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Background: Medulloblastoma (MB) is a highly malignant neuroepithelial tumor occurring in the central nervous system. The objective of this study was to establish an effective prognostic nomogram to predict the overall survival (OS) of MB patients.
Materials and methods: The nomogram was developed using data from a retrospective cohort of 280 medulloblastoma patients (aged 3–18 years) identified from Beijing Tiantan Hospital between 2016 and 2021 as the training cohort. To validate the performance of the nomogram, collaborations were formed with eight leading pediatric oncology centers across different regions of China. A total of 162 medulloblastoma patients meeting the inclusion criteria were enrolled from these collaborating centers. Cox regression analysis, best subsets regression, and Lasso regression were employed to select independent prognostic factors. The nomogram’s prognostic effectiveness for overall survival was assessed using the concordance index, receiver operating characteristic curve, and calibration curve.
Results: In the training cohort, the selected variables through COX regression, best subsets regression, and Lasso regression, along with their clinical significance, included age, molecular subtype, histological type, radiotherapy, chemotherapy, metastasis, and hydrocephalus. The internally and externally validated C-indexes were 0.907 and 0.793, respectively. Calibration curves demonstrated the precise prediction of 1-, 3-, and 5-year OS for MB patients using the nomogram.
Conclusion: This study developed a nomogram that incorporates clinical and molecular factors to predict OS prognosis in medulloblastoma patients. The nomogram exhibited improved predictive accuracy compared to previous studies and demonstrated good performance in the external validation cohort. By considering multiple factors, clinicians can utilize this nomogram as a valuable tool for individualized prognosis prediction and treatment decision-making in medulloblastoma patients.
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1 INTRODUCTION
Medulloblastoma, a malignant brain tumor primarily affecting children, remains a significant challenge in pediatric oncology (Gajjar and Robinson, 2014). Despite advancements in treatment modalities, including surgery, radiation therapy, and chemotherapy, the overall prognosis for patients with medulloblastoma varies widely due to tumor heterogeneity and the complex interplay of genetic and clinical factors (Bouffet, 2021). Consequently, accurate prediction of individual patient outcomes is essential for tailoring treatment strategies and improving survival rates. In recent years, the development of prognostics has emerged as a valuable tool in oncology (Iasonos et al., 2008). These predictive models combine various clinical and pathological variables to estimate the likelihood of specific outcomes for patients. Nomograms provide clinicians with a visual representation of the probability of survival or recurrence, facilitating personalized treatment decisions and enhancing patient care.
Building upon this approach, a group of researchers has recently developed a novel Survival Nomogram specifically tailored for medulloblastoma patients (Dasgupta et al., 2019; Zhu et al., 2020; Liu and Sun, 2022). The nomogram incorporates crucial prognostic factors, such as age at diagnosis, histological subtype, resection extent, and molecular subgroup classification. Recent research has found that pathological classification is not strongly correlated with clinical prognosis (Entz-Werle et al., 2008). For medulloblastoma, molecular classification plays a significant role in determining patient outcomes (Northcott et al., 2019). However, studies are scarce that incorporate molecular subtyping into prognostic models. This study introduces a novel approach by integrating molecular subtyping into a clinical prognostic model. By integrating these variables, the nomogram generates a risk score that enables accurate predictions of individual patient survival probabilities.
To validate the efficacy and reliability of the Survival Nomogram, the research team has embarked on a groundbreaking multi-center external validation study. Collaborating with leading pediatric oncology centers across different geographical regions, the study aims to assess the nomogram’s performance using an independent cohort of medulloblastoma patients. This approach ensures the generalizability and robustness of the nomogram in diverse clinical settings, enhancing its potential as a practical tool for oncologists worldwide. The multi-center external validation cohort consists of a large sample of medulloblastoma patients spanning various demographics, treatment protocols, and follow-up durations. By comparing the predicted survival probabilities generated by the nomogram with the observed patient outcomes, the researchers will evaluate the nomogram’s accuracy, discrimination, and calibration. These analyses will confirm the nomogram’s validity and provide insights into its potential limitations and areas for further refinement.
The implications of a validated Survival Nomogram for medulloblastoma are profound. By enabling accurate individualized predictions, this predictive model can guide treatment decisions, helping clinicians strike a delicate balance between aggressive interventions and minimizing long-term treatment-related complications. Moreover, the nomogram promises to optimize clinical trial designs, stratify patients for targeted therapies, and facilitate long-term survivorship planning.
