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OBJECTIVE
This study aimed to investigate the etiology of gliomas and determine the utility of the World Health
Organization (WHO) classification of central nervous system tumors.

METHODS

Patients aged >18 years who underwent surgery or were followed up for glial tumors between January
2017 and January 2020 and whose pathology reports indicated grade II-IV gliomas were included in the
study. Patients with missing data, pathology results incompatible with grade II-IV gliomas, and unavail-
able standard molecular/genetic tumor profiles were excluded from the study.

RESULTS

The results of the standard histopathological and molecular/genetic analyses were evaluated retrospec-
tively without any additional examinations. Data from 259 patients were evaluated. Of these, 8 patients
who did not meet the criteria for glioma pathology and 27 patients with not otherwise specified molecu-
lar pathological examination results were excluded from the study. Patients were evaluated in detail re-
garding demographic and admission data, pathology analysis, potential risk factors, and survival results.

CONCLUSION

Many factors, particularly high blood glucose levels, sedentary lifestyle, and radiofrequency elec-
tromagnetic field exposure, appear to have a relationship with glioma etiology. There is a major het-
erogeneity and lack of standardized efficient laboratory procedures that may interfere with reliable
standard molecular results. “False positive” molecular markers consist a major classification issue and
methods that reflect the requirements of the WHO classification may themselves be inadequate to es-
tablish a profile with adequate sensitivity. The development of more practical and accessible methods
in addition to standardized, rapid, and reliable methods for testing multiple markers at an acceptable
cost is urgently needed.
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Introduction

Primary central nervous system (CNS) tumors remain
a serious health problem due to their high mortality
and morbidity rates. The overall incidence of primary
malignant brain and CNS tumors covering all ages
has been reported to be 7.27/100,000 individuals.[1]
Although an understanding of the molecular and ge-
netic profiles of such tumors has increased recently,
their etiology has remained largely unknown.

Molecular and genetic studies have opened new
perspectives on the oncogenesis and prognosis of tu-
mors. In 2016, the World Health Organization (WHO)
changed the classification for CNS tumors and pro-
posed a multilayer diagnostic model that integrated
molecular markers with classical histopathological fea-
tures.[2] Furthermore, the latest 2021 WHO classifica-
tion has reflected the evolution and may be the future
of CNS tumor classification.[3] However, the feasibility
of such classification within laboratories with limited
funding and equipment may be doubtful.

This study aimed to investigate the etiology of
gliomas and determine the utility of the WHO classifi-
cation of CNS tumors.

Materials and Methods

This study was conducted at Ankara University Faculty
of Medicine, Department of Neurosurgery, Neuro-on-
cology Laboratory. Patients aged >18 years who un-
derwent surgery or were followed up for glial tumors
between January 2017 and January 2020 and whose
pathology reports indicated grade II-IV gliomas were
included in the study.

The study protocol was approved by the Ethics Com-
mittee of Ankara University (Report No: 16-301-19).
Patients with missing data, pathology results incompat-
ible with grade II-IV gliomas, and unavailable standard
molecular/genetic tumor profiles were excluded from
the study. Those who could not be characterized accord-
ing to 2016 WHO classification (not otherwise specified
[NOS]) were also excluded from the study.

Apart from known risk factors in literature, a data
form was prepared to collect and evaluate as many fac-
tors as possible. This form was completed using data
obtained from medical records, telephone calls, and
follow-up visits by the same person (N.T.).

The results of the standard histopathological and
molecular/genetic analyses were evaluated retrospec-
tively without any additional examinations. Immuno-
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histochemical methods were used for the evaluation of
isocitrate dehydrogenase (IDH), alpha-thalassemia X-
linked mental retardation (ATRX), and p53. The pres-
ence of 1p/19q deletion was evaluated and interpreted
using florescence in situ hybridization (FISH) as per
the 2011 Euro-CNS guidelines. Real-time polymerase
chain reaction (PCR) was used as much as possible in
cases where immunohistochemical methods failed to
obtain data regarding IDH1 and ATRX mutations.

