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INTRODUCTION

Central nervous system (CNS) gliomas pose a significant 
and growing challenge worldwide, including in low and mid-
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Background    Access to advanced histomolecular diagnostic testing for central nervous system 
(CNS) tumors is limited in low and middle-income countries (LMICs), hindering adequate characteriza-
tion and failure to reach a WHO CNS 2021 diagnosis. LMICs also lack access to targeted therapies, 
and even conventional chemotherapy and radiation therapies vary between LMICs and high-income 
countries. Consequently, whether histomolecular subclassification is clinically beneficial and if it pro-
vides prognostic information in an LMIC setting is not clear. Here, we address this question by pre-
senting the first systematic prospective study of CNS glioma patients from Pakistan, examining differ-
ences in overall survival (OS) by histomolecular subtype.

Methods    A total of 194 patients with CNS tumors were enrolled at a single tertiary-care center 
in Karachi, Pakistan. Routine histochemical processing, immunohistochemistry, and molecular testing 
using fluorescence in situ hybridization analysis, limited targeted-panel next-generation sequencing, 
and polymerase chain reaction were performed to test for isocitrate dehydrogenase (IDH) 1 and 2, 
P53, ATRX, Ki-67, 1p/19q co-deletion, and MGMT promoter methylation.

Results    The results revealed that IDH status was a significant independent prognostic factor, 
regardless of age (p=0.016), with a 1-year survival rate of 76% and median OS of 16.15 months in 
IDH-wildtype high-grade gliomas. Conversely, the 1-year survival rate was 95% for IDH-mutant glio-
mas. Significant survival differences were observed for ATRX status (retained vs. loss) in IDH-mutant 
gliomas (p=0.046), P53 mutations in IDH-wildtype high-grade gliomas (p=0.05), and 1p/19q co-dele-
tion in grade 3 gliomas (log-rank p=0.023).

Conclusion    We provide empirical evidence supporting a role for histo-morphological and limited 
molecular testing in neuro-oncology practice in LMICs.
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dle-income countries (LMICs) [1]. The rising incidence of CNS 
gliomas can be attributed to improved diagnostic methods, an 
aging population, and advancements in treatments for com-
municable diseases and trauma [2]. The diagnosis and treat-
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ment of CNS tumors have undergone significant transforma-
tion with the introduction of molecular diagnostics and targeted 
therapies. In particular, the WHO Classification of CNS Tu-
mors, updated in 2021, employs both traditional histomor-
phology and molecular alterations for a “layered integrated di-
agnosis” [3,4]. Molecular subtyping has been shown to improve 
prognostication and guide management [5]. Newer treatments 
such as targeted therapies, tumor-treating fields, and local che-
motherapy implants have high costs [6], leading to a widening 
gap in CNS management practices between LMICs and high-
income countries.

Recent advances in molecular diagnostics have significant-
ly improved our understanding of glioma biology and classi-
fication. Several key molecular markers are now routinely used 
in clinical practice, providing valuable diagnostic, prognostic, 
and predictive information [7,8]. The integration of histomo-
lecular diagnosis and subtyping can better predict tumor re-
currence and overall survival (OS). For example, isocitrate de-
hydrogenase (IDH)-mutated tumors show significantly better 
survival compared to IDH-wildtype glioblastomas [9]. It has 
been proposed that epigenetic patterns seen with the pres-
ence of IDH1 mutations push gliomas towards stem cell-like 
states, encouraging mutations that lead to tumorigenesis [10]. 
At the same time, these epigenomic modifications give these 
tumors a signature pattern that can be recognized on whole ge-
nome epigenomic profiling [11,12]. TP53, a well-known tumor 
suppressor gene, Ki-67, an indicator of the proliferative index, 
and ATRX gene mutations may confer additional prognostic 
information in certain gliomas [13,14]. Despite the well-estab-
lished importance of these markers for diagnosis and progno-
sis, molecular testing for these markers has limited availabili-
ty, and few studies have reported on the molecular features of 
CNS tumors in LMICs, leaving a large gap in our global un-
derstanding of the brain tumor burden of this disease.

There are substantial global disparities in the diagnosis, treat-
ment, and outcomes of gliomas, with particularly pronounced 
challenges in low and middle-income countries [15]. While 
survival differences by molecular markers such as IDH, p53, 
MGMT, ATRX, and 1p/19q co-deletion are well established 
in high-income settings, their prognostic relevance in LMICs 
remains unclear. This study addresses this gap through a pro-
spective analysis of glioma cases treated at an academic center 
in Karachi, Pakistan.

