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Abstract

Background. Of-methylguanine DNA-methyl transferase (MGMT) promoter methylation status is predictive for
alkylating chemotherapy, but there are non-benefiting subgroups.

Methods. This is the long-term update of NOA-08 (NCT01502241), which compared efficacy and safety of radi-
otherapy (RT, n = 176) and temozolomide (TMZ, n = 193) at 7/14 days in patients >65 years old with anaplastic
astrocytoma or glioblastoma. DNA methylation patterns and copy number variations were assessed in the bio-
marker cohort of 104 patients and in an independent cohort of 188 patients treated with RT+TMZ-containing regi-
mens in Heidelberg.
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Results. In the full NOA-08 cohort, median overall survival (OS) was 8.2 [7.0-10.0] months for TMZ treat-
ment versus 9.4 [8.1-10.4] months for RT, hazard ratio (HR) = 0.93 (95% CI: 0.76-1.15) of TMZ versus RT.
Median event-free survival (EFS) [3.4 (3.2-4.1) months vs 4.6 (4.2-5.0) months] did not differ, with HR = 1.02
(0.83-1.25). Patients with MGMT methylated tumors had markedly longer OS and EFS when treated with
TMZ (18.4 [13.9-24.4] mo and 8.5 [6.9-13.3] mo) versus RT (9.6 [6.4-13.7] mo and 4.8 [4.3-6.2] mo, HR 0.44
[0.27-0.70], P< 0.001 for OS and 0.46 [0.29-0.73], P=0.001 for EFS). Patients with glioblastomas of the meth-
ylation classes receptor tyrosine kinase | (RTK I) and mesenchymal subgroups lacked a prognostic impact of
MGMT in both cohorts.

Conclusion. MGMT promoter methylation is a strong predictive biomarker for the choice between RT
and TMZ. It indicates favorable long-term outcome with initial TMZ monotherapy in patients with MGMT

promoter-methylated tumors primarily in the RTK |l subgroup.

Key Points

Importance of the Study

There is a specific need for trials of elderly patients
with malignant gliomas. NOA-08 provided interesting
monotherapy data and thereby offered the opportunity
to reassess the predictive impact of MGMT promoter
methylation. Whereas comparative data between com-
bined chemoradiation and TMZ alone are missing, this
updated analysis of NOA-08 offers mature data for RT
or chemotherapy alone and allows some hypothesis

A major challenge in the care of patients with malignant
astrocytomas includes improvement of outcome in the
elderly and defining predictive biomarkers. Whereas pa-
tients <65-70 years of age most likely will be treated with
concomitant chemoradiotherapy until 60 Gy (radiotherapy
[RTI/temozolomide [TMZ]) and at least 6 cycles of mainte-
nance TMZ," in the elderly there is evidence suggesting that
a longer course of RT is not superior to a shorter course,?
and a shorter (hypofractionated) RT regimen is inferior to
combined chemoradiotherapy with TMZ at 75 mg/m? body
surface area and RT until 40.05 Gy.2 In addition, there is ev-
idence that TMZ is ineffective when the Of-methylguanine
DNA-methyltransferase (MGMT) promoter in the tumor
tissue is not hypermethylated.2* Yet, neither the clinically
relevant extent and pattern of promoter methylation, nor
the precise cutoff, nor the standard test method have been
defined and generally accepted to date. It is noteworthy
that trials with alkylating chemotherapy and data on MGMT
status do not uniformly show benefit for patients with a
hypermethylated MGMT status.® The subgroup(s) that do
not derive the same or any benefit is not yet defined.

The distinction between non-elderly and elderly® re-
mains a matter of controversy. Based on randomized data

generation in comparison to the CCTG CE.6/EORTC
26062 trial. As methylation profiles become increasingly
relevant for more precise glioma classification and
subgrouping, the present data also offer a thought-pro-
voking restriction of the impact of MGMT, dependent
on methylation subclasses, with the most impact of
MGMT promoter hypermethylation being detected in
RTK Il class malignant astrocytoma.

showing that RT/TMZ followed by 12 cycles of TMZ is supe-
rior to RT for all patients,® RT/TMZ should be administered
in centers that do not test for the MGMT promoter methyl-
ation status.

