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ABSTRACT 

	Introduction: Oligodendroglioma is a rare, slow-growing glioma originating from oligodendrocytic cells and primarily affects adults. According to the 5th edition of the World Health Organization Classification of Tumors of the Central Nervous System , a definitive diagnosis requires the presence of an Isocitrate Dehydrogenase (IDH) gene mutation and co-deletion of chromosome arms 1p and 19q. Histopathology, immunohistochemistry (IHC), and molecular genetic analyses form the diagnostic foundation. However, the accuracy of IHC alone in distinguishing oligodendrogliomas from astrocytomas remains questionable. 
Methods: Based on IHC findings, 11 cases were initially diagnosed as oligodendroglioma, they all were found positive for IDH1 R132H mutation and retained ATRX protein expression and were subjected to further molecular testing. Next Generation Sequencing (NGS) was used to identify the single nucleotide variations (SNVs), fusions and copy number variations (CNVs). The gold standard technique Fluorescence In-Situ Hybridization (FISH) technique was used to identify 1p/19q co-deletion detection along with CNVs. 
Results: Our NGS results demonstrated that out of 11 patients who were positive for IDH mutation by IHC, 4 patients had IDH wild-type glioma tumors. In another result, we found that 1 patient had 1p/19q co-deletion by FISH and had IDH mutation alongwith ATRX retained by IHC, however, by NGS, it showed presence of ATRX mutation and no co-deletion in CNVs. Rest 5 samples showed concordance findings with FISH results proving to be negative for oligodendrogliomas. 
Conclusion: Based on our findings with limited sample size, we conclude that for Oligodendroglioma tumor classification, IHC alone is insufficient for definitive diagnosis, while FISH remains the diagnostic gold standard. However, NGS offers broader molecular profiling by offering higher throughput, with limited biopsy material, enabling precise sub-typing even in challenging cases aligning with WHO CNS5. Although, assessment in higher number of patients is warranted.
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· Introduction
Oligodendroglioma represents a rare, distinct subtype of primary central nervous system (CNS) tumors originating from Oligodendrocyte, the glial cells responsible for myelinating axons in the brain and spinal cord (Bale et al., 2022). Oligodendrogliomas make up 3% to 4% of all brain tumours and 5% to 15% of all gliomas. Approximately 24,000 individuals worldwide receive a diagnosis of oligodendroglioma tumour each year. They usually occur in frontal lobe, with people having age from 40 years to 50 years. (Jiang et al., 2025). The WHO 2021 CNS5 classification stratifies oligodendroglioma into grade 2 (low-grade, slow-growing, seizure-prone tumors with minimal mitotic activity) and grade 3 (anaplastic variants showing elevated mitotic activity, increased cellularity, microvascular proliferation, and aggressive recurrence risk) tumors (Guo et al., 2023).

Molecularly, oligodendroglioma tumors are defined by mandatory co-deletion of chromosomal arms 1p/19q, occurring in ~70–90% of cases. (Mandaliya et at., 2023)  Nearly all (>95%) carry IDH1 (most commonly R132H) or IDH2 (R172K) mutations. This IDH-mutant, 1p/19q-codeleted molecular profile is pathognomonic for oligodendrogliomas and distinguishes them from astrocytomas, which typically lack 1p/19q loss and instead demonstrate TP53 mutations and ATRX loss, whereas oligodendrogliomas show ATRX retention and wild-type TP53 (Higuchi et al., 2024) . TERT promoter mutations co-occur in 70–80% of oligodendrogliomas, activating telomerase and enhancing diagnostic specificity when combined with IDH/1p19q status. (Arita et al., 2022)

The fluorescence in situ hybridization (FISH) has been regarded valuable for targeted 1p/19q confirmation with >95% specificity. (Brandner et al., 2022). However, advances in molecular diagnostics have transformed oligodendroglioma classification from histology-dependent to molecularly-driven precision. NGS stands out for detecting IDH mutations, 1p/19q co-deletion, TP53, ATRX, and TERT alterations, simultaneously and provides comprehensive genomic insights, including variant allele frequencies, CNVs via read-depth analysis, and fusion detection-critical for distinguishing oligodendrogliomas from histological mimics like IDH-mutant astrocytomas. (Tirro et al., 2022). This comprehensive molecular profiling approach provides objective, quantitative, and highly reproducible results that are fully aligned with the WHO CNS5 classification framework. Thus, by capturing the complete molecular landscape, NGS allows accurate and confident distinction between oligodendroglioma and astrocytoma, even in diagnostically challenging cases. 