MATERIALS AND METHODS

We conducted a prospective cohort study at Aga Khan Uni-
versity Hospital, Karachi, Pakistan, including 194 consecutive 
cases diagnosed with glioma, according to the WHO 2016 clas-
sification of CNS tumors [16]. Six patients underwent repeat 

surgery for tumor recurrence. All cases were reclassified by a 
board-certified neuropathologist according to the WHO 2021 
criteria. The study included patients treated between Septem-
ber 2019 and October 2024 who underwent elective brain tu-
mor surgery, provided informed consent, and were diagnosed 
with glial neoplasms. Data on patient characteristics (age, tu-
mor location, Karnofsky Performance Score [KPS] at base-
line, postoperatively, and at last follow-up), treatment data 
(chemotherapy, radiation therapy and extent of surgical resec-
tion), histopathology, tumor grade, and molecular markers 
(IDH, p53, Ki-67, ATRX, 1p/19q co-deletion, MGMT pro-
moter methylation) were retrieved from hospital medical re-
cords. Patients were followed up in the clinic after surgery for 
adjuvant treatment referrals. A routine postoperative MRI was 
conducted within 72 hours after surgery to evaluate the extent 
of tumor removal.

Immunohistochemical analysis was performed on archived 
FFPE tissue blocks to determine the prevalence of four bio-
markers: IDH1 R132H, p53, ATRX, and Ki-67 across glioma 
cases. Tissue sections (4 μm) were prepared using a micro-
tome for analysis. The sections were deparaffinized and rehy-
drated by placing the samples in xylene for 2 min followed by 
immersion in 100%, 90%, 80%, and 70% alcohol for 3 min-
utes each. Tissue sections were stained using mouse mono-
clonal antibody against IDH1 (IDH1 R132H, clone: H09, 
Dianova), ATRX (clone: BSB-108), and p53 (DO7, Cell 
Marque) according to the manufacturers’ instructions. Each 
IHC slide was examined under a light microscope (OLYM-
PUS BX43) by an independent board certified histopatholo-
gist. MGMT and 1p/19q co-deletion status were collected 
from hospital records where performed. 1p/19q co-deletion 
was examined via FISH analysis, and MGMT was performed 
using the Multiplex Ligation Probe Assay (MLPA).

Statistical analysis was performed using IBM SPSS Statis-
tics for Windows, Version 26.0 (IBM Corp.), Stata 15 (Stata-
Corp.), and R (version 4.5.1; R Foundation for Statistical 
Computing). Data were assessed for normality according to 
the Kolmogorov–Smirnov test, and descriptions of variables 
were calculated in terms of the mean±standard deviation or 
the median±interquartile range (IQR) for non-normal data. 
Comparisons were made between tumor grades and accord-
ing to molecular marker subtypes (cases of pilocytic astrocyto-
ma and ependymomas were grouped in category of “other gli-
oma”). Survival was analyzed using the Kaplan–Meier method 
with comparisons between molecular subgroups made using 
the log-rank test. Overall survival was assessed at 12, 24, and 
60 months, with p≤0.05 considered statistically significant. 

The study was approved by the institutional ethical board 
(ERC No. 2019-1945-5110, ERC No. 2021-1945-17282, ERC 
No. 2021-6265-18766). Written informed consent has been 
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obtained from all participants to publish this paper.

RESULTS

A total of 10 (6%) pediatrics and 184 (94%) adult patients 

were included in this study. The mean age of patients was 36 
(±15.5) years. Female patients constituted 35% of the sample, 
reflecting the well documented underrepresentation of fe-
males presenting for surgical care for CNS tumors in Paki-
stan [17]. The median preoperative KPS was 70 (IQR 70–80) 
for the cohort; the median postoperative KPS was 80 (IQR 
70–90). Gross total or near-total resection was achieved in 
52.1% (n=101) of the cohort, with seven biopsy procedures 
(3.6%), and 44.3% (n=86) had subtotal resections. KPS im-
proved postoperatively within a duration of 3–6 months (me-
dian KPS: preoperative=70, IQR 70–80; postoperative=80, 
IQR 70–90, p<0.001).

