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Glioblastoma (GBM) is the most common primary malignant intracranial tumor and the median age at diagnosis is 65 years. However, elderly patients are usually excluded from clinical studies and age is considered as an independent negative prognostic factor for patients with GBM. Therefore, the best treatment method for GBM in elderly patients has remained controversial. Elderly GBM patients (≥ 60 years old) treated between January 2015 and December 2019 were enrolled in this study. Medical records were reviewed retrospectively, and clinicopathological characteristics, treatments, and outcomes were analyzed. A total of 68 patients were included, with a median age of 65.5 years (range: 60–79). The median preoperative Karnofsky performance scale (KPS) score was 90 (range 40–100) and median postoperative KPS score was 80 (range 0–90). Univariate analysis results showed that age, gender, comorbidities, preoperative KPS < 90 and MGMT promoter methylation were not significantly associated with PFS and OS. On the other hand, total resection, postoperative KPS ≥ 80, Ki67 > 25%, and Stupp-protocol treatment were significantly associated with prolonged PFS and OS. Moreover, multivariate analysis found that postoperative KPS ≥ 80, total resection, and Stupp-protocol treatment were prognostic factors for PFS and OS. The findings of this study have suggested that, on the premise of protecting function as much as possible, the more aggressive treatment regimens may prolong survival for elderly patients with GBM. However, further studies, particularly prospective randomized clinical trials, should be conducted to provide more definitive data on the appropriate management of elderly patients, especially for patients with MGMT promoter methylation.
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INTRODUCTION

Glioblastoma (GBM) is the most common malignant central nervous system (CNS) tumor (48.6%) and accounts for majority of gliomas (57.7%). It has been reported that its incidence rates increase with age and the median age at diagnosis is 65 years (Ostrom et al., 2020). Given the introduction of the “Stupp-protocol” in 2005 (Stupp et al., 2005), GBM patients have received standard treatment protocol. However, the study excluded patients aged over 70 years. Furthermore, in the 5-year analysis of the EORTC-NCIC trial (Stupp et al., 2009), patients older than 60 years had no survival advantage with combined therapy. This can be attributed to the poor tolerance and higher rates of adverse effects in elderly patients.

Generally, patients older than 65 or 70 years have been excluded in many clinical trials because previous studies identified age as an independent adverse prognostic factor in patients with GBM (Gulati et al., 2012; Raysi Dehcordi et al., 2012; Yang et al., 2013; Straube et al., 2020). Although several prospective trials have focused on de-escalated treatment of the elderly GBM patients, including radiotherapy or temozolomide monotherapy and short-course radiotherapy with temozolomide chemotherapy (Keime-Guibert et al., 2007; Malmström et al., 2012; Wick et al., 2012), none of these trials included standard concurrent chemoradiation over the course of 6 weeks as a control group. Moreover, the role of postoperative factors, especially postoperative Karnofsky performance scale (KPS), extent of resection (EOR), and standard concurrent chemoradiation, were still a matter of discussion. In this study, we performed a comprehensive analysis of elderly patients with glioblastoma treated at the Tangdu Hospital from 2015 to 2019, with the overarching goal of providing an overview of the influence of pre- and postoperative factors on progression-free and overall survival. Notably, all patients enrolled in the study were treated by a single medical team to ensure the homogeneity of surgery and therapeutic plan.



PATIENTS AND METHODS

This is a single-center retrospective clinical study performed at the Tangdu Hospital, Xian, China. We enrolled elderly glioblastoma patients (aged ≥ 60 years old at the time of operation) treated between January 2015 and December 2019. Patients were excluded from the study if they had recurrent lesions or received preoperative chemoradiotherapy.

The medical records of GBM patients were reviewed to obtain demographic information, such as age, gender, comorbidities, extent of surgery (partial or total resection), preoperative and postoperative KPS score, adjuvant treatment (Stupp-protocol or others) and the number of TMZ cycles. In addition, the patient pathology reports were reviewed to obtain molecular testing results, including O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation status, isocitrate dehydrogenase (IDH) status, and Ki67 proliferation index (Ki67 index).

