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Abstract 

Glioma is a devastating type of brain tumor with high malignancy, an extremely high mortality rate, and a recur-
rence risk. Molecular markers are known to have a major role in classification, prognosis, survival rate, and therapy 
determination for different glioma subtypes. The aim of this study was to investigate the association of gliomas’ 
main genetic markers: isocitrate dehydrogenase (IDH) mutations and O6-methylguanine-DNA methyltransferase 
(MGMT) promoter methylation status with the survival rate in Russian patients with glioblastoma and other glial 
tumors. According to histological subtype, included glioma patients were divided into two groups: glioblastoma 
(n = 90) and other gliomas (n = 40). IDH mutations were screened by high-resolution melting-curve analysis (HRM) 
followed by direct sequencing, and MGMT methylation was detected with pyrosequencing. Our data showed that IDH 
mutations are significantly more frequent among patients with other gliomas compared to glioblastoma patients 
(p < 0.001). Patients with mutated IDH gene have a significantly higher progression-free survival (PFS) and overall 
survival (OS) rates than those with wild-type genes. MGMT promoter methylation status was found to be significantly 
associated with PFS, but not OS. The presence of IDH mutation with a methylated MGMT promoter significantly 
increased patients’ PFS and OS. To our knowledge, this is the first study to investigate the association of IDH and MGMT 
genetic biomarkers with glioma in the Russian population. Our findings could be used in future studies to improve 
glioma prognosis and classification and reach a personalized treatment protocols depending on multiple molecular 
biomarkers.
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Introduction
Gliomas are the most abundant histological type of cen-
tral nervous system (CNS) tumors, accounting for 27% 
of all neural malignancies and 80% of neural primary 
malignant tumors [21]. They arise from different types 
of glial cells and have different incidences in each coun-
try. Worldwide, about 100,000 adults per year are diag-
nosed with diffuse glioma [16]. In the Russian Federation, 

according to 2019 statistics, 10–13/100,000 per year are 
glioma patients [24].

The most critical point in gliomas individualized treat-
ment is accurate classification. From 2007 until 2016, this 
group of brain malignancies was classified based on the 
histological features into high grade (IV: glioblastoma, 
the most common and aggressive subtype, accounts for 
49% of malignant brain tumors) and low-grade (II–III: 
astrocytoma and oligodendroglioma in about 30% of 
brain malignancies) [20, 21]. In 2016, the WHO pub-
lished a new classification system integrating morpholog-
ical and molecular features of glioma (genetic mutations 
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mainly). The classification of CNS tumors in 2022 was 
the most detailed [16].

Diagnostic and prognostic molecular markers are 
known to have a major role in gliomas. This mainly con-
cerns isocitrate dehydrogenase (IDH), the main diagnos-
tic genetic marker for glial tumors. IDH encodes enzymes 
converting isocitrate to alpha-ketoglutarate (α-KG) using 
nicotinamide adenine dinucleotide phosphate  (NADP+) 
as a cofactor to produce NADPH, one of the most impor-
tant antioxidants [11]. IDH mutations cause the enzyme 
to have a neomorphic function converting α-KG into 
D-2-hydroxyglutarate (2-HG), one of the known onco-
metabolites [12]. 2-HG inhibits the functions of α-KG-
dependent dioxygenases, resulting in DNA and histones 
hypermethylation and thus tumorigenesis [23]. It is 
already known that glioblastoma IDH wild-type patients 
have poor prognosis. However, the exact effect of IDH 
mutations on survival rate is not fully understood [9].
MGMT, which encodes the DNA repair protein 

O6-methylguanine-DNA methyltransferase, is located 
on chromosome 10q26.3, containing 98 CG-rich dinu-
cleotide sequences (CpG-islands). The methylation status 
of these CpGs is known to modulate genetic expression, 
and thus, it was previously studied in several tumors. 
Furthermore, MGMT methylation status is proved to be 
a prognostic factor for chemotherapeutic response to 
alkylating agents such as temozolomide [13]. It is known 
that temozolomide inhibits DNA replication of tumor 
cells through the alkylation of guanine at the O6 posi-
tion. MGMT removes the alkyl groups from guanine 
at the same position, thereby counteracting the effect 
of temozolomide. Methylation of the MGMT gene pro-
moter silences genetic expression, leading to a reduction 
in MGMT levels and improving the response to alkylat-
ing agents [7].

The aim of current research is to study the association 
of gliomas main genetic markers: IDH mutations and 
MGMT methylation status with survival rate in Russian 
patients with glioblastoma and other glial tumors. In 
addition, we aimed to confirm the association of these 
markers with each other’s and with glial subtype.

