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Logrank, p <0.0001
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•No repair protein
•No repair of TMZ treatment induced DNA damage

•Response to tumor treatment
•Improved survival of glioblastoma patient
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MGMT Promoter Methylation Predicts Better 
Outcome in Glioblastoma Patients of this Trial
MGMT Promoter Methylation Predicts Better 

Outcome in Glioblastoma Patients of this Trial

Total N=206

MGMT Unmeth Meth
Median OS, mo: 12.2 18.2
2-yr survival: 7.8% 34.1%

HR [95% CI]: 0.45 [0.32-0.61]
Logrank test: p <0.0001

Risk of death reduced by 55%

Hegi et al.  N Engl J Med, 352: 997-1003,  2005
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MGMT Promoter Methylation Predicts 
Benefit from TMZ Treatment
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Randomization: RT TMZ/RT
Median OS mo: 11.8 12.7
2-yr survival: 1.9% 13.8%

Logrank :  p = 0.062

Hegi et al.  N Engl J Med, 352: 997-1003,  2005
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Randomization: RT TMZ/RT
Median OS mo: 15.3 21.7
2-yr survival 22.7% 46.0%

Logrank : p = 0.0074
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Predictive Value of MGMT Methylation
for Overall Survival

Predictive Value of MGMT Methylation
for Overall Survival

Hegi et al.  N Engl J Med, 352: 997-1003,  2005
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Survival
Randomization   median mo   2-yr

Unmeth, RT alone 11.8 <2.0 %
Unmeth, RT/TMZ 12.7   13.8 %

Unmeth, TMZ/RT
Unmeth, RT

Logrank : 
p = 0.062

Meth,Meth, RTRT

Meth, TMZ/RT

Meth,Meth, RTRT alone 15.3 15.3 22.7 %22.7 %
Meth, RT/TMZ 21.7 46.0 %

Logrank : p = 0.0074

Stupp et al NEJM  2005
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MGMT Methylation Status as 

Predictive Factor for Benefit from TMZ
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20 to >80% Depending on Glioma Subtype



Validation of  MGMT as Predictive Factor
Depletion of MGMT in Tumor Cells by a Dose Dense Schedule
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open since January 06, will enroll 1153 patients

Integrated Translational
Research Program:
Identification of other resistance 
factors and new targets
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Ken Aldape, M.D. (Neuropathology and Correlative Biology)
Arnab Chakravarti, M.D. (Neuropathology and Correlative 
Biology)
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Roger Stupp, M.D. (Medical Oncology)
Monika Hegi, Ph.D. (Neuropathology and Correlative 
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Trials in GBM based on the 
RT/TMZ→TMZ scheme

Trials in GBM based on the 
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Stupp et al JCO, 2007





Frequency of MGMT Methylation in 
Glioblastoma

Frequency of MGMT Methylation in 
Glioblastoma

Tumor type # samples MGMT-meth % Reference

GBM 29 10 34 {Watanabe, 2005 #3670}
GBM 21 8 38 {Balana, 2003 #3672}
GBM 29 12 41 {Esteller, 2000 #1455}
GBM 12 5 42 {Yu, 2004 #2165}
GBM 74 33 45 {Kamiryo, 2004 #3677}
GBM 206 92 45 {Hegi, 2005 #2000}
GBM 44 30 68 {Blan, 2004 #3674}
GBM 38 26 68 {Hegi, 2004 #1721}
GBM 219 126 58 {Criniere, 2007 #6708}
TOTAL 672 342 51

Hegi 9-07

Range published for GBM 34  to 68%
(gel based, mostly on frozen tissue)



Comparison of qMSP and Classic Gel Based Nested 
MSP for determination of the MGMT status
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Quantitative MSP
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Tissues from Trials : Lausanne, R. Stupp; Rotterdam, M. van den Bent
Regensburg, P. Hau

Vlassenbroeck et al submitted

Gel Based MSP
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Bioinformatics
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GEL BASED ASSAY CHUV
• Bisulfite treated DNA
• Nested MSP : 1st PCR (298bp)
• 2nd PCR (discriminating)

– PCR for meth MGMT (81bp)

– PCR s for unmeth MGMT (93bp)

• Results visualized on gel
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qMSP OncoMethylome Sciences

• Bisulfite treated DNA
• quantitative MSP :

– methMGMT (136bp)
– beta Actin (125bp)

• Ratio of mMGMT/Actin *1000
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• quantitative MSP :

– methMGMT (136bp)
– beta Actin (125bp)

• Ratio of mMGMT/Actin *1000

Experimental Workflow  of the Assays

•Evaluation of tissue (H&E slide, tumor content, amount)

•4 sections / sample for each center 

•Evaluation of tissue (H&E slide, tumor content, amount)
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Comparison of resultsComparison of results
Hegi 9-07
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MGMT MGMT immunohistochemistryimmunohistochemistry in GBM:in GBM:
InterobserverInterobserver agreementagreement

in EORTC/NCIC trial26981/22981in EORTC/NCIC trial26981/22981

PreusserPreusser M, M, JanzerJanzer RC, RC, Felsberg J, Felsberg J, ReifenbergerReifenberger G, G, HamouHamou MM--F, F, 
DiserensDiserens AA--C, C, MarosiMarosi C, C, HeinzlHeinzl H,H, Stupp R, Stupp R, HainfellnerHainfellner JA, Hegi MEJA, Hegi ME



Methods Methods : : 2 anti2 anti--MGMT MGMT antibodiesantibodies, , DakoDako MT3.1, MT3.1, ZymedZymed MT23.2MT23.2

•• TissueTissue micromicro arrayarray (TMA): 163 (TMA): 163 tissuetissue samplessamples from from 
GBM GBM trialtrial 26981/2298126981/22981

-- 4 4 neuropathologists neuropathologists -- 3 3 laboratorieslaboratories (RJ, GR, JAH, MP)(RJ, GR, JAH, MP)

-- StatisticalStatistical analysisanalysis

0.6 mm0.6 mm

TMA



Preusser et al submitted

Non-disclosed Unpublished Data



Hegi et al.  N Engl J Med, 352: 997-1003,  2005

MGMT methylation
Status
MGMT methylation
Status

Epigenetic Inactivation of the MGMT Repair Gene 
Predicts Benefit from TMZ

0 3 6 9 12 15 18 21 24 27 30 33 36
0

Meth

Unmeth

RT/TMZ

Survival
MGMT median 2-yr

Meth 21.7mo 46.0 %
Unmeth 12.7mo 13.8 %

months
Frozen TissueFrozen Tissue

#3 #4
#6

Tissue Array

Array-CGHArray-CGH

Genomewide View- %frequency of CNAs in 46 GBMs

-100

-75

-50

-25

0

25

50

75

100

0 500000 1000000 1500000 2000000 2500000 3000000

Genomewide View- %frequency of CNAs in 46 GBMs

-100

-75

-50

-25

0

25

50

75

100

0 500000 1000000 1500000 2000000 2500000 3000000

CHR 7

New Molecular Targets

Gene Expression 
Profiles

Gene Expression 
Profiles
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Conclusions
• The MGMT methylation status predicts benefit from the 

alkylating agent TMZ

• Standardized MGMT-testing required 
– Quantitative MSP is reproducible, prospective testing ongoing
– IHC is not useful for diagnostic MGMT-testing

• New trials will select patients based on MGMT status
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