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Introduction

Gliomas comprise about third of all brain tumors and 
80% of malignant brain cancers. Glioblastoma is the most 
frequent type in adult and elderly patients, while it is rare 
in children [1]. The World Health Organization (WHO) 
classifies gliomas according to the histological grading into 
grade I gliomas (pilocytic astrocytoma), grade II gliomas 
including diffuse astrocytoma, oligodendroglioma, and 
oligoastrocytoma, grade III gliomas including anaplastic 
astrocytoma, anaplastic oligodendroglioma and anaplastic 
oligoastrocytoma, and grade IV (glioblastomas) [2]. In 
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Correlation between Isocitrate Dehydrogenase Mutation and 
Immunohistochemical Expression of DNA Mismatch Repair 
Proteins in the Prognosis of Gliomas

2021, the WHO classification of adult gliomas was further 
updated to include  histopathological and molecular 
criteria [3].

Isocitrate dehydrogenase (IDH) converts isocitrate 
into α-ketoglutarate (α-KG), but mutant IDH gives an 
oncometabolite, 2-hydroxyglutarate (2-HG) that inhibits 
α-KG-dependent dioxygenases and inhibits cellular 
differentiation [4]. Recurrent mutations in the IDH1 
gene were detected in glioblastomas, low-grade glioma, 
secondary glioblastoma [5], acute myeloid leukemias, 
cholangiocarcinoma [6], chondrosarcoma [7], and 
angioimmunoblastic T cell lymphoma [8]. Forty percent 
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of adult gliomas are associated with IDH mutation. 
Additionally, grade III gliomas can be categorized into 3 
prognostic groups according to IDH and ATRX mutations 
[9]. 

Therapeutic modalities can be designed according to 
the molecular subtype and WHO grading. To identify this 
in a tumor sample, detection of the mutated DNA besides 
immunohistochemical evaluation of the directly affected 
proteins is required. Multiple markers are currently used 
in clinical practice (such as GFAP, EMA, MGMT, P53, 
NeuN, Oligo2, EGFR, VEGF, IDH1, Ki-67, 1p/19q). 
These markers are highly correlated with glioma prognosis 
[10]. IDH mutation is the main marker for subtype 
recognition in diffuse gliomas. Its role in gliomas has 
been well-established both biologically and clinically [11]. 
Importantly, IDH-mutant gliomas have a significantly 
better prognosis than IDH-wild gliomas [12].

Acquired mismatch repair (MMR) deficiency occurs in 
recurrent IDH-mutant gliomas as a resistance mechanism 
against alkylating chemotherapy [13]. DNA replication 
occurs during the cell cycle in the S-phase by DNA 
polymerases. However, this process is liable to mistakes. 
Point mutations and microsatellite instability are the 
hallmarks of replication repair deficiency. MMR system 
is responsible for replication fidelity [14]. Mutations 
in the MMR genes (MSH6, PMS2, MSH2, and MLH1) 
cause tumor syndromes including Lynch syndrome and 
Constitutional Mismatch Repair Deficiency with a higher 
liability for cancer [15]. 

Novel biomarkers have been paid great attention to 
enhance diagnostic and prognostic ability and to open 
a new era of more fruitful treatment plans. Thus, this 
study aims to investigate the mutation of IDH1 and the 
expression of MMR proteins in gliomas and the relation 
between IDH1 mutation and MMR expression and 
prognosis of gliomas. 

Materials and Methods

This prospective cohort study was conducted in 
the Pathology, Medical Biochemistry and Molecular 
Biology, Neurosurgery, and Oncology Departments, 
Faculty of Medicine, Zagazig University, in the period 
from July 2021 to July 2024 after receiving approval 
from the institutional review board (IRB) of the Faculty 
of Medicine, Zagazig University. The present study 
included 60 patients with gliomas. DNA extraction 
from glioma tissues was performed. Paraffin blocks of 
brain tissues were prepared for routine histopathological 
examination and immunohistochemical examination. All 
clinicopathological data were obtained from the patient’s 
reports and his follow- up data. Patients with gliomas 
with complete clinical data and sufficient material were 
included in the study. The clinical data were reviewed 
from the patient’s medical files regarding the age, sex, 
the site of lesion, and MRI radiology. Paraffin blocks of 
all studied cases were cut into 3-5 μm thickness sections 
and stained with hematoxylin and eosin (H&E) to evaluate 
the histopathological grade. 