The Shapiro-Wilk test was used to analyze the nor-
mality of data distribution. Student’s t-test was used
to compare normally distributed continuous data be-
tween two independent groups, whereas one-way anal-
ysis of variance was used to compare more than two
groups. Tukey’s test was used to test differences for sig-
nificance, whereas the Mann-Whitney U test was used
to compare non-normally distributed data between
two independent groups. Multiple groups were com-
pared using the Kruskal-Wallis multiple comparison
test. The Chi-square and Fisher’s exact tests were used
to compare nominal variables (cross tables) according
to independent groups (diagnosis, grade, and others).
Survival times were analyzed using the Kaplan-Meier
analysis and log-rank tests. All statistical analyses were
performed using IBM SPSS Statistics 20 software, with
p<0.05 indicating statistical significance.

Results

At the end of the planned study period, data from 259
patients were evaluated. Of these, 8 patients who did
not meet the criteria for glioma pathology and 27 pa-
tients with NOS molecular pathological examination
results were excluded from the study. Hence, descrip-
tive and comparative statistical analyses were ultimate-
ly performed for 224 patients. Among the biomarkers,
IDH, 1p/19q, ATRX, and p53 mutations had been eval-
uated. To facilitate the statistical processing of compar-
ative data, final diagnoses were classified into five diag-
nostic groups: (1) Oligo (IDH mutant [IDHm], 1p/19q
codeleted, oligodendroglioma); (2) Ast IDHm, 1p/19q
intact, astrocytoma); (3) AW (IDH wildtype [IDHwt]
astrocytoma); (4) Gbm (IDHm glioblastome multi-
forme); and (5) GbmW (IDHwt glioblastome multi-
forme). Additional comparisons were made separately
based on disease grade (II-1V).

Demographic and Admission Data
The study population had a mean age of 49.4 years
(x15.7; median 50.5 [18-84]) and comprised 84
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Table1 Detailed data regarding family history of ma-
lignancy, educational status, income level, daily
sports habits, and blood group distribution of

the patients

n % p
Family history of malignancy
None 135 60.3 >0.05
1** Degree 62 27.7
2" Degree 24 10.7
31 Degree 3 1.3
Educational status
Unlettered 15 6.7 >0.05
Primary School 108 48.2
High School 50 223
College 51 22.8
Income level
Low Income 113 50.4 >0.05
Middle Income 109 48.7
High Income 2 0.9
Daily sports habits
Rare 142 63.4 <0.05
Intermittant 67 29.9
Frequent 15 6.7
Blood group distribution
ORH (-) 10 4.5 >0.05
ORH (+) 75 335
ARH (-) 7 3.1
ARH (+) 78 34.8
BRH (-) 6 2.7
BRH (+) 29 129
ABRH (-) 2 0.9
ABRH (+) 17 7.6

(37.5%) females and 140 (62.5%) males. A comparison
among the diagnostic groups showed that the GbmW
group was significantly older than the Oligo (p<0.001),
Ast (p<0.001), and Gbm (p<0.05) groups. However,
no significant difference in gender (p=0.383) was ob-
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served among the diagnostic groups. Meanwhile, no
difference in age (p=0.777) was observed among those
with grade II-I1I disease. However, those with grade IV
disease were significantly older (p=0.000).

Similar rates of admission symptoms were noted:
Headache (34.8%), epileptic seizure (34.8%), motor
deficit (23.2%), and cranial nerve deficit (7.1%), with
no significant differences (p=0.120).

Among the included patients, 84.8% and 15.2%
were married and single, respectively. Differences re-
garding the family history of malignancy, educational
status, and income level were found to be statistically
insignificant (p=0.105) and are presented in Table 1.

Given the heterogenous distribution of patients as
per blood groups, general analysis could not be per-
formed. However, no significant differences in the
ABO system (p=0.718) and RH system (p=0.966) were
observed separately (Table 1).

The diagnostic groups were categorized according
to chronic diseases (diabetes mellitus, hypertension,
and both [metabolic]), allergic diseases (hay fever,
atopy, asthma, urticaria, and others), and inflamma-
tory diseases (rtheumatic disease, psoriasis, goiter, and
others). No significant differences in chronic, aller-
gic, and inflammatory diseases were found. A sepa-
rate survey, however, noted that 16.1% of the patients
were hyperglycemic before diagnosis. Further analysis
showed that the GbmW group had significantly higher
blood glucose levels than the Oligo (p=0.001) and Ast
(p=0.011) groups before diagnosis. Likewise, those di-
agnosed with grade IV tumors had significantly higher
blood sugar levels before diagnosis than those diag-
nosed with grade IT and IIT tumors (Table 2).