While the Neurooncology Working Group (NOA) of the
German Cancer Society Study 8 (NOA-08) and the Nordic
Elderly trial suggested an MGMT status—tailored use of
RT and TMZ, recent data from the Canadian Clinical Trials
Group (CCTG) CE.6/European Organisation for Research
and Treatment of Cancer (EORTC) 26062 trials showed a
hypofractionated RT p/lusTMZ to be superior to RT for un-
selected elderly patients, and revealed a less profound as-
sociation of MGMT status with the effect of TMZ.

Demonstration of MGMT promoter methylation in the
tumor tissue according to the available international guide-
lines of the European Association of Neuro Oncology' and
the National Comprehensive Cancer Network (NCCN)
should trigger the use of TMZ in elderly glioblastoma pa-
tients. Whether or not these patients benefit from the early
addition of RT has not been examined in randomized trials.
When the primary analysis was published, NOA-08 did
not report a mature median overall survival (OS) for pa-
tients with MGMT hypermethylated tumors and primary
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treatment with TMZ* and, therefore, did not provide met-
rics for a comparison to the CCTG CE.6/EORTC 26062 data.

Assessment of DNA methylation patterns employing
large-scale, microarray-based technology is a powerful
tool for brain tumor classification.” It allows the character-
ization of novel molecular subgroups such as the methyl-
ation classes (i) glioblastoma, isocitrate dehydrogenase
(IDH) wildtype, subgroup receptor tyrosine kinase | (RTK
1); (ii) glioblastoma, IDH wildtype, subgroup RTK Il (RTK
II); and (iii) glioblastoma, /IDH wildtype, subgroup mesen-
chymal (MES).8

Here we report that the present long-term analysis of
NOA-08 shows that elderly patients with RTK Il glioblast-
omas demonstrate the most profound benefit from TMZ
and strengthens the role of MGMT promoter methylation
as a strong predictive biomarker for the choice between
RT and TMZ offering unexpectedly favorable long-term
outcome with initial TMZ monotherapy. In an independent
dataset, the lack of impact of MGMT promoter methylation
in RTK | subgroup patients is confirmed. The present data
provide a confirmation of the prior hypothesis® that RTK
| subgroup glioblastoma fails to demonstrate the MGMT
effect as well as that the MES subgroup does not uniformly
benefit.

Methods
Patients, Trial Design, and Treatment

Included were patients with histologically confirmed
de novo anaplastic astrocytoma or glioblastoma with
central post hoc review at the Brain Tumor Reference
Center of the German Society of Neuropathology and
Neuroanatomy in Disseldorf, who were >65 years of
age, with Karnofsky performance score (KPS) >60, no
prior systemic chemotherapy or RT to the brain, ade-
quate bone marrow reserve, and liver and renal func-
tion. NOA-08 (German Cancer Trials Registry ID 386
and NCT01502241) was conducted from May 15, 2005
through November 2, 2010, with the last patient random-
ized on November 2, 2009. Consenting patients were
centrally randomized 1:1 to receive RT or TMZ in a one-
week-on/one-week-off schedule.* At progression, which
was diagnosed locally, or treatment delay related to tox-
icity (Common Terminology Criteria for Adverse Events
v3.0) in the TMZ arm >4 weeks prior to 6 months of
therapy, salvage treatments with RT in the TMZ arm and
withTMZ in the RT arm were recommended per protocol.
MGMT status was tested centrally in batches and not for
entry into the trial using methylation-specific polymerase
chain reaction (PCR).* The potential impact of toxicity in
this frailer patient cohort led to the decision to replace
progression-free survival (PFS) by event-free survival
(EFS), which generally is identical to PFS, but may in oc-
casional patients define an event as inability of the pa-
tient to receive the recommended therapy rather than a
tumor progression.