For oligodendroglioma tumors, apart from classical known genes, other genes such as ARID1A, MAGOH, and ERCC2 reflect chromatin regulation, RNA processing, and DNA repair alterations. (Dand et al., 2023) Also, MTOR, AKT2, NRAS, and JAK1 converge on PI3K-AKT-mTOR, MAPK, and cytokine signaling pathways, highlighting oncogenic growth and survival mechanisms. (Wu et al., 2022) MYCL and CCNE1 drive transcriptional activation and cell-cycle progression (Li HL et at., 2023), while NOTCH2 and AXL influence differentiation and invasiveness. (Abdallah 2023) PPP2R1A modulates phosphatase-mediated signaling control. Collectively, these genes define molecular pathways useful for oligodendroglioma classification, prognostication, and therapeutic targeting (Peris-Martínez et al., 2023). Based on these information, in the current study, we investigated oligodendroglioma tumor samples on NGS platform. 

· Materials and Methods
After collecting consent form and taking ethical approval from “Institutional Ethics Committee”, in the current study, histologically confirmed 11 oligodendrogliomas tumors were analysed for comprehensive molecular profiling. DNA and RNA were extracted from fresh-frozen tissues using the QIAamp DNA & RNA kits, respectively.

Nucleic acid concentrations were quantified via Qubit 4 Fluorometer (Thermo Fisher Scientific, Waltham, MA, USA) with dsDNA HS and RNA HS assay kits.  Quality assessment involved spectrophotometric analysis on the Varioskan LUX multimode microplate reader, evaluating 260/280 nm (1.8–2.0) and 260/230 nm (>1.8) ratios to confirm minimal contamination or degradation.

Further for the NGS, 25 µL sample with the concentration of 5 ng/µL DNA and RNA respectively were loaded in the Ion Torrent Genexus Integrated Sequencer (Thermo Fisher Scientific) and analysed using the Oncomine Comprehensive Assay v3 (OCAv3) panel. This multiplex assay enables simultaneous detection of SNVs, CNVs, and gene fusions critical to glioma biology, including IDH1/IDH2 hotspots and 1p/19q co-deletions.


· Results
a) Clinicopathological Features
The clinicopathological characteristics of the oligodendroglioma were identified in age, gender, grade, tumor location, MGMT status & therapies. 6 males and 5 females were enrolled in our study. Further grade based analysis showed that 6 patients were of grade 2 and 5 patients with grade 3. Regarding tumor location, frontal lobe involvement was most common followed by parietal lobe tumors. 9 out of 11 patients lacked MGMT methylation. 54.55% Patients received combined surgery, chemotherapy, and radiotherapy followed by received surgery with chemotherapy surgery with radiotherapy 19.11%, and surgery alone 9.09%. Overall, the figure illustrates demographic trends, molecular features, and treatment patterns characteristic of oligodendroglioma management.
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Fig 1:- Distribution of Clinicopathological parameters among 11 patients studied


b) Immunohistochemistry Marker Analysis
Across all 11 tumor samples, IDH mutations were uniformly detected by IHC, confirming an IDH-mutant status in the entire cohort. TP53 mutations were identified in three samples. ATRX expression was retained in all tumors, with one sample showing focal, patchy partial positivity. TERT promoter mutations could not be evaluated using IHC. Collectively, these IIHC findings are consistent with the molecular profile of IDH-mutant oligodendrogliomas.


c) Florescent In-Situ Hybridization (FISH) 
For 1p/19q co-deletion, all samples evaluated by FISH. Out of 11 samples, 10 cases were negative, indicating absence of whole-arm 1p and 19q loss. Only one sample demonstrated a positive result, confirming true 1p/19q co-deletion and supporting a definitive oligodendroglioma diagnosis in that case.


