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ABSTRACT

AIM: An increasing number of biomarkers of primary glioblastoma (GBM) have recently been described. We aimed to investigate 
the biological and clinical factors that affect survival in Turkish patients with primary GBM.  
MATERIAL and METHODS: The clinical and demographic data of all patients with primary GBM diagnosed between 2007 and 
2016 were evaluated. In all the patients’ pathological specimens, O6 methylguanine-DNA methyltransferase (MGMT) methylation 
and isocitrate dehydrogenase (IDH) 1 mutation were detected retrospectively by immunohistochemistry. Kaplan-Meier survival 
analysis, log-rank test, and multivariate analyses of the Cox hazard proportional model for all the variables were performed using 
the SPSS statistical package. The treatment details and other patient-related factors were identified, and their correlations were 
analyzed.
RESULTS: We enrolled 137 primary GBM patients to the study. Median progression free survival (PFS) was 8.57 months (95% 
CI:6.8-9.5) and median overall survival (OS) was 12 months (95% CI:10.8-13.3). IDH-1 mutations were detected in 21 primary 
GBMs (15.3%). PFS was 15.43 ± 1.95 months. Survival rates were higher, but no statistically significant difference (p=0.074). MGMT 
methylation was detected in 40 primary GBMs (29.2%). OS and PFS of MGMT (+) cases were higher than MGMT(-) cases (p=0.001; 
p=0.001 respectively). Ki67 (%) measurement (10%-90%) average is 32.64 ± 16.56. No statistically significant between higher and 
lower ki67 levels (p=0.510, p=0.505 respectively). KPS (%) more than 70 at the time of diagnosis statistically significant longer 
median OS and PFS (p=0.001). PFS and OS were higher in all treatment modalities.
CONCLUSION: The most important factors that affected survival were performance score, MGMT methylation status, systemic 
oncologic therapy, and IDH mutation in the Turkish population with primary GBM. We demonstrated that MGMT methylation and 
higher KPS levels were associated with significiantly longer OS and PFS.
KEYWORDS: Primary glioblastoma, Isocitrate dehydrogenase 1 (IDH-1), Mutant, Wild, MGMT methylation

Corresponding author: Emre BILGIN  dremreblgn@gmail.com

therapy, GBM has a high recurrence rate and poor overall 
survival (OS) ranging from 1 to 2 years (28). Antiangiogenic 
bevacizumab therapy is frequently used for recurrent disease 
(6,26). A phase III trial demonstrated the OS advantage of 
adding concomitant and adjuvant TMZ therapies to the 
standard RT in patients with GBM (95% confidence interval 

█  INTRODUCTION

Glioblastoma (GBM) is an aggresive and most common 
primary malignant brain tumour, usually occurring 
between 55 and 60 years of age (3). The standard 

treatment is maximal surgical resection, radiotherapy (RT), 
and temozolomide (TMZ) therapy (3). Even with maximal 

Emre BILGIN  : 0000-0002-2394-1503
Berna Bozkurt DUMAN  : 0000-0003-0295-6295
Suleyman ALTINTAS  : 0000-0002-4468-4120

Timucin CIL   : 0000-0002-5033-1479
Yurdal GEZERCAN   : 0000-0002-4124-2036
Ali Ihsan OKTEN   : 0000-0003-0292-201X

Received: 15.12.2020
Accepted: 08.03.2021

Published Online: 18.03.2021

Original Investigation
DOI: 10.5137/1019-5149.JTN.33332-20.3

https://orcid.org/0000-0002-2394-1503
https://orcid.org/0000-0003-0295-6295
https://orcid.org/0000-0002-4468-4120
https://orcid.org/0000-0009-8039-803Z
https://orcid.org/0000-0002-4124-2036
https://orcid.org/0000-0003-0292-201X


642 642 | Turk Neurosurg 31(4):641-653, 2021

Bilgin E. et al: Predictors of Survival in  Primary Glioblastoma

under the guidance of neuronavigation, gross total mass 
excision was performed. Involved-field RT was performed as 
a standard component of the initial multimodality therapy in all 
the patients. The total RT doses was 60 Gy in 2-Gy fractions 
for GBM. Chemoradiotherapy with TMZ 75 mg/m2 was 
admnistered to all the patients after surgery. Patients without 
progression after chemoradiotherapy received TMZ therapy 
at a dose of 150–200 mg/m2 daily for 5 days of the 28-day 
treatment cycle, thereby completing the adjuvant treatment. 
Bevacizumab + irinotecan combination therapy was started in 
the patients who showed progress during follow-up.

