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Background

This study aimed to establish a diagnostic nomogram to predict the early death risk in older patients with primary intracranial glioma and to identify the high-risk population in those patients to provide them with specialized care to increase their benefit from survival.





Methods

Patients aged 60 years and older with histologically confirmed intracranial glioma were identified in the Surveillance, Epidemiology and End Results (SEER) database. Initially, they were divided into a training set and a validation set in a 7:3 ratio. Next, univariate and multivariate logistic regression were employed to identify independent risk variables, which were used to develop a diagnostic nomogram further. Additional analyses were performed on the diagnostic nomogram’s performance, including calibration curves, receiver operating characteristic (ROC) curves, and decision curve analysis (DCA). A mortality risk classification system was ultimately developed using the diagnostic nomogram.





Results

This study included 8,859 individuals diagnosed with primary intracranial glioma. The participants were randomly split into two groups: a training set consisting of 6203 individuals and a validation set consisting of 2,656 individuals, with a ratio of 7 to 3. Univariate and multivariate logistic regression analyses on early death showed 7 independent risk variables (age, median household income, histological type, tumor grade, surgery, radiation therapy, and systemic therapy sequence with surgery) in the training set. A diagnostic nomogram for predicting the early death risk was created based on these variables. Calibration curves showed a high agreement between the expected and actual probabilities. The area under the curves (AUC) for the training and validation sets were 0.798 and 0.811, respectively. Meanwhile, the novel-created diagnostic nomogram had the highest AUC value compared to each independent risk variables, which showed that the nomogram had the best discriminatory ability. The DCA indicated that the nomogram has the potential to provide greater clinical advantages across a broad spectrum of threshold probabilities. Furthermore, a nomogram-based risk classification system was constructed to help us identify the high-risk population facing early death.





Conclusions

This study created a novel diagnostic nomogram to predict the probability of early death in older patients with intracranial glioma. In the meantime, a nomogram-based risk classification system was also constructed to help us identify the high-risk population facing early death in older patients with intracranial glioma and provide them with specialized care to increase their benefit from survival.
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1 Introduction

According to the latest findings on cancer data, it is estimated that there will be 18,760 deaths and 25,460 new cases of brain and other nervous system cancers in the United States in 2024 (1). Gliomas, which arise from glial cells in the central nervous system, are the predominant type of intracranial tumors. Malignant glioma poses numerous risks, such as its elevated malignancy, mortality rate, and likelihood of recurrence. The impact on society and families has been significant. According to data from the Central Brain Tumor Registry of the United States (CBTRUS), the typical yearly age-adjusted occurrence rate of all malignant brain and other CNS tumors was 7.02 per 100,000 individuals, with a typical yearly death rate of 4.41 per 100,000 individuals (2). Furthermore, the frequency and death rate of intracranial glioma rise notably as individuals get older. The five-year relative survival rate of malignant brain tumors and other CNS tumors is 35.7%, but for those over 40 years old, it is only 21.0%.

With the continuous development and advancement of diagnostic and therapeutic techniques, surgery combined with systemic therapy (radiotherapy and chemotherapy) has dramatically improved the survival benefit of patients with intracranial gliomas (3). However, the prognosis for the older population remains poor (4). According to the population data of 2019-2020 available from the Surveillance, Epidemiology, and End Results (SEER) database, there were 16,653 new patients with intracranial tumors, with 53.2% of the population over 60 years old. And 35.16% of those individuals had a survival time of just less than 6 months. Such a high early death rate has become a significant challenge for the survival benefit of patients.

In the face of such a severe situation, how to quickly identify patients at high risk of early death and provide effective interventions to maximize the therapeutic benefit has become an urgent challenge for neurosurgery surgeons (5). A nomogram is a visual computational tool used to predict disease outcomes, thereby improving the accuracy of cancer prognosis prediction, which has been proven to be superior to TNM staging (6, 7). Nomograms offer the benefit of personalized risk assessment, aiding doctors in creating tailored treatment plans for individual patients (6). Additionally, they assist in creating a risk classification system, which helps identify high-risk groups and allows for the rational allocation of healthcare resources by doctors. Currently, there are nomograms for predicting overall survival or cancer special survival in glioma patients, and there are epidemiologic studies of glioma patients of different ages (8, 9). Still, there are no studies to construct nomograms for predicting early death in older patients with intracranial gliomas.

