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Tiivistelma: Glioblastooma on aivojen tukisolujen astrosyyttien korkeimman
pahanlaatuisuusasteen kasvain. Glioblastooman ilmaantuvuus on suurin vanhemmissa
ikaryhmissa ja naissa ikaryhmissa myos taudin ennuste on huonoin. Toisaalta yli 65-
vuotiaat usein suljetaan pois laaketutkimuksista ja on yha epavarmaa, mika olisi paras
tapa hoitaa heita. Suomalaisessa rekisteripohjaisessa tutkimuksessa havaittiin, etta yli 70-
vuotiaiden mediaanielinika diagnoosin jalkeen oli vain 4,5 kuukautta vuosina 2007-2013.
Tutkimuksemme tavoitteena oli selvittaa elinajanodote HUS:in syopaklinikan hoitoalueella.

Tutkimukseen otettiin mukaan kaikki diagnoosihetkella yli 65-vuotiaat, joiden
glioblastooma oli diagnosoitu vuosina 2014—-2018 joko kudosnaytteesta tai kuvantamalla.
Potilaiden toimintakykyluokitus ennen mahdollista sadehoitoa selvitettiin takautuvasti
sadehoitoon erikoistuneen syopalaakarin tekemista potilasmerkinndista. Kaplan-Meierin
menetelmaa ja Coxin suhteellisten riskien mallia kaytettiin tulosten tilastolliseen analyysiin.

Yhteensa 198 potilaan tiedot kerattiin mukaan tutkimukseen. 116 potilasta sai
kemosadehoitoa, 59 potilasta ainoastaan sadehoitoa, kolme potilasta ainoastaan
laakkeellista syopahoitoa ja 27 potilasta ei saanut mitdan sydpahoitoja. 65—70-vuotiaiden
mediaanielinika diagnoosista oli 9,95 kk, 70-75-vuotiaiden 10,12 kk ja yli 75-vuotialla 5,54
kk. Vahvin korrelaatio elinikaan oli hyvalla toimintakykyluokituksella ja toisaalta potilaan ika
ei itsenaisti korreloinut elinian kanssa. Toimintakyvyn lisaksi tuumorin metyloitunut MGMT
ja kasvaimen poistoleikkaus korreloivat pidemman elinian kanssa.

Johtopaatoksena potilaan toimintakyvyn pitaisi vahvasti ohjata syopahoitojen valintaa eika
ika pelkastaan saisi johtaa syopahoitojen rajaamiseen iakkaiden glioblastooman hoidossa.
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Abstract

Background. Incidence of glioblastoma (GBM) increases with age and the prognosis is worse among the elderly.
This was shown in a Finnish population-based register study evaluating GBM patients diagnosed between 2000
and 2013. The median overall survival (OS) was poor among the elderly (4.5 months), despite the OS increase
during that period. We conducted a study to see if the OS has increased in our hospital area with current therapies.
Methods. One hundred and ninety-eight patients over 65 years at the time of diagnosis, with malignant glioma
diagnosed January 1, 2014 to December 31, 2018 at the Helsinki Comprehensive Cancer Center were included. In
addition to grade IV gliomas, grade lll gliomas with nonmutated R132HIDH1 and only radiographically diagnosed
gliomas were included. The demographics and treatment data were collected with performance status evaluated
retrospectively. The Kaplan—-Meier method and the multivariate Cox proportional hazard model were used for the
statistical analysis.

Results. One hundred and seventy-seven patients with grade IV glioma, 6 with grade Ill glioma with nonmutated
IDH1 and 15 radiologically diagnosed patients were included. One hundred and sixteen patients received
chemoradiation, 59 only radiotherapy, 3 only temozolomide, and 27 patients did not receive oncological treatments.
In the age group 65-70 years the OS was 9.95 months, 70-75 years 10.12 months, and >75 years 5.54 months.
Lower WHO status correlated with longer survival independently of the age of the patient. Also methylated O(6)-
methylguanine-DNA-methyltransferase and tumor resection correlated with better survival.

