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ABSTRACT

AIM: To determine if previous histological grading systems were sufficient or unreliable with a limited repository of modern techniques.   
MATERIAL and METHODS: The pathology reports of pediatric neurosurgery patients between 2019-2022 were accessed. Data 
on patients that needed unattainable further molecular investigation were extracted. Data were noted from electronic archives, 
including their sex, age, histologic grade, location, resection type, survival, and therapy.
RESULTS: Out of 61 surgeries, 17 patients needed further investigation for a proper 2022 World Health Organization (WHO) 
diagnosis. Seven were deceased, and nine were alive. Two of 10 patients with low-grade gliomas and five of six patients with high-
grade gliomas were deceased. Data on one foreign patient with high-grade glioma was inaccessible. The average survival was 9 
months for the deceased.
CONCLUSION: Modern molecular techniques such as next-generation sequencing and methylation profiling are the state-of-
the-art methods, but it is hard for developing and underdeveloped countries to utilize such methods. The classification schemes, 
diagnostic key figures, and treatment modalities are developed using these techniques, but the less developed world is incapable 
of achieving these. We are trying to hybridize the modern and classic modalities, and the results of our study show that for overall 
survival, there is still not much difference. More economic and feasible techniques should be produced and summarized for the rest 
of the world.     
KEYWORDS: Glioma, Pathology, Molecular, Neuropathology, Pediatrics

ABBREVIATIONS: WHO: World Health Organization, CNS: Central nervous system, NGS: Next generation sequencing, IHC: 
Immunohistochemistry, PCR: Polymerase chain reaction, FISH: Fluorescence in situ hybridization, USA: United States of America
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█   INTRODUCTION

The use of molecular alterations to aid neuropathology 
is not new (20). The 2022 World Health Organization 
(WHO) Classification of Tumors of the Central Nervous 

System (CNS) extends the modification of the “bluebook” 
begun with the 2016 edition and modified by the c-IMPACT 

papers by the non-official WHO authors (5-7,10,11,14-17). In 
this latest (fifth) edition, nearly every diagnosis has a signature 
molecular alteration, which is often seen in the name of the 
tumor as seen in Figure 1 for the newly designated “Adult 
type” and “Pediatric type” gliomas (5).
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profiling for brain tumors cannot be done in our country (an 
upper middle-income country according to World Bank data) 
at the time of writing this paper. 

As a tertiary research and education hospital in a developing 
country, with a limited modern technique repository, we aimed 
to determine if our previous histological grading systems were 
sufficient or unreliable according to up-to-date literature. We 
can do IHC, FISH, and PCR. NGS was available for a short 
time, but cost efficiency issues halted its use due to the 
economic crisis and local health insurance system issues.

█   MATERIAL and METHODS
The pathology reports of pediatric neurosurgery patients be-
tween 2019-2022 were accessed and compiled from elec-
tronic archives. Records of patients that needed unattainable 
further molecular investigation were extracted. Data noted 
included: gender, age, diagnosis, localization, biopsy type, 
histologic WHO grade according to the WHO 2016 or 2007 
classification, essential molecular pathway according to WHO 
2022, survival, relapse, and therapy. If there were any available 
NGS data obtained in subsequent years, it was also noted. 
Ethics approval was obtained from the local institution on 4 

Table I: Examples of Main Molecular Alterations that can be Recognized by Immunohistochemistry, Fluorescence in-situ Hybridization 
and Sequencing

Technique Molecular Alteration

Immunohistochemistry IDH1 R132H, BRAF V600E, H3G34R/V, H3K27M, CTNNB1, SMARCB1 etc.

Fluorescence In-Situ Hybridization 1p/19q codeletion, EGFR amplification, BRAF fusion etc.

Sanger sequencing, polymerase chain reaction IDH1 / IDH2, EGFR, BRAF mutation etc.

IDH: Isocitrate dehydrogenase, BRAF: v-Raf murine sarcoma viral oncogene homolog B, HG34R/V: Histone 3 p.G34R/V, H3K27M: Histone 3 
p.K28M, CTNNB1: Catenin beta 1, SMARCB1: SWI/SNF-related matrix-associated actin-dependent regulator of chromatin subfamily B member 
1, EGFR: Epidermal growth factor receptor. 

Figure 1: Adult-type and pediatric-
type glioma classification 
according to the 2022 World Health 
Organization (WHO) classification. 

These signature molecular alterations could be obtained in 
several ways. Immunohistochemistry (IHC) is a modest but 
strong and reliable method (9). It can be automated or done 
manually, by almost anyone with some education, and even 
“rookie” residents can evaluate it. Modern antibody tech-
niques are based on the corresponding specific mutations 
that we are seeking, and most of them are surrogate markers. 
The next, perhaps the first, step into molecular pathology for 
most laboratories is fluorescence in situ hybridization (FISH). 
This requires educated staff but no special device. Any pa-
thologist with some training can evaluate it with a microscope 
modified with fluorescence attachments. Sanger sequencing 
and polymerase chain reaction tests are further steps which 
require more attention and education for the staff with spe-
cially designed devices and kits. Evaluation requires expertise 
in molecular pathology. Table I shows examples of molecular 
alterations that could be evaluated/diagnosed/determined by 
these rather simple molecular techniques. 

Next-generation sequencing (NGS) or methylation profiling 
are complex procedures that need separately designed lab-
oratories and devices, trained biologists, and registered data-
banks. Specimen preparation takes days and needs molecu-
lar pathology expertise for analysis of the results. Methylation 
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April 2023 with the number of 7. No personal identifying data 
were collected, and participation did not involve any advan-
tage, disadvantage, or potential harm.

Statistical Analysis

Data were analyzed using Kaplan–Meier’s Test in IBM SPSS 
Statistics version 26 (Armonk, NY, USA).

