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Introduction

Glioblastomas are highly aggressive primary tumors of the 
central nervous system. The combination of an isocitrate 
dehydrogenase (IDH) wildtype status with at least one of 
the following molecular alterations defines a glioblastoma: 
EGFR amplification, combined chromosome 7 gain and 
chromosome 10 loss or TERT promoter mutation [1–3]. The 
median patient age at diagnosis is 64 years and age-stan-
dardized incidence rates of glioblastoma are rising in west-
ern societies across all age groups [4–8]. Life expectancy in 
patients with glioblastoma aged older than 60 years is less 
than 12 months as higher patient age is a major factor com-
promising survival [9–13]. Available treatment options for 
glioblastoma are potentially toxic and exhausting. Patients 
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Abstract
Purpose Glioblastoma is associated with especially poor outcome in the elderly. It is unclear if patients aged ≥80 years 
benefit from tumor-specific therapy as opposed to receiving best supportive care (BSC) only.
Methods Patients with IDH-wildtype glioblastoma (WHO 2021), aged ≥80 years, and diagnosed by biopsy between 2010 
and 2022 were included. Patient characteristics and clinical parameters were assessed. Uni- and multivariate analyses were 
performed.
Results 76 patients with a median age of 82 (range 80–89) and a median initial KPS of 80 (range 50–90) were included. 
Tumor-specific therapy was initiated in 52 patients (68%). 22 patients (29%) received temozolomide monotherapy, 23 patients 
(30%) were treated with radiotherapy (RT) alone and 7 patients (9%) received combination therapies. In 24 patients (32%), 
tumor-specific therapy was omitted in lieu of BSC. Overall survival (OS) was longer in patients receiving tumor-specific 
therapy (5.4 vs. 3.3 months, p < 0.001). Molecular stratification showed that the survival benefit was owed to patients with 
MGMT promoter methylation (MGMTpos) who received tumor-specific therapy as opposed to BSC (6.2 vs. 2.6 months, 
p < 0.001), especially to those with better clinical status and no initial polypharmacy. Patients with unmethylated MGMT 
promoter (MGMTneg) did not benefit from tumor-specific therapy (3.6 vs. 3.7 months, p = 0.18). In multivariate analyses, 
better clinical status and MGMT promoter methylation were associated with prolonged survival (p < 0.01 and p = 0.01).
Conclusion Benefit from tumor-specific treatment in patients with newly diagnosed glioblastoma aged ≥80 years might be 
restricted to MGMTpos patients, especially to those with good clinical status and no polypharmacy.
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in the highest age bracket, aged 80 years and older, are espe-
cially vulnerable to these treatment side effects because of 
a higher incidence of pre-existing morbidity and increasing 
frailty. This gives rise to the question, whether these old-
est-old patients benefit from tumor-specific treatment at all 
or whether the toxic effects of treatment outweigh poten-
tial survival benefits and best supportive care should be 
preferred.

This question appears even more pressing as the propor-
tion of elderly people is rising on a population-based level. 
According to the World Health Organization, the overall 
number of people over the age of 80 is expected to triple by 
the year 2050 [14]. Many who reach this age maintain a high 
quality of life and high levels of activity and independence 
[15]. This means that health care providers are faced with 
a rising number of oldest-old patients with glioblastoma 
and good functional status. Yet, evidence-based treatment 
guidelines in this scenario are scarce. This is because the 
elderly are vastly underrepresented in clinical trials due to 
various reasons, e.g., inclusion criteria that include age lim-
its, comorbidities, decisions against therapy made both by 
patients and families as well as the fact that caregivers are 
hesitant to enroll elderly patients in clinical trials [16–19].

