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Background and objectives: The fifth edition of the WHO Classification of 
Tumors of the Central Nervous System divides grade 4 diffuse glioma based 
on IDH1 mutation in grade 4 astrocytoma, IDH-mutant and glioblastoma, 
IDH-wild type tumors. This study aimed to evaluate the IDH1 status in grade 
4 diffuse glioma as well as its correlation with clinicopathological features 
and patient survival. To our knowledge, no Tunisian studies on the molecular 
profile of diffuse glioma have yet been published.
Methods: This is a retrospective study including all cases of adult, grade 
4 diffuse glioma collected in the pathology department of Habib Bourguiba 
hospital.
Results: A total of 67 patients were included in the final analysis. The 
expression of IDH1 was positive in 22 cases (32%). IDH1-positive tumors 
were classified as grade 4 astrocytoma, IDH1-mutant while, 45 IDH1-negative 
tumors were classified as glioblastoma, IDH1-wild type tumors (68%). IDH1 
expression was correlated with younger age (≤ 40 years old), frontal location, 
complete surgical resection and well-defined borders. IDH1-positive tumors 
were associated significantly with better prognosis. The 1-year overall survival 
(OS) for grade 4 astrocytoma, IDH1-mutant was 86% compared with 8% in 
glioblastoma, IDH1-wild type (p=0.008).
Conclusion: Our study investigated IDH1 expression in grade 4 diffuse glioma 
and proved that grade 4 astrocytoma, IDH1 positive tumors displayed different 
characteristics with a more favorable outcome compared to glioblastoma, IDH1 
negative. Thus, evaluation of IDH1 mutation should be standardized routinely 
not only as diagnostic marker but also to refine the prognostic classification 
of these tumors.
Key words: grade 4 diffuse glioma; IDH1; astrocytoma grade 4; glioblastoma; 
pathology; prognosis

Introduction
Diffuse gliomas (DGs) are the most common 

primary tumors of the central nervous system (CNS) [1]. 
Traditionally, CNS tumor has been classified exclusively 
based on histological features. During recent years, 
large-scale researches have made rapid advances 
in understanding glioma genetics. The identification 
of genetic impairments involved in gliogenesis led to 
2021 World Health Organization (WHO) classification 
based on an integrated histo-molecular diagnosis [2]
including radiation, chemotherapy (temozolomide and 
PCV [procarbazine, lomustine, vincristine]. The isocitrate 
dehydrogenase 1 (IDH1) mutation and its prognostic 
impact remain the most studied. Despite their histological 
similarity, this classification divides the grade 4 DGs 
based on IDH1 mutation into two different prognostic 
entities: grade 4 astrocytoma, IDH-mutant and 
glioblastoma, IDH-wild type tumors. The most frequent 
IDH mutation is IDH1-R132H, which is detectable by 
immunohistochemistry using a specific antibody; other 
IDH mutations are rare (about 10%) and require DNA 
sequencing [3]. IDH 1 mutation is a landmark in the 

history of gliomas as a favorable prognostic biomarker, 
which is associated with a good clinical outcome [4]. 
In addition, several other genetic alterations have 
been identified in the pathogenesis of IDH-wild type 
glioblastoma such as TERT promoter mutation, EGFR 
amplification and +7/−10 copy number changes [5].

Therefore, the aim of our study was to evaluate the 
IDH1 status in grade 4 DGs and to assess its correlation 
with clinicopathological and survival features.

Methods
Study design and population
This is a retrospective study including all consecutive 

cases of grade 4 DG collected in the pathology and 
radiotherapy departments at the Habib Bourguiba 
University Hospital over a period of 9 years from 2016 
through 2024.