Conclusions. The performance status of elderly patients is the most important prognostic factor. When choosing
treatment protocols for patients in this age group, the performance status not calendar age should be considered.

elderly | glioblastoma | performance status

Glioblastoma (GBM) has very poor prognosis. Even with the
best current standard of care, consisting of tumor resection
followed by chemoradiotherapy and adjuvant chemotherapy
with temozolomide, patients with GBM that are younger
than 70 years reach a median survival of approximately
14.6 months." According to population-based studies, sur-
vival decreases with increasing age.?® In a report by Ostrom
et al.,* the probability of surviving 12 months was only 9.2%
for patients 75 years or over compared to 40.7% for patients
between 55 and 64 years.

The proportion of elderly patients has been underrepre-
sented in most randomized trials in which the median age
has been in average 55 years, whereas the population-based
median age for patients with GBM is 65 years.® In 2012, The
Nordic randomized phase 3 trial® revealed that for elderly the
standard 6-week radiotherapy was associated with poor out-
comes in comparison with hypofractionated radiotherapy
and temozolomide treatment alone. In their study, the MGMT
promoter methylation of the tumor appeared to be a predic-
tive marker for successful treatment with temozolomide only.

© The Author(s) 2022. Published by Oxford University Press on behalf of the Society for Neuro-Oncology and the European
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During the same year, the NOA-08 randomized phase 3
trial® showed noninferiority of temozolomide alone com-
pared with the standard 6-week radiotherapy for elderly
patients with GBM.

Perry et al. showed in their randomized prospective
study’ that addition of temozolomide to hypofractionated
radiotherapy in patients 65 years or older with GBM re-
sulted in longer survival than short-course radiotherapy
alone (9.3 vs 7.6 months). Korja et al. reported recently in
a Finnish retrospective population-based study® that for
GBM patients 70 years or over the median survival time
increased from 3.6 months in 2000-2006 to 4.5 months in
2007-2013. Even if the median survival increased during
the latter period, it is still alarmingly poor and below the in-
ternational results. However, our clinical experience during
the last years regarding the treatment results of the elderly
patients with GBM has been more promising than should
be expected based on the study of Korja et al.8 To study
this, we conducted this retrospective single-center study
in the Comprehensive Cancer Center at Helsinki University
Hospital in Finland. The aim of the study was to find out
the real-life outcome and median survival time of elderly
patients with GBM treated with current standard therapies
during 2014-2018.

]
Methods

We identified 198 elderly patients with primary GBM diag-
nosed between January 1, 2014 and December 31, 2018
at the Helsinki Comprehensive Care Center (CCC). The
patients were followed up until October 1, 2020. Here the
term elderly refers to patients aged 65 years or older at
the time of diagnosis. In addition to patients with grade
IV glioma, we included grade lll gliomas with nonmutated
R132H IDH1 immunohistochemistry as well as radiologi-
cally diagnosed GBMs. The radiological diagnosis was al-
ways confirmed by a multidisciplinary team assessment.

Demographics and treatment data for the patients
were collected retrospectively from the medical records
of CCC at Helsinki University Hospital (HUH). This record
included all the patients diagnosed with brain tumors ei-
ther by histology or radiology at the District of Helsinki and
Uusimaa. The study was conducted according to the dec-
laration of Helsinki and the International Conference on
Harmonization on Good Medical Practices after approval
by the Research Unit of CCC at HUH acting according to
the trial laws. WHO performance status was retrospectively
assessed by an experienced oncologist (A.-S.J.) based on
the medical records in which the patient status was de-
scribed by a clinician responsible for assessing required
oncological treatments. The assessment by clinician was
carried out postoperatively if surgery or biopsy was per-
formed and before any oncological treatments were given.
The performance status was assessed using the Eastern
Cooperative Oncology Group performance score.