Preoperative and postoperative KPS were evaluated for all patients at admission and 1 week after surgery. The extent of resection was evaluated according to postoperative magnetic resonance (MR) images (within 72 h following surgery) by two experienced neuroradiologists. Total resection was defined as removal of 90–99% of the tumor mass, while partial tumor resection was defined as <90% resection (Orringer et al., 2012). Progression free survival (PFS) was defined as time from surgery to progression according to the RANO criteria (Wen et al., 2010). On the other hand, overall survival (OS) was defined as duration of time from surgical intervention until death or last follow-up.

All statistical analyses were performed using SPSS® software (Version 20.0). Univariate survival analysis was performed using the Kaplan Meier method with the logrank test. All factors with a p < 0.10 on univariate analysis were included in the multivariable analyses. Multivariate survival analysis was performed using the Cox proportional-hazards regression model. The enumeration data were expressed as percentage and analyzed using the chi-square test. Notably, p < 0.05 was considered statistically significant.

The study protocol was approved by the local ethics committee of Tangdu Hospital.



RESULTS


Overall Patient Characteristics

A total of 68 elderly patients with newly diagnosed GBM were initially included in this study. Table 1 shows the demographic data of the patients. Forty-one patients (60.3%) were male and the median age was 65.5 years (range 60–79). The ages of 17 patients (25.0%) were greater than or equal to 70 years. The most common comorbidities were hypertension (n = 20, 29.4%), followed by diabetes (n = 8, 11.8%), cardiovascular disease (n = 5, 7.4%), emphysema (n = 2, 2.9%), dilated cardiomyopathy (n = 1, 1.5%), sick sinus syndrome (n = 1, 1.5%), hypothyroidism (n = 1, 1.5%) and hyperthyroidism (n = 1, 1.5%). A total of 18 patients (26.5%) with one medical comorbidity and 9 patients (13.2%) had multiple comorbidities. Meanwhile, we reviewed the comorbidity of patients with different age groups (Age 60–65 and Age > 65). Based on our current study, there is no difference between two age groups (Supplementary Table 1). The median preoperative KPS was 90 (range 40–100), while the median postoperative KPS was 80 (range 0–90).


TABLE 1. Demographic date of all included patients.
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All patients underwent surgical resection of lesions and total resection was achieved in 55 (80.9%) patients. After surgery, 30 patients (47.1%) were treated according to the “Stupp-protocol,” 35 patients (51.5%) did not receive any further treatment, and three patients (4.4%) received radiotherapy or chemotherapy alone. Furthermore, the median number of adjuvant TMZ cycles in our series was 10.5 (range, 1∼32) for patients who received “Stupp-protocol.” Eight patients (26.7%) received less than 6 cycles and twenty-two (73.3%) patients received more than 6 cycles. According to the preoperative magnetic resonance imaging, tumors were most often involved in the temporal lobe (n = 31), frontal lobe (n = 25), parietal (n = 18), and occipital lobe (n = 14). The tumors were less often in the insular lobe (n = 8), corpus callosum (n = 1), and cerebellum (n = 1).

MGMT promoter methylation status was available for 52 patients (76.5%), with 25 (48.1%) patients harboring MGMT promoter methylation. IDH status was known for 65 patients (95.6%) and only three patients (4.6%) were found to harbor IDH mutation. Moreover, Ki67 index was known for 62 patients (91.2%) with a median of 25% (range 5–80%).

The median follow up in the full cohort was 10.5 months (range 0.03–36 months). Results showed that the median PFS was 4.9 months, and the 1-and 2-year PFS rates were 26.5 and 3.4%, respectively. On the other hand, the median OS was 9.9 months, and the 1-and 2-year OS rates were 44.1 and 14.3%, respectively. It is worth noting that 61 patients (89.7%) had died at the time of analysis. One patient died due to perioperative complications (1.5%), while all other patients died due to disease recurrence.

Table 2 shows all the parameters tested for PFS and OS. Univariate analysis results revealed that age, gender, preoperative KPS, and MGMT promoter methylation were not significantly associated with PFS and OS. Further analysis indicated that either the presence of any comorbidity or the presence of multiple comorbidities had no significantly association with PFS and OS. IDH statistical analysis was not performed because of the small number of patients with IDH mutation.