d) Single Nucleotide Variants 
On NGS platform, we detected total 40 SNVs in 14 glioma-associated genes. The highest mutation frequencies observed in IDH1 (26.7%) followed by TERT (20%), TP53 (10%), NOTCH1 (6.7%), PIK3CA (6.7%), and a spectrum of lower-frequency alterations in ATRX, FBXW7, MTOR, PDGFRA, PIK3R1, POLE, PTEN, ROS1, and SLX4 (each 3.3%). This mutational landscape reflects canonical glioma biology, where the co-occurrence of IDH1 with TP53 and/or ATRX is more characteristic of IDH-mutant astrocytoma, whereas isolated TERT promoter mutations are more often associated with oligodendroglioma, although they are not dominant in this cohort. Overall, the profile highlights convergent disruption of DNA repair and PI3K–AKT–mTOR signaling pathways, supporting the role of panel-based molecular profiling in refining integrated histomolecular diagnosis and improving clinicopathological stratification.
[image: Screenshot 2025-12-30 104059]
Fig 2:- Distribution of various SNVs found across 11 Patients from the study cohort

 
SNV analysis by NGS identified IDH-wild-type status in four of eleven samples, which supports a diagnosis of IDH-wild-type astrocytoma over oligodendroglioma. 

One sample was IDH-mutant by both NGS and IHC and exhibited 1p/19q co-deletion by FISH. However, NGS additionally detected ATRX mutations despite ATRX appearing retained on IHC. This discordance illustrates that NGS can reveal clinically relevant alterations that may be limited by IHC and FISH. While IHC and FISH remain traditional and gold standard techniques in routine practice, NGS provides more sensitive detection for a subset of alterations, highlighting the limitations of IHC and FISH in certain contexts.

The reason behind the discordant findings of FISH and NGS could be that the FISH technique cannot distinguish partial from whole-arm 1p/19q co-deletion. This could may misinterpret such as False Positive even though, there is partial arm deletion of 1p/19q, especially in glioma subtypes (Ball et al., 2020). In contrast, NGS evaluates genome-wide copy number changes using read depth, accurately distinguishing true whole-arm loss from segmental deletions However, further studies should be incorporated for orthogonal validation.






Table 1:- Genetic alterations and protein expression of various oligodendroglioma specific genes
	Sample 5 By NGS

	Gene
	AA Change
	Type
	Call

	IDH1
	p.Arg132His
	snp
	PRESENT (HETEROZYGOUS)

	TP53
	p.Arg273Cys
	snp
	PRESENT (HETEROZYGOUS)

	ATRX
	p.Gln2194Leu
	snp
	PRESENT (HETEROZYGOUS)


 


e) Detection of Fusions in NGS
NGS identified nine fusion events spanning four fusion types. The most frequent, PTPRZ1–MET, is a recognized astrocytoma hallmark, driving MET activation and aggressive tumor behaviour (Rodriguez et al., 2025). C11orf95–RELA characterizes astrocytic tumors through NF-κB pathway activation (Kardian et al., 2024). EGFR–DYRK1A supports oncogenic EGFR signaling, predominantly in astrocytoma (Liao et al., 2025). EML4–ALK, though rare in gliomas, is reported more often in astrocytic lineages and carries potential therapeutic relevance (Blandin et al., 2023).

[image: Screenshot 2025-12-30 121844]Figure 3:- Gene fusion spectrum detected by NGS across 11 patients


f) Analysis Using Copy Number Variation
The remaining 6 genes that showed IDH mutation and ATRX retention, were analysed using another parameter- CNV, which has 12 specific genes for oligodendrogliomas; out of which 7 genes namely ARID1A, JAK1, MAGOH, MTOR, MYCL, NOTCH2 and NRAS are located on p-arm of chromosome 1 and rest 5 genes namely AKT2, AXL, CCNE1, ERCC2 and PP2RIA are located on q-arm of chromosome 19. Using Torrent Suite™ and Ion Reporter™ software, CNV analyses were classified as "definite" or "probable" based on confidence intervals of p-values, amplicon coverage, and the coefficient of variation metrics, respectively where A gene is considered DEFINITE if any P-value < 0.05,  Valid CNV  amplicons > 10 and 95% CNV confidence < 2, otherwise the gene is classified as PROBABLE (Ali et al., 2020) 

Sample 1:- Although 7 out of 12 genes on both arms, showed significant p-values, only 2 genes - specifically on 19q arm showed definite loss, eliminating the probability of sample to be classified as oligodendroglioma.