Hence, a diagnostic nomogram was created and confirmed in this study to estimate the likelihood of early death in older patients with primary intracranial glioma using information from the SEER database. Then, risk classification of older patients with primary intracranial glioma is realized by the nomogram. Then, subgroup analysis is performed to screen out the high-risk populations facing early death and give more effective treatment at the initial diagnoses to achieve the purpose of better patient management and rational allocation of healthcare resources.




2 Methods



2.1 Selection of patients

This study included patients who were diagnosed with primary intracranial glioma in the SEER database. The SEER database is a public database that includes tumor data from 28% of the U.S. population, covering a wide range of data on patient demographics, primary tumor sites, treatment information, and survival rates. Notably, it avoids the potentially limiting bias that arises when evaluating patients from a single institution by allowing the use of data from multiple centers of patients. Using the SEER*Stat software version 8.4.3 from www.seer.cancer.gov, we successfully obtained patient data from [Incidence-SEER Research Date, 17 Registries, Nov 2022 Sub (2000–2020)]. Since the SEER database is accessible to researchers worldwide, our study does not necessitate approval from an ethical committee or consent from patients.

These were the inclusion criteria: (1) tumors located in the brain; (2) age≥60 years old; (3) the survival period was between one month and six months; (4) intracranial glioma is the initial primary tumor; and (5) diagnosed by histology. Meanwhile, the exclusion criteria were as follows: (1) ICD-O-3/WHO 2008 not brain; (2) not primary malignancy; (3) the survival period was unknown, or more than six months; (4) age less than 60 years old. The participants were divided into a training set and a validation set in a 7:3 ratio through random selection (10, 11). Figure 1 displays the process of selecting patients for this study.




Figure 1 | The study’s patient selection and workflow.






2.2 Definition of variables

Early death in this study was identified to be death within 6 months from initial diagnosis (12, 13). The older patient in this study was identified as a patient who was no less than 60 years old at the initial diagnosis (14–16).

Our study initially included 19 variables that might relate to early death in older patients with primary intracranial glioma. The X-tile program identifies the best thresholds for age and tumor size, which were found to be 72 years and 79 years old, and 26 mm and 66 mm, respectively (17). Age categories included 60-71, 72-79, and over 79 years old, while tumor size categories were less than 26, 26-66, and greater than 66 mm. Gender was categorized as either male or female. The classification of race included categories for black, white, and other ethnicities such as American Indian/AK Native and Asian/Pacific Islander. Marital status was categorized as either married or unmarried, and unmarried included single, unmarried, domestic partner, widowed, separated, and divorced. Median household income was divided into <$50,000, $50,000-74,999, and >$74,999. Laterality was categorized as left, right, bilateral, or other. The tumor stage was divided into localized, regional, and distant. Tumor grade was divided into grades I-II, III-IV, and unknown. The different histologic categories included glioblastoma, non-glioblastoma astrocytoma, oligodendroglial tumors, ependymoma, and unspecified gliomas, as per the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) codes (18). Metastases to distant sites such as bone, brain, liver, and lung were categorized as either present, absent, or unknown. Treatment (surgery, radiotherapy, chemotherapy) was divided into yes or no. Radiation sequence with surgery was divided into no radiation and/or cancer-directed surgery, radiation after surgery, and other. Systemic therapy sequence with surgery was divided into no systemic therapy and/or surgical procedures, systemic therapy after surgery, and other.




2.3 Statistical analysis

Using R software, the patients were divided into training and validation sets in a 7:3 ratio through random selection. The training set was used to determine independent risk variables associated with early death in older patients with primary intracranial glioma and to develop a diagnostic nomogram, which was confirmed by the validation set later. Univariate logistic regression analysis was performed to determine the relationship between the included variables and early death in patients, showing hazard ratios (HR) and 95% confidence intervals (CI) to demonstrate the impact of these variables on early death. To determine early death-related independent risk variables, multivariate logistic regression analysis further explored variables with a p < 0.05. A diagnostic nomogram was created to predict early death in older patients with primary intracranial glioma based on these independent risk variables. Meanwhile, each independent prognostic variable obtained a special point. A calibration curve was then used to demonstrate the validity of the diagnostic nomogram after the nomogram was constructed. The area under the curve (AUC) was determined by analyzing ROC curves to assess the diagnostic nomogram’s ability to discriminate. The ROC curves of each independent risk variable and the diagnostic nomogram were generated to illustrate their predictive capabilities using the provided AUC value, where a higher AUC indicates stronger predictive ability. Decision curve analysis (DCA) assessed the nomogram’s clinical utility.