TABLE 2. Significant parameters on PFS and OS (univariate analysis).
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According to the Ki67 index, patients with Ki67 ≤ 25% were associated with significantly prolonged PFS (8.4 vs. 3.8 months, p = 0.027) (Figure 1A) and OS (12.8 vs. 7.5 months, p = 0.026) (Figure 1B). According to the extent of surgery, total resection significantly prolonged PFS (5.9 vs. 3.1 months, p = 0.002) (Figure 1C) and OS (11.5 vs. 5.5 months, p = 0.008) (Figure 1D) compared to partial resection. The same pattern was observed with adjuvant treatment, with longer PFS (10.6 vs. 3.6 months, p < 0.001) (Figure 1E) and OS (15.2 vs. 5.6 months, p < 0.001) (Figure 1F) in the group that received Stupp-protocol compared to those that did not.
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FIGURE 1. Kaplan-Meier estimates of progression-free survival and overall survival stratified by Ki67 (A,B), extent of resection (C,D), and Stupp-protocol (E,F).


Although there was no association between preoperative KPS and survival, postoperative KPS exhibited significant differences (Figure 2). The PFS (8.8 vs. 3.5 months, p < 0.001) and OS (15.5 vs. 5.3 months, p < 0.001) were significantly longer in patients with postoperative KPS ≥ 80. Notably, more patients with KPS ≥ 80 received Stupp-protocol treatment compared to patients with KPS<80 (64.9% vs. 22.6% p = 0.001). The prognostic effect was further analyzed in patients who received Stupp-protocol treatment. It is worth noting that postoperative KPS ≥ 80 remained the significant prognostic factor for patients who received standard Stupp regimen (Figure 3). Patients who received adjuvant TMZ for more than 6 cycles had longer PFS (15.7 vs. 3.6 months, p < 0.001) and OS (21.7 vs. 7.8 months, p < 0.001) than patients who received fewer than 6 cycles.
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FIGURE 2. Kaplan-Meier curves of progression-free survival and overall survival according to preoperative (A,B) and postoperative KPS (C,D).
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FIGURE 3. Kaplan-Meier curves of progression-free survival (A) and overall survival (B) according to postoperative KPS status (KPS ≥ 80 and KPS < 80) for patients who received standard Stupp-protocol.


Furthermore, multivariate analysis showed that postoperative KPS, total resection, and Stupp-protocol treatment were prognostic factors for PFS and OS. Ki67 ≤ 25% showed a non-significant influence on PFS (p = 0.051) and OS (p = 0.076) (Table 3).


TABLE 3. Cox proportional hazards model for OS in all patients.
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DISCUSSION

The CBTRUS statistical report indicated that glioblastoma is the most common of all malignant CNS tumors in adults, its incidence rates increase with advancing age, and the median age at diagnosis is 65 years (Ostrom et al., 2020). Management of elderly patients with GBM is difficult due to the poor prognosis, multiple comorbidities, and an increased risk of adverse effects from radiotherapy (Perry et al., 2017). Therefore, most clinical trials have excluded patients older than 65 years, which has resulted in no uniform optimal chemotherapy regimen and treatment protocol for elderly patients with GBM (Stupp et al., 2005; Palmer et al., 2018). Herein, we present a retrospective analysis of elderly patients with GBM who were treated by a single medical team, which suggests that this study has higher concordance in surgery and therapeutic plan.

The KPS allows patients to be classified according to their performance status. Previous studies reported that the preoperative KPS scores are predictors of outcome in patients with glioblastoma (Chaichana et al., 2011a,2013; Marina et al., 2011). In this study, it was found that the preoperative KPS scores had no significant correlation with PFS and OS. In contrast, the postoperative KPS score was associated with increased survival in univariate analyses. Similarly, Chambless et al. (2015) conducted a retrospective review of 161 glioblastoma patients (mean age 61 ± 15 years) and found that the postoperative KPS was associated with prolonged OS, but preoperative KPS was not. In addition, Pontes Lde et al. (2013) found that postoperative KPS ≥ 70 was associated with longer OS, but the study did not determine the impact of preoperative KPS on survival. To the best of our knowledge, this is the first study to demonstrate that postoperative KPS score has superior predictive value compared to preoperative KPS score in elderly patients with glioblastoma. Notably, most of the patients in the sub-group of patients with higher postoperative KPS score received aggressive therapy, which could be one explanation for this finding.