Both treatment arms in NOA-08 achieved similar results
in the first analysis conducted after a median follow-up of
2.1 years.* Median follow-up time for the present analysis

is 7.5 years (95% Cl: 8.6-10.2). All patients consented in
writing to exploratory molecular analyses performed with
study data and materials.

Biomarker Cohort

The NOA-08 biomarker cohort consists of 104 pa-
tients—28% of the total study cohort—with available
formalin-fixed paraffin-embedded tissue or previously ex-
tracted DNA suitable for DNA methylation array analysis.™
Patient characteristics of the biomarker cohort are included
in Supplementary Table 5. Treatment characteristics (likeli-
hood to cross over or number of salvage treatments) do
not differ from the overall cohort.* Of note, in 221 patients
of the whole study cohort, MGMT promoter methylation
status was available from methylation-specific PCR (MSP).
These patients are referred to as the MSP cohort.

Heidelberg Validation Cohort

The Heidelberg patients’ cohort consists of 188 patients
from the Heidelberg Neuro-Oncology center diagnosed
with glioblastoma between July 2014 and January 2018
based on histopathological and molecular characteristics
and treated with chemoradiotherapy with TMZ in order to
allow assessment of the value of MGMT in the context of
methylation group and alkylator-containing treatment.
Methylation array diagnostic was performed on the pri-
mary tumor tissue with either lllumina 450k or EPIC ar-
rays. These 188 patient tumors had a molecular classifier
assignment to one of the 3 most common glioblastoma
IDH wildtype groups: glioblastoma MES, glioblastoma RTK
I, or glioblastoma RTK Il. These patients were included in
the validation cohort. Post-surgical treatment was admin-
istered according to international standard guidelines and
subject to the treating physician’s individualized decision.

PFS was calculated from diagnosis until progression
according to Response Assessment in Neuro-Oncology
(RANO) criteria based on local assessment.

Array-Based DNA Methylation Profiling

The lllumina Infinium HumanMethylation450 (450k) bead
chip and MethylationEPIC (EPIC) kits were used at the
Genomics and Proteomics Core Facility of the German
Cancer Research Center in Heidelberg to obtain the DNA
methylation status at approximately 450000 and 850000
CpG sites, respectively.”™ A detailed description of the bi-
oinformatic processing is provided in the Supplementary
Methods.

Statistics

After collection on case report forms with onsite support
until a cutoff at April 1, 2018, forms of all long-term data
were fed into the database at the coordinating study center
in Heidelberg. Kaplan-Meier estimator and Cox propor-
tional hazards regression were performed to assess sur-
vival data (R package ‘survival, v2.42-6). To compare the
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performance of Cox regression models, prediction error
curves were generated using the R package ‘pec,'? and
analysis of deviance tables were computed. Processing
and analysis of lllumina HumanMethylation 450k and EPIC
arrays as well as molecular subgrouping are described’®'3
and specific analyses detailed in the Supplementary
Methods. A P-value of <0.05 was considered statistically
significant without adaptation for multiple testing. All tests
were two-sided. All tests were explorative as the long-
term analysis was not the primary endpoint of the study.
Analyses were carried out using R v3.5.1 and Stata IC
v12.1. All methylation raw and processed data are made
accessible under the Gene Expression Omnibus acces-
sion numbers GSE122920 (NOA-08 biomarker cohort)
and GSE122994 (Heidelberg validation cohort). The pro-
tocol had been approved by an institutional review board
(266/2004).

Results
Patient Characteristics

Between May 15, 2005 and November 2, 2009, three hun-
dred seventy-three patients >65 years of age and with KPS
>60 with centrally reviewed anaplastic astrocytoma (11%)
or glioblastoma (89%) were randomized and received at
least one dose of dose-dense TMZ or one fraction of RT.