The WHO reclassification included molecular testing of IDH 
mutation for brain tumor. After operation, all the patients 
were retrospectively asssesed using this classification. 
IDH mutation and MGMT methylation were detected with 
immunohistochemistry. The ethics committee of the UHST-
ACERH (date: November 21, 2018, no. 25/319) approved the 
study.

Analysis of IDH-1 Immunohistochemical Results

For immunohistochemistry, 4-μm-thick tissue sections were 
deparaffinized in xylene and hydrated by immersion in a series 
of graded ethanol. Microwave antigen retrieval was performed 
by placing the sections in an epitope retrieval solution (0.01 M 
citrate buffer, pH 6.0) for 20 minutes; endogenous peroxidase 
was inhibited by immersing the sections in 0.3% hydrogen 
peroxide for 10 minutes. The sections were then incubated with 
IDH-1 antibody. A kit was used following the manufacturer’s 
recommendations in conjunction with an automated staining 
procedure (24). The samples were counterstained with 
hematoxylin, dehydrated, mounted, and evaluated under a 
light microscopic camera (Figure 1A–C).

Analysis of MGMT Methylation Immunohistochemical 
Results

Immunohistochemistry was performed on formalin-fixed, 
paraffin-embedded tissue sections. For antigen retrieval, 
slides were heated at 98–99°C in an ethylenediamine tetra-
acetic acid buffer (pH 8.0) for 40 min, followed by cooling in 
the same buffer for 20 min. Endogenous peroxidases were 
blocked with 30% H2O2 diluted 10 times in phosphate-
buffered saline. After washing, the slides were incubated for 
45 min at room temperature with the anti-MGMT antibody 
clone MT3.1 (dilution 1/25). Tumor sections were revealed 
using a kit, following the manufacturer’s instructions. Normal, 
endothelial, and tumor cells were discriminated on the basis 
of their morphologies. Normal cells, endothelial cells, and 

[CI], 13.2–16.8 months and 11.2–13.0 months, respectively) 
(3). In the phase III EF-14 trial, the addition of tumor treating 
fields to TMZ therapy not only provided a survival advantage 
(20.9 months vs 16.0 months, 95% CI, 0.53–0.76), but also 
increased the 5-year survival rates from 5% to 13%. Despite 
intensive treatment modalities, GBM patients have a poor 
prognosis, with a median survival time of 14–16 months and 
5-year survival rate of 9.8% (22,32).

The World Health Organization (WHO) changed the 
classification of glioma by incorporating molecular parameters 
and emphasizing the genotype for diagnosis (37). The WHO 
divided central nervous system (CNS) tumors into IDH-1 and 
IDH-2 gene mutations and 1p/19q codeletion in 2016. The 
citric acid cycle enzyme IDH-1 mutation is responsible for 
gliomagenesis in 10% of primary GBMs (20). GBM patients 
with IDH-1 mutation had a better prognosis than those without 
IDH-1 mutation (5-year survival rate, 93% vs 51%) (14).

The DNA repair enzyme MGMT plays an important role in 
resistance to TMZ therapy in patients with GBM (4). MGMT 
methylation has both prognostic and predictive significance 
in patients with GBM. Epigenetic silencing of the DNA 
repair enyzme MGMT determines both better outcomes and 
response to TMZ therapy (4,12).

We aimed to investigate MGMT methylation and IDH mutation, 
KPS, sex, age, responses to treatment modalities, and survival 
analysis in 137 patients with primary GBM.

█  MATERIAL and METHODS
Study Population

Data were obtained from patients with GBM from the 
University of Health Sciences Turkey, Adana City Education 
and Research Hospital (UHST-ACERH), between August 
2007 and September 2016, for the following variables: IDH 
mutation, MGMT methylation, KPS, sex, age at diagnosis, and 
concurrent RT/TMZ therapy. The key criteria for inclusion in 
the study were as follows: age ≥ 18 years, Eastern Cooperative 
Oncology Group performance score of 0–1, normal hepatic 
and renal functions, and sufficient bone marrow reserve. The 
key exclusion criteria were as follows: another malignancy 
history, gliosarcomas, major complications after surgery, 
severe cardiovascular disease, insufficient recovery from 
toxicities, operation for biopsy only, and subtotal tumor 
resection, and nationality other than Turkish. All the patients 
underwent surgery under intratracheal anesthesia in an 
appropriate position. After craniotomy with dura incision 