The statistical analysis was performed using IBM SPSS
Statistics 22 for Windows (SPSS, Inc., Chicago, IL) and
R Statistical Software (version 4.0.3, R Foundation for
Statistical Computing, Vienna, Austria). The Kaplan—-Meier
method was used to extract overall survival (OS) and

progression-free survival (PFS) with 95% confidence inter-
vals. To assess the correlation between OS and potentially
relevant covariates, the multivariate Cox proportional
hazard model was fitted to the data.

]
Results

The patient characteristics are presented in Table 1. One
hundred and seventy-seven patients were diagnosed to
have grade IV GBM, 6 patients had grade Il glioma with
nonmutated IDH, and 15 patients were diagnosed by im-
aging only; therefore, their tumor grade and IDH1 status
were indeterminate. Eighty patients were 75 years or older
and the median age at the time of diagnosis was 73.3 years
(65.2-97.4).

After the diagnosis and possible surgery, 116 patients
were assigned to radiochemotherapy, 52 patients received
only radiotherapy, 3 patients received temozolomide cycles
only, and 27 patients did not receive any further oncological
treatments. The radiation therapy was initiated usually 2-4
weeks after the surgery. Most common radiation scheme
was 30 or 39 Gy in fractions of 3 Gy’ and was scheduled for
88 patients (52.4%).The conventional course of 60 Gy in 30
fractions' was planned for 31 patients (18.5%) and 40.05 Gy
in 2.67 Gy fractions for 30 patients (17.9%). One hundred
and forty-eight patients completed the scheduled radiation
treatment while 20 patients did not.Thus, 88.1% of patients
were able to complete their radiation treatment and 38.8%
of patients were able to complete at least 6 cycles of the
scheduled adjuvant temozolomide treatment.

On average, the patients received 1.3 different treatment
lines with 63.6% of patients receiving 1 treatment round.
Fifteen patients did not receive any oncological treatments;
that is, their tumor was not resected, and they did not re-
ceive radiotherapy or cytotoxic drugs. Twelve patients
were treated with third-line treatments, and 6 of them had
a confirmed further relapse.

OS and PFS are presented in Table 2 stratified to age
groups. For patients 65-70 years old at the time of diag-
nosis, the median OS was 10.0 months (Cl 7.7-12.3 months).
For the age groups 70-75 years and >75 years the median
OS were 10.1 months (Cl 6.7-13.5 months) and 5.5 months
(3.6-7.4 months), respectively. For the whole patient group,
OS estimates at 6, 12, 18, and 24 months were 59.6% (53.1-
66.8), 34.8% (28.8-42.2), 20.6% (15.6-27.0), and 11.8% (8.1-
17.3), respectively. OS stratified by age groups is plotted in
Figure 1.

To analyze the predictive value of various covariates
known at the time of diagnosis on the OS, we modeled the
data with the multivariable Cox regression model. A total
of 59 patients were excluded due to missing either MGMT
methylation, epidermal growth factor receptor amplifica-
tion, WHO performance status, or planned tumor volume
(PTV). Unmethylated MGMT, radiological diagnosis, and
higher WHO performance status grade were statistically
significantly related to shorter survival, seeTable 3. In mul-
tivariate regression analysis in which WHO performance
status was excluded (results not shown here), increasing
age was statistically significantly correlated with a shorter
survival. This implies that increasing WHO performance
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vz
Table 1. Patient Characteristics § ﬁ
- O
Covariate Value N (%) 8 'O
Gender Female 90 (45.5%) =
Male 108 (54.4%) 8
Histology Grade IV 177 (89.4%) g
Grade lll + nonmutated IDH 6 (3.0%) <
Indeterminate 15 (7.6%)
MGMT Methylated 85 (42.9%) S
Unmethylated 89 (44.9%) g’
Indeterminate 24 (12.1%) c_g;
EGFR amplification Yes 52 (26.3%) S
No 123 (62.1%) g
Indeterminate 23 (11.6%) g
Method of diagnosis Resection 121 (61.1%) §
Biopsy 62 (31.3%) §
Radiological only 15 (7.6%) 2
R132H IDH1 Nonmutated 183 (92.4%) S
Indeterminate 15 (7.6%) g
Age 65-70 53 (26.8%) g
70-75 65 (32.8%) ‘é’_
>75 80 (40.4%) S
Radiochemotherapy Yes 116 (58.6%) i
Radiotherapy only 52 (26.3%) 5
CyclicTMZ only 3(1.5%) %
No 27 (13.6%) =
Cyclic temozolomide Yes 80 (46.8%) é
No 91 (53.2%) L
At least 6 cycles of TMZ Yes 31(38.8%) '?i
No 49 (61.3%) §
Planned radiation scheme 59.4/1.8 Gy 13 (7.7%) %
60/2 Gy 31(18.5%) 3
40.05/2.67 Gy 30 (17.9%) g
30 or 39/3 Gy 88 (52.4%) §
20 or 25/4 or 5 Gy 6 (3.6%) P
Number of treatment lines 0 15 (7.6%) é
1 126 (63.6%) S
2 45 (22.7%) 3
3 12 (6.1%) g%
Further relapse 6 (3.0%) %
WHO performance status 0 20 (10.1%) E
1 49 (24.7%)
2 69 (34.8%)
3 40 (20.2%)
4 14 (7.1%)
Indeterminate 6 (3.0%)
Planned tumor volume <200 cm? 62 (31.3%)
200-400 cm? 78 (39.4%)
>400 cm? 30 (15.2%)
Indeterminate 28 (14.1%)