DNA extraction
DNA was extracted from glioma tissues using the 

G-spin Total Genomic DNA Extraction Kit (iNtron 
Biotechnology, Seongnam, Korea).

Detection of IDH-1 mutation 
RotorGene Q (Qiagen, Germany) real-time PCR 

cycler was used to identify IDH1 mutations. A primer 
surrounding the mutation site was created using the 
previously published protocol by Horbinski et al. [16]. 
The probes were IDH1 wild-type complementarity. 
This approach is based on the difference in Tm between 
wild-type and mutant amplicons. It enables the detection 
of all potential mutation subtypes using a single set of 
primers and probes. The Tm of each mutation subtype 
reflects the thermodynamic stability of mismatched 
and complementary probe-target duplexes. The probes 
bind to the sample DNA flawlessly without mutations, 
dissociating at a higher Tm to display a single peak. On 
the other hand, probes will bind to the mutant amplicon 
inadequately and dissociate at a lower Tm if a heterozygous 
point mutation is present. As a result, two melting peaks 
are produced, one higher for the wild-type allele and one 
lower for the mutant allele. A 202-bp PCR product was 
obtained for detecting IDH1 mutations using the following 
primers: forward (5′-ACGGTCTTCAGAGAAGC-3′), 
reverse (5′-GGTGTAGATACCAAAAGATAAGAAT-3′), 
a n d  t w o  p r o b e s  ( 5 ′ - L C 6 4 0 - AT G ATA G G T
T T TA C C C AT C C A C T C A C A A G C - 3 ′  a n d 
5′-ATCCCCATAAGCATGACGACCTA-FL-3′). All 
primers and probes were purchased from (ThermoFisher, 
USA).

Immunohistochemical procedure
Paraffin blocks were cut into 3–5 μm and deparaffinized 

using xylene, and then rehydrated using alcohol. The 
sections were immune-stained with an MLH1 antibody 
(clone ES05), MSH2 antibody (clone FE11), MSH6 
antibody (clone EP49), and PMS2 antibody (clone EP51). 
Staining was done on the Leica BONDMAX automated 
IHC platform, and antibody detection was done using 
a biotin‐free bond polymer detection system (Leica 
Microsystems). 

Evaluation of MMR immunostaining
A negative stain in tumor cells in the presence of 

retained internal control indicates deficient MMR [17].

Statistical analysis
The collected data were analyzed using SPSS 22.0 for 

Windows (IBM Inc., Chicago, IL, USA) and MedCalc 13 
for Windows (MedCalc Software bvba, Ostend, Belgium). 
Continuous variables were expressed as the mean ± 
standard deviation and median (range), and categorical 
variables were expressed as percentages. 

Results

Clinicopathological features of the studied glioma cases
Among our participants, 37 cases (61.7%) were males, 

and 23 cases (38.3%) were females. The mean age was 
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free survival for 6 months, 65 % for 12 months, 52.3% 
for 18 months, 34.7% for 24 months and 34.7% for 30 
months (Table 1, Figure 6A).

There was a highly significant association between 
wild IDH1 and glioma progression (P<0.001), as 96.8% of 
wild IDH1 showed progression and mutant IDH1 showed 
a mean of about 30 months survival compared with about 
13 months for those with wild IDH1. By Log Rank test, 
there was a significant difference and mutant IDH1 showed 
a favorable prognosis (P<0.001) (Supplementary Table 2, 
Figure 6B).

Concerning MLH1 expression, a highly significant 
association was detected between its expression and each 
of the PFS and the occurrence of progression (P<0.001 
for each) (Supplementary Table 2, Figure 6C).

In addition, a highly significant association between 

44.5 ± 15.3 years ranging from 12 to 80 years with the 
median 45 years. Most patients aged between 40 and 
60 (51.7%), while 36.7% were less than 40 years and 
11.7 % were more than 60 years. Fifty cases (83.3 %) 
were presented with gliomas in the brain, while 10 cases 
(16.7%) were in the spinal cord. Most cases were on the 
left side (43.3%), while 35 % were on the right side, 16.7% 
were non-lateralized, and only 5% were multicentric. 
The most common site was in the frontal lobe (23.3%). 
Other sites were the temporal lobe (15%), occipital lobe 
(10%), cerebellum (10%), cervical cord (10%), parietal 
lobe (8.3%), corpus callosum (5%), thoracic cord (5%), 
and 13.3% were in multiple lobes. The size of the most 
included gliomas was 2-4 cm (38.3%). Other gliomas’ 
size was <2 cm, 4-6 cm, and >6 cm with (21.7%, 20%, 
and 20%, respectively) (Table 1). 