Materials and methods
Study subjects
Between December 2018 and December 2021, 131 gli-
oma patients were sent to the laboratory of molecular 
oncology in the National Medical Research Centre for 
Oncology (Rostov-on-Don, Russian Federation) and 
were retrospectively recruited in the study. One patient 
with missing information on IDH status was excluded. 
Morphological and immunohistochemical analyses were 
performed to confirm the diagnosis and identify the 
histopathological subtype of glioma for every enrolled 

patient. Included participants were classified into two 
groups: glioblastoma (n = 90) and other gliomas (n = 
40), including anaplastic astrocytoma (n = 21), diffuse 
astrocytoma (n = 14), oligoastrocytoma (n = 2), and 
dendro-glioma (n = 3). All participants have willingly 
signed informed consent before their recruitment. The 
study had the approval of the Ethical Committee of the 
National Medical Research Centre for Oncology (pro-
tocol no. 6) and was conducted in accordance with the 
Declaration of Helsinki.

DNA extraction
Genomic DNA was isolated from formalin-fixed paraffin-
embedded cancer tissue blocks using the MagPure FFPE 
DNA LQ kit B (Magen, Beijing, China). DNA concentra-
tion was measured fluorometrically using the Qubit 2.0 
(Life Technologies, USA). All DNA samples with suffi-
cient concentration were stored at − 20 °C until the start 
of the study.

Detection of IDH1 and IDH2 mutations
A fragment of exon 4 of IDH1, spanning the R132 muta-
tions hotspot of IDH1, and IDH2 entire exon 4 of IDH2 
were amplified from genomic DNA by polymerase chain 
reaction (PCR), and mutations were screened by high-
resolution melting-curve analysis (HRM) followed by 
direct sequencing.

The DNA concentration was adjusted to 12.5 ng/μl. 
The primer sequences used for PCR were as follows: for-
ward, 5′-TCT TCA GAG AAG CCA TTA TC-3′ and 
reverse, 5′-CAC ATT ATT GCC AAC ATG A-3′ for 
IDH1 (amplicon size 119 bp) and forward, 5′-AAA CAT 
CCC ACG CCT AGT CC-3′ and reverse, 5′-AAA GTC 
TGT GGC CTT GTA CTG C-3′ for IDH2 (amplicon 
size 172 bp). PCR reactions were performed in dupli-
cate in a 25-μl reaction mixture containing the following: 
14.28-μl nuclease-free water, 2.5 μl 10 × PCR buffer (20-
mM  MgCl2) (Roche Diagnostics, Meylan, France), 0.4-μl 
dNTPs (12.5 mM), 0.5-μl  MgCl2, 1.2-μl forward primer 
(10 μM), 0.12-μl reverse primer (10 μM), 0.5-μl TaqM 
buffer (10 μM), 0.5-μl Taq-polymerase (5 U/μl), and 5 μl 
of isolated DNA.

PCR and HRM analyses were performed in a single run 
using the LightCycler 480 instrument (Roche Diagnos-
tics, Meylan, France). The cycling conditions were as fol-
lows: an initial denaturation of 3 min at 95 °C, followed 
by 40 cycles of amplification consisting of denaturation at 
95 °C for 13 s, annealing at 54 °C for 40 s, and extension 
at 72 °C for 20 s. HRM is based on computer analysis of 
DNA melting transitions. Post-amplification HRM was 
performed as follows: 1 min at 95 °C, 8 min at 54 °C, fol-
lowed by gradual heating of the samples at a rate of 0.3 
°C/12 s from 54 to 90 °C. PCR with the same protocol was 
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also performed for positive control of each studied muta-
tion and negative control (nuclease-free water instead 
of isolated DNA). LightCycler 480 software release 1.5.0 
SP4 (Roche Diagnostics, Meylan, France) was used for 
all data analysis including fluorescent melting curves. An 
example of HRM results is shown in Fig. 1a.

After HRM, samples were purified and sequenced 
bidirectionally, using the same primers and the BigDye 
Terminator v1.1 sequencing kit (Applied Biosystems, 
Thermo Fisher, USA). All sequences were analyzed for 
somatic mutations using seqscape software (Applied Bio-
systems, Thermo Fisher, USA). Figure  1b represents an 
example of a sequencing result.