In conclusion, the development and validation of a Survival Nomogram for medulloblastoma represent a significant advancement in pediatric oncology. By harnessing the power of prognostic modeling, this nomogram offers a personalized approach to patient management and prognosis prediction. The ongoing multi-center external validation study aims to provide robust evidence supporting the nomogram’s clinical utility and establish it as a valuable tool in the battle against medulloblastoma.
2 PATIENTS AND METHODS
2.1 Study design
This study was designed to develop a Survival Nomogram for medulloblastoma patients and validate its performance using a multi-center external validation cohort.
2.1.1 Nomogram development
a. Patient Selection: A retrospective cohort of 280 medulloblastoma patients (Ages 3–18 years) was identified from Beijing Tiantan Hospital between 2016 and 2021. Only patients with confirmed medulloblastoma diagnosis and complete clinical and molecular data were included. b. Data Collection: Relevant clinical information such as age at diagnosis, histological subtype, metastasis, tumor texture, hydrocephalus, resection extent, and adjuvant therapy details were collected from patient medical records. Genetic profiling obtained molecular subtyping information, including WNT, SHH, Group 3, and Group 4. c. We have employed three methods for variable selection. Method 1: Univariable Cox and multivariable Cox analysis regression analysis were conducted to screen for potential prognostic variables. Each variable was assessed individually for its association with the survival outcome. Method 2: Best subsets regression (BSR) was performed to screen for variables that showed significant associations with the survival outcome. Different combinations of variables were evaluated, starting with subsets containing only one variable and gradually increasing the size of the subsets. The BSR was used to determine the optimal variable combination by maximizing the adjusted R2 value. Method 3: Lasso regression, combined with cross-validation, was employed in the variable selection process. This method utilized regularization techniques to shrink the coefficients of irrelevant variables and select the most relevant ones. Lasso regression with cross-validation was used to determine the variable combination by selecting the λ value that corresponds to the minimum mean squared error (MSE).
2.1.2 Final variable selection
After constructing three models through variable selection using the methodologies, we proceeded with a comprehensive analysis. Consequently, a final model, referred to as the “Summary model,” was formulated. To determine the most optimal model, we conducted a rigorous comparison of the Akaike information criterion (AIC) and area under the curve (AUC) values among the four models (COX, BSR, Lasso, Summary). This meticulous evaluation allowed us to identify the model with superior predictive performance and robustness, culminating in the selection of the most suitable and reliable model for our study.
2.1.3 External validation cohort
a. Collaboration with Multiple Centers: To validate the nomogram’s performance, collaborations were established with eight leading pediatric oncology centers across different regions. b. Patient Enrollment: A total of 162 medulloblastoma patients who met the inclusion criteria were enrolled from the collaborating centers. Detailed clinical and molecular data were collected, including age at diagnosis, histological subtype, metastasis, tumor texture, hydrocephalus, extent of resection, and adjuvant therapy and molecular subtyping. c. Comparative Analysis: The developed nomogram was applied to the external validation cohort. The predicted survival probabilities generated by the nomogram were compared with the observed survival outcomes of the validation cohort. Calibration plots and Harrell’s concordance index were performed to assess the nomogram’s accuracy and discrimination in the independent patient population. d. The final model compared with the model built using only clinical factors.
Ethical approvals were obtained from the institutional review boards of all participating centers, ensuring patient privacy and data protection. Informed consent was obtained from patients or their legal guardians.
2.1.4 Statistical analyses
Statistical analyses were performed using R software, and the nomogram was constructed using the “rms” package in R software (version 4.2.3). In addition, to build the model in R language, we also used the following packages: “survival,” “plyr,” “MASS,” “leaps,” “glmnet,” “riskRegression,” “ggplot2,” “pec” and “ggDCA”. A novel nomogram including all the independent prognostic factors was developed to predict 1-, 3- and 5-year OS for medulloblastoma patients. Statistical analysis categorical variables are expressed as percentages and continuous variables as the mean ± standard deviation (SD). All p-values were two-sided, and p < 0.05 was considered statistically significant.
