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Abstract: 

Background: The treatment of elderly/ frail patients with glioblastoma is a balance between avoiding 

undue toxicity, while not withholding effective treatment. It remains debated, whether these 

patients should receive combined chemo-radiotherapy with temozolomide (RT/TMZTMZ) 

regardless of the O6-methylguanine DNA methyltransferase gene promoter (MGMTp) methylation 

status. MGMT is a well-known resistance factor blunting the treatment effect of TMZ, by repairing 

the most genotoxic lesion. Epigenetic silencing of the MGMTp sensitizes glioblastoma to TMZ. For 

risk adapted treatment, it is of utmost importance to accurately identify patients, who will not 

benefit from TMZ treatment.  

Methods: Here, we present a reanalysis of the clinical trials CE.6 and the pooled NOA-08 and Nordic 

trials in elderly glioblastoma patients that compared RT to RT/TMZTMZ, or RT to TMZ, 

respectively. For 687 patients with available MGMTp methylation data, we applied a cutoff 

discerning truly unmethylated glioblastoma, established in a pooled analysis of four clinical trials for 

glioblastoma, with RT/TMZTMZ treatment, using the same quantitative methylation specific 

MGMTp PCR assay. Results: When applying this restricted cutoff to the elderly patient population, 

we confirmed that glioblastoma with truly unmethylated MGMTp derived no benefit from TMZ 

treatment. In the Nordic/NOA-08 trials RT was better than TMZ, suggesting little or no benefit from 

TMZ.  

Conclusion: For evidence-based treatment of glioblastoma patients validated MGMTp methylation 

assays should be used that accurately identify truly unmethylated patients. Respective stratified 

management of patients will reduce toxicity without compromising outcome and allow testing of 

more promising treatment options. 

Keywords: MGMT promoter methylation, stratified treatment, elderly/frail GB patients 
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Key Points:  

 No benefit from TMZ in GB with truly unmethylated MGMTp. 

 Improved management of elderly/frail GB patients to avoid undue toxicity without 

compromising outcome. 

 Patient selection for clinical trials omitting TMZ. 

 

Importance of study:  

MGMTp methylation testing is controversial, which limits stratified therapy to reduce unwanted 

toxicity or select patients into clinical trials omitting temozolomide. Here we reanalyzed MGMTp 

methylation data of three phase III trials treating elderly/frail patients with RT versus TMZ or RT 

versus RT/TMZTMZ. The pooled analysis of quantitative MGMT methylation-specific PCR data 

from these patients allowed validation of an unsupervised cutoff and a lower supervised cutoff, 

informed by outcome (cutoff with safety margin) previously determined in 4 GB trials using the same 

assay. The cutoff with the safety margin defines a "gray zone" comprising patients with low MGMTp 

methylation, who performed significantly better than truly unmethylated patients. Validation of this 

cutoff with a safety margin for elderly/frail patients is suitable for risk adjusted patient management.  
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Introduction 

 

Treatment of glioblastoma patients is a challenge and the core of the current standard of care remains 

radiotherapy (RT) and temozolomide (TMZ) treatment, since almost 20 years. O
6
-methylguanine DNA 

methyltransferase (MGMT) is a well-known resistance factor that blunts the treatment effect of TMZ, 

by repairing the most toxic lesion 
1,2

. In almost 50% of patients with glioblastoma (GB) the MGMT 

gene promoter (MGMTp) is epigenetically silenced by methylation, while the second MGMT copy is 

usually lost in GB due to the recurrent loss of one copy of chromosome 10. MGMTp methylation of 

the tumor has been shown to be predictive for benefit from TMZ in GB patients 
3-5

 and is therefore 

stratified for in clinical trials. Moreover, an unmethylated MGMTp status is used as biomarker to select 

patients into clinical trials that omit TMZ treatment to avoid undue toxicity, when testing new drugs 
6-8

. 

This has raised the question of the correct cutoff, in order not to withhold TMZ from patients who 

potentially could benefit from it. Some trials have used the technically motivated cutoff set at the nadir 

of the bimodal distribution 
9
. Since the uncertainty at the nadir is high, other studies have opted for a 

safety margin to select only “truly” unmethylated patients, choosing the lower bound of the 95% 

confidence interval 
10,11

. The relevance of the lower bound cutoff for predicting benefit from TMZ was 

substantiated statistically in a pooled analysis including over 2000 GB patients treated in four clinical 

trials with RT/TMZTMZ 
12

. This newly defined safety margin, determined with overall survival (OS) 

supervised analysis in this large cohort, corresponded to a 96% chance of being MGMTp 

unmethylated, hence allows the identification of “truly” MGMTp unmethylated patients.  

