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Abstract
BACKGROUND: At present, the classification of central nervous system tumors relies on molecular factors in 
addition to histologic features to identify many tumor types. This should subsequently results in more accurate 
diagnosis as well as addressing specific markers of potential prognostic and predictive value.

AIM: This study was conducted to emphasize the importance of including isocitrate dehydrogenase 1 (IDH1) 
evaluation as a crucial part of the diagnosis and categorization of high-grade glioma cases. This also may help to 
individualize the treatment of high-grade glioma patients.

MATERIALS AND METHODS: The current study included 60 cases of high-grade gliomas, studied histologically and 
immunohistochemically for the detection of IDH1 mutation. The results were correlated with different clinicopathologic 
variables and course of the disease.

RESULTS: IDH1 immunohistochemical expression was positive in 46.67% of the studied high-grade glioma cases. 
A statistically significant relationship was detected between IDH1 expression and tumor histologic grade as 100% 
of Grade III anaplastic oligodendroglioma cases and 80% of the Grade III anaplastic astrocytoma cases were IDH1 
positive while only 40.4% of Grade IV glioblastoma cases were IDH1 positive (p = 0.03). In addition, patients who 
were IDH1 mutant were in a better category of response to radiotherapy (p = 0.019) and also to chemotherapy 
(p < 0.001). Moreover, patients who expressed IDH1 had prolonged overall survival (OS) and progression-free 
survival than those who showed negative IDH1expression (p < 0.001). On the other hand, no statistically significant 
relationship was detected between IDH1 expression and patients age, sex, tumor site, tumor size, motor symptoms, 
sensory symptoms, and increased intracranial tension (p > 0.05).

CONCLUSIONS: It is suggested that IDH1 is a good prognostic marker for gliomas and is a good predictive marker 
for response to treatment. IDH1 is a promising target for therapy in high-grade gliomas through the emerging IDH1 
inhibitors. Immunohistochemical testing for IDH1 is a practical and cost-effective method that should be applied in all 
glioma cases. Further study on a larger sample size is recommended to validate the current results. Moreover, applying 
molecular analysis to detect IDH1 mutation is recommended to be able to precisely detect the IDH1 wild-type tumor.
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Introduction

Molecular factors were recently introduced 
in the classification of glioma cases in the latest 2016 
classification of central nervous system (CNS) tumors 
by the World Health Organization (WHO) [1].

Diffuse astrocytomas (WHO Grade II) 
and anaplastic astrocytomas (WHO Grade III) are 
reclassified into isocitrate dehydrogenase (IDH) 
mutant, IDH wild type, and nitric oxide synthases (NOS) 
variants. Most Grade II and III gliomas are reported to 
be IDH mutant if IDH testing is applied. IDH wild type 
is reported if immunohistochemistry (IHC) for mutant 
R132H IDH1 protein and sequencing for IDH1 codon 
132 and IDH2 codon 172 gene mutations yield negative 
results or if sequencing for IDH1 codon 132 and IDH2 
codon 172 gene mutations alone is negative [2].

Glioblastoma (WHO Grade IV) in the latest 
2016 WHO CNS classification is reclassified into (1) 
glioblastoma, IDH wild type, which accounts for nearly 
90% of the cases and is usually primary or de novo 
glioblastomas, (2) glioblastoma, IDH mutant, which 
accounts for nearly 10% of cases and is usually 
secondary glioblastomas arising on top of lower grade 
diffuse gliomas and usually affects younger age group, 
and (3) glioblastoma, NOS, is termed when complete 
IDH evaluation is not applicable [1].

IDH mutations are clustered at codon 132 of 
IDH1 and codon 172 of the IDH2 gene, suggesting 
that they acquire a gain of function to the mutant 
enzymes. These mutations eventually lead to mutated 
IDH protein production which will subsequently result 
in production of higher levels of D-2-hydroxyglutarate, 
instead of a-ketoglutarate. D-2-hydroxyglutarate 
is an oncometabolite which results in epigenetic 
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aberrations that are incorporated in the early steps of 
gliomagenesis [3], [4], [5].

