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ABSTRACT

Introduction: Glioblastoma management in elderly patients is challenging. The aim of this study was to review oncological
treatment strategies at a single institution from 2011 to 2020.

Methods: Patients aged > 70years who received radiotherapy and/or chemotherapy for radiological or histological glioblastoma
were identified from a centralised database. Patients receiving supportive care only were excluded, whether or not they had
surgery at diagnosis. Clinicopathologic data and treatment modalities were collected. Median survival from diagnosis was cal-
culated by the Kaplan-Meier method.

Results: Seventy-eight people were identified during the study period, median age 74.5years (range 70—88). Seventy-five people
had surgery (24 biopsy only, and 51 resection) and three people had radiological diagnosis only. The most common first-line
treatment was concurrent chemoradiation (33/78, 42%). Only 18/33 (55%) went on to receive adjuvant temozolomide, median of
five cycles (interquartile range [IQR] 2-6). The most common radiotherapy dose was 40 Gy in 15 fractions (52/73, 71%) and 60 Gy
in 30 fractions was less frequently prescribed over time. Second-line therapy for recurrent or progressive disease was received in
23% overall, and varied in modality. Median survival was 7.0 months (IQR 4.4-12.5), and 6.4% (CI 4.3%-9.1%) at 2 years.
Conclusion: Survival is poor for elderly patients with glioblastoma despite treatment. Concurrent chemoradiation was the most
common treatment strategy, and 40 Gy in 15 fractions was the most common radiotherapy schedule. A small proportion of people
received treatment for recurrent disease, and modality varied greatly.

1 | Introduction excluded from the landmark paper by Stupp et al. defining ad-

juvant radiotherapy (60 Gy in 30 fractions) with concurrent and

Glioblastoma is the most common primary glioma affecting
adults, and prognosis declines with increasing age [1].

In the context of this disease, the definition of ‘elderly’ differs
within clinical studies, which have applied cut-offs in the range
60-70years [2-7]. Notably, patients aged over 70years were
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then adjuvant temozolomide for 6 months as the standard of
care [8]. This was primarily due to concerns of more aggressive
biology, in addition to the impact of pre-existing comorbidities,
frailty and declining performance status associated with ageing
[9]. Conversely, a trial combining hypofractionated radiother-
apy with concurrent and then adjuvant temozolomide in elderly
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patients included patients aged 65years or older [5]. Thus, the
management of glioblastoma in elderly people is complex and
multiple treatment options exist.

Clinical Practice Guidelines from the National Comprehensive
Cancer Network (NCCN) and European Association of Neuro-
Oncology (EANO) consider conventionally-fractionated ra-
diotherapy (with or without chemotherapy), hypofractionated
radiotherapy, and temozolomide monotherapy as possible treat-
ment options for elderly people [10, 11]. For recurrent glioblas-
toma, there is no clear standard of care regardless of age; the
desire to pursue second-line therapy in older patients may be
challenged due to the poor outcomes expected.

Our study comes in the context of a number of recent Australian
and New Zealand retrospective analyses of glioblastoma treat-
ment. The 2023 paper by Lenffer et al. examined 1079 patients
of all ages with glioblastoma between 2001 and 2020, with
approximately 60% aged > 60years. Yan et al. reported on 363
high grade glioma patients treated in Christchurch over a 10-
year period, with 220 people being aged > 60years, and Ruisi
et al. recently reported on presenting symptoms at first diag-
nosis of glioblastoma in 182 people, 46% of whom were aged
> 65years [12-14]. Our paper distinguishes itself and adds to
the above analyses by focusing on the elderly patient subgroup.

The aim of this study was to analyse patterns of care for elderly
people with glioblastoma, treated at our centre over a 10-year
period. We hypothesised that over time we would see increased
adoption of molecular diagnostic techniques in line with clinical
practice guidelines for diagnosis, and increasing adoption of a
40Gy in 15 fraction radiotherapy course for elderly patients as
the chosen schedule after the publication of the elderly glioblas-
toma trial by Perry et al. [5].