In standard of care practice, most GB patients receive the combination therapy with TMZ, regardless 

of the MGMTp methylation status. However, in elderly and frail patients it may be considered to treat 

with either TMZ or RT only, which has been tested in two phase III trials. The MGMTp methylation 

analysis was supportive of the predictive value for benefit from TMZ treatment, indicating that 

unmethylated patients likely did not benefit from TMZ treatment, and it was proposed to treat with RT 

instead 
4,5

. A third study compared a combination of a short course RT with or without concomitant 

and adjuvant TMZ (RT/TMZTMZ) 
13

. The MGMTp methylation analysis confirmed the predictive 

value. However, the combination therapy in the unmethylated patients showed an apparent better 

outcome that almost reached statistical significance when compared to the RT-arm (p=0.055). This 
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raised the question whether all patients should get the combination treatment with TMZ regardless of 

the MGMTp methylation status, in order not to undertreat patients.  

In order to clarify this question and to protect frail patients from undue toxicity, we obtained the raw 

data of the quantitative methylation specific PCR (qMSP) assays that were performed centrally for 

each of the three aforementioned trials treating elderly patients. We reanalyzed the MGMTp 

methylation data by applying the cutoff with the safety margin 
12

. Here we report that “truly” MGMTp 

unmethylated patients do not benefit from TMZ, neither administered alone, nor when added to RT.  

 

 

Materials & Methods 

Data selection. 

Quantitative MGMTp methylation data were obtained from three clinical trials treating elderly 

patients with newly diagnosed GB. All three trials used the same qMSP assay performed centrally 14. 

qMSP raw data with valid results were available from a total 687 patients out of 1276 patients. 

Patients were randomized in the Nordic trial 4 to TMZ (200mg/m2 days 1-5 every 4 weeks for 

maximum 6 cycles) or one of two doses of RT (60 Gy, in 30 fractions of 1.8–2.0 Gy, or 

hypofractionated, 3.4 Gy fractions to 34 Gy) (Trials registration number, ISRCTN81470623). In the 

NOA-08 trial 5 patients were randomized to TMZ (TMZ 100mg/m2 7-days on-7 days off) or RT (60 Gy, 

in 30 fractions of 1.8–2.0 Gy) (Clinical Trial.gov NCT01502241). In the CE.6 trial 13 (CCTG CE.6, EORTC 

26062-22061, TROG03.01) patients were randomized to short course RT (40 Gy in 15 fractions over 3 

weeks) with or without concomitant and adjuvant TMZ (RT/TMZTMZ, 75mg/m2/day for 21 days; 

150-200mg/m2, 5 days/28 day cycle, for up to 12 cycles or progression) (NCT00482677). For this 

study the data from the Nordic and NOA-08 trial were pooled (n=329), and stratified by treatment 

(TMZ, n=133; RT, 196) regardless of differences in treatment schedule and dose. For the CE.6 trial 

data was available for 359 patents (RT/TMZTMZ, n=183; RT, n=175).  
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Ethics approval and consent to participate 

Patients from the clinical trials cohorts, provided written informed consent for translational research 

in the context of their enrollment into the clinical trial and the study was approved by the ethics 

committees of the participating centers 4,5,13. This study has been performed under institutional and 

international guidelines and regulations as previously reported. The study was conducted in 

accordance with the Declaration of Helsinki. 

 

qMSP assay and analysis.  

The qMSP assay was performed and analyzed centrally as described using the same qMSP assay 

4,5,13,14. For the present analysis the raw copy number data of the qMSP for MGMT and -actin 

(ACTB) was obtained and served as input to calculate the ”corrected” MGMT methylation ratio 

(Ratioc) 
12:                    

      

    
 . This “corrected” procedure adds one copy of MGMT to 

the numerator as compared to the original calculation 14 to retain samples with zero methylated 

MGMT copies that otherwise would be lost upon logarithmic transformation. Classification of the 

samples was according to the following rules: 

 ACTB ≥ 1250:  
o MGMT < 10: unmethylated 
o MGMT ≥ 10: status according       , i.e. methylated if ≥ 1, otherwise unmethylated 

 ACTB < 1250:  
o MGMT < 10: invalid sample 
o MGMT ≥ 10: methylated 

 

Distribution of MGMTp methylation ratio and classification. 