Bisulfite conversion and MGMT promotor methylation 
pyrosequencing analysis
Bisulfite conversion of up to 250 ng of isolated DNA was 
performed using the EpiJET Bisulfite Conversion Kit no. 
K1461 (Thermo Fisher Scientific, USA) according to the 
manufacturer’s instructions. A duplicate of each sample, 
universal polymethylated DNA, and unmethylated DNA 
(positive and negative controls) were also subjected to 
bisulfite conversion. All samples with bisulfate conver-
sion efficiency of less than 95% were excluded.

Pyrosequencing analysis was carried out for 5 
CpG sites in exon 1 (positions 17 to 39, Ensembl ID: 
OTTHUMT00000051009) of the MGMT promoter with 

the PyroMark Q24 CpG MGMT kit, according to the 
manufacturer’s recommendation. PCR was performed 
with 1-μl bisulfite-treated DNA, 0.5 μl (5 pmol) of each 
primer, 1 × PCR buffer, 1.5-mM  MgCl2, 0.2-mM each 
dNTP, 0.8 U Taq polymerase (provided in the kit), and 
MilliQ water to 25 μl. PCR conditions were 95 °C for 15 
min; 45 cycles of 95 °C for 20 s, 53 °C for 20 s, 72 °C for 
20 s, and 72 °C for 5 min. PCR products of 104 bp were 
checked by 2% agarose gel electrophoresis. Subsequent 
quantification of the methylation density was performed 
using the PyroMark Q24 software. Examples of results 
for unmethylated and hypermethylated MGMT promot-
ers are shown in Fig.  2a and b, respectively. When the 
methylation percentage was 10% or higher, the sample 
was classified as methylated.

Statistical analysis
Statistical analysis was performed using SPSS Version 
27 (SPSS IBM Corp., Armonk, NY, USA) with p-values 
≤ 0.05 considered statistically significant. Continuous 
clinical characteristics are presented as mean ± standard 
deviation. The Student t-test was used to compare con-
tinuous variables. To assess the differences in IDH muta-
tions between studied groups, the chi-square test was 
performed, and odds ratios (OR) with 95% confidence 
intervals (CI) were calculated. Progression-free survival 
(PFS) was defined as the time between first-line treatment 

Fig. 1 Detection of IDH1 R132H mutation by a HRM analysis and b Sanger sequencing
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and the incidence of first relapse. PFS and overall survival 
times were analyzed by the Kaplan–Meier method and 
stratified log-rank test. Hazard ratios (HR) and 95% con-
fidence intervals (95 CI) were calculated.

Results
Patients’ characteristics
One-hundred thirty glioma patients aged 9–74 years 
old (mean ± SD: 54.15 ± 13.58) were included in the 
study. Clinical characteristics of them are presented in 
Table  1, including age, sex, PFS, overall survival, IDH 
mutational status, and MGMT promotor methylation 
status. The male/female ratio was the same in the stud-
ied two groups (p = 1.00). A significant difference by age 
was detected between glioblastoma and other glioma 
patients (p < 0.001). In addition, PFS was significantly dif-
ferent between glioblastoma and other glioma patients 
(p = 0.002). The majority of glioblastoma patients had a 

PFS of less than 6  months (56.7%). Patients with a PFS 
of more than 2 years were more common in other glio-
mas, in comparison with glioblastoma (15% and 2.2%, 
respectively). It should be mentioned that first-line treat-
ment for all patients was maximal surgical resection. In 
most cases, surgery was followed by radiotherapy and 
chemotherapy.

The correlation of IDH mutation with MGMT methylation 
status in gliomas
Among all included patients, 30 had a mutated IDH gene 
(23.07%). Evaluating the correlation of these mutations 
with MGMT promoter methylation status, we found that 
methylated promoters were more frequent in patients 
with IDH mutations (72%), compared to those with the 
wild-type variant (50.6%). However, this correlation was 
statistically insignificant. The p-value and odds ratios are 
shown in Table 2.

Fig. 2 Detection of MGMT methylation by pyrosequencing. Pyrograms demonstrate a unmethylated and b hypermethylated CpG islands
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IDH mutations and MGMT promoter methylation 
in glioblastoma and other gliomas
Our data showed that IDH mutations are significantly 
more frequent among patients with other gliomas com-
pared to glioblastoma patients (p < 0.001). Furthermore, 
the majority of glioblastoma patients were carriers of the 

IDH wild-type variant (OR = 2.33, 95% CI = [1.59–3.42]). 
No significant association was noted between MGMT pro-
moter methylation status and glioma subtype. Results are 
presented in Table 3.

