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Abstract
Introduction Glioblastoma (GBM) is frequent in elderly patients, but their frailty provokes debate regarding
optimal treatment in general, and the standard Stupp regimen in particular, although this is the mainstay
for younger (<65 years) patients. Methods All patients with newly diagnosed GBM and age ≥ 70 who
were referred to our institution for Stupp treatment were reviewed from 2004 to 2018. MGMT status was
not available for treatment decision. The primary endpoint was overall survival (OS). Secondary
outcomes were relapse-free survival (RFS), early (≤ 1 month after RCT) adverse neurological events
(symptoms of intracranial hypertension and/or use of corticosteroids and/or hospitalization) and
temozolomide hematologic toxicity assessed by CTCAE v5. Results 128 patients were included. The
median age was 74.1 (IQR: 72-77). 15% of patients were ≥80 years. 62.5% and 37.5% of patients fulfilled
the criteria for RPA class I-II and III-IV, respectively. 81% of patients received the entire RCT and 28%
completed the maintenance temozolomide. With median follow-up of 11.7 months (IQR: 6.5-17.5),
median OS was 11.7 months (CI95%: 10-13 months). Median RFS was 9.5 months (CI95%: 9-10.5
months). 60% of patients had early adverse neurological events, of whom 44% had progression and 8%
experienced grade ≥3 hematologic adverse events. RPA class III-IV and occurrence of neurological events
were associated with lower OS rates, whereas post-operative neurological disabilities were not. Age ≥80
was not associated with worsened outcomes. Conclusions Stupp radiochemotherapy was feasible and
effective for “real-life” elderly patients diagnosed with glioblastoma, even in the case of post-operative
neurological disabilities.

1. Introduction
Glioblastoma (GBM) is the most malignant and common primary brain tumor in adults [1]. The overall
prognosis remains poor: around 12-15 months [2] [3]. The current therapeutics rely on surgical resection,
radiotherapy (RT), chemotherapy (CT) and best supportive cares (BSC) [4]. The combination of 6 weeks
of conventionally fractionated RT (CFRT) with radiosensitizing temozolomide (TMZ), followed by up to 6
cycles of maintenance TMZ (known as the standard Stupp regimen [3]) is the mainstay for <65 year-old
patients [4]. However, there are concerns about whether and/or which elderly patients may benefit from
such post-operative treatment.
Focusing on the elderly population (e.g. aged ≥70 years) with newly-diagnosed GBM is relevant for the
following reasons: i) the highest incidence rate is currently observed in patients aged 75 to 84 years [5] ;
ii) neurological symptoms (following progression or treatment toxicities) may have dramatic
consequences on independence and/or quality of life for such a frail population [6] [7]; iii) the life
expectancy is extremely poor but has increased in the last decade with the development of post-operative
treatments [2]; iv) GBM-specific geriatric scales of frailty are still lacking. Age and performance status
(PS) >2 are common negative prognostic factors [8] [9]. MGMT (O6-methylguanine-DNA
methyltransferase) DNA-repair gene silencing and its consequence on therapeutics have been
investigated considerably [10] [11]. In particular, MGMT methylation is associated with improved

Page 3/17

response to TMZ. The difficulties in interpreting the results of the tests nevertheless mean that MGMT
status not routinely assessed [12].
Over the last few years, both the indication for, and modalities of, post-operative treatments in elderly
patients have been controversial [13] [14] [15] [16]. Patients >70 years were not included in the original
study by Stupp et al. [3]. 65-70 year-old patients may benefit from the Stupp regimen compared to RT
alone, particularly in case of PS ≤1 and macroscopically complete surgical
resection [17] [18] [19] [20] [21] [22] [23] [24] [25] [26]. For patients >70 years, post-operative RT could
result in only modest improvements compared to BSC and despite a Karnofsky index >70, whereas the
duration of the CFRT may represent almost one third of their life expectancy [27]. Hypofractionated and
accelerated RT protocols over 1 or 3 weeks (HFRT) have emerged in this context, with outcomes
comparable with those of CFRT and acceptable tolerance [28] [29] [30] [31] [32]. Recently, a large phase 3
trial has shown the survival benefits of HFRT with TMZ versus HFRT alone for >65 year-old and PS ≤2
patients [33]. This type of regimen tends to be the current standard of care for elderly patients although
there are no prospective trials comparing it to the standard Stupp protocol. Interestingly, two ongoing
phase 3 trials: EORTC-1709-BTG (NCT03345095) (RT+TMZ and marizomib); and RT “dose painting”
escalation + TMZ (SPECTRO-GLIO, NCT01507506) [34], have contributed to bringing to the fore the
standard Stupp regimen for patients with no upper limit of age.
In this context, we present the tolerance data and outcomes for all the elderly patients (≥70 years) who
were referred to our institution for the standard Stupp regimen. The objective was to investigate whether
common geriatric sources of frailty such as age or baseline neurological disabilities, had a negative
impact on survival.