A bimodal Gaussian mixture model was applied to determine the distribution of the MGMTp 

methylation log2 ratios in the datasets.  
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Statistical analyses 

The patients’ valid qMSP results were subjected to the “corrected” classification using the cutoff of 

1.27 and a safety margin of -0.28 12. Using this cutoff for the ”corrected” MGMTp methylation ratio, 

samples were classified as unmethylated if the ratio was less than the cutoff and methylated if 

otherwise. The comparability of the MGMTp methylation classification results between the assays 

was quantified using the Cohen Kappa coefficient. Values between the cutoff and the safety margin 

were defined as the gray zone (Figure 1). This gray zone comprises the samples in the tail of the 

Gaussian distribution of “methylated” that overlapped with the distribution of the unmethylated 

samples, and therefore cannot be classified with high certainty to be “truly” unmethylated. 

Subsequently samples that were below the safety margin of -0.28 were classified as “truly” 

unmethylated. Overall survival analysis was performed using the Kaplan-Meier method 15. 

Progression-free survival (PFS) analysis was performed in the NOA-08 and CE.6 trials, no progression 

data was available in the Nordic trial as this was not collected. SAS version 9.4 (© 2002-2012 per SAS 

Institute Inc., Cary, NC, USA) was used for the Cox models. 

 

Results 

Patient characteristics 

The baseline characteristics of the 687 patients with valid MGMTp methylation data included in this 

analysis are presented in Table 1. The median age was 72 years, ranging from 60-90 years, with over 

62% of the patients older than 70 years. The majority of the patients (82%) had their tumors resected, 

and more than 80% of the patients had a WHO performance status of 0 or 1. 

 

Application of cutoff of 1.27 and safety margin of -0.28 

The density plot visualized in Figure 1 revealed that the cutoff at 1.27 was a good fit for the GB of this 

elderly patient populations, with the cutoff close to the intersection of the methylated and 

unmethylated MGMTp ratio (nadir). The number of patients classified into MGMTp truly unmethylated, 

gray zone or methylated is presented in Table 2. There were 72 patients (10.5%) with values that fell 
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into the gray zone that may be considered “slightly” methylated (Table 2). This is comparable to the 

proportion of gray zone patients observed in the study that established the cutoff and safety margin 

and reported 9.5% (82/863) in the training cohort and 8.1% (70/862) in the independent test cohort 
12

.  

 

Comparison of classification rules 

The classification using the cutoff of 1.27, based on the corrected ratio, into methylated and 

unmethylated MGMTp samples was compared to the results using the original procedure and cutoff 1, 

also based on the corrected ratio. This confirmed good classification (Table 3). An almost perfect 

agreement was observed, with kappa values ≥ 0.9 in the pooled Nordic/NOA-08 and the CE.6 

datasets (Table 3). In accordance, no significant survival differences were observed when comparing 

the data from the two classification procedures. 

 

Outcome of patients with truly unmethylated MGMTp and treatment. 

Survival analysis stratifying the patients into MGMTp methylated, truly unmethylated, and gray zone 

patients, is visualized in Figure 2 for both datasets (Nordic/NOA-08 and CE.6), separated by 

treatment. In the TMZ arms of the studies the gray zone patients were situated between truly 

unmethylated and methylated survival curves (Fig. 2A, B), although the small numbers preclude 

statistical conclusions. In the RT arms no MGMTp status dependent differences were observed (Fig 

2C, D). A similar picture was observed when analyzing progression free survival that was available for 

NOA-08 and CE.6, but not for the Nordic trial (Supplementary Figure S1). Subsequently, we 

evaluated OS in the truly MGMTp unmethylated patients (Fig. 3 A, B). The analysis of the pooled 

Nordic/NOA-08 cohort revealed a significantly better outcome in the patients treated with RT as 

compared to TMZ (P=0.0381, unadjusted). Of note, when considering all unmethylated patients of the 

Nordic/NOA-08 cohort, this difference was not revealed (p=0.17). Moreover, in the truly unmethylated 

patients of the CE.6 study, no difference of OS was observed between the RT and the RT/TMZTMZ 

arm (p=0.19, unadjusted; Figure 3B), suggesting no benefit from the addition of TMZ to RT in this 

patient population. In the original analysis including all unmethylated patients, the comparison almost 

reached significance (p=0.0551).  
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Discussion 

In this study, we reinvestigated the cutoff for MGMTp methylation with the aim to provide new 

evidence and tools for risk-adjusted treatment decisions in the management of elderly and frail GB 

patients. The previously established cutoff (1.27) and safety margin (-0.28) revealed to be a good fit 

for the distribution of MGMTp methylation (ratioc) in this elderly patient population (median age of 72 

years; Q1, Q3; 68.8, 75.0; Table 1). These cutoffs have been established previously in a pooled 

analysis of 4 clinical trials for adult GB patients treated with RT/TMZTMZ 
12

. The median age of this 

adult GB patient population was 57 years (Q1, Q3; 50, 63). This suggested that the MGMTp 

methylation cutoffs apply similarly to all adult GB patients. In this study, the cutoff of 1.27, which was 

developed in adult GB patients (median age of 57 years) was found to be applicable to this elderly GB 

patient population (median age= 72 years, ranging from 60-90 years). To this end, the cutoff of 1.27 

applies to both adult and older GB patients, regardless of age, and may be generalized. Of note, the 

study populations discussed here were selected, fulfilling trial criteria and may not reflect all elderly 

GB patients.  