The histomolecular profile of the cohort is summarized in 
Table 1. The most common tumors in the cohort included 
glioblastoma (63 cases), IDH-mutant astrocytoma (55 cases), 
and IDH-mutant oligodendrogliomas (41 cases), while unclas-
sified gliomas (19 cases) and other gliomas (16 cases) (14 pilo-
cytic astrocytoma, 2 ependymoma cases) were less common.

Survival data were available for 193 patients (1 patient lost 
to follow-up), and molecular markers were available for IDH 
(179 cases applying IHC and MLPA Multiplex Prob-based 
PCR Analysis), p53 (182 cases), ATRX retention/loss (169 cas-
es), Ki-67 status (184 cases) applying IHC, 1p/19q co-deletion 
(65 cases through FISH fluorescence in situ hybridization), 
and MGMT promoter methylation status (34 cases through 
MLPA Multiplex Prob-based PCR Analysis). Fig. 1 shows the 
Kaplan–Meier curves for OS and the survival rates within in-
dividual molecular subgroups of the cohort; IDH-wildtype 
glioblastoma shows 18 months of median OS.

Median OS was evaluated in patients with at least 12 months 
of postoperative follow-up. Survival outcomes according to 
histopathological subgroups and molecular markers (IDH: 
n=179, p53: n=182, ATRX: n=169, 1p/19q co-deletion: n=65, 
and MGMT promoter methylation: n=34) are summarized in 

Table 1. Demographic and clinical characteristics of the cohort 
(n=194)

Clinical features Count (%)
WHO 2021 diagnosis

Glioblastoma, IDH-wildtype, grade 4 63 (32.5)
Astrocytoma, IDH-mutant 55 (28.4)
Oligodendroglioma, IDH mutant & 1p/19q  
  codeleted

41 (21.1)

Unclassified 19 (9.8)
Others 16 (8.2)

WHO 2021 grade
Grade 1 15 (7.7)
Grade 2 55 (28.4)
Grade 3 41 (21.1)
Grade 4 83 (42.8)

Age group
0–19 yrs 18 (9.3)
20–39 yrs 86 (44.3)
40–65 yrs 80 (41.2)
>65 yrs 10 (5.2)

Age
Mean age 38 years

Sex
Female 67 (34.5)
Male 127 (65.5)

Tumor
Primary 161 (83.0)
Progression 8 (4.1)
Recurrent 25 (12.9)

Surgery
1st 163 (84.0)
2nd 28 (14.4)
3rd 3 (1.5)

Extent of resection
Biopsy 7 (3.6)
Gross total resection 91 (46.9)
Near-total resection 10 (5.2)
Subtotal resection 86 (44.3)

Chemotherapy
No 65 (33.5)
Yes 129 (66.5)

Radiotherapy
No 58 (29.9)
Yes 136 (70.1)

IDH, isocitrate dehydrogenase.
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Astrocytoma IDH mutant
Glioblastoma IDH wildtype
Oligodendroglioma IDH mutant
Other glioma
Unclassified glioma

p<0.0001

Su
rv

iv
al

 p
ro

ba
bi

lit
y

1.00

0.75

0.50

0.25

0.00

Fig. 1. Kaplan–Meier curves analyzing major tumor types in our 
cohort (IDH-wildtype glioblastoma, compared to other histological 
tumor types, is associated with median overall survival of approxi-
mately 18 months). CNS, central nervous system.
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Table 2. Molecular profiles were not conducted on every con-
secutive sample resulting in differing denominators. Pilocytic 
astrocytoma were merged in other gliomas.

Fig. 2A shows significant differences in survival for IDH-
wildtype glioma across age groups (p=0.016), with patients 
40 years or above showing median OS of 18 months. However, 
no significant difference in survival was seen between IDH-
wildtype gliomas when stratified by ATRX status (p=0.756) 
(Fig. 2B). Fig. 2C shows that P53 mutation has better OS in 
high-grade glioma (grade 4, median OS of 25.8 months) (p= 
0.007). Fig. 2D depicts the good prognosis in IDH-wildtype 
tumors with MGMT promoter methylation (p=0.054), while 
MGMT promoter without methylation shows 12.3 months for 
median OS.

Fig. 3A shows that IDH-wildtype gliomas have significant-
ly worse (14.4 months median) OS (log-rank p<0.0001) com-
pared to IDH-mutant gliomas. Fig. 3B shows that a loss of 
ATRX is associated with a worse prognosis for IDH-mutant 
gliomas but not within IDH-wildtype gliomas, mirroring worse 
OS in IDH-mutant astrocytoma compared to oligodendrogli-
oma. Similarly, 1p/19q co-deletion status is associated with bet-
ter survival, as shown in Fig. 3C and D; however, in our data, 
this benefit was restricted to grade 3 gliomas (p=0.023), with 
no significant difference in grade 2 tumors. 