Abbreviation: EGFR, epidermal growth factor receptor; IDH1, isocitrate dehydrogenase 1; MGMT, 0(6)-methylguanine-DNA-methyltransferase; TMZ,
temozolomide.
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status and increasing age are correlated but WHO perfor-
mance status is the one that correlates with shorter sur-
vival. Cross-tabulating performance status versus age
groups and applying Pearson’s chi-squared test yields
y? = 12.22 and P = .016 for 4 degrees of freedom implying
that covariates truly are not independent of each other.
Especially, among patients over 75 years, there are more
than expected patients with WHO performance status 3-4
and less than expected patients with WHO performance
status 0-1.

To test the time-independency assumption of the Cox
regression model hazards, the Grambsch and Therneau
test of proportional hazards was applied.® For the WHO

Table 2. Kaplan—Meier Estimates for Overall and Progression-Free
Survival Stratified by Age Groups

0S (95% CI) [months]  PFS (95% CI) [months]

Age Group

[years]

65-70 9.95 (7.39-14.88) 6.93 (5.75-8.67)
70-75 10.12 (6.54-12.06) 6.74 (5.09-9.69)
>75 5.54 (3.75-7.62) 4.37 (3.52-6.21)

Abbreviations: 0S, overall survival; PFS, progression-free survival.
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performance status, the test gives y? = 32.1 and P = 1.5e-8
implying time dependency. The scaled Schoenfeld resid-
uals for the WHO performance status are plotted against
the logarithmic time in Supplementary Material. The ob-
served time dependency can be modeled fitting a linear
relation in logarithmic time, B,,,,o(f) = 1.676 — 0.5459 log(?).
The modified multivariate Cox regression model with time-
dependent WHO performance status hazard coefficients is
shown in Table 4. The time-dependent relative hazard per
1-grade increase in WHO performance status is 5.345 at
1 month and 2.965 at 1 year after the diagnosis. Keeping
only the statistically significant covariates, for example,
leaving out EGFR amplification, PTV, age, gender, under-
lying health conditions, and multifocality, decreased the
number of excluded patients to 29. The multivariate Cox
model on PFS gives similar results except for PTV which
has hazard ratio 1.092 (95% Cl 1.013-1.177) per 100-cm?
increase (P=.022).

The Cox proportional hazard model inherently assumes
baseline hazard that is constant and equal for all groups.To
gain further insight of the time dependency, we estimated
the baseline hazards of different WHO performance groups
using Poisson modeling." In Figure 2, mortality rates for
these groups are presented for patients with methylated
MGMT and resected tumor. In order to obtain a sufficient
number of patients, the timescale spans 1 year. After 1 year
the number of patients with original WHO performance
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Kaplan—Meier survival curves by age group (left) and WHO performance status assessed at the onset of radiation therapy (right).