2. Materials And Methods
Patient selection
All ≥70-year-old, histologically-proven GBM patients referred to our radiation therapy department (Institut
de Cancérologie de l’Ouest, Saint Herblain, France) for a Stupp regimen from January 2004 to December
2018 were included. Patients with World Health Organisation (WHO) grade <4 gliomas were excluded [1].
All patients had surgical intervention - either complete (CR) or partial (PR) resection or biopsy (BR) - and
were considered fit for post-operative Stupp radiochemotherapy (RCT) by a multidisciplinary team
including neurosurgeons, and medical and radiation oncologists. The histomolecular isocitrate
deshydrogenase (IDH) mutation was determined in each case. MGMT-methylation status was not
considered informative for therapeutic decisions and was not carried out routinely.
Post-operative treatment modalities and follow-up
Immobilization in the treatment position was systematically achieved using custom thermoplastik mask
contention during RT. An RT-dedicated computed tomography (CT) scan was registered with contrastenhanced T1-weighted brain magnetic resonance imaging (MRI) in order to guide tumor
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delineation [35] [36]. The gross tumor volume (GTV) was defined as the contrast enhancement area in the
T1-weighted MRI sequence and CT scan, including the tumor bed for patients with prior partial or
complete resection. Following GBM guidelines [36], the clinical target volume (CTV) was defined as the
addition of a geometric tridimensional 10-20mm margin (depending on the tumor’s topography) around
the GTV that was corrected to the anatomical borders and had to include the hypersignal FLAIR-MRI
around the GTV. The planning target volume (PTV) was defined as CTV+5mm. The dose prescribed to the
PTV was 60 Gy in 30 fractions of 2 Gy per fraction, 5 days a week within conformal three-dimensional
radiotherapy [3]. Concomitant daily TMZ (75 mg/m2, 7 days a week from the first to the last day of RT)
was prescribed during RT, with weekly blood samples.
All patients were examined by their medical oncologists one month after the last RT session to start up to
6 cycles of maintenance TMZ (150-200mg/m2, 5 consecutive days a month). During the RCT, treatment
tolerance was evaluated once a week. Patients were followed up clinically and with blood tests once a
month throughout the maintenance phase and then every three months. The first brain MRI for evaluation
was performed three months after the end of RT, then every three months for at least five years.
Outcomes
The primary endpoint was overall survival (OS). Secondary endpoints were relapse-free survival (RFS),
incidence rate for early adverse neurological events, and TMZ-related toxicity assessed by the CTCAE v5
classification.
Survivals (OS and RFS) were respectively defined as the time from histological diagnosis to death from
any cause, and disease recurrence as assessed by MRI (at least T1 with gadolinium injection and FLAIR).
As it can be difficult to distinguish recurrence from pseudoprogression after RT and TMZ [37], repeated
MRI over shorter time interval than planned were necessary in some cases. The date of progression
assigned was the earlier date when progression was first suspected. Early (≤1 month after RCT) adverse
neurological events were defined as the occurrence of symptoms of intracranial hypertension (ICHT)
and/or the use of corticosteroids and/or the need for hospitalization for any cause: during RCT (RCTconcomitant); and between the end of RCT and the start of maintenance TMZ (post-RCT).
For each patient, the presence of neurological disabilities (motor, visual, instability, cognitive and
communication) was also reviewed before and after RCT. Motor disabilities were scored between mild
(e.g. paresis) and severe (e.g. objective neurological deficit). Visual disabilities corresponded to
homonymous hemianopias or anopsias. Instability included dizziness and proprioceptive disorders;
cognitive disabilities included disorientation in time and place, frontal syndrome or mnesic disorders.
Statistical analysis
Qualitative factors were described in terms of the frequency of their respective modalities and compared
using of Pearson’s Chi-square test (or Fisher test). For continuous factors, independent groups were
described by means of their median [range] and compared using a Student’s t-test (or Mann-Whitney).
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Survival (RFS and OS) was described by means of Kaplan-Meier curves and compared between interest
groups using log-rank tests. Median follow-up was calculated by means of inverse Kaplan-Meier method.
Univariate logistic regressions were performed to assess prognostic factors on the occurrence of adverse
neurological events. The RPA class by Scott et al. [8] - I (II): ≤ (>) 75.5 with CR/PR; III (IV): PS ≤ (>) 1 with
BR - was considered. All tests were two-sided; significance was set at p=0.05, all calculations were made
using Stata 16.1 SE (StataCorp LLC, College Station, Texas, USA).
This study was approved by the ethic committee of the Centre Hospitalo-Universitaire (CHU) in Angers,
France (Number 2020/117).

