Treatment patterns, outcomes, and prognostic indicators in the oldest patients with glioblastoma: where do we go from here?
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Abstract
Background: There are limited evidence-based guidelines for the treatment of older patients with glioblastoma (GBM). Given the physiological, genetic, molecular, and psychosocial differences, the study of older GBM patients is critical.  The objective of this retrospective analysis is to identify prognostic indicators and gaps in knowledge that may better inform treatment paradigms in the oldest GBM patients.  Methods: We identified 106 patients aged 75 years and older diagnosed with histologically confirmed GBM (WHO grade IV) at our institution between 2004 and 2016 and assessed the effect of clinical factors on overall survival (OS).  Results:  Negative prognostic factors included biopsy-only at diagnosis, lack of radiotherapy (RT), lower Karnofsy Performance Status (KPS), and absence of methyl guanine methyltransferase (MGMT) promoter methylation.  Treatment with RT was associated with maximal resection type (r=0.32, p=0.003). Patients with biopsy-only had lower KPS and were less likely to receive RT relative to those with resections. KPS differed for those receiving 3 weeks of RT vs. 6 weeks (median 70 vs. 80, respectively; p=0.033).  There was no significant difference in OS between 3 versus 6 weeks of RT (p=0.631). For those patients that proceeded with RT, 85% received concurrent temozolomide.  Conclusion:  Maximal surgical resection, good functional status, and proceeding with radiation therapy (regardless of duration) are associated with longer survival in the oldest patients with GBM.  Important areas of future research include:  establishing objective criteria for chronologic and physiologic age, predicting and mitigating treatment-related toxicity, and understanding how values and psychosocial status may influence treatment decisions.   
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Introduction

Given the physiological, genetic, molecular, and psychosocial differences, the study of older glioblastoma (GBM) patients is paramount.  Currently, evidence-based guidelines for the treatment of older patients with GBM are limited.  The goal of this retrospective analysis is to glean prognostic indicators that may help better inform treatment paradigms in this population. 
The median age of GBM diagnosis in the United States is 65 (1).  The incidence of GBM increases with age, showing the highest incidence in the 75 to 84 year old group with an average annual age-specific incidence rate of 15.13/100,000 (1).  Unfortunately, the 5-year relative survival rate for GBM patients 75 and older is 1.0% (95% CI: 0.7-1.3%) compared to 5.6% (95% CI: 5.3-5.8%) in all GBM patients (1). Terminology such as “young-old”, “old-old”, and “oldest-old” have been defined as 65-75, 76-85, and >85 years old, respectively (2).  The words “older” and “elderly” used throughout the broader literature are inconsistently defined. For this manuscript, our cohort of “the oldest patients with GBM” includes those ≥ 75 years old.  

Recommendations for the treatment of older patients with GBM are varied.  The original landmark study reported in 2005 by Stupp et al. did not include patients over the age of 70 
 ADDIN EN.CITE 
(3)
.  At present, the backbone of treatment for older patients (>70 years old) with a “good” performance status (Karnofsky Performance Status (KPS) ≥60) after maximal safe resection is radiotherapy (RT) with concurrent and adjuvant temozolomide (4).  The duration of RT was traditionally 6 weeks until hypofractionated (i.e., 3 weeks) courses demonstrated a similar overall survival (OS) in patients 60 years or older (5).  Subsequent studies in older patients demonstrated the acceptability of hypofractionated RT and preferably in combination with temozolomide regardless of methyl guanine methyltransferase (MGMT) promoter methylation status (6).  Shirahata et al. recently demonstrated, on a small scale, that forgoing RT and proceeding with temozolomide monotherapy in elderly GBM patients with highly methylated MGMT promoters could be a treatment option (7). 

Available data suggest that older patients with GBM may benefit from aggressive treatment approaches including the use of chemotherapy along with concurrent hypofractionated RT even in MGMT unmethylated tumors (6).  The ANOCEF trial in newly diagnosed GBM patients older than 70 years with a KPS < 70 demonstrated improved survival with  temozolomide alone compared to supportive care alone especially in those with MGMT promoter methylation (8).  EF-14, a prospective phase III trial, comparing tumor tumor-treating fields (TTFields) plus temozolomide versus temozolomide alone after concomitant temozolomide and RT  in newly diagnosed GBM patients included patients ≥ 65 years of age and demonstrated statistically significant improvement in survival with TTFields plus temozolomide 
 ADDIN EN.CITE 
(9)
. 
There are genetic, molecular, and immunologic differences between older and younger patients with GBM.  For example, older patients with GBM lack a somatic mutation in isocitrate dehydrogenase (IDH) 
 ADDIN EN.CITE 
(10)
.  Interestingly, TP53 was reported as a positive prognostic marker in patients ≤ 70 years and a negative marker in patients >70 years 
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.  Conversely, in the same study, epidermal growth factor receptor (EGFR) amplification was a negative prognostic marker in patients ≤ 70 years and a positive marker in older patients 
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.  An immunosuppressive enzyme, indoleamine 2,3-dioxygenase (IDO), may also have an age-dependent role in the regulation of brain tumor growth 
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. 

