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KEYWORDS Abstract  Background: Median survival with glioblastoma remains in the range of 12

IDH;

months on population levels. Only few patients survive for more than 5 years. Patient and

MGMT; disease features associated with long-term survival remain poorly defined.

Prognosis; Methods: European Organization for Research and Treatment of Cancer (EORTC) 1419
Outcome; (ETERNITY) is a registry study supported by the Brain Tumor Funders Collaborative in the
Registry; US and the EORTC Brain Tumor Group. Patients with glioblastoma surviving at least 5 years
Wildtype from diagnosis were identified at 24 sites in Europe, US, and Australia. In patients with

isocitrate dehydrogenase (IDH) wildtype tumours, prognostic factors were analysed using the
Kaplan-Meier method and the Cox proportional hazards model. A population-based re-
ference cohort was obtained from the Cantonal cancer registry Zurich.

Results: At the database lock of July 2020, 280 patients with histologically centrally con-
firmed glioblastoma (189 IDH wildtype, 80 IDH mutant, 11 incompletely characterised) had
been registered. In the IDH wildtype population, median age was 56 years (range 24-78
years), 96 patients (50.8%) were female, 139 patients (74.3%) had tumours with O%-methyl-
guanine DNA methyltransferase (MGMT) promoter methylation. Median overall survival
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was 9.9 years (95% confidence interval [95% CI] 7.9-11.9). Patients without recurrence ex-
perienced longer median survival (not reached) than patients with one or more recurrences
(8.92 years) (p < 0.001) and had a high rate (48.8%) of MGMT promoter-unmethylated

tumours.

Conclusions: Freedom from progression is a powerful predictor of overall survival in long-
term survivors with glioblastoma. Patients without relapse often have MGMT promoter-
unmethylated glioblastoma and may represent a distinct subtype of glioblastoma.

© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Among primary brain tumours in adults, isocitrate dehy-
drogenase 1 or 2 (IDH) wildtype glioblastoma is the most
malignant with one of the worst overall prognoses across
cancer entities. The median overall survival at a population
level remains in the range of 12 months despite multimodal
therapy including surgery, radiotherapy and several ap-
proaches of pharmacotherapy [1,2]. Less than 5% of pa-
tients survive for more than five years [3] and many of these
patients suffer from irreversible neurological impairment [4].
The true number of long-term survivors may be even lower
since tumours of long-term surviving patients are often re-
classified upon central histological and molecular diagnostic
re-evaluation. The phenomenon of long-term survival with
glioblastoma remains incompletely understood [5,6]. Fac-
tors usually associated with longer survival include young
age, good Karnofsky performance status (KPS) at diag-
nosis, and O%methylguanine DNA methyltransferase
(MGMT) promoter methylation [1,2,7.8].

MGMT promoter methylation, a predictive marker
of benefit from alkylating agents [7,9-11], became as-
sociated with longer survival with the introduction of
temozolomide, although lack of MGMT promoter me-
thylation does not exclude long-term survival. Yet,
MGMT promoter methylation is significantly more
common in long-term survivors of IDH wildtype glio-
blastoma than in unselected patient populations
[12,6,13]. Overall, despite several attempts to define
specific determinants of long-term survival in glio-
blastoma, no distinct constellation of characteristics has
emerged so far beyond the factors summarised above
that are uniformly associated with longer survival, but
not distinctly linked to long-term survival.

The association of the IDH status with long-term
survival has made the analyses of long-term survival
with glioblastoma more complex. Patients with the
former diagnosis of IDH mutant glioblastomas are
known to survive longer than patients with IDH wild-
type glioblastomas [14,15]. The rate of IDH mutations
among five-year survivors of glioblastoma of 45% [13]
was much higher than the rate of approximately 5%
expected in an unselected glioblastoma population.
With the 5th edition of the World Health Organization
(WHO) classification of central nervous system tumors
2021 [16], IDH mutant astrocytic gliomas showing

histological features of glioblastoma are no longer
considered as ‘glioblastoma, IDH mutant’ but as ‘as-
trocytoma, IDH mutant, CNS WHO grade 4’ to in-
dicate that these tumours are biologically and
prognostically distinct from IDH wildtype glioblastoma
[17,18]. Future studies on long-term survival will need to
integrate new disease definitions, making comparisons
with historical studies challenging. Therefore, in this
study, we focused on IDH wildtype glioblastoma, with
the aim to define and characterise clinical determinants
of long-term survival in a patient population corre-
sponding to the WHO 2021 definition of glioblastoma.
For this purpose, a comprehensive multinational ap-
proach was undertaken to assemble clinical and mole-
cular data from 189 IDH wildtype glioblastoma patients
who survived for more than 5 years from diagnosis out
of 273 patients originally diagnosed with IDH wildtype
or IDH mutant glioblastoma according to WHO 2016
criteria [19]. To identify clinical prognostic features as-
sociated with long-term survival, these patients were
compared with a population-based contemporary co-
hort of IDH wildtype glioblastoma patients [20,21].

