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Abstract: Glioblastoma (GBM) is one of the most malignant primary intracranial neoplasms. This
review aims to summarize the treatment of elderly patients with newly diagnosed GBM, with a focus on
the radiation therapy (RT) approach. The available literature was reviewed, and we describe the most
significant results relating to the post-operative approach of elderly GBM patients. Age limitations in
randomized phase III studies have restricted the inclusion of elderly patients, and consequently, limited
the generalizability of their results to this patient subset. Chronological age should not prohibit the best
treatment, but instead, treatment decisions should consider patient functional status. RT showed efficacy and
safety in the elderly population, without compromising quality of life. Hypofractionated RT is not inferior
to standard RT. Reduction of overall RT schedule length mitigates the difficulties faced by elderly patients,
improving treatment adherence. The addition of both concomitant and adjuvant temozolomide to standard
RT is superior to either modality alone and should be the treatment of choice in the subset of patients with
good/very good prognosis. It is reasonable to offer hypofractionated RT or temozolomide alone for poor
prognosis, and best supportive care (BSC) for very poor prognosis elderly GBM patients. Although combined
modality treatment is well established for the management of the good prognosis population, different RT
schemes require further investigation with randomized controlled trials to determine the best regimen. A
robust analysis of the molecular signatures of GBM in elderly patients might reveal opportunities for clinical

protocol modifications to customize management in this group of patients.
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Introduction

Glioblastoma (GBM) is almost universally lethal within two
years from diagnosis despite optimal surgical and adjuvant
management. It is the most common primary brain tumor
(47.7%) and accounts for 56.6% of all gliomas. In elderly
patients, the annual incidence rate is 3.7 per 100,000
persons (1).

GBM treatment consists of maximum safe resection
followed by concomitant radiation therapy (RT) with
temozolomide, and then adjuvant temozolomide for six
months to one year (2). Median overall survival (OS) is
about 16 months for all-comers (3). In some countries,
when it is possible, the use of tumor treating fields
(T'TFields) provides an additional four months benefit for
both OS and progression-free survival (PES) (4).

The definition of elderly is not well established in GBM.
It ranges from 60 to 70 years, with most publications setting
the lower limit at 65 years (5,6). Elderly GBM patients
typically have additional co-morbidities and have an overall
worse prognosis (7). For this reason, they tend to receive
less aggressive treatment and are traditionally excluded from
clinical trials. Recent attempts to offer more aggressive
therapy to elderly patients have resulted in improvements
in survival, without compromising quality of life (8). Recent
trends have moved towards considering management
paradigms based more on functional status rather than
chronological age (9-11). This review aims to summarize
the treatment of elderly patients with newly diagnosed
GBM, with a focus on the post-operative RT approach.

Methods

A systematic review in accordance with The Cochrane
Collaboration Handbook of Interventions Systematic
Reviews was performed (12). The electronic literature
searches without any language restrictions or publication
year was conducted in 3 different electronic databases:
MEDLINE (1966 to 28 February 2020, via PubMed),
EMBASE (1988 to 27 February 2020, via Elsevier)
and Cochrane Central Register of Controlled Trials
(CENTRAL, 2020 issue 7, via Wiley). We used the
following terms and search strategies: (Glioblastomas OR
glioma, Grade IV OR Glioblastoma Multiforme OR Giant
Cell Glioblastoma OR Giant Cell Glioblastomas OR
Glioblastoma, Giant Cell OR Glioblastomas, Giant Cell)
AND (Radiotherapy OR Radiotherapies OR Radiation
Therapy OR Radiation Therapies OR Therapies, Radiation
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OR Therapy, Radiation OR Radiation Treatment OR
Radiation Treatments OR Treatment, Radiation OR
Radiotherapy, Targeted OR Radiotherapies, Targeted OR
Targeted Radiotherapies OR Targeted Radiotherapy OR
Targeted Radiation Therapy OR Radiation Therapies,
Targeted OR Targeted Radiation Therapies OR Therapies,
Targeted Radiation OR Therapy, Targeted Radiation OR
Radiation Therapy, Targeted) AND (Aged OR Elderly).
We screened systematic reviews, retrospective studies, and
prospective trials for material to incorporate within the
discussion. An independent review of the references was
performed. We selected 42 manuscripts for analysis that
most addressed our study question (Figure I).

Results
To treat or not to treat

In clinical practice, the decision to treat or not to elderly
GBM patients have been assessed by several studies.