 

For elderly and frail patients, the question on how to best treat GB remains debated due to insufficient 

respective data according to the conclusions of recent reviews of the literature 
16-20

. The most recent 

guidelines from EANO and NCCN 
21,22

 propose different treatment options for elderly (>70 years) 

and/or frail GB patients (performance KPS < 60 or <70), taking into account or not, the MGMTp 

methylation status of the GB. Based on the CE.6 study 
13

 that showed almost significant benefit from 

the addition of TMZ to RT, many patients with tumors without MGMTp methylation receive 

combination therapy including TMZ with the hope to improve outcome.  

In the present study, we provide evidence that patients can be identified, who do not benefit from 

treatment with TMZ. Re-analyzing the three phase III trials including specifically elderly GB patients, 

we demonstrated that application of a previously established restrictive cutoff allowed the 

identification of truly MGMTp unmethylated patients, who do not benefit from TMZ treatment. This 

implies that TMZ can be safely omitted in these patients, avoiding undue TMZ-related toxicity 
4,5,13,23

 

and costs, without compromising outcome. In contrast, for patients whose MGMTp ratioc falls into the 

gray zone (“low” MGMTp methylation) TMZ should be added to RT in order not to withhold a 

potentially effective treatment. Accordingly, only patients with truly unmethylated MGMTp should be 
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randomized into trials omitting TMZ in the test arm and excluding patients in the gray zone. When 

single treatment modalities are considered, TMZ treatment alone may be an option for patients with 

clearly MGMTp methylated GB, otherwise, patients should receive RT.  

 

Along the same lines, it will be of interest to re-analyze recent clinical trials that selected GB patients 

with unmethylated MGMTp to omit TMZ in the test arm. We hypothesize that similar to the CE.6 trial, 

patients from the gray zone may give the false signal of a benefit from the addition of TMZ to RT. The 

trial testing Nivolumab in combination with RT against standard of care treatment containing TMZ, has 

used the same qMSP assay, using the technical cutoff at the nadir. Applying the restrictive cutoff with 

the safety margin would allow removing the patients in the gray zone from the analysis, who in the 

control arm may have benefitted from TMZ treatment, leading to an apparent detrimental result in the 

test arm 
9
. 

We are aware that the qMSP assay discussed in this study that has been used centrally for most 

large clinical trials for GB using a commercial service 
24-27

 (e.g. Labcorp, https://www.labcorp.com/), 

and may therefore not be available at local pathologies. However, any assay has uncertainty of 

classification close to the assay-specific cutoff for biological and/or technical reasons. This “grey 

zone” comprises patients with low methylation or a methylation pattern that is not properly detected by 

a given assay. Intermediate outcome has been reported for patients with intermediate methylation 

28,29
. There are different technologies available for MGMTp methylation testing beside qMSP, such as 

methylation specific pyrosequencing, the EPIC DNA methylation array and others 
30,31

. However, no 

consensus for assays and respective cutoffs has been reached, see recent reviews detailing pro and 

contra of specific assays and respective recommendations for MGMTp methylation testing 
32,33

. For 

some assays, a respective gray zone has been defined, validated, and implemented for best 

prediction of outcome in GB patients 
12,29,30

. The definition and validation of assay specific gray zones 

is warranted, in order to improve selection of truly MGMTp unmethylated patient, when considering 

omitting TMZ, e.g. in platform trials 
7,8

. On the other hand, criteria for truly MGMTp methylated GB 

need to be established, e.g. when adding another alkylating agent such as CCNU, to promise benefit 

in order to justify the added toxicity 
34

. In the qMSP assay discussed in this study, the cutoff for truly 

MGMTp methylated overlapped with the cutoff at the nadir of 1.27, as determined by OS supervised 

analysis in a large cohort of RT/TMZTMZ treated GB patients 
12

.  
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In conclusion, the cutoff to be applied depends on the clinical question. Respective validated, assay-

specific cutoffs are required for stratified therapy in clinical trials and evidence-based management of 

all GB patients 
33

. 