2. Material and methods

2.1. Patient identification for the long-term survivor
cohort

Patients aged 18 years or more at the time of diagnosis of
glioblastoma, who survived for at least 5 years, were in-
cluded. All tumours were centrally reviewed at the Institute
of Neuropathology in Diisseldorf, Germany (G.R., J.F.).
Patients without a centrally confirmed histological diagnosis
of IDH wildtype glioblastoma or IDH mutant glioblastoma
were excluded. Patients were registered and coded in the
EORTC database. Patients alive at registration provided
written informed consent. The study is registered at clin-
icaltrials.org (NCT03770468).

2.2. Central pathology review of the long-term survivor
cohort

Tumours identified as glioblastoma according to the
reports of the local pathology departments underwent
central pathology review and were histologically and
molecularly evaluated according to the criteria of the
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WHO classification of central nervous system tumors
2016 [19]. IDH mutant tumours that fulfilled the WHO
2016 histopathological criteria of glioblastoma were
included in the study. However, the correlative analyses
reported here were conducted after stratification of the
patient populations by IDH mutation status and re-
stricted to the patients with centrally confirmed IDH
wildtype glioblastomas. Formalin-fixed and paraffin-
embedded (FFPE) tissue samples were available from all
patients. For histological review, tumour tissue sections
were routinely stained for hematoxylin-eosin and silver
impregnation for reticulin fibres. In addition, im-
munohistochemical stainings were performed with an-
tibodies detecting glial fibrillary acidic protein (GFAP,
clone ZR356, ZETA Corporation, Arcadia, CA), IDH-
R132H (clone H09, Dianova, Hamburg, Germany), and
alpha-thalassaemia/mental retardation syndrome, X-
linked protein (ATRX, clone ZR244, ZETA Corpora-
tion). Immunohistochemistry was carried out on the
Dako autostainer link 48 (Agilent Technologies,
Glostrup, Denmark) using the EnVision FLEX horse-
radish peroxidase-based detection system with 3.3-dia-
minobenzidine as chromogen (Agilent Technologies).
Immunohistochemical sections were counterstained
with hemalum and evaluated by two experienced neu-
ropathologists (G.R., J.F.). All tumours that were
IDHR'3?H_pegative upon immunohistochemistry were
sequenced for mutations affecting the hotspot codons
IDHIR32 or IDH2R!'7? [22.23]. The MGMT promoter
methylation status was centrally determined by methy-
lation-specific polymerase chain reaction (PCR) and/or
DNA pyrosequencing [24,25].

2.3. Clinical data capture for the long-term survivor
cohort

The following clinical information was collected: med-
ical history, epidemiological factors, socio-economical,
occupational and life style-associated factors, histolo-
gical subtypes according to the WHO classification 2016
(classic glioblastoma, giant cell glioblastoma, glio-
sarcoma, epithelioid glioblastoma) [19], first-line treat-
ment, and treatment at any recurrence. Recurrence was
defined operationally as progression or recurrence as
documented in the electronic case report form (eCRF)
or a further therapeutic intervention since it was not
feasible to centrally review progression.

2.4. Description of the reference cohort from the Canton
of Zurich

Data of all patients aged 18 years or older diagnosed
with glioblastoma in the years 2005-2014 who were in-
habitants of the Canton of Ziirich, Switzerland were
retrieved from the cantonal cancer registry [20,21]. This
cohort was used as a reference to compare baseline

characteristics and outcomes of long-term survivors
with a contemporary population-based cohort. Per
WHO 2016 recommendations, patients aged younger
than 55 years underwent sequencing for rare IDH mu-
tations if IDHI1®'**" immunohistochemistry was nega-
tive. One hundred forty-nine patients aged 55 or more
had the IDH status assessed by immunohistochemistry
only. Clinical and treatment data were extracted from
medical records. Thirteen patients surviving for 5 years
or more were excluded from the control cohort; 8 of
these patients are included in the long-term survivor
cohort.