On clinical settings, the existence of IDH1 
mutation is associated with better outcome in 
glioma patients of all grades [6], [7]. Interestingly, 
also in conjunction with O-6-Methylguanine-DNA 
methyltransferase (MGMT) promoter methylation status, 
IDH1 mutation seems to play a role in the prognosis 
and in the prediction of response to chemotherapy [8]. 
Subsequently, IDH1 mutation may have a direct impact 
on treatment decisions. Therefore, accurate evaluation 
of IDH1 mutational status is increasingly promoted. To 
date, the “gold standard” for the assessment of IDH1 
mutation is DNA sequencing, yet with limited sensitivity 
results and not easy applied in most laboratories. 
Therefore, immunohistochemical analysis of IDH1 was 
currently introduced as a practical alternative method 
with high sensitivity and specificity results. Moreover, 
IHC allows for quantitative analysis of IDH1 mutation 
which was not feasible before [9], [10].

We aimed in this work to apply IHC as 
an analytical method for the assessment of IDH1 
mutation and to correlate the results of IDH1 mutation 
by immunohistochemical analysis with different 
clinicopathologic parameters and disease course.

Patients and Methods

This retrospective study was preformed 
following protocol approval by the collaboration of 
the ethical committee at the Pathology and Oncology 
Departments in Faculty of Medicine, Cairo University.

Inclusion criteria were cases of high-grade 
gliomas (Grades III and IV) based on histopathologic 
diagnosis, availability of the relevant clinical data, and 
availability of the follow-up data.

Exclusion criteria were paucity of tumor tissue 
in paraffin blocks, defective clinical or follow-up data.

The material of this work consisted of 60 cases 
diagnosed as high-grade glioma including anaplastic 
astrocytoma (5 cases), anaplastic oligodendroglioma 
(3 cases), and glioblastoma (52 cases). The paraffin blocks 
were retrieved from the Pathology Department, Faculty 
of Medicine, Cairo University, for patients diagnosed 
over 2-year period from January 2015 to January 2017, 
to fulfill a minimum follow-up period of 2 years duration. 
The personal data, clinical details, and pathological 
data pertaining to these patients were retrieved from the 
medical records at Faculty of Medicine, Cairo University.

The demographic and clinicopathologic data 
reported from the medical records were age and gender 
of the patients, site and size of brain tumor, presence of 
neurologic sensory and motor symptoms, and status of 
intracranial tension. The performance status (PS) was 

scored according to Zubrod scale [11]; PS scores 0, 1, 
and 2 were reported as good PS, while scores 3 and 4 
were reported as poor PS.

Response to treatment criteria and 
evaluation

All of the patients (60 patients) underwent 
tissue sampling (with surgical resection whenever 
possible) and were followed up for 2 years or more.

Fifty-seven patients received radiotherapy 
treatment. The response to radiotherapy treatment was 
recorded as stationary, progression, partial remission, 
and complete remission according to the results of post-
treatment magnetic resonance imaging (MRI) scan.

Forty-seven patients received adjuvant 
chemotherapy treatment. The response to 
chemotherapy treatment was recorded as stationary, 
progression, partial remission, and complete remission 
according to the results of post-treatment MRI scan.

Survival analysis

Overall survival (OS) and progression-free 
survival (PFS) were calculated for all patients included 
in the current study (60 patients). All data for OS and 
PFS were analyzed by January 31, 2019.

OS was calculated from the date of histological 
diagnosis until the date of death from any cause [12].

PFS was defined as the time from histological 
diagnosis until the date of disease progression 
(radiologic evidence of disease progression on MRI) 
or the date of death from any cause or last follow-up 
whichever was earlier [12].

Histopathologic and immunohistochemical 
staining

The paraffin blocks of the 60 cases included 
in the study were retrieved from the pathology 
departmental archives. Two sections were cut from 
each paraffin block by microtome at 5 microns 
thickness; one stained with hematoxylin and eosin for 
routine histopathological examination and confirmation 
of diagnosis according to latest WHO classification 
criteria [1]. The other one was mounted on positively 
charged slides for immunohistochemical analysis of 
proliferating astrocytic cells and oligodendroglial cells 
by mouse monoclonal antibody (H09) to IDH1.

