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The 2021 WHO classification of gliomas has separated gliomas based on their IDH mutation status, reflecting differences in their pathogenesis and clinical characteristics. There is a paucity of data on the prevalence of IDH mutations in gliomas in this region. This study aimed to determine the frequency of the IDH1 mutation in adult-type diffuse astrocytic gliomas in a tertiary hospital in Kenya. Approximately half of the gliomas were positive for the IDH1 mutation, with a slight male predominance. Our study provides crucial insights into the frequency of IDH1 mutations in gliomas in Kenya.
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Introduction

Gliomas are the most common primary intracranial brain tumors in adults (1). Over the years, there have been changes in the classification of gliomas, driven by an increasing body of knowledge on their pathogenesis. The 2021 WHO classification of central nervous system tumours 5th edition classifies diffuse adult type gliomas into three categories: astrocytoma IDH-mutant (grade 2–4), oligodendroglioma IDH-mutant and 1p/19q-codeleted (grade 2–3) and glioblastoma IDH-wildtype (grade 4) (2). This classification and grading are based on morphological and molecular characteristics, including IDH mutation status. This classification, unlike the previous, has separated IDH-mutant astrocytic gliomas from IDH wild-type gliomas, reflecting their different pathogenesis, clinical–pathological characteristics, and prognosis.

Isocitrate dehydrogenase (IDH) is a Krebs cycle enzyme that catalyzes the oxidative decarboxylation of isocitrate to alpha-ketoglutarate (α-KG). This reaction generates NADPH and NADH, which play an important role in cellular protection against oxidative stress (3). The IDH mutation results in the gain of a new enzymatic activity in which alpha-ketoglutarate is reduced to D-2-hydroxyglutarate (D-2HG), an oncometabolite that causes hypermethylation of the CpG islands in the genome. This silences the expression of genes important in cellular differentiation, which results in oncogenic transformation (3). The most frequent IDH mutation in gliomas is IDH1:c.395G > A p.R132H, accounting for 83–91% of the mutations (4–6).

In addition to its role in the pathogenesis of IDH-mutant gliomas, IDH mutation status is a biomarker of predictive and prognostic importance (7). IDH-mutant patients have better overall survival and progression-free survival, irrespective of grade (8). IDH mutation is also predictive of response to vorasidenib in low-grade gliomas (9).

While there is a lot of literature on IDH mutations and gliomas from developed countries, there is a paucity of data on the same from Africa. This is partly due to the lack of resources for the molecular tests required to detect mutations. IDH mutation status can be determined using different methods, the most common being sequencing and immunohistochemistry (10, 11). Sequencing is a more robust method, as it can detect all the mutations in both IDH1 and IDH2. It is, however, expensive and not readily available in developing countries. Immunohistochemistry, on the contrary, is affordable and more accessible in developing countries but is limited in the number of mutations that it can detect. Currently, the only mutation that can be determined using immunohistochemistry is the IDH1:c.395G > A p.R132H mutation, which is the most common.

The objective of this study was to identify the frequency of IDH R132H in adult-type diffuse astrocytic gliomas using immunohistochemistry as well as describe their clinical and pathological characteristics, including age, gender, location, and grade.



Methodology

This was a retrospective study conducted at the Aga Khan University Hospital Nairobi laboratory, a College of American Pathologists (CAP)-accredited laboratory. All cases diagnosed as diffuse astrocytoma grade II (IDH1 mutant and NOS), anaplastic astrocytoma grade III (IDH1 mutant and NOS), glioblastoma (IDH1 mutant and NOS), and astrocytoma IDH1-mutant grades 2–4 from January 2019 to March 2023 were identified from the laboratory information system. For each case, the age, gender, tumor type and grade, location, and IDH1 status were recorded.

The standard operating procedure for handling diffuse gliomas in the laboratory includes an initial examination of the hematoxylin- and eosin-stained slides. For tumors whose morphology is suggestive of an astrocytic or oligodendroglial neoplasm, immunohistochemistry for GFAP, OLIG2, IDH1, and ATRX is performed. Tumors are categorized as astrocytic based on characteristic morphology and positivity for GFAP and/or OLIG2, with or without ATRX loss and IDH1 status. IDH1 status is reported as mutant (positive) or negative, depending on the staining (Figures 1, 2).
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FIGURE 1
 IDH1-positive glioma.
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FIGURE 2
 IDH1-negative glioma.


The grading is based on the morphologic characteristics, including anaplasia, mitotic activity, endothelial proliferation, and necrosis. Oligodendrogliomas are differentiated from astrocytomas based on their characteristic morphology, absence of GFAP staining, except in minigemistocytes and gliofibrillary oligodendrocytes (12, 13), and retained ATRX, IDH1, and OLIG2 positivity. Other molecular investigations are not available.

Ethical approval was granted by the Aga Khan University research ethics committee.



Results


Gender and age distribution of gliomas

A total of 62 glioma cases were identified, of which 54.8% were men and 45.2% were women. The median age was 46 years for both genders, while the range was 18–90 years for men and 18–80 years for women (Table 1).