Figure 1: IDH staining by immunohistochemistry x10 A) IDH mutant, B) IDH NOS, C) IDH Wild.
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of whom 56.9% (n=78) were male and 43.1% (n=59) were 
female. The ages ranged from 19 to 91 years, with a mean of 
56.42 ± 13.09 years. While 43.1% (n=59) of the patients were 
aged <55 years, 56.9% (n=78) were aged ≥55 years (Table I). 
The median PFS was 8.56 months (95% CI, 6.8–9.5), and the 
median OS was 12 months (95% CI, 10.8–13.3). The median 
OS was 13 months (95% CI, 5.84–20.16) for the patients aged 
<55 years and 11.1 months (95% CI, 7.42–14.77) for those 
older than 55 years (p=0.156). The median OS was 13 years 
(95% CI, 8.45–17.54) for the women and 11.1 months (95% 
CI, 7.43–14.76) for the men (p=0.331; Figures 2A, B; 3A, B; 
4A, B).

Ki67 and KPS Status and Survival

The Ki67 (%) measurements of the cases ranged from 10% 
to 90%, with a mean of 32.64% ± 16.56%. Of the patients, 
35% (n=48) had Ki67 levels of ≤20% and 65% (n=89) had 
Ki67 levels >20% (Table I). The differences in PFS and OS 
between the higher and lower Ki67 levels were not statistically 
significant (p=0.505 and p=0.510, respectively; Tables II and 
III; Figure 5A, B).

The KPS (%) measurements of the patients ranged from 60% 
to 90%, with a mean of 73.5% ± 8.62%. Of the patients, 

lymphocytes that presented with nuclear immunostaining were 
not taken into account, and only tumoral cells were quantified. 
Nuclear immunostaining showed a variable extent of intensity; 
all the tumoral cells with nuclear immunostaining (high or low 
intensity) were counted as positive. The percentage of positive 
cells in the most highly stained areas of each tumor section 
was determined by counting at least 200 contiguous cells (17).

Statistical Analyses

We used the Number Cruncher Statistical System program 
for the statistical analyses. Descriptive statistical methods 
(median, standard deviation, mean, frequency, ratio, maximum 
value, and minimum value) were used for evaluating the data. 
A log-rank test and Kaplan-Meier survival analysis were used 
to evaluate survival. The Fisher-Freeman-Halton exact test 
was also used. Cox proportional-hazards models were used 
to evaluate the covariates affecting OS. The significance was 
set at p<0.05.

█  RESULTS
Demographics and Survival of the Patients

One hundred thirty-seven patients were included in the study, 

Figure 2: 
A) Kaplan Meier 
plots of 137 
GBM patients, 
Median Overall 
Survival of GBM 
patients, 
B) progresion 
free survival of 
GBM patients.

Figure 3: Kaplan 
Meier plots of 137 
GBM patients, 
association 
between 
A) overall survival 
and 
B) progression 
free survival an 
age below and 
above 55 years.
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p<0.001; Table II), and the median PFS were 15.26 months 
(95% CI, 11.86–18.66) and 7.03 months (95% CI, 5.8–8.26; 
p=0.001; Table III, Figure 8A, B) in the patients with and in 
those without MGMT methylation, respectively.

Treatment Modalities and Survival

One hundred twenty-eight patients were treated with 
chemoradiotherapy. Of the patients, 106 were treated with 
chemoradiotherapy and adjuvant TMZ and RT, and 62 were 
treated with bevacizumab+irinotecan progression after 
chemoradiotherapy and adjuvant TMZ therapy (Table I). 
The median OS 13 months (95% CI, 8.57–17.42) with RT 
concomitant with TMZ therapy and 1.16 months (95% CI, 
0.97–1.36) without the treatment (p<0.001; Table II). The 
median PFS was 9.23 months (95% CI, 7.188–11.278) with 
RT concomittant with TMZ therapy and 1.16 months (95% CI, 
0.972–1.361) without the treatment (p<0.001; Table III). The 
median OS times were 18.36 months (95% CI, 15.647–21.08) 
and 2.56 months (95% CI, 1.585–3.548; p<0.001; Table II), 
and the median PFS were 12.23 months (95% CI, 9.252–
15.214) and 2.56 months (95% CI, 1.585–3.548; p<0.001; 
Table III and Figure 9A, B) with RT with concomitant and 
adjuvant TMZ therapies, respectively. The median OS with 

13.1% (n=18) had KPS levels < 70% and 86.9% (n=119) had 
KPS levels ≥ 70% (Table I). The median PFS and OS were 
significiantly longer when the KPS level was >70% at the time 
of diagnosis than when it was <70% (p<0.001 and p<0.001, 
respectively; Table III and Figure 6A, B).

