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Letter to the Editor

MGMT promoter methylation 
determined by the MGMT-
STP27 algorithm is not 
predictive for outcome to 
temozolomide in IDH-mutant 
anaplastic astrocytomas

O6-methylguanine-DNA methyltransferase (MGMT) promoter 
methylation is an important predictor of response to alkylating 
chemotherapy in glioblastomas.1 A  common method to de-
termine MGMT promoter status is with the MGMT-STP27 al-
gorithm which is calculated from the methylation levels of 
two specific CpGs (cg12434587 and cg12981137) on Illumina 
DNA methylation arrays.2 This algorithm was constructed with 
data from predominantly isocitrate dehydrogenase 1 and 2 
(IDH)-wildtype glioblastomas but is often extrapolated to IDH-
mutant astrocytomas. However, IDH-wildtype glioblastomas 
usually exhibit loss of heterozygosity (LOH) of chromosome 
10, whereas this copy number change is uncommon in IDH-
mutant astrocytomas.3 This LOH is relevant because the MGMT 
gene is situated on chromosomal band 10q26, meaning that 
only one intact copy is left in most IDH-wildtype glioblastoma 
while two copies are present in IDH-mutant astrocytomas. 
Complete silencing of MGMT is most likely a prerequisite for 
efficacy of temozolomide treatment in high-grade glioma, 
since a reduced DNA repair (from O6-methylguanine to gua-
nine) makes tumor cells more susceptible to treatment with 
alkylating agents that induce these defaults (from guanine 
to O6-methylguanine).4,5 The presence of two intact alleles in 
IDH-mutant astrocytomas, therefore, may indicate that MGMT 
gene methylation and subsequent temozolomide effective-
ness might differ from IDH-wildtype glioblastomas. The corre-
lation of MGMT expression with the MGMT-STP27 algorithm 
in tumors likely to be IDH-mutant has been assessed before, 
but without correlation with clinical outcome.2

In a second interim analysis of the CATNON trial, efficacy 
was shown of adjuvant, but not concurrent, temozolomide 
in patients with IDH-mutant anaplastic astrocytoma.6 We in-
vestigated whether the efficacy of adjuvant temozolomide 
in the CATNON study was correlated to MGMT promoter 
methylation as determined by the MGMT-STP27 algorithm. 
We identified 440 IDH-mutant anaplastic astrocytomas with 
available MGMT-STP27 data. Of these, 365 tumors (83.0%) 
were MGMT-methylated, 224 (50.9%) were treated with ad-
juvant temozolomide, and no differences were found in 

MGMT methylation per treatment group (χ 2 test: P = .50). 
The effect of adjuvant temozolomide on overall survival was 
similar between patients with MGMT-methylated and MGMT-
unmethylated tumors (Figure 1). In a Cox proportional haz-
ards model the interaction term of adjuvant temozolomide 
and MGMT promoter methylation was not significant (P = .92). 
Similar lack of predictive effect was observed when comparing 
patients treated with or without concurrent temozolomide 
(Figure 1B), or when comparing the radiotherapy alone arm 
to the other three study arms individually (Figure 1B), or even 
when comparing progression-free survival for the radio-
therapy alone arm to the combination of the other three arms 
(P = .11). This illustrates that regardless of the timing of the 
temozolomide treatment, no correlation can be found between 
the MGMT-STP27 algorithm and temozolomide efficacy. All 
aforementioned analyses were performed with the standard 
cutoff (0.3582) for the MGMT-STP27 algorithm as derived from 
IDH-wildtype glioblastoma data.2 We performed exploratory 
analysis of other cutoff values to correct for possible differ-
ences between IDH-mutant astrocytomas and IDH-wildtype 
glioblastomas. The MGMT-STP27 values of the CATNON sam-
ples displayed an expected bimodal distribution with the first 
and the second peak representing the unmethylated samples 
and methylated samples, respectively. Based on the lowest 
point between the peaks of the bimodal distribution, we esti-
mated the optimal cutoff for these IDH-mutant astrocytomas 
to be 0.3349. This new cutoff was similar to the standard cutoff, 
and changing the cutoff value did not alter our conclusions.

Therefore, data on the CATNON trial samples indicate that 
there is no predictive value of the MGMT-STP27 algorithm 
in relation to treatment with temozolomide in IDH-mutant 
anaplastic astrocytomas. However, the current number of 
events is limited and more follow-up is needed. It remains to 
be determined if other CpGs on the MGMT promoter hold any 
predictive power, and whether testing for MGMT promoter 
status is clinically useful in IDH-mutant tumors.
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Fig. 1  Overall survival of IDH-mutant anaplastic astrocytomas in relation to MGMT promoter methylation and treatment with temozolomide. 
(A) Kaplan-Meier curves comparing patients treated with adjuvant temozolomide (±concurrent temozolomide) to patients that were not treated 
with adjuvant temozolomide (±concurrent temozolomide). (B) Cox proportional hazards models for different treatment modalities with tests for 
interaction.
  