2 | Methods
2.1 | Data

The Queensland Oncology Repository (QOR) is a centralised on-
line databank governed by Cancer Alliance Queensland, collating
demographic, clinicopathological, and treatment data from over
60 sources for all cancer patients who are residents of Queensland.
With ethical approval by our Human Research Ethics Committee
(EX/2024/QMS/114078), the QOR was used to identify all patients
aged >70years at diagnosis with glioblastoma between 2011 and
2020 treated at the Princess Alexandra Hospital, Brisbane. Those
without histological confirmation but a presumed (radiological)
diagnosis were included if they received treatment for this indi-
cation and glioblastoma was recorded on their death certificate.
Those with high-grade transformations of a previously diagnosed
lower-grade glioma or primary glioblastoma of the spinal cord
were excluded. Patients who received best supportive care alone
(with or without surgery) were excluded from analysis.

Isocitrate dehydrogenase (IDH) and OS°-methylguanine-DNA
methyl-transferase (MGMT)-promoter methylation status was col-
lected if available. The frequency of molecular testing before and
after the 2016 World Health Organisation (WHO) Classification of
Tumours of the Central Nervous System update was captured [15].

Treatment details for first and subsequent lines of therapy were
recorded. First line therapy included both adjuvant and definitive
radiotherapy and/or chemotherapy, depending on what upfront
surgery was performed. Surgery was subclassified as biopsy or
resection based on Medicare billing codes. Extent of resection
was not reported because it was inconsistently recorded, and
post-operative imaging was not standardised. Radiotherapy and
systemic therapy details were recorded and checked manually
against individual patient records where necessary. Radiotherapy
completion rates were determined by comparing prescribed frac-
tions with start and stop dates for treatment delivered.

2.2 | Analysis

Differences between two time periods (2011-2016 vs. 2017-
2020) were assessed using a chi-square test or Fisher's exact test,
as appropriate. Survival time from the date of diagnosis to death
was analysed using the Kaplan-Meier method. Median survival
was calculated separately for subgroups with factors of clinical
interest. Subgroup analysis was performed with the Wilcoxon
rank-sum test or log-rank Mantel-Cox test, as appropriate.

3 | Results
3.1 | Demographics
In total, 78 patients with glioblastoma aged >70years were

identified during the study period. Baseline characteristics are
given in Table 1. Median age was 74.5 years (range 70-88). The

TABLE 1 | Baseline characteristics of elderly glioblastoma patients
treated between 2011 and 2020 at a single Australian centre (n=78).

Number (%)

Age at diagnosis (years)

70-74 40 (52%)

75 or older 38 (49%)
Gender

Male 46 (59%)

Female 32 (41%)
Anatomical location of GBM

Frontal lobe 20 (26%)

Parietal lobe 20 (26%)

Temporal lobe 23 (30%)

Occipital lobe 4 (5%)

Overlapping lobes 8 (10%)

Other 3(4%)
Greatest extent of surgery

Resection 51 (65%)

Biopsy only 24 (31%)

No surgery 3 (4%)
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FIGURE 1 | Kaplan-Meier plot showing 2-year survival for elderly glioblastoma patients treated between 2011 and 2020. Patients surviving at

24 months post diagnosis were censored.

most common location was temporal lobe (30%), followed by
frontal lobe (26%) and parietal lobe (26%). Glioblastoma was
determined radiologically without histological confirmation
in three people.

There were 49 people diagnosed between 2011 and 2016, and 29
people diagnosed from 2017 to 2020. IDH status was available
in 48% (36/75) of patients with a histological diagnosis, all IDH-
wildtype. Rates of IDH testing increased over time; 21% (10/47)
in 2011-2016 versus 93% (26/28) in 2017-2020 (p=0.0001).
MGMT testing was only performed in 12% (9/75) and all were
during the 2017-2020 time period (9/28 patients, 32%). There
were 6/9 MGMT promoter unmethylated.

Median survival was 7.0 months (interquartile range [IQR] 4.4-
12.5). This was similar across the two timeframes: 6.8 months
(IQR 4.1-13.5) for 2011-2016 versus 7.1 months (IQR 4.6-11.9)
between 2017 and 2020 (p=0.82). The 1- and 2-year survival
rates were 23.1% (confidence interval [CI] 14.4%-33.0%) and
6.4% (CI 4.3%-9.1%), respectively (Figure 1).