It was our aim to investigate benefit of tumor-specific 
therapy versus best supportive care (BSC) in the oldest-
old and determine subgroups eligible for tumor-specific 
treatment while accounting for clinical status, molecular 
parameters, initial tumor volumes and localizations. We 
furthermore included the temporal muscle thickness (TMT) 
in our analyses, a surrogate for sarcopenia that has been 
described as a prognostic marker in glioblastoma [20, 21]. 
We sought to investigate the role of the O6-methylguanine-
DNA methyltransferase (MGMT) promoter methylation 
status, an important prognostic and predictive marker for 
response to the alkylating chemotherapy agent temozolo-
mide, as a potential stratifier for therapy in the elderly as 
proposed by prospective, clinical trials in the past [10, 12, 
22, 23].

Patients and methods

Patient evaluation

The institutional database was screened retrospectively for 
patients with newly diagnosed glioblastoma, IDH-wildtype 
CNS WHO grade 4, between 2010 and 2022 after approval 
by the local ethics committee (project number 23–0052). 
Further patient inclusion criteria were as follows: (I) patient 
age of 80 years or older at first diagnosis, (II) diagnosis 
through stereotactic biopsy and (III) an integrated histopath-
ological and molecular diagnosis according to the WHO 

2021 Classification of Tumors of the Central Nervous Sys-
tem. Patient-related and clinical parameters such as patient 
age, sex, clinical status according to the Karnofsky Perfor-
mance Status (KPS), date of biopsy and medication were 
assessed. The number of prescribed medications taken by 
individual patients was assessed as polypharmacy is associ-
ated with frailty [24]. The medication had to be prescribed 
by a physician and administered orally or intravenously or 
intramuscularly on a regular schedule to be included. Pro-
gression-free (PFS) and overall survival (OS) were investi-
gated as outcome measures. PFS was defined according to 
RANO (Response Assessment in Neuro-Oncology) criteria 
[25]. OS was defined as the time interval from first diag-
nosis to the date of glioblastoma-related death. When the 
exact date and cause of death were missing in the local data-
bases, e.g., due to initiation of palliative care in an hospice, 
respective general practitioners were contacted. Exact dates 
and thus OS could be obtained in all patients who died. 2 
patients were alive at data base closure.

Histopathology and molecular analyses

Histological sampling was achieved in all patients through 
a stereotactic, frame-based biopsy technique [26–28]. His-
topathological and molecular analyses were conducted at 
the institutional neuropathology. An integrated diagno-
sis according to WHO 2021 was provided in all patients. 
By determining methylation status of 25 CpG sites in the 
MGMT promoter region through sequencing of sodium-
bisulfite-modified DNA, MGMT promoter methylation 
was assessed [29]. For exclusion of isocitrate dehydroge-
nase gene 1 or 2 mutations, pyrosequencing for detection of 
hotspot mutations was performed.

Tumor volumes and temporal muscle thickness

Initial tumor volume on T2 weighted and T1 weighted, con-
trast-enhanced magnetic resonance imaging (MRI) scans 
were manually segmented. To this end, Brainlab Elements 
Smartbrush software by Brainlab (Brainlab AG, Munich, 
GER) was utilized. The volume of pathological contrast-
enhancement on initial MRI is hereafter referred to as CE 
volume. TMT was evaluated on T1-weighted scans and 
according to previously published literature [20, 21, 30, 31].

Therapy

Treatment choices were evaluated in interdisciplinary 
tumor boards for all patients. Recommendations were dis-
cussed with the patients and treatment was initiated based 
on patients’ and caregivers’ preferences. Temozolomide 
was given at a daily dose of 75 mg/m2 concomitantly to 
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radiotherapy if applicable and in case of temozolomide 
alone at a dose of 150-200 mg/m2 in a 5/28 schedule. Total 
dose of involved-field radiotherapy was planned with either 
40.05 Gy (hypofractionated) or 60 Gy (standard radio-
therapy). Treatment was discontinued in case of treatment-
related severe adverse events, if patients wished to stop 
tumor-specific therapy or in case of clinical deterioration. 
Complications from therapy were assessed in accordance 
with the Common Terminology Criteria for Adverse Events 
(CTCAE) version 5 [32]. BSC was defined as palliative care 
without any tumor-specific therapy and comprised physical, 
social and psychological support as well as prescription of 
anticonvulsive medication, analgesics and corticosteroids if 
deemed necessary.

