian mucinous and clear cell tumors, and when compared with other EOC histological types (regardless of stage and differentiation degree), the prognoses of endometrioid carcinomas have been the best (22); we found results consistent with the evidence. These findings may be associated with epigenetic mechanisms of ovarian cancer (23), the unique clinical characteristics of each tumor subtype, and different gene mutation sites (24). Our nomogram model also confirmed that worse degrees of cell differentiation result in lower 1-, 3- and 5-year overall survival rates.

Ovarian cancer (especially advanced ovarian cancer) remains one of the gynecological tumors with most unfavorable prognoses (25). For this study, we used the staging system of the American Joint Commission on Cancer (AJCC), which includes the traditional TNM staging and the more commonly used International Federation of Obstetrics and Gynecology staging (26). Because early ovarian cancer is usually asymptomatic and difficult to detect, most patients are diagnosed during an advanced stage. We found that more than 70% of the patients were diagnosed with advanced stages, and our results showed that advanced tumor stages led to the worse survival prognoses. This is because the lesions can be more easily removed in patients with early tumor stages, and residual lesions are relatively small and sensitive to chemotherapy, resulting in low risks of recurrence and metastases. According to AJCC staging, patients with lymph node metastasis have stages III or higher, and patients with liver parenchyma metastasis have stage IV cancer. The prognosis differences between early stage patients and late stage patients were more pronounced after the multivariate analysis (P < 0.001). Our line chart shows that the assigning scores of women with late stage EOC (III stage, 90.38; IV stage, 100) were significantly higher than those of early stage patients (stage I, 0; stage II, 53.31). Li X et al. (27) also have suggested that early detection, early diagnosis, and early treatment are necessary to improve the long-term prognoses of patients with EOC. This confirms that the survival rates of patients with lymph node or liver parenchyma metastases are lower than those of patients without metastasis.

According to the results of a primary debulking surgery, the surgical satisfaction can be classified into three categories (28): complete removal of tumor or visual absence of residual tumor (R0), maximum diameter of single residual lesion ≤ 1 cm (R1), maximum diameter of single residual tumor >1 cm (R2). In this study, univariate Cox regression showed that R0 was an influencing factor for EOC prognoses in elderly women, but urther screening by LASSO regression analysis showed that the size of residual lesions after tumor cell reduction was an independent risk factor for the prognosis. According to the latest NCCN Guide(1st edition, 2023) (29), full staging during surgery has not been demonstrated to improve the survival of patients with R0, but it is important to determine the most appropriate postoperative treatment. Our results support this notion.

The latest guidelines for the use of the SEER database state clearly that chemotherapy, hormone therapy, biological response therapy/immunotherapy, and surgical/radiation endocrine therapy are considered systemic therapies (30). Our results show that postoperative chemotherapy is an independent prognostic factor for elderly women with EOC (P < 0.001). The overall survivals of patients after chemotherapy are significantly higher than those of patients without chemotherapy. For systemic chemotherapy, adjuvant therapy with immune checkpoint inhibitors (29) should be given after tumor cell reduction in women with stages II-IV EOC, and platinum-based chemotherapy is recommended. The recommendation includes six courses of standard paclitaxel (paclitaxel or docetaxel) + platinum (carboplatin or cisplatin) intravenous chemotherapy (29, 31). Our multivariate analysis results show that systemic treatment and surgical operation were independent prognostic factors in elderly women with EOC, and their prognoses were significantly higher than those of women without systemic treatment. However, our results showed similar prognoses after either postoperative or intraoperative systemic treatment (systemic treatment options are performed during surgery, for example, intraperitoneal perfusion chemotherapy or radiotherapy, etc). Although new radiotherapy techniques have been gradually applied in recent years and are relatively effective, radiotherapy is still not the preferred adjuvant therapy in ovarian cancer (32).

The serum levels of CA125 (a marker of EOC) may increase in women with ovarian cancer, but the sensitivity of this marker is low during the early stages (33). High preoperative CA125 levels have been associated with worse EOC prognoses (34, 35). In our study with data from elderly women, the univariate analysis showed a significant difference between patients with elevated serum CA125 and patients with normal preoperative CA125 levels, but the multivariate analysis failed to identify serum CA125 as an independent prognostic factor, this finding differs from those in other studies. However, the levels of CA125 in the study by Dikmen et al. (36) suggest that the marker is less than ideal for the diagnosis of ovarian cancer.

Studies have not found an association between the tumor diameter and the prognosis of EOC. In fact, a number of scholars (37, 38) have shown that the tumor diameter in patients with early EOC is larger than that in patients with advanced stages. In our study, of the 4953 women with advanced III-IV stages (77. 1%), only 984 cases (19.9%) had tumor diameters larger than 10 cm, and more than 2182 cases (40%) had tumor diameters smaller than or equal to 10 cm. Thus, most patients with advanced disease had relatively small tumor diameters. We divided tumor diameter data into two groups with 10 cm as the dividing point. The univariate analysis showed a significant difference between the prognoses of patients with tumors larger than 10 cm and those with tumors smaller than or equal to 10 cm (P < 0.001), but the multivariate analysis did not suggest that the tumor size was an independent factor affecting the prognosis of EOC. This may be due to the lack of a specific analysis of the different stages and tumor diameters in this study, and it may also be related to the fact that early EOC grows in situ without distant metastases, whereas advanced EOC tumors may be relatively small, but are often accompanied by metastases. Some researchers have indicated that the tumor size cannot be used to prognosticate EOC outcomes (39). It was considered that it might be related to the critical value selected by the grouping, and many different groups could be analyzed and compared later.

We are aware of the limitations of this study: 1) This was a retrospective study with clinical data from the SEER database on middle-aged and elderly women with EOC that may reflect selective biases. 2) We focused on women in the United States with data included in the SEER database, most of them were white, and we lack external clinical data to verify the accuracy of the entries. 3) A lot of basic clinical data are missing from this database, such as the presence of tumor markers (HE4, CA199, and CEA, etc.), ascites, gene detection, specific chemotherapy and systemic therapy details (drugs, doses, etc.), and intraoperative bleeding records.




5 Conclusions

To sum up, we generated a survival nomogram based on data from the SEER database including age, race, marital status, histological type, AJCC stage, differentiation degree, unilateral and bilateral tumor involvement, number of positive lymph nodes, sequence of chemotherapy, surgery, systemic treatment and operation, and diagnosis to treatment time. The clinical prediction model is accurate for women older than 70 years with EOC, and it can provide a clinical basis for individualized treatment after operation.
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