Analysis of gender (p=0.14) and location of tumour (p=0.53)
did not yield statistically significant correlations with survival.
There was, however, possible evidence of longer median sur-
vival with patients aged 70-74 (8.7 months, IQR 4.8-15.0) versus
patients aged 75 and older (5.8 months, IQR 3.7-9.2), p=0.07.
Female patients had a median survival of 7.6 months, IQR 5.0-
14.9, versus male patients 6.3 months, IQR 3.8-11.6. Median
survival varied according to anatomical location of tumour,
with the longest associated with a frontal lobe location (median
10.0months, IQR 5.3-15.5) and the shortest associated with
overlapping lobes (median 3.5months, IQR 2.3-8.5). There was
no significant difference comparing the three most common lo-
cations of tumour (frontal, parietal and temporal lobe), p=0.53.

3.2 | First-Line Therapy

Surgery was performed in 75/78 (96%) patients; 24 (32%) had bi-
opsy alone, and 51 (68%) underwent resection. Overall, the rates

TABLE 2 | First-line therapy for glioblastoma in elderly patients at a
single centre (n=78).

Treatment received Number (%)
Concurrent chemoradiation 33 (42%)
Received adjuvant temozolomide 19
Received other adjuvant systemic 4
therapy
Not fit for further systemic therapy 10
Radiation alone 32 (41%)
Sequential radiation then chemotherapy 7 (9%)
Temozolomide alone 3 (4%)
Other 3(4%)

of surgery did not change significantly over time; 47/49 (96%)
during 2011-2016 compared to 28/29 (97%) during 2017-2020.
However, the proportion of people undergoing resection (as op-
posed to biopsy) reduced; 36/47 (77%) in 2011-2016 versus 15/28
(53%) during 2017-2020 (p =0.039).

Radiotherapy and/or chemotherapy treatment approaches are
summarised in Table 2. Median time from surgery to start of ra-
diotherapy (monotherapy or concurrent) was 30days (IQR 26-36).
The most common treatment was radiotherapy with concurrent
systemic therapy in 33/78 (42%). Among these 33 patients, 18
(55%) went on to receive adjuvant temozolomide with a median
of five cycles completed (IQR 2-6). Only three people completed
a full 12months of adjuvant temozolomide. Five patients received
additional agents (including nivolumab and bevacizumab), some
within the context of clinical trials. Overall, 10/78 people (13%)
enrolled in a clinical trial during the study period.

There were 32/78 patients (41%) who received radiotherapy
alone, and 7/78 (9%) who received radiotherapy and then adju-
vant temozolomide sequentially (median four cycles, IQR 2-7).

85UB01 7 SUOWILLIOD SAIERID 3|qedljdde ay) Aq peusenob afe S9pIe VO ‘85N JO S3NJ o ARIq1T 8UIUO A3 UO (SUON IPUCD-PUR-SLLIBYW0D" A | IM A e.q1jBU [UO//StY) SUONIPUOD Pue swie 1 8y} 88S *[520z/60/TT] U ARiqiauljuo A|IM * UieeH puetsusand - Lepino A Auueq Aq 0T00L S8¥6-vS.T/TTTT OT/I0p/wW0d A3 1M Aleq i jpuluoy/sdiy wouy papeojumod ‘0 ‘S8r6rS.T



35

30

25

20

Number of patients

15

10

.

5 g -. . — = N

60Gy in 30#, +/- 40Gy in 15#, +/- 25Gy or 34Gy Other regimen No radiotherapy used
chemotherapy chemotherapy hypofractionated first line
schedule

m Patients treated between 2011-2016

m Patients treated between 2017-2020

FIGURE 2 | Radiotherapy dose-fractionation schedules prescribed as first-line therapy for elderly glioblastoma patients, from 2011 to 2016 and

2017 to 2020.

There were three patients (4%) who received systemic ther-
apy alone.

Patients who did not receive any surgery (n=3) had a median
survival of 3.8 months (IQR 2.3-7.3). The median survival of
those undergoing biopsy only, 4.7months (IQR 3.1-8.3) dif-
fered significantly from those undergoing resection, which was
8.6 months (IQR 5.3-15.9); p=0.001.