Statistical analysis and matched-pair analysis

Descriptive and comparative statistics were done with 
GraphPad PRISM 9.4.1 software. Normal distribution and 
variance were calculated by D’Agostino-Pearson test. Stu-
dent’s t-test was conducted to assess differences between 
two groups and ANOVA for multiple groups in case of para-
metric data. For nonparametric data, Mann-Whitney U-test 
and Kruskal-Wallis tests were conducted. Comparative test-
ing of categorial variables was done by chi-squared test. 
Univariate analyses of categorial variables were performed 
through Kaplan-Meier estimate and logrank tests. Addition-
ally, Cox proportional hazards models were used for con-
tinuous and categorical variables. For multivariate analysis, 
Cox proportional hazards models were used. The validity 
of the proportional hazards assumption was tested by deter-
mining scaled Schoenfeld residuals versus time. Hazard 
ratios (HR) and 95% confidence interval (95% CI) of HRs 
were calculated. Statistical significance was assumed for 
p ≤ 0.05. A matched-pair analysis accounting for KPS and 
CE volume was conducted after identifying clinical sta-
tus and initial CE volumes to be prognostic in univariate 
analysis (Table 1). Pairing of two CE values was deemed 

acceptable only if the tumor volume of one tumor did not 
exceed the other volume by more than 10% as described by 
other studies [27, 33].

Results

Study population, clinical and imaging parameters 
and MGMT methylation status

Overall, 76 patients with a median age of 82 (range 80–89) 
and a median initial KPS of 80 (range 50–90) were included 
in the study (Table 2). The ratio of female to male patients 
was 0.7:1 (31:45). At diagnosis, multiple lobes were visibly 
affected on MRI in 28 patients (37%). Initial mean T2 tumor 
volume was 36.7 cm3 (standard deviation 29.4). Median 
TMT was 7.5 cm (range 3-12.2, see Table 2). No severe 
adverse event related to the stereotactic biopsy was seen.

Treatment and adverse events

A total of 52 patients (68%) received tumor-specific therapy 
consisting of radiochemotherapy (n = 7; 9%), radiotherapy 
alone (n = 23; 30%) or temozolomide alone (n = 22; 29%). 
BSC without tumor-specific therapy was initiated in 24 
patients (32%). In the radiotherapy cohort, 20/23 patients 
(87%) were treated with a hypofractionated irradiation 
regimen. In case of chemotherapy alone, median number of 
completed TMZ cycles was 3 (range 1–14). Therapy dis-
continuation rates were 43% (3/7) in the radiochemotherapy 
cohort, 64% (14/22) in the temozolomide cohort and 26% 
(6/23) in the radiotherapy cohort (Suppl. Table 1). Severe 
adverse events, i.e., CTCAE grade 3 or higher, occurred in 
8 patients (15%) (Suppl. Table 1). There was no treatment-
related fatal event.

In the treatment cohort, 30 patients (58%) showed a meth-
ylated MGMT promoter (MGMTpos) and 22 patients (42%) 
were MGMTneg. In the BSC cohort, 8 patients (33%) were 

Table 1 Univariate analyses for progression-free and overall survival
Factor PFS OS