Kita et al. evaluated a cohort of 715 GBM patients from
1980 to 1994 in Zurich, Switzerland. Among patients
treated with surgery and RT or RT alone, younger age
(<60 versus >60 years) was significantly associated with
higher OS. This association was not evident in patients
treated with surgery alone or best supportive care (BSC).
These results suggest that although there is benefit of
treatment at all ages, it is more pronounced in the younger
population. However, amongst patients <65 years of age,
82% of patients underwent surgery and/or RT, while
only 47% of patients aged >65 years and 25% of patients
>75 years received these treatments. In the population
>60 years, there was no difference in OS between the
age subgroups. Using the age range of 60-64 years as
the reference, the hazard ratio (HR) for OS was 1.11 for
patients 65-69 [95% confidence interval (CI), 0.84-1.48];
0.98 (95% CI, 0.72-1.34) for patients 70-74; and 1.05 (95%
CI, 0.76-1.46) for patients >75 years of age (13).

A population-based study using the Surveillance,
Epidemiology, and End Results (SEER) database, compared
different types of treatment in 2,836 GBM patients aged
>70 years. Benefit in OS was observed in patients treated
with surgery and/or RT over those who received BSC.
The median OS was 8 months for the patients treated with
surgery and RT, 4 months for RT only group, and 3 months
for the surgery only group. Patients receiving BSC had a
median OS of only 2 months. In all patients who received
RT, the multivariate analysis showed a significant benefit in
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—>| 213 articles excluded |

Y
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analysis

Figure 1 PRISMA flow diagram.

OS (HR =0.43; 95% CI, 0.38-0.49) compared to those who
did not (8).

Harris et al., retrospectively evaluated 108 GBM
patients aged >75 years, treated with intensity modulated
radiotherapy (IMRT), from 2006 to 2016. The median
age was 78.7 years, with 38.4% of patients aged
>80 years. The dose ranged from <40 Gy (hypo-fractionated
RT, HRT) to 60 Gy (standard RT, sRT). Forty patients
received temozolamide (TMZ), of which 39 were received
concurrent IMRT. The OS for the entire cohort was
6.7 months (95% CI, 4.7-9.1). For patients receiving
BSC, RT alone, and RT+TMZ, the OS was 1.9, 6.3, and
13.2 months respectively, with a significant difference
between the groups. The dose of IMRT had no impact
on OS. Patients aged 74-80 years had a median OS of
11.5 months (95% CI, 7.1-13.2), while those >80 years old
had a median OS of 9.3 months (95% CI, 4.3-10.6). This
study may have been limited by selection bias, since patients
with better prognosis received more aggressive treatment,
as well as its small study size (14).

Mak et al., using data from the National Cancer Data
Base (NCDB), compared HRT (n=304) versus sRT
(n=4,294) in GBM patients aged >70 years. They defined
HRT as 34-42 Gy in 2.5-3.4 Gy/fraction and sRT as 58-63
Gy in 1.8-2.0 Gy/fraction. The median OS was 4.9 months
for the HRT group and 8.9 months for the sRT group (HR
1.51; 95% CI, 1.33-1.73, P=0.0001). The OS for the HRT
and sRT groups respectively were 13.2% versus 34.7% at
one year, 5.1% versus 5.4% at two years, and 1.8% versus
5.4% at three years. Even after adjusting for prognostic
factors, HRT resulted in a lower OS. Consideration
should be made about selection bias, because patients in
the HRT group were older, had worse co-morbidities, and
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were less likely to undergo more aggressive resection or
chemotherapy. In addition, Karnofsky Performance Status
(KPS) was only available for 3.1% of patients, and there
was a great deal of missing data regarding the molecular
characteristics of the tumors (15).

Bingham et al., in a retrospective analysis of elderly
patients with GBM using the NCDB [2005-2012], also
observed a benefit of sRT over HRT in terms of OS.
However, when they excluded patients who died within 90
days in order to reduce the bias of worse prognosis patients
receiving HRT, this difference disappeared (16).