2.5. Ethics

The EORTC 1419 study was approved by the central
Ethics Board of the Canton of Zurich (KEK 2014-0555)
and locally at each participating site. The control cohort
study was also approved by the Ethics Board of the
Canton of Zurich (KEK-ZH-Nr. 2009-0135/1; KEK-
ZH-Nr. 2015-0437) [20,21].

2.6. Data availability statement

Coded data will be made available upon reasonable
request to other qualified investigators for purposes of
replicating results.

2.7. Statistical analyses

Demographic, clinical, and molecular data are presented
with descriptive statistics. The Chi-square test was per-
formed for analysis of nominal variables, and the Mann-
Whitney U test was used for the comparison of ordinal
variables between groups. Progression-free survival was
defined as the time between the date of diagnostic surgery
and the date of first progression. Overall survival was de-
fined as the time between the date of diagnostic surgery and
the date of death. Kaplan-Meier curves were compared
using the log-rank test. Patients without an event were
censored at date of last follow-up before the database lock.
Patients of the control cohort were also censored at last
follow-up. Univariate and multivariate analyses were done
using Cox regression. The multivariate model was applied
to all patients who had complete information on all tested
co-variables, that is, no missing data imputation technique
was applied. For statistical analysis, SPSS Version 28 was
used (SPSS IBM Corp., Armonk, NY, USA), and a p value
of 0.05 was considered statistically significant.

3. Results

3.1. Patient and tumour characteristics of the long-term
survivor cohort

At the cut-off date of June 24, 2020, 470 patients were re-
gistered, central reference histology was available for 347
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patients (73.8%), and a total of 280 patients of these (82.4%)
were confirmed as astrocytic gliomas corresponding to CNS
WHO grade 4 upon central histology review, including 189
patients with glioblastoma, IDH wildtype, and 80 patients
with glioblastoma, IDH mutant according to the WHO
classification 2016 [19], now astrocytoma, IDH mutant,
CNS WHO grade 4. Seven tumours were IDHY'3H wild-
type by immunohistochemistry, but were not sequenced for
lack of material, and 4 were tumours not otherwise specified
according to the WHO classification 2021, also for lack of
material [16]. The remaining 67 tumours were classified as
astrocytoma, IDH mutant, CNS WHO grade 2 or 3
(n = 24), oligodendroglioma, IDH mutant and 1p/19q co-
deleted, CNS WHO grade 2 or 3 (n = 16), or other less
common diagnoses (n = 23); 4 samples were classified as
non-neoplastic tissue, that is, lacked residual tumour tissue.
For this report, only patients with centrally confirmed IDH
wildtype glioblastoma were considered for most analyses,
unless indicated otherwise.

Of the 189 patients with IDH wildtype glioblastoma
diagnosed between 1999 and 2014 (Supplementary
Fig. 1), 51 patients (27.0%) were younger than 50 years,
96 patients (50.8%) were female, and 134 patients
(76.6%) had a gross total resection at first surgery.
Histologically, this group included one epithelioid glio-
blastoma, two gliosarcomas, five giant cell glio-
blastomas, and 181 glioblastomas with classic histology.
MGMT promoter methylation was noted in 139 tu-
mours (74.3%). Compared with patients with IDH
mutant astrocytoma, CNS WHO grade 4, patients with
glioblastoma, IDH wildtype, were older, had more often
received a gross total resection, and had tumours which
were more frequently located in the temporal lobe and
less frequently in the frontal lobe. Compared with the
population-based cohort of IDH wildtype glioblastoma
patients, the long-term survivors were younger, more
often female, had a better KPS at diagnosis and had
undergone a gross total resection more frequently. In
addition, the tumours of long-term survivors more often
showed MGMT promoter methylation (Table 1).

3.2. Personal and medical history

Among the long-term surviving patients with IDH
wildtype glioblastoma, 125 of 153 evaluable patients
(81.7%) were married at the time of diagnosis and 116 of
143 evaluable patients (81.1%) had children (Table S1).
Inherited or autoimmune diseases were reported in 5 of
138 (3.6%) and 2 of 147 (1.4%) evaluable patients, re-
spectively. Among the patients with the respective in-
formation being documented, 76 of 118 patients (64.4%)
never smoked and 57 of 117 patients (48.7%) reportedly
never consumed alcohol. The occurrence of other tu-
mours before or after brain tumour diagnosis was re-
ported in 16 of 155 evaluable patients (10.3%). Brain
tumours in immediate kin were documented in 8 of 141
evaluable patients (5.7%). Seizures were a presenting

symptom in 67 of 158 patients (42.4%), with 7 patients
(4.4%) having experienced seizures more than 2 years
before diagnosis. None of these factors was associated
with recurrence (Tables S1 and S2).