 

  D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noae108/7697864 by guest on 04 July 2024



Acc
ep

ted
 M

an
us

cri
pt

Funding 

Felix B Oppong's work as Fellow at EORTC Headquarters was supported by a grant from the EORTC 

Cancer Research Fund from Belgium. The Nordic trial was supported by an unrestricted grant from 

Merck Sharp & Dohme (formerly Schering Plough). The NOA-08 trial was supported by a grant from 

Merck Sharp & Dohme to MW and WW. The CE.6 trial was supported by the Canadian Cancer 

Society Research Institute, by an unrestricted grant from Merck Sharp & Dohme, and by the EORTC 

Cancer Research Fund from Belgium. 

 

Conflict of interest 

MEH, FBO, NL, RH, NJL, TG, AM report no conflict of interest. .WW reports honoraria for consultation 

or non-financial clinical trial support from Apogenix, Bayer, Merck Sharp & Dome, AstraZeneca, Merck 

Serono, Novartis, Roche and Mundipharma, with compensation paid to the Medical Faculty at 

Heidelberg University. MW has received research grants from Quercis and Versameb, and honoraria 

for lectures or advisory board participation or consulting from Bayer, Curevac, Medac, Neurosense, 

Novartis, Novocure, Orbus, Philogen, Roche and Servier. 

 

Authors' Contributions: 

Conception and design: M.E. Hegi, F.B. Oppong, T. Gorlia, A Malmström, M. Weller. 

Acquisition of data (enrolled and managed patients) J.R. Perry, W. Wick,, R. Henriksson, N.J. 

Laperriere,, A. Malmström, M. Weller. 

Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): 

M.E. Hegi, F.B. Oppong, T. Gorlia. 

Writing, review, and/or revision of the manuscript: M.E. Hegi, F.B. Oppong, J.R. Perry, W. Wick, R. 

Henriksson, N.J. Laperriere, T. Gorlia, A. Malmström, M. Weller 

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noae108/7697864 by guest on 04 July 2024



Acc
ep

ted
 M

an
us

cri
pt

Study supervision: M.E. Hegi, T. Gorlia, A. Malmström, M. Weller 

 

Data availability 

The data can be requested at Data And Sample Sharing - EORTC (https://www.eortc.org/data-

sharing/ )  

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noae108/7697864 by guest on 04 July 2024



Acc
ep

ted
 M

an
us

cri
pt

References: 

1. Kaina B, Christmann M. DNA repair in personalized brain cancer therapy with temozolomide 

and nitrosoureas. DNA Repair (Amst). 2019; 78:128-141. 

2. Kaina B, Christmann M. Corrigendum to "DNA repair in personalized brain cancer therapy 

with temozolomide and nitrosoureas" [DNA Repair 78 (2019) 128-141]. DNA Repair (Amst). 

2019; 80:93. 

3. Hegi ME, Diserens AC, Gorlia T, et al. MGMT gene silencing and benefit from temozolomide 

in glioblastoma. N Engl J Med. 2005; 352(10):997-1003. 

4. Malmstrom A, Gronberg BH, Marosi C, et al. Temozolomide versus standard 6-week 

radiotherapy versus hypofractionated radiotherapy in patients older than 60 years with 

glioblastoma: the Nordic randomised, phase 3 trial. Lancet Oncol. 2012; 13(9):916-926. 

5. Wick W, Platten M, Meisner C, et al. Temozolomide chemotherapy alone versus radiotherapy 

alone for malignant astrocytoma in the elderly: the NOA-08 randomised, phase 3 trial. Lancet 

Oncol. 2012; 13(7):707-715. 

6. Hegi ME, Stupp R. Withholding temozolomide in glioblastoma patients with unmethylated 

MGMT promoter-still a dilemma? Neuro Oncol. 2015; 17(11):1425-1427. 

7. Wick W, Dettmer S, Berberich A, et al. N2M2 (NOA-20) phase I/II trial of molecularly matched 

targeted therapies plus radiotherapy in patients with newly diagnosed non-MGMT 

hypermethylated glioblastoma. Neuro Oncol. 2019; 21(1):95-105. 

8. Alexander BM, Cloughesy TF. Platform trials arrive on time for glioblastoma. Neuro Oncol. 

2018; 20(6):723-725. 

9. Omuro A, Brandes AA, Carpentier AF, et al. Radiotherapy combined with nivolumab or 

temozolomide for newly diagnosed glioblastoma with unmethylated MGMT promoter: An 

international randomized phase III trial. Neuro Oncol. 2023; 25(1):123-134. 

10. Wick W, Gorlia T, Bady P, et al. Phase II study of radiotherapy and temsirolimus versus 

radiochemotherapy with temozolomide in patients with newly diagnosed glioblastoma without 

MGMTpromoter hypermethylation (EORTC 26082). Clin Cancer Res. 2016; 22(19):4797-

4806. 