█   RESULTS
A total of 61 pediatric brain surgery specimens was archived 
in 3 years. Seventeen (28% of the total) patients with glial 
tumors needed further research. The sex distribution was 6 
males (35%), and 11 females (65%). The age range was 1 to 
15 years, with an average age of 9 years. The diagnosis was 
low-grade glioma for 10 (59%), and high-grade glioma for 7 
(41%). Histologic grades according to WHO 2007 or 2016 
were grade 1, 2 patients (12%); grade 2, 8 (47%); grade 3, 
2 (12%); grade 4, 5 (29%). One patient was a foreign patient 
with paraffin consultation blocks, and further clinic data was 
unavailable to retrieve from the local or national health system 
archive. Six (38%) of the tumors were midline lesions and 
10 (62%) were cortical. Seven (41%) surgeries ended with a 
gross total resection, 2 (12%) were subtotal resections, and 
4 (23%) were biopsied without resection. Surgical data could 
not be accessed for 4 (23%) biopsies because they were 
paraffin consultation blocks and surgical data could not be 
achieved. Eleven (65%) biopsies needed further investigation 
of the isocitrate dehydrogenase (IDH) and mitogen-activated 
protein kinase (MAPK) pathways, while six (35%) biopsies 
needed H3 and IDH analyses. Nine (53%) patients are alive, 
and seven (41%) patients have deceased. The average overall 
survival of patients after diagnosis was 28 months: 32 months 

for low and 16 for high grades. Survival by tumor grade was: 
grade 1: 2 of 2; grade 2: 6 of 8; grade 3: 0 of 2; grade 4: 1 of 
5. The survival months after diagnosis for deceased patients 
were: grade 2: 7 and 20 (median 13.5); grade 3: 8 and 15 
(median 11.5); grade 4: 5, 10, 14 (median 10). Three (18%) 
patients had relapses, four (24%) recieved chemotherapy, and 
six (35%) had radiotherapy. The only statistically significant 
result (p=0,008) was the relationship between low or high 
histological grade and survival. Monthly survival can be seen 
in Figure 2. The sum of demographic and medical data is 
presented in Table II.

According to 2022 contracts, the average costs for diagnostic 
procedures, in relation to local insurance reimbursements are: 
over 30% for IHC, 18% for FISH, 2.7 times for PCR, and 3 
times for NGS.  

█   DISCUSSION
Our intensive review of data from 16 patients showed that the 
lack of advanced molecular techniques did not adversely af-
fect their survival. Clinic data of the foreign patient was un-
available. Although we have a small number of patients, our 
results show that morphologically low-grade tumors should 
not compromise survival. An important point is that some 
low-grade tumors are in complex anatomical areas and may 
be unavailable for optimal surgery, but may have targetable 
mutations. Middle or low-income countries should consume 
valuable resources prudently, with a careful correlation be-
tween cost efficiency and scientific truths. However, patients 
everywhere in the world should have equal chances for treat-
ment and survival. Low-grade gliomas have good survival 
rates with proper surgical removal (21). Ryall et al. point out 
that the era of precision medicine has arrived and targeted an-

Figure 2: Survival chart of the patients.
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ti-BRAF drugs or MEK inhibitors are being evaluated in trials, 
but they also state that these expensive and hard-to-find tests 
should be applied to chosen patients according to well-cho-
sen schemes (22). 

High-grade tumors, on the other hand, still have a high 
mortality (4,12). New chemotherapy regimens or radiotherapy-
associated therapies are not progressing as hoped (21). 
Midline gliomas have a worse prognosis than cortical 
tumors. The expected survival of midline gliomas is under 1 
year. However, a patient in our study with an H3K27 mutant 
midline glioma, verified by NGS in subsequent years, is 
alive in her 4th year. Data on EGFR mutant midline gliomas 
show promise for targeted therapy (18). Checkpoint inhibitor 
therapy or immunotherapy is being investigated also for 
potential modalities (23). Mostly not for therapeutic but for 
scientific reasons, the underlying pathways of these tumors 
must be determined. Only by generating enough data can 
help assigning morphologic, radiologic signatures or creating 
feasible IHC markers for global use. 

Turkey has a sizable young population, but it should be noted 
that pediatric brain tumors are not a significant proportion of 
its cancer patients. The latest printed cancer statistics reports 
from the Health Ministry, for the year 2017 and 2018, shows 
that 20% of childhood tumors originate in the CNS (1). This 
statistic is similar in developed countries such as Canada, 
with 18% (2). The local incidence rate of CNS tumors per 
1,000,000 are 29.1-30.5 for boys and 25.8-28.0 for girls (1). 
The incidence rates according to Ostrom et al. are 58.3 in the 
USA (19). This difference may be attributed to the accessibility 
of resources for diagnosis. For 2017 according to the Turkish 
Statistical Institute, there were 9,769,101 boys and 9,264,387 
girls between the ages of 0 to 14 (3). This means only 282 
boys and 239 girls, 521 individuals, across the country, were 
diagnosed with a brain tumor in 2017. This does not fit in the 
rare cancer definition of the National Cancer Institute of USA, 
but it must be accepted that it is not as prevalent as lung 
cancer in adults. 

Developing or underdeveloped countries around the world 
have tried to keep up with advances in diagnostics, but typically 
NGS or methylation profiling is not applicable (13). Colli et al. 
represent an alternative approach with basic molecular tests 
that can provide precision medicine information. They perform 
IHC, FISH, and Sanger sequencing to gather information (8).  

█   CONCLUSION
In developing or under-developed countries, chosen institu-
tions with proper funds, adequate infrastructure, educated 
staff, and directed patients should be able to do further mo-
lecular investigations. Global health standards should be con-
sidered with cost efficiency and practicality.
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