Immunostaining

Sections that were cut and mounted on 
positively charged slides were dried at 80°C for 15 min 
and then processed on a Ventana BenchMark XT 
immunostainer. Following 60 min pre-treatment with 
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cell conditioner 2 (pH 6), the slides were incubated with 
1:30 diluted H09 antibody at 37°C for 32 min. Antibody 
incubation was then followed by Ventana standard 
signal amplification, UltraWash. Counterstaining was 
done with single drop of hematoxylin for 4 min and 
another drop of bluing reagent for another 4 min. 
UltraView TMU universal DAB Detection Kit (Ventana) 
was applied for chromogenic detection. The slides were 
finally removed from the immunostainer and mounted.

Evaluation of IDH1 immunostaining

A cytoplasmic and perinuclear immunoreactions 
for IDH 1 were scored as positive.

According to Mellai et al. [13], the IDH 1 
immunoreactivity is cytoplasmic and perinuclear. 
In portion of cases, the staining is diffuse in the glial 
fibrillary network. In few cases, faint nuclear staining 
can be detected, although IDH1 physiologically exists 
in the cytoplasm and peroxisomes. Endothelial cells 
served as good negative control.

Statistical methods

Statistical analysis was conducted using 
Statistical Package for the Social Sciences, Version 25 
for Windows. Continuous variables were analyzed as 
mean values ± standard deviation or median (range) 
as appropriate. Percentages were used for calculation 
of categorical data. Differences were analyzed with Chi-
square (χ2) test and Fisher’s exact test when appropriate 
for categorical variables. Student’s t-test was applied for 
measuring differences among continuous variables with 
normal distribution. Multivariate data were analyzed using 
logistic regression. p < 0.05 was considered statistically 
significant. Kaplan–Meier estimates were used to predict 
the OS and PFS, as compared using log-rank tests.

Results

Our study population consisted of 60 samples. 
Of those, 52 patients were diagnosed as glioblastoma 
WHO Grade IV (86.7%), 5 patients were diagnosed 
as anaplastic astrocytoma WHO Grade III (8.3%), 
and 3 were diagnosed as oligodendroglioma WHO 
Grade III (5%). All clinicopathologic data of the studied 
patients are summarized in Table 1. Correlation of IDH1 
immunostaining results with other clinicopathologic 
parameters is shown in Table 2.

IDH1 immunohistochemical expression was 
positive in 46.67% of the studied high-grade glioma 
cases. A statistically significant relationship was detected 
between IDH1 expression and tumor histologic type as 
100% of anaplastic oligodendrogliomas cases (Figure 

Table 1: Clinicopathological characteristics of the studied 
cohort
Clinicopathological variables n (%)
Gender

Male 32 (53.3)
Female 28 (46.7)

Age (years)
Median (average) 48 (13.8)

Tumor site
Right side hemisphere 23 (38.4)
Left side hemisphere 37 (61.6)

Motor symptoms
Present 34 (56.7)
Not 26 (43.3)

Sensory symptoms
Present 6 (10)
Not 54 (90)

Intracranial tension
Increased 45 (75)
Not 15 (25)

PS
Good 50 (83.3)
Poor 10 (16.7)

WHO grades
Grade III 8 (13.3)
Grade IV 52 (86.7)

Histologic type
Anaplastic astrocytoma 5 (8.3)
Anaplastic oligodendroglioma 3 (3%)
Glioblastoma 52 (86.7)

IDH expression
Positive 28 (46.67)
Negative 32 (53.33)

Radiotherapy treatment
Received 57 (95)
Not received 3 (5)

Adjuvant chemotherapy
Received 47 (78.3)
Not received 13 (21.7)

Mortality status
Alive 28 (46.7)
Dead 32 (53.3)

IDH: Isocitrate dehydrogenase, PS: Performance status.