3.3. Treatment regimens

Information on first-line treatment was documented for
174 of 189 patients with IDH wildtype glioblastoma
(Table 2). Among these, 146 patients (83.9%) had re-
ceived standard first-line therapy with temozolomide
and radiotherapy followed by temozolomide main-
tenance therapy [26]. Repeat surgery and re-radiation
were done in 76 patients (40.2%) and 54 patients
(28.6%). More than half of patients were re-exposed to
alkylating agents during the disease course, with 102
patients (54.0%) receiving temozolomide, and 68 pa-
tients (36.0%) receiving a nitrosourea compound. Bev-
acizumab was given to 61 patients (32.3%) (Table 2).
Compared with the population-based IDH wildtype
glioblastoma patient cohort, the long-term survivors
more often received a focal treatment at recurrence, for
example, surgery (40.2% versus 11.4%) or radiotherapy
(28.6% versus 5.9%) (Table 2). Forty-one patients
(22.8%) experienced no progression with a statistically
unreached median survival. Fifty-five patients (29.1%)
experienced 3 or more recurrences. Patients with any
recurrence versus no recurrence did not differ by age,
sex, KPS or extent of resection; however, MGMT pro-
moter methylation was less frequent in patients with no
recurrence (Table 3).

3.4. Outcome

Among the IDH wildtype glioblastoma long-term sur-
vivors, 135 patients (76.7%) experienced progression
and 93 patients (49.2%) have died. Median progression-
free survival was 4.6 years (95% confidence interval
[95% CI] 3.9-5.3). It was 4.4 years (95% CI 3.7-5.1) for
patients with MGMT promoter-methylated tumours
and 5.3 years (95% CI 1.7-8.8) for patients with MGMT
promoter-unmethylated tumours (p=0.005). Indeed,
unmethylated MGMT promoter methylation status re-
mained associated with progression-free survival on
multivariate analysis (Table S3).

Median overall survival for the entire IDH wildtype
cohort was 9.9 years (95% CI 7.9-11.9). It was 9.8 years
(95% CI 7.9-11.8) for patients with MGMT promoter-
methylated tumours and 11.7 years (95% CI not defined)
for patients with MGMT promoter-unmethylated tu-
mours (p =0.536). Fifty patients (26.5%) survived 10
years or longer, with 45 of them being alive at the time
of data base lock. In the Canton of Zurich control co-
hort of IDH wildtype glioblastoma patients, the median
progression-free survival was 4.7 months (95% CI
4.2-5.1), and the overall survival was 10.9 months (95%
CI 9.1-12.7).
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Table 1
Patient characteristics.
Glioblastoma, IDH Astrocytoma, IDH p-value® Zurich cohort, p-value®
wildtype (N = 189) mutant, CNS WHO glioblastoma IDH
N (%) grade 4 (N = 80) N (%) wildtype N = 341 N
(o)
Age Median 56.0 40.0 <0.001 66.0 <0.001
Range 24-78 21-64 - 29-90
Age groups <50 51 (27.0) 68 (85.0) <0.001 33 (9.7) <0.001
50-59 66 (34.9) 10 (12.5) 62 (18.2)
60-69 58 (30.7) 2(2.5 121 (35.5)
>70 14 (7.4) 0 (0) 125 (36.7)
Sex Male 93 (49.2) 47 (60.3) 0.100 214 (62.8) 0.002
Female 96 (50.8) 31 (39.7) 127 (37.2)
Missing 0() 2(-) - 0() -
KPS post- 80-100 63 (77.8) 29 (93.5) 0.146 116 (34.4) <0.001
operative (%) 60-70 17 (21.0) 2 (6.5) 205 (60.8)
<60 1(1.2) 0 (0) 16 (4.7)
Missing 108 (-) 49 (-) - 4(-) -
Extent of Gross total 134 (76.6) 40 (53.3) 0.001 104 (30.6) <0.001
surgery (eCRF) resection
Partial resection 32 (18.3) 26 (34.7) 153 (45.0)
Biopsy 9 (5.1 9 (12.0) 82 (24.1)
None, diagnosed 0(0) 0(0) 1(0.3)
at autopsy
Missing 14 (-) 5(¢) - 1(-) -
MGMT promoter Unmethylated 48 (25.7) 13 (16.3) 0.093 128 (56.6) <0.001
methylation Methylated 139 (74.3) 67 (83.8) 98 (43.4)
status (%) Missing 2(-) 0() - 115 () -
Histological subtype Glioblastoma 181 (95.8) 80 (100) 0.322 330 (96.8) 0.022
Gliosarcoma 2 (L.1) 0(0) 10 (2.9)
Giant cell 5(2.6) 0 (0) 1(0.3)
glioblastoma
Epitheloid 1 (0.5) 0 (0) 0 (0)
glioblastoma
Tumour Frontal 49 (26.9) 46 (59.7) <0.001 65 (19.3) <0.001
localisation (%) Temporal 62 (34.1) 9 (11.7) 71 (21.1)
Parietal 36 (19.8) 8 (10.4) 45 (13.4)
Occipital 12 (6.6) 2 (2.6) 16 (4.8)
Multifocal 20 (11.0) 11 (14.3) 93 (27.7)
Deep structures 3(1.6) 1(1.3) 46 (13.7)
Missing 7¢) 3() - 50 -
Survival Median follow-up 9.7 years (8.9-10.5) 10.7 years (9.9-11.2) 0.481 5.2 months (3.8-6.7) <0.001
(95% CI)®
Median PFS 4.6 years (3.9-5.3) 5.1 years (3.6-6.6) 0.081 4.7 months (4.2-5.1) <0.001
(95% CI)
Median OS 9.9 years (7.9-11.9) not reached 0.013 10.9 months (9.1-12.7)  <0.001
(95% CI)
Events 1359 (13 missing) 41 (14 missing) 0.035 308 <0.001
(progression)
Events (death) 93 26 0.012 302 <0.001
Alive at last 96 54 0.012 39 <0.001