Table 2:- Identification of co-deletion of 1p/19q arm specific genes using CNV-NGS analysis
	Variant ID
	Locus
	Call
	P-Value
	CNV Confidence
	Valid CNV Amplicons
	Loss
	Arm

	ARID1A
	chr1:27022977
	ABSENT
	0
	5%:0, 95%:0.3
	95
	Probable
	p

	JAK1
	chr1:65310460
	ABSENT
	0.03493
	5%:0, 95%:1.53
	3
	Probable
	p

	MAGOH
	chr1:53692719
	ABSENT
	0.5071
	5%:0, 95%:4.46
	1
	Probable
	p

	MTOR
	chr1:11168315
	ABSENT
	1.10E-04
	5%:0, 95%:0.97
	13
	Probable
	p

	MYCL
	chr1:40362966
	ABSENT
	2.83E-04
	5%:0, 95%:0.9
	9
	Probable
	p

	NOTCH2
	chr1:120457924
	ABSENT
	0
	5%:0.09, 95%:0.44
	111
	Probable
	p

	NRAS
	chr1:115252191
	ABSENT
	0.05443
	5%:0, 95%:1.69
	3
	Probable
	p

	AKT2
	chr19:40739755
	ABSENT
	0.00196
	5%:0, 95%:1.23
	11
	Definite
	q

	AXL
	chr19:41725295
	ABSENT
	0.002916
	5%:0.03, 95%:1.29
	11
	Definite
	q

	CCNE1
	chr19:30303882
	ABSENT
	3.03E-06
	5%:0, 95%:0.5
	10
	Probable
	q

	ERCC2
	chr19:45855711
	ABSENT
	0.02773
	5%:0, 95%:1.55
	5
	Probable
	q

	PPP2R1A
	chr19:52715952
	ABSENT
	0.07519
	5%:0, 95%:1.81
	2
	Probable
	q


Sample 2:- Although 4 out of 12 genes on both arms, showed significant p-values, only 1 gene - specifically on 1p arm showed definite loss, ruling out the sample to be classified as oligodendroglioma.







Table 3:- Understanding co-deletion of 1p/19q arm specific genes using CNV-NGS analysis
	Variant ID
	Locus
	Call
	P-Value
	CNV Confidence
	Valid CNV Amplicons
	Loss
	Arm

	ARID1A
	chr1:27022977
	ABSENT
	0
	5%:0.36, 95%:0.69
	95
	Probable
	p

	JAK1
	chr1:65310460
	ABSENT
	0.137
	5%:0, 95%:2.16
	3
	Probable
	p

	MAGOH
	chr1:53692719
	ABSENT
	0.543
	5%:0, 95%:4.01
	1
	Probable
	p

	MTOR
	chr1:11168315
	ABSENT
	3.25E-04
	5%:0.26, 95%:1.23
	13
	Definite
	p

	MYCL
	chr1:40362966
	NO CALL
	.
	
	9
	Probable
	p

	NOTCH2
	chr1:120457924
	ABSENT
	0
	5%:0.44, 95%:0.77
	110
	Probable
	p

	NRAS
	chr1:115252191
	ABSENT
	0.101
	5%:0, 95%:2.02
	3
	Probable
	p

	AKT2
	chr19:40739755
	ABSENT
	0.007218
	5%:0.38, 95%:1.53
	11
	Probable
	q

	AXL
	chr19:41725295
	ABSENT
	0.007695
	5%:0.4, 95%:1.55
	11
	Probable
	q

	CCNE1
	chr19:30303882
	ABSENT
	2.90E-05
	5%:0, 95%:0.92
	10
	Probable
	q

	ERCC2
	chr19:45855711
	ABSENT
	0.08453
	5%:0.21, 95%:1.96
	5
	Probable
	q

	PPP2R1A
	chr19:52715952
	ABSENT
	0.0575
	5%:0, 95%:1.73
	2
	Probable
	q


Sample 4:- Out of 12 genes, only 1 gene on 1p arm showed definite loss and statistically significant P-value. Thus, this sample cannot be classified as oligodendroglioma

Table 4:- Interpreting co-deletion of 1p/19q arm specific genes using CNV-NGS analysis
	Variant ID
	Locus
	Call
	P-Value
	CNV Confidence
	Valid CNV Amplicons
	Loss
	Arm

	ARID1A
	chr1:27022977
	ABSENT
	0.6259
	5%:1.67, 95%:2.19
	95
	Probable
	p

	JAK1
	chr1:65310460
	ABSENT
	0.1641
	5%:1.78, 95%:5.94
	3
	Probable
	p

	MAGOH
	chr1:53692719
	ABSENT
	0.5149
	5%:0.72, 95%:7.8
	1
	Probable
	p

	MTOR
	chr1:11168315
	ABSENT
	0.8975
	5%:1.4, 95%:2.85
	13
	Probable
	p

	MYCL
	chr1:40362966
	NO CALL
	.
	