Table 2: Correlation of IDH1 immunohistochemical expression 
with clinicopathologic variables of glioma cases
Clinicopathologic variables IDH1 

positive (%)
IDH1 
negative (%)

p-value

Histologic type 0.03
Anaplastic astrocytoma 4 (80) 1 (20)
Anaplastic oligodendroglioma 3 (100) 0 (0)
Glioblastoma 21 (40.4) 31 (59.6)

Radiotherapy response
Progressive 5 (38.5) 8 (61.5) 0.019
Stationary 0 (0) 4 (100)
Partial remission 18 (56.3) 14 (43.7)
Complete remission 7 (87.5) 1 (12.5)

Six-month response to chemotherapy
Progressive 2 (11.1) 16 (88.9) <0.001
Stationary 3 (37.5) 5 (62.5)
Partial remission 10 (83.3) 2 (16.7)
Complete remission 8 (88.9) 1 (11.1)

One-year response to chemotherapy
Progressive 2 (10.5) 17 (89.5) <0.001
Stationary 6 (50) 6 (50)
Partial remission 3 (100) 0 (0)
Complete remission 12 (92.3) 1 (8.3)

Survival status
Alive 25 (92.6) 3 (7.4) <0.001
Died 5 (21.74) 27 (78.26)

IDH1: Isocitrate dehydrogenase 1.

3b) and 80% of the anaplastic astrocytoma cases (Figure 
3a) were IDH1 positive while only 40.4% of glioblastoma 
cases (Figure 4) were IDH1 positive (p = 0.03). In addition, 
patients who expressed IDH1were in a better category 
of response to radiotherapy (p = 0.019), and far more in 
a better category of 6 months and 1 year response to 
chemotherapy for all grades (III and IV) enrolled in this 
study (p < 0.001). Moreover, patients who expressed 
IDH1 had prolonged OS and PFS than those who showed 
negative IDH1 (Figure 5) expression for all grades (III 
and IV) enrolled in this study (p < 0.001), Figures 1 and 2.
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grade diffuse astrocytoma (Grade II) and higher Grade 
IV glioblastoma [1].

Glioblastoma is an aggressive malignant 
astrocytic glioma that either arises de novo or on top 
of lower grade diffuse astrocytoma and anaplastic 
astrocytoma. Glioblastoma is the most fatal and 
aggressive primary brain tumor, with a mortality rate 
that nearly reaches 100% and a median survival of <24 
months [16].

In the last formulation of CNS tumors by the 
WHO in 2016, Grade II diffuse astrocytomas, Grade III 
anaplastic astrocytomas, and Grade IV glioblastomas 
are reclassified into IDH mutant, IDH wild type, and 
NOS variants [1], [2].

In this study, a total of 60 high-grade glioma 
cases were enrolled; 52 cases were WHO Grade IV 
glioblastoma (52/60, 86.7%), 5 anaplastic astrocytoma 
cases (5/60, 8.3%), and 3 oligodendroglioma cases 
(3/60, 5%).

In the current work, among the studied patients 
with high-grade gliomas, the age was a normally 
distributed variable with mean (47.25) and median 
(48) years. Patients aged 45–50 years had the highest 
percentage (21.7%). Males constituted 53.3% of the 
studied cases while 46.7% were females, with male-to-
female ratio 1.1:1.

IDH1 immunohistochemical expression was 
positive in 46.7% of the enrolled glioma cases and 
negative in 53.3%.

Among the studied glioma cases in this study, 
Grade III anaplastic astrocytoma and Grade III anaplastic 
oligodendroglioma were highly associated with IDH1 
mutation than the higher grade IV glioblastoma with 
statistically significant results (p = 0.03). This is similar 
to what was reported by Mellai et al. [13], that in adult 
patients, IDH1 mutations are significantly and inversely 
associated with the histological malignancy grade.