follow-up

N, number; MGMT, O%methylguanine DNA methyltransferase; KPS, Karnofsky performance status; eCRF, electronical case report form.
& Comparison between glioblastoma, IDH wildtype and astrocytoma, IDH mutant, CNS WHO grade 4.
® Comparison between glioblastoma, IDH wildtype and Zurich cohort, glioblastoma IDH wildtype.

¢ Of surviving patients.

4 Of which N =6 patients with confirmed progression, but without specific date of progression event, therefore N =129 events included in

median PFS.

Deceased patients in the IDH wildtype glioblastoma
long-term survivor cohort died of glioblastoma except
for 3 patients whose cause of death was documented as
lung cancer (1), pneumonia (1) and unknown cause
other than glioblastoma (1). There was no association

with survival of the classic prognostic factors in glio-
blastoma of age, MGMT promoter methylation status,
sex, extent of resection or KPS after first resection
(Fig. 1A-E, Table 4). The only relevant prognostic
factor in univariate analysis was the number of
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Table 2
Treatment characteristics.
Glioblastoma, IDH Astrocytoma, IDH p-value” Zurich cohort, p-value”
wildtype (N = 189) mutant, CNS WHO glioblastoma IDH
N (%) grade 4 (N =80) N (%) wildtype (N = 341)
N (%)
First-line treatment® TMZ concomitant 146 (83.9) 63 (84.0) 0.898 146 (43.6) <0.001
and maintenance
™Z 7 (4.0) 4(5.3) 24 (7.2)
monotherapy
TMZ plus other 3(1.7) 1(1.3) 11 (3.3)
treatment
Nitrosourea 3(L.7) 0 (0) 1(0.3)
monotherapy
Nitrosourea plus 5(2.9) 2(2.7) 0 (0)
other
Other 10 (5.7) 5(6.7) 13 (3.9)
No systemic 0 (0) 0 (0) 140 (41.8)
treatment
Missing 15(¢) 50 - 6(-) -
Radiotherapy as part of  Yes 176 (93.1) 74 (92.5) 0.85 250 (74.6) <0.001
first-line treatment No 13 (6.9) 6 (7.5) 85 (25.4)
Missing 0() 0(-) - 6(-) -
Number of recurrences/ 0 41 (23.3) 28 (37.8) 0.114 0 (0) <0.001
reinterventions (%) 1 39 (22.2) 18 (24.3) 118 (36.4)
2 41 (23.3) 14 (18.9) 115 (35.5)
3 25 (14.2) 6 (8.1) 60 (18.5)
>4 30 (17.0) 8 (10.8) 31 (9.6)
Missing 13(-) 6 () - 17 (-) -
Surgery at any recurrence  Yes 76 (40.2) 29 (36.3) 0.543 39 (11.4) <0.001
No 113 (59.8) 51 (63.7) 302 (88.6)
Radiotherapy at any Yes 54 (28.6) 21 (26.3) 0.698 20 (5.9) <0.001
recurrence No 135 (71.4) 59 (73.8) 321 (94.1)
TMZ at any recurrence Yes 102 (54.0) 36 (45.0) 0.179 47 (13.8) <0.001
No 87 (46.0) 44 (55.0) 294 (86.2)
Nitrosourea at any Yes 68 (36.0) 21 (26.3) 0.121 54 (15.8) <0.001
recurrence No 121 (64.0) 59 (73.8) 287 (84.2)
Bevacizumab at any Yes 61 (32.3) 22 (27.5) 0.438 103 (30.2) 0.621
recurrence No 128 (67.7) 58 (72.5) 238 (69.8)
PCV at any recurrence Yes 11 (5.8) 4 (5.0) 0.789 0 (0) <0.001
No 178 (94.2) 76 (95.0) 341 (100)
Platin-based therapy at Yes 10 (5.3) 3(3.9) 0.590 5 (L.5) 0.011
any recurrence No 179 (94.7) 77 (96.3) 336 (98.5)
Other at any recurrence”  Yes 24 (12.7) 10 (12.2) 0.964 21 (6.2) 0.010
No 165 (87.3) 70 (87.8) 320 (93.8)