HR 95% CI p-value HR 95% CI p-value
Agex 1.03 0.93–1.13 0.54 1.03 0.93–1.13 0.59
KPSx 0.96 0.94–0.99 < 0.01* 0.96 0.95–0.98 < 0.01*
Polypharmacy 1.1 0.98–1.23 0.11 1.1 0.97–1.23 0.13
T2 tumor volumex 1.01 1.0-1.02 0.04* 1.01 1.0-1.02 0.03*
CE volumex 1.01 1.0-1.02 0.04* 1.01 1.0-1.02 0.03*
Multifocal manifestation 0.93 0.53–1.56 0.79 1.01 0.57–1.69 0.98
Frontal versus non-frontal localization 2.05 1.11–4.16 0.03* 1.71 0.94–3.37 0.1
TMTx 1.04 0.91–1.19 0.55 1.05 0.93–1.19 0.42
MGMTpromoter methylation status 0.65 0.4–1.04 0.07 0.52 0.31–0.85 < 0.01*
KPS, Karnofsky Performance Status; CE volume, contrast-enhancing tumor volume; TMT, temporal muscle thickness; MGMT, O6-methyl-
guanine-DNA methyltransferase; PFS, progression-free survival; OS, overall survival; x Continuously scaled. Significant p-values are high-
lighted with asterisks*
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and multifocality of the tumor did not differ significantly 
between the two cohorts (Table 2).

Progression-free and overall survival

In the entire cohort, median PFS was 3.7 months and OS 
was 4.1 months. Patients with BSC showed a median OS 
of 3.3 as opposed to 5.4 months in patients who received 
treatment (logrank: tumor-specific therapy versus BSC; HR 
2.34; 95% CI 1.28–4.28; p < 0.01, see Fig. 1). No patient 
primarily receiving BSC lived longer than 7.4 months. 
Stratifying patients according to their MGMT promoter 
methylation status showed that in MGMTneg tumors, there 
was no benefit of tumor-specific therapy over BSC regard-
ing PFS (logrank: in months, 3.4 versus 3.5; HR 0.76; 95% 
CI 0.38–1.5; p = 0.43) or OS (logrank: in months, 3.6 versus 
3.7; HR 0.61; 95% CI 0.3–1.26; p = 0.18) (Fig. 2). In MGM-
Tpos glioblastomas, there was a strong association between 
prolonged PFS and OS in patients receiving tumor-specific 
therapy as opposed to BSC (logrank: tumor-specific therapy 
versus BSC; PFS: in months, 5.4 versus 0.8; HR 22.95; 95% 
CI 4.41–119.5; p < 0.01; OS: in months, 6.2 versus 2.6, HR 
17.0, 95% CI 3.44–83.94; p < 0.01) (Fig. 2).

In the cohort of patients with MGMTpos tumors receiving 
therapy, 5 patients (5/30; 17%) lived past 18 months and 3 
patients (3/30; 10%) were alive more than 2 years after diag-
nosis. A comparison between these cases and patients who 
died before 6 months despite receiving therapy (n = 15/30; 
50%) demonstrated significantly better clinical status with 
a mean KPS of 86 versus 78 (p = 0.03) and less medication 
(mean number of medications, p = 0.01) at initial diagnosis 
in patients with more than 18 months survival. There was a 
trend towards smaller CE volumes in the cohort with lon-
ger survival with a mean CE volume of 9 cm3 versus 23 
cm3 (p = 0.06). Age (p = 0.52), T2 tumor volume (p = 0.13), 
TMT (p = 0.98) and sex (p = 0.29) did not differ signicantly 
between the groups.

In a matched-pair analysis that compared BSC with 
tumor-specific therapy and accounted for clinical status and 
CE volume, similar results were seen: PFS and OS did not 
differ significantly between the 12 MGMTneg pairs that 
were identified (PFS: in months, 3.7 versus 2.4, p = 0.74; 
OS: in months, 3.8 versus 2.8, p = 0.99). In the MGMTpos 
cohort, 7 pairs were identified. PFS and OS were signifi-
cantly shorter in patients receiving BSC (PFS: in months, 
0.8 versus 3.1, p = 0.03; OS in months, 2.5 versus 6.0, 
p = 0.03, see Fig. 3). Mean CE tumor volume of patients 
treated with BSC was 31 cm3 and 32 cm3 in patients receiv-
ing tumor-specific therapy (p = 0.92). Of note, the overall 
mean CE volume was not significantly higher in the group 
of MGMTpos tumors when compared to MGMTneg tumors 
(in cm3, 28 versus 32, p = 0.48).