3 RESULTS
3.1 Patient baseline characteristics
A total of 280 eligible patients with medulloblastoma were enrolled from Beijing Tiantan Hospital as the training cohort. They had an average age of 7.74 years (SD 3.25). Classic histology was the most common subtype at 68.57%, followed by desmoplastic/nodular at 23.21%, and large cell/anaplastic at 2.86%. Metastasis was present in 17.50% at diagnosis. Hydrocephalus occurred in 88.21% of patients. Gross total resection was achieved in 43.93%, while 56.07% had subtotal resection. Most patients received adjuvant therapy, including chemotherapy (89.29%) and radiotherapy (95.36%). Molecular subtyping revealed Group 3 10.36% and Group 4 50.00% in training cohort, WNT in 14.64%, and SHH-activated subtypes in 25.00%. Apart from molecular subtyping, there were no significant differences observed between males and females in the other variables (chi-square tests). Additionally, 162 cases of patients with medulloblastoma from eight other centers were selected and utilized as the external validation cohort. In the external validation cohort, the patients had an average age of 8.24 years (standard deviation 3.51). Classic histology was the most common subtype, accounting for 77.16%, followed by desmoplastic/nodular at 14.81%, and large cell/anaplastic at 3.70%. Metastasis was present in 14.81% at the time of diagnosis. Hydrocephalus was observed in 76.54% of the patients. Gross total resection was achieved in 80.25% of cases, while 19.75% underwent subtotal resection. The majority of patients received adjuvant therapy, including chemotherapy (81.48%) and radiotherapy (87.65%). Molecular subtyping revealed that 12.35% belonged to Group 3 and 42.59% to Group 4 in the training cohort, 17.90% were classified as WNT subtype, and 27.16% as SHH-activated subtypes. The clinicopathological characteristics of the patients are summarized in Table 1. Some of the risk factors of medulloblastoma previous referenced (Rieken et al., 2011; Guo et al., 2020; Zhu et al., 2020; Liu and Sun, 2022) research utilized included age, gender, tumor size, histological type, extent of surgical resection, radiation therapy, chemotherapy, and metastasis. In our study, we added some significant important variables, including hydrocephalus, tumor texture, and most importantly, molecular subtyping.
TABLE 1 | Patient baseline characteristics.
[image: Table 1]3.2 The relationship between pathological classification and molecular classification
The Sankey diagram displays the heterogeneity of pathological classification and molecular subtyping between the training group and the external validation group (Figures 1A, B). Indeed, it is evident that a single pathological classification can correspond to multiple molecular subtypes. Multiple studies have consistently demonstrated a significant correlation between molecular subtypes of medulloblastoma and prognosis (Schwalbe et al., 2017). This represents the complex relationship between pathological classification and molecular classification.
[image: Figure 1]FIGURE 1 | Sankey diagram displaying the relationship between pathological classification and molecular subtyping in the training group (A) and the external validation group (B).
3.3 Feature selection and nomogram construction
A total of nine clinical parameters were included in the training cohort. Method 1: In the univariate Cox regression analysis, Molecular subtype, Radiotherapy, Chemotherapy, and Metastasis were associated with OS (p < 0.05) (Figure 2A). And the variables selected were then included in the multivariable Cox analysis. The final Cox model included four variables: Molecular subtype, Radiotherapy, Chemotherapy, and Metastasis. The AIC value for this model was 305.7054. Method 2: In the BSR analysis, the goal was to identify the best combination of variables based on evaluation criteria, such as minimizing Mallows’ Cp, maximizing adjusted R2, and minimizing the Bayesian information criterion. The analysis aimed to determine the most informative subset of variables for predicting survival in medulloblastoma patients. The results of the best subset regression revealed that a combination of six variables was selected for inclusion in the model. These variables are Molecular subtype, Histological, Radiotherapy, Chemotherapy, Metastasis, and Hydrocephalus. This subset regression analysis considered all possible combinations of variables and evaluated their performance based on adjusted R2. The selected combination of variables demonstrated the highest adjusted R2 among all evaluated combinations, indicating its strong association with the survival outcome in medulloblastoma patients (Figure 2B). This subset regression analysis provides valuable insights into the significant predictors of survival in medulloblastoma, incorporating both molecular and clinical factors. The AIC value for this model was 298.9553. Method 3: LASSO regression is a technique used to address overfitting and severe multicollinearity in regression models by introducing a penalty function that shrinks the regression coefficients of variables. The choice of the λ value determines which variables contribute to an optimal model, and cross-validation is employed to find the best λ value. The λ value corresponding to the minimum mean squared error (MSE) determines the variables included in the model. The graph illustrates the partial-likelihood deviance as a function of log(λ) (Figures 2C, D). The selected variables for the LASSO regression model are Age, Histological, Radiotherapy, Chemotherapy, Metastasis, Tumor Texture, and Hydrocephalus. The AIC value for this model was 303.3649.