Due to physiologic differences in the older population, treatment toxicities and tolerability may influence patient outcomes.  For example, Mendez et al. demonstrated that treatment-related lymphopenia is common and an independent predictor for survival in elderly patients with GBM 
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.  Hurria and colleagues made great efforts to predict treatment-related toxicities in elderly cancer patients (14).  In GBM specifically, a modified geriatric assessment has been validated and may better inform clinicians about the potential consequences of age-related factors on treatment (15).
Finally, older patients with cancer may make a different decision regarding their health compared to their younger counterparts.  Puts et al. showed that factors important for declining cancer treatment in older patients with cancer specifically included concerns about the discomfort of the treatments, fear of side effects, and transportation difficulties 
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.
Materials and Methods

In this IRB-approved retrospective analysis, we sought to examine outcomes and demographics of patients ≥75 years old with histologically confirmed newly diagnosed GBM (WHO grade IV) seen at our facility from 2004-2016.

Time to overall survival, defined as the time in months between GBM diagnosis and death, was censored at the time of last follow-up for patients still alive.  Kaplan-Meier methods were used to estimate overall survival (OS).  Univariate Cox proportional hazards models were utilized to assess the effect of predictors on OS.  Spearman correlations tested associations between select variables.  Associations between age and maximal resection type were assessed using the Kruskal-Wallis test.  Results are not adjusted for multiple comparisons.  SAS 9.4 was used for all analyses. 

Results

We identified 106 patients with histologically confirmed GBM (WHO grade IV) that were 75 years and older (median 79.1; range 75-94) at the time of diagnosis (Table 1).  The majority were male (62%) and identified as white (94.3%). Seventy-seven patients had a KPS reported at the time of initial consultation (in this instance, after pathological diagnosis was made, but prior to initiation of any cancer-directed therapy).  A minority of patients (11.7%) had a KPS <70 (range 40-90). Platelet counts prior to any RT or cytotoxic therapy in patients where data was available (n=65) ranged from 100,000 to 437,000 (median 213,000).  All patients with known IDH status (n=62) were IDH wild-type.  In the cases for which methylation status was known (n=66), 51.5% were MGMT promotor methylated.  Of the 57 patients for which there were data available, 64.9% demonstrated EGFR amplification.  Unfortunately, TERT status was only available for a small number of patients (n=33) so no further statistical analysis could be reliably performed.

Patients that proceeded with 5-day temozolomide (N=45) received an average of 4.6 cycles.  Of the 37 patients with complete treatment data at first progression, one patient went on to participate in a clinical trial, one proceeded with secondary resection, and the others received some combination of RT and/or cytotoxic therapy and/or bevacizumab.  Cytotoxic therapies included lomustine, temozolomide, irinotecan, etoposide, and imatinib in combination with hydroxyurea.  Only 3.8% of patients were on a clinical trial at some point during their disease course.  There were no patients in this cohort treated with immune checkpoint inhibitors either at diagnosis or recurrence.

Median survival was 8.1 months (95% CI: 6.5, 9.3).  In univariate models, there was no difference in OS between men and women (HR = 0.984; 95% CI: 0.662, 1.464).  Additionally, having a history of another cancer and platelet count at diagnosis were not significant predictors of OS (p=0.393 and p=0.889, respectively).  A higher post-op KPS was predictive of better OS (HR=0.976; 95% CI: 0.954, 0.999; p=0.043).  

Patients who received biopsy only exhibited significantly worse OS than patients with gross total resection (GTR) (HR=2.637; 95% CI: 1.687, 4.122; p<0.001) or subtotal resection (STR) (HR=2.537; 95% CI: 1.327, 4.849; p=0.005).  Patients with biopsy-only tended to have lower KPS and were less likely to receive RT relative to those with GTR or STR (Figure 1).  There was no significant difference in age between the resection types (p=0.261) (Figure 2). RT was also correlated with maximal resection type (r=0.32, p=0.003).

Among the 73 patients with data available regarding RT, the KPS for patients who proceeded with 3 weeks of RT vs. 6 weeks differed (median 70 vs. 80, respectively; p=0.033), while there was no significant difference in OS between patients receiving 3 weeks of RT versus 6 weeks (p=0.631).  Patients that did not receive RT had significantly worse OS than patients with 3-week (HR=7.657; 95% CI: 3.252, 18.031; p<0.001) or 6-week RT courses (HR=8.953; 95% CI: 4.159, 19.272; p<0.001).  For those patients that proceeded with RT, 85% received concurrent chemotherapy with temozolomide (Table 1). 

In the subset of 66 patients with known MGMT promotor methylation status by PCR, MGMT unmethylated patients showed a trend towards worse OS than methylated patients (HR=1.650; 95% CI: 0.987, 2.759; p=0.056). 