	9
	Probable
	p

	NOTCH2
	chr1:120457924
	ABSENT
	1.76E-9
	5%:2.76, 95%:3.38
	111
	Definite
	p

	NRAS
	chr1:115252191
	ABSENT
	0.3327
	5%:1.44, 95%:5.21
	3
	Probable
	p

	AKT2
	chr19:40739755
	ABSENT
	0.3666
	5%:1.66, 95%:3.39
	11
	Probable
	q

	AXL
	chr19:41725295
	ABSENT
	0.9679
	5%:1.28, 95%:2.83
	11
	Probable
	q

	CCNE1
	chr19:30303882
	ABSENT
	0.2195
	5%:0.81, 95%:2.21
	10
	Probable
	q

	ERCC2
	chr19:45855711
	ABSENT
	0.9437
	5%:1.03, 95%:3.38
	5
	Probable
	q

	PPP2R1A
	chr19:52715952
	ABSENT
	0.7828
	5%:0.35, 95%:3.82
	2
	Probable
	q


Sample 3:- Although partial molecular evidence of 1p/19q loss was observed, definitive deletion was confirmed in only three of twelve genes. As complete whole-arm 1p/19q co-deletion was not demonstrated by FISH, the tumor did not fulfill WHO 2021 diagnostic criteria for oligodendroglioma.



Table 5:- Analysing co-deletion of 1p/19q arm specific genes using CNV-NGS analysis
	Variant ID
	Locus
	Call
	P-Value
	CNV Confidence
	Valid CNV Amplicons
	Loss
	Arm

	ARID1A
	chr1:27022977
	ABSENT
	0
	5%:0, 95%:0.19
	95
	Probable
	p

	JAK1
	chr1:65310460
	ABSENT
	0.09483
	5%:0, 95%:1.97
	3
	Probable
	p

	MAGOH
	chr1:53692719
	ABSENT
	0.3232
	5%:0, 95%:3.31
	1
	Probable
	p

	MTOR
	chr1:11168315
	ABSENT
	1.084E-07
	5%:0, 95%:0.58
	13
	Definite
	p

	MYCL
	chr1:40362966
	ABSENT
	0.00000032
	5%:0, 95%:0.43
	9
	Probable
	p

	NOTCH2
	chr1:120457924
	ABSENT
	0
	5%:0.38, 95%:0.72
	111
	Probable
	p

	NRAS
	chr1:115252191
	ABSENT
	0.0268
	5%:0, 95%:1.49
	3
	Probable
	p

	AKT2
	chr19:40739755
	ABSENT
	0.00002239
	5%:0, 95%:0.87
	11
	Definite
	q

	AXL
	chr19:41725295
	ABSENT
	6.183E-07
	5%:0, 95%:0.6
	11
	Definite
	q

	CCNE1
	chr19:30303882
	ABSENT
	8.23E-10
	5%:0, 95%:0.18
	10
	Probable
	q

	ERCC2
	chr19:45855711
	ABSENT
	0.003783
	5%:0, 95%:1.15
	5
	Probable
	q

	PPP2R1A
	chr19:52715952
	ABSENT
	0.01116
	5%:0, 95%:1.06
	2
	Probable
	q


Sample 8:- Three genes out of twelve showed definite loss on 1p/19q arm, making sample partial positive for oligodendroglioma; but complete 1p/19q co-deletion was not demonstrated by FISH in the sample and thus  the tumor did not fulfill WHO 2021 diagnostic criteria for oligodendroglioma.



Table 6:- Evaluating co-deletion of 1p/19q arm specific genes using CNV-NGS analysis
	Variant ID
	Locus
	Call
	P-Value
	CNV Confidence
	Valid CNV Amplicons
	Loss
	Arm

	ARID1A
	chr1:27022977
	ABSENT
	0
	5%:0.28, 95%:0.61
	95
	Probable
	p

	JAK1
	chr1:65310460
	ABSENT
	0.1161
	5%:0, 95%:2.06
	3
	Probable
	p

	MAGOH
	chr1:53692719
	ABSENT
	0.5676
	5%:0, 95%:4.13
	1
	Probable
	p

	MTOR
	chr1:11168315
	ABSENT
	6.77E-07
	5%:0.15, 95%:1.09
	13
	Definite
	p

	MYCL
	chr1:40362966
	NO CALL
	.
	