Potential Risk Factors
Stress load and daily sleep time were determined us-
ing the visual analog scale (1-10 scale). Patients had a

Table2 Distribution of chronic diseases among the diagnostic groups
None Diabetes HTalone Allergic Inflammatory Metabolic Total
(%) alone (%) (%) diseases disease (D+HT)
(%) (%) (%)

IDHm, 1p/19q codeleted, oligodendroglioma 33 (82.5) 2(5) 1(2.5) 1(2.5) 3(7.5) 0 40 (100)
IDHm, 1p/19q intact, astrocytoma 34 (81) 2(4.8) 2(4.8) 1(2.4) 3(7.1) 0 42 (100)
IDHwt astrocytoma 4 (36.4) 0 3(27.3) 0 1(9.1) 3(27.3)  11(100)
IDHm GBM 14(73.7)  2(10.5) 3(15.8) 0 0 0 19 (100)
IDHwt GBM 68 (60.7) 8(7.1) 16(14.3) 5(4.5 1(0.9) 14(12.5) 112(100)
Total 153(68.3) 14(6.3) 25(11.2) 7(3.1) 8(3.6) 17(7.6) 224 (100)

D: Diabetes; HT: Arterial hypertension; IDHm: IDH mutant; IDHwt: IDH wildtype; GBM: Glioblastoma
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Table3 Distribution of tumor localization and lateral-
ization

n % Right Left
Frontal 80 35.7 34 46
Fronto-parietal 21 94 8 13
Fronto-temporal 10 4.5 5 5
Occipital 2 0.9 0 2
Parietal 35 15.6 17 18
Parieto-occipital 13 5.8 9 4
Temporal 50 223 25 25
Temporo-parietal 9 4 5 4
Midline 4 1.8 3 1
Total 224 100 106 118

mean stress score of 6.3 (+1.4; median 6 [1-10]) and
daily sleep time of 6.9 (+1.5; median 7 [2-15]) h. How-
ever, no significant differences in both factors were
noted among the diagnostic groups as well as the grade
groups (p=0.846 and 0.580, respectively).

Analysis was achieved for data obtained regarding
anthropometric parameters and sports habits. Mean
height (m), weight (kg), and body mass index (BMI)
(kg/m?) were 1.69 m, 76.5 kg and 26.9 kg/m?, respective-
ly. No significant difference in BMI was noted among
the diagnostic groups (p=0.166). However, patients with
grade IV tumors had a significantly higher BMI than
those with grade II tumors (p=0.037). Moreover, the Ast
group was taller than the Gbm group (p=0.003). Data
on daily sports habits showed that the Gbm and GbmW
groups engaged in significantly lesser sports activities
than the Ast and Oligo groups (p<0.01).

Majority (82.3%) of patients reported a balanced
diet. However, no statistical comparison was made for
this parameter. Nearly, half of the patients (49.1%) used
daily sweeteners, with no significant difference among
the diagnostic groups (p=0.866) and grade groups
(p=0.093). Among the included patients, 19 (8.5%) re-
ported frequent, 91 (40.6%) reported intermittent, and
114 (50.9%) reported rare over-the-counter drug usage
(p=0.156). The average seafood and alcohol consump-
tion were 1.5 (£1.3) and 0.3 (+£0.7) times per month,
respectively (p=0.191). Our results determined that
57.6%, 33.5%, and 8.9% of the patients drank bottled
water, main water, and purified water, respectively,
with no significant difference among the groups.

Our data showed that 33% of the study patients
were smokers. However, no significant difference in
smoking rates was observed among the diagnostic
groups (p=0.134). Daily tea and coffee consumption
were 4.6 (£2) and 1.5 (£1) cups, respectively (p>0.05).
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Mean cumulative and daily mobile phone us-
age was 11.5 (+6.2; median 10 [0-25]) years and 64.9
(£80.2; median 30 [0-600]) min, respectively. Overall,
the GbmW group had a lower mobile phone cumula-
tive use than the Oligo and Ast groups. No significant
difference in daily usage was observed among the diag-
nostic groups (p=0.058). However, those with grade II
and IIT tumors had a longer cumulative exposure time
than those with grade IV tumors (p<0.05). Moreover,
those with grade II tumors had a significantly more
daily usage compared with those with grade IIT and IV
tumors (p<0.01).

