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The enzyme methyl-guanyl-methyl-transferase (MGMT) is a 
relevant protein that repairs the DNA that counteracts the 
effect of temozolamide on GBM. 
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Esteller et al. N Engl J Med 2000

Background

Unmethy
lated
gene-
Activated 
enzyme

Methylat
ed gene-
Non-
activated 
enzyme

Tumor
treatment 
resistance

Tumor
treatment 
sensitivity



The methylation of the promoter of the MGMT gene has been related to a greater 
survival (overall survival and progression-free survival) of the GBM patients.  

Background



The quantification of the methylation status of MGMT could be a significant 
prognostic and predictive parameter: Proposal for the inclusion of the study of 

MGMT methylation in gliomas for clinical decision making.

.

Background

MGMT promoter methylation status is 
a predictive biomarker for elderly 
patients with glioblastoma: Elderly 
patients with unmethylated GBM do 
not benefit from chemotherapy



Pyrosequencing is the technique of choice in the study of MGMT methylation in 
clinical practice.

Background



Pyrosequencing. Technical aspects: 
1. Lack of agreement in the cut-off point (although the value of 10% predominates). 

2. To test four discriminative CpG islands is sufficient.
3. To use external positive and negative controls.

4. The use of FFPE tumor samples has been validated.

Variability in the number of CpG determined: 4 to 62

Zhao et al. Word J Surg Oncol 2016

Background



Macrophages CD163+ in GBM

The clinical samples of GBM contain a variable number of non-neoplastic 
cells whose DNA ("unmethylated" MGMT) could lead to an underestimation 
of the level of MGMT methylation in tumor cells: the clinical sample of GBM 
should be as pure as possible, for example by macrodissection.

Background

Idoate et al.

MGMT expression in non-tumoral cells



Background & objectives

There are a few studies about the prognostic
value of the quantification by pyrosequencing
of tumor obtained by using macrodissection of
formalin-fixed paraffin-embedded (FFPE)
samples in GBM.



Methods (I)
• A retrospective review of the clinical and pathological characteristics of a large 

series of 60 GBM, well characterized clinically and molecularly, (period 2009-16). 

• Tumor FFPE samples were macrodissected: Necrotic, angiogenic and dense 
inflammatory areas were discarded out.

• In all cases the percentage of tumor cells in the macrodissected tumor sample 
was >40%. 



Methods (II)
• A quantitative determination of the MGMT methylation status was made by 

pyrosequencing.

• Four highly discriminating methylated/unmethylated CpG islands were tested.

• External methylated and unmethylated controls were used.

• The final result was obtained by averaging the methylation percentage of the 
CpG islands in each case.

• Internal control was used as a sensor of quality of the technique.

CGACGTTCGCAGGTTTTCGT
TGA TGTTTGTAGGTTTTTGT

Control unmethylated: blood Control methylated: Cell line

*      *       *                     *

C GAC GTTC GCAGGTTTTC GT
CTGACTGTTCTGT AGGTTTTCTGT

*     *      *         *

Unmethylated
DNA

Methylated 
DNA

Internal 
control

Internal 
control



Methods (III)

• Two approaches to data management were evaluated:
– 1. Considering the cut-off of 25% according to the literature (Dunn J, Br J 

Cancer. 2009; 101: 124-131. Reifenberger G, Int J Cancer. 2012; 131: 1342-
1350).

– 2. Considering the methylation factor divided in quartiles (<5% , 5%-9.4%, 
9.4-20% and >20% methylation).

• The results were correlated with relevant clinical and 
oncological parameters.

• A complete statistical study was applied.



1.The morphology of GBM with highly methylated (≥25%) MGMT is similar 
to the conventional one. 

2. The MGMT hypermethylation does not associate to IDH1 mutation.

Female, 70 years old,
seizure, left occipital lobe, 
IDH1 no mut, EGFR 
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syncope, right temporal 
lobe, IDH1 no mut, EGFR no 
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Positive and 
negative 
controls 

46% 
MGMT
methylation 
status 

27% 
MGMT
methylation 
status

Results

Internal 
control

Internal 
control



Distribution of quantitative promoter MGMT methylation data of
macrodissected GBM samples according to quartiles (median, 9.4%;
typical deviation, 5-20%).
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Variables

Cut-off 25% Quartiles

c
2 p > c

2
c

2 p > c
2

Age (years) 0.024 0.878 ns 0.32 0.575 ns

KPS 0.022 0.883 ns 0.49 0.486 ns

Tumor resection (%) 0.066 0.797 ns 0.11 0.743 ns

** p<0.01 ,* p<0.05, ns p ≥ 0.05

The Kaplan-Meier analysis showed that the MGMT status methylation
was an independent prognostic factor in respect with the age, KPS and
tumor resection for either a cut-off of 25% or quartiles.

Results



The patients with highly methylated (≥ 25%) GBM have a
significant better overall survival (Wilcoxon, p=0.01).

The median survival of patients with highly methylated MGMT (≥ 25%) was 24.6 months with a 2 years 
overall survival of 100%, while in the rest of cases (< 25%) it was 14 months with a 2 years survival of 

18%. 

Results
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Wilcoxon 59.01 0.015 *



MGMT Quartiles are important: The median of overall survival of patients in the fourth quartile 

(>20%) was 24.8 months (IC95% 21.1-30.4), while, in the first quartile (<5%), it was 13.6 
months (IC95% 8.4-15.5).

Results
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Variables

Quartiles

c
2 p > c

2

Methylation

status

Log-Rank 141.92 0.003 **

Wilcoxon 157.31 0.001 **

** p<0.01;     * p<0.05;     ns p ≥ 0.05

Statistically, the quartile MGMT methylation status was a 
highly significant prognostic parameter (Log-Rank test, 
p=0.003; Wilcoxon test, p=0.001). 

Results



In general, as higher is the MGMT methylation of macrodissected GBM 
higher is the overall survival of patients.

Results

<5%  5%-9.4%                       9.4-20%  >20% 

GBM patients survival according to MGMT methylation quartiles and 95% confidence intervals



Conclusion

• It is concluded that the quantification by 
pyrosequencing from DNA obtained by using 
macrodissection of FFPE samples is a good 
procedure to evaluate the methylation status 
of the MGMT in GBM. 

• The MGMT methylation status constitutes a 
relevant independent prognostic parameter 
to be applied in the routine diagnosis of 
GBM.
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