A classification system was developed using the nomogram to help determine the mortality risk for these patients. According to the nomogram, the patient’s total points were calculated, and cut-off values for early death risk were identified using X-tile software. Subsequently, a mortality risk classification system for classifying mortality risk was created to categorize these individuals into subgroups with low and high risks of early death. We analyzed the Kaplan-Meier survival curves to determine if there were any disparities between the two risk categories. This study utilized SPSS (version 27.0) and R (version 4.1.0) for statistical analysis, with significance determined at p< 0.05.





3 Results



3.1 Demographic and clinicopathologic characteristics

This study included a total of 8,859 older individuals with primary intracranial glioma diagnosed between 2000 and 2020, based on the specified criteria for inclusion and exclusion. Participants were divided into two groups, a training set consisting of 6,203 individuals and a validation set consisting of 2,656 individuals, with a ratio of 7 to 3. The patient’s detailed demographic information, tumor characteristics, and treatment were summarized in Table 1.


Table 1 | Patient demographics and baseline characteristics.






3.2 Identification of independent risk variables

First, the 19 variables in the training set were enrolled in univariate logistic regression analysis. The findings indicated that 16 variables were associated with the occurrence of early death in older individuals diagnosed with primary intracranial glioma, with a p-value less than 0.05, excluding race, laterality, and tumor size, which had a p-value greater than 0.05. Next, those 16 variables were included in a multivariate logistic regression analysis to remove the effects of confounding variables. The findings indicated that variables such as age, median household income, histological type, tumor grade, surgery, radiation therapy, and systemic therapy sequence with surgery were identified as independent risk variables of early death in older individuals with primary intracranial glioma, while variables like gender, marital status, tumor stage, distant metastasis to bones, brain, liver, or lung, chemotherapy, and radiation sequence with surgery did not show statistical significance (p > 0.05, Table 2).


Table 2 | Analyzing the risk factors for early death in older individuals with primary malignant intracranial glioma using both univariate and multivariate logistic regression.






3.3 Construction and validation of the diagnostic nomogram

Using the 7 independent risk variables mentioned earlier, a diagnostic nomogram was developed in R to predict the early death in older patients with primary intracranial glioma. Additionally, each independent risk variable was assigned a specific point value in the nomogram based on its impact on the outcome, as detailed in Table 3. The total point of a patient was obtained by summing the point of each independent risk variable. To determine the likelihood of early death in these individuals, one can draw a vertical line from the total points to the axis representing early death (Figure 2). The calibration curves for the training and validation sets closely matched the ideal 45°curve (Figure 3), suggesting that the predicted early death rates from our diagnostic nomogram were in strong agreement with the actual ones, confirming the high predictive accuracy of the diagnostic nomogram. Figure 4 displays the ROC curves for both the training and validation sets. The diagnostic nomogram showed high discrimination with AUCs of 0.798 and 0.811 for the training and validation sets, respectively. The diagnostic nomogram showed higher AUCs compared to each independent risk variable in both sets, indicating strong prediction accuracy (Figure 5). Additionally, DCA demonstrated a positive clinical benefit net within a specific threshold range in both sets, suggesting the promising future clinical effectiveness of the nomogram (Figure 6).


Table 3 | The detailed point of each early death-related independent risk factor in this diagnostic nomogram.






Figure 2 | A novel diagnostic nomogram for forecasting the likelihood of early death in older individuals with primary intracranial glioma. **p < 0.05, ***p < 0.01.






Figure 3 | Calibration curves for the diagnostic nomogram were generated for both the training (A) and validation (B) sets. The Y-axis shows the actual chance of an early death in older patients with primary intracranial glioma, whereas the X-axis shows the anticipated likelihood of the diagnostic nomogram.






Figure 4 | The receiver operating characteristic (ROC) curves and area under the curve (AUC) of the diagnostic nomogram were used to predict the early death of older patients with primary intracranial glioma in both training (A) and validation sets (B).






