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Background

Gliomas are the most common type of primary malignant brain tumor in adults, representing one third of all primary and central nervous system (CNS) tumors and 80% of malignant tumors diagnosed in the Western world. Epidemiological data indicate that the overall incidence and mortality of cancer is higher in males, while females have a better prognosis. The goal of this study is to determine whether there are sex differences in the time to treat and clinical outcomes in patients with glioma



Methods

Glioblastoma (GB) and Lower Grade Glioma (LGG) patients were defined per the Central Brain Tumor Registry of the United States (CBTRUS) from the National Cancer Database (NCDB) for diagnosis years 2004 to 2016. Associations between sex and time to treatment variables as well as associations between sex and multiple clinical outcomes were assessed using univariable and multivariable models.



Results

A total of 176,100 patients were used for analysis (124,502 GBM and 51,598 LGG). Males had a statistically significant association with >7 days to surgery (OR = 1.09, CI 1.05–1.13, p < 0.001) but this association was not observed in the multivariable model (OR = 1.05, CI 0.96–1.16, p = 0.25). After adjustment for key variables including time to treat variables, males with GB and LGG had a higher risk of death (HR = 1.11, CI 1.09–1.13, p < 0.001, HR = 1.09, CI 1.03–1.15, p < 0.001; respectfully). Sex differences in 90-day mortality for GBM were not found after adjustment (OR for males = 0.99, CI 0.91–1.08, p = 0.93). For LGG, both the univariable and multivariable logistic regression models showed no sex differences in 90-day mortality (OR for males = 1.03, CI 0.94–1.12, p = 0.45; multivariable OR for males = 0.81, CI 0.62–1.06, p = 0.13).



Conclusions

Based on NCDB data, there were no statistically significant differences in time to treatment between males and females, however males had a higher proportion of GB and LGG as well as a higher risk of death compared to females.
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Introduction

Gliomas are the most common type of primary malignant brain tumor in adults (1). These tumors represent one third of all primary and central nervous system (CNS) tumors and 80% of malignant tumors diagnosed in the Western world (2). Gliomas, per the World Health Organization (WHO) International Classification of Disease–Oncology (ICD-O) guidelines are classified based on histological and molecular criteria (3) and assigned grades I to IV.

Glioblastoma (GB), WHO grade IV, is the most common, aggressive, and deadly type of glioma, accounting for 48.3% of all primary malignant CNS tumors and 57.3% of all gliomas in the Western world (1, 4). With a median survival rate of 9 to 15 months and a 5-year survival rate of only 6.8%, GB has a poor prognosis (1, 5). The Stupp protocol which consists of surgical resection followed by concurrent radiotherapy and chemotherapy plus additional chemotherapy is the standard treatment for GB patients (6, 7). Lower grade gliomas, LGGs, are Grade II and III gliomas and represent approximately one third of all Gliomas (3). LGGs are more common in younger individuals, following an indolent course and have a good prognosis (8), with a 5-year survival rate reaching values of 98% (3, 8). Possible treatments involve observation, surgery, radiation, chemotherapy, or combination therapy (8).

When looking at cancer as a whole, epidemiological data indicate higher incidence rates (greater than 20%) and mortality rates (greater than 40%) in males (9), while females have a better prognosis cancer diagnosis (10). These sex-differences in incidence and survival also exist for brain tumors. GB is more common in males (age-adjusted incidence rate = 3,99/100.000) than females (age-adjusted incidence rate = 2,52/100.000) (11–13). Females with GB have a better median survival compared to males, even after adjustment for treatment patterns (13). The same is also seen in LGGs, where there is a higher incidence rate in males (14) and inconsistent reports of better survival in females (4, 15).

Despite reports of females with gliomas having better survival, the influencing factors for better survival are not fully known. We hypothesize that sex differences exist in the time to treatment for both GB and LGG which could be associated with differences in clinical outcomes for these tumors. Therefore, the primary objective of this work is to use the National Cancer Database (NCDB) to assess sex differences in time to treatment and analyze effects of these differences on survival for GB and LGG.