Pathology Analysis

Our findings showed that 47.3% and 52.7% of the
patients had right- and left-side tumor lateralization,
respectively. However, no significant differences in tu-
mor lateralization and localization were found among
the diagnostic groups (p=0.150) and grade (p=0.848)
groups. Moreover, no significant relationship was found
between tumor lateralization and IDH (p=0.956) and
p53 mutation (p=0.297). However, left-sided tumors
had significantly higher ATRX mutations (p=0.016),
whereas right-sided tumors had a significantly higher
1p/19q codeletion (p=0.034) (Table 3).

The Kruskal-Wallis multiple comparison analysis
showed no significant difference in IDH mutations
among the Oligo, Ast, and Gbm groups (p>0.05). How-
ever, those with grade IV disease had significantly low-
er IDH mutations than those with Grade II (p=0.000)
and III (p=0.000) disease. IDHm cases were found to
be significantly younger (p=0.000).

No significant difference in 1p/19q codeletion was
observed between grade II and III tumors (p=0.812).
ATRX mutation frequency was significantly higher in
the Ast group than in the Oligo (p=0.000) and Gbm
(p=0.000) groups; higher in the Gbm group than in the
Oligo group (p=0.000); and higher in the AW group
than in the Oligo group (p=0.027). The Gbm group
had a significantly higher ATRX mutation frequency
than the GbmW group (p=0.000) but a significantly
lower frequency than the AW group (p=0.010). Pa-
tients with grade II tumors had significantly higher
ATRX mutation frequencies than those with grade
IV tumors (p=0.001). Furthermore, analysis showed
that P53 mutation rates were significantly higher in
the Ast group than in the Oligo (p=0.000) and GbmW
(p=0.006) groups and higher in the Gbm group than in
the Oligo group (p=0.005). No difference was observed
in p53 mutation rates according to grades individually
(p=0.257) (Table 4).
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Table 4
2016 tumor classification
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Distribution of molecular/genetic parameters in diagnostic and grading groups classified according to the WHO

n % IDH ATRX 1p/19q p53
mutant (%) mutant (%) codeleted (%) mutant (%)
IDHm, 1p/19q codeleted, oligodendroglioma 40 17.9 40 (100) 5(12.5) 40 (100) 12 (30)
IDHm, 1p/19q intact, astrocytoma 42 18.8 42 (100) 24 (57.1) 0(0) 30(71.4)
IDHwt astrocytoma 11 4.9 0(0) 5 (45.5) 0(0) 7 (63.6)
IDHm GBM 19 8.5 19 (100) 12(63.2) 0(0) 13 (68.4)
IDHwt GBM 112 50 0(0) 13(11.6) 0(0) 52 (46.4)
Gradell 64 28.6 58 (90.6) 27 (42.2) 27 (42.2) 33(51.6)
Gradellll 29 12.9 24 (82.8) 7 (24.1) 13 (44.8) 16 (55.2)
Grade IV 131 58.5 19 (14.5) 25(19.1) 0(0) 65 (49.6)
Total 224 100 101 (45.1) 59 (26.3) 40(17.9) 114 (50.9)
IDH: Isocitrate dehydrogenase; ATRX: Alpha-thalassemia X-linked mental retardation; IDHm: IDH mutant; IDHwt: IDH wildtype; GBM: Glioblastoma
Table5 PFS and OS data of diagnostic and grading groups
PFS os
Mean SD Median Mean SD Median
(min-max) (min-max)
IDHm, 1p/19q codeleted, oligodendroglioma 53.08 44.51 35.50 (4-153) 65.33 49.707 47.50 (4-159)
IDHm, 1p/19q intact, astrocytoma 42.98 34.25 30.50 (4-132) 55.62 47.1 32 (4-156)
IDHwt astrocytoma 25.27 24.15 15(2-72) 34.36 40.27 15 (2-135)
IDHm GBM 27.16 374 17 (2-167) 41.74 43.02 28 (2-178)
IDHwWt GBM 12.65 12.69 10 (1-86) 16.5 16.69 12.50 (1-106)
Gradelll 45.37 40.89 28 (4-153) 53.64 47.46 30.5 (4-159)
Grade lll 449 34.28 35 (2-120) 65.31 49.04 40 (2-156)
Grade IV 14.76 18.91 10 (1-167) 20.16 23.95 14 (1-178)
Total 27.41 3248 15(1-167) 35.57 40.26 19(1-178)