The 95% confidence intervals are not drawn for age group-stratified survival curves for the sake of clarity. Below the survival curves are tables
showing the number of patients alive at the beginning of each year in the different stratification groups.
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Table3. Multivariate Cox Regression Mode

Covariate Value

Age Per 1-year increase

Gender Male vs female

Underlying health condition No vs yes

Multifocal No vs yes

MGMT Unmethylated vs methylated

EGFR amplification No vs yes

Diagnosis Biopsy vs resection
WHO perf. status 0-1vs2vs 3-4

PTV Per 100-cm? increase

Hazard Ratio 95% ClI Pvalue
1.003 0.968 1.039 0.881
1.169 0.813 1.679 0.400
1.037 0.704 1.529 0.853
0.839 0.504 1.396 0.498
1.726 1.188 2.508 4.2e-3
1.316 0.880 1.966 0.181
2.223 1.398 BIbE5 74e-4
1.674 1.367 2.051 6.5e-7
1.061 0.987 1.141 0.107

Abbreviations: EGFR, epidermal growth factor receptor; MGMT, 0(6)-methylguanine-DNA-methyltransferase; PTV, planned tumor volume.

N =139, number of events = 132.

Table 4. Modified Cox Regression Model With Time-Dependent WHO Performance Status Coefficient and Only Relevant Covariates

Covariate Value Hazard Ratio 95% Cl Pvalue
MGMT Unmethylated vs methylated 1.969 1.419 2.732 5.1e-5
Diagnosis Biopsy vs resection 2.560 1.786 3.669 3.1e-7
WHO perf. status constant term Per 1-grade increase Hi5HY) 3.677 8.406 4.2e-16
WHO perf. status linear log(t) term Per 1-grade increase 0.570 0.470 0.690 8.6e-9

Abbreviations: MGMT, 0(6)-methylguanine-DNA-methyltransferase; N = 169, number of events = 161.

score 3-4 is only 5 and confidence intervals become too
large. The Poisson modeling reveals that patients with
poor performance have higher risk for death already at the
time of diagnosis. Patients with good performance have
very low risk initially but the risk increases over time and
becomes identical 6-9 months after the diagnosis.

]
Discussion

Key Findings

The aim of the present single-center retrospective real-
life study was to study if the median OS of Finnish eld-
erly patients with GBM has continued to increase since
2013. We found that during 2014-2018 the OS for GBM pa-
tients of 65-70 years, 70-75 years, and > 75 years old was
10.0 months, 10.1 months, and 5.5 months, respectively.
Moreover, the median OS of those 17 patients aged over
75 years with WHO score 0-1 was as good as 14.1 months.
Compared with the results of Korja et al., the median OS of
the elderly has increased.

Our results imply that good performance status has the
strongest correlation to and largest effect on longer OS.
Also methylated MGMT and resection were correlated with
longer survival. Interestingly, age was not independently
correlated with longer survival although the patient group

aged over 75 years had increased proportion of patients
with WHO performance status 3-4 and decreased propor-
tion with 0-1.Thus, our data suggest that age itself is not to
be taken as a sign of poor prognosis.

Increasing PTV had a statistically significant effect on the
PFS but not on the OS. It is possible that a very modest risk
increase exists also on the OS, but our sample size was too
small to detect it (relative risk 95% Cl 0.983-1.132 per 100-
cm? increase in the time-dependent Cox model).