N, number; IDH, isocitrate dehydrogenase; TMZ, temozolomide, PCV, procarbazin plus CCNU (lomustine) plus vincristine; eCRF, electronical

case report form.

% Comparison between glioblastoma, IDH wildtype and astrocytoma, IDH mutant, CNS WHO grade 4.
® Comparison between glioblastoma, IDH wildtype and Zurich cohort, glioblastoma IDH wildtype.
¢ Others include any systemic or local treatment coded by the investigator in addition to treatments specifically mentioned in the table.

recurrences and the absence versus presence of any re-
currence (p < 0.001) (Table 4, Fig. IF and G). In
multivariate analysis, the overall numbers became too
low when all variables from the univariate analysis were
included; however, multivariate analysis with higher
overall numbers after omission of KPS would support
the results from univariate analysis.

4. Discussion

The prognosis for patients with IDH wildtype glioblastoma
has remained poor despite major medical advances and

extensive scientific efforts [2]. Only a minority of patients
experience survival beyond 5 years. Major favourable
prognostic factors include younger age, gross total resection
and MGMT promoter methylation. Originally, IDH mu-
tation was considered as a strong prognostic factor in
glioblastoma patients; however, tumours with IDH muta-
tion are now no longer classified as glioblastoma but as
astrocytoma, IDH mutant, CNS WHO grade 4 to distin-
guish between these biologically and clinically distinct tu-
mour types [16,18].

Expectedly, the characterisation of the present
EORTC 1419 ETERNITY cohort of patients with
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Table 3

Group comparison by recurrence among IDH wildtype long-term survivors.

Glioblastoma IDH wildtype Glioblastoma IDH wildtype (no p-value
(recurrence) (N =135) N (%) recurrence) (N =41) N (%)
Age (years) Median 55.0 59.0 0.198
Range 24.0-78.0 33.0-78.0
Age groups <50 36 (26.7) 12 (29.3) 0.131
50-59 53 (39.3) 9 (22.0)
60-69 39 (28.9) 15 (36.6)
270 7(5.2) 5(12.2)
Sex Male 69 (51.1) 18 (43.9) 0.419
Female 66 (48.9) 23 (56.1)
KPS post-operative (%) 80-100 46 (74.2) 10 (90.9) 0.475
60-70 15 (24.2) 19.1)
<60 1(1.6) 0 (0)
Missing 73 (-) 30 (-) -
Extent of surgery (¢CRF) Gross total resection 97 (75.8) 27 (71.1) 0.797
Subtotal resection 24 (18.8) 8 (21.1)
Biopsy 7 (5.5) 3(7.9)
Missing 70-) 300 -
MGMT promoter methylation  Unmethylated 24 (18.0) 20 (48.8) <0.001
status (%) Methylated 109 (82.0) 21 (51.2)
Missing 2(-) 0(-) -

N, number; IDH, isocitrate dehydrogenase; MGMT, O°methylguanine DNA methyltransferase, KPS, Karnofsky performance status; eCRF,

electronical case report form.