Histopathological and immunohistochemical findings
Forty-six cases (76.7%) were diagnosed as astrocytoma 

(glioblastoma was the most common, 38.3%), 4 cases 
were oligodendrogliomas, 7 cases were ependymomas 
and 3 cases were diffuse astrocytic and oligodendrocytic 
tumors. Forty percent of the cases with glioma were 
grade II, 21.7% were grade III, and 38.3% were grade 
IV. Among grade IV, 12 cases were primary, and 11 cases 
were secondary (Table 2, Figure 1).

IDH1 mutation and MMR immune expression in the 
studied cases

Wild IDH1 represented 51.7% of cases, while 48.3% 
were mutant (Table 1). One case showed negative 
MLH1 expression (deficient expression). Three cases 
had negative MSH6 expression. MSH2 expression was 
negative in 2 cases. However, all cases were PMS2 
positive (intact expression) (Table 2) (Figures 2-5).

Relation Between IDH1mutation and MMR proteins and 
clinicopathological criteria in glioma patients

IDH1 mutation was not statistically associated with 
any studied patient or tumor characteristics. Additionally, 
there was no significant association between MLH1 
expression and the studied variables except for tumor site 
(P=0.013) (Table 3). Moreover, no statistically significant 
association was observed between MSH6 and MSH2 
expressions and any tumor characteristics (Table 4).

Relation Between IDH1mutation and the expression of 
MMR proteins

In addition, no significant association was detected 
between MLH1, MSH6, or MSH2 expression and IDH1 
mutation (Table 5). Moreover, no significant association 
was determined between the expression of MSH6 and 
IDH1 mutation, or MLH1 expressions. However, a 
significant association was determined between MSH2 
and MSH6 expression (P=0.002) (Supplementary Table 1).

Relation between IDH1mutation and MMR protein 
expression and patient outcome

By following up with patients for 36 months, sixty 
percent of the participants (36 cases) showed progression 
while 40% (24 cases) did not. 93.3 % of the patients had 

Patient characteristics All studied patients (N=60)
No.

Gender
     Male 37 61.70
     Female 23 38.30
Age (years)
     Mean± SD 44.50±15.33
     Median (Range) 45 (12 – 80)
Age group
     ≤40 years 22 36.70
     >40-60 years 31 51.70
     >60 years 7 11.70
Location of tumor
     Brain 50 83.30
     Spinal cord 10 16.70
Side of tumor
     Left side 26 43.30
     Right side 21 35
     Non-lateralized 10 16.70
     Multicentricity 3 5
Site of tumor
     Frontal lobe 14 23.30
     Temporal lobe 9 15
     Parietal lobe 5 8.30
     Occipital lobe 6 10
     Multiple lobes 8 13.30
     Corpus callosum 3 5
     Cerebellum 6 10
     Cervical cord 6 10
     Thoracic cord 3 5
Size of tumor
     <2 cm 13 21.70
     2-4 cm 23 38.30
     4-6 cm 12 20
     >6 cm 12 20

Table 1. Patient Characteristics of the Studied Patients 
(N=60)
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Figure 1. A: Ependymoma (grade II): showing ependymal cells arranged around vascular spaces (Perivascular pseudo-
rosettes) (H&E stain, x400 original magnification); B: Anaplastic astrocytoma (grade III): showing marked nuclear 
atypia, increased cellularity, significant proliferative activity (H&E stain, x400 original magnification).