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noae108/7697864 by guest on 04 July 2024



Acc
ep

ted
 M

an
us

cri
pt

11. Herrlinger U, Schafer N, Steinbach JP, et al. Bevacizumab plus irinotecan versus 

temozolomide in newly diagnosed O6-Methylguanine-DNA Methyltransferase nonmethylated 

glioblastoma: The randomized GLARIUS trial. J Clin Oncol. 2016; 34(14):1611-1619. 

12. Hegi ME, Genbrugge E, Gorlia T, et al. MGMT Promoter methylation cutoff with safety margin 

for selecting glioblastoma patients into trials omitting temozolomide. A pooled analysis of four 

clinical trials. Clin Cancer Res. 2019; 25(6):1809-1816. 

13. Perry JR, Laperriere N, O'Callaghan CJ, et al. Short-course radiation plus temozolomide in 

elderly patients with glioblastoma. N Engl J Med. 2017; 376(11):1027-1037. 

14. Vlassenbroeck I, Califice S, Diserens AC, et al. Validation of real-time methylation-specific 

PCR to determine O6-methylguanine-DNA methyltransferase gene promoter methylation in 

glioma. J Mol Diagn. 2008; 10(4):332-337. 

15. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J  American 

Statistical Assoc. 1958; 53:457-481. 

16. Wick A, Kessler T, Elia AEH, et al. Glioblastoma in elderly patients: solid conclusions built on 

shifting sand? Neuro Oncol. 2018; 20(2):174-183. 

17. Pellerino A, Bruno F, Internò V, Rudà R, Soffietti R. Current clinical management of elderly 

patients with glioma. Expert Rev Anticancer Ther. 2020; 20(12):1037-1048. 

18. Nassiri F, Taslimi S, Wang JZ, et al. Determining the Optimal Adjuvant Therapy for Improving 

Survival in Elderly Patients with Glioblastoma: A Systematic Review and Network Meta-

analysis. Clin Cancer Res. 2020; 26(11):2664-2672. 

19. Ma W, Sheng X, Li G, Wei Q, Zhou Z, Qiu X. Effectiveness of different treatment strategies in 

elderly patients with glioblastoma: An evidence map of randomized controlled trials. Critical 

Reviews in Oncology/Hematology. 2022; 173:103645. 

20. Yuen CA, Barbaro M, Haggiagi A. Newly diagnosed glioblastoma in elderly patients. Current 

Oncology Reports. 2022; 24(3):325-334. 

21. Weller M, van den Bent M, Preusser M, et al. EANO guidelines on the diagnosis and 

treatment of diffuse gliomas of adulthood. Nat Rev Clin Oncol. 2021; 18(3):170-186. 

22. Horbinski C, Nabors LB, Portnow J, et al. NCCN Guidelines(R) Insights: Central Nervous 

System Cancers, Version 2.2022. J Natl Compr Canc Netw. 2023; 21(1):12-20. 

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noae108/7697864 by guest on 04 July 2024



Acc
ep

ted
 M

an
us

cri
pt

23. Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy plus concomitant and adjuvant 

temozolomide for glioblastoma. N Engl J Med. 2005; 352(10):987-996. 

24. Gilbert MR, Wang M, Aldape KD, et al. Dose-dense temozolomide for newly diagnosed 

glioblastoma: A randomized phase iii clinical trial. J Clin Oncol. 2013; 31(32):4085-4091. 

25. Stupp R, Hegi ME, Gorlia T, et al. Cilengitide combined with standard treatment for patients 

with newly diagnosed glioblastoma with methylated MGMT promoter (CENTRIC EORTC 

26071-22072 study): a multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 

2014; 15(10):1100-1108. 

26. Gilbert MR, Dignam JJ, Armstrong TS, et al. A randomized trial of bevacizumab for newly 

diagnosed glioblastoma. N Engl J Med. 2014; 370(8):699-708. 

27. Lim M, Weller M, Idbaih A, et al. Phase III trial of chemoradiotherapy with temozolomide plus 

nivolumab or placebo for newly diagnosed glioblastoma with methylated MGMT promoter. 

Neuro Oncol. 2022; 24(11):1935-1949. 

28. Dunn J, Baborie A, Alam F, et al. Extent of MGMT promoter methylation correlates with 

outcome in glioblastomas given temozolomide and radiotherapy. Br J Cancer. 2009; 

101(1):124-131. 

29. Quillien V, Lavenu A, Ducray F, et al. Validation of the high-performance of pyrosequencing 

for clinical MGMT testing on a cohort of glioblastoma patients from a prospective dedicated 

multicentric trial. Oncotarget. 2016; 7(38):61916-61929. 