3. Results
Patient and treatment characteristics
A cohort of 128 patients was established from January 2004 to December 2018. Patient characteristics
are summarized in Table 1. All patients had IDH wild-type GBM. The median age was 74.1 (IQR: 72-77)
with 73/128 (57%) male. Most patients had PS 0 (49/128; 38.5%) and 1 (71/128; 55.5%). 39 %, 23.5%,
33.5% and 4% patients respectively fulfilled the criteria for RPA class I, II, III and IV. 19/128 (15%) were
≥80 years old, with 11 RPA II, 5 RPA III and 3 RPA IV.
104 patients (81%) received the entire Stupp RCT and 36 (28%) completed the further 6 maintenance
TMZ cycles. 13 (10%) patients did not fulfill the 30 RT fractions because of major overall worsening or
death; 11 (9%) patients received 60 Gy but <6 concomitant TMZ cycles because of blood toxicity or
swallowing troubles for one patient. The median number for RT fractions, concomitant TMZ weeks and
maintenance TMZ months were respectively 30 (IQR, 30-30), 6 (IQR, 6-6) and 2 (IQR, 0-6). All ≥80-year-old
patients received the 30 RT fractions.
Of the 84 patients with progression, 51/84 (60.7%) and 33/84 (39.3%) patients had respectively a second
line of chemotherapy and BSC following progression.
Overall and progression-free survivals
Oncologic outcomes are summarized in Table 2 and Figure 1. With a median follow-up of 11.7 months
(IQR: 6.5-17.5), the median OS was 11.7 months (CI95%: 10-13 months). The 2- and 5-year OS was 15%
(CI95%: 10-22%) and 2.4% (CI95%: 0.6-6%), respectively. The median RFS was 9.5 months (CI95%: 9-10.5
months).
60% (77/128) of patients had either RCT-concomitant (39%) or post-RCT (45.5%) adverse neurological
events, of whom 44% (34/77) had progression. The rate for grade ≥3 TMZ-induced blood toxicity (mainly
thrombopenia) yielded 8% (10/128). 58.5% (75/128) and 57% (73/128) had pre- and post-RCT
neurological disabilities, of whom 4.5% (6/128) were severe prior to the RCT. One patient had fully
regressive facial paralysis after treatment, while the neurological symptoms were stable for the other
five.
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Regarding the ≥80-year-old cohort, the median OS and RFS were 12.1 and 9.2 months, respectively. The
rate for RCT-concomitant and post-RCT adverse neurological events was 16.5% and 44.5 %, respectively.
Prognostic factors for death, post-treatment neurological events, and treatment completion
Prognostic factors for death from any cause and post-RCT adverse neurological events are summarized
in Figure 3. The quality of the surgical resection (CR-PR versus BR; HR = 0.62, p = 0.011), RPA class (I-II
versus III-IV; HR = 0.61, p = 0.008), post-RCT neurological disabilities (HR = 1.54, p = 0.017), RCTconcomitant and post-RCT adverse neurological events (HR = 1.91, p < 0.001 and HR = 2.67, p < 0.001,
respectively) were significantly associated with death from any cause in univariate analysis but this was
not the case for either age ≥ 80 (HR = 1.03, p = 0.90) or pre-RCT neurological disabilities (HR = 1.01, p =
0.08) (Figure 2).
Patients with pre-RCT neurological disabilities did not exhibit significantly higher occurrence for post-RCT
adverse neurological events (OR = 0.88, p = 0.072) (Figure 3), nor did ≥80-year-old patients (OR = 1.10, p
= 0.84). The quality of the surgical resection (CR-PR versus BR; OR = 0.46, p = 0.037) and RPA class (I-II
versus III-IV, OR = 0.43, p = 0.023) were significantly associated with lower incidence for such events.
Neither age ≥80 (p = 0.21), BR (p = 0.22), III-IV RPA class (p = 0.19) nor pre-RCT neurological disabilities
(p = 0.86), were associated with incomplete RCT.