Median survival was similar for those who received radiotherapy
and then chemotherapy sequentially (9.9 months, IQR 5.8-18.7)
versus concurrent chemoradiation (7.6 months, IQR 4.9-15.5).
Median survival was shorter for patients receiving radiotherapy
alone (5.4months, IQR 3.7-9.7) and chemotherapy monother-
apy (5.0months, IQR 3.1-5.3). Comparing the groups receiving
concurrent radiotherapy versus radiotherapy alone, the differ-
ence in median survival was approaching significance favour-
ing chemoradiotherapy (p =0.051) with the Wilcoxon rank-sum
test. Small patient numbers in other groups precluded further
subgroup analysis. Of interest, at the time of data collection, the
longest survivor was censored at 77months. This person had
undergone biopsy only, followed by radiotherapy alone (34 Gy in
10 fractions) then adjuvant temozolomide for 12months. Their
tumour was found to be IDH-wildtype and MGMT methylated.

3.3 | Radiotherapy Dose-Fractionation

Of 73 patients receiving radiotherapy as first-line treatment, the
most common dose-fractionation schedule was hypofractionated
at 40Gy in 15 fractions in 52/73 (71%). There were 8/73 people
prescribed 60Gy in 30 fractions, and this proportion appeared
to reduce over the study period; 7/47 in 2011-2016 (15%), versus
1/26 (4%) in 2017-2020 (p=0.245). Further hypofractionated
schedules of 25 Gy in five fractions and 34 Gy in 10 fractions were
prescribed for 10/73 patients (14%). Dose-fractionation schedules
prescribed over the two time periods are shown in Figure 2.

Radiotherapy completion rates varied according to dose-
fractionation schedule; 100% (10/10) for people receiving 25 or
34 Gy hypofractionated courses, 90% (47/52) for 40 Gy in 15 frac-
tions, and 75% (6/8 people) for those receiving 30 fractions.

TABLE 3 | Therapy options for elderly patients with glioblastoma
receiving subsequent lines of therapy following progression.

Third-line

Second-line therapy
Mode of treatment therapy (n=18) (n=6)
Repeat 7 3
resection + systemic
therapy
Temozolomide alone 5 1
Bevacizumab alone 2 0
Re-irradiation 2 2
Chemoradiation 2 0

The median survival for people receiving 60 Gy was 8.7 months
(IQR 6.2-21.9), versus 7.1 months (IQR 4.6-12.7) for 40 Gy. Due
to small patient numbers, this was not statistically meaningful
to compare. Patients receiving 25-34 Gy had a median survival
of 5.9 months (IQR 3.5-10.2).

3.4 | Subsequent Lines of Therapy

There were 18/78 (23%) people who received second-line therapy
for recurrent disease, and their median age was 74 years (range
70-78) at diagnosis. People not offered second-line therapy fol-
lowed best supportive care at progression. Of those, 7/18 (39%)
people underwent repeat surgery; 4/18 (22%) received radiother-
apy, 5/18 (28%) received temozolomide, and 2/18 (11%) received
bevacizumab. This represented a mix of patients receiving either
a re-challenge of systemic therapy or re-irradiation, versus re-
ceiving an alternative new modality. There were 5/18 (28%) pa-
tients who received two or more modalities, whilst 13/18 (72%)
received a single treatment modality. Second- and third-line
therapy options are shown in Table 3.

There were 6/78 people (8%) who received third-line therapy;
median age was 74.5years (range 70-75) at diagnosis. This
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included 3/6 (50%) who underwent further surgery. Only one
patient had three resections in total.

4 | Discussion

This retrospective study describes the varied treatment ap-
proaches recommended for elderly patients with glioblastoma at
our centre over a 10-year period. Median survival from diagnosis
was overall poor at 7.0 months in our elderly cohort. This is con-
sistent with other contemporaneous studies of elderly patients;
6.4-7.9months in the 2015 IAEA study, and 7.6-9.3months in
the Perry et al.'s study [4, 5]. Survival duration was associated
with the extent of surgery, and the proportion of patients un-
dergoing resection (as opposed to biopsy) was noted to decrease
over time. This may warrant further investigation; however, it
should be noted that variables such as patient preference, per-
formance status, and comorbidities were not available to better
understand clinical decisions on an individual basis. The pro-
portion of elderly patients offered biopsy alone over resection
in our centre (32%) was similar to reported rates in the Lenffer
et al.'s study, 21% in patients aged 70-79 and 38% in ages 80 and
above [12]. Survival times for the various subgroups of treatment
approaches are comparable with the randomised studies in this
population [2-5].