PFS: Progression-free survival; OS: Overall survival; IDH: isocitrate dehydrogenase; IDHm: IDH mutant; IDHwt: IDH wildtype; GBM: glioblastoma; SD: Standard

deviation

Survival Results
The follow-up duration was defined as the period from
diagnosis until death or the end of the follow-up for
whatever reason. Surgical results were grouped into three
according to the results of the first surgery. Total resec-
tion, gross total resection (GTR), and subtotal resection
rate were 5.8%, 85.7%, and 8.5%, respectively, with no
significant difference in surgical outcomes among the
diagnostic (p=0.496) and grade (p=0.951) groups. Sur-
vival was evaluated according to two parameters: Pro-
gression-free survival (PFS) and overall survival (OS).
By the end of the study period, a total of 85 (37.9%)
patients had died with a mean PFS and OS of 27.4
(£32.5; median 15 [1-167]) months and 35.6 (+40.3;
median 19 [1-178]) months, respectively (Table 5).
Survival analysis showed no significant association
between tumor lateralization and PFS (P = 0.680) and

OS (p=0.625). The Kaplan-Meier curves are presented
in Figure 1a and b.

After comparing PFS among the diagnostic groups us-
ing binary log-rank analysis, our findings showed that the
Oligo group had a significantly lower PES than the Gbm,
GbmW, and AW groups (p=0.000). Moreover, the Ast
group had a better PFS than the Gbm and GbmW groups
(p=0.000). No significant difference in PFS was noted be-
tween the Oligo and Ast groups (p=0.527); between the
Gbm and GbmW groups (p=0.124); and between the
GbmW and AW groups (p=0.133) groups (Fig. 1c).

OS comparison among the diagnostic groups re-
vealed that the Oligo group had a significantly longer
OS than the Gbm, GbmW, and AW groups (p=0.000).
Moreover, the Ast group had alonger OS than the Gbm
and GbmW groups (p=0.000), whereas the Gbm group
had a longer OS than the GbmW group (p=0.021).
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Fig. 1. Kaplan-Meier curves show the relation of (a) Lateralization on progression-free survival; (b) Tumor lateralization
on overall survival; (c) The glioma diagnostic groups regarding progression-free survival; (d) Glioma diagnostic
groups regarding overall survival; (e) Glioma grading groups regarding progression-free survival; and (f) Glioma
grading groups regarding overall survival.
Oligo: oligodendroglioma; Ast: astrocytoma; Gbm: glioblastome multiforme; GbmW: IDH wildtype (IDHwt) glioblastome multiforme;
AW: IDHwt astrocytoma; C: censored.

No significant difference in OS was noted between
the Gbm and AW (p=0.989) groups and between the
GbmW and AW (p=0.185) groups (Fig. 1d).

PFS comparison among the grade groups showed no
difference between those with grades III and II disease
(p=0.078) but a significantly shorter PFS in those with
grade IV disease than those with grade II (p=0.000) and
grade IIT (p=0.000) disease (Fig. le). Moreover, those
with grade IV disease had a shorter OS than those with
grade II (p=0.000) and grade III (p=0.000) disease. No
difference in OS was found between those with grade II
and III disease (p=0.114) (Fig. 1f).

Discussion

Although gliomas have a relatively low incidence,
their heavy socioeconomic burden warrants investiga-

tion into their etiology. Developments in the field of
neuro-oncology have promoted better survival among
patients with primary brain cancer, with the 5-year
survival reaching up to 33.7%.[4] These developments
have necessitated epidemiological studies to evaluate
several genetic and nongenetic environmental factors
as possible risk factors.

Studies have shown that primary malignant brain
tumor incidence and mortality rates were higher in
men than in women, albeit not significantly.[1,4] Of
note, gender differences were much less pronounced
among patients with low-grade gliomas. Although the
present study included more males than females, the
difference was not significant.

Family history has been one of the most studied
factors in oncogenesis, with approximately 5%-10% of
patients with glioma having a family history of glioma.
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[5] Studies have shown a 2- to 3-fold increase in the
risk of glioma for first-degree relatives in such popula-
tions.[1,4] The results of this study were in accordance
with some studies that reported no difference.[6]

Ionizing radiation has been the most validated risk
factor for brain and CNS tumors in general.[7] Although
the INTERPHONE study, which evaluated 13 countries,
16 centers, and 10,500 individuals, could not reach a
definitive conclusion regarding the association between
mobile phone use and an increased risk of gliomas, their
results underlined the increased risk of ipsilateral and
temporal gliomas at the highest exposure level.[8] The
current study showed that the Oligo and Ast groups had
a higher cumulative mobile phone use than the GbmW
group. This may be attributed to age difference, consid-
ering that the GbmW group comprised older patents.
Moreover, considering grade groups separately, daily
mobile phone use was significantly higher in those with
grade II gliomas. However, we believe that variability in
what is considered “mobile phone usage” (calls, mobile
games, social media, and other) may reduce the stan-
dardization and reliability of data.