Figure 5 | In both the training (A) and validation (B) sets, the diagnostic nomogram had the highest AUC compared to each independent risk variable, demonstrating its outstanding predictive ability in estimating the probability of early death in older patients with primary intracranial glioma.






Figure 6 | The decision curve analysis (DCA) of the diagnostic nomogram was utilized to predict early death in older individuals with primary intracranial glioma in both training (A) and validation sets (B).






3.4 Construction of the early death risk classification system

The X-tiles software was used to determine the optimal threshold of 400 based on the total points of each patient in the training set. Patients were categorized into two groups based on risk level: low-risk (≤400) and high-risk (>400). Next, the Kaplan-Meier survival curves for the two risk categories were created and the log-rank test was conducted. Figure 7 displayed a notable distinction between the two subgroups (p < 0.05) in the training and validation sets, confirming the effectiveness of the risk classification system based on the nomogram. Therefore, the nomogram could help us to identify the high-risk population facing early death in older patients with intracranial glioma.




Figure 7 | Kaplan-Meier survival curves were used to analyze early death in two different risk categories of older individuals with primary intracranial glioma in both the training (A) and validation sets (B).







4 Discussion

Glioma, with multiple subtypes, is the predominant form of malignant primary central nervous system tumor (19). Compared with other tumors, the incidence of glioma is relatively rare, but its progression occurs rapidly with a low survival rate (20). The progression of intracranial glioma is always influenced by a variety of factors, including age, sex, tumor grade, histological type, surgical resection, radiation, chemotherapy, and so on (21). And many patients with gliomas would end up with unavoidable death due to tumor recurrence and metastasis. Clinical management of older patients with primary intracranial glioma is challenging (22). At the same time, excessively high early death rates constrain the therapeutic benefit to the population, causing not only great psychological trauma to patients but also a significant increase in the burden of disease on society as aging societies intensify globally. Therefore, more attention should be devoted to decreasing the early death rate in those populations.

In clinical practice, it is difficult to predict the early death of a patient based on a single variable. It is necessary to combine several or even more than a dozen variables closely related to the prognosis to improve the accuracy of the prediction (5). The diagnostic accuracy of traditional staging systems, such as the AJCC TNM staging, which classifies patients into four stages based on the all-or-nothing principle of variable categorization, has long been surpassed by emerging predictive models, such as nomogram, machine learning, and so on. The nomogram has been widely used in medical research as a simple graphical representation that provides an individualized prediction of survival outcomes and has become an essential component of modern medical decision-making. It contains multiple prognostic variables, including continuous variables, and describes factors and outcomes associated with more complex relationships toward prognosis. Thus, a novel diagnostic nomogram was created in this research to forecast early death in older patients with primary intracranial glioma using both univariate and multivariate logistic regression analyses, aiming to offer personalized early death evaluation and risk categorization. Our study found that age at diagnosis, median household income, histological type, tumor grade, surgery, radiation therapy, and systemic therapy sequence with surgery were identified as independent risk variables by analyzing data from 8,859 older patients in the SEER database. A diagnostic nomogram was created and validated based on those independent risk variables to predict early death in older patients with intracranial glioma. The calibration curves in both the training and validation sets closely resembled the 45° ideal curve, suggesting a strong agreement between the expected and observed probabilities. The diagnostic nomogram had higher AUCs compared to each independent risk variable in both sets, indicating its strong predictive accuracy. Additionally, DCA demonstrated an excellent positive clinical benefit net within a specific threshold range in both sets, suggesting the promising future clinical effectiveness of the nomogram. Moreover, utilizing a risk stratification system based on nomograms could classify patients into low-risk and high-risk categories, enabling the identification of older patients with intracranial glioma who are at high risk of early death.

Numerous research studies have indicated that advancing age is a negative predictive element for individuals diagnosed with primary intracranial glioma (23, 24). Additionally, our research indicated that advancing age is an independent risk variable to early death. On the one hand, it may be attributed to the poorer overall health of older patients as they face more preoperative complications such as hypertension and diabetes, which challenge surgical tolerance and some other postoperative complications (25). Hence, their acceptance of surgical treatment is considerably lower, with 72.93% and 61.82% for 60-71 and > 79-year-old patients, respectively. On the other hand, a dysregulated immune response may contribute to the poorer prognosis of the older. Patients’ ability to inhibit tumor growth and delay distant metastatic spread decreases as they age. Moreover, median household income is also an independent risk variable. More household income guarantees access to better healthcare resources, and they also tend to have a more positive attitude towards treatment, both in terms of treatment of the disease itself and nutritional intake, than those with lower household incomes. Therefore, the higher the income, the lower the possibility of early death.