	9
	Probable
	p

	NOTCH2
	chr1:120457924
	ABSENT
	0
	5%:0.46, 95%:0.79
	110
	Probable
	p

	NRAS
	chr1:115252191
	ABSENT
	0.07484
	5%:0, 95%:1.88
	3
	Probable
	p

	AKT2
	chr19:40739755
	ABSENT
	0.001744
	5%:0.25, 95%:1.34
	11
	Definite
	q

	AXL
	chr19:41725295
	ABSENT
	0.001064
	5%:0.22, 95%:1.29
	11
	Definite
	q

	ERCC2
	chr19:45855711
	ABSENT
	0.02812
	5%:0.01, 95%:1.62
	5
	Probable
	q

	CCNE1
	chr19:30303882
	ABSENT
	6.25E-07
	5%:0, 95%:0.78
	10
	Probable
	q

	PPP2R1A
	chr19:52715952
	ABSENT
	0.03477
	5%:0, 95%:1.5
	2
	Probable
	q


Sample 9:- Definite loss of three out of twelve genes on the 1p/19q arms rendered the sample partially positive for oligodendroglioma; however, complete whole-arm 1p/19q co-deletion was not demonstrated by FISH. Consequently, the tumor did not meet the WHO 2021 diagnostic criteria for oligodendroglioma.



Table 7:- Assessment of 1p/19q arm–specific gene co-deletion using CNV-NGS analysis
	Variant ID
	Locus
	Call
	P-Value
	CNV Confidence
	Valid CNV Amplicons
	Loss
	Arm

	ARID1A
	chr1:27022977
	ABSENT
	0
	5%:0.04, 95%:0.37
	95
	Probable
	p

	JAK1
	chr1:65310460
	ABSENT
	0.2353
	5%:0, 95%:2.5
	3
	Probable
	p

	MAGOH
	chr1:53692719
	ABSENT
	0.7233
	5%:0, 95%:5.06
	1
	Probable
	p

	MTOR
	chr1:11168315
	ABSENT
	3.72E-07
	5%:0, 95%:0.96
	13
	Definite
	p

	MYCL
	chr1:40362966
	NO CALL
	.
	
	9
	Probable
	p

	NOTCH2
	chr1:120457924
	ABSENT
	0
	5%:0.35, 95%:0.7
	111
	Probable
	p

	NRAS
	chr1:115252191
	ABSENT
	0.03028
	5%:0, 95%:1.5
	3
	Probable
	p

	AKT2
	chr19:40739755
	ABSENT
	7.76E-08
	5%:0, 95%:0.94
	11
	Definite
	q

	AXL
	chr19:41725295
	ABSENT
	9.98E-08
	5%:0, 95%:0.96
	11
	Definite
	q

	ERCC2
	chr19:45855711
	ABSENT
	0.0004424
	5%:0, 95%:0.77
	5
	Probable
	q

	CCNE1
	chr19:30303882
	ABSENT
	2.433E-07
	5%:0, 95%:0.44
	10
	Probable
	q

	PPP2R1A
	chr19:52715952
	ABSENT
	0.01855
	5%:0, 95%:1.21
	2
	Probable
	q



In CNV analysis by NGS, a “Call: ABSENT” across all six samples indicates the absence of statistically significant CNVs (deletions or amplifications) at the assessed loci relative to a diploid reference. Although these tumors were IDH-mutant and ATRX-retained, the consistent absence of CNV calls across the 1p/19q regions precludes classification as oligodendroglioma, as WHO 2021 criteria require complete whole-arm 1p/19q co-deletion for this diagnosis( Sejda et al., 2023).




· Discussion
The 5th edition of the World Health Organization Classification of Tumors of the Central Nervous System (WHO CNS5) has fundamentally shifted glioma diagnostics toward an integrated molecular framework. Oligodendroglioma is now strictly defined by the presence of an IDH mutation and complete whole-arm 1p/19q co-deletion, independent of histological morphology. This molecular requirement has significantly reduced the subjectivity historically associated with morphologic interpretation and has improved diagnostic reproducibility across institutions (Reuss, 2023; Sahm et al., 2023). Within this context, accurate determination of IDH status and 1p/19q codeletion is essential for appropriate tumor classification, prognostic stratification, and therapeutic planning.