All studied patients (N=60)
Number %

Diagnosis
  Astrocytoma 46 76.70
     Diffuse astrocytoma 2 3.30
     Gemistocytic astrocytoma 8 13.40
     Anaplastic astrocytoma 13 21.70
     GBM 23 38.30
        1ry GBM 12
        2ry GBM 11
Oligodendroglioma 4 6.60
Ependymoma 7 11.70
Diffuse astrocytic and 
Oligodendrocytic tumors

3 5

Grade
     Grade II 24 40
     Grade III 13 21.70
     Grade IV 23 38.30
        Grade IV (1ry) 12 20
        Grade IV (2ry) 11 18.30
MLH1 IHC
     Negative 1 1.70
     Positive 59 98.30
MSH6 IHC
     Negative 3 5
     Positive 57 95
MSH2 IHC
     Negative 2 3.30
     Positive 58 96.70
PMS2 IHC
     Negative 0 0
     Positive 60 100

Table 2. Pathological and Immunohistochemical Results 
of the Studied Patients (N=60)

Figure 2. A: Ependymoma (grade II): showing 
diffuse positive nuclear MLH1 staining of tumor cells 
(intact expression) (MLH1 IHC stain, x400 original 
magnification); B: Anaplastic Astrocytoma (grade III):  
showing diffuse positive nuclear MLH1 staining of tumor 
cells. (MLH1 IHC stain, x400 original magnification).

MSH6 expression and PFS was found, but no association 
with the occurrence of progression (P=0.268). Intact 
expression showed about 22 months of survival compared 
with only about 6 months for those with loss of MSH6 
expression. By Log Rank test, there was a significant 
difference by MSH6 and its positive expression showed 
a favorable prognosis (P<0.001) (Supplementary Table 3, 
Figure 6D).

Similarly, MSH2 expression showed a highly 
significant association with PFS (P<0.001), but not 
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IDH1 mutation MLH1 IHC
Patient characteristics N Wild IDH1

(N=31) 
N (%)

Mutant  IHD1
(N=29)
N (%)

P Negative MLH1
(N=1)
N (%)

Positive MLH1
(N=59)
N (%)

P

Gender
     Male 37 20 (54.1) 17 (45.9) 0.639 a 1 (2.7) 36 (97.3) 1.000a

     Female 23 11 (47.8) 12 (52.2) 0 (0) 23 (100)
Age (years)
     Mean± SD 41.61±16.07 47.58±14.13 0.193 b 43 44.52±15.46 0.817b

     Median (Range) 42 (12 – 70) 48 (15 – 80) 45 (12 – 80)
Age group
     ≤40 years 22 14 (63.6) 8 (36.4) 0.199 c 0 (0) 22 (100) 0.700c

     >40-60 years 31 14 (45.2) 17 (54.8) 1 (3.2) 30 (96.8)
     >60 years 7 3 (42.9) 4 (57.1) 0 (0) 7 (100)
Grade
     Grade II 24 13 (54.2) 11(45.8) 0.067 c 0 (0) 24 (100) 0.884c

     Grade III 13 8 (61.5) 5 (38.5) 1 (7.7) 12 (92.3)
     Grade IV (1ry) 12 10 (83.3) 2 (16.7) 0 (0) 12 (100)
     Grade IV (2ry) 11 0 (0) 11 (100) 0 (0) 11 (100
Location of tumor

     Brain 50 26 (52) 24 (48)              1.000a 0(0) 50 (100) 0.167 a

     Spinal cord 10 5 (50) 5 (50) 1(10) 9 (90)                
Side of tumor
     Left side                      26 15 (57.7) 11 (42.3)             0.726 a 0(0) 26 (100) 0.166 a

     Right side 211 9 (42.9)            12 (57.1) 0 (0)     21(100)
     Non-lateralized 10 5 (50) 5 (50) 1 (10) 9 (90)
     Multicentricity 3 2 (66.7) 1 (33.3) 0 (0) 3(100)
Site of tumor
     Frontal lobe 14 5 (35.7)  9 (64.3) 0.585 a 0(0) 14 (100) 0.013 a *
     Temporal lobe 9 7 (77.8)  2 (22.2) 0(0) 9 (100)
     Parietal lobe 5 3 (60)  2 (40) 0(0) 5 (100)
     Occipital lobe 6 2 (33.3) 4 (66.7) 0(0) 6 (100)
     Multiple lobes 8 3 (37.5)  5 (62.5) 0(0) 8 (100)
     Corpus callosum         3       2 (66.7) 1 (33.3) 0(0) 3 (100)
     Cerebellum 6 4 (66.7) 2 (33.3) 0(0) 6 (100)
     Cervical cord 6 3 (50) 3 (50) 0(0) 6 (100)
     Thoracic cord                              3 2 (66.7) 1 (33.3) 1(33.3) 2 (66.7)
Size of tumor
     <2 cm 13 6 (46.2)  7 (53.8) 0.641 c 1 (7.7) 12 (92.3) 0.181c