centrally confirmed IDH wildtype glioblastoma sur-
viving for 5 years or more showed a younger median age
at diagnosis than the 65 years reported for the general
glioblastoma population with or without IDH mutation
[3], or compared to a population-based reference cohort
of IDH wildtype glioblastoma [20] (Table 1). Interest-
ingly, sex was balanced in the ETERNITY cohort
whereas almost 2 of 3 patients are male on a population
level [3,20] (Table 1). Further, we identified a much
higher rate of tumours with MGMT promoter methy-
lation in all age groups compared with the reference
population (74.3% versus 43.4%) (Table 1, S2) which
probably reflects the impact of alkylating agent che-
motherapy on survival (Table 1). Most patients from the
ETERNITY cohort underwent a gross total resection
(76.6%) followed by standard first-line treatment with
radiotherapy and concomitant and maintenance temo-
zolomide (83.9%), reflecting a patient population eli-
gible for standard of care treatment at diagnosis [1]. The
apparent contradiction between more frequent location
in the frontal lobe but less frequent gross total resection
in IDH mutant tumours compared with IDH wildtype
tumours in the long-term survivor cohort was note-
worthy. However, extent of resection was not associated
with tumour location in either IDH wildtype (p = 0.189)
or mutant (p = 0.224) glioblastoma patients.

Next we examined prognostic factors within the co-
hort of patients who survived for 5 years. In contrast to
the well-known prognostic value of sex, extent of re-
section and MGMT promoter methylation status in
unselected patient populations, none of these factors
remained prognostic in patients surviving more than 5

years, suggesting that these prognostic factors have al-
ready exerted, but also exhausted, their impact on the
profile of the survivors.

The only factor that remained statistically significant
in log-rank or Cox regression analysis was the number
of recurrences (p < 0.001) (Fig. 1F and G) (Table 4).
One may argue that this is a trivial observation because
prolonged progression-free survival should translate
into longer overall survival. Interestingly, as previously
reported [27], glioblastoma patients without recurrence
did not differ with regard to age, sex, KPS or extent of
surgery from patients who experienced recurrence
(Table 3). Intriguingly, the patients without recurrence
showed a significantly higher proportion of MGMT
promoter-unmethylated tumours. This observation
suggests the existence of one or more currently un-
recognised, but important molecular or other predictors
of long-term survival.

Our findings also raise the question whether any
patient who reaches the 5-year survival threshold
without recurrence may have been cured. This should be
viewed with caution since three patients of the historical
monocentric Tilibingen cohort experienced very late re-
lapses after 118, 124 and 126 months [4]. Further,
documented cause of death in the ETERNITY cohort
was almost exclusively tumour progression.

Limitations of this study include the exclusion of the
newly defined entity of ‘molecular glioblastoma’ [17]
because these tumours are defined by the lack of histo-
logical features of glioblastoma. Further limitations in-
clude the lack of clinical source data verification
including definition of progression and the challenge of



C. Hertler et al. | European Journal of Cancer 189 (2023) 112913 9

Age Sex
A 1.0 < 50 years B 1.0
= 50-59 years female
% 0.8 ~ 60-69 years _ 08 —— male
:E' > 70 years 3
2 06 S 06
= - "
§ 0.4 ? 0.4
© 3
0.2 0.2
P=0.063 P=0.935
0 0
0 50 100 150 200 250 300 0 S0 100 Tir::(Imo:g\os] 250 300
C Time [months] D
1.0 KPS 1.0 Extent of resection
0.8 \ — 80-100 _ 08 gr(::sltolal
K] - — 60-70 s — partia
g 0.6 g 0.6 biopsy
3 = pr—
— 04 © r—————s
3 e fg 0.4
£
(o)
3 02 0.2
0 P=0.612 0 P=0.765
b B 100 108 200 20 S0 0 50 100 150 200 250 300
Time [months] Time [months]
1.0
E MGMT promotor F 1.0  — Number of recurrences
0.8
§ = unmethylated _ 0.8 -0
T 06 = methylated g
> . T 06 -1
L 3 _—2
T o4 Mo 2
o T 04 — 3
S 0.2 2 i =4
. O 1
0.2 Ll
o1 . ' i i 'P=0'5'36 0 P<0.001
0 50 100 150 200 250 300 6 5;) 10'0 150 2'00 25'0 3;]0
Time [months] Time [months]
G 1.0
Recurrence
0.8
T none
g 0.6 — any
S
= 04
[
4
o 0.2
0.0 P<0.001

T T T T T T

0 50 100 150 200 250 300

Time [months]

Fig. 1. Overall survival of the IDH wildtype glioblastoma long-term survivor cohort by age group (A), sex (B), Karnofsky performance
status (C), extent of resection (D), MGMT promoter methylation status (E), number of recurrences (F) and stratified by either no
recurrence or any recurrence (G). Note that six patients in the group of patients without recurrence either died from other causes or died
without documented progression.

defining an appropriate contemporary reference group. perspective. This control group does, however, differ
Yet, we believe that our use of a well-established, po-  from the long-term survivor cohort in some potentially
pulation-based glioblastoma cohort as a comparison  important ways: the dates of patient accrual (2005
group is valuable to place our long-term survivor datain  through 2014 versus 1998 through 2014), the treatments
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Table 4
Univariate analysis with regards to death.