Studies have evaluated relationships between glio-
mas and anthropometric parameters, even at birth.
Moore et al’s[9] study showed that individuals with a
height of 21.9 m had twice the glioma risk (2.12 rela-
tive risk). The present study revealed that patients with
grade IV tumors had a significantly higher BMI than
those with grade IT tumors. Furthermore, reports have
shown that sports and physical activity initiated at an
early age, which improve insulin resistance, may de-
crease the risk of glioma by 36%. The Gbm and GbmW
groups included in the present study participated in
sports less frequently than the Ast and Oligo groups.
All these findings may be considered as risk factors at-
tributed to modifiable daily activities and habits.

Eating habits may be one of the determining fac-
tors for glioma risk. While processed red meat rich in
nitrosamines and a low antioxidant diet have been as-
sociated with an increased risk for developing gliomas,
other studies have shown no such relationship.[10]
Meanwhile, in the current study, the patients reported
a balanced diet comprising all three basic food groups,
with no significant difference among the groups. How-
ever, this might be regarded as a self-report-based bias,
and more objective data are needed.

After evaluating 182 patients with low-grade glioma,
Chaichana et al.[11] reported that persistent hyperglyce-
mia was significantly associated with decreased survival,
increased recurrence, and increased malignant transfor-
mation. Likewise, the present study revealed that pre-di-
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agnosis blood glucose elevation was significantly higher
among the GbmW and grade IV groups.

Varying results regarding the negative or positive
association between coffee, tea, alcohol consump-
tion, or smoking and glioma risk have been published.
[12,13] The use of over-the-counter medicine, such
as aspirin, and nonsteroidal anti-inflammatory drugs,
have been the most researched drug groups regarding
glioma risk.[14] However, similar to that observed in
the present study, any such association between these
factors and glioma risk might be achieved in selected
special large homogenous populations.

The relationship between localization and tumor
molecular biology has been previously studied. Stud-
ies have found that IDHm diffuse low-grade gliomas
and 1p and/or 19q deletion were mostly detected in the
anterior portion of the brain, particularly in the fron-
tal lobe, but rarely in the insula.[15] The present study
found that ATRX mutations were predominantly ob-
served in left-sided tumors, whereas 1p/19q codeletion
was higher in right-sided tumors. However, no signifi-
cant survival difference in tumor lateralization and lo-
calization was found among the diagnostic groups. We
believe that such findings may guide further studies to
reveal such associations.

Studies have found that surgical resection rates were
directly related to survival among those with low-grade
gliomas, although molecular variables were not com-
pared.[16] In a study involving low-grade glial tumors,
Delev et al.[17] found that GTR did not significantly
affect median OS among those with IDHm and 1p/19q
codeletion who received adjuvant treatment after biopsy.
The present study found no significant difference regard-
ing molecular profiles with respect to the resection rates.
Nevertheless, instead of self-reported record-based re-
section rates, determining radiologically confirmed re-
section rates will yield more reliable results.

FISH has been the preferred molecular testing
method for detecting 1p/19q codeletion at most cen-
ters. However, FISH may only target one locus in each
chromosome arm, which may be considered very re-
strictive. In this respect, reports have shown that evalu-
ating 1p/19q codeletion using FISH may lead to “false
positive” results.[18] After studying molecular markers
using different techniques, Ballester et al.[19] concluded
that 1p/19q testing may not be required in gliomas with
classical GBM properties. By contrast, ATRX loss is a
characteristic of astrocytomas and is usually associated
with 1p/19q codeletion. The detection of cases with im-
paired association led to questions regarding the status
of ATRX as a marker.[19] Unlike the aforementioned
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study, Huse et al.[20] suggested that ATRX loss and
1p/19q codeletion may be completely separate entities,
with any association between these two genetic condi-
tions considered the rarely observed “real” mixed glio-
ma. While almost all IDHm and 1p/19q intact gliomas
are accompanied by ATRX loss, intact ATRX has also
been reported.[21] All these conflicting results indicate
the complexity of the process and the problematic issues
regarding the current molecular glioma classification. In
other words, “false positive” molecular markers consist
a major classification issue and methods that reflect the
requirements of the WHO classification may themselves
be inadequate to establish a profile with adequate sen-
sitivity. Therefore, more sensitive, selective, and practi-
cal techniques are needed to establish reliable molecular
profiles and tumor classifications.