     2-4 cm 23 14 (60.9)  9 (39.1) 0(0) 23 (100)
     4-6 cm                        12 6 (50)                    6 (50)                   0(0) 12 (100)
     >6 cm 12 5 (41.7)  7 (58.3) 0(0) 12 (100)

Table 3. Relationship between Patient Characteristics and IDH1 Mutation and MLH1 IHC Staining.

Categorical variables were expressed as number (percentage), a, Chi-square test; b, Mann Whitney U test; c, Chi-square test for trend; P-value<0.05 
is significant. 

with progression occurrence (P=0.512). MSH2 intact 
expression showed about 21 months survival compared 
with 5.5 months for those with lost MSH2 expression. 
By the Log Rank test, there was a significant difference 
by MSH2 as positive expression showed a favorable 
prognosis (P<0.001) (Supplementary Table 3, Figure 6E). 

Relation between IDH1mutation and MMR protein 
expression and patient management

No significant association was detected between 
IDH1 mutation and MLH1 expression and each of 
the extent of surgical resection (P=0.602 and 0.780, 
respectively), the size of residual tumor (P=0.411 and 
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Patient characteristics MSH6 IHC MSH2 IHC
N Negative MSH6

(N=3)
N (%)

Positive MSH6
(N=57)
N (%)

P Negative MSH2
(N=2)
N (%)

Positive MSH2 
(N=58)
N (%)

P

Gender
     Male 37 3 (8.1) 34 (91.9) 0.297a 2 (5.4) 35 (94.6) 0.519a

     Female 23 0 (0) 23 (100) 0 (0) 23 (100)
Age (years)
     Mean± SD 41.66±16.07 44.64±15.43 0.623b 47.50±17.67 44.39±15.41 0.805b

     Median (Range) 35 (30 – 60) 45 (12 – 80) 47.50 (35 – 60) 45 (12 – 80)
Age group
     ≤40 years 22 2 (9.1) 20 (90.9) 0.258c 1 (4.5) 21 (95.5) 0.583c

     >40-60 years 31 1 (3.2) 30 (96.8) 1 (3.2) 30 (96.8)
     >60 years 7 0 (0) 7 (100) 0 (0) 7 (100)
Grade
     Grade II 24 0 (0) 24 (100) 0.441c 0 (0) 24 (100) 0.298c

     Grade III 13 2 (15.4) 11 (84.6) 1 (7.7) 12 (92.3)
     Grade IV (1ry) 12 0 (0) 12 (100) 0 (0) 12 (100)
     Grade IV (2ry) 11 1 (9.1) 10 (90.9) 1 (9.1) 10 (90.9)
Location of tumor
     Brain 50 2 (4) 48 (96)  0.427a                1 (2) 49 (98) 0.308a

     Spinal cord 10 10 (10)                 9 (90) 1 (10) 9 (90)
Side of tumor
     Left side                      26 2 (7.7) 24 (92.3) 0.535a 1 (3.8) 25 (96.2) 0.526a

     Right side 21110 0 (0) 21 (100) 0 (0) 21 (100)
     Non-lateralized 3 1 (10) 9 (90) 1 (10) 9 (90)
     Multicentricity 0 (0) 3 (100) 0 (0) 3 (100)
Site of tumor
     Frontal lobe 14 0 (0) 14 (100) 0.516a 0 (0) 14 0.538a