Association of molecular genetic markers with PFS 
in glioma patients
Kaplan–Meier survival curves showed that glioma patients 
with a mutated IDH gene have a significantly higher PFS 
than those with a wild-type gene (Fig.  3a, χ2 = 16.83, p < 
0.001; HR = 0.41, 95% CI [0.26–0.65]). The median survival 
time for IDH mutated patients was 14 months, while it was 
only 4 months in the IDH wild-type group.

Studying the effect of MGMT promoter methylation 
status on PFS, the survival time median was two times 
higher in patients with a methylated promoter compared 
to patients with unmethylated ones (7 and 3.5 months, 
respectively). We have shown that MGMT promoter sta-
tus is significantly associated with PFS in glioma patients 
(Fig. 3b, χ2 = 5.37, p = 0.02; HR = 0.64 95% CI [0.43–0.95]).

Next, we assessed the effect of the two studied genetic 
biomarkers combinations. The presence of the IDH muta-
tion with the methylated MGMT promoter significantly 
increased patients’ PFS by more than three times in com-
parison with patients that have wild-type IDH and unmeth-
ylated MGMT promoter (Fig. 3c, χ2 = 18.93, p < 0.001; HR = 
0.66, 95% CI [0.53–0.82]).

Association of molecular genetic markers with overall 
survival (OS)
According to the Kaplan–Meier test, IDH mutations signif-
icantly affected the overall survival of glioma patients (χ2 = 
31.12, p < 0.001; HR = 0.32, 95% CI [0.21–0.5]), as shown in 
Fig. 4a. Patients with mutated IDH had about three times 
higher OS, compared to those with the wild-type variant 
(36 months and 13.5 months, respectively).

However, although it showed a significant effect on PFS, 
MGMT promoter methylation status did not affect OS of 
glioma patients (Fig. 4b, χ2 = 2.2, p = 0.14; HR = 0.76, 95% 
CI [0.51–1.12]). OS median time for patients with methyl-
ated MGMT was 18 months, while it was 13.5 months for 
patients with unmethylated promoter.

The association of genetic markers combination (IDH 
mutations × MGMT promoter methylation status) with 
OS was also assessed. Results showed that intergenic 
interaction of IDH mutations and MGMT promoter 

Table 1 The characteristics of Russian glioma patients included 
in the study

* p-value < 0.05 (significant variation). **Survival data and MGMT promotor 
methylation status for some patients are missing

Glioblastoma (n = 90) Other 
gliomas (n = 
40)

p-value

Age at diagnosis 
(mean ± SD)

57.96 ± 11.3 45.6 ± 14.6  < 0.001*

Age groups (years)

 < 40 8 16  < 0.001*

 40–60 35 16

 > 60 47 8

Sex

 Male 50 22 1.00

 Female 40 18

PFS (months)

 < 6 51 12 0.002*

 6–12 19 8

 13–24 14 12

 > 24 2 6

Missing** 4 2

Overall survival (months)

 < 6 15 2  < 0.001*

 6–12 25 4

 13–24 30 5

 > 24 20 27

Missing** 0 2

IDH mutational status

 Wild type 84 16  < 0.001*

 IDH1 (R132H) 6 22

 IDH1 (R132G) 0 1

 IDH2 (R172 W) 0 1

MGMT promotor methylation status (%)

 < 10 36 11 0.60

 10–30 21 10

 > 30 19 9

Missing** 14 10

Table 2 The association of IDH mutation with MGMT promoter methylation status in glioma patients

IDH mutated IDH wild type Chi-square (p-value) OR (95% CI)

MGMT unmethylated 7 40 3.54 (0.06) 0.49 (0.15–1.06)

MGMT methylated 18 41 2.51 (0.95–6.66)
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methylation significantly increases OS by more than 
two times (Fig. 4c, χ2 = 26.09, p < 0.001; HR = 0.65, 95% 
CI [0.54–0.79]). The presence of IDH wild-type variant 
with MGMT unmethylated promoter was accompanied 
by an OS median of 12.5 months, while the carriers of 
IDH mutated × MGMT methylated combination had an 
OS median of 30 months.