Moreover, a subset of glioblastoma cases 
(40.4%) was reported to be IDH1 mutant in the present 
work as they positively expressed IDH1. Other studies 
also reported that a percentage of their patients with 
secondary glioblastoma were positive for IDH1 mutation 
[13]. However, in the present study, glioblastoma could not 
be classified to primary or secondary due to deficient data.

In the present study, glioma patients who 
expressed IDH1 are 4.15 times more likely to be in a 
better category of response to radiotherapy than those 
who showed negative IDH1 expression. The relationship 
between IDH1 expression and the response to radiotherapy 
is highly significant (p = 0.019). Similar findings were 
addressed by Li et al. [17], as in vitro induction of mutated 
IDH1 increased the sensitivity of gliomas to radiation.

Regarding the response to chemotherapy, 
patients who expressed IDH1 are 21.39 times 
more likely to be in a better category of response to 
chemotherapy than those who showed negative IDH1 

Figure 1: The relationship between isocitrate dehydrogenase 1 
expression and overall survival in high-grade glioma cases using 
Kaplan–Meier curves

No significant correlation was detected in the 
current work between IDH1 immunohistochemical 
expression and patients age (p = 0.089), sex 
(p = 0.628), tumor site (p = 0.356), presence of motor 
symptoms (p = 0.134), sensory symptoms (p = 0.201), 
and increased intracranial tension (p = 1.0).

Figure 2: The relationship between isocitrate dehydrogenase 1 
expression and progression-free survival (progression time) in 
high-grade glioma cases using Kaplan–Meier curves

Discussion

A glioma is a variant of tumor that occurs first 
in the brain or spine. It is termed gliomas it originates 
from glial cells. The majority of gliomas are located in 
the brain [14]. Gliomas account for nearly 30% of all 
brain and CNS tumors and about 80% of all primary 
malignant brain tumors [15].

Anaplastic astrocytoma is regarded as Grade 
III invasive astrocytoma, intermediate between lower 
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expression. The relationship between IDH1 expression 
and the 6-month response to chemotherapy is highly 
significant (p < 0.001).

Figure 3: (a) Positive isocitrate dehydrogenase 1 (IDH1) 
immunohistochemistry (IHC) staining in anaplastic astrocytoma 
Grade III (DAB × 200). (b) Positive IDH1 IHC staining in anaplastic 
oligodendroglioma Grade III (DAB × 400)

a b

In addition, patients who expressed IDH1 are 
30 times more likely to be in a better category of response 
to chemotherapy than those who showed negative IDH1 
expression after 1 year response. The relationship 
between IDH1 expression and the 1-year response to 
chemotherapy is highly significant (p < 0.001).

These findings are also similar to what was stated 
by Hartmann, Combs et al., and SongTao et al. [18], [19], 
[20]. They stated that all diffusely infiltrating astrocytic 
tumors show better prognosis. Higher sensitivity to 
radiotherapy and concurrent temozolomide in IDH mutant 
glioblastoma cases was noted by Tran et al. [21]. Tateishi 
and Yamamoto [22] also agreed with these results. They 
mentioned that IDH1 status is a reliable prognostic factor. 
However, they stated that there could be associative 
molecular markers that could predict the prognosis 
rather than the IDH status. They stated that CDKN2A/B 
homozygous deletion, PIK3R1 mutation, NOTCH pathway 
inactivation, and PI3K pathway activation can associated 
with poor prognosis. These previous results are partially 
in agreement to what was reported by van den Bent et 
al. [23], that IDH1/2 mutations, 1p/19q codeletion, and 
MGMT promoter methylation are pivotal prognostic factors 
in anaplastic oligodendroglial tumors. However, this study 
concluded that IDH1 mutations are not a predictive marker 
for the outcome to adjuvant chemotherapy.