MGMTpos and 16 patients (67%) MGMT neg. These dif-
ferences were statistically significant (p = 0.05, see Table 2). 
A significant difference between the BSC and the therapy 
cohort was also seen in the size of initial T2 tumor volume 
and CE volume as those receiving therapy had a smaller 
mean tumor volume (therapy versus BSC; in cm3; median 
T2 volume: 31.2 versus 48.5, p = 0.03; mean CE volume: 
25.7 versus 38.1, p = 0.05). Other potential prognostic fac-
tors such as clinical status, sex, age at diagnosis, TMT, site 

Table 2 Patient characteristics
Parameter All 

patients
(n = 76)

Best 
support-
ive care 
(n = 24)

Treat-
ment
(n = 52)

p-value

Age (years)
Median 82 82 82 0.86
Range 80–89 80–87 80–89
Sex, n (%)
Female 31 (41) 10 (42) 21 (40) 0.92
Male 45 (59) 14 (58) 31 (60)
KPS at first admission, 
n (%)
100 0 (0) 0 (0) 0 (0) 0.1
90 17 (22) 5 (21) 12 (23)
80 35 (46) 7 (29) 28 (54)
< 80 24 (32) 12 (50) 12 (23)
MGMTpromoter meth-
ylation status
methylated 38 (50) 8 (33) 30 (58) 0.05*
unmethylated 38 (50) 16 (67) 22 (42)
Localization, n (%)
Multilobular 28 (37) 12 (50) 16 (31) 0.25
Frontal 13 (17) 2 (8) 11 (21)
Temporal 18 (24) 7 (29) 11 (21)
Parietal 9 (12) 1 (4) 8 (15)
Occipital 2 (3) 1 (4) 1 (2)
Corpus callosum 4 (5) 0 (0) 4 (8)
Midline 2 (3) 1 (4) 1 (2)
Laterality, n (%)
Left 40 (53) 9 (38) 31 (60) 0.14
Right 29 (38) 13 (54) 16 (31)
Bilateral 7 (9) 2 (8) 5 (10)
T2 tumor volume (cm3)
Mean 36.7 48.5 31.2 0.03*
Standard deviation 29.4 34.4 25.3
CE volume (cm3)
Median 29.7 38.1 25.7 0.05*
Standard deviation 24.5 24.7 23.6
Temporal muscle thick-
ness (mm)
Median 7.5 7.5 7.2 0.73
Range 3.3–12.2 4.9–12.2 3.3–11.3
KPS, Karnofsky Performance Status; MGMT, O6-methylguanine-
DNA methyltransferase; CE volume, contrast-enhancing tumor vol-
ume. Significant p-values are highlighted with asterisks*
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Fig. 2 Kaplan-Meier estimates of progression-free (A, C) and over-
all survival (B, D) according to post-diagnostic strategy and strati-
fied according to the MGMT (O6-methylguanine-DNA methyltrans-
ferase) promoter methylation status. Progression-free and overall 
survival was significantly longer in patients with MGMTpos tumors 
and receiving tumor-specific therapy when compared to best support-

ive care (p < 0.01) (C, D), but did not differ between the two cohorts 
in MGMTneg tumors (p = 0.43 and p = 0.18). Treatments comprised 
temozolomide alone, radiotherapy alone and radiochemotherapy. 
MGMTpos, methylated MGMT promoter; MGMTneg, unmethylated 
MGMT promoter

 

Fig. 1 Kaplan-Meier estimates of progression-free survival (A) and 
overall survival (B) according to post-diagnostic strategy. Tumor-spe-
cific treatment was associated with longer progression-free and overall 

survival than best supportive care (p < 0.01). Treatments comprised 
temozolomide alone, radiotherapy alone and radiochemotherapy
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Uni- and multivariate analyses