IDH-1 Mutation Status and Survival

IDH-1 mutation was detected in 21 patients (15.3%; Table I) 
and associated with longer median PFS and OS. The median 
OS was 21.63 months (95% CI, 14.63–28.63) for the patients 
with IDH-1 mutation and 11.06 months (95% CI, 8.69–13.44) 
for those without IDH-1 mutation (p=0.074; Tables II and IV). 
The median PFS was 15.43 months for the patients with IDH-
1 mutation (95% CI, 5.91–24.95) and 7.63 months (95% CI, 
6.84–8.78) for those without IDH-1 mutation (p=0.043; Tables 
III and IV; Figure 7A, B). IDH mutation showed no statistically 
significant differences in OS according to the clinical, 
pathological, and patient characteristics.

MGMT Methylation Status and Survival

MGMT methylation (n=40; Table I) was associated with longer 
median PFS and OS. The median OS times were 22 months 
(95% CI, 19.11–24.88) and 8.83 months (95% CI, 7.07–10.58, 

Figure 4: 
A) Kaplan Meier 
plots of 137 
GBM patients, 
association 
between male/ 
female and 
Overall Survival 
analysis, 
B) association 
between male/
femal and 
Progression Free 
Survival analysis.

Figure 5: 
A) Kaplan Meier 
plots of 137 
GBM patients, 
association 
between Ki67 
(below and above 
20%) and Overall 
Survival analysis, 
B) association 
between Ki67 (%) 
and Progression 
Free Survival 
analysis.

A B

A B
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Table I: Demographic Characteristics of Patients

n %

Age (years)

Min-Max (Median) 19-91 (56)
mean ± Standart deviation 56.42 ± 13.09

< 55 years 59 43.1
≥ 55 years 78 56.9

Sex
Male 78 56.9

Female 59 43.1

Pathologic subtype
GBM 137 100.0

Ki 67 (%)

Min-Max (Median) 10-90 (30)
mean ± Standart deviation 32.64 ± 16.56

Ki 67 ≤ %20 48 35.0
Ki 67 > %20 89 65.0

KPS (%)

Min-Max (Median) 60-90 (70)
mean ± Standart deviation 73.50 ± 8.62

KPS < %70 18 13.1
KPS ≥ %70 119 86.9

MGMT methylation
Negative 97 70.8
Positive 40 29.2

IDH-1 mutation
IDH Wild (-) 108 78.8
Mutant (+) 21 15.3

NOS 8 5.8

CRT
CRT (-) 9 6.6
CRT (+) 128 93.4

Adjuvant Temozolamide
(-) 31 22.6
(+) 106 77.4

Bevacizumab+irinotecan
combination

No 75 54.7
Yes 62 45.3

Survival
Live 19 13.9
Ex 118 86.1

Median Follow-up
Min-Max (Median) 1-137.93 (12.0)

mean ± Standart deviation 16.04 ± 16.04

Treatment 
CRT (+) 22 16.1

CRT+maintenance
Bevacizumab+irinotecan combination

106
62

77.4
45.3

Progression Status
No 15 10.9
Yes 122 89.1

PFS (months)
Min-Max (Median) 1-113.97 (8.56)

mean ± Standart deviation 12.93 ± 13.72
CRT: Chemoradiotheraphy,  Maintenance: Adjuvant temozolamide.
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bevacizumab+irinotecan therapy after RT progresssion 
with concomitant and adjuvant TMZ therapies and median 
OS with RT concomittant with TMZ therapy were both 13 
months (95% CI, 8.71–17.29) as compared with 7.03 months 
(95% CI, 5.619–8.448) without the bevacizumab+irinotecan 
combination therapy (p=0.012; Table III).

bevacizumab+irinotecan therapy after RT progresssion with 
concomitant and adjuvant TMZ therapies, and RT concomittant 
with TMZ therapy was 19.36 months (95% CI, 14.803–29.931) 
as compared with 8.83 months (95% CI, 5.981–11.686) 
without the bevacizumab+irinotecan combination therapy 
(p=0.012; Table II and Figure 10A, B). The median PFS with 