Randomized control trials (RCT)
Elderly patients treated with standard RT

Stupp er al. evaluated 573 adult patients (18-70 years
old) with GBM in a phase III RCT (EORTC/NCIC).
All patients were WHO performance status (WHO PS)
0-2. In the experimental arm, patients were treated with
concomitant sRT and TMZ (75 mg/m’/day) followed
by adjuvant (200 mg/d, 5/28 days) for six months,
compared to sRT alone in the control. They observed a
significant increase in OS (14.6 versus 12.1 months) in the
experimental arm; this became standard treatment. In the
subgroup analysis of the elderly population (=60 years), they
observed a slight increase in OS in the combined treatment
arm (HR 0.7; 95% CI, 0.50-0.97). This difference increased
after two (21.8 versus 5.7), three (12.3 versus 2.3), four
(8.8 versus 2.3) and five years (6.6 versus 0) of follow-up.
However, due to the small number of patients (n=170), the
interaction test was not significant, and the power was not
sufficient to allow for definitive conclusions (3).
Keime-Guibert et a/. compared postoperative RT (50.4
Gy in 1.8 Gy per fraction for a total of 28 fractions) versus
BSC in GBM patients aged >70 years and with KPS >70.
The trial was closed after interim analysis, because it
reached the pre-established efficacy limit for superiority in
the RT group, with an increase in median OS from 16.9
to 29.1 weeks (HR =0.47; 95% CI, 0.29-0.76, P=0.002)
without compromise of quality of life (QoL). They did not
observe severe adverse events (AE) attributed to the RT (17).
Wick et al. (NOA-08) compared TMZ alone (100 mg/m’
per day, in alternate weeks) versus sRT in patients with
GBM (89%) or astrocytoma grade III, aged >60 years
and KPS >60, in a randomized, non-inferiority trial. The
median OS was 8.6 months (95% CI, 7.3-10.2) in the
TMZ group and 9.6 months (95% CI, 8.2-10.8) in the
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RT group (HR 1.09; 95% CI, 0.84-1.42, P=0.03). The
PFS was 3.3 months (95% CI, 3.2-4.1) in the TMZ group
and 4.7 months (4.2-5.2) in the RT group (HR 1.15;
95% CI, 0.92-1.43, P=0.04). O-6-methylguanine-DNA
methyltransferase (MGMT) status was available in 209
of the 412 (51%) randomized patients. PFS was higher
in the TMZ arm in MGMT mutated patients (8.4 versus
4.6 months), whereas in the MGMT wildtype population,
PES was significantly higher in the RT arm (4.6 versus
3.3 months). They concluded that TMZ alone was not
inferior to RT. The toxicity was higher in the TMZ
arm. MGMT status was considered predictive for TMZ
response. QoL was assessed in 82% of the participants, and
was similar in the two groups (18).

Elderly patients treated with hypofractionated RT

Bleehen et al. (Medical Research Council trial: MRC
BR2) compared HRT (45 Gy in 20 fractions over
4 weeks) versus sRT, in 474 patients with malignant glioma
(astrocytoma GIII and GBM). They observed a modest,
but significant increase in median OS in the sRT arm (from
9 to 12 months). However, in the elderly and/or poor
prognosis population, they did not find any significant
difference between the two groups. No significant acute
toxicity was observed in either arm, and late toxicity was
not assessed (19).

Roa et al. evaluated two RT schemes (60 Gy/30 fractions
versus 40 Gy/15 fractions) in patients >60 years and KPS
>50 in an equivalency trial. There was no significant
difference in median OS between the two groups (5.1 versus
5.6 months, respectively, P=0.57). Fewer patients in the
HRT arm stopped before completion of treatment (10%
versus 25%). The KPS score was similar between patients
in the two schemes and the corticosteroids dependence
was lower in the HRT arm. They intended to assign 224
patients, but in October 2001, the steering committee
decided to close the study after recruiting 100 patients.
This was due to the fact that to exclude a small difference
in survival, the required number of patients would not be
feasible (20).

Malmstrom et al. ((NORDIC study) investigated patients
with GBM, aged >60 and Eastern Cooperative Oncology
Grouop (ECOG) 0-2. They randomized the patients to
three arms: two arms on different schemes of RT (sRT
versus HRT) and one arm on TMZ alone. Patients in the
sRT arm received 60 Gy in 30 fractions over six weeks,
while those on the HRT arm received 34 Gy in 10 fractions
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over two weeks. Patients in the TMZ arm received
200 mg/m’/day for five days, every 28 days for 6 cycles.
No significant difference was observed between the two
radiotherapy regimens in patients aged 65 to 70 years. In
the subgroup of patients >70 years, the median OS was
significantly higher in the HRT arm when compared to sRT
(7.0 versus 5.2 months, P=0.02), and rates of completion
were higher as well (94.9% versus 72%). This higher rate
likely contributed to the increase in survival in that group.
The TMZ arm was not superior to HRT, but like HRT, this
group had a better OS than the sRT arm (21).