30. Quillien V, Lavenu A, Ducray F, et al. Clinical validation of the CE-IVD marked Therascreen 

MGMT kit in a cohort of glioblastoma patients. Cancer Biomark. 2017; 20(4):435-441. 

31. Bady P, Delorenzi M, Hegi ME. Sensitivity analysis of the MGMT-STP27 model and impact of 

genetic and epigenetic context to predict the MGMT methylation status in gliomas and other 

tumors. J Mol Diagn. 2016; 18(3):350-361. 

32. Brandner S, McAleenan A, Kelly C, et al. MGMT promoter methylation testing to predict 

overall survival in people with glioblastoma treated with temozolomide: a comprehensive 

meta-analysis based on a Cochrane Review. Neuro Oncol. 2021; 23(9):1457-1469. 

33. Capper D, Reifenberger G, French PJ, et al. EANO guideline on rational molecular testing of 

gliomas, glioneuronal, and neuronal tumors in adults for targeted therapy selection. Neuro 

Oncol. 2023; 25(5):813-826. 

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noae108/7697864 by guest on 04 July 2024



Acc
ep

ted
 M

an
us

cri
pt

34. Herrlinger U, Tzaridis T, Mack F, et al. Lomustine-temozolomide combination therapy versus 

standard temozolomide therapy in patients with newly diagnosed glioblastoma with 

methylated MGMT promoter (CeTeG/NOA-09): a randomised, open-label, phase 3 trial. 

Lancet. 2019; 393(10172):678-688. 

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noae108/7697864 by guest on 04 July 2024



Acc
ep

ted
 M

an
us

cri
pt

Figure Legends 

 

Figure 1. Bimodal distribution of MGMTp methylation in trial populations of elderly GB patients. 

The histograms of the corrected MGMT ratio (Log2 [1,000 × (MGMT + 1)/ACTB) shown by 

trial/treatment arm indicate that the previously determined cutoff of 1.27 (indicated in green) is a 

good fit, close to the intersection of the methylated and unmethylated MGMT ratio. The 

corresponding safety margin of -0.28 is indicated in black. MGMTp unmethylated, red; MGMTp 

methylated, blue; overlap of the distribution, purple. The area between the cutoff and the safety 

margin is defined as grey zone, delineated by the green and the black lines. 

 

Figure 2. MGMTp methylation and OS based on cutoff and safety margin. 

The association of MGMTp methylation with OS in the trial populations, separated into MGMTp 

methylated (>1.27, blue), gray zone (-0.28 and 1.27, black), and truly MGMTp unmethylated patients 

(< -0.28, red), stratified by treatment and illustrated in Kaplan–Meier plots. A significant difference 

was observed among the subgroups in the TMZ arms of the pooled Nordic/NOA8 trial (A, p < 0.0001) 

and the CE.6 trial (B, p=0.0032), respectively (log rank tests comparing all three curves). No 

differences were observed in the corresponding RT arms (C, D). Pairwise log-rank tests for results 

with significant OS differences are as follows: (A) Nordic/NOA8 TMZ: methylated vs gray zone, p = 

0.005; methylated vs truly unmethylated, p < 0.001, gray zone vs truly unmethylated, p = 0.647. (B) 

CE.6 RT+TMZ: methylated vs gray zone, p = 0.618; methylated vs truly unmethylated p = 0.001; gray 

zone vs truly unmethylated, p = 0.096.  

 

Figure 3. Patients with truly unmethylated MGMTp do not benefit from TMZ treatment. 

The OS of truly MGMTp unmethylated patients, split by treatment arm, is illustrated by Kaplan–Meier 

plots for the trial populations. A In the Nordic/NOA8 population a significant difference was observed 

between TMZ treatment and RT (P=0.0381). Shorter survival was observed for patients treated with 

TMZ. B The comparison of RT versus RT/TMZTMZ in the truly MGMTp unmethylated patients of 

the CE.6 trial showed no OS difference between treatments (P=0.1980).  

grey zone 
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Table 1 Patient’s baseline characteristics 

 

Trial/treatment 

Total 

(N=687) 

Nordic/NOA8/RT 

(N=196) 

Nordic/NOA8/TMZ 

(N=133) 

CE.6/RT 

(N=175) 

CE.6/RT+TMZ 

(N=183) 

 N (%) N (%) N (%) N (%) N (%) 

Sex                                                                                    

 Male                        102 (52.0)   85 (63.9)   97 (55.4)  110 (60.1)  394 (57.4) 

 Female                       94 (48.0)   48 (36.1)   78 (44.6)   73 (39.9)  293 (42.6) 

Age                                                                                                                   

 Median                70.1               71.0               74.0               73.0               72.0               