The mean age was 71 (RT group) and 72 (TMZ group)
years, and clinical risk factors, such as clinical features, his-
tology, and corticosteroid use (with a tendency for higher
use in the RT group), as well as the frequency of salvage
therapies, were balanced within the groups when stratified
according to MGMT promoter methylation status.

Since the initial report in 2012* of molecular analyses,
104 samples using 450k or EPIC Illumina DNA methyl-
ation arrays have been performed. There was no differ-
ence in the baseline characteristics between the full study
cohort and the biomarker subset, with a numerically
better outcome in the biomarker cohort (Supplementary
Table 1). Characteristic copy-number variations (CNVs)
and the associated methylation classes are depicted in
Supplementary Figure 1.

Clinical Efficacy

At a median follow-up of 75 years (95% Cl: 8.6-10.2), 369
deaths have been observed in the intention-to-treat pop-
ulation (N = 373, RT: 176, TMZ: 193). Data are thus much
more mature, since the initial publication had a median fol-
low-up of 2.1 years and an OS event had been documented
for only 61.1% of patients.

At the data cutoff of April 1, 2018, an OS event was docu-
mented for 98.6% of patients. The median OS was 8.2 [70-
10.0] months forTMZ treatment and 9.4 [8.1-10.4] months for
RT; the hazard ratio (HR) 0.93 (95% Cl: 0.76-1.15) of TMZ versus
RT did not differ between both groups (Fig. 1A, Table 1). Also,
median EFS [3.4 (3.2-4.1) months for TMZ treatment and 4.6
(4.2-5.0) months for primary RT] did not differ, with HR = 1.02
(0.83-1.25) (Fig. 1B, SupplementaryTable 2).
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Prognostic and Predictive Factors

The biomarker cohort resembles the overall study cohort
with respect to risk factors* and outcome (Supplementary
Table 1) and consists of previously established molec-
ular glioblastoma subgroups, with the vast majority of
tumors corresponding to the MES, RTK |, or RTK Il meth-
ylation subgroups’ (Fig. 2A). The t-distributed stochastic
neighbor embedding analysis of the DNA methylation data
matching NOA-08 samples with a group of independent
glioblastoma samples demonstrates that the NOA-08 co-
hort is representative for adult-type molecular subgroups
of glioblastoma (Fig. 2B). Chromosome 7 gain and 10 loss
were less frequent in the mesenchymal group, whereas
chromosome 19 gain differentiates RTK Il from RTK | tu-
mors (Supplementary Figure 2). Further, MGMT promoter
analysis as performed by MSP* was largely in accordance
with the data calculated from the global methylation ar-
rays, and discrepant patients showed an intermediate sur-
vival (Supplementary Figure 3, SupplementaryTable 3).

Median OS was longer in patients with MGMT promoter
hypermethylated tumors (82/221 patients, MSP cohort,
37.1%), to 13.6 [10.1-16.5] versus 8.0 [6.9-9.9] months, re-
sulting in an HR of 0.53 (0.40-0.70), P < 0.0001 (Fig. 1C,
Table 1). Similarly, median EFS was longer in patients with
MGMT promoter hypermethylated tumors, to 5.8 [5.1-7.9]
versus 3.4 (3.2-3.7) months (Fig. 1D, Supplementary Table
2). The effect on median but also landmark OS and EFS
was pronounced when patients with MGMT promoter
hypermethylated tumors were treated with TMZ (OS: 18.4
[13.9-24.4] mo and EFS: 8.5 [6.9-13.3] mo) versus RT (OS:
9.6 [6.4-13.7] mo and EFS: 4.8 [4.3-6.2] mo), resulting in
an HR of 0.44 [0.27-0.70], P < 0.001 for OS and 0.46 [0.29-
0.73], P = 0.001 for EFS. Patients whose tumors lacked
MGMT promoter methylation had shorter EFS, with TMZ
at 3.0 [2.6-3.3] months versus 4.6 [3.7-6.4] months with
RT and a numerically shorter OS, however, with the sta-
tistical testing being not significant when treated withTMZ
(6.7 [6.6-8.2] mo) versus RT (10.2 [8.0-12.0] mo), resulting
in HRs of 1.86 [1.32-2.62], P < 0.001 for EFS and 1.33 [0.95-
1.87], P=0.099 for OS (Fig. 3, Table 1, Supplementary Table
4). Matching the high concordance of MGMT assessment
by either methylation-specific PCR or DNA methylation
array analysis, the survival impact per treatment group
was likewise retained in the biomarker cohort stratified
for the MGMT status obtained by 450k or EPIC array anal-
ysis and consecutive prediction according to Bady et al
(SupplementaryTable 3, Supplementary Figure 4).'*