Roa 2015/Castro 2017 [The International Atomic
Energy Agency (IAEA)] randomized 98 elderly and/or
frail (KPS 50-70%) patients with newly diagnosed GBM
to receiving 25 Gy/5 fractions over 1 week in arm one
versus 40 Gy/15 fractions over 3 weeks in arm two. The
primary end point was OS, and a non-inferiority margin of
15% was proposed. In a post-hoc analysis (Castro, 2017),
the authors evaluated only the subgroup of 61 elderly
patients (=65 years, KPS 50-90). There was no significant
difference in median OS; it was 6.8 months (95% CI,
4.5-9.1) in arm one versus 6.2 months (95% CI, 4.7-7.7)
in arm two (HR =1.003; 95% CI, 0.660-1.524; P=0.936).
Similarly, no significant difference in PFS was observed,
with 4.3 months (95% CI, 2.6-5.9) in arm one versus
3.2 months (95% CI, 1-6.3) in arm two (P=0.706). QoL
was measured by EORTC questionnaires - QLQ-C30
and QLQ-BN20 in all study patients, and no difference
was observed between the groups. There was no grade 3
acute toxicity. The limitations in this study were the small
number of patients evaluated, and that it was a post-hoc
analysis (22-24).

The NCIC/EORTC study evaluated patients aged
>65 and randomized them to receive HRT (40 Gy in 15
fractions) with concomitant TMZ (75 mg/m’ per day) and
adjuvant TMZ (150-200 mg/m’ every 5 days, each cycle
of 28 days/12 cycles or until progression) versus HRT
alone. There was an improvement in OS and PFS in the
combined modality arm (median OS 9.3 versus 7.6 months,
HR =0.67, P<0.0001 and PFS 5.3 versus 3.9 months, HR
=0.50; P<0.001). The greatest OS benefit was observed in
patients with tumors with MGMT promoter methylation
(13 months). The adverse effects of nausea, vomiting and
constipation were higher in the combined modality arm.
The authors did not observe any difference in resection
length, ECOG status, QoL, or mental status, when
stratifying by age range (10). This is currently the standard
treatment of elderly, newly diagnosed GBM patients who
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are unfit for conventional treatment (Stupp regimen). The
latter should be considered in patients 65-70 years old, with
a good/very good prognosis. In patients who do not tolerate
the combination therapy, RT or TMZ alone (based on
MGMT) may be used.

The results of these RCTS are summarized in 7able 1.

Discussion

Primary GBM is a disease predominant in the elderly,
although there is a paucity of evidence to support the
treatment approach for this population (1).

Age is a well-known negative prognostic factor in
adult GBM patients (25). Age limitations in randomized
phase III studies have restricted their inclusion and,
consequently, limited the generalizability of study results
to this subset of patients. Moreover, medical comorbidity
and poor functional reserve that are frequently observed
in elderly patients support the development of differential
treatment recommendations (26). Elderly patients with
GBM frequently do not undergo the standard treatment. A
tendency of abridged treatment is seen, unlike in younger
patients who are often treated more aggressively. Thus,
understanding the influence of age in this population is very
important in clinical decision-making.

The two cohort studies evaluated in this review showed
an OS benefit of treatment (surgery and RT or RT alone)
over BSC, at any age although more pronounced in
younger patients (<60 versus >60 years) (13,26). Interesting,
when Kita ez a/. compared different age ranges in the
population over 60 years of age, there was no difference
in OS, suggesting a homogeneous response to treatment
in this population. In a recent retrospective study with 66
elderly GBM patients treated with sRT or dose-escalated
RT (range, 60-81 Gy) and TMZ, a comparison of patients
age >70 (71-81 years) to those who were 60-70, the OS
was similar between the two groups after bias adjustment
for bias (age >70 were less likely to receive adjuvant TMZ;
P=0.02) (27). In the phase III trial by Stupp et 4/., in patients
over 65 years old, the baseline factors that correlated with
OS were surgery and Mini-Mental State Examination
(MMSE) score (3). Age was found to be inversely correlated
with OS in the combination treatment arm (8.7 m for age
<70 years and 10 m for >70 years); although this suggests
a selection bias (patients with age <70 years in good KPS
probably were treated by the Stupp regimen).