     Temporal lobe 9 0 (0) 9 (100) 0 (0) 9
     Parietal lobe 5 1 (20) 4 (80) 0 (0) 5
     Occipital lobe 6 0 (0) 6 (100) 0 (0) 6
     Multiple lobes 8 1 (12.5) 7 (87.5) 1 (12.5) 7 (87.5)
     Corpus callosum         3       0 (0) 3 (100) 0 (0) 3
     Cerebellum 6 0 (0) 6 (100) 0 (0) 6
     Cervical cord 6 1 (16.7) 5 (83.3) 1 (16.7) 5 (83.5)
     Thoracic cord                              3 0 (0) 3 (100) 0 (0) 3
Size of tumor
     <2 cm 13 1 (7.7) 12 (92.3) 0.932c 1 (7.7) 12 (92.3) 0.872
     2-4 cm 23 1 (4.3) 22 (95.7) 0 (0) 23 (100)
     4-6 cm                        12 0 (0) 12 (100) 0 (0) 12 (100)
     >6 cm 12 1 (8.3) 11 (91.7) 1 (8.3%) 11 (91.7)

Table 4. Relationship between Patient Characteristics and MSH6 IHC and MSH2 IHC Staining

a, Chi-square test; b, Mann Whitney U test; c, Chi-square test for trend; P<0.05 is significant.

0.210, respectively), radiotherapy (P=0.140 and 1.000, 
respectively), or concurrent chemotherapy (P=0.752 
and1.000, respectively) (Supplementary Table 4).

In addition, MSH6 and MSH2 expressions were not 
statistically associated with the extent of surgical resection 
(P=0.682 and 0.662, respectively), the size of residual 
tumor (P=0.430 and 0.840, respectively), radiotherapy 
(P=1.000 and 1.000, respectively), or concurrent 

chemotherapy (P=0.268 and 0.512, respectively) 
(Supplementary Table 5).

Discussion

The WHO categorization scheme for adult gliomas 
was considerably modified to integrate crucial new genetic 
results on diffuse gliomas. Brain tumor classification was 
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IHC staining for MLH1/MSH6/ MSH2 N Wild IDH1 (N=31) Mutant IHD1 (N=29) Test P
No. % No. %

MLH1 IHC
     Negative 1 1 100% 0 0% 0.951a 1
     Positive 59 30 50.80% 29 49.20%
MSH6 IHC
     Negative 3 1 33.30% 2 66.70% 0.425a 0.606
     Positive 57 30 52.60% 27 47.40%
MSH2 IHC
     Negative 2 0 0% 2 100% 2.212a 0.229
     Positive 58 31 53.40% 27 46.60%

Table 5. Relationship between IHC Staining for MLH1/MSH6/MSH2 and IDH1 Mutation 

Categorical variables were expressed as number (percentage); a, Chi-square test: P<0.05 is significant 

Figure 3. A: Ependymoma (grade II): showing diffuse positive nuclear MSH6 staining of tumor cells (intact expression) 
(MSH6 IHC stain, x400 original magnification); B: Anaplastic astrocytoma (grade III): showing negative nuclear 
MSH6 staining of tumor cells (lost expression) (MSH6 IHC stain, x400 original magnification).

Figure 4. A: Ependymoma (grade II):  showing diffuse positive nuclear MSH2 staining of tumor cells (intact expres-
sion) (MSH2 IHC stain, x400 original magnification); B: Anaplastic astrocytoma (grade III):  showing diffuse posi-
tive nuclear MSH2 staining of tumor cells (MSH2 IHC stain, x400 original magnification).

expanded to encompass immunohistopathological and 
genetic criteria [18]. 

In our study, the age of the included patients ranged 
from 12 to 80 years with a mean age of 44.5 years and 
the commonest age group was 40-60 years. This agreed 
with Larjavaara et al. [19] who reported that the age of 
glioma patients ranged from 20 to 69 years old with a mean 
age of 49.2 years. Also, Roohani et al. [20] reported that 
the mean age was 43.57 years. However, they found the 
commonest age group was 30-40 years old. However, Lin 
et al. [10] found that the median age at diagnosis for all 

primary gliomas was 37.7 years old. This discrepancy can 
be explained by the wider age range in their study where 
it ranged from 1 to 82 years old.

In this study, the occurrence of gliomas in male patients 
was more common than in females with a ratio of 1.6:1. 
Similarly, the ratio of males to females was 1.4:1 in the 
study performed by Lin et al. [10]. In addition, Roohani 
et al. [20] reported that male to female ratio was 1.8:1 
in cerebral glioma [20]. These results can be explained 
by the neuroprotective effects of estrogen where late 
menarche and early menopause (shorter exposure to 
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Figure 5. A: Ependymoma (grade II): showing diffuse positive nuclear PMS2 staining of tumor cells (intact expres-
sion) (PMS2 IHC stain, x400 original magnification); B: Anaplastic astrocytoma (grade III):  showing diffuse posi-
tive nuclear PMS2 staining of tumor cells (PMS2 IHC stain, x400 original magnification). 