As a potential to embed MGMT data into the global
methylation patterns, array-based DNA methylation anal-
ysis confirmed evidence for a differential prognosis within
the 3 molecular subgroups of /IDH-wildtype glioblastoma,®
with the RTK | class being associated with the worst out-
come and an absence of a prognostic impact of the MGMT
status and the MES subgroup also not harboring a signif-
icant MGMT effect, as opposed to the RTK Il subgroups
(Fig. 4).To assess the stability of this important finding, the
analyses were repeated for an independent patient cohort
(SupplementaryTable 5) that also demonstrated that unlike
those in RTK Il, patients in the RTK | and MES subgroups
had an overall worse OS and PFS, with MGMT promoter
methylated glioblastoma resulting in the same outcome
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Fig. 1 Kaplan—Meier survival estimates of the long-term analysis of NOA-08. (A) 0S and (B) EFS with comparison of RT vs TMZ. (C) 0S and (D)

EFS according to MGMT promoter methylation status. MGMT+ = MGMT promoter methylated; MGMT- = MGMT promoter unmethylated.

Table1 Long-term analysis of 0S in the NOA-08 study

Popul

Months (95% Cl)

Overall Survival

6 Months
Percent (95% Cl)

24 Months

All patients

RT 178 9.4 (8.1-10.4) 70.1 (63.6-77.1) 34.4(28.0-42.2) 14.9 (10.5-21.2) 5.7 (3.1-10.5)

T™MZ 195 8.2 (7.0-10.0) 64.1 (57.7-71.2) 32.8 (26.8-40.1) 17.8 (13.1-24.1) 8.6 (5.4-13.7)
All patients

MGMT- 139 8.0 (6.9-9.9) 64.0 (56.5-72.5) 28.1 (21.5-36.6) 12.2 (7.8-19.1) 2.9 (1.1-7.6)

MGMT+ 82 13.6 (10.1-16.5) 76.5 (67.9-86.4) 53.1 (43.3-65.2) 33.0(24.1-45.1) 19.8 (12.6-30.9)
Patients with MGMT-

RT 60 10.2 (8.0-12.0) 76.7 (66.7-88.2) 35.0 (24.8-49.4) 16.7 (9.5-29.3) 3.3(0.9-13.0)

T™MZ 79 6.7 (5.6-8.2) 54.4 (44.5-66.6) 22.8(15.2-34.2) 8.9 (4.4-18.0) 2.5(0.6-10.0)
Patients with MGMT+

RT 43 9.6 (6.4-13.7) 66.7 (53.8-82.6) 40.5 (28.0-58.4) 16.7 (8.5-32.8) 9.5 (3.8-24.2)

T™MZ 39 18.4 (13.9-24.4) 87.2 (77.3-98.3) 66.7 (563.4-83.2) 50.7 (37.1-69.3) 31.0 (19.1-50.2)
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Fig.2 Standard glioblastoma methylation classes in the NOA-08 study. Methylation array data from the biomarker cohort (n = 104) were grouped
according to the proposed subgroups (Capper et al. 2018) (A). t-Distributed stochastic neighbor embedding blot of these groups matched on an
independent cohort of glioblastoma samples demonstrate a regular distribution of NOA-08 samples including the 3 IDH mutated outliers also

grouped with IDH mutated glioblastoma (B).