In a RCT comparing sRT versus BSC for elderly patients,
the efficacy of sRT, was demonstrated without compromise
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of QoL, severe adverse effects, or cognition (17).
Harris et al. used IMRT to patients aged >75 years (about
40% aged >80 years), with a significant benefit in the RT
group, over BSC (14). Chronological age should not be
a limitation in choosing the best treatment; the decision
should centre on functional status. Based on these studies,
radiotherapy was found to be effective and safe in the
elderly population.

When comparing sRT versus chemotherapy (TMZ),
Wick et al. found no difference in OS (18). For PFS, sRT
was superior to TMZ in the MGMT wildtype group. The
opposite was true in the MGMT mutated group. The
incidence of AEs was greater in the chemotherapy arm.

HRT was compared with sRT in two cohorts evaluated
in this review (15,16). Both found superior OS in the
sRT group, although the first study recognized selection
bias in favor of sRT group. HRT patients had worse co-
morbidities, and were less likely to undergo more aggressive
resection or chemotherapy. In addition, there was a paucity
of KPS data (only 3% of patients), which is a known,
significant prognostic factor. Bingham ez al., after reducing
the bias of choosing the HRT regimen for patients with
worse prognosis, did not find any difference in OS between
both treatments (16).

Four RCTs evaluated HRT. Three trials (19-21) that
performed a direct comparison of HRT versus sRT showed
similar survival, except for the group over 70 years of
age (21), for which hypo-fractionation was superior (HR
=0.59; 95% CI, 0.37-0.93, P=0.02). This may have been
attributed to better adherence to the assigned therapy in
the HRT group (19). The fourth trial (24) evaluated two
hypofractionation schedules, with no difference in survival
between them. In this study, the elderly patients were
analyzed, post-hoc, as a subset of a larger population of
elderly and/or frail patients. QoL was also not significantly
different between groups. In the HRT arm (22), fewer
patients stopped treatment prematurely. Reduction in the
length of RT appears to improve the treatment adherence
of elderly patients (21).

The addition of TMZ to sRT resulted in superior OS
when compared with RT or TMZ alone in observational
studies (11,28) and in two RCTs. In RCTTs, Stupp er 4/, in
the subgroup analysis of the elderly population, found a
benefit with the association of TMZ to sRT. The caveat
however, was that this observation was not adequately
powered due to small number of patients (3). A recent
trial randomizing patients to HRT versus HRT with
concomitant and adjuvant temozolomide demonstrated the
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Figure 2 Flow diagram of treatment: elderly GBM patients. *, consider 25 Gy/5 fractions. BSC, best supportive care; ECOG, Eastern

Cooperative Oncology Group Performance Status; HRT, hypofractionated radiation therapy; MGMT, O-6-methylguanine-DNA

methyltransferase; RT, radiation therapy; TMZ, temozolomide.

superiority of the combined regimen with a median OS of
9.3 versus 7.6 months in the HRT alone arm (10).

The addition of TMZ to RT should be the treatment of
choice in good/very good prognosis patients. Monotherapy
(RT or TMZ) and BSC should be considered in those
with poor performance status, which was not evaluated in
the Perry trial (WHO PS 0-2) (10). Although combined
modality treatment is well established for the management
of good prognosis patients, these RT schemes have to
be further investigated with RCTs to determine the best
regimen.

It is critical that future studies investigate other treatment
approaches to guide the development of guidelines that
allow for the reduction of toxicity. Hence, further RCTs
must integrate clinical endpoints to evaluate the treatment-
related toxicities of different therapeutic modalities and
possible consequences on QoL. Elderly GBM patients may
be categorized by a different genetic signature, which has
yet to be described. Investigating the molecular biology of
GBM in elderly patients might expose opportunities for
modifying clinical protocols to customize care in this group
of patients (29).

In Figure 2, we present a flow diagram to support clinical
decision making when treating elderly GBM patients.

Conclusions

Randomized control trial evidence has shown that, for
elderly patients with GBM, surgery followed by RT is

© Annals of Palliative Medicine. All rights reserved.

superior to BSC. The addition of TMZ to RT in the
concomitant and adjuvant setting increased OS and PFS
over each monotherapy alone, and now is considered for
good prognosis patients. It is reasonable to offer hypo-
fractionated RT, chemotherapy alone, or BSC for poor
prognosis patients.
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