Multiple patient- and tumor-related factors were tested in a 
univariate fashion to assess a potential association with PFS 
or OS (Table 1). Out of the tested variables, a worse clinical 
status at first diagnosis as well as larger initial T2 volumes 
and CE volumes (all continuously evaluated) were associ-
ated with shorter PFS and OS. Frontal manifestation was 
associated with longer PFS than non-frontal manifestation, 
but not OS (Tables 1 and 3). MGMT promoter methylation 
was associated with longer OS, but not PFS (Table 1). In 
multivariate analyses for OS, clinical status and MGMT pro-
moter methylation were associated with outcome (p < 0.01 
and p = 0.01), but CE volume was not (p = 0.51, see Table 3). 
Univariate analyses were also performed exclusively for 

Table 3 Multivariate analyses for progression-free and overall survival
Factor PFS

HR 95% CI p-value
KPSx 0.97 0.95-1.0 < 0.01*
CE volumex 1.01 1.0-1.02 0.22
Frontal versus non-frontal 
localization

2.05 1.11–4.15 0.03*

Factor OS
HR 95% CI p-value

KPSx 0.96 0.94–0.99 < 0.01*
CE volumex 1.0 0.99–1.01 0.51
MGMTpromoter methylation 
status

0.52 0.31–0.86 0.01*

KPS, Karnofsky Performance Status; CE volume, contrast-enhancing 
tumor volume; MGMT, O6-methylguanine-DNA methyltransferase; 
PFS, progression-free survival; OS, overall survival; x Continuously 
scaled. Significant p-values are highlighted with asterisks*

Fig. 3 Kaplan-Meier estimates of progression-free (A, C) and over-
all survival (B, D) in a matched-pair analysis accounting for clinical 
status and initial CE volume and according to post-diagnostic strat-
egy. The cohorts were stratified according to the MGMT (O6-meth-
ylguanine-DNA methyltransferase) promoter methylation status. Pro-
gression-free and overall survival was significantly longer in patients 
with MGMTpos tumors and receiving tumor-specific therapy when 

compared to best supportive care (p < 0.03) (C, D), but did not differ 
between the two cohorts in MGMTneg tumors (p = 0.74 and p = 0.99). 
Treatments comprised temozolomide alone, radiotherapy alone 
and radiochemotherapy. MGMTpos, methylated MGMT promoter; 
MGMTneg, unmethylated MGMT promoter; CE volume, contrast-
enhancing tumor volume
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patients treated with hypofractionated radiotherapy (34 Gy 
in 3.4 Gy fractions over 2 weeks) or temozolomide treated 
with 200 mg/m2 in a 5/28 schedule [10]. These results high-
light the vulnerability of the elderly when treated aggres-
sively. Temozolomide monotherapy proved to be especially 
beneficial in patients with methylated MGMT promoter in 
this study.

There is some evidence in the literature comparing tumor-
specific therapy and BSC in terms of OS in patients aged 70 
years or older. A prospective, multicenter study established 
that radiotherapy was associated with better survival than 
palliative care only without compromising quality of life 
or neurocognitive function [18]. Prospective trials in even 
older patients are lacking. A retrospective study in patients 
with glioblastoma aged older than 80 years demonstrated 
extremely poor outcome overall with a median survival 
time of 4.1 months after diagnosis. Here, tumor-specific 
treatment was associated with prolonged survival compared 
to best supportive care (BSC). Unfortunately, the study did 
not include tumor volumes or the methylation status of the 
MGMT promoter region [12, 23, 34].

Whereas most patients who received therapy and had 
MGMTpos tumors were treated with temozolomide, almost 
all patients with MGMTneg tumors were treated with hypo-
fractionated radiotherapy. Since there was no survival differ-
ence between radiotherapy and BSC in MGMTneg tumors, 
treatment benefit of hypofractionated radiotherapy appears 
questionable in MGMTneg patients aged 80 years or older.