Table II: Overall Survival

n Ex Live Survival 
rate

Median 
survival time

95% Confidence 
Interval Log Rank 

Test; p
Lower Upper

Age
< 55 years 59 50 9 15.3% 13.00 ± 3.65 5.840 20.160 0.156

≥ 55 years 78 68 10 12.8% 11.10 ± 1.87 7.422 14.778

Sex
Male 78 68 10 12.8% 11.10 ± 1.87 7.435 14.765 0.331

Female 59 50 9 15.3% 13.00 ± 2.31 8.455 17.545

Ki67
Ki 67 ≤ 20% 48 42 6 12.5% 11.06 ± 4.00 3.221 18.912 0.510

Ki 67 > 20% 89 76 13 14.6% 12.00 ± 0.97 10.099 13.901

KPS
KPS < 70% 18 18 0 0.0% 6.66 ± 0.14 6.389 6.944 <0.001**

KPS ≥ 70% 119 100 19 16.0% 16.36 ± 2.49 11.486 21.247

MGMT methylation
Negative 97 82 15 15.5% 8.83 ± 0.89 7.079 10.588 <0.001**

Positive 40 36 4 10.0% 22.0 ± 1.47 19.114 24.886

IDH mutation

Wild (-) 108 94 14 13.0% 11.06 ± 1.21 8.691 13.443 0.074

Mutant (+) 21 16 5 23.8% 21.63 ± 3.57 14.632 28.634

NOS 8 8 0 0.0% 11.06 ± 9.75 0.000 30.192

CRT
CRT (-) 9 9 0 0.0% 1.16 ± 0.09 0.972 1.361 <0.001**

CRT (+) 128 109 19 14.8% 13.00 ± 2.25 8.576 17.424

Adjuvant
Temozolamide

(-) 31 31 0 0.0% 2.56 ± 0.50 1.585 3.548 <0.001**

(+) 106 87 19 17.9% 18.36 ± 1.38 15.647 21.087

Bevacizumab+irinotecan
combination

No                         
Yes

75
62

68
50

7
12

9.3%
19.4%

8.83 ± 1.45
19.36 ± 2.32

5.981
14.803

11.686
23.931 0.012**

CRT: Chemoradiotheraphy, **: statistically significant.

Figure 6: 
A) Kaplan Meier 
plots of 137 
GBM patients, 
association 
between KPS 
(below and above 
70%) and Overall 
Survival analysis, 
B) Association 
between KPS (%) 
and Progression 
Free Survival 
analysis.A B
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Figure 7: 
A) Kaplan Meier 
plots of 137 
GBM patients, 
association IDH 
mutation status 
and overall 
survival analysis, 
B) association 
IDH mutation 
status and 
progression free 
survival analysis.

Figure 8: 
A) Kaplan Meier 
plots of 137 
GBM patients 
association 
MGMT and overall 
survival analysis, 
B) association 
MGMT and 
progression free 
survival analysis.

Figure 9: 
A) Kaplan Meier 
plots of 137 
GBM patients, 
association 
treatment 
modalities and 
overall survival 
analysis, 
B) association 
treatment 
modalities and 
progression free 
survival analysis.

A B

A B

A B
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Table III: Progression Free Survival

Progression Progression free survival 95% Confidence 
Interval Log Rank 

Test; p
n Yes No Rate Median time Lower Upper

Age 
< 55 years 59 52 7 11.9% 9.80 ± 2.01 5.858 13.742 0.201

≥ 55 years 78 70 8 10.3% 7.70 ± 0.55 6.618 8.782

Sex
Male 78 70 8 10.3% 7.63 ± 0.73 6.191 9.076 0.424

Female 59 52 7 11.9% 9.23 ± 1.33 6.617 11.850

Ki67
Ki 67 ≤ 20% 48 44 4 8.3% 8.56 ± 1.03 6.530 10.604 0.505

Ki 67 > 20% 89 78 11 12.4% 8.40 ± 0.97 6.483 10.317

KPS
KPS < 70% 18 18 0 0.0% 5.53 ± 1.80 1.999 9.067 <0.001**

KPS ≥ 70% 119 104 15 12.6% 9.56 ± 1.58 6.469 12.664

MGMT methylation
Negative 97 85 12 12.4% 7.03 ± 0.62 5.805 8.262 0.001**

Positive 40 37 3 7,5% 15.26 ± 1.73 11.866 18.667

IDH mutation

Wild (-) 108 96 12 11.1% 7.63 ± 0.58 6.484 8.782 0.043

Mutant (+) 21 18 3 14.3% 15.43 ± 4.85 5.915 24.952

NOS 8 8 0 0.0% 8.23 ± 4.47 0.000 17.011

CRT
CRT (-) 9 9 0 0.0% 1.16 ± 0.09 0.972 1.361 <0.001**

CRT (+) 128 113 15 11.7% 9.23 ± 1.04 7.188 11.278

Adjuvant 
Temozolamide 

 (-) 31 31 0 0.0% 2.56 ± 0.50 1.585 3.548 <0.001**

 (+) 106 91 15 14.2% 12.23 ± 1.52 9.252 15.214

Bevacizumab+irinotecan
combination

No
Yes

75
62

70
52

5
10

6.7%
16.1%

7.03 ± 0.72
13.00 ± 2.18

5.619
8.710

8.448
17.290 0.012**

CRT: Chemoradiotheraphy, **: statistically significant.

Figure 10: 
A) Kaplan Meier 
plots of 137 
GBM patients, 
association 
Bevacizumab 
+ irinotecan 
and Overall 
survival analysis, 
association 
Bevacizumab + 
irinotecan and 
progression free 
survival analysis.A B
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determine the importance of IDH mutation, MGMT methylation, 
and cofactors such as age, sex, performance status, and 
treatment modalities in our patient population retrospectively.

Several retrospective trials have been conducted after the 
new classification has been established by the WHO. Some 
studies searched the prognostic significance of the parame-
ters in their patient cohorts according to geographic distinc-
tion. For example, the high prognostic value of the new WHO 
histomolecular classification of gliomas was presented in 
the French Polo Cohort (PFS and OS; p<0.001) (35). Another 
study showed that the WHO reclassification had a prognos-
tic significance in Mongolian patients, especially those with 
grade II tumors (24). Another study from Japan compared the 
prognostic value of the new WHO classification in 387 pa-
tients with glioma. The new classification more clearly shows 
the tumorigenesis of gliomas, highlighting the prognostic 
power of the classification in Japanese patients with glial tu-
mors in this study (16). The exact prognostic importance was 

The Cox regression analysis was used to determine the 
prognostic impact of sex, MGMT methylation, IDH mutation, 
age at diagnosis, and preoperative KPS. The multivariate 
analysis revealed that methylated MGMT (p=0.004; hazard 
ratio [HR], 0.53; 95% CI, 0.34–0.81) and KPS levels ≥ 70% 
(p=0.005; HR, 0.46; 95% CI, 0.26–0.79) were independent 
prognostic factors.

█  DISCUSSION
The pathological classification of brain tumors was revised 
in May 2016 by the WHO to provide guidance on the driver 
mutations in glioma. IDH gene-mutant tumors demonstrated 
significiantly good clinical outcomes as compared with the 
wild types. IDH mutation has been recognized to be of central 
prognostic and biologic importance, and the diagnostic tool 
has been incorporated in the diagnosis since 2016 (18,30). 
Notably, IDH gene status has been made a major criterion 
for tumor classification (1,25,39). In our study, we aimed to 

Table IV: IDH Mutation Status

IDH mutation

pIDH wild (-) Mutant (+) NOS

n (%) n (%) n (%)

Age (years)
< 55 years 48 (44.4) 9 (42.9) 2 (25.0) a0.683

≥ 55 years 60 (55.6) 12 (57.1) 6 (75.0)

Sex
Male 62 (57.4) 14 (66.7) 2 (25.0) a0.129

Female 46 (42.6) 7 (33.3) 6 (75.0)

Ki 67 (%)
Ki 67 ≤ 20% 39 (36.1) 6 (28.6) 3 (37.5) b0.794

Ki 67 > 20% 69 (63.9) 15 (71.4) 5 (62.5)

KPS (%)
KPS < 70% 17 (15.9) 0 (0.0) 1 (12.5) a0.136

KPS ≥ 70% 91 (84.1) 21 (100.0) 7 (87.5)

MGMT methylation
Negative 80 (74.1) 11 (52.4) 6 (75.0) b0.130

Positive 28 (25.9) 10 (47.6) 2 (25.0)

CRT
CRT (-) 9 (8.3) 0 (0) 0 (0) a0.499

CRT (+) 99 (91.7) 21 (100) 8 (100)
Adjuvant temozolamide  (-) 26 (24.1) 2 (9.5) 3 (37.5) a0.226

 (+) 82 (75.9) 19 (90.5) 5 (62.5)

Treatment
CRT (+) 17 (15.7) 2 (9.5) 3 (37.5) a0.268

CRT+Maintenance 82 (75.9) 19 (90.5) 5 (62.5)

Mortality
Live 14 (13.0) 5 (23.8) 0 (0) a0.204

Ex 94 (87.0) 16 (76.2) 8 (100)

Progresion status
No 12 (11.1) 3 (14.3) 0 (0) a0.768

Yes 96 (88.9) 18 (85.7) 8 (100)
aFisher Freeman Halton Exact Test, bPearson Ki-kare Test, CRT: Chemoradiotheraphy, Maintenance: Adjuvant temozolamide.
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In the absence of effective and better treatment alternatives 
for GBM, combined modality with radiotherapy and TMZ 
therapy remains the standard of care (31). The subgroup of 
patients who could take advantage of the therapy has not 
been described yet despite the new WHO classification. In 
some studies, the presence of mutation plays an important 
role in the response to therapy that includes surgery and 
chemoradiotherapy (22,32). In our patient population, IDH 
mutation was the best predictor of the survival advantage of 
adjuvant chemoradiotherapy followed by TMZ therapy (p = 
0.010). In the IDH mutant group in our study, the patients with 
wild-type IDH had a 5-month survival advantage. Unfortunately, 
no standard therapy has been established after the first-
line therapy for recurrent tumors (32). Similary, nitrosureas 
such as carmustine or lomustine would be a reasonable 
second-line therapy (27,34,38). Although no studies that 
used bevacizumab for recurrent GBM have demonstrated an 
improvement in survival. Bevacizumab ± irinotecan showed 
high response rates and a steroid-sparing effect; however, 
the effect is frequently associated with changes in vascular 
permeability, but no survival advantage was demonstrated 
in patients with recurrent disease (10,19,31). The statistically 
significant survival advantage was not observed in our study, 
but the survival rates were 12 months higher in the patients 
with IDH mutation. A statistically significant survival advantage 
was found retrospectively in our study with all treatment 
lines, including RT with concomitant and adjuvant TMZ and 
bevacizumab+irinotecan (p=0.001, p=0.001, and p=0.008, 
respectively). IDH mutation status did not affect the treatment 
efficacies of the three treatment protocols (Table IV).

Advances in the molecular structure of gliomas provide 
information on why no targeted agents have been developed 
for gliomas for a long time (5). Therapeutic alternatives are 
restricted for recurrence, and treatment should be personalized 
because of patients’ tumor burdens, functional statuses, and 
prior treatments differ. Ongoing research studies of novel 
treatment alternatives for GBM include targeted therapy and 
immunotherapy (23,32). In view of the importance of IDH-1/
IDH-2 mutation in the development of gliomas, many IDH-1/
IDH-2 inhibitors and vaccines have entered the clinical trial 
stage (2,7,15). 

In our daily practice, the major problem is wild-type IDH, 
which is associated with lower patient survival rates and 
unsuccessful treatment modalities as compared with the IDH 
mutant types.

The effectiveness of surgical treatment in low-grade gliomas 
depends on the molecular subtype of the tumors. Patients 
with wild-type IDH seem to benefit from more-intensive 
treatments such as gross total resection, multiple resections, 
and combined chemo/radiotherapy. If possible, wild-type glial 
tumors must be treated with a more aggressive aproach in all 
therapy components (7).

The median OS of the patients with GBM is nearly 12 months 
in population-based studies in clinical trials of standard 
therapies (7). In our study, the patient with the longest survival 
(57.57 months) had wild-type IDH, a Ki67 score of 35, and a 
KPS of 90%, and were treated with all the three modalities 

demonstratedin our study, similarly in the studies from differ-
ent countries. The OS rates were higher in the patients with 
IDH mutation, and the number of deaths was considered as 
the mortality rate (70%) in the patients with wild-type IDH.

IDH-mutant GBM accounts for approximately 10% of all 
GBMs and is often found in young patients (1,39). In our 
patient population, the IDH mutation rate was 16%, which 
correlates with the rate reported in the literature.

According to the study by DeWitt, the decreasing prevalence 
of IDH-1 mutation in older patients resulted in a proposal not 
to perform sequencing for IDH in patients with GBM aged ≥55 
years (8). In our study, most of the patients with IDH mutation 
were between 45 and 65 years old. Before 45 years old and 
after 65 years old, the IDH mutation rates were low. In our 
patient study population, the IDH mutation rate was 3 times 
higher in the patients between 45 and 65 years old. Maybe 
the regional differences affect the IDH mutation rates in 
different countries in different age groups. In our study, the 
IDH mutation rate was higher in the patients aged ≥55 years, 
but the difference was not significant (p=0.540).

In 2016, the WHO published an update to the classification 
of CNS tumors that, for the first time, combined molecular 
alterations with histological findings in the diagnosis. As 
relatively rapid advances have transpired in understanding 
the impact of molecular changes for diagnosing and grading 
brain tumors, a new classification is planned for GBM in 
2021. One major recommendation is to separate isocitrate 
dehydrogenase (IDH) wild-type GBMs from GBMs with IDH 
mutation, which tend to have a better prognosis. IDH wild-
type GBMs will consist of diffuse astrocytic gliomas with the 
classic histological findings of microvascular proliferation or 
necrosis, or have the molecular features of GBM, including 
EGFR amplification or TERT mutation, or the combination of 
the gain of the entire chromosome 7 and loss of chromosome 
10 (21).

Higher KPS is an important predictive factor of survival 
according to some studies (29). In our study, higher KPS is 
associated with prolonged survival. Another important aspect 
of good perfomance status is associated with good tolerance 
for therapy without toxicity.

Radiotherapy and chemotherapy (TMZ and procarbazine-
lomustine-vincristine [PCV]) options that provide survival 
advantage in gliomas target proliferating cells nonspecifically 
(9,36). These treatment options are the standard of care for 
patients with GBM up to age 70 years (33), or suitable for 
elderly patients aged >70 years (11).

The feasibility of upfront testing and stratification by MGMT 
status has been demonstrated as the standard approach, and 
alternative strategies for patients with unmethylated MGMT are 
under development (31). MGMT methylation status is another 
important factor of survival. In an analysis of a subset of 206 
patients in the EORTC/NCIC trial whose MGMT methylation 
statuses were determined retrospectively, methylation of 
the MGMT promotor was a major predictor of benefit from 
chemotherapy and a prognostic factor for prolonged survival 
(13). In our study, MGMT methylation was associated with 
polonged OS and PFS.
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Bevacizumab alone and in combination with irinotecan in 
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randomized phase III clinical trial. J Clin Oncol 31:4085-4091, 
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trial substantiates the predictive value of O-6-methylguanine-
DNA methyltransferase promoter methylation in glioblastoma 
patients treated with temozolomide. Clin Cancer Res 10:1871-
1874, 2004

13. Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller 
M, Kros JM, Hainfellner JA, Mason W, Mariani L, Bromberg 
JE, Hau P, Mirimanoff RO, Cairncross JG, Janzer RC, Stupp 
R: MGMT gene silencing and benefit from temozolomide in 
glioblastoma. N Engl J Med 352(10):997-1003, 2005
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included in our study after gross total resection. This example 
shows that not only one factor but multiple factors, including 
tumor- and patient-associated moleculer and genetic factors, 
affect patient survival.

Our study has several limitations Several parameters limited 
our study owing to its retrospective nature. The method used 
in our study was not the only method used to determine MGMT 
methylation and IDH-1 mutation. For this reason, the MGMT 
methylation and IDH-1 mutation rates may vary when using 
different methods. As our study group was small, our findings 
should be supported by larger and more-comprehensive 
studies that include both primary and secondary GBM cases.

█  CONCLUSION
In conclusion, all the patients in the IDH mutant group had a 
survival advantage. The patient population had an opportunity 
to undergo chemoradiotherapy and chemotherapy owing to 
their prolonged survival. In the patients with longer survival 
who were treated with bevacizumab+irinotecan combination 
therapy, had a surival advantage, and KPS scores of >70, 
MGMT methylation significantly affected the PFS and OS. 
While the presence of IDH mutation prolonged survival, it was 
not statistically significant.

This study is important for elucidating the prognostic 
importance and survival effect of the new classification on 
the treatment modalities used in Turkish patients. Treatment 
modalities, patients’ chance of response and survival with 
the new classification, and some clinical and pathological 
cofactors were analyzed in our study.

The new WHO histomolecular classification has a high 
prognostic value but is not predictive yet. MGMT methylation 
status, which is as important as IDH mutation, should be 
included in the new classification. New treatment modalities 
are needed to prolong survival.
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