as MGMT unmethylated tumors (Supplementary Figures 5
and 6, SupplementaryTable 6). These results were retained
in a multivariate Cox proportional hazards model assessing
MGMT promoter methylation and glioblastoma subgroup
in the NOA-08 and validation cohort (Supplementary Table
9), despite some differences in these cohorts, with resec-
tion being a significant risk factor in the Heidelberg cohort
as it was in the full NOA-08 dataset, but not in the smaller
biomarker cohort; MGMT status is not predictive in the
Heidelberg cohort and the prognostic differences of the
methylation subclasses are likewise not significant.

I
Discussion

The NCCN guidelines allow withholdingTMZ from patients
with glioblastoma harboring an unmethylated MGMT pro-
moter in the elderly age group >70 years, TMZ alone is
an option for patients with MGMT hypermethylated gli-
oblastoma, whereas the CCTG CE.6/EORTC 26062 trial®
defined the currently widest accepted option, which is
hypofractionated RT with concurrent and maintenance
TMZ. At >98% of patients having reached the primary
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Fig. 3 Patients with MGMT promoter methylated tumors show strong survival benefit with TMZ treatment. OS (A) and EFS (B) were analyzed
according to treatment and MGMT promoter methylation status defined by methylation-specific PCR.

endpoint, NOA-08 confirms that elderly patients with gli-
oblastoma may be treated with RT or TMZ alone when
information on the MGMT promoter methylation status
is available. There is a strong predictive impact of MGMT
status for the choice between RT and TMZ, with a survival
benefit for patients with MGMT promoter methylated

tumors when treated with primary TMZ as opposed to
primary RT. Notably, this survival advantage cannot be
compensated with salvageTMZ. Although the inverse com-
parison fails to reach significance, it is intriguing to rec-
ognize the numeric superiority for primary RT in patients
with MGMT promoter unmethylated tumors (Table 1). As
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Fig.4 RTK|tumors show worse survival and similar to MES tumors lack of benefit from MGMT promoter methylation in NOA-08 patients. (A) 0S
of patients in the biomarker cohort according to classifier assignment. 0S of patients according to MGMT promoter methylation status with (B)

mesenchymal, (C) RTK I, and (D) RTK Il classifier assignment.

MGMT seems powerful, but not perfect, to stratify be-
tween TMZ-benefiting and TMZ-failing patients and global
methylation information on the biomarker subset of the
NOA-08 trial got available, it was intriguing to postulate
that the impact of MGMT was not the same in all meth-
ylation subclasses. In the NOA-08 patients, for whom
tumor methylation profiles were available and confirmed
in an independent dataset with clinical and methylation in-
formation available, RTK | and MES glioblastoma had an
increased risk for short PFS and OS as proposed before®
and did not show the predictive impact of MGMT status
(Fig. 4), implying an integrated analysis of MGMT in the
context of global DNA methylation profiles.

These data are not impacted by the choice between 2
accepted methods, quantitative PCR and CpG island quan-
tification according to array data (Supplementary Figure
3), although the few discordant samples further may man-
date careful evaluation of the assays used.'*The confirmed
DNA methylation subgroups of IDH-wildtype glioblas-
toma, RTK | and MES, do not show the prognostic effect of
MGMT status, and in contrast the strong effect of MGMT

in the RTK Il subgroup?® will aid the further development of
MGMT promoter methylation as a predictive biomarker in
glioblastoma.These data provide another argument to use
DNA methylation arrays’ and impact the selection of pa-
tients who definitely benefit from MGMT testing.