Methods

Data were obtained from the NCDB for diagnosis years 2004 to 2016, a clinical oncology database sourced from hospital registry data that are collected in more than 1,500 Commission on Cancer (CoC) accredited facilities. NCBD data represents >70% of new cancer diagnoses in the United States (16). GB and LGG patients were defined per the Central Brain Tumor Registry of the United States (CBTRUS) (1), with International Classification of Disease–Oncology (version 3) histological codes 9440/3, 9441/3, and 9442/3 for GB and 9400/3, 9410/3, 9411/3, 9420/3, 9401/3, 9450/3, 9451/3, 9460/3, and 9382/3 for LGG. For the patients analyzed, the general characteristics were age at diagnosis, race, insurance, median income, location of residence, Charlson/Deyo Score, year of diagnosis, facility type, facility location, and distance from facility in miles. It should be noted that the facility type is only collected on patients older than 40 years old. As a result unknown facility type was considered as a separate category to include these patients in multivariable model. The time to treatment characteristics assessed were days from diagnosis to treatment, days from diagnosis to surgery, days until discharge, unplanned readmission after 30 days, days from diagnosis to radiation, days of radiation, and days from diagnosis to chemotherapy. Patients with missing time to treatment characteristics or missing treatment information were excluded from this analysis. Treatment variables assessed were surgery, radiation, and chemotherapy. A standard of care treatment variable was created for GBs only (Radiation + Chemotherapy + Surgery) (6). Clinical outcomes assessed were overall survival, 30-day mortality and 90-day mortality.

Patient level characteristics were compared by sex within histology group (GB or LGG) using the Chi-Square test for categorical variables and Mann-Whitney for continuous variables. When analyzing time for treatment variables, only patients who received the respective treatment were selected, excluding missing values. P<0.05 was considered significant.

Association between sex and overall days to treatment, days to surgery, days to discharge, days to radiation, and days to chemotherapy were assessed by Logistic Regression Models. Only patients who had received treatment with complete data for all variables of interest were included in the analysis. Univariable analysis was performed and variables with p < 0.20 were selected for the multivariable.

The influence of sex on multiple clinical outcomes (overall survival and 90-day mortality) was assessed using univariable and multivariable models. Overall survival by sex and histology was first assessed using Kaplan Meier analysis generating median survival by sex with 95% confidence intervals (95% CI) and log rank tests by sex. Cox proportional hazards regression models were used to assess univariable and multivariable models of overall survival by sex within each histology group (GB or LGG).

The influence of sex on 90-day mortality was assessed using univariable and multivariable logistic regression within each histology group (GB or LGG). Between the variables sex, age, insurance status, facility type (academic or non-academic cancer program), location of residence (urban or rural), facility region (East North Central, East South Central, Middle Atlantic, Mountain, New England, Pacific, South Atlantic, West North Central and West South Central), Charlson/Deyo Score, distance from facility, time to treat, time to surgery, time to radiation, and time to chemo only those with p < 0.20 were selected for all final multivariable models. Colinearity was assessed by the variance inflation factor (VIF). Due to low number of 30-day mortality, resulting in low sample size (5% of all population for GB and 2% for LGG), the influence of sex on this variable was not assessed using univariable and multivariable modeling.

All analyses were performed using R 3.6.3 software.