The most common first-line therapy was radiotherapy with
concurrent chemotherapy. It is noteworthy that only 75% of
patients commencing 6-week radiotherapy completed the
course, and only 55% went on to receive any adjuvant temo-
zolomide. This reflects the difficulty of applying the Stupp
protocol to the elderly population, and the growing interest
in hypofractionation during the study period [5]. The most
common radiotherapy dose-fractionation was 40Gy in 15
fractions, and the proportion of patients prescribed 60 Gy in
30 fractions reduced over time. This is consistent with the
randomised literature that suggests no significant benefit for
higher radiotherapy doses or longer courses in this popula-
tion, but a greater risk of neurocognitive decline and steroid
requirements. Furthermore, our centre was a participant in
the Perry trial utilising 40Gy in 15 fractions, which could
have increased the speed of translation into clinical practice,
in keeping with our hypothesis [2, 5, 6].

The proportion of patients able to successfully complete ra-
diotherapy as planned decreased as treatment course length
increased. The number of patients receiving hypofractionated
courses of radiotherapy alone (25 Gy in five fractions and 34 Gy
in 10 fractions) was relatively low (10/78) although randomised
data supporting their utility was published in 2012 and 2015
[3, 4]. In a select group of patients, radiotherapy alone was fol-
lowed by sequential temozolomide. Survival outcomes in this
cohort were not apparently inferior to those who received the
standard concurrent chemoradiotherapy approach. In younger
adults with anaplastic IDH-wildtype astrocytomas (historical
grading; some now considered WHO Grade 4 glioblastoma),
adjuvant temozolomide prolongs survival whereas temozolo-
mide delivered concurrently with radiotherapy does not [16].
Given the challenges to complete treatment in some cases ob-
served in this cohort, the sequential approach may be worthy
of further assessment compared to the current standard of care

in larger studies. The number of patients receiving upfront te-
mozolomide alone was low (4%). This likely reflects the low test
rate observed overall, but also the limited number of patients
with MGMT promoter methylation identified and the prohibi-
tively long wait times usually required before the information
is available to implement in the clinic. As testing rates increase
and laboratory processing times improve, more patients may
be able to receive this treatment approach, which could be the
preferred approach in certain cases [3]. The anticipated MGMT
methylation rate was 47% in one study of elderly Japanese peo-
ple with glioblastoma [17]. There were 13% who participated
in clinical trials during the study period, and this may be use-
ful information for future planning in this population in an
Australian context.

Treatment of recurrent glioblastoma remains unclear, par-
ticularly in the elderly. There were 23% in this study who re-
ceived second-line therapy. Surgery was the most common
intervention modality followed by temozolomide. This differs
from a similar cohort of elderly and/or frail patients within the
International Atomic Energy Agency phase III trial, which
was chemotherapy, then surgery, and then re-irradiation [18].
A recent systematic review of recurrent glioblastoma treat-
ment options supported the use of combined chemoradiother-
apy and offered some support for concurrent bevacizumab,
but elderly patients were not able to be analysed as a subgroup
and data in this space remain sparse [19].

The ability to combine demographic and treatment data from all
public and private centres using QOR is a strength of this study.
Given the low numbers and relative rarity of elderly patients re-
ceiving radiotherapy and chemotherapy for glioblastoma, this
permitted individual patients to be tracked between centres if
their care was shared with another. Regardless, a weakness of
the study remains the overall small population size and inabil-
ity to acquire all relevant factors. A further potential limitation
of this study is the lack of progression-free survival (PFS) data.
This was intentional because radiological and clinical data were
not captured in a standardised way and therefore were felt to be
unreliable. Time to next intervention and death were considered
the most robust outcome measures.

In conclusion, diagnosis and management of elderly people
with glioblastoma in our centre has changed over time. Our
study shows patients receiving a variety of options, which are
reflected in the numerous treatments recommended for patients
aged >70 with glioblastoma in NCCN guidelines [10]. Surgical
resection is associated with longer survival compared to biopsy
alone. Hypofractionated radiotherapy with concurrent and then
adjuvant temozolomide remains the most common treatment
approach, with the 40Gy in 15 fraction schedule being most
common at our centre. Radiotherapy alone followed by sequen-
tial temozolomide might be a reasonable approach in select indi-
viduals. Most patients did not receive additional lines of therapy
for recurrent disease.
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