As a limitation, biomarker data except MGMT had not
been prespecified in the protocol of the trial and could be
generated only for a subset, for which sufficient material
had been available. As observed in other trials, there was
a trend toward superior outcome for biomarker cohorts,
which are less protected from randomization. Despite the
lack of a clear biasing factor for differential benefit from any
treatment of a patient qualifying for the biomarker cohort,
it is possible that the most likely confounding factor—ex-
tent of resection and therefore tissue availability —is differ-
entially impacting treatments. However, glioblastomas in
elderly patients correspond to unselected adult-type glio-
blastomas according to DNA methylation profiles (Fig. 2)
and associated CNV (Supplementary Figure 1). We chal-
lenged the finding of a negative prognostic impact of RTK
I methylation subgroup and the absence of the predictive
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impact of MGMT in the RTK | and MES subgroups in an
independent cohort that was specifically looking at the im-
pact of the global methylation status on the prognostic role
of MGMT, but not aiming at adding to the elderly data and
confirmed the data from the NOA-08 biomarker subgroup
that patients with RTK | tumors do worse (Supplementary
Figure 5). Further, the positive impact of a hypermethylated
MGMT promoter is not visible in RTK | and MES tumors,
but the MGMT methylated tumors confer the same prog-
nosis as a lack of MGMT methylation in the other sub-
groups (Supplementary Figure 4a, b). The reason for this
effect is not clear, but differential copy number profiles
between RTK | and RTK Il tumors include chromosome 19,
which had been associated with better prognosis in glio-
blastoma.’™ However, it cannot simply be explained by
other major differences in copy numbers of the MGMT
gene (Fig. 4c). We hope that existing trials®'® enhance their
biomarker efforts to glioblastoma methylation profiles and
further support or challenge the present finding.

NOA-08 aimed at overcoming MGMT-conferred TMZ re-
sistance by a weekly alternatingTMZ schedule, which is not
of relevance anymore.” The Nordic trial asked the same RT
versus TMZ question as NOA-08 and drew the same con-
clusions but substructured RT between a conventionally
fractionated schedule and a hypofractionated regimen.?
The outcome of this second comparison supported earlier
phase Il data' and in conjunction with the CCTG CE.6/
EORTC 26062 trial® paved the way for hypofractionated
RT being accepted as a standard for RT of elderly patients
with or without reduced clinical performance.” CCTG
CE.6/EORTC 26062 complemented these two trials with
the adapted combined RT/TMZ schedule that had proven
superiority to mere RT in patients <70 years of age with
newly diagnosed glioblastoma." It provided a remarkable
benefit from the combination treatment. The predictive
impact of MGMT was rather small® and future molecular
analysis may aid to overcome these data which contrast
several other datasets.?4'® The initially intended 3-armed

trial (RT orTMZ or RT/TMZ) was deferred as a consequence
of the parallel European studies. Therefore, currently only
scientifically strongly limited cross trial comparisons are
possible to get an impression of the missing comparisons.
Assuming similar basic risk factors, but a largely different
number of patients, between CCTG CE.6/EORTC 26062 and
NOA-08 (Supplementary Table 7) and a numerically better
outcome with the regular fractionated RT in NOA-08 com-
pared with the hypofractionated regimen in the CCTG trial
for OS and PFS (Table 2, Supplementary Table 8), efficacy
seems to be superior in the CCTG trial starting with com-
bined RT/TMZ versus the monotherapy with TMZ in the
NOA-08 trial. Agnostic to the MGMT status, the combined
RT/TMZ may therefore provide a benefit not only over RT as
shown in the CCTG trial, but also over TMZ alone (Table 2,
Supplementary Table 8). The picture changes with focus on
the biomarker cohorts of both trials. Whereas patients with
MGMT promoter unmethylated glioblastoma show no dif-
ference between the RT group of NOA-08 and the RT/TMZ
group of the CCTG/EORTC trial, outcome in patients with
MGMT promoter methylated glioblastoma treated with
TMZ alone in NOA-08 seems numerically superior to RT/
TMZ in the CCTG CE.6/EORTC 26062. Whether or not this is
due to the dose-dense regimen of TMZ in NOA-08, earlier
treatment interruptions in the CCTG trial due to potentially
higher treatment toxicity or to the prolonged treatment
of benefiting patients in NOA-08 (until progression) com-
pared with the fixed 14 months therapy of the CCTG CE.6/
EORTC 26062 trial is speculative. OS was measured from
diagnosis in the CCTG trials and from randomization in the
NOA-08 study.There is no reason to believe that this rather
small difference, which is equal for all groups in the trial,
accounts for overall efficacy differences or the discrepancy
in the impact of MGMT. PFS in the NOA-08 trial could have
been a toxicity event triggering premature cessation of the
treatment, which is termed EFS. However, there was no dif-
ference between the 2 concepts in NOA-08 already in the
primary publication.*