Patients were enrolled in this study according to 
the following criteria: histological diagnosis of grade 
4 DG (according to 2021 CNS WHO classification) [2], 
age over 18 years-old and available clinical and survival 
data. This report follows the Strengthening the Reporting 
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of Observational Studies in Epidemiology (STROBE) 
guidelines. All procedures performed in studies involving 
human participants were in accordance with the ethical 
standards of the institutional and the national research 
committee of Habib Bourguiba University Hospital 
and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

Immunohistochemical study
Immunohistochemistry was performed on 5- 

μm –thick formalin fixed paraffin embedded tissues 
sections using antibodies against IDH1-R132H mutant 
protein (mouse monoclonal, clone IHC132-100, 1:400; 
Genome-Me). The expression of IDH1-R132H was 
determined by semi-quantitatively assessing the 
proportion of positively stained tumor cells. Cytoplasmic 
staining involving more than 10% of tumor cells was 
considered positive. Cases with less than 10% of tumor 
cells or staining of macrophages were considered as 
negative [6, 7].

Statistical analysis
Statistical analysis was performed using SPSS 

software version 22.0. Categorical variables were 
described as frequencies and percentages. For 
quantitative variables, means and standard deviations 
were used when their distributions were normal. 

Otherwise, medians and extreme values were reported. 
To examine the association of IDH1 expression with 
the different clinicopathological features the Pearson's 
chi-square test or Fisher’s exact test was applied for 
categorical variables. Survival analysis was performed 
using the Kaplan-Meier estimator and log-rank test to 
assess the significant association of IDH1 expression 
with overall survival (OS) and progression free survival 
(PFS) times in diffuse gliomas patients. A p ≤ 0.05 was 
considered statistically significant.

Results
Clinicopathological characteristics of study patients
The study population consisted of 67 patients 

representing 58.2 % of all DGs. The mean age at 
diagnosis was 56,7 years ± 12,9. The cohort included 
36 males and 31 females (sex ratio: 1,16). The mean 
tumor size was 47.6 mm ± 14,8 mm. The tumors were 
localized at the cerebral hemispheres in 56 cases (83.5%) 
followed by diencephalon in 8 cases (12%) and ventricles 
in 2 cases (3%). Only one case was in the cerebellum. 
For hemispheres location, the frontal lobe was involved 
in 23 cases (34.3%) followed by the temporal lobe in 17 
cases (25.4%) and the parietal lobe in 12 cases (17.9%) 
(Table 1).

Table1. Comparison of grade 4 diffuse glioma characteristics according to IDH1 expression 

Variables
IDH1

p
Negative (%) Positive (%)

Age (years) 
≤ 40 5 (21.8) 18 (78.2)

< 0.001
> 40 40 (90) 4 (10)

sex
Male 26 (7.7) 10 (27.7)

0.14
Female 19 (72.3) 12 (38.7)

Location he
m

is
ph

er
es Frontal 8 (34.8) 15 (65.2)

0.02

Temporal 14(82.4) 3 (17.6)

Parietal 10 (83.3) 2 (16.7)

Occipital 4 0

Diencephalon 7 1

Ventricles 2 0

Cerebellum 0 1

size (cm)
< 5 12 (63.2) 7 (36.8)

0.4
≥ 5 19 (73) 7 (27)

Surgical margins

Complete 8 (38.1) 13 (61.9)

0.006Partial 21 (77.8) 6 (22.2)

Biopsy 10 (83.3) 2 (16.7)

Borders
Well-defined 2 (12.5) 14 (87.5)

<0.001
Ill-defined 28 (90.3) 3 (9.7)

p53
Negative 6 (57) 8 (43)

0.5
Positive 16 (30,2) 37 (69,8)

Notes. Data reported in bold refers to p ≤ 0.05 
Pearson's chi-square test was used to compare categorical variables 
*Fisher test was used instead of chi-square test if one or more variables had an expected frequency of less 
than five.
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Immunohistochemical analysis of IDH1
The expression of IDH1 was positive in 22 cases 

(32%). IDH1 positive tumors were classified as grade                
4 astrocytoma, IDH1-mutant (Fig. 1) while IDH1 
negative tumors were classified as glioblastoma, IDH1-
wild type tumors (N= 45; 68%) (Fig. 2).