Comparison With Previous Studies

Previously, in the study based on Finnish Cancer Registry’s
material by Korja et al.® the median survival time in
>70-year-old GBM patients increased from 3.6 months in
2000-2006 to 4.5 months in 2007-2013. Korja et al. had
identified 2045 patients with GBM for their study involving
211 patients over 70 years during 2000-2006 and 308
during 2007-2013. Our study had quite a comparable
number of 198 patients over 65 years diagnosed with GBM
in a single Finnish center (CCC at HUH) during 2014-2018.
We presume that the main reasons for the differences re-
garding the OS results compared with the study of Korja
et al.® are the changes and development of the treatment
practices since 2001-2006 and 2007-2013. Korja et al. re-
ported that 13% of the elderly patients in 2005 and 33% of
them in 2010 received chemoradiation compared to 58.6%
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Figure 2. Mortality rates of different WHO performance groups
in the Poisson model with time-dependent hazard for the groups.
The mortality rates are for patients with methylated MGMT and re-
sected tumor. The poorest performing patients have significantly
higher risk during the first 6-9 months after which the better per-
forming patients have risk increased to similar level.

of our patients during 2014-2018. While Korja et al. study
was based on cancer register data, our data were collected
from hospital records and this methodological difference
could have also contributed to the OS discrepancy.

Before the era of Stupp’s protocol,’ our elderly pa-
tients had typically been treated with only radiotherapy
if their condition allowed. The shortened schedule of
radiation was preferred according to the study of Roa
et al.” In their prospective study containing 100 pa-
tients with GBM 60 years or over, it was found that
hypofractionated radiotherapy (40/2.67 Gy) was not infe-
rior to the 60/2 Gy treatment. OS times and the survival
probabilities at 6 months were similar for standard and
the shorter course of radiotherapy (5.1 vs 5.6 months
and 44.7% vs 41.7%, respectively). After Stupp et al.
published their study in 2005, chemoradiation plus ad-
juvant temozolomide became the new standard of care
for GBM. However, even thereafter the 6-week long che-
motherapy was not regularly applied for elderly patients
(over 70 years) in our clinic since it was considered too
heavy for the frail patients. During the period 2007-2013
elderly patients were treated according to their perfor-
mance status in various ways.

Since 2012-2013 patients between 65 and 70 years were
treated with Stupp’s protocol if their condition was ade-
quate. For patients over 70 years hypofractionated (chemo)
radiation 39/3 or 40.05/2.67 Gy was increasingly applied,
succeeded by adjuvant temozolomide up to 6 cycles, if pos-
sible. In the present study, chemoradiation with a schedule
of 30/3 or 39/3 Gy, with a schedule of 40.05/2.67 Gy, and with
a schedule 59.4/1.8 or 60/2 Gy was performed for 52.4%,
27.9%, and 26.2% of the patients, respectively.

Furthermore, radiobiologically 40.05/2.67 Gy and 39/3
Gy are not so far from each other when counted as 2 Gy
equivalent doses for normal brain tissue with alpha/beta
value 2, 46.8 Gy versus 48.8 Gy.The 2 Gy equivalent tumor
doses using tumor alpha/beta value 8 considered to be

approximately the value for GBM tumors'? are close 42.7
Gy versus 42.9 Gy.

Comparing the OS result of our study with other
previous studies of elderly GBM patients, quite sim-
ilar results have been reported.>7 In 2012, Wick et al.®
concluded in the NOA-08 study that for elderly patients
with MGMT-methylated GBM, temozolomide alone
is not inferior to 6-week long radiotherapy. In 2012
as well, in the Nordic trial Malmstrém et al.> found
that 6-week standard radiotherapy associates with
poor outcome in GBM patients >70 years (median OS
6 months) and that temozolomide alone, especially in
MGMT-methylated patients, or hypofractionated radi-
otherapy 34/3.4 Gy gave better results (median OS 8.3
and 7.5 months).

Perry et al.’” combined in their randomized trial
hypofractionated radiotherapy 40.05/2.67 Gy with or
without concurrent temozolomide followed by adjuvant
temozolomide up to 12 cycles. There were 281 patients in
each study group. They were 65 years or older and were
considered unsuitable for the conventional treatment. The
median OS was longer in the chemoradiation arm, 9.3
versus 7.6 months.