MGMT methylation status was not associated with a better 
outcome in IDH-mutant glioma (Supplementary Fig. 1 in the 

online-only Data Supplement) but showed a trend towards 
better survival in IDH-wildtype gliomas. The life tables (Sup-
plementary Tables 1 and 2 in the online-only Data Supplement) 
show differences, with 1-year survival at 95% for IDH-mutant 
and 76% for IDH-wildtype gliomas. At the 3-year survival 
point, 86% of IDH-mutant cases were still alive, with only 
37% survival in the IDH-wildtype cohort. Significant survival 
differences are seen for ATRX in IDH-mutant tumors (log-
rank p=0.046); as shown in Fig. 3B, the 1-year survival rate var-
ies from 86% (ATRX-loss) to 98% (ATRX-retained), while 
the 3-year survival rate varies from 74% (ATRX-loss) to 91% 
(ATRX-retained). 1p/19q co-deletion status for grade 3 glio-
mas (log-rank p=0.023) are given in Fig. 3D. P53-mutant gli-
omas showed better survival trends within the IDH-wildtype 
cohort (p=0.05) (Supplementary Fig. 2 in the online-only Data 
Supplement).

Fig. 4 presents the results of the Cox regression analysis for 
survival predictors. In the univariate analysis (Supplementary 
Fig. 3 in the online-only Data Supplement), age over 45 years, 
IDH-wildtype, high Ki-67 index, and postoperative KPS be-
low 70 were all associated with poor OS. However, in the mul-
tivariate analysis, only postoperative KPS and IDH status re-
mained significant predictors.

Histomolecular classification showed a significant associa-
tion with survival outcomes in our cohort, with glioblastoma 
multiforme (GBM) and other high-grade gliomas demonstrat-
ing worse prognosis compared to astrocytoma, IDH-mutant 
gliomas, low grade gliomas, and oligodendrogliomas.

DISCUSSION

Gliomas are the most common primary brain tumor, with 
a significant impact on mortality and quality of life. In Europe, 
approximately 27,000 new cases of malignant glial tumors are 
diagnosed annually [18]. In the United States, an estimated 
17,000–18,820 new cases are reported each year, with GBM 
accounting for approximately 7,000–8,000 cases [19,20]. Glio-
mas in LMIC patients remain poorly characterized and un-
derstudied. We present the first systematic prospective study 
of histo-molecularly characterized gliomas in Pakistan, the 
fifth largest country in the world with a population of over 
230 million. The Pakistan Brain Tumor Epidemiology Study 
analyzed data from 32–35 neurosurgical centers across Paki-
stan, revealing approximately 781–2,750 glioma cases in 2019 
[21]. Prior to this study, only one retrospective study from 
Pakistan had studied the correlation of IDH, EGFR, MDM2, 
and P53 molecular markers with OS in gliomas [22]. This study 
presents the first prospective analysis of CNS gliomas in Pak-
istan, highlighting the prognostic value of molecular subtyp-
ing within this population. By correlating survival outcomes 

Table 2. Overall survival according to histopathological subgroups 
and molecular markers (12-month follow-up) 

WHO 2021 diagnosis OS (mo); median (IQR)
Histopathological subgroups

Astrocytoma 2 40.6 (31–59.96)
Astrocytoma 3 36.17 (26.19–43.42)
Astrocytoma 4 19.37 (11.3–37.8)
Oligodendroglioma 2 37.57 (13.6–48.18)
Oligodendroglioma 3 37.33 (13.07–42)
Other glioma 27.07 (11.2–34.53)
Unclassified glioma 23.33 (14.23–47.13)
Glioblastoma 4 12.23 (6.8–21.99)

Molecular markers
IDH wildtype 16.73 (7.45–29.86)
IDH mutant 29.63 (11.78–42.7)
P53 wildtype 16.8 (8.13–37.33)
P53 mutant 25.32 (11.39–40.43)
ATRX retained 18.57 (8.4–38.26)
ATRX loss 29.07 (15.15–39.31)
1p/19q co-deleted 37.33 (10.95–45.5)
1p/19q not deleted 29.87 (16.13–45.9)
MGMT methylated 23.33 (11.58–46.66)
MGMT unmethylated 12.43 (11.88–16.21)