Discussion

In our cohort of GBM patients ≥75 years old, factors associated with a worse OS were similar to those found across all age groups:  biopsy-only at diagnosis, lack of RT, lower KPS, and absence of MGMT promoter methylation.  Duration of RT (i.e. 3 weeks vs. 6 weeks) did not influence OS.  These findings are consistent with those previously reported elsewhere in older patients with GBM 
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.
One of the first and most basic issues with studying GBM in the older population is the lack of consistency in defining chronological and physiological age parameters.  The National Comprehensive Cancer Network (NCCN) guidelines use age >70 as a branch point for clinical decision making (4).  In the literature, the cutoff varies.  In our cohort, we defined our “oldest” patients as those ≥75 years old.  We recommend, going forward, that terminology be agreed upon and standardized. 

The majority of patients in our cohort had a “good” KPS (≥60 as defined by the NCCN guidelines (4).  This observation introduces one of the potential limitations of this cohort: referral bias.  These patients were able to come to an initial consultation at our tertiary care clinic; whereas, patients with a lower KPS may be less likely to be referred for more treatment or sent to hospice.  Therefore, the functional status of this cohort may not be representative of the broader population.  

We acknowledge that KPS does not adequately describe the functional status of GBM patients since it may be difficult to distinguish neuro-oncology symptoms related to the disease from age-related symptoms (21).  Outside of KPS, we did not investigate any additional markers of frailty or physiologic age.  A specific geriatric screen and/or tool was not utilized regularly during this time frame at our institution.  Our analysis reinforces the need to develop and utilize more meaningful measures of functional status in the older GBM population. 

Our clinical perception in addition to what has been previously described, is that older patients are more likely to only have a biopsy, as opposed to a maximal safe resection 
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.  In our cohort, there was no association between age and extent of resection.  Given ours is a single institution study, this finding may not be generalizable and may merely reflect individual neurosurgical practice patterns.  This finding could be also be attributed to the small sample size.   

From a physiological standpoint, we acknowledge that older oncology patients differ from younger patients.  Given that treatment for GBM standardly includes temozolomide, and one of the most frequently observed hematologic toxicities is thrombocytopenia, we hypothesized that lower baseline platelets (i.e. less platelet reserve) may influence OS.  In our cohort, baseline platelet counts were robust overall, and were not predictive of OS. 

There are ongoing efforts by the Cancer and Aging Research Group (CARG) to predict outcomes, including treatment-related toxicities for older oncology patients.  Flannigan and colleagues have initiated this effort by developing the Glioblastoma Elderly Scoring System (GESS) 
 ADDIN EN.CITE 
(24)
.  At present, we are evaluating the feasibility of performing a modified geriatric screen, previously validated in GBM by Lombardi et al in our Department of Radiation Oncology for patients with primary brain tumor and brain metastases (15).  Information obtained from a geriatric assessment may be especially important in those patients where the clinician must recommend either a 3 or 6 week radiation course and decide whether or not to treat with concurrent cytotoxic chemotherapy. 

Fortunately, the general consensus is that older patients often have favorable outcomes and should not be excluded from clinical trials based solely upon their age (25).  There are ongoing trials (NCT04195139, NCT03224104, NCT03778294) looking at ways to optimize GBM treatment specifically in the older population.  Research efforts should continue to focus on older patients and to implement age-specific methodology into clinical trials 
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(26)
.  In addition, patients that are older and undergo hypofractionated RT courses should have the same opportunity to participate in clinical trials at recurrence as those receiving a standard 6 week course. 

Psychosocial issues, as well as values regarding oncological care, are extremely important to all patients, regardless of age.  However, older patients may possess different values compared to their younger counterparts.  This has not been described specifically in GBM but has in the greater oncology literature 
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.  We did not collect data beyond basic demographics.  Therefore, this study cannot answer a key question: is OS comparatively worse in older patients because they opt for less intensive therapy, and if so, what are the reasons? 

While exponential progress has been made in oncology in the recent decade regarding tumor genetic profiling, our study data extends back to 2004.  At that time, histological diagnoses not molecular diagnoses were the standard, hence tumor biomarker information is missing for many study patients diagnosed earlier in our study timeframe.  We were therefore, statistically unable to draw any significant conclusions from our oldest patients’ tumor biomarkers.  We have made the case in this manuscript that clinical characteristics and assessments are important in providing the best possible care and treatment recommendations to older patients with GBM.  However, we concurrently acknowledge the significance of basic and translational research in shaping this field as well. 

Conclusion

In summary, our study suggests GTR or STR, good functional status, and RT (regardless of duration) have a positive effect on overall survival in patients ≥75 years old.  We recommend, going forward, that the neuro-oncology community establish chronological and physiologic definitions of “older,”  incorporate geriatric assessments into clinical practice to identify and mitigate potential toxicities of treatment, avoid undertreating older patients, design clinical trials aimed specifically at this population, and finally, understand how values and psychosocial status may influence decisions older patients make regarding their treatment.  
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Figure captions
Figure 1.  Distribution of radiotherapy treatment by maximal resection type
Figure 2.  Distribution of age by maximal resection type
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