Log-rank analysis Cox regression analysis

N (events) Median overall 95% CI p-value  HR (95% CI) p-value
survival (years)
All patients 189 (93) 9.9 7.9-119 - - -
Age group <50 51(18) Not reached 0.063 0.48 (0.20-1.15)  0.099
50-59 66 (36) 9.5 8.0-11.0 0.90 (0.40-2.03)  0.802
60-69 58 (32) 8.7 7.2-10.2 0.99 (0.44-2.25)  0.980
>70 14 (7) 7.7 nd 1 ref
Sex Male 93 (44) 114 nd 0.935 1 ref
Female 96 (49) 9.8 7.6-12.0 1.02 (0.68-1.53)  0.935
KPS post-operative (%) 80-100 63 (35) 8.8 8.0-9.7 0.612 1 ref
60-70 17 (12) 7.7 3.5-11.8 1.1 (0.60-2.00) 0.757
<60 1(1) 7.9 nd nd nd
Extent of surgery (¢CRF) Gross total resection 134 (65) 9.9 7.5-12.3  0.765 1.21(0.44-3.23) 0.712
Partial resection 32 (18) 8.7 7.7-9.7 1.41(0.48-4.18) 0.533
Biopsy 94 9.8 nd 1 ref
Missing 14 () - - - - -
MGMT promoter methylation = Methylated 139 (69) 9.8 7.9-11.8 0.536 1.16 (0.72-1.88)  0.538
status Unmethylated 48 (22) 11.7 nd 1 ref
Missing 2(-) - - - - -
First-line treatment” Standard of care 146 (66) 11.8 nd 0.912 1 ref
Temozolomide alone 7(5) 9.4 5.4-13.5 1.40 (0.56-3.47) 0.470
Temozolomide plus 3(2) 6.7 4.3-9.1 1.76 (0.43-7.21)  0.431
other
Nitrosourea alone 3(2) 11.4 5.0-17.8 1.07 (0.26-4.36)  0.930
Nitrosourea plus other 5 (3) 8.9 6.8-11.1 1.18 (0.37-3.77)  0.776
Other 10 (6) 7.9 4.5-114 1.33(0.58-3.07)  0.503
Missing 15 () - - - - -
Number of recurrences 0 41 (6) Not reached <0.0- 0.14 (0.06-0.35)  0.000
1 39 (16) 11.8 nd 01 0.44 (0.23-0.84)  0.013
2 41 (20) 9.9 7.6-12.2 0.55(0.30-1.02)  0.058
3 25 (18) 7.5 7.0-8.0 1.15(0.61-2.17)  0.661
>4 30 (21) 7.9 6.7-9.1 1 ref
Missing 139 - - - - -
Recurrence No recurrence 41 (6) Not reached <0.0- 0.21 (0.01-0.47)  <0.001
Any recurrence 135 (75) 8.9 7.9-9.9 01 1 ref
Missing 13 (-) - - - - -

N, number; CI, confidence interval; HR, hazard ratio, MGMT, O(’-methylguanine DNA methyltransferase; ref, reference; nd, not defined; KPS,

Karnofsky performance status; eCRF, electronical case report form.

# Others include any systemic or local treatment coded by the investigator in addition to treatments specifically mentioned in the table.

received, for example, concurrent temozolomide with
radiotherapy was not widely employed before 2005, and
the method of IDH mutation detection.

Important strengths of the study are the large
number of rare long-term survivor patients collected in a
collaborative effort with central pathology review, the
prospective collection of predefined data, and the in-
clusion of patients from different countries world-wide,
minimising a potential selection bias.

In conclusion, the EORTC 1419 study represents the
largest, centrally reviewed, rigorously compiled cohort
of IDH wildtype glioblastoma patients with long-term
survival in existence. There is a commitment to maintain
and enlarge the database and to share data with quali-
fied researchers proposing novel investigations.
Upcoming analyses will address the identification of
molecular markers associated with long-term survival in

the subpopulation of patients with adequate tissue
available, including DNA methylation profiling and
gene panel sequencing. The focus will be on the patients
without documented relapse and among these in parti-
cular the patients with tumours lacking MGMT pro-
moter methylation. Further studies will report on poorly
understood or incompletely investigated long-term
cognitive, social, and quality of life outcomes in the
EORTC 1419 ETERNITY patient cohort.
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