OS, overall survival; IQR, interquartile range.
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with key molecular markers such as IDH mutation, Ki-67 in-
dex, and MGMT promoter methylation, this study demon-
strates that updated molecular classifications enhance prog-
nostic precision and guide treatment decisions. Reclassification 
under the WHO 2021 criteria revealed major shifts in grading 
and management, highlighting the need to strengthen molec-
ular testing in LMICs (Supplementary Fig. 4 in the online-only 
Data Supplement). Consistent with international data, our 
findings show poorer survival for grade 4 IDH-wildtype glio-
blastomas (median OS: 14.2 months), underscoring the global 
relevance of molecular epidemiology in understanding sur-
vival trends. Our work expands on previous reports from Pak-
istan where significant survival differences could not be seen 
when stratifying by IDH mutation status, which may have been 
affected by patients lost to follow-up and other factors affect-
ing glioma survival [23]. We benefitted from a prospectively 
designed study with the intention of conducting consistent 
follow-ups and using a cohort with better radiotherapy and 
chemotherapy completion rates than previously been report-
ed in this region [21]. MGMT promoter methylation is an epi-

genetic change that ties in with IDH-wildtype glioma survival 
and with predicting benefit from temozolomide and prolonged 
survival in this subset of gliomas. This has been a useful bio-
marker, particularly within elderly glioblastoma patients, and 
has been shown to have a significant prognostic value when 
deciding on the survival benefit of chemotherapy or radiother-
apy in phase III clinical trials [24]. Although limited by sam-
ple size and the high cost of testing, our findings indicate a 
significant survival benefit in patients with MGMT promoter-
methylated gliomas.

Investigations into the p53 pathways in glioblastoma suggest 
that MDM2 acts as an oncogenic inhibitor of p53-mediated 
tumor suppression, inactivating p53 and leading to a loss of 
cell cycle arrest and DNA repair mechanisms. MDM2 ampli-
fication occurs only in p53 wildtype GBM, which may explain 
the significant difference in grade 4 p53-mutant and -wildtype 
glioma OS seen in our cohort [25]. Molecular interactions be-
tween TP53 and MDM2, as shown in Supplementary Fig. 5 
(in the online-only Data Supplement), highlight their role in 
glioma progression and survival. The 1p/19q co-deletion was 
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Fig. 2. Kaplan–Meier curves for overall survival in IDH-wildtype gliomas according to molecular subgroups. A: Overall survival stratified by 
age group. B: Overall survival according to ATRX status. C: Overall survival according to P53 mutation status in grade 4 gliomas. D: Overall 
survival according to MGMT promoter methylation status.
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confirmed as a protective factor, while IDH mutation status 
remained the most significant prognostic marker, particular-
ly in younger patients. In older adults, histopathological grade 
showed stronger prognostic value, emphasizing the continued 
relevance of traditional grading. Notably, IDH-wildtype 2 gli-
omas exhibited better survival than expected, suggesting mo-
lecular heterogeneity within this group. Overall, both molec-
ular and histopathological factors complement each other in 
predicting outcomes, reinforcing the importance of integrated 
classification in glioma management. However, there are sig-
nificant advantages to our data, as this is one of the few long-
term patient follow-up studies documenting survival outcomes 
within the context of treatment and molecular signatures [26]. 
We have also shown reclassification of previously diagnosed 
gliomas according to the 2016 classification with comparison 
to the new WHO 2021 classification, which has not previous-
ly been reported in the literature. While recognizing our lim-
itations, we see a need to further utilize molecular signatures 
for glioma survival prediction in resource-limited areas and de-
velop robust registries from our populations. In most LMICs, 
advanced molecular testing is often not available or standard 

practice due to constraints; our evidence shows a need for 
greater implementation of molecular subclassification to ap-
propriately prognosticate tumors. Furthermore, our data show 
comparable results with what has been reported from other 
international centers recently (Supplementary Table 3 in the 
online-only Data Supplement). Grade 4 IDH-wildtype sur-
vival outcomes are comparable to what is reported from in-
ternational centers.

We have previously demonstrated that advanced molecu-
lar testing can provide valuable information for management 
decisions in high-grade tumors, essentially by differentiating 
gliomas from other high-grade, morphologically similar tu-
mors, such as embryonal tumors and ependymomas. In this 
study, high-grade gliomas aligned with GBM, showing poten-
tially low yield for these tests. Histological grade was associat-
ed with survival differences, suggesting that even in the era of 
molecular diagnostics, classic histopathological examination 
remains a valuable source of information.