Comparison of tumor characteristics according 
to IDH1 expression

The clinical and pathological data of grade                             
4 astrocytoma, IDH1-mutant and glioblastoma, IDH1 wild 
type tumors are described and compared in (Table 1). 
The two tumors displayed significant differences in 
various characteristics. Grade 4 astrocytoma, IDH1-
mutant was associated with a younger patient age 

(<40 years) (p<0,001), a frontal location of the tumor 
(p=0,02), complete surgical resection (p=0.006) and 
well-defined borders (p<0.001). No correlation was 
observed with other the factors including sex, tumor 
size and p53 expression.

Survival analysis
IDH1 positive tumors were associated with a more 

favorable outcome. The OS of patients with grade 4 
astrocytoma, IDH1 mutant were significantly longer 
than glioblastoma, IDH1 wild-type tumors (1- year OS: 
82% versus 8%; p=0.008) (Fig. 3). In addition, grade 4 
astrocytoma, IDH1 mutant showed a prolonged 1-year 
PFS compared to glioblastoma (48% versus 29%;             
p= 0.01) (Fig. 4).

Fig. 1. Grade 4 astrocytoma, IDH1 positive (A) Gemistocytic astrocytoma grade 4 (H&E x 200) (B) Positive stain 
for IDH1 (X200)

Fig. 2. Glioblastoma, IDH1 negative (A) Glioblastoma (H&E x 200) (B) negative stain for IDH1 (X200)

This article contains some figures that are displayed in color online but in black and white in the print edition.
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Fig. 3. Overall survival of grade 4 DG according to IDH1 expression

Fig. 4. Progression free survival of grade 4 DG according to IDH1 expression
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Discussion
In the present study, we detected the IDH1-R132H 

expression using immunohistochemistry in grade 4 DG, 
and assessed its favorable prognostic impact among 
grade 4 astrocytoma compared with IDH1-negative 
glioblastoma. To our knowledge, this is the first study 
reporting the impact of IDH1 expression in grade 4 DG 
in Tunisia.

Nowadays, IDH1 mutation is commonly established 
as a hallmark molecular feature of diffuse gliomas [3]. 
IDH1–R132H is the most common mutation (90%), 
followed at a distance by IDH1- R132L, IDH1- R132S, 
IDH1- R132C and IDH1-R132G mutations [8]. Currently, 
immunohistochemistry is considered a reproducible and 
available method for assessing IDH1 mutation. IDH1-
R132H antibody is highly specific for detecting the most 
common mutation in the gene and has a sensitivity of 
94% because of the lack of detection of other types of 
IDH1 mutations [9, 10]. Immunohistochemical expression 
rates of IDH1 in grade 4 DG have varied across studies. 
A meta-analysis conducted by Chen et al. demonstrated 
a wide range in the reported frequency of IDH1 mutation 
with rates ranging from 18% to 81.8% [11].

The fifth edition of the WHO classification of tumors 
of the CNS incorporates numerous refinements and 
advances since the publication of the 2016 revised fourth 
edition. Notably, the nomenclature of diffuse gliomas has 
been significantly revised [2]. In the 2016 classification, 
IDH-mutant diffuse astrocytic tumors were divided into 
three distinct entities—diffuse astrocytoma, anaplastic 
astrocytoma, and glioblastoma based on histological 
criteria. In the updated classification, however, all 
IDH-mutant diffuse astrocytic tumors are grouped under 
a single category (IDH-mutant astrocytoma) and are 
assigned a CNS WHO grade of 2, 3, or 4. Furthermore, 
grading is no longer based solely on histology, as the 
presence of a homozygous deletion of CDKN2A and/
or CDKN2B now qualifies the tumor for a WHO grade 
4 designation, even in the absence of microvascular 
proliferation or necrosis [5]. Moreover, the 2021 fifth 
edition of WHO CNS classification emphasizes the role 
of molecular diagnosis building on the sixth update 
of the Consortium to Inform Molecular and Practical 
Approaches to CNS Tumor Taxonomy (cIMPACT- NOW) 
recommendations and 2016 WHO classification [12]. For 
IDH-wildtype diffuse astrocytic tumors, the presence of 
one or more of three genetic parameters: TERT promoter 
mutation, EGFR gene amplification, combined gain of 
chromosome 7 and loss of chromosome 10 are sufficient 
to assign the diagnosis of glioblastoma, IDH-wild type 
even in the absence of necrosis or microvascular 
proliferation [12, 13].