Acknowledgments

We thank our patients and their relatives for their willingness to 
participate in this study. We also thank all sites and their staff for 
contributing to this study. We further acknowledge the support 
of this study by the staff at the EORTC Headquarters, Brussels, 
Belgium, the NRG Oncology (formerly the Radiation Therapy 
Oncology Group) staff at the American College of Radiology; the 
staff at the Australian National Health and Medical Research 
Council (NHMRC) Clinical Trials Centre (COGNO Coordinating 
Centre); and the staff at MRC Clinical Trials Unit, London, UK.

Conflict of interest statement. M.J.v.d.B.  reports grants from 
Dutch Cancer Foundation, grants from The Brain Tumour Charity, 
grants from Strijd van Salland, grants from MSD formerly 
Schering-Plough, during the conduct of the study; personal fees 
from Carthera, personal fees from Nerviano, personal fees from 
Bayer, personal fees from Celgene, personal fees from Agios, 
personal fees from AbbVie, personal fees from Karyopharm, 
personal fees from Boston Pharmaceuticals, personal fees from 
Genenta, outside the submitted work. All other authors declare 
no competing interests.

Authorship statement. All authors were responsible for the study 
design, data collection, data analysis, data interpretation, and 
contributed to and approved the final version of the manuscript.

On behalf of the EORTC Brain Tumor 
Group and the CATNON investigators, 
C. Mircea S. Tesileanu , Thierry Gorlia, 
Vassilis Golfinopoulos, Pim J. French, and 
Martin J. van den Bent

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/4/665/6517825 by Erasm

us U
niversity R

otterdam
 user on 16 M

arch 2023

https://orcid.org/0000-0003-3541-9242
https://orcid.org/0000-0001-5710-5127


N
eu

ro-
O

n
colog

y
Letter to the Editor 667

Acknowledgments

We thank our patients and their relatives for their willingness to 
participate in this study. We also thank all sites and their staff for 
contributing to this study. We further acknowledge the support 
of this study by the staff at the EORTC Headquarters, Brussels, 
Belgium, the NRG Oncology (formerly the Radiation Therapy 
Oncology Group) staff at the American College of Radiology; the 
staff at the Australian National Health and Medical Research 
Council (NHMRC) Clinical Trials Centre (COGNO Coordinating 
Centre); and the staff at MRC Clinical Trials Unit, London, UK.

Conflict of interest statement. M.J.v.d.B.  reports grants from 
Dutch Cancer Foundation, grants from The Brain Tumour Charity, 
grants from Strijd van Salland, grants from MSD formerly 
Schering-Plough, during the conduct of the study; personal fees 
from Carthera, personal fees from Nerviano, personal fees from 
Bayer, personal fees from Celgene, personal fees from Agios, 
personal fees from AbbVie, personal fees from Karyopharm, 
personal fees from Boston Pharmaceuticals, personal fees from 
Genenta, outside the submitted work. All other authors declare 
no competing interests.

Authorship statement. All authors were responsible for the study 
design, data collection, data analysis, data interpretation, and 
contributed to and approved the final version of the manuscript.

On behalf of the EORTC Brain Tumor 
Group and the CATNON investigators, 
C. Mircea S. Tesileanu , Thierry Gorlia, 
Vassilis Golfinopoulos, Pim J. French, and 
Martin J. van den Bent

Neurology Department, Brain Tumor Center, Erasmus MC 
Cancer Institute, Rotterdam, the Netherlands (C.M.S.T., 
P.J.F., M.J.v.d.B.); EORTC HQ, Brussels, Belgium (T.G., V.G.)

Corresponding Author: Martin J. van den Bent, MD, 
Neuro-Oncology Unit, Brain Tumor Center at Erasmus MC 
Cancer Institute, ‘s-Gravendijkwal 230, 3015 CE Rotterdam, 
the Netherlands (m.vandenbent@erasmusmc.nl).

References

1.	 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.

2.	 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.

3.	 Brat DJ, Verhaak RG, et al.; Cancer Genome Atlas Research Network. 
Comprehensive, integrative genomic analysis of diffuse lower-grade 
gliomas. N Engl J Med. 2015;372(26):2481–2498.

4.	 Roos  WP, Batista  LF, Naumann  SC, et  al. Apoptosis in malignant 
glioma cells triggered by the temozolomide-induced DNA lesion O6-
methylguanine. Oncogene. 2007;26(2):186–197.

5.	 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 Systematic Review. Neuro Oncol. 
2021;23(9):1457–1469.

6.	 van  den  Bent  MJ, Tesileanu  CMS, Wick  W, et  al. Adjuvant and 
concurrent temozolomide for 1p/19q non-co-deleted anaplastic 
glioma (CATNON; EORTC study 26053-22054): second interim anal-
ysis of a randomised, open-label, phase 3 study. Lancet Oncol. 
2021;22(6):813–823.

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/4/665/6517825 by Erasm

us U
niversity R

otterdam
 user on 16 M

arch 2023

https://orcid.org/0000-0003-3541-9242
https://orcid.org/0000-0001-5710-5127
mailto:m.vandenbent@erasmusmc.nl?subject=