[image: Figure 2]FIGURE 2 | Comparison of feature selection methods for the development of the nomogram. (A) Results of univariate Cox regression analysis. (B) Results of best subset regression analysis. (C,D) LASSO regression variable selection process.
After comparison, it was determined that the model constructed with the variables Age + Molecular + Histological + Radiotherapy + Chemotherapy + Metastasis + Hydrocephalus, obtained through comprehensive analysis (Summary model), performed better. The variable of tumor texture was excluded because adding this variable made only a minimal contribution to the model, and the resulting AIC value was not the lowest. Summary model had the highest AUC value and the lowest AIC value (Figures 3A, B). Therefore, based on the data, the final selection was to construct a nomogram using these seven factors: Age, Molecular subtype, Histological, Radiotherapy, Chemotherapy, Metastasis, and Hydrocephalus (Figure 3C). The calibration curves of the nomogram showed high uniformity between the predicted and actual probabilities of 1-,3- and 5-year OS in the training cohort (Figures 3D–F). The continuous calibration curve also demonstrates the model’s strong predictive capability of summary model (Supplementary Figure S1). The DCA curve of the Summary model mostly lies above the curves of the other three models. This indicates that, at most patient probability thresholds, the Summary model achieves the highest net benefit. Along this curve, the Summary model performs well within the threshold range of 0.3–0.9 and demonstrates a stronger advantage compared to the other three models (Supplementary Figure S2).
[image: Figure 3]FIGURE 3 | Comparison of different models for nomogram construction. (A) Comparison of AIC values for different models. (B) Comparison of AUC values for different models. (C) Final selection of variables for the summary model. (D–F) Calibration curves for the nomogram in the training cohort (1-, 3-, and 5-year OS).
3.4 Performance and validation of the nomogram
The C-index values obtained from the nomogram were higher in both the training cohort (0.907) and the external validation cohort (0.793) compared to a previous study (Guo et al., 2020) (training cohort, 0.681; external validation cohort, 0.644). Furthermore, the nomogram demonstrated good performance in predicting the overall survival prognosis in the external validation cohort, as evidenced by the time-dependent ROC curves (Figure 4A). Additionally, the calibration curves of the nomogram exhibited a high level of agreement between the predicted probabilities and the actual probabilities of 1-, 3-, and 5-year OS in the external validation cohort (Figures 4B–D). In the validation set, continuous calibration curves demonstrate the predictive capability of the model (Supplementary Figure S3).
[image: Figure 4]FIGURE 4 | Performance and validation of the nomogram. (A) ROC curves for the nomogram in the external validation cohort. (B–D) Calibration curves for the nomogram in the external validation cohort (1-, 3-, and 5-year OS).
3.5 The comparison between the final nomogram and the model using only clinical factors
Several studies have indicated that age, histological subtype, extent of surgical resection, radiotherapy, chemotherapy, and metastatic status are prognostic risk factors for medulloblastoma (Packer et al., 2006; Rieken et al., 2011; Thompson et al., 2016; Huang et al., 2017; Guo et al., 2020; Zhu et al., 2020; Liu and Sun, 2022). We compared the final model constructed using our own data with the model using only clinical factors. The results showed that the model we constructed had a higher C-index, lower AIC value, and a larger area under the ROC curve (Figures 5A–D).
[image: Figure 5]FIGURE 5 | Comparison between the final nomogram and the model using only clinical factors. (A) Nomogram of the model using only clinical factors. (B) C-index comparison. (C) ROC curve comparison. (D) AIC value comparison.
4 DISCUSSION
In this study, we aimed to develop a predictive model for overall survival prognosis in patients with medulloblastoma by incorporating both clinical and molecular factors. Based on their histopathological features, medulloblastomas can be classified into four subtypes: classic medulloblastoma, large cell/anaplastic medulloblastoma, desmoplastic/nodular medulloblastoma, and medulloblastoma with extensive nodularity (Louis et al., 2007). The heterogeneity of pathological classification and molecular subtyping was evident between the training and external validation groups, indicating that the prognosis varied greatly in different cases, emphasizing the importance of incorporating molecular subtyping into predictive models. Previous studies have shown a significant correlation between molecular subtypes of medulloblastoma and prognosis, further justifying the inclusion of this factor in the predictive model (Archer et al., 2017), but currently, there is limited research that incorporates molecular subtyping as a variable in predictive models. We utilized three different methods for variable selection: univariate Cox regression analysis, Best Subsets Regression, and LASSO regression. These three methods can effectively screen out variables that are significantly associated with clinical prognosis (Emura et al., 2019; Kwong et al., 2020; McEligot et al., 2020). By innovatively applying these three methods to screen variables associated with medulloblastoma prognosis, we enhance the accuracy of the final predictive model. After comparing the results, we constructed a nomogram using seven factors: Age, Molecular subtype, Histological, Radiotherapy, Chemotherapy, Metastasis, and Hydrocephalus. The summary model had the highest AUC value and the lowest AIC value. This also confirms the credibility and effectiveness of the model we constructed.