Discussion
During the past years, classification of gliomas has shifted 
from a basic histological perspective to a molecular bio-
markers-dependent classification [2]. The studied genetic 
markers in gliomas include the following: IDH mutations, 
1p/19q codeletion, MGMT promoter methylation status, 
epidermal growth factor receptor (EGFR) amplification, 

Table 3 The association of IDH mutation and MGMT promotor methylation with glioma subtype

* p-value < 0.05 (significant variation)

Total Glioblastoma Other gliomas Chi-square (p-value) OR (95% CI)

IDH

 Wild type 100 84 16 44.37 (< 0.001*) 2.33 (1.59–3.42)

 Mutated 30 6 24 0.11 (0.04–0.25)

MGMT promoter

 Methylated 59 40 19 0.998 (0.31) 0.64 (0.27–1.53)

 Unmethylated 47 36 11 1.56 (0.65–3.71)

Fig. 3 Progression-free survival (PFS) (in months) of glioma patients in a mutated and wild-type IDH, b methylated and unmethylated MGMT 
promoter, and c IDH mutation × MGMT promoter methylation status combinations
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telomerase reverse transcriptase (TERT) promoter muta-
tions, and others [15].
IDH mutations are the basic molecular biomarkers in 

glioma classification, especially in adult-type diffuse glio-
mas, where IDH assessment is required for all cases [22]. 
According to the results of previous research studies, 
IDH1/IDH2 mutations are positive prognostic factors in 
glioma patients [10, 14, 25]. Furthermore, patients with 
IDH-mutant gliomas showed a longer OS [4, 18] and PFS 
in different populations [17]. However, such an effect on 
the survival rate has not been studied before in Russian 
glioma patients. In this study, the significant association 
of IDH mutations with both OS and PFS was confirmed 
in a retrospective Russian cohort of patients with differ-
ent glioma histological subtypes.

The most frequent mutation among glioma patients 
was IDH1 (R132H). This is consistent with previous 

findings, showing that in most cases with IDH1 muta-
tions, amino acid substitutions are R132H, and this alter-
ation accounts for most of the IDH alterations in gliomas. 
In contrast, the frequency of IDH2 mutations is generally 
low (0.3–5.2%) [5, 6].

Among included patients, two male patients, aged 31 
and 34 years, had IDH1 (R132G) and IDH2 (R172 W), 
respectively. They also had the same histological glioma 
subtype (diffuse astrocytoma), and the same therapy tac-
tics (surgical followed by radiotherapy) resulted in long-
term stabilization in both of them.

Although it is less studied than IDH mutations, meth-
ylation of the MGMT promoter is already known to 
increase sensitivity to alkylating agents. Thus, it is used in 
clinical practice as a positive prognostic factor of different 
glioma types [1, 26]. The association of this genetic bio-
marker with different gliomas prognosis was intensively 

Fig. 4 Overall survival (OS) (in months) of glioma patients in a mutated and wild-type IDH, b methylated and unmethylated MGMT promoter, and c 
IDH mutation × MGMT promoter methylation status combinations
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investigated. However, its association with survival rate is 
less studied. In the current study, the MGMT promoter 
methylation status was found to be significantly associ-
ated with PFS, but not OS in Russian glioma patients. In 
contrast to our result, a previous study found a statisti-
cally significant improvement in OS in all patients with 
methylated MGMT [8]. This could be explained by the 
fact that the mentioned study included only patients with 
low-grade gliomas (LGG) without considering glioblas-
toma. On the other hand, Egaña et al. noted that MGMT 
methylation, as an independent factor, has no significant 
effect on neither PFS nor OS. They suggested that sur-
vival variation seemed to be affected by several factors 
(other than MGMT methylation), such as temozolomide 
cycles or the patient’s general status [7]. Because of the 
controversial findings concerning the MGMT methyla-
tion impact on PFS and/or OS, future large-scale stud-
ies including all glioma histological subtypes are needed 
to improve our understanding of the MGMT prognostic 
role in these malignancies.

The interactive effect of MGMT with other genetic bio-
markers was not considered enough in the literature. In 
our study, although the frequency of IDH mutations was 
not associated with MGMT methylation, the combination 
of these two genetic biomarkers showed significant asso-
ciations with both PFS and OS (Figs. 3c and 4c, respec-
tively). The performed Kaplan–Meier analysis suggested 
that Russian glioma patients with the IDH mutated gene 
and the MGMT methylated promoter have a longer PFS 
and OS rates. Similarly, Chai et  al. showed that MGMT 
promoter methylation is significantly associated with 
increased OS in IDH-mutant glioblastoma patients [3]. 
Another study proved that IDH1/2 mutations are inde-
pendent better prognostic factors for survival in glioma 
patients. It also mentioned that the combination of this 
factor with MGMT methylation points toward strong 
prognostic implications for longer survival [19].

This study has some limitations,  including  small sam-
ple size (particularly in grade I-II glioma patients’ group) 
and missing survival data for some patients. In addition, 
the included Russian patients have been diagnosed with 
grades I–IV glioma based on the WHO 2016 classifica-
tion criteria, as the patients were diagnosed between 
2018 and 2021.Furthermore, since the studied Russian 
cohorts were retrospectively recruited in the study, con-
ducting multivariate analysis was not possible. Finally, 
the absence of validation for methylation results is also 
considered a limitation.