 Range                 60.5 - 83.6        60.1 - 83.1        65.0 - 88.0        65.0 - 90.0        60.1 - 90.0        

 Q1-Q3                 67.0 - 73.5        67.9 - 74.9        70.0 - 76.0        69.0 - 76.0        68.8 - 75.0        

Age (categorized)                                                                      

 <70                        94 (48.0)   58 (43.6)   48 (27.4)   58 (31.7)  258 (37.6) 

 >70                        102 (52.0)   75 (56.4)  127 (72.6)  125 (68.3)  429 (62.4) 

Type of surgery                                                                        

 Biopsy                      39 (19.9)   25 (18.8)   27 (15.4)   32 (17.5)  123 (17.9) 

 Resection                  157 (80.1)  108 (81.2)  148 (84.6)  151 (82.5)  564 (82.1) 

WHO performance 

status     

                                                            

 0                           70 (35.7)   30 (22.6)   37 (21.1)   55 (30.1)  192 (27.9) 

 1                           90 (45.9)   75 (56.4)  108 (61.7)   86 (47.0)  359 (52.3) 

 2                           36 (18.4)   28 (21.1)   30 (17.1)   42 (23.0)  136 (19.8) 

aMGMT (qMSP)      

 Unmethylated             100 (51.0)   86 (64.7)   96 (54.9)   93 (50.8)  375 (54.6) 

 Methylated                  95 (48.5)   47 (35.3)   77 (44.0)   88 (48.1)  307 (44.7) 

 bInvalid                      1 (0.5)     0 (0.0)     2 (1.1)     2 (1.1)     5 (0.7)  

Survival status                                                                        

 Alive                       10 (5.1)    19 (14.3)    7 (4.0)    11 (6.0)    47 (6.8)  

 Dead                       186 (94.9)  114 (85.7)  168 (96.0)  172 (94.0)  640 (93.2) 
a
MGMT-status as reported with original MGMTp methylation classification procedure. 589 patients were 

reported to have missing or invalid qMSP data, 205 patients in Nordic/NOA8/RT, 180 in 
Nordic/NOA8/TMZ, 106 in CE.6/RT and 98 CE.6/RT+TMZ. 
b
5 patients had valid qMSP values, but were classified as invalid using the original MGMTp 

methylation classification procedure, and could be reclassified using the “corrected” MGMTp 
methylation ratio (Ratioc).  
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Table 2 Classification of patients by MGMTp methylation status based on the cutoff of 1.27 

and the safety margin of -0.28 

 

Trial/treatment  

Nordic/NOA8/RT 

(N=196) 

Nordic/NOA8/TMZ 

(N=133) 

CE.6/RT 

(N=175) 

CE.6/RT+TMZ 

(N=183) 

Total 

(N=687) 

 N (%) N (%) N (%) N (%) N (%) 

MGMTp status                                                                                                                                       

 Truly 
unmethylated  

90 (45.9)                                                                       69 (51.9) 70 (40.0) 67 (36.6) 296 (43.1) 

 Gray zone 15 (7.7)                                                                                     18 (13.5) 21 (12.0) 18 (9.8)  72 (10.5) 

 Methylated 91 (46.4)                                                                               46 (34.6) 84 (48.0) 98 (53.6) 319 (46.4) 
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Table 3 Comparison of MGMTp methylation classification 

 MGMTp classification based on cutoff of 1.27  

  Nordic/NOA8/RT Nordic/NOA8/TMZ CE.6/RT CE6/RT+TMZ 

MGMTp 
status 
 
(original 
procedure & 
cutoff, 1) 

Unmethylat
ed 

(N=105) 

Methylat
ed 

(N=91) 

Unmethylat
ed 

(N=87) 

Methylat
ed 

(N=46) 

Unmethylat
ed 

(N=91) 

Methylat
ed 

(N=84) 

Unmethylat
ed 

(N=85) 

Methylat
ed 

(N=98) 

 
        

  Unmethylat
ed 

103 
(98.1%) 

5 (5.5%) 86 (98.9%) 0 (0%) 89 (97.8%) 7 (8.3%) 85 (100%) 8 (8.2%) 

  Methylated 2 (1.9%) 
86 

(94.5%) 
1 (1.1%) 

46 
(100%) 

2 (2.2%) 
77 

(91.7%) 
0 (0%) 

90 
(91.8%) 

         
Kappa (95% 
CI) 0.93 (0.86 - 0.97) 

0.98 (0.92 - 1.00) 0.90 (0.81 - 0.95) 0.91 (0.83 - 0.96) 
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Figure 1 
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Figure 2 
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Figure 3 
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