Figure 4: (a) Positive isocitrate dehydrogenase 1 (IDH1) 
immunohistochemistry (IHC) staining in glioblastoma Grade IV (DAB 
× 400), (b) Positive IDH1 IHC staining in glioblastoma Grade IV (DAB 
× 200)

a b

Figure 5: (a) Negative isocitrate dehydrogenase 1 (IDH1) 
immunohistochemistry (IHC) staining in glioblastoma Grade IV (DAB 
× 200), (b) Negative IDH1 IHC staining in glioblastoma Grade IV 
(DAB × 400)

a b

In the highlight of the current study results, 
patients with Grade III and IV gliomas who were IDH1 
mutant are more likely to have longer OS and PFS 
than those who showed negative IDH1 expression. The 
relationship between IDH1 expression and the mortality 
is highly significant (p < 0.001). In a prospective analysis 
by Sanson et al. [7], Grade II–IV glioma patients whose 
tumors harbored mutant IDH1 had significantly longer 
OS than patients free of IDH1 mutation. These results 
have been confirmed independently by others; Combs 
et al. [19], Weller et al. [24], and Yan et al. [25]. Moreover, 
these findings are also similar to what was stated by 
Polívka et al. [26] who proved that the presence of 
IDH1 R132H mutation in the tumor tissue serves as 
positive prognostic factor for patients with glioblastoma 
in relation to PFS as well as OS. Parsons et al. [27], 
Tateishi and Yamamoto [22], also found that IDH1 mutant 
glioblastoma patients showed 3-fold longer survival than 
those with IDH1 wild type. Prolonged median OS of 
IDH mutant cases was noted by Liu et al. [28] and Yan 
et al. [25]. They stated that patients with IDH mutated 
disease showed 65-month median OS as compared 
to 20-month median OS of patients with IDH wild-type 
disease. Furthermore, Sanson et al. [7] and Liu et al. [28] 
stated that PFS was improved among patients with IDH 
mutant glioblastoma. On the other hand, no statistically 
significant difference in OS by the IDH1 mutation status 
was observed by Tabei et al. [29]. Their results showed 
that although IDH1 mutation has been demonstrated as 
a prognostic factor for diffuse gliomas including GBM 
that was not the case for recurrent glioblastoma that has 
progressed after initial treatments. OS of the patients 
with IDH mutant glioblastoma after the first progression 
from primary glioblastoma or from low-grade gliomas 
was similar to that of those with IDH wild type.

No significant correlation was detected in 
the studied glioma cases between IDH1 expression 
and the patients age (p = 0.089), the sex (p = 0.628), 
the tumor site (p = 0.356), the presence of motor 
symptoms (p = 0.134), sensory symptom (p = 0.201), or 
increased intracranial tension (p = 1.0). These results 
are in concordance with what was reported in several 
studies by Jaiswal et al. [30], Shaban et al. [31], and 
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Wang et al. [32]. However, these findings are different 
from what was stated by Hartmann [18]. They found 
a statistical relationship between IDH status and the 
patients age and the tumor site. They stated that IDH1/2 
mutant cases were younger in age. Most of the tumors 
were frontal as opposed to temporal or parietal sites.

Limitations

The limitations of this study were not applying 
molecular analysis for IDH1 evaluation due to the 
limitations of financial resources.

Conclusions

To sum up, according to our results, IDH1 
immunohistochemical expression is more detected 
in WHO Grade III gliomas, including anaplastic 
astrocytoma and anaplastic oligodendroglioma than 
in the WHO Grade IV glioblastoma which support its 
relative involvement in early gliomagenesis. Moreover, 
IDH1 expression is associated with better response to 
radiotherapy and adjuvant chemotherapy treatment. 
In the same context, patients who were IDH1 mutant 
had longer OS and longer PFS, thus suggesting IDH1 
as a good prognostic marker for gliomas and a good 
predictive marker for response to treatment and can 
be a promising target for therapy in high-grade gliomas 
through the emerging IDH1 inhibitors.

Finally, in this work, immunohistochemical 
testing for IDH1 was introduced as a practical and cost-
effective method that can replace DNA sequencing and 
should be analyzed in all glioma cases.

Further study on a larger sample size is 
recommended to validate the current results. The 
application of molecular analysis to detect IDH1 mutation 
is also recommended for comparative purpose with the 
current results of IHC and to be able to precisely detect 
the IDH1 wild-type variant.
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