The POLA cohort study, which compared the 2007
and 2016 WHO classification in 1041 patients, argued
that the WHO 2016 classification system was able to
establish a clearer differential prognosis.[22] In their
cohort study, Rogers et al.[23] found a close relation-
ship among nuclear immunostaining, ATRX loss, and
IDH mutations and subsequently observed no ATRX
loss in tumors with 1p/19q codeletion. This again re-
iterates the idea that 1p/19q testing may not be re-
quired in cases without ATRX loss. However, our re-
sults showed that both genetic anomalies may coexist.
Moreover, while IDH mutations have been found to be
proportional to TP53 overexpression, a negative cor-
relation was observed between TP53 overexpression
and chromosome 1p/19q coding. Scheie et al.[24] re-
ported that tumor grade and 1p/19q status were inde-
pendent prognostic factors in histologically confirmed
oligodendroglia cases. Pekmezci et al.[25] reported
that tumor grade did not affect survival in the cases of
molecularly defined oligodendrogliomas. CDKN2A
homozygous deletion, RB1 deletion or mutation, and
CDK4 amplification were more important markers of
prognosis and have been shown to be associated with
shorter survival.[3] Unfortunately, the aforementioned
markers cannot be routinely evaluated in all laborato-
ries worldwide. This is another major issue regarding
the suggested classification system.

The Consortium to Inform Molecular and Practi-
cal Approaches to CNS Tumor Taxonomy of the Inter-
national Neuropathology Community has published
directives for developments until the announcement of
the 2021 WHO dlassification.[26] The notion of not else-
where classified had been proposed for cases that could
not be included in any defined group despite having a
confirmed molecular profile.[27] The NOS group was
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excluded from the present evaluation, considering that
such a situation may compromise all advantages of the
2016 WHO classification. This significantly reduced our
sample size. Moreover, some examinations were suggest-
ed to be performed using sequencing.[28] Our study also
supports the extent of data obscurity and molecular bio-
marker interaction. We believe that all these suggestions
may provide clues regarding the future classifications.

Although the WHO 2016 classification considers
molecular markers to play an important role, potential-
ly serious technical concerns still remain. The fourth
and even the last fifth (2021) edition of the WHO
Classification include examinations that may take lon-
ger to process in laboratories with limited resources.
Therefore, this may be considered to have increased
the laboratory workload and expenses, which is signifi-
cant considering that most countries continue to ex-
perience problems regarding financing and kit supply.
Technically, standardizing the evaluation of molecular
biomarkers for gliomas is still difficult owing to sev-
eral factors, such as lack of kits, lack of funds, and in-
sufficient scientific algorithms at the laboratories. For
instance, IDH sequencing is not routinely performed
among cases wherein IDH mutation is not detected
by immunohistochemistry. Such issues may highlight
problems related to the fourth edition of the WHO
classification as well as the possible issues experienced
globally. For instance, variations in the reported vari-
ant frequency of the PCR system may be present in
cases where no clinically significant (actionable) muta-
tion can be detected in the IDH gene region according
to the current literature, which would promote lower
reliability compared with standardized results.

The latest WHO Classification (5" edition, 2021) of
tumors of the CNS that was published recently under-
lined that the so-called “hybrid taxonomy” is likely only
an intermediate stage to an even more precise future clas-
sification.[3] Even this updated classification was defined
as a “work in progress” regarding the evolution of CNS
tumor classification.[3] All these conclusions support
our evidence-based suggestions regarding the necessity
of more practical and accessible classification system.

Some limitations of this study are worth noting.
The present study evaluated and discussed as many
potential risk factors as possible regarding glioma eti-
ology. Studying such factors individually and in large
controlled randomized populations may undoubtedly
provide more detailed and accurate results. By con-
trast, the absence of a second central system for con-
trolling pathological specimens and molecular data in
most studies may cast doubt on the reliability of the
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data. Performance is another important factor affect-
ing survival and should be included in various scales,
such as the prospective Karnofsky performance score.
Unfortunately, no parameter for assessing performance
was used in this study.

Conclusion

Many factors, particularly high blood glucose levels,
sