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SUPPLEMENTARY FIGURE 1: CpG sites in the MGMT promoter frequently analyzed for DNA methylation. The illustration indicates CpG sites analyzed in the present study and in the traditional MSP assay as reported by Esteller et al. in 1999 [1], as well as individual CpG sites and regions with a high correlation to gene expression level as reported by Everhard et al. in 2009 [2]. Yellow color indicates CpG sites covered by primers whereas green color indicates CpG sites covered by probes. Blue color indicates CpG sites analyzed by pyrosequencing. Abbreviations: MSP, methylation specific PCR; qMSP, quantitative methylation specific PCR.

Introduction to Supplementary tables 1 and 2:

Relevant publications to include in a tabular summary of the reported MGMT promoter methylation frequencies in gliomas were found by a standard search in the PubMed database, entering the words “gliomas”, “MGMT”, and “methylation” in the search box. The search was restricted to only include publications in English published before January 1st 2011. Search details were as follows: (("glioma"[MeSH Terms] OR "glioma"[All Fields]) AND mgmt[All Fields] AND ("methylation"[MeSH Terms] OR "methylation"[All Fields])) AND (English[lang] AND ("1"[PDAT] : "2010/12/31"[PDAT])). 

Publications included in the summary reported MGMT promoter methylation status in at least 20 cases of high- and/or low-grade gliomas with astrocytic and/or oligodendroglial differentiation in adult patients. We also included two other relevant publications that were not part of the search result in PubMed, but otherwise fulfilled the inclusion criteria [1, 3] Publications that met the described inclusion criteria are listed in Supplementary tables 1 and 2

It should be noted that the studies included in this extensive tabular summary have different sample inclusion criteria and to some extent use different detection methods and thresholds. Hence, caution should be exerted when comparing the promoter methylation frequencies between individual studies.

	SUPPLEMENTARY TABLE 1: Studies of MGMT promoter methylation in high-grade gliomas - summary of methylation frequencies and methodological details.

	High-grade glioma studies

	First author (year) (reference)
	Total methylation frequency %
	Subgroup

methylation frequencya
	Diagnosis
	Tissue
	Method
	Methodological details

	Ang 

(2010) [4]
	54% (57/105)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 
	Conventional MSP primers.b

	Balaña 

(2003) [5]
	38% (8/21)
	-
	Glioblastoma (GBM),

WHO grade IV
	Frozen
	MSP 
	Conventional MSP primers.b

	Blanc 

(2004) [6]
	68% (30/44)
	-
	Glioblastoma (GBM),

WHO grade IV
	Frozen
	MSP 
	Conventional MSP primers.b,c

	Brandes 

(2006) [7]
	46% (10/22)
	-
	Glioblastoma (GBM), recurrent,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approachd, some cases amplified with optional first step primers.e

	Brandes 

(2006) [8]
	69% (37/54)
	30% (X/X)
	Anaplastic oligoastrocytoma (AOA),

WHO grade III
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approachd, some cases amplified with optional first step primers.e

	
	
	70% (X/X)
	Anaplastic oligodendroglioma (AO),

WHO grade III
	
	
	

	Brandes 

(2008) [9]
	35% (36/103)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approachd, some cases amplified with optional first step primers.e

	Brandes 

(2009) [10]
	34% (32/95)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approachd, some cases amplified with optional first step primers.e

	Brandes 

(2009) [11]
	43% (16/37)
	-
	Glioblastoma (GBM), newly diagnosed, patients ≥ 65 years, 

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approachd, some cases amplified with optional first step primers.f

	Brandes 

(2010) [12]
	
	34% (13/38)
	Glioblastoma (GBM), newly diagnosed,

first surgery, 

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approachd, some cases amplified with optional first step primers.e

	
	
	29% (11/38)
	Glioblastoma (GBM), recurrence,

second surgery, 

WHO grade IV
	
	
	

	Brell 

(2005) [13]
	50% (20/40)
	56% (18/32)
	Anaplastic astrocytoma (AA),

WHO grade III
	FFPE 

and 

Frozen
	MSP
	Conventional MSP primers.b,c

	
	
	25% (2/8)
	Anaplastic oligodendroglioma (AO) and anaplastic oligoastrocytoma (AOA),

WHO grade III
	
	
	

	Cancer Genome Atlas Research Network (2008) [14]
	21% (19/91)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	Frozen
	Bead array
	The DNA methylation values (β –values) was calculated, scaled (β’), and criteria for scoring samples as partially methylated and fully metylated was established by default. Partially methylated samples β’ > 0.25, fully methylated (β’ > 0.75). 

	Cankovic

(2007) [15]
	49% (60/123)
	44% (35/80)
	Glioblastoma (GBM),

WHO grade IV
	FFPE
	MSP

two-step approach
	Conventional MSP primers.b,c

	
	
	38% (3/8)
	Anaplastic astrocytoma (AA),

WHO grade III
	
	
	

	
	
	63% (19/30)
	Anaplastic oligodendroglioma (AO),

WHO grade III
	
	
	

	
	
	50% (2/4)
	Mixed anaplastic oligodendroglioma + astrocytoma (AOA), 

WHO grade III
	
	
	

	
	
	100% (1/1)
	Oligodendroglioma + anaplastic astrocytoma (O+AA), 

WHO grade III
	
	
	

	Cao 

(2000) [16]
	61 % (46/76)
	-
	Glioblastoma (GBM),

WHO grade IV
	FFPE 

and Frozen
	MSP 
	Conventional MSP primers.b

	Christmann 

(2010) [17]
	37% (25/68), MSP-P1

31% (21/68), MSP-P2
	39% (18/46), MSP-P1 

33% (15/46), MSP-P2
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 
	MSP-P1 using conventional MSP primersb.

MSP-P2 using primers for metylated MGMT, and β-actin reaction for normalization. Primers reported. (MGMT methylated forward primer is identical with the corresponding forward primer in the conventional MSP assay). The methylation status was determined in relation to the signal obtained for the β-actin promoter. Samples was considered to be methylated if the result indicated >20% methylation. 

	
	
	 32% (7/22), MSP-P1

27% (6/22), MSP-P2
	Anaplastic astrocytoma (AA) and anaplastic oligoastrocytoma (AOA), newly diagnosed, 

WHO grade III
	
	
	

	
	-
	5% (1/19g), MSP-P1 

11% (2/19g), MSP-P2
	Glioblastoma (GBM), recurrent,

WHO grade IV
	
	
	

	Clarke 

(2009) [18]
	19% (9/48)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	-
	MSPh 
	OncoMethylome Sciences, Inc.

	Costa 

(2010) [19]
	56% (24/43)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach d

	Costa 

(2010) [20]
	48% (38/80)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.d

	Crinière 

(2007) [21]
	58% (126/219)
	-
	Glioblastoma (GBM), primary,

WHO grade IV
	Frozen
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.c,d

	Drabycz 

(2010) [22]
	53% (31/59i)

50% (36/72i)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.d

	Ducray 

(2010) [23]
	21% (6/28)
	-
	Glioblastoma (GBM), newly diagnosed

WHO grade IV
	Frozen
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.c,d

	Dunn 

(2009) [24]
	53% (58/109)
	-
	Glioblastoma (GBM), newly diagnosed

WHO grade IV
	Smears, FFPE

and

Frozen
	Pyrosequencing 12 CpG sites
	Samples considered to be methylated it the average methylation level was ≥ 9% ) in more than one independent bisulfite modification. Cut-off determined using DNA from six non-neoplastic brain samples (mean ± 2SD).

	El Hindy 

(2010) [25]
	23% (24/103) 
	-
	Glioblastoma (GBM), primary,

WHO grade IV
	FFPE
	MSP 
	Primers as reported by Wick et al. (2007) [26].

	Eoli 

(2007) [27]
	48% (41/86)
	42% (30/72)
	Glioblastoma (GBM), primary,

WHO grade IV
	-
	MSP 
	Conventional MSP primersb labeled with fluorescent. PCR products were examined automatically and quantitated. The ratio of the peak height in the methylated and unmethylated reaction was calculated. Samples was considered to be methylated if the peak height ratio was >0.1.

	
	
	79% (11/14)
	Glioblastoma (GBM), secondary,

WHO grade IV
	
	
	

	Esteller 

(1999) [1]
	43% (46/107)
	50% (10/ 20) 
	Anaplastic astrocytoma (AA),

WHO grade III
	-
	MSP 
	Conventional MSP primers.b

	
	
	41% (36/ 87) 
	Glioblastoma (GBM),

WHO grade IV
	
	
	

	Esteller 

(2000) [28]
	40% (19/47)
	41% (12/29) 
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	Frozen
	MSP 
	Conventional MSP primers.b

	
	
	39% (7/18)
	Anaplastic astrocytoma (AA), newly diagnosed, 

WHO grade III
	
	
	

	Etcheverry 

(2010) [29]
	60% (30/50)
	-
	Glioblastoma (GBM), newly diagnosed

WHO grade IV
	Frozen
	Bead chip
	The DNA methylation values (β –values) was calculated and CpG sites were identified as methylated/unmethylated acording to the β cut-off value 0.10. This threshold was chosen as it resulted in the best stratification (p-value) according to the log-rank test.

	Everhard 

(2009) [2]
	67% (36/54)
	-
	Glioblastoma (GBM),

WHO grade IV
	Frozen
	Pyrosequensing 52 CpG sites
	Sample results were dichotomized. The used cut-off was 10.65% in all 52 CpG sites and was determined using DNA from 24 non-neoplastic brain samples (mean ± 2SD).

	Fabi

(2010) [30]
	45%

(14/31)
	-
	Malignant gliomas, recurrent:

Anaplastic astrocytoma (A), anaplastic oligodendroglioma (AO), WHO grade III and Glioblastoma (GBM), 

WHO grade III
	FFPE
	MSP

two-step approach
	Primers not reported.

	Felsberg 

(2009) [31]
	39% (22/66)
	-
	Glioblastoma (GBM), primary,

WHO grade IV
	FFPE 

and Frozen 
	MSP 
	Primers as reported by Wick et al. (2007) [26].

	Gan

(2010) [32]
	48% (10/21) 

both methods
	100% (7/7)

both methods
	Anaplastic oligodendroglioma (AO),

WHO grade III
	FFPE
	MALDI-TOF MS 

8 CpG units

20 CpG sites

and 

MS-HMR
	MALDI-TOF MS, samples was scored as methylated if the peak height ratio was higher than the calculated cut-off value in ≥4 CpG units. Cut-off determined using DNA from 4 normal control periperheral blood samples (mean ± 2SD).

MS-HRM, a series of standards from fully methylated human DNA was used to quantify the relative methylation in the sample. Samples were scored as methylated if the methylation score was ≥ 10%.

	
	
	21% (3/14)

both methods
	Anaplastic oligoastrocytoma (AOA),

WHO grade III
	
	
	

	Gerstner 

(2009) [33]
	58% (37/64)
	-
	Glioblastoma (GBM), newly diagnosed, patients ≥ 70 years,

WHO grade IV
	FFPE
	MSP 
	Conventional MSP primers.b

	Glas 

(2009) [34]
	48% (11/23)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	-
	MSP
	Conventional MSP primersb or primers as reported by Wick et al. (2007) [26]. Not specified.

	Gonzalez-Gomez 

(2003) [35]
	63% (40/64)
	71% (15/21)
	Anaplastic astrocytoma (AA),

WHO grade III
	Frozen
	MSP
	Conventional MSP primers.b

	
	
	54% (18/33)
	Glioblastoma (GBM), primary,

WHO grade IV
	
	
	

	
	
	70% (7/10)
	Glioblastoma (GBM), secondary,

WHO grade IV
	
	
	


	Grasbon-Frodl 

(2007) [36]
	40% (10/25)

total

30% (6/20),

in primary group

80% (4/5), 

in secondary group
	25% (1/4)
	Anaplastic astrocytoma (AA), primary, 

WHO grade III
	Frozen
	MSP 

and 

BS 

25 CpG sites
	MSP using conventional MSP primers.b 

BS using primers as described by Möllemann 2005 [37]. A CpG site was considered methylated If the cytosine and thymine peaks were equally sized or the cytosine peak being larger. Samples were scored as methylated when more than 13 CpG sites were found to be methylated. 100% concordant results in MSP and BS.

	
	
	31% (5/16)
	Glioblastoma (GBM), primary,

WHO grade IV
	
	
	

	
	
	67% (2/3)
	Anaplastic astrocytoma (AA), secondary, 

WHO Grade III
	
	
	

	
	
	100% (2/2)
	Glioblastoma (GBM), secondary,

WHO Grade IV
	
	
	

	Grossman 

(2009) [38]
	31% (9/29)
	29% (7/24) 
	Glioblastoma (GBM), newly diagnosed, patients ≤ 70 years,

WHO grade IV
	FFPE
	MSPg
	OncoMethylome Sciences, Inc.

	
	
	40% (2/5)
	Glioblastoma (GBM), newly diagnosed, patients >70 years, 

WHO grade IV
	
	
	

	Hegi 

(2004) [39]
	68% (26/38)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE 

and

Frozen 
	MSP
	Conventional MSP primers.b

	Hegi 

(2005) [40]
	45% (92/206)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach 
	Conventional primers for nested two-stage approach.d

	Hervouet

(2009) [41]
	43% (23/53)
	33% (9/27)
	Glioblastoma (GBM), 

WHO grade IV

5 mC below median value
	Primary cultured tumor cells
	MSP 
	Conventional MSP primers.b
Experiments performed before passage 3 to 8. 5 mC value assessed by ELISA assay.

	
	
	52% (14/26)
	Glioblastoma (GBM), 

WHO grade IV

5 mC above median value
	
	
	

	Ishii 

(2007) [42]
	57% (25/44)
	40% (8/20) 
	Glioblastoma (GBM), recurrent,

WHO grade IV
	Frozen
	MSP 
	Conventional MSP primers.b, c

	
	
	69% (11/16)
	Anaplastic astrocytoma (AA), recurrent,

WHO grade III
	
	
	

	
	
	75% (6/8)
	Anaplastic oligoastrocytoma (AOA), recurrent, 

WHO grade III
	
	
	

	Jesien-Lewandowicz 

(2009) [43]
	72% (23/32)
	-
	Glioblastoma (GBM), primary,

WHO grade IV
	Frozen
	MSP

Nested two-stage approach 
	Conventional primers for nested two-stage approach.d

	Jeuken 

(2007) [44]
	67% (28/42), MSP

58% (28/48), MS-MLPA
	100% (4/4), MSP

100% (5/5), MS-MLPA
	Anaplastic oligodendroglioma (AO),

WHO grade III
	FFPE 

and 

Frozen
	MSP 

MS-MLPA
	MSP using conventional MSP primersb
(not dichotomized in publicationj).

MS-MLPA using 3 MLPA  probes. The methylation ratio for each sample was calculated (‘probe fraction of the digested sample’/probe fraction of the corresponding undigested sample). Experiments were performed in duplicates and averaged. Data were dichotomized in line with the MSP results. Samples with an average probe ratio >0.25 was scored as methylated.

	
	
	67% (2/3), MSP

50% (2/4), MS-MLPA
	Anaplastic oligoastrocytoma (AOA),

WHO grade III
	
	
	

	
	
	75% (3/4), MSP

75% (3/4), MS-MLPA
	Anaplastic astrocytoma (AA),

WHO grade III
	
	
	

	
	
	100% (2/2), MSP

100% (2/2), MS-MLPA
	Gliosarcoma (GS),

WHO grade IV
	
	
	

	
	
	59% (17/29 k), MSP

48% (16/33), MS-MLPA
	Glioblastoma (GBM),

WHO grade IV
	
	
	

	Kamiryo 

(2004) [45]
	45% (52/116)
	45% (19/42)
	Anaplastic astrocytoma (AA), primary,

WHO grade III
	Frozen
	MSP 
	Conventional MSP primers.b

	
	
	45% (33/74) 
	Glioblastoma (GBM), primary,

WHO grade IV
	
	
	

	Karayan-Tapon 

(2010) [46]
	68% (55/81), MSP
	-
	Glioblastoma (GBM),

WHO grade IV
	Frozen
	MSP 

Nested two-stage approach 

SQ-MSP

Pyrosequencing 

5 CpG sites
	MSP using conventional primers for nested two-stage approach.d SQ-MSP and pyrosequencing not dichotomized. 

	Koos 

(2010) [47]
	46% (53/116)
	-
	Glioblastoma (GBM) (n=100), 

WHO grade IV
	FFPE
	MSP 
	Primers as reported by Wick et al. (2007) [26].

	
	
	-
	Anaplastic astrocytoma (AA) (n=16),

WHO grade III
	
	
	


	Laffaire 

(2011) [48]
	56% (23/41), qMSP

38% (18/48), Bead arrayl
	100% (5/5), qMSP

43% (3/7), Bead array
	Anaplastic astrocytoma (A) (n=1), anaplastic oligoastrocytoma (AOA) (n=2) and anaplastic oligodendroglioma (AO) (n=4), 

WHO grade III
	Frozen
	qMSP 

Bead array
	qMSP using MGMT primers and probe as reported by Widschwendter (2004) [49]. β-actin was analyzed for normalization. Methylated target in each sample was calculated by dividing the MGMT/ β-actin ratio in the sample by the same ratio form a 100% methylated reference.

Bead array, samples with a β-value >0.2 were considered to be methylated. With this cut-off value, the consistency between qMSP and bead array results was 70.1 %.

	
	
	50% (18/36), qMSP

37% (15/41), Bead array
	Glioblastoma (GBM) (n=41), 

WHO grade IV
	
	
	

	Lai 

(2011) [50]
	41% (29/70)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage
	Conventional primers for nested two-stage approach.d

	Lavon 

(2010) [51]
	41% (17/41)
	-
	High grade astrocytic tumor

WHO grade III (n=12) and IV (n=29)
	FFPE
	MSP 
	Using MGMT metylated primers and β-actin for normalization. Conventional MSP primersb for the methylated MGMT reaction.

	Levner 

(2009) [52]
	53% (31/59)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.d

	Liu 

(2010) [53]
	97% (64/66) 
	 100% (43/43)
	Glioblastoma (GBM),

primary (n=35) and secondary (n=8), 

WHO grade IV 
	-
	Real-time PCR

after immunocapturing of methylated DNA
	Reporting primers. The relative enrichment of methylation in each sample was defined as the ratio of the signal in the immunoprecipitated DNA vs. input DNA. The ratio was standardized against an unmehtylated control. 

	
	
	91% (21/23) 
	Anaplastic astrocytoma (A) (n=18), 

anaplastic oligoastrocytoma (AOA) (n=3) and anaplastic oligodendroglioma (AO) (n=2), 

WHO grade III
	
	
	

	Lorente 

(2009) [54]
	60% (29/48), MSP

58% (28/48), MCA-Meth
	60% (6/10), 

in both methods
	Anaplastic astrocytoma (AA),

WHO grade III
	Frozen
	MSP

MCA-meth.
	MSP and MCA-meth primers designed by the authors, sequences available upon request.

	
	
	61% (23/38), MSP

58% (22/38), MCA-Meth
	Glioblastoma (GBM), 

WHO grade IV
	
	
	

	Martinez 

(2007) [55]
	41% (80/195)
	39% (73/186)
	Glioblastoma (GBM), 

survival time ≤ 1 year, 

WHO grade IV  
	FFPE 

and 

Frozen 
	MSP
	Conventional MSP primers.b,c MSP performed a second time as validation with other primers (primer sequences, available upon request).

	
	
	78% (7/9)
	Glioblastoma (GBM), 

survival time >3 years, 

WHO grade IV
	
	
	

	Martinez 

(2009) [56]
	11% (5/46)
	-
	Glioblastoma (GBM),

WHO grade IV  
	Frozen
	Bead array
	Mean methylation (β-value) in one normal brain was 0.02. Samples with a β-value >0.5 were considered to be methylated.

	Martini 

(2008) [57]
	43% (20/46)
	-
	Glioblastoma (GBM), 

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.d

	Maxwell 

(2006) [3]
	62% (18/29)
	67% (14/21)
	Glioblastoma (GBM), 

WHO grade IV
	Frozen in Tissue-Tek OCT compound
	qMSP 
	Methodology devised by OncoMethylome Sciences, Inc. Calculating the MGMT/ β-actin ratios (copies methylated MGMT/ copies β-actin × 1000).

Cut offs based on comparison of the results from OncoMethylome with the gel based MSP assay used by Hegi et al. (2005) [40]. Samples with a result >12 were considered to be methylated.

	
	
	50% (4/8)
	Anaplastic oligoastrocytoma (AO) (n=3) and anaplastic astrocytoma (AA), (n=5), 

WHO grade III
	
	
	

	Mellai 

(2009) [58]
	29% (29/101)


	-
	Glioblastoma (GBM), 

WHO grade IV
	FFPE
	MSP 
	Conventional MSP primers.b The methylated and unmethylated reactions from the MSP were analyzed by capillary electrophoresis, and the peak height ratio (methylated/unmethylated allele was calculated. Samples was scored as methylated if the peak hight ratio was >0.1. 

When including samples with a ratio between 0.01 and 0.09,(weak methylation peak, n=7), the methylation frequency increased to 35.6%. The same frequency was found when calculating the occurrence of the methylated allel only.

	Metellus 

(2009) [59]
	
	29% (6/21),

in both methods
	Glioblastoma (GBM), primary tumor,

WHO grade IV
	Frozen
	MSP

qMSP
	MSP using conventional MSP primersb
qMSP using primers and probes as reported by Widschwendter (2004) [49], using Col2A1 to normalize. The PMR-value (%) was calculated and samples were considered methylated if the PMR was >0%.

	
	
	32% (6/19) MSP

26% (5/19) qMSP
	Glioblastoma (GBM), recurrent tumor,

WHO grade IV
	
	
	

	Mikeska 

(2007) [60]
	41% (9/22), BS
	-
	Glioblastoma (GBM), primary,

WHO grade IV
	Frozen 
	BS 

27 CpG sites 

COBRA

SIRPH

Pyrosequencing

4 CpG sites
	Including 3 normal brain controls.

BS, determination of methylation status by evaluating the dendrogram for hierarchical cluster analysis of 25 CpG sites. Results obtained using COBRA, SIRPH and pyrosequencing is compared to the BS results and not dichotomized. All primers reported.

	Mikkelsen

(2009) [61]
	54% (13/24)
	-
	Anaplastic oligoastrocytoma (AOA) and anaplastic oligodendroglioma (AO), newly diagnosed 

WHO grade III
	-
	MSP
	Not clear if the MSP was performed in a two-step approach. Probably using conventional MSP primers.b, c

	Minniti 

(2010) [62]
	36% (31/87)
	-
	Glioblastoma (GBM), newly diagnosed (detection of recurrence by follow-up MRI)

WHO grade IV
	FFPE
	MSP
	Conventional MSP primers.b

	Morandi 

(2010) [63]
	43% (69/159), MSP

44% (70/159), qMSP
	-
	Glioblastoma (GBM), newly diagnosed 

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach

qMSP
	MSP using conventional primers for nested two-stage approach.d,e Not specifying first stage primers.

qMSP using LNA primers. Conventional MSP primers b modified at 3’end, and beacon probes including two additional CpG sites. Methylated and unmethylated SNURF was analyzed as reference reactions and a mixture of 50% methylated and unmethylated DNA served as a calibrator. Samples with a normalized ratio value mMGMT/uMGMT alleles >0.001 was considered to be methylated. 

	Möllemann 

(2005) [37]
	91% (31/34), MSP

94% (32/34), BS
	96% (22/23), 

In both methods
	Anaplastic oligodendroglioma (AO), 

WHO grade III
	Frozen
	MSP 

BS 

25 CpG sites
	MSP using conventional MSP primers.b
BS, sample was considered methylated if more than 50% of the sequenced CpG sites were metylated. 

	
	
	82% (9/11), MSP

91% (10/11), BS
	Anaplastic oligoastrocytoma (AOA),

WHO grade III
	
	
	

	Nakamura 

(2001) [64]
	48% (25/52)
	36% (13/36)
	Glioblastoma (GBM), primary,

WHO grade IV
	FFPE
	MSP 
	Conventional MSP primers.b

	
	
	75% (12/16)
	Glioblastoma (GBM), secondary,

WHO grade IV
	
	
	

	Park 

(2009) [65]
	54% (26/48) 
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 
	Conventional MSP primers.b

	Parrella 

(2009) [66]
	69% (24/35), qMSP
	-
	Glioblastoma (GBM), 

WHO grade IV
	FFPE 

and 

Frozen
	qMSP 

MSP
	qMSP, calculating the MGMT/ β-actin ratios (copies methylated MGMT/ copies β-actin × 1000).

The ratio indicates the relative level of methylated DNA in each sample. Cut-off value (>0.35) based on ROC curve analysis of tumor and normal brain tissue (n=24). Primers and probes were as reported by Hoque et al. (2006) [67].

MSP, using same primer sequences as for the methylated qMSP reaction. As control of the bisulphite conversion a part of the β-actin promoter region not containing CpGs was amplified. Methylation frequency determined by MSP is not reported for this specific diagnose.


	Paz 

(2004) [68]
	30% (28/92) 
	30% (6/20)
	Anaplastic oligodendroglioma (AO), primary,

WHO grade III
	-
	MSP 
	Conventional MSP primers.b,c Performed MSP a second time with other primers (reported). The results from the two assays were identical.

	
	
	0% (0/4)
	Anaplastic oligoastrocytoma (AOA), primary, 

WHO grade III
	
	
	

	
	
	13% (2/16)
	Anaplastic astrocytoma (AA), primary,

WHO grade III
	
	
	

	
	
	38% (20/52)
	Glioblastoma (GBM), primary,

WHO grade IV
	
	
	

	Piccirilli 

(2006) [69]
	59% (13/22)
	-
	Glioblastoma (GBM), 

patients >80 years, 

WHO grade IV
	Frozen
	MSP 
	Not reporting primers or referring.

	Pirtoli 

(2009) [70]
	56% (29/52)
	-
	Anaplastic astrocytoma (AA),

WHO grade III and glioblastoma (GBM),

WHO grade IV
	FFPE
	MSP 
	Not reporting primers or referring.

	Prados 

(2009) [71]
	36% (16/44)
	-
	Glioblastoma (GBM) and gliosarcoma (GS), newly diagnosed, 

WHO grade IV
	-
	MSP 
	Conventional MSP primers.b

	Ramirez 

(2003) [72]
	38% (8/21)
	-
	Glioblastoma (GBM),

WHO grade IV
	Frozen
	MSP 
	Conventional MSP primers.b

	Rivera 

(2010) [73]
	24% (54/225)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV 
	FFPE
	qMSP
	qMSP using primers and probes as reported by Widschwendter (2004) [49]. Included Col2A1 as a control. Samples with amplification of methylated sequence, or both methylated and unmethylated sequences, were interpereted as methylated. This corresponded to a cut off of ≥ 0.05 fluorescence of FAM after at least 40 PCR cycles.

	Rodriguez 

(2008) [74]
	38% (15/39)
	-
	Glioblastoma (GBM),

WHO grade IV
	FFPE
	MSP 
	Conventional MSP primersb, labelled with fluorescens.

	Sadones 

(2009) [75]
	26% (10/38)
	-
	Anaplastic astrocytoma (AA) (n=12) and anaplastic oligoastrocytoma (AOA) (n=4), recurrent, WHO grade III

Glioblastoma (GBM) (n=22), recurrent,

WHO grade IV
	FFPE
	qMSP 
	OncoMethylome Sciences, Inc. Calculating the MGMT/ β-actin ratios (copies methylated MGMT/ copies β-actin × 1000). Samples with a result >12 were considered to be methylated.

	Schaich 

(2009) [76]
	34% (37/110)
	-
	Glioblastoma (GBM),

WHO grade IV
	Frozen
	MSP 
	Primers as reported by Wick et al. (2007) [26].

	Shamsara 

(2009) [77]
	48% (24/50)
	-
	Glioblastoma (GBM), primary,

WHO grade IV
	FFPE
	MSP 
	Conventional MSP primers.b

	Sijben 

(2008) [78]
	45% (13/29)
	-
	Glioblastoma (GBM), newly diagnosed, patients ≥ 65 years, 

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.d

	Slaby 

(2010) [79]
	 45% (10/22)
	-
	Glioblastoma (GBM), primary,

WHO grade IV
	FFPE
	qMSP
	Conventional MSP primer sequences.b Primers amplifying unconverted genomic DNA for β-actin were used as an internal standard to assess bisulfite conversion efficiency.

	Smith 

(2008) [80]
	52% (12/23)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP 

Nested two-stage approach 
	Reporting primers.

	Sonoda 

(2009) [81]
	50% (15/30)
	79% (11/14)
	Glioblastoma (GBM), newly diagnosed,

survival >3 years,

WHO grade IV 
	Frozen
	MSP 
	Conventional MSP primers.b

	
	
	25% (4/16)
	Glioblastoma (GBM), newly diagnosed,

survival <1.5 years, 

WHO grade IV 
	
	
	

	Sonoda 

(2010) [82]
	56% (35/62)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	Frozen
	MSP
	Conventional MSP primers.b

	Spiegl-Kreinecker 

(2010) [83]
	66% (47/71)
	-
	Glioblastoma (GBM) (n = 69) and

gliosarcoma (GS) (n=2), primary,

WHO grade IV
	Frozen 

and

Cell explants 
	MSP 
	Conventional MSP primers.b 

Cell cultures were established from surgery specimens, and analyzed between passages 2 and 6. 

	Stupp 

(2010) [84]
	51% (23/45)
	-
	Glioblastoma (GBM), newly diagnosed

WHO grade IV
	FFPE 

and Cryosections
	MSP 

Nested two-stage approach
	Conventional primers for nested two-stage approach.d

	van den Bent 

(2009) [85]
	80% (110/137)
	84% (81/97)
	Anaplastic oligodendroglioma (AO) and anaplastic oligoastrocytoma (AOA) without necrosis, 

WHO grade III
	FFPE
	MS-MLPA
	MS-MLPA results were normalized by calculating the peak height ratio of MGMT probe signal relative to the control fragments. Further the normalized values of the MGMT probes within digested DNA samples were divided by normalized values of corresponding undigested samples, to evaluate the degree of methylation. These ratios were averaged for each probe. Results >0.25 indicated methylation. Cut off determined by the manufacturer 

	
	
	73% (29/40)
	Glioblastoma (GBM), 

WHO grade IV
	
	
	

	Vogelbaum 

(2008) [86]
	80% 16/20
	-
	Anaplastic oligodendroglioma (AO) and anaplastic oligoastrocytoma (AOA), newly diagnosed, 

WHO grade III
	-
	MSP 
	Conventional MSP primers.b

	Watanabe 

(2005) [87]
	38% (17/45)
	44% (7/16)
	Anaplastic astrocytoma (AA), newly diagnosed, 

WHO grade III
	FFPE
	MSP
	Conventional MSP primers.b

	
	
	34% (10/29)
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	
	
	

	Watanabe 

(2006) [88]
	35% (7/20)
	56% (5/9)
	Anaplastic astrocytoma (AA),

WHO grade III
	Frozen
	MSP
	Conventional MSP primers.b

	
	
	18% (2/11)
	Glioblastoma (GBM),

WHO grade IV
	
	
	

	Weiler 

(2010) [89]
	41% (16/39)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	FFPE
	MSP
	Conventional MSP primers.b

	Weller 

(2009) [90]
	44% (133/295)
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	Frozen
	MSP 
	Primers as reported by Wick et al. (2007) [26].