IDH1-mutant gliomas occur commonly in younger 
age compared to wild type tumors. According to a recent 
study, the median age at diagnosis of IDH1-mutant 
astrocytomas was 36 and versus 52 years in Glioblastoma, 
IDH1-negative [14]. Consistent with this, we found a 
positive association between IDH1 and age (< 40 years). 
In addition, tumor location also appears to correlate with 
IDH1 status. IDH1-wild type tumors are more deeply 
situated with more infiltrative pattern, although mutant 
gliomas are located frequently in the frontal lobe [16]. 
To date, correlation of IDH1 mutation with tumor size is 
unclear; some studies found that IDH1-wild type tumors 

are larger [17] while other authors didn’t found such 
association [18] IDH status was determined on 114 
and 27 patients, respectively. On univariable analysis, 
improved five-year survival was independently associated 
with concurrent TMZ (46.2 vs. 29.3 %, p = 0.02. Several 
studies have demonstrated an association between IDH1 
status and the extent of tumor resection. Astrocytomas 
harboring IDH1 mutations are more likely to undergo 
complete tumor resection compared to IDH1-wildtype 
glioblastomas [19].

The association of IDH1 mutation with TP53 mutation 
has been widely studied in the literature and has led 
to contradictory results. IDH1 mutation was found 
associated with TP53 mutation in several studies [10, 21], 
whereas other authors did not found such an association, 
consistent to our results [22, 23]. Immunohistochemistry 
is a practicable surrogate for a molecular assay. Strong 
p53 staining of 10% of tumor cells is highly predictive of 
TP53 mutation with a sensitivity and specificity of 78.8% 
and 96.7% respectively [24]. TP53 mutation is common 
in grade 4 astrocytoma, IDH mutant, observed in about 
70% of cases. However, this mutation is less common 
in glioblastoma, IDH-wild type (less than 30%) [25].

Based on previous research, IDH1 mutant gliomas 
present an improved outcome [20, 25–27]. The aim of our 
study was to establish a correlation between the survival 
outcome of grade4 DGs and IDH1 immunohistochemical 
expression.

Survival analysis based on IHC results showed a 
statistically significant better survival in both OS and 
PFS in IDH1 positive tumors than their counterparts. 
These results were consistent with several other 
reports. Sanson et al, have shown that the 5-year-OS 
of patients with grade 4 astrocytoma, IDH1-positive was 
27.4 months versus 14 months in their counterparts 
[28]. Similarly in the study of Wang et al, glioblastoma 
presented a poor outcome with an OS of 14.2 months 
compared to grade 4 astrocytoma of which the OS was 
26.6 months [20].

However, other authors haven’t found such a 
correlation. Cai et al. reported that OS and PFS in IDH1-
mutant grade 4 astrocytoma were not significantly better 
than those in glioblastoma [18]. These results were in 
line with those obtained by July et al; who concluded 
that IDH1 mutation was not a prognostic factor in grade 
4 DGs [4].

Ultimately, our study provides a brand-new update 
of the value of IDH1 expression among grade 4 DGs; 
a subject not well elucidated in our population. Our 
study presented some limitations. The sample study 
may be limited; thus further larger investigations are 
recommended to better understand grade 4 diffuse 
gliomas. In addition, molecular profile supporting the 
diagnosis of glioblastoma IDH-wild type—such as TERT 
promoter mutation, EGFR amplification and +7/−10 copy 
number changes—were not available in our department.

Conclusion
The immunohistochemical profile of IDH1 is of 

significant importance for the diagnosis and prognosis 
in patients with grade 4 diffuse gliomas. In this study, 
we revealed that immunohistochemical staining of IDH1 
in grade 4 astrocytoma was associated with distinct 
clinicopathological factors as well a good outcomes with 
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significant increased survival rates, compared to their 
counterparts of IDH1-negative glioblastomas. Thus, the 
evaluation of IDH1 mutation with other genomic markers, 
should be standardized and integrated into daily clinical 
practice — not only as diagnostic markers but also to 
refine the prognostic classification of these tumors.
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