Figure 6. Kaplan Meier Plot for Progression Free Survival (PFS) among the Studied Patients A: for all patients, B: 
stratified by IDH1 IHC staining, C: stratified by MLH1 IHC staining, D: stratified by MSH6 IHC staining, E: stratified 
by MSH2 IHC staining.

female hormones) were associated with increased glioma 
risk [21]. Moreover, an increase in testosterone levels 
has been reported in glioblastoma, which suggests that a 
testosterone-activated AR signaling pathway has a key role 
in its proliferation, migration, and invasion [22].

In our study, the majority of cases were brain gliomas. 
This result was also confirmed by Lin et al. [10] where 
92.9% of cases occurred in the brain  and Roohani et al. 
[20] where brain gliomas represented 85% of cases. Also, 
the unilateral tumor location was a majority that was more 
common on the left side. These findings were very near 
to the results of Roohani et al. [20] where the unilateral 
location was 93.1%. However, almost equal right and 
left-side distributions were detected. Also, Larjavaara et 
al. [19] detected the bilateral location was found in 4.9% 
of cases.

In our study, the frequency of gliomas in different 
brain lobes showed that the frontal lobe was the most 
recorded followed by the temporal lobe, the occipital 

lobe, and the parietal lobe. Our results were similar to Lin 
et al. [10]where gliomas mostly occurred in the frontal 
lobe (35.8%) and temporal lobe (17.4%) . In addition, 
Larjavaara et al. [19] and Roohani et al. [20] found near 
results where higher frequencies of gliomas were in the 
frontal lobe, the temporal lobe, the parietal lobe, and the 
occipital lobe in order. 

Our work showed that the tumor maximal dimension 
was ≤6 cm in 80% of patients. Similarly, Lin et al. [10] 
found that the average diameter of glioma was 4.9 cm . 
This was far from Magrini et al. [23] and Edward et al. 
[24]. They stated that the maximal dimension of gliomas 
was ≤6 cm in only 48% and 57.3% of the patients, 
respectively. 

Reifenberger et al. [25] stated that astrocytoma was 
the most common glioma type comprising about 70% of 
glial tumors . This was not far from our results as 76.7% 
of cases were astrocytoma.    

Matching with previous studies, glioblastoma 
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multiforme was the most common type of astrocytoma 
in our study [26, 27]. Moreover, GBM represented the 
majority of gliomas (29.7%) in the study performed by 
Lin et al. [10]. However, the differences between the 
incidence rates of different types of gliomas in the present 
study and other studies may be explained by ethnic and 
geographical variations. The genetic polymorphisms, the 
number of available cases, and exclusion criteria may 
also contribute.

In the current study, there were about 40% in grade II 
and grade IV. These results were near to those of Roohani 
et al. [20]. Grade II tumors represented 30% and grade IV 
represented 46.5% of adult cerebral gliomas . However, in 
a large study by Magrini et al. [23] in 12 Italian radiation 
oncology centers, adult cerebral gliomas were 72% of 
grade IV, and 7% of grade II.  The variation may be 
attributed to the variation in sample size.

Miller et al. [28] cleared that IDH mutation is one of 
the numerous molecular criteria important for the subtype 
diagnosis of diffuse gliomas. Importantly, all IDH-mutant 
gliomas had a much better outcome than malignant diffuse 
IDH-wild gliomas such as glioblastoma.

IDH1 results showed that 48.3% of gliomas were 
mutant. About 46% and 40% were positive in grade II 
and III gliomas, respectively. We reported that all cases 
of secondary GBM were positive for IDH1 mutation, 
while only 16.7% of primary cases were positive. This 
was similar to the results of Cambruzzi [29] who stated 
that IDH mutations are rare in primary GBM. Primary and 
secondary GBM are genetically and clinically different 
despite their similarities on a histological basis. Primary 
GBM arises with no previous history of a lower-grade 
lesion while secondary GBM evolves from low-grade 
astrocytoma .