	Wemmert 

(2009) [91]
	56% (15/27)
	48% (11/23)
	Glioblastoma (GBM), primary,

WHO grade IV
	Frozen
	MSP 
	Primers as reported by Paz et al. (2004) [68]. Not specifying if it is the conventional primersb or the other reported primers set.

	
	
	100% (4/4 )
	Glioblastoma (GBM), secondary,

WHO grade IV
	
	
	

	Wick 

(2007) [26]
	47% (17/36)
	-
	Glioblastoma (GBM), recurrent

WHO grade IV 
	FFPE
	MSP 
	Primers as reported by Wick et al. (2007) [26]. 

	Wick 

(2009) [92]
	61% (123/202)
	50% (48/96)
	Anaplastic astrocytoma (AA),

WHO grade III
	FFPE
	MSP 
	Conventional MSP primersb, or primers as reported by Wick et al. (2007) [26]. Not stated clearly. 

	
	
	71% (53/75)
	Anaplastic oligoastrocytoma (AOA),

WHO grade III
	
	
	

	
	
	71% (22/31)
	Anaplastic oligodendroglioma (AO),

WHO grade III
	
	
	

	Yachi 

(2008) [93]
	32% (8/25 m), MSP 
38% (8/21), BS
	-
	Glioblastoma (GBM), newly diagnosed,

WHO grade IV
	Frozen
	MSP


BS

27 CpG sites
	MSP using conventional MSP primers.b 

BS using primers as reported by Mikeska et al. (2007) [60]. A CpG site was considered methylated If the cytosine and thymine peaks was equally sized or the cytosine peak being larger. (Based on the criteria described by Grasbon-Frodl et al. (2007)).

	Yang 

(2009) [94]
	89% (32/36)
	100% (19/19)
	Anaplastic oligodendroglioma (AO), newly diagnosed, 

WHO grade III
	FFPE
	MSP
	Conventional MSP primers.b

	
	
	100% (7/7)
	Anaplastic oligoastrocytoma (AOA), newly diagnosed, 

WHO grade III
	
	
	

	
	
	60% (6/10)
	Anaplastic astrocytoma (AA),

newly diagnosed, 

WHO grade III
	
	
	

	Zawlik 

(2009) [95]
	44% (165/371)
	43% (149/349)
	Glioblastoma (GBM), primary,

WHO grade IV
	FFPE
	MSP 

Nested two stage approach
	Conventional primers for nested two-stage approach.d

	
	
	73% (16/22)
	Glioblastoma (GBM), secondary,

WHO grade IV
	
	
	


a) When possible to deduce from the publication (directly or from supplementary material).

b) Conventional MSP primers, as reported by Esteller et al. (1999) [1].

c) A possible spelling error in reported primers, overall quite similar to the conventional primers.

d) Conventional primers for nested two-stage approach: first step PCR primers, as reported by Palmisano et al. (2000) [96]. Conventional MSP primersb are used in the second step.

e) Optional first step primers used in MSP (nested two-stage approach), as reported by van Engeland et al. (2003) [97].

f) Reference missing in publication. Most likely optional first step primers as reported by van Engeland et al. (2003) [97].

g) 9 patients included in the pre-treatment group.

h) Most likely qMSP.

i) Reporting methylation frequencies for samples included in the tumor texture analysis (53%) and tumor location analysis (50%). Most patients are included in both analyses.

j) We considered the promoter to be methylated if the amplicon from methylated primers could be seen alone or if both the methylated and unmethylated amplicon was present. 

k) Originally 31 glioblastoma samples were analyzed by MSP, but two of them are excluded here, as they did not produce PCR-products with methylated nor unmethylated primers.

l) Study includes 8 patients which are represented with two tumor samples, initial and recurrent.

m) Methylation status in 9 samples was previously reported by Watanabe et al. (2006) [88].


Abbreviations: MSP, methylation specific PCR; FFPE, formalin-fixed paraffin-embedded; qMSP, quantitative  methylation specific PCR; MS-HMR, methylation sensitive high resolution melting; MALDI-TOF MS, Matrix-assisted laser desorption/ionisation-time of flight mass spectrometry; SQ-MSP, semiquantitative methyl-speciﬁc polymerase chain reaction; MCA-Meth, Melting curve analysis-based real-time methylation assay; PMR, percentage of methylated reference; COBRA, combined bisulphite restriction analysis; SIRPH, SNuPE ion pair-reverse phase high-performance liquid chromatography); ROC, Receiver Operating Characteristics; MS-MLPA, methylation speciﬁc-multiplex ligation-dependent probe ampliﬁcation; BS, Bisulfite sequencing; OCT, optimum cutting temperature; LNA, locked nucleic acid
	SUPPLEMENTARY TABLE 2: Studies of MGMT promoter methylation in low-grade gliomas - summary of methylation frequencies and methodological details.