It has been described that frailty is associated with worse 
outcome in elderly glioblastoma patients [35]. In this study 
we used KPS, TMT and polypharmacy as surrogate param-
eters for frailty. We found that KPS was high and polyphar-
macy was low in the subgroup of patients who lived > 18 
months, suggesting that these patients were less frail.

Side effects of temozolomide are infrequent but can 
occur and lead to therapy discontinuation. The probability 
of severe adverse effects seems to increase with age [10, 
22, 33, 36, 37]. In our cohort, the overall rate of grade 3 
toxicities was 15% and within the range of previously pub-
lished studies in elderly patients [10, 22]. Treatment-related 
toxicity seems to be acceptable even in the oldest-old and 
temozolomide is relatively easy to administer and monitor.

This study is limited by its retrospective design. A selec-
tion bias for decision against therapy must be assumed. 
This was in part accounted for by matched-pair analyses 
and should have played a systemic role in MGMTpos and 
MGMTneg patients, not only in one cohort. The number of 
patients receiving radiochemotherapy was small in our study. 
We therefore cannot make assumptions on the combined 
efficacy of radiochemotherapy as opposed to temozolo-
mide alone in elderly MGMTpos patients. Another limita-
tion is the lack of standardized surveys on neurocognition. 

MGMTpos and MGMTneg tumors respectively. There were 
no statistically significant differences between the two 
cohorts (tested covariates: age, KPS, TMT, T2 tumor vol-
ume, CE volume, localization, multifocality). When com-
paring temozolomide-containing treatment regimens with 
RT alone, excluding patients from the BSC cohort, OS was 
significantly longer in the TMZ cohort: HR = 2.12, 95% CI 
1.16–3.89, p = 0.01). This effect did not persist in multivari-
ate analysis correcting for KPS, CE volume and MGMT sta-
tus (KPS: p = 0.15; CE volume: p = 0.83; MGMT: p = 0.31; 
temozolomide vs. RT: p = 0.65),

Discussion

Treatment benefit in patients aged 80 years or older and 
diagnosed with glioblastoma is uncertain because possible 
toxic side effects of tumor specific therapy might outweigh 
any positive effects on survival in this vulnerable patient 
group. We investigated prognostic parameters and outcome 
in a retrospective cohort of patients with newly diagnosed 
glioblastoma aged 80 years or older and stratified the cohort 
according to the MGMT promoter methylation status as pro-
posed by previous publications [10, 22]. In patients with 
MGMTpos glioblastoma, tumor-specific therapy compris-
ing temozolomide was associated with a more than 2-fold 
increase in OS time when compared to BSC. In this sub-
group, prognosis was especially favorable in patients with 
good clinical status and no polypharmacy. In patients with 
MGMTneg tumors, there was no differential OS benefit of 
tumour-specific therapy versus BSC (Fig. 2). These findings 
were confirmed in a matched-pair analysis (Fig. 3).

These results are important because they explicitly inves-
tigate the treatment response in the oldest-old patients with 
glioblastoma. While these results still need to be confirmed 
in prospective studies, they can already provide some guid-
ance for clinicians caring for this patient group. An example 
for how oldest-old patients with glioblastoma were omitted 
from studies so far was the pivotal, randomized, phase 3 
study on radiochemotherapy with concomitant and adju-
vant temozolomide in patients with newly diagnosed glio-
blastoma [12]. This study defines the standard of care to 
this day, but excluded patients aged 70 years or older. The 
study found that the benefit of radiochemotherapy was pro-
nounced in younger patients while the effect diminished 
after the age of 65 years [12]. In patients aged 60–70 years 
another prospective trial failed to demonstrate outcome 
differences between patients treated with temozolomide 
alone, hypofractionated or standard radiotherapy alone [10]. 
Patients aged 70 years or older and treated with standard 
radiotherapy (60.0 Gy in 2.0 Gy fractions over 6 weeks) 
surprisingly showed shorter overall survival (OS) than 
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