Evidence have suggested that elderly patients have higher incidence rates of medical comorbidities. However, it is still unclear on the relationship between comorbidities and survival in elderly patients with GBM. Previous study shown that the patients with any or multiple comorbidities had similar survival to patients without medical comorbidities (Voisin et al., 2021). In our current series, we did not find the presence of medical comorbidities significantly correlated with patients’ survival. This was consistent with the report. Meanwhile, Montemurro et al. (2020) investigated the influence of diabetes, hyperglycemia and metformin on OS of patients with GBM. They found that the hyperglycemia, rather than diabetes was an independent risk factor for poor outcome and shorter OS in patients with GBM. One retrospective study found long-term lower systolic blood pressure, higher blood glucose and lower serum albumin level were associated with shorter survival in GBM patients (Liu et al., 2019). Whereas it is noteworthy that the patients analyzed in these studies were not only elderly patients but all patients with GBM. Therefore, further research was needed for better understanding the relationship between medical comorbidities and survival in elderly patients with GBM.

Surgery is the primary treatment for glioblastoma. Most studies have proposed that the extent of the initial surgical resection is an important prognostic factor (Martinez et al., 2007; Chaichana et al., 2011b; Malmström et al., 2012; Li et al., 2017). The goals of surgery are maximal safe tumor resection, and obtaining clinicopathological and molecular genetic results. A meta-analysis which included six articles involving 1,618 glioblastoma patients showed that total resection is associated with improved OS and PFS compared to incomplete resection and biopsy (Li et al., 2017). Moreover, several retrospective reviews have revealed that gross-total resection confers a significant survival benefit on elderly patients with glioblastoma and without increased surgery-related morbidity (Chaichana et al., 2011b). Similarly, a recent study demonstrated that aggressive surgery is technically feasible in elderly patients (Barbagallo et al., 2020). Therefore, total resection is feasible in elderly patients with glioblastoma because it is safe and efficacious. Likewise, this study showed that patients who underwent total resection were well-tolerated and had significantly prolonged survival.

It should be noted that there is no standard definition for “elderly” patients (Zarnett et al., 2015). Some studies have defined elderly patients as patients aged above 65 years (Hoffermann et al., 2015; Youssef et al., 2019). The “NOA-08” (Wick et al., 2012) and “Nordic” (Malmström et al., 2012) trials defined elderly patients as being 65 and 60 years, respectively. In China, age of 60 years old has been defined as elderly for a long time and most people retire at the age of 60 years. Therefore, this study used age of 60 years old as the age cut-off value. Most previous studies on glioblastoma have reported that age is one of the most important factors which influence OS in elderly patients (Laws et al., 2003; Lamborn et al., 2004; Stupp et al., 2009). On the other hand, some studies have suggested that there is no significant correlation between age and survival time. According to Oszvald et al. (2012), the OS of elderly patients was significantly lower than that of younger patients, but when they stratified between resection and biopsy, age was not a negative prognostic factor in patients undergoing complete tumor resection. A retrospective chart review that included elderly GBM patients found that higher KPS and chemoradiotherapy were independently associated with improved OS, but age was not (Youssef et al., 2019). This study found no difference in the survival of patients in different age cohorts (ages 60–65 vs. 66–70 vs. 71 and older). Therefore, these findings suggest that age should not be used as the basis for treatment decisions or as an exclusion criterion in clinical trials.

Considering that temozolomide has become the standard treatment for glioblastoma, it is very important to evaluate the therapeutic effect of temozolomide in elderly glioblastoma patients. In 2009, the 5-year survival analysis of the EORTC-NCIC trial showed that the survival advantage was less pronounced among patients aged between 60 and 70 years (Stupp et al., 2009). Given the poor prognosis in elderly patients, many studies have focused on determining whether a shorter course of radiotherapy could replace standard radiotherapy. Roa et al. (2004) reported that there was no difference in survival between patients receiving standard RT (60 Gy in 30 fractions) or short-course RT (40 Gy in 15 fractions) in patients aged 60 years or older. The Nordic trial randomized glioblastoma patients aged 60 years or older into three groups: temozolomide, hypofractionated radiotherapy, or standard radiotherapy. The study found that standard radiotherapy was associated with the poorest outcomes, especially in patients older than 70 years (Malmström et al., 2012). Furthermore, a recent systematic review and network meta-analysis found that there was a trend toward improved survival with combined therapies (radiotherapy with temozolomide) compared to single modality therapies (either radiotherapy or chemotherapy alone) (Nassiri et al., 2020). Herein, the median OS of patients who received concurrent chemoradiation and adjuvant temozolomide was 15.2 months, which was consistent with the OS reported by the EORTC-NCIC trial (median OS: 14.6 months).