In our institutional cohort, all 11 tumors were initially suspected to represent oligodendroglioma based on histomorphology and IHC findings, including IDH1 R132H positivity and retained ATRX expression. However, further molecular characterization using NGS and FISH revealed discordances in several cases. Four tumors demonstrated IDH-wild-type status on NGS analysis, which excludes oligodendroglioma under WHO CNS5 criteria. Additionally, the majority of tumors lacked definitive whole-arm 1p/19q co-deletion when evaluated by FISH and CNV analysis.

These findings highlight the complexity of glioma classification and the potential for diagnostic refinement when multiple modalities are integrated. Importantly, our observations should not be interpreted as evidence of inadequacy of IHC. Immunohistochemistry remains an essential, rapid, and cost-effective screening tool, particularly for detecting the common IDH1 R132H mutation and assessing ATRX expression. However, IHC does not detect non-canonical IDH variants, cannot evaluate IDH2 mutations, and does not directly assess chromosomal arm-level deletions. Therefore, discrepancies between IHC and NGS may reflect methodological scope rather than methodological failure.

The identification of TP53 and ATRX alterations in several tumors further supported astrocytic molecular signatures in a subset of cases. In large genomic datasets, particularly those generated by The Cancer Genome Atlas (TCGA), the co-occurrence of TP53 and ATRX mutations has been shown to strongly associate with IDH-mutant astrocytomas, whereas oligodendrogliomas typically demonstrate IDH mutation, 1p/19q co-deletion, and TERT promoter mutation without ATRX loss (Cancer Genome Atlas Research Network, 2015). While our findings align with these established molecular patterns, the small sample size limits definitive conclusions regarding frequency or predictive value in our population.

With respect to 1p/19q evaluation, FISH confirmed co-deletion in only one tumor. NGS-based CNV analysis identified partial chromosomal losses in multiple cases; however, complete whole-arm deletion was not consistently demonstrated. It is recognized that FISH interrogates specific probe loci and may occasionally be influenced by segmental deletions or chromosomal imbalance, whereas NGS estimates copy number changes through read-depth distribution across multiple genomic regions. Differences between these techniques may therefore reflect analytical resolution and interpretative criteria rather than clear diagnostic hierarchy. However, our study was not designed to compare sensitivity or specificity between platforms, and caution should be exercised in extrapolating comparative performance conclusions.

Fusion analysis identified rearrangements such as PTPRZ1–MET and EML4–ALK in select tumors. These alterations have been more frequently described in astrocytic tumors and may carry potential therapeutic relevance. In our series, their detection provided additional genomic context but should be interpreted as descriptive findings rather than lineage-defining events without orthogonal validation or functional correlation.

Collectively, our results illustrate how comprehensive genomic profiling may classify integrated glioma diagnosis in select cases. Rather than replacing established techniques, NGS appears to function as a complementary modality that expands the molecular landscape beyond predefined markers. In diagnostically challenging cases, particularly when histology and IHC findings are ambiguous, broader genomic assessment may provide additional information to support classification within the WHO CNS5 framework.

Nevertheless, several limitations must be acknowledged. This was a small, single-center observational study with only 11 cases. The limited sample size restricts statistical generalizability and prevents formal performance comparison between diagnostic modalities. In addition, orthogonal validation of discordant findings was not performed in all cases. Therefore, our observations should be interpreted as exploratory and hypothesis-generating rather than definitive evidence of diagnostic performance differences.

Future multicenter studies with larger cohorts and standardized comparative methodologies will be necessary to determine the optimal integration of IHC, FISH, and NGS in routine diagnostic algorithms for diffuse gliomas.

· Conclusion 
In a series of Oligodendroglioma patients, using integrated molecular analysis, we identified discrepancies between initial IHC-based classification and comprehensive molecular profiling.  It is infact underscoring the importance of confirming both, IDH mutation status and whole-arm 1p/19q co-deletion in accordance with WHO CNS5 criteria. While FISH remains an established method for assessing 1p/19q status and IHC serves as an important screening tool. In our cohort, NGS contributed additional molecular information that aided in refining tumor classification. However, this study was not designed to establish diagnostic superiority of any single modality.

Also, the smaller sample size would always remains challenging to interpret the data. Therefore, study in a larger subset of patients is warranted to further evaluate the complementary roles of IHC, FISH, and NGS in the molecular diagnosis of Oligodensroglioma tumors.
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