Results

Using data from NCDB for the study years of 2004 to 2016, we analyzed a total of 176,100 patients (124,502 GB and 51,598 LGG) (Table 1). For GB patients 57.5% were male and 42.5% were female. Differences between males and females with GB existed for age (p < 0.001), race (p < 0.001), insurance status (p < 0.001), median income (p = 0.001), Charlson/Deyo Score (p < 0.001), facility type (p < 0.001), facility region (p = 0.006), and distance from facility (p < 0.001). There were no significant differences for location of residence (p = 0.25) and year of diagnosis (p = 0.37) for patients with GB. For LGG patients 55.6% were males and 44.4% females. Differences between males and females with LGG exist for age (p < 0.001), race (p = 0.003), insurance status (p < 0.001), Charlson/Deyo score (p < 0.001), and distance from facility (p < 0.001). There were no significant differences for median income (p = 0.85), location of residence (p = 0.51), years of diagnosis (p = 0.62), facility type (p = 0.15), and facility region (p = 0.40) for LGG patients.


Table 1 | Patient characteristics by sex for Glioblastoma (GBM) and Lower Grade Gliomas (LGG), National Cancer Database (NCDB), 2004–2016.



The majority of GB patients received treatment (93% for males and 91.5% for females). Surgery was the most predominate treatment (76.3% for males and 73.7% for females), followed by radiation (71.1% for males and 68.1% for females), and then chemotherapy (65.3% for males and 61.3% for females) with a median time to treatment of 3 days for males and 2 days for females (Table 2). Differences between male and female GB patients existed for overall treatment receipt (p < 0.001), surgery (p < 0.001), time to surgery (p = 0.01), time to discharge (p < 0.001), unplanned 30-day readmission (p < 0.01), radiation (p < 0.001), days to radiation (p = 0.04), days of radiation (p < 0.001), chemotherapy (p < 0.001), vital status (p < 0.001), and 90-day mortality (p < 0.001). For LGG patients, the majority received treatment (92.4% for males and 92.2% for females) with the most predominate treatment being surgery (69.8 for males and 68.7% for females), followed by radiation (57.7% for males and 55.9% for females), and then chemotherapy (51.2% for males and 49.3% for females) with a median time to treatment of 6 days for both males and females. Differences for LGG patients existed for surgery (p = 0.04), time for discharge (p < 0.001), radiation (p < 0.001), chemotherapy (p < 0.001), vital status (p < 0.001), 30-day mortality (p = 0.003), and median survival (p < 0.001).


Table 2 | Treatment characteristics by sex for GBM and LGG, National Cancer Database (NCDB), 2004–2016.



Associations between sex and days to surgery, days to radiation, and days to chemotherapy for GB patients are shown (Figure 1). Males had a statistically significant association only with >7 days to surgery (OR = 1.09, CI 1.05–1.13, p < 0.001) on the univariable model but this association was no longer present when using the multivariable model (OR = 1.02, CI 0.92–1.13, p = 0.58). Figure 2 shows the associations between sex and days to surgery, days to radiation, and days to chemotherapy for LGG. No significant associations were encountered.




Figure 1 | Forest plot of sex differences in clinical outcomes for GBM, National Cancer Database (NCDB), 2004–2016. **Odds ratios from logistic regression for days to surgery, days to radiation, days to chemotherapy, and 90-day mortality and Hazard ratios from Cox regression for overall survival.






Figure 2 | Forest plot of sex differences in clinical outcomes for LGG, National Cancer Database (NCDB), 2004–2016. **Odds ratios from logistic regression for days to surgery, days to radiation, days to chemotherapy, and 90-day mortality and Hazard ratios from Cox regression for overall survival.



Figures 1 and 2 also show sex differences in overall survival and 90-day mortality for GB (Figure 1) and LGG (Figure 2). For GB patients the median survival was 9.72 months for males compared to 8.67 months for females (p = 0.12). The median survival for LGG patients was 48.66 months for males versus 55.26 months for females (p < 0.001) (Table 3). After adjustment for key variables including time to treatment variables, multivariable Cox proportional hazards regression models for overall survival showed that GB males had a higher risk of death (HR = 1.11, CI 1.09–1.13, p < 0.001) as did LGG males (HR = 1.09, CI 1.03–1.15, p < 0.001). When assessing sex differences in 90-day mortality, there were differing results for GB compared to LGG when using the univariable models but remained the same when using a multivariable model. For GB, the univariable logistic regression model showed sex differences in 90-day mortality (OR for males = 0.93, CI 0.89–0.96, p < 0.001) but these sex differences where no longer present after adjustment (OR for males = 0.99, CI 0.92–1.08, p = 0.98). There were no observable sex based differences in either the univariable or multivariable logistic regression models in 90-day mortality for LGG patients (OR for males = 1.03, CI 0.94–1.12, p = 0.45; multivariable OR for males = 0.78, CI 0.60–1.02, p = 0.07).