Nevertheless, our OS results fall clearly behind the re-
sults of a large-volume single-center study of Youssef
et al.”® in which the median OS was 18.6 months for 158
GBM patients >65 years old for a period between 2001
and 2017. We suggest that the main reason for longer OS
in their study is due to the better performance status.The
authors state that patients referred to their center might
have better performance status than in other centers. Our
hospital receives practically all GBM patients of our re-
sponsibility area. Even the patients who are too ill to go
through a histological biopsy pass via our clinic for an
evaluation and discussion about the treatment possibil-
ities. Thus, the patients with the poorest prognosis are in-
cluded in our patient group. Almost 80% of the patients
in the study of Youssef et al. (2019) had Karnofsky perfor-
mance status (KPS) 80 or higher, whereas in our mate-
rial only 35% had WHO classification performance status
0 or 1. Furthermore, over 90% of the patients got a 6-week
course of postoperative chemoradiation followed by 6
cycles of adjuvant temozolomide. In comparison, 58.6%
of the patients in our study received chemoradiotherapy.
There were also differences in IDH and MGMT status
discussed later.

The WHO performance status was most strongly cor-
related while age was not independently correlated with
the OS in our study. This is in accordance with the results
of a recent retrospective study of Al Feghali et al. Their
study is based on the National Cancer Database Query
between 2004 and 2015 of GBM patients with median
age of 70 years at diagnosis. In the study the median OS
was 10.45 months, 5.78 months, and 3.52 months in age
groups 60-69 years, 70-79 years, and >80 years, respec-
tively. Four groups based on age and KPS were created
in the study. The study showed that the median sur-
vival was 4.96 months, 15.15 months, 9.59 months, and
6.83 months in group 1 (age > 60/KPS < 70), group 2 (60 to
69/KPS > 70), group 3 (age 70 to 79/KPS > 70), and group
4 (age > 80/KPS > 70), respectively. The investigators con-
cluded that performance status is a key prognostic factor
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that should be considered when choosing between treat-
ment options.

Regarding the length of chemotherapy, 38.8% of
our patients were able to complete 6 cycles of the ad-
juvant temozolomide chemotherapy. Similarly, in the
temozolomide-only arm of the Nordic study® in which
the intent was to complete 6 cycles, only 34% of the
patients completed all 6 cycles and 86% reached at
least 2 cycles. Youssef et al.’® reported that 38.6% of
the patients completed the whole treatment including
a 6-week course of chemoradiation with 6 cycles of
temozolomide.

IDH and MGMT status were analyzed in as many as 183
(92%) and 174 (88%) of the GBMs in our study patients, re-
spectively. One hundred and eighty-three patients who
had a histological sample taken had also truly IDH1 wild-
type gliomas.The amount of MGMT unmethylated patients
was 45%. Unmethylated MGMT was statistically related to
shorter survival. In the study ofYoussef et al., the percentage
of IDH1 wild-type gliomas was uncertain since 30.4% were
not tested for IDH1 at all, and some IDH1 positive patients
were included in the study as well. Moreover, MGMT status
was not examined in the material of Youssef et al. in around
70% of patients, and the known unmethylated cases were
only 11.4% of the whole material.

Limitations and Strengths of the Study

Our study is a retrospective, single-center study in-
cluding only a restricted number of elderly patients with
GBM. All these 3 facts can be considered as limitations
of the study. On the other hand, our patient material is
unselected, which is an advantage of the study. All eld-
erly patients with GBM of the District of Helsinki and
Uusimaa in Finland were evaluated for therapy at our
hospital, and not only those whose condition is good
enough to receive radio- or chemotherapy. Furthermore,
our treatment practices and principles of treatment
were based on uniform standardized instructions of our
hospital and were not dependent on any opinion of a
single doctor.

]
Conclusion

To conclude, this retrospective study shows that the prog-
nosis of elderly GBM patients in our clinic has become
better during past years with the accumulating knowledge
about the treatment. The performance status of the indi-
vidual patient is more important than age when choosing
treatment protocols, which is in line with the results of
other recent studies.

|
Supplementary Material

Supplementary material is available at Neuro-Oncology
Practice online.
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