Conclusion
To our knowledge, this is the first study to investigate the 
association of IDH and MGMT genetic biomarkers with 
glioma in the Russian population. We have also included 

all glioma grades, studied both PFS and OS, and ana-
lyzed the effect of these two biomarkers as separated fac-
tors and their intergenic effect. Results will help in better 
understanding the genetic basis of glioma pathogenesis. 
Our findings could be used in future studies to improve 
glioma prognosis and classification and enable the devel-
opment of personalized treatment protocols depending 
on multiple molecular biomarkers.

Acknowledgements
This study was performed with the equipment of laboratory of molecular 
oncology (National Medical Research Centre for Oncology).

Authors’ contributions
M.E. and D.A.: material preparation, data collection and analysis, writing – 
original draft. N.T.: conceptualization, methodology. D.G.: visualization, writing 
– review & editing. E.R. and S.K: diagnosis and histochemical evaluation of 
samples; I.N.: Supervision. Acknowledgement: This study was performed 
with the equipment of laboratory of molecular oncology (National Medical 
Research Centre for Oncology). Funding: not applicable. Competing Interest: 
The authors declare no competing interest. Data Availability: not applicable.

Funding
The authors declare that no grants were received during the preparation of 
this manuscript.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Study design and methods were approved by the National Ethics Committee. 
All participants (or their parent or legal guardian in the case of children under 
16) provided willingly written informed consent for inclusion before they 
participated in the study.

Consent for Publication
Written informed consent for publication was obtained from all participants 
(or from their parent or legal guardian in the case of children under 16).

Competing interests
The authors declare no competing interests.

Received: 12 December 2024   Accepted: 29 April 2025

References
 1. Aoki K, Natsume A. Overview of DNA methylation in adult diffuse 

gliomas. Brain Tumor Pathol. 2019;36(2):84–91. https:// doi. org/ 10. 1007/ 
s10014- 019- 00339-w.

 2. Bou Zerdan M, Atoui A, Hijazi A, Basbous L, Abou Zeidane R, Alame SM, 
Assi HI. Latest updates on cellular and molecular biomarkers of gliomas. 
Front Oncol. 2022;12:1030366. https:// doi. org/ 10. 3389/ fonc. 2022. 10303 
66.

 3. Chai R, Li G, Liu Y, Zhang K, Zhao, Z, Wu F, Chang Y, Pang B, Li J, Li Y, Jiang 
T, & Wang Y. Predictive value of MGMT promoter methylation on the 
survival of TMZ treated IDH-mutant glioblastoma. Cancer Biol Med. 
2021;18(1):272–282. https:// doi. org/ 10. 20892/j. issn. 2095- 3941. 2020. 0179

 4. Cheng HB, Yue W, Xie C, et al. IDH1 mutation is associated with improved 
overall survival in patients with glioblastoma: a meta-analysis. Tumor Biol. 
2013;34:3555–9. https:// doi. org/ 10. 1007/ s13277- 013- 0934-5.

 5. Cho U, Yang SH, Yoo C. Estimation of the occurrence rates of IDH1 and 
IDH2 mutations in gliomas and the reconsideration of IDH-wildtype 

https://doi.org/10.1007/s10014-019-00339-w
https://doi.org/10.1007/s10014-019-00339-w
https://doi.org/10.3389/fonc.2022.1030366
https://doi.org/10.3389/fonc.2022.1030366
https://doi.org/10.20892/j.issn.2095-3941.2020.0179
https://doi.org/10.1007/s13277-013-0934-5


Page 9 of 9Eid et al. Journal of the Egyptian National Cancer Institute           (2025) 37:36  

anaplastic astrocytomas: an institutional experience. J Int Med Res. 
2021;49(6):3000605211019258. https:// doi. org/ 10. 1177/ 03000 60521 
10192 58.

 6. Deng L, Xiong P, Luo Y, Bu X, Qian S, Zhong W, Lv S. Association between 
IDH1/2 mutations and brain glioma grade. Oncol Lett. 2018;16(4):5405–9. 
https:// doi. org/ 10. 3892/ ol. 2018. 9317.

 7. Egaña L, Auzmendi-Iriarte J, Andermatten J, et al. Methylation of MGMT 
promoter does not predict response to temozolomide in patients with 
glioblastoma in Donostia Hospital. Sci Rep. 2020;10:18445. https:// doi. 
org/ 10. 1038/ s41598- 020- 75477-9.