There are controversies on the optimal cycles of adjuvant temozolomide in patients with GBM. A retrospective study implied that extended adjuvant TMZ was safe and may prolong survival in patients with GBM (Roldán Urgoiti et al., 2012). Similarly, Lwin et al. (2013) in a retrospective study of 433 patients with GBM, found that longer cycles of TMZ chemotherapy was associated with longer survival in patients with GBM. These results are consistent with the findings of our study. Conversely, the opposite view also exists. A meta-analysis pooled 4 randomized controlled trials (RCT) of patients with newly diagnosed GBM suggested that adjuvant TMZ beyond 6 cycles did not improve OS, even for patients with MGMT promoter methylation (Blumenthal et al., 2017). A recent prospective, phase 2 study showed that extended adjuvant TMZ did not improve PFS or OS, which was linked to the increased toxicity (Balana et al., 2020). However, it should be noted that the enrolled patients in their study had completed six cycles of TMZ chemotherapy and without progression. In our current study, the main reason for patients who received less than 6 cycles of TMZ chemotherapy was disease progression, which was likely the reason why those patients had poor survival.

All of the previous trials have demonstrated that MGMT promoter methylation is a biomarker of outcome, and is a strong predictor of benefit with temozolomide chemotherapy (Esteller et al., 2000). In the NOA-08 trial, the MGMT promoter methylation was observed in 73 (35%) of 209 patients and was associated with longer OS (Wick et al., 2012). In addition, the Nordic trial found that patients who had MGMT promoter methylation had better survival after temozolomide treatment than those without MGMT promoter methylation (Malmström et al., 2012). In this study, it was found that the median survival for patients who received standard Stupp regimen was 20.5 months for methylated and 13.2 months for non-methylated cases (P = 0.370). However, the difference was not statistically significant probably due to the small number of patients.

The EF-14 phase 3 study showed that, compared with TMZ treatment alone, TTFields plus TMZ significantly prolonged survival in patients with newly diagnosed glioblastoma (Stupp et al., 2017). The role of the TTFields in elderly patients with GBM was also investigated in the subgroup analysis of EF-14 trial, which found that the TTFields and TMZ combination treatment can significantly prolonged the PFS (6.5 vs. 3.9 months, P = 0.0236) and OS (17.4 vs. 13.7 months, P = 0.0204) compared to TMZ alone (Ram et al., 2021). Moreover, this study and recent global post-marketing safety surveillance analysis demonstrated the tolerability and safety of TTFields for elderly patients with GBM (Shi et al., 2020; Ram et al., 2021), further analysis found that the most common TTFields-related adverse event is mild-to-moderate skin reactions with a manageable toxicity profile. In our study, two patients received TMZ chemotherapy combined with TTFields have longer survival and still in follow-up (23.8 and 30.3 months after first diagnosis and surgical intervention, respectively). Therefore, we suggest that TTFields and TMZ combination therapy is effective and relatively safe for elderly patients with GBM.



LIMITATION

Although the findings of this study are encouraging, it had some limitations. First, this is a retrospective review at a single institution which has its inherent limitations. Second, despite the fact that all of patients were treated by a single medical team, the number of patients included in this study was small and each treatment protocol has certain inconsistencies. Third, several important molecular markers such as TERT promoter mutation and ATRX mutation, were not available. Fourth, the adverse effects were not analyzed and therapies for recurrent cases were not considered.



CONCLUSION

This study has shown that total resection, aggressive treatment, and postoperative KPS score were associated with improved survival of elderly GBM patients. The results have suggested that, on the premise of protecting function as much as possible, the most suitable treatment strategies for elderly patients with GBM should be maximal safe resection combined with adjuvant chemoradiotherapy. However, further studies, particularly prospective randomized clinical trials, should be conducted to provide more definitive data on the appropriate management of elderly patients, especially for patients with MGMT promoter methylation.
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KPS, Karnofsky performance score; Ki67, index Ki67 proliferation index; MGMT,
O6-methylguanine-DNA methyltransferase.
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