In our study, we found a non-significant association 
between IDH1 mutation and other variables. However, a 
significant association was found between IDH1 mutation 
and the absence of glioma progression and improved PFS.  
Similar to our findings, Zeng et Al.[30] established that 
patients with IDH1/2 mutation survived significantly 
longer than patients with IDH1/2-wildtype gliomas.  In 
addition, Xia et al. [31] found that IDH1/2 mutation 
had significant advantages in PFS and OS in diffuse 
gliomas. Moreover, Miller et al. [28] demonstrated that 
IDH1 mutation was a strong prognostic factor in gliomas, 
whatever the grade where multivariate analysis confirmed 
it as an independent favorable predictor of outcome. 
Similarly, adult glioblastoma studies showed that IDH 
mutations predict prolonged PFS as well as increased 
overall survival. De Quintana-Schmidt et al. [32]found 
that the median survival in patients with IDH1 mutation 
was 23.6 months compared with 11.9 months in the cases 
with IDH1-wildtype.

Regarding response to treatment, our study didn’t 
find any significant associations between IDH1 mutation 
and patient management modalities. On the other 
side, Juratli et al. [33] found that radiotherapy and 
chemotherapy (mostly procarbazine, 1-(2-chloroethyl)-
3-cyclohexyl-l-nitrosourea, and vincristine (PCV)) 
significantly improved PFS and OS in IDH-mutant 
secondary high-grade astrocytoma patients. In addition, 

Kurdi et al. [34] determined that concomitant radiotherapy 
with Temozolomide chemotherapy significantly increased 
than isolated radiotherapy in patients with IDH-wildtype 
glioblastoma .

The presence of mutated IDH can affect epigenetic 
alterations with a higher probability of alteration of MMR 
protein expression in gliomas. DNA mismatch repair 
(MMR) is a system that identifies and repairs mismatched 
nucleotides to guarantee genomic stability and integrity. 
It depends on four key genes: MSH2, MSH6, MLH1, and 
PMS2 [35]. 

In this study, MSH6 and MSH2 expression were 
lost in 5% and 3.3% of cases, respectively. MLH1 
showed the least deficient expression with 1.7%. Whilst 
PMS2 was intact in all cases. So, PMS2 was excluded 
from statistical analysis. Caccese et al. [36] identified 
immunohistochemical loss of MMR protein expression 
(partial or complete) in 12.1% of the patients. Among 
them, 4.2% showed a complete immunohistochemical 
loss of at least one MMR protein. Both MSH2 and MSH6 
were lost in 33% of patients, while both PMS2 and MLH1 
were lost in 23% of patients. In addition, a significantly 
lower MMR protein expression was detected in recurrent 
GBM compared to primary glioblastoma .

We found no statistically significant association 
between MSH6 or MSH2 and any of the studied criteria. 
Similarly, Caccese et al. [36] found no statistically 
significant association with gender while they found a 
higher probability of immunohistochemical loss of MMR 
proteins in grade III than in grade IV gliomas.

In our study, there was a highly significant association 
between MSH6, MSH2, and MLH1 expressions and PFS. 
However, Caccese et al. [36] denied that. In addition, 
Kawaguchi et al. [37] found no difference between OS 
and the MMR mutation irrespective of IDH mutation.

On correlating IDH1 mutation and MMR protein 
expressions, no significant association was found, but only 
MSH2 expression was statistically associated with MSH6 
expression. On the other side, immunohistochemical 
loss of MMR proteins can detect hypermutated gliomas 
with high sensitivity and specificity as demonstrated by 
McCord et al. [38]. Also, Caccese et al. [37] showed a 
significant correlation between MMR protein loss in high-
grade gliomas and IDH mutation .

In our study, there was no significant association 
between any of the MMR proteins and patient management. 
However, Caccese et al. [36] found that tissues obtained 
after temozolomide therapy showed a higher probability 
of immunohistochemical loss of MMR protein expression 
than the cases analyzed before treatment.

Knowledge of the predictors of immunotherapy 
efficacy is important to identify the subgroup of 
patients responding to this treatment. Hence, the 
immunohistochemical loss of MMR protein expression 
could be a valid predictor of checkpoint inhibitor efficacy 
in gliomas [39]. 

In conclusion, IDH1 mutation and MMR proteins 
(MLH1, MSH6, and MSH2) could help predict glioma 
outcomes.
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