We have observed lower OS among CNS glioma patients in 
Pakistan compared to in high-income countries. Several fac-
tors may contribute to this difference. Previous reports have 
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shown treatment patterns of glioma and brain tumor care 
within this country; beyond budget constraints, there are over-
arching issues with patients being lost to follow-up, facing 
barriers to access due to distance traveled, and experiencing 
disparities in care with regard to gender and public versus pri-
vate sector hospitals [17,21,27-29].

A limitation of this study is that most tumor subclassifica-
tion relied on surrogate immunohistochemical markers, with 
nucleic acid–based or methylation profiling performed in 
only a few cases. A tiered testing approach was applied, reserv-
ing advanced methods for unresolved cases. Nonetheless, this 
aligns with current WHO recommendations, which allow 
flexibility in using protein, nucleotide, or methylation-based 
assays depending on tumor type and available resources [30]. 
Immunohistochemistry significantly improves diagnostic ac-
curacy, especially in challenging cases. The judicious use of a 
panel of selected immuno-stains is crucial for accurate diag-
nosis and prognosis prediction in neuro-oncologic pathology 
[31,32]. Immunohistochemistry provides a rapid, cost-effec-
tive approach for molecular subtyping and reliable WHO 2021 
classification, even in resource-limited settings. The study’s 
long follow-up period further strengthens its findings.

Although the present study was constrained by the limited 
availability of complete molecular profiles for all cases due to 
testing costs, this was largely mitigated by assessing key molec-
ular markers including IDH, p53, Ki-67, and ATRX—in nearly 

90% of the cases. Moreover, while the study represents sam-
ples from a single center, it provides valuable preliminary in-
sights that can inform and guide larger, multi-center investi-
gations in the future.

In conclusion, our findings demonstrate that histomolecu-
lar classification of CNS gliomas is a powerful predictor of OS 
and serves as an essential prognostic tool. Even with limited 
molecular testing, the integration of immunohistochemical 
markers enables accurate classification of most cases according 
to the CNS WHO 2021 criteria, offering meaningful prognos-
tic insights. These results highlight the clinical value of incor-
porating molecular profiling into routine diagnostic workflows. 
While further case-control studies are needed to establish its 
direct impact on patient management, this work provides a 
strong foundation for advancing precision diagnostics and im-
proving outcomes in CNS tumor care.

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.14791/btrt.2025.0046.

Availability of Data and Material
The datasets generated or analyzed during the study are available from 

the corresponding author on reasonable request.

ORCID iDs 
Altaf Ali Laghari	 https://orcid.org/0000-0001-9091-9413
Mohammad Hamza Bajwa	 https://orcid.org/0000-0001-7727-565X

Fig. 4. Forest plot from Cox proportional hazards model. Hazard ratios (HRs) with 95% confidence intervals (CIs) are shown, adjusted for 
grade, sex, age group, postoperative KPS, IDH1/2 status, and Ki-67 proliferation index. HR >1 indicates increased risk of event, while HR 
<1 indicates reduced risk. Proportional hazards assumption was assessed using Cox proportional method with log-rank test. *p<0.05; 
**p<0.01.



AA Laghari et al.

89

Sufiyan Sufiyan	 https://orcid.org/0000-0002-0208-0206
Nouman Mughal	 https://orcid.org/0000-0002-3298-3959
Syed Ather Enam	 https://orcid.org/0000-0003-2194-0723

Author Contributions
Conceptualization: Altaf Ali Laghari, Nouman Mughal, Syed Ather Enam. 

Data curation: Altaf Ali Laghari, Mohammad Hamza Bajwa, Ahmed Gi-
lani, Sana Naeem, Wajiha Amin. Formal analysis: Mohammad Hamza Ba-
jwa, Sufiyan Sufiyan. Investigation: Altaf Ali Laghari, Ahmed Gilani, Waji-
ha Amin, Nouman Mughal. Methodology: Mohammad Hamza Bajwa, 
Sana Naeem, Sufiyan Sufiyan, Nouman Mughal. Project administration: 
Altaf Ali Laghari, Nouman Mughal, Syed Ather Enam. Resources: Nouman 
Mughal, Syed Ather Enam. Software: Mohammad Hamza Bajwa, Sufiyan 
Sufiyan. Supervision: Nouman Mughal, Syed Ather Enam. Validation: Su-
fiyan Sufiyan. Visualization: Mohammad Hamza Bajwa, Sufiyan Sufiyan. 
Writing—original draft: Altaf Ali Laghari, Mohammad Hamza Bajwa. 
Writing—review & editing: Altaf Ali Laghari, Mohammad Hamza Bajwa, 
Ahmed Gilani, Sana Naeem, Sufiyan Sufiyan, Nouman Mughal, Syed 
Ather Enam.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose. 