4. Discussion
Around 80% of all the ≥70-year-old patients who were referred to our institution for post-operative Stupp
treatment, received the entire 6-week long Stupp RCT. In particular, all the ≥80-year-old patients
completed this treatment. The RPA classification by Scott et al. [8] was prognostic for both the OS and
occurrence of early adverse neurological events, but interestingly, the presence of neurologic disabilities
at baseline was not associated with worsened outcomes.
In recent decades, several studies have investigated different treatment modalities to go further than the
Stupp protocol: e.g. CT intensification with lomustine for MGMT-methylated patients [38], TMZ dose
escalation [39] or the addition of irinotecan during the maintenance TMZ phase [40]; maintenance TMZ
beyond 6 cycles [41]; the addition of antiangiogenic drugs such as bevacizumab [42] [43] or
cilengitide [44]; immunotherapeutic approaches with vaccines such as Rindopepimut® for patients with a
mutation in the epidermal growth factor receptor (EGFR) gene [45] or antiPD1 checkpoint inhibitors [46];
alternating electric fields to the brain called Tumor Treating Fields (TTF) during the maintenance
phase [47]. At this time, none of these treatments except TTF has been able to demonstrate clear
oncologic improvements compared to the original Stupp regimen, which remains the mainstay for ≤6570-year-old patients with median RFS and OS of 6.9 and 14.6 months, respectively [3]. In comparison,
median OS were 3.9-9.6 months with exclusive RT or TMZ [28] [30] [33] [48]. Whereas age commonly acts
as an obstacle for the standard Stupp treatment, the results of our study show that i) standard RCT
(>80% completion rate) was feasible for ≥70 and even ≥80-year-old GBM patients; ii) the survival rates
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(median OS of 12 months regardless of MGMT status) were rather comparable to the values for trialselected and/or younger patients. Similar prospective/retrospective analyses have already corroborated
this observation [18] [19] [20] [21] [22] [23] [24] [25] [26].
As the oncologic outcomes unfortunately remain poor in GBM, tolerance and consequences on quality of
life are crucial, especially for the elderly population. Around 60% of patients were concerned by posttreatment adverse neurological events, while around half of them had no visible progression. The
occurrence of such events were correlated with lower OS as already described in the literature [9]. The
presence of neurological disability at baseline was associated with neither worsened OS nor higher
occurrence of post-treatment neurological events. This may reflect the quality of the surgical resection,
which had a further, positive impact on survival. Although often considered as a source of geriatric frailty,
the presence of neurological disability alone should not be a reason for post-operative de-escalation.
Lastly, the treatment modalities and duration for the Stupp CFRT may respectively seem too heavy and
too long compared to the life expectancy of the patients – although it was generally similar in our study
with younger patients. Only 28% of the cohort completed the entire regimen with the maintenance TMZ.
Various therapeutic options specifically aimed at the elderly have emerged in this regard. Accelerated
HFRT +/- TMZ is increasingly being used with significantly lower radiation doses but paradoxically
comparable outcomes [28] [29] [30] [31] [32] [33]. The overall good tolerance and brain diffusion also
make TMZ monotherapy an option [28] [48] [49], especially in the case of MGMT
methylation [10] [11] [12]. The fear of therapeutic de-escalation arising from such protocols means they
are not recommended for younger patients [26]. Some elderly patients could however appear suitable for
the best and maybe most aggressive strategy, but reliable predictive biomarkers are lacking. The
development of GBM-dedicated geriatric scales e.g. relying on the RPA classification, appears crucial for
optimizing treatment algorithms [13] [14].
Our study has obvious limitations, mainly linked to its retrospective nature. Nutrition and mood
assessments are other important geriatric parameters, but the data were incomplete or missing from our
recording. The patients included in this study were treated before the implementation of a systematic
geriatric assessment in our department. Overall prospective geriatric evaluation is needed to build GBMdedicated treatment algorithms.