Table 3 | Survival characteristics by sex for GBM and LGG, National Cancer Database (NCDB), 2004–2016.





Discussion

The primary objective of this work was to assess sex differences in time to treatment and assess the potential effects of these differences on survival for GB and LGG. The selection criteria led to the use of a large and robust population (176,100 patients) from the NCDB, with a predominance of GBM diagnoses in the period (70% of the study population), corroborating the CBTRUS epidemiology, which classifies it as the most common glioma (1).

This study showed that, like other cancers, GB and LGG occurs more in males than in females (17). The biological mechanisms to explain these sex differences of GB and LGG are not fully understood. One study showed that this sex difference may be partially explained through increased malignant transformation susceptibly in male astrocytes with loss of p53 function when compared to female astrocytes with a loss of p53 function (18). Research is focused on the involvement of other genes, which likely act in conjunction with hormonal and environmental factors to explain the observed sex differences in occurrence (17).

Our study showed that males receive, on average, more treatment than females, with higher rates of radiotherapy, chemotherapy, and surgery for both GB and LGG patients. In a previous study using NCDB data, GB patients who received treatment from an academic facility had a higher likelihood of undergoing surgery and adjuvant therapies (19, 20). The multivariable analysis of days to treatment, adjusting for confounding variables, shows that males with GB are associated with a greater chance of >7 days to surgery. Such findings show that, although more men receive treatment, their treatment may start later, which may contribute to the differences in survival between the sexes. One factor that may explain this longer time might be the differences in distance from treatment facility and insurance coverage between the sexes. Survival analysis showed that for both GB and LG, males have a higher mortality hazard ratio in multivariate analyses, corroborating previous studies that found female superiority in terms of survival (4), thus adding evidence with a larger population. Sex was not significant on univariate survival analysis, however there were significant survival differences by sex on multivariate model reflecting the true effect of sex. Our study uses a large database of patients and corroborates previous smaller studies that demonstrate more males have GB and LGG in males while females have better survival. We add to our analysis an important factor that could be associated with outcomes, multiple time to treatment variables. Based on our results, we believe that differences in treatment and/or treatment time between the sexes, while statistically significant, are small and insufficient to fully explain the differences in outcomes by sex.

This study has several limitations. Our database (NCDB) is based on 1,500 US hospitals, and while it captures 70% of cancer cases in the US there are certain regions of the country that are under or overrepresented due to variable hospital network participation, thus our selection does not indicate a population sample outside this context. Unfortunately, due to very low incidence of these tumors, we had very few patients for majority of hospitals included in the analysis. With a larger sample size per hospital, a mixed model approach is superior to account for within hospital variation. However, we included facility type and facility region to control for it. In addition, we did analyze patients according to mutations, health status, or degree of cancer progression at the time of diagnosis, and these may be confounding factors that alter outcomes and the most urgent need for treatment. Details for the types of treatment administered are not specified, such as specific chemotherapeutic agents per patient, and it is possible that these specific details may impact sex differences in outcomes. Additional studies with other databases are needed to analyze factors not considered here in order to provide more information on sex differences in treatment time and outcomes for gliomas.

In summary, we found that males have a higher proportion of GB and LGG compared to females, in addition to receiving, on average, higher rates of radiotherapy, chemotherapy and surgery, yet having a higher risk of death. In addition, we demonstrate that there are no statistically significant differences in multiple time to treatment related variables when comparing by sex.
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