Funding Statement
None

Acknowledgments
None

REFERENCES

1.	 Chang SM, Parney IF, McDermott M, Barker FG 2nd, Schmidt MH, 
Huang W, et al. Perioperative complications and neurological outcomes 
of first and second craniotomies among patients enrolled in the Glioma 
Outcome Project. J Neurosurg 2003;98:1175-81. 

2.	 Grech N, Dalli T, Mizzi S, Meilak L, Calleja N, Zrinzo A. Rising inci-
dence of glioblastoma multiforme in a well-defined population. Cure-
us 2020;12:e8195.

3.	 Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, 
et al. The 2021 WHO classification of tumors of the central nervous 
system: a summary. Neuro Oncol 2021;23:1231-51. 

4.	 Le Rhun E, Guckenberger M, Smits M, Dummer R, Bachelot T, Sahm 
F, et al. EANO-ESMO clinical practice guidelines for diagnosis, treat-
ment and follow-up of patients with brain metastasis from solid tu-
mours. Ann Oncol 2021;32:1332-47. 

5.	 Sturm D, Capper D, Andreiuolo F, Gessi M, Kölsche C, Reinhardt A, 
et al. Multiomic neuropathology improves diagnostic accuracy in pe-
diatric neuro-oncology. Nat Med 2023;29:917-26. 

6.	 McClelland S 3rd, Tom MC, Milano MT. The cost of progression-free 
survival in treating low-grade glioma. Am J Clin Oncol 2025;48:55-6. 

7.	 Pekmezci M, Perry A. Practical molecular pathologic diagnosis of in-
filtrating gliomas. Surg Pathol Clin 2015;8:49-61.

8.	 Brat DJ, Aldape K, Colman H, Figrarella-Branger D, Fuller GN, Gi-
annini C, et al. cIMPACT-NOW update 5: recommended grading cri-
teria and terminologies for IDH-mutant astrocytomas. Acta Neuro-
pathol 2020;139:603-8. 

9.	 Yang Z, Ling F, Ruan S, Hu J, Tang M, Sun X, et al. Clinical and prog-
nostic implications of 1p/19q, IDH, BRAF, MGMT promoter, and 
TERT promoter alterations, and expression of Ki-67 and p53 in human 
gliomas. Cancer Manag Res 2021;13:8755-65. 

10.	 Lu C, Ward PS, Kapoor GS, Rohle D, Turcan S, Abdel-Wahab O, et al. 
IDH mutation impairs histone demethylation and results in a block to 
cell differentiation. Nature 2012;483:474-8.

11.	 Capper D, Engel NW, Stichel D, Lechner M, Glöss S, Schmid S, et al. 

DNA methylation-based reclassification of olfactory neuroblastoma. 
Acta Neuropathol 2018;136:255-71. 

12.	 Capper D, Stichel D, Sahm F, Jones DTW, Schrimpf D, Sill M, et al. 
Practical implementation of DNA methylation and copy-number-
based CNS tumor diagnostics: the Heidelberg experience. Acta Neu-
ropathol 2018;136:181-210. 

13.	 Jin Y, Xiao W, Song T, Feng G, Dai Z. Expression and prognostic sig-
nificance of p53 in glioma patients: a meta-analysis. Neurochem Res 
2016;41:1723-31.

14.	 Suzuki H, Aoki K, Chiba K, Sato Y, Shiozawa Y, Shiraishi Y, et al. Mu-
tational landscape and clonal architecture in grade II and III gliomas. 
Nat Genet 2015;47:458-68. 

15.	 Enam SA, Park KB, Mushtaq N, Raghib MF, Mustansir F, Shah MM, 
et al. Global neuro-oncology: what lies ahead for low- and middle-in-
come countries? J Pak Med Assoc 2024;74(3_Supple):S16-23.

16.	 Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Brang-
er D, Cavenee WK, et al. The 2016 World Health Organization classifi-
cation of tumors of the central nervous system: a summary. Acta Neu-
ropathol 2016;131:803-20.

17.	 Shah MM, Khalid MU, Bajwa MH, Mirza FA, Anis SB, Akhunzada 
NZ, et al. Gender disparities in brain tumours: a Pakistan brain tu-
mour epidemiology study analysis. J Pak Med Assoc 2022;72(11_Sup-
pl 4):S79-84.

18.	 Reni M, Mazza E, Zanon S, Gatta G, Vecht CJ. Central nervous system 
gliomas. Crit Rev Oncol Hematol 2017;113:213-34. 

19.	 Khan MK, Hunter GK, Vogelbaum M, Suh JH, Chao ST. Evidence-
based adjuvant therapy for gliomas: current concepts and newer devel-
opments. Indian J Cancer 2009;46:96-107.

20.	 Omuro A, DeAngelis LM. Glioblastoma and other malignant gliomas: 
a clinical review. JAMA 2013;310:1842-50. 

21.	 Bajwa MH, Khalid MU, Shah MM, Shamim MS, Laghari AA, Akhun-
zada NZ, et al. Treatment patterns of glioma in Pakistan: an epidemio-
logical perspective. J Pak Med Assoc 2022;72(11_Suppl 4):S34-9.

22.	 Ali SMA, Shamim MS, Enam SA, Ahmad Z, Adnan Y, Farooqui HA. 
Immunohistochemical detection and prognostic significance of p53, 
epidermal growth factor receptor, murine double minute 2, and isoci-
trate dehydrogenase 1 in glioblastoma multiforme patients of Pakistan. 
Clin Med Insights Oncol 2022;16:11795549221119107.

23.	 Shah M, Anis SB, Yusuf I, Bajwa MH. Survival analysis and correlates 
with molecular epidemiology: 10-year retrospective series of high-
grade glioma in Pakistan. J Cancer Allied Spec 2024;10:565. 

24.	 Wick W, Platten M, Meisner C, Felsberg J, Tabatabai G, Simon M, et al. 
Temozolomide chemotherapy alone versus radiotherapy alone for ma-
lignant astrocytoma in the elderly: the NOA-08 randomised, phase 3 
trial. Lancet Oncol 2012;13:707-15.

25.	 Zhang Y, Dube C, Gibert M Jr, Cruickshanks N, Wang B, Coughlan M, 
et al. The p53 pathway in glioblastoma. Cancers (Basel) 2018;10:297. 

26.	 Bajwa MH, Anis SB, Yousaf I, Shah M. A 10-year survival-trend analy-
sis of low-grade glioma and treatment patterns from an LMIC. Asian J 
Neurosurg 2023;18:533-8. 

27.	 Shah MM, Bajwa MH, Khalid MU, Jooma R, Baig E, Laghari AA, et al. 
Private vs public care for intracranial tumours: findings from Pakistan. 
J Pak Med Assoc 2022;72(11_Suppl 4):S74-8. 

28.	 Khalid MU, Bajwa MH, Shah MM, Zafar SN, Laghari AA, Akhunzada 
NZ, et al. Factors associated with lost to follow up in patients with brain 
tumours: a multi-centre study in Pakistan. J Pak Med Assoc 2022;72(11_
Suppl 4):S16-24.

29.	 Bajwa MH, Shah MM, Khalid MU, Khan AA, Zahid N, Anis SB, et al. 
Distance travelled for brain tumour surgery: an low and middle income 
country's perspective. J Pak Med Assoc 2022;72(11_Suppl 4):S25-33.

30.	 Martisova A, Holcakova J, Izadi N, Sebuyoya R, Hrstka R, Bartosik M. 
DNA methylation in solid tumors: functions and methods of detec-
tion. Int J Mol Sci 2021;22:4247.

31.	 Takei H, Bhattacharjee MB, Rivera A, Dancer Y, Powell SZ. New im-
munohistochemical markers in the evaluation of central nervous sys-



90  Brain Tumor Res Treat  2026;14(2):82-90

Importance of Molecular Subtyping of Glioma

tem tumors: a review of 7 selected adult and pediatric brain tumors. 
Arch Pathol Lab Med 2007;131:234-41.

32.	 Tauziède-Espariat A, Siegfried A, Nicaise Y, Dghayem D, Laprie A, 

Lubrano V, et al. PLAG1 fusions extend the spectrum of PLAG(L)-al-
tered CNS tumors. Acta Neuropathol 2023;146:841-4. 