TABLE 1 Gender and age distribution of gliomas.
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Gliomas and IDH

A total of 51.6% of the gliomas were positive for IDH1, while 48.4% were negative (Table 2).



TABLE 2 Frequency of IDH1-positive gliomas.
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The median age and range were 42 years (18–82) and 49 years (18–90) in the positive and negative categories, respectively. The distribution by age in each of the categories is shown in Figures 3, 4.

[image: Figure 3]

FIGURE 3
 Age distribution of IDH1-positive gliomas.
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FIGURE 4
 Age distribution of IDH1-negative gliomas.




Astrocytoma IDH1 mutant

Based on their histological characteristics, the IDH1-positive tumors were categorized according to the 2021 WHO classification into astrocytoma IDH1-mutant grades 2–4. The most frequent was astrocytoma IDH1-mutant grade 4. Astrocytoma IDH1-mutant grade 4 had a higher median age of 51 years, while grades 2 and 3 were comparable with a median age of 39 and 38 years, respectively (Table 3).



TABLE 3 Grade and age distribution of astrocytoma IDH1-mutant gliomas.
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IDH1-negative gliomas

The IDH1-negative tumors were assigned a category and graded based on their histological features, and a prefix NOS (not otherwise specified) was included as molecular diagnosis was not performed to rule out the less common IDH mutations. The categories were glioblastoma grade IV NOS, anaplastic astrocytoma grade III NOS, and diffuse astrocytoma grade II NOS. The most frequent type was glioblastoma NOS, with a median age of 56 years (Table 4).



TABLE 4 Grade and age distribution of IDH1-negative gliomas.
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Gliomas and location

The data on the tumor location were not available for the majority (51.6%) of the tumors. Of the ones with available data, supratentorial was the most common location (left hemisphere 25.8% and right hemisphere 21.0%). Only 1.6% of the tumors were infratentorial.



ATRX and IDH1

Of the 62 cases, only 28 had ATRX staining carried out. Of these, 10 (35.7%) had lost ATRX expression, while 18 (64.3%) had retained expression. Of the cases with lost expression, all (100%) were IDH1 positive. The median age (range) of the ATRX-mutated/IDH-mutated patients was 34 years (18–48).




Discussion

The 2021 WHO classification of central nervous system tumors fifth edition has classified gliomas based on their morphology and molecular characteristics (2). Of the molecular characteristics, the IDH mutation is a defining characteristic of astrocytomas. IDH-mutant astrocytic tumors are now recognized as a different entity from the IDH wild type and have been categorized as astrocytoma IDH-mutant grades 2–4. This distinction not only reflects the different biological characteristics of these tumors but also their prognosis and response to therapy. This classification, in addition, recognizes pediatric gliomas as separate from adult gliomas, acknowledging their different tumor biology. This study therefore included only adult patients to give an accurate frequency of IDH-mutant diffuse astrocytic neoplasms.

In our study, the gender distributions of diffuse astrocytic tumors showed a slight male predominance; similar to what is in the literature (14). There was an almost equal distribution in the frequency of IDH1-positive and IDH1-negative astrocytomas. This frequency of IDH mutation is lower than that reported in studies from Europe (4, 15) while higher than that reported in studies from Asia (16–18). These differences might, however, be attributed to different methodologies of IDH testing as well as changes in the nomenclature of gliomas over time.

The majority of the IDH1 positive tumors were grade 4. Grade 4 tumors were common in patients in their fifth decade, while grades 2 and 3 were common in patients in their third decade. These results are similar to other studies that have shown most IDH-mutant astrocytoma is grade 4 and occurs in older patients, while grade 2 and 3 tumors have a similar age distribution in younger patients (4, 5, 15, 19). In the current WHO classification, the criteria for grade 4 adult diffuse astrocytoma not only include the presence of microvascular proliferation and/or necrosis but also homozygous deletion of CDKN2A and/or CDKN2B. Some grade 4 tumors may therefore have been graded as grade 2 or 3 in this study, as this was not performed.

For the IDH1 negative tumors, the majority of the tumors were grade 4 and occurred in patients in their fifth decade. This is similar to what has been described in other studies (15, 20).

The supratentorial region was the most common tumor location. Most of the cases, however, did not have this information.

Similar to other studies (21), ARTX loss was associated with the IDH1 mutation. In this study, all the ATRX-negative cases were IDH1 mutants. Our data on ATRX are, however, small, and data on location are not available for the majority of the cases; hence, we need to carry out future studies on the same.

In conclusion, the frequency of the IDH1R132H mutation in adult-type diffuse gliomas is 51% in our institution, with a slight male predominance. Among both the IDH1 R132H-mutant astrocytomas and the IDH1R132H-negative diffuse astrocytomas, the distribution by grade and age is as described in other studies. While not carrying out all the molecular diagnostic tests as described in the current classification is a limitation, the study provides important baseline information on the frequency of IDH mutation in adult diffuse astrocytoma in the country, as no studies have previously been carried out in the region.
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