Table2 Overall survival comparison between the NOA-08 study and CCTG CE.6/EORTC 26062

Population CCTG CE.6/EORTC 26062*
Overall Survival Months (95% ClI) N Months (95% ClI)
All patients
TMZ (+RT*) 195 8.2 (7.0-10.0) 281 9.3(8.3-10.3)
RT 178 9.4 (8.1-10.4) 281 7.6 (7.0-8.4)
HR 0.93(0.76-1.15) 0.67 (0.56-0.80)
Patients with MGMT-
TMZ (+RT*) 79 6.7 (5.6-8.2) 93 10.0 (8.3-10.7)
RT 60 10.2 (8.0-12.0) 96 7.9 (6.9-10.0)
HR 1.33 (0.95-1.87) 0.75 (0.56-1.01)
Patients with MGMT+
TMZ (+RT*) 39 18.4 (13.9-24.4) 88 13.5(10.2-15.3)
RT 43 9.6 (6.4-13.7) 77 7.7 (5.8-10.7)
HR 0.44 (0.27-0.70) 0.53(0.38-0.73)

*For NOA-08 TMZ alone, for CCTG CE.6/EORTC 26062 TMZ + RT is shown.
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A new trial may focus on patients with MGMT promoter
hypemethylated RTK Il glioblastoma, an improved definition
of an elderly or frail patient group, and assess the deferral of
RT in these patients. Another option would be to specifically
focus on the intensification of alkylating chemotherapy (with
or without RT) in these patients building on the initial data of
the CCNU/TMZ in glioblastoma (CETEG)/NOA-09 trial data.'®
Until those results become available, we regard RT alone or
TMZ alone as valid options for the respective MGMT promoter
methylation-based subgroups with hypofractionated RT with
concurrent and maintenance TMZ potentially being most attrac-
tive for the good performing, non-frail elderly patients.®

The intriguing cross trial comparisons do by no means
replace future randomized efforts. The formal compari-
sons between hypofractionated and regular fractionated
RT regimens have been done in small groups'® or in a dif-
ficult to assess 3-group trial (Nordic) with likewise small
sample sizes and numerically inferior results due to a lack
of second-line options.?2 The question on the optimal RT
regimen may therefore also not be answered to full satis-
faction. Similarly, NOA-08 has used a non-standard dosing
and scheduling forTMZ, aiming at more drug per 4-weekly
cycle and dose escalation only limited by toxicity. Later
trials, foremost Radiation Therapy Oncology Group (RTOG)
0525,2° have not confirmed any superiority of a dose-
dense approach, although the RTOG trial used yet another
21/28 days instead of the 7/14 days regime from NOA-08.

In summary, the elderly trials support MGMT promoter
methylation as a strong predictive biomarker in distinct
glioblastoma methylation classes that guides clinicians
to opt for or against the use of TMZ. RTK | and MES glio-
blastoma patients may benefit from alternative treatment
to TMZ. NOA-08 long-term data conjoined with the results
of CCTG CE-6/EORTC 26062 provoke the question whether
TMZ alone with deferred RT may be a sufficient treatment
in patients with MGMT promoter methylated tumors and
hopefully help to kickstart a new trial.

Supplementary Material

Supplementary data are available at Neuro-Oncology
online.
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