5. Conclusions
Standard Stupp radiochemotherapy was feasible for “real-life” elderly patients diagnosed with
glioblastoma with unknown MGMT status, even in cases of post-operative neurological disabilities. GBMdedicated geriatric scales are urgently needed to guide optimal therapeutics.
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Tables
Table 1: Patient and treatment characteristics. Patients with several pre-radiochemotherapy (RCT) neurological
disabilities were counted twice. (IM)RT = (intensity-modulated) radiotherapy; TMZ = temozolomide.
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Total
Number of patients

128

Gender
Male

73 (57%)

Female

55 (43%)

Age (years)
Median [range]

74 [70-88]

70 - 75.5

73 (57%)

≥ 75.5

55 (43%)

Performance Status
0

49 (38.5%)

1

71 (55.5%)

2

7 (5.5%)

3

1 (1%)

Type of surgery
Complete resection

64 (50%)

Partial resection

17 (13.5%)

Biopsy

47 (36.5%)

RPA class
I

50 (39%)

II

30 (23.5%)

III

43 (33.5%)

IV

5 (4%)

Median plasma protein concentration (g/l) [range] 66.5 [51-77]
Pre-RCT neurological disabilities

76 (59.5%)

Mild motor disabilities

26 (20.5%)

Severe motor disabilities

6 (4.5%)

Visual disabilities †

17 (13.5%)

Instabilities ‡

6 (4.5%)

Cognitive disabilities ‡‡

10 (8%)

Communication disorders

28 (22%)

Treatment characteristics
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Number of RT fractions (median, range)

30 [5-30]

IMRT

1 (1%)

Concomitant TMZ cycles (median, range)

6 [1-6]

Maintenance TMZ cycles (median, range)

2 [0-6]

Treatment at recurrence

49 (38.5%)

† e.g. homonymous hemianopias or anopsias.
‡ e.g. dizziness or proprioceptive disorders.
‡‡ e.g. disorientation with time and place, frontal syndrome or mnesic disorders.

Table 2: Oncologic outcomes and rates for early (≤1 month) radiochemotherapy (RCT)-concomitant and postRCT neurological events including, for example, the use of corticosteroids, intracranial hypertension symptoms,
or hospitalization.
(n = 128)
RCT-concomitant neurological events

50 (39%)

Post-RCT neurological events

58 (45.5%)

Relapse-free survival
Median (months)

9.4 (CI95%: 8.9-10.4)

1-year

33.3% (CI95%: 23.8-43.1)

Overall survival
Median (months)

11.7 (CI95%: 9.9-13.1)

1-year

49.2% (CI95%: 40.3-57.5)

2-year

15.4% (CI95%: 9.8-22.2)

5-year

2.4% (CI95%: 0.6-6.0)

Figures
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Figure 1
A) Overall survival (OS) and (B) relapse-free survival (RFS). Median follow-up: 1.7 months (IQR: 6.5-17.5).

Figure 2
(A) Overall survival (OS) depending on the RPA class and (B) OS forest plot in univariate analysis. PS =
performance status; C(P,B)R = complete (partial, biopsy) resection. Neurological disability = preradiochemotherapy motor, visual, instability, cognitive or communication disability.
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Figure 3
Forest plot in univariate analysis for the occurrence of early neurological events (defined as the
occurrence of intracranial hypertension symptoms and/or use of corticosteroids and/or hospitalization
before the start of temozolamide maintenance). RCT = radiochemotherapy; PS = performance status;
C(P,B)R = complete (partial, biopsy) resection. Neurological disability = pre-RCT motor, visual, instability,
cognitive or communication disability.
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