	Low-grade glioma studies

	First author (year)
	Total methylation frequency %
	Subgroup

methylation frequencya
	Diagnosis
	Tissue
	Method
	Methodological details

	Alonso 

(2003) [98]
	77% (17/22)
	-
	Oligodendroglioma (O), 

WHO grade II 
	Frozen
	MSP
	Conventional MSP primers.b

	Cankovic 

(2007) [15]
	28% (11/40)
	33% (2/6)
	Astrocytoma (A), 

WHO grade II
	FFPE
	MSP

two-step approach
	Conventional MSP primers.b,c

	
	
	26% (8/31)
	Oligodendroglioma (O), 

WHO grade II
	
	
	

	
	
	33% (1/3)
	Oligodendroglioma (O) + astrocytoma (A),

WHO grade II
	
	
	

	Dong 

(2001) [99]
	57% (16/28)
	 53%(10/19)
	Oligodendroglioma (O),

WHO grade II
	-
	MSP
	Conventional MSP primers.b

	
	
	 67% (6/9)
	Oligoastrocytoma (OA),

WHO grade II
	
	
	

	Esteller 

(1999) [1]
	31% (8/26) 
	-
	Astrocytoma (A) and oligodendroglioma (O), WHO grade II
	-
	MSP
	Conventional MSP primers.b

	Everhard 

(2006) [100]
	93% (63/68)


	93% (39/42)
	Oligodendroglioma (O), 

WHO grade II 
	Frozen
	MSP

Nested 

two-stage approach
	Conventional primers for nested two-stage approach.d

	
	
	94% (17/18)
	Oligoastrocytoma (OA),

WHO grade II
	
	
	

	
	
	88% (7/8)
	Astrocytoma (A),

WHO grade II
	
	
	

	Gonzalez-Gomez 

(2003) [35]
	50% (12/24)
	-
	Astrocytoma (A),

WHO grade II
	Frozen
	MSP
	Conventional MSP primers.b

	Houillier 

(2010) [101]
	81% (150/185)
	-
	Astrocytoma (A), oligodendroglioma (O) and oligoastrocytoma (OA), WHO grade II
	-
	MSP

Nested 

two-stage approach
	Conventional primers for nested two-stage approach.d

	Kesari 

(2009) [102]
	60% (12/20)
	-
	Oligodendroglioma (O), astrocytoma (A) and oligoastrocytomas (OA), WHO grade II
	FFPE 
	e
	OncoMethylome Sciences, Inc.

	Komine 

(2003) [103]
	43% (21/49)
	-
	Fibrillary astrocytoma (A) newly diagnosed,

WHO grade II
	FFPE 
	MSP 
	Conventional MSP primers.b

	Kuo 

(2009) [104]
	42% (15/36)
	34% (10/29)
	Oligodendroglioma (O),

WHO grade II
	FFPE 
	MSP 
	Conventional MSP primers.b

	
	
	71% (5/7)
	Oligoastrocytoma (OA),

WHO grade II
	
	
	

	Laffaire 

(2011) [48]
	80% (24/30), qMSP

37% (14/38), Bead arrayf
	80% (4/5), qMSP

60% (3/5), 
Bead array
	Astrocytoma (A), 

WHO grade II
	Frozen
	qMSP 

Bead array
	qMSP using MGMT primers and probe as reported by Widschwendter (2004)[49]. β-actin was analyzed for normalization. Methylated target in each sample was calculated by dividing the MGMT/ β-actin ratio in the sample by the same ratio form a 100% methylated reference.

Bead array, samples with a β-value >0.2 were considered to be methylated. With this cut-off value, the consistency between qMSP and bead array results was 70.1 %.

	
	
	78% (7/9), qMSP

56% (9/16), Bead array
	Oligodendroglioma (O),

WHO grade II
	
	
	

	
	
	81% (13/16), qMSP

12% (2/17), Bead array
	Oligoastrocytoma (OA),

WHO grade II
	
	
	

	Nakamura 

(2001) [64]
	48% (26/54)
	-
	Astrocytoma (A),

WHO grade II
	FFPE 
	MSP 
	Conventional MSP primers.b

	Tosoni 

(2008) [105]
	47% (14/30)
	50% (9/18)
	Oligodendroglioma (O),

WHO grade II 
	FFPE 
	MSP

Nested two-stage approach
	Conventional primers for nested two-stage approachd, some cases amplified with optional first stage primers.g

	
	
	42% (5/12)
	Astrocytoma (A) and oligoastrocytoma (OA), WHO grade II 
	
	
	

	Watanabe 

(2002) [106]
	48% (20/42)
	47% (9/19)
	Oligodendroglioma (O), 

WHO grade II
	FFPE 
	MSP 
	Conventional MSP primers.b

	
	
	48% (11/23)h
	Fibrillary astrocytoma (A),

WHO grade II 
	
	
	


a) When possible to deduce from the publication (directly or from supplementary material).

b) Conventional MSP primers, as reported by Esteller et al. (1999) [1].

c) A possible spelling error in reported primers, overall quite similar to the conventional primers.

d) Conventional primers for nested two-stage approach: first step PCR primers, as reported by Palmisano et al. (2000) [96]. Conventional MSP primersb are used in the second stage.

e) Most likely quantitative MSP (qMSP).

f) Study includes 8 patients which are represented with two tumor samples, initial and recurrent.

g) Optional first stage primers used in MSP (nested two-stage approach), as reported by van Engeland et al. (2003) [97].

h) MGMT status for 12 of these samples has been reported previously by Nakamura et al. (2001) [64].
Abbreviations: MSP, methylation specific PCR; FFPE, formalin-fixed paraffin-embedded; qMSP, quantitative methylation specific PCR
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