Furthermore, early death was associated with the histological type and tumor grade. The most prevalent histological types of intracranial glioma were glioblastoma and non-glioblastoma astrocytoma, both classified as high-grade glioma along with Grade III and IV. Meanwhile, oligodendroglioma and astrocytoma were defined as low-grade glioma with Grade I and II (4, 18, 21). Low-grade gliomas can be easily removed and are well distinguished based on the location of tumor development, leading to a more favorable outcome compared to high-grade gliomas, which are mainly undifferentiated tumors with a grim prognosis (26–28).

Currently, intracranial gliomas are mainly treated with surgical resection, radiotherapy, and chemotherapy. Among them, surgery is the mainstay of treatment for all gliomas (22). Moreover, with the continuous development of neurosurgical techniques, surgical treatment of gliomas is safer than before (29). Compared with those treated with watch-and-wait in low-grade intracranial gliomas, patients who received early surgery benefit more survival time (30). Postoperative adjuvant radiotherapy is a critical element in the treatment plan for patients with primary intracranial glioma. It is usually recommended to start external radiation therapy within 2-4 weeks after surgical resection or biopsy.

Numerous research studies have indicated that the use of radiotherapy plays a crucial role in determining the prognosis for individuals with intracranial glioma and enhances their chances of survival (31–33). Sun et al.’s study showed the highest estimated hazard ratios for patients older than 60 years of age who did not receive radiotherapy. They also suggested that postoperative radiotherapy should be prioritized as part of the treatment plan for older patients (28). We reached similar conclusions in the present study.

Although the univariate logistic regression analyses proved the positive effect of chemotherapy in reducing early death, the multivariate regression analyses showed that chemotherapy was not an independent risk variable. However, the combination of postoperative radiotherapy and chemotherapy after surgery was an independent risk variable against early death, which is thought to coincide with the current treatment strategy for intracranial gliomas. The recommendations are inclined towards suggesting a combination of surgery, radiotherapy, and chemotherapy for more effective management of risks (3). Currently, the typical treatment for glioblastomas involves extensive surgery followed by radiotherapy along with additional temozolomide (TMZ) therapy. Since 2005, TMZ has been widely used to treat glioblastoma, and the survival rates of patients have improved, with a median survival rate of 14.6 months, a progression-free survival rate of 6.9 months, and a two-year overall survival rate of 26.5% (34–38). In addition, Li et al. demonstrated that the use of both radiotherapy and chemotherapy can decrease the possibility of death, regardless of whether there is an isocitrate dehydrogenase (IDH) gene mutation (3).

The advantages of this study are as follows. First, this study enrolled 8,859 candidates from 113,631 patients, and the results obtained are of good representative and clinical guidance value. Furthermore, the developed diagnostic nomogram demonstrates outstanding accuracy in predicting the likelihood of early death by tailoring the results to individual patients’ medical history. Finally, the mortality risk stratification system can help us identify the high-risk population and then realize the personalized management of patients and rational allocation of medical resources. Nevertheless, certain limitations in this research need to be acknowledged. First, selection bias will inevitably exist in any retrospective study. Furthermore, previous SEER databases did not contain data on certain molecular markers, like the 2016 World Health Organization’s categorization of CNS tumors, which utilized IDH 1/2 mutations and 1p/19q deletions for glioma classification (23, 24). Additional external research is necessary to confirm the effectiveness of the diagnostic nomogram in identifying the high risk of early death in older individuals with primary intracranial gliomas.




5 Conclusion

Overall, age, median household income, histological type, tumor grade, surgery, radiation therapy, and systemic therapy sequence with surgery were determined as independent risk variables for predicting early death in older individuals diagnosed with intracranial glioma. Utilizing these risk factors, we successfully designed and rigorously validated a new diagnostic nomogram. In the meantime, a nomogram-based risk categorization system that can distinguish between patients at high and low risk was created, which could help us to identify the high-risk population facing early death in older patients with intracranial glioma and provide them with specialized care to increase their benefit from survival.
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