 8. Haque W, Teh C, Butler EB, et al. Prognostic and predictive impact of 
MGMT promoter methylation status in high risk grade II glioma. J Neu-
rooncol. 2022;157:137–46. https:// doi. org/ 10. 1007/ s11060- 022- 03955-3.

 9. Hertler C, Felsberg J, Gramatzki D, Le Rhun E, Clarke J, Soffietti R, Wick W, 
Chinot O, Ducray F, Roth P, McDonald K, Hau P, Hottinger AF, Reijneveld 
J, Schnell O, Marosi C, Glantz M, Darlix A, Lombardi G, Krex D, Weller M. 
Long-term survival with IDH wildtype glioblastoma: first results from the 
ETERNITY Brain Tumor Funders’ Collaborative Consortium (EORTC 1419). 
European journal of cancer (Oxford, England : 1990). 2023;189;112913. 
https:// doi. org/ 10. 1016/j. ejca. 2023. 05. 002

 10. Ichimura K, Pearson DM, Kocialkowski S, Bäcklund LM, Chan R, Jones DT, 
Collins VP. IDH1 mutations are present in the majority of common adult 
gliomas but rare in primary glioblastomas. Neuro Oncol. 2009;11(4):341–
7. https:// doi. org/ 10. 1215/ 15228 517- 2009- 025.

 11. Kayabolen A, Yilmaz E, Bagci-Onder T. IDH mutations in glioma: double-
edged sword in clinical applications? Biomedicines. 2021;9(7):799. https:// 
doi. org/ 10. 3390/ biome dicin es907 0799.

 12. Kit OI, Vodolazhsky DI, Rostorguev EE, Porksheyan DH, & Panina SB. Rol’ 
mikro-RNK v reguliatsii signal’nykh puteĭ pri gliomakh [The role of micro-
RNA in the regulation of signal pathways in gliomas]. Biomeditsinskaia 
khimiia. 2017;63(6):481–498. https:// doi. org/ 10. 18097/ PBMC2 01763 06481

 13. Leske H, Camenisch Gross U, Hofer S, et al. MGMT methylation pattern of 
long-term and short-term survivors of glioblastoma reveals CpGs of the 
enhancer region to be of high prognostic value. Acta Neuropathol Com-
mun. 2023;11:139. https:// doi. org/ 10. 1186/ s40478- 023- 01622-w

 14. Lewandowska MA, Furtak J, Szylberg T, Roszkowski K, Windorbska W, 
Rytlewska J, Jóźwicki W. An analysis of the prognostic value of IDH1 (isoci-
trate dehydrogenase 1) mutation in Polish glioma patients. Mol Diagn 
Ther. 2014;18(1):45–53. https:// doi. org/ 10. 1007/ s40291- 013- 0050-7.

 15. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, 
Hawkins C, Ng HK, Pfister SM, Reifenberger G, Soffietti R, von Deimling A, 
Ellison DW. The 2021 WHO Classification of Tumors of the Central Nerv-
ous System: a summary. Neuro Oncol. 2021;23(8):1231–51. https:// doi. 
org/ 10. 1093/ neuonc/ noab1 06.

 16. Molinaro AM, Taylor JW, Wiencke JK, Wrensch MR. Genetic and molecular 
epidemiology of adult diffuse glioma. Nat Rev Neurol. 2019;15(7):405–17. 
https:// doi. org/ 10. 1038/ s41582- 019- 0220-2.

 17. Murugan AK, Alzahrani AS. Isocitrate dehydrogenase IDH1 and IDH2 
mutations in human cancer: prognostic implications for gliomas. Br J 
Biomed Sci. 2022;79:10208. https:// doi. org/ 10. 3389/ bjbs. 2021. 10208.

 18. Olar A, Wani KM, Alfaro-Munoz KD, et al. IDH mutation status and role 
of WHO grade and mitotic index in overall survival in grade II–III diffuse 
gliomas. Acta Neuropathol. 2015;129:585–96. https:// doi. org/ 10. 1007/ 
s00401- 015- 1398-z.

 19. Pandith AA, Qasim I, Baba SM, Koul A, Zahoor W, Afroze D, Lateef A, Man-
zoor U, Bhat IA, Sanadhya D, Bhat AR, Ramzan AU, Mohammad F, & Anwar 
I. Favorable role of IDH1/2 mutations aided with MGMT promoter gene 
methylation in the outcome of patients with malignant glioma. Future 
science OA. 2020;7(3):FSO663. https:// doi. org/ 10. 2144/ fsoa- 2020- 0057

 20. Schaff LR, Mellinghoff IK. Glioblastoma and other primary brain malig-
nancies in adults: a review. JAMA. 2023;329(7):574–87. https:// doi. org/ 10. 
1001/ jama. 2023. 0023.

 21. Shen G, Wang R, Gao B, Zhang Z, Wu G, Pope W. The MRI features and 
prognosis of gliomas associated with IDH1 mutation: a single center 
study in Southwest China. Front Oncol. 2020;10:852. https:// doi. org/ 10. 
3389/ fonc. 2020. 00852.

 22. Śledzińska P, Bebyn MG, Furtak J, Kowalewski J, Lewandowska MA. 
Prognostic and predictive biomarkers in gliomas. Int J Mol Sci. 
2021;22(19):10373. https:// doi. org/ 10. 3390/ ijms2 21910 373.

 23. Solomou G, Finch A, Asghar A, Bardella C. Mutant IDH in gliomas: role in 
cancer and treatment options. Cancers. 2023;15(11):2883. https:// doi. org/ 
10. 3390/ cance rs151 12883.

 24. Yakovlenko Y.G. Glioblastoma: the current state of the problem. Medical 
Herald of the South of Russia. 2019;10(4):28–35. (In Russ.) https:// doi. org/ 
10. 21886/ 2219- 8075- 2019- 10-4- 28- 35

 25. Yang P, Zhang W, Wang Y, Peng X, Chen B, Qiu X, Li G, Li S, Wu C, Yao 
K, Li W, Yan W, Li J, You Y, Chen CC, & Jiang T. IDH mutation and MGMT 
promoter methylation in glioblastoma: results of a prospective registry. 
Oncotarget. 2015;6(38):40896–40906. https:// doi. org/ 10. 18632/ oncot 
arget. 5683

 26. Yu W, Zhang L, Wei Q, Shao A. O6-methylguanine-DNA methyltransferase 
(MGMT): challenges and new opportunities in glioma chemotherapy. 
Front Oncol. 2020;9:1547. https:// doi. org/ 10. 3389/ fonc. 2019. 01547.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1177/03000605211019258
https://doi.org/10.1177/03000605211019258
https://doi.org/10.3892/ol.2018.9317
https://doi.org/10.1038/s41598-020-75477-9
https://doi.org/10.1038/s41598-020-75477-9
https://doi.org/10.1007/s11060-022-03955-3
https://doi.org/10.1016/j.ejca.2023.05.002
https://doi.org/10.1215/15228517-2009-025
https://doi.org/10.3390/biomedicines9070799
https://doi.org/10.3390/biomedicines9070799
https://doi.org/10.18097/PBMC20176306481
https://doi.org/10.1186/s40478-023-01622-w
https://doi.org/10.1007/s40291-013-0050-7
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1038/s41582-019-0220-2
https://doi.org/10.3389/bjbs.2021.10208
https://doi.org/10.1007/s00401-015-1398-z
https://doi.org/10.1007/s00401-015-1398-z
https://doi.org/10.2144/fsoa-2020-0057
https://doi.org/10.1001/jama.2023.0023
https://doi.org/10.1001/jama.2023.0023
https://doi.org/10.3389/fonc.2020.00852
https://doi.org/10.3389/fonc.2020.00852
https://doi.org/10.3390/ijms221910373
https://doi.org/10.3390/cancers15112883
https://doi.org/10.3390/cancers15112883
https://doi.org/10.21886/2219-8075-2019-10-4-28-35
https://doi.org/10.21886/2219-8075-2019-10-4-28-35
https://doi.org/10.18632/oncotarget.5683
https://doi.org/10.18632/oncotarget.5683
https://doi.org/10.3389/fonc.2019.01547

	IDH mutation and MGMT methylation status in glioblastoma and other gliomas patients: a Russian retrospective cohort study
	Abstract 
	Introduction
	Materials and methods
	Study subjects
	DNA extraction
	Detection of IDH1 and IDH2 mutations
	Bisulfite conversion and MGMT promotor methylation pyrosequencing analysis
	Statistical analysis

	Results
	Patients’ characteristics
	The correlation of IDH mutation with MGMT methylation status in gliomas
	IDH mutations and MGMT promoter methylation in glioblastoma and other gliomas
	Association of molecular genetic markers with PFS in glioma patients
	Association of molecular genetic markers with overall survival (OS)

	Discussion
	Conclusion
	Acknowledgements
	References