The univariate Cox regression analysis revealed that Molecular subtype, Radiotherapy, Chemotherapy, and Metastasis were associated with OS. BSR identified a combination of six variables: Molecular subtype, Histological, Radiotherapy, Chemotherapy, Metastasis, and Hydrocephalus. LASSO regression, on the other hand, selected Age, Histological, Radiotherapy, Chemotherapy, Metastasis, Tumor texture, and Hydrocephalus. The variables screened through these three methods have been previously validated to be associated with prognosis in existing research on medulloblastoma (Archer et al., 2017; Guo et al., 2020; Aras et al., 2021; Franceschi et al., 2021). This aligns with our study findings. Considering the clinical significance and variables selected by all three methods, a comprehensive approach was adopted, resulting in a model with seven variables. First, different pathology subtypes of MB may indicate distinct biological behaviors that can influence treatment strategies. Large-cell and anaplastic MB are considered high-risk diseases, indicating poorer survival rates, and requiring more aggressive chemotherapy and higher radiation doses. On the other hand, desmoplastic nodular MB may exhibit better outcomes. In our study, Large-cell and anaplastic MB showed the highest risk factor among the histopathological subtypes, which aligns with previous research findings (Huang et al., 2017). Second, Chang staging for MB was introduced in the 1960s, which classified MB patients into M0, M1, M2, M3, or M4 and T1, T2, T3a, T3b, or T4 according to their clinical features. Tumor metastasis indicates a poor prognosis, which is consistent with our research findings (Dufour et al., 2012). Third, for medulloblastoma, postoperative adjuvant therapy is crucial, especially radiation therapy. Previous studies also support our findings (Menyhárt and Győrffy, 2020). It is worth noting that the tumor resection extent did not show a clear correlation with prognosis in our experimental and validation datasets. The prognostic benefit of increased resection extent for patients with medulloblastoma is attenuated after molecular subgroup affiliation is considered. Although maximum safe surgical resection should remain the standard of care, surgical removal of small residual portions of medulloblastoma is not recommended when the likelihood of neurological morbidity is high because there is no definitive benefit to gross total resection compared with near-total resection (Thompson et al., 2016). This suggests that when the tumor adheres to the brainstem or some important neurovascular structure, it is not necessary to aggressively pursue complete tumor resection to avoid catastrophic consequences.
The performance of the nomogram constructed using the seven selected factors was evaluated using the C-index and compared to a previous study (Guo et al., 2020). The C-index values obtained from the nomogram were higher in both the training cohort and the external validation cohort, indicating improved predictive accuracy. The nomogram demonstrated good performance in predicting the OS prognosis, as supported by the ROC and calibration curves in both the training and external validation cohorts.
The incorporation of both clinical and molecular factors in the nomogram provides a more comprehensive and accurate prediction of the OS prognosis in medulloblastoma patients. By considering variables such as age, treatment modalities (radiotherapy and chemotherapy), metastasis status, molecular subtype, histological classification, and the presence of hydrocephalus, clinicians can make more informed decisions regarding patient management and treatment strategies.
It is important to note that this study has certain limitations. The data used for model development and validation were collected from a single institution and eight external centers, which may introduce bias and limit the generalizability of the findings. Further external validation in larger and more diverse patient populations is necessary to validate the performance of the nomogram. Additionally, the study did not consider other potential prognostic factors such as genetic mutations or gene expression profiles, which could further enhance the predictive accuracy of the model.
5 CONCLUSION
In conclusion, this study developed a nomogram incorporating clinical and molecular factors for predicting the OS prognosis in medulloblastoma patients. The nomogram demonstrated improved predictive accuracy compared to a previous study and exhibited good performance in the external validation cohort. By considering multiple factors, clinicians can utilize this nomogram as a valuable tool for individualized prognosis prediction and treatment decision-making in medulloblastoma patients. Further research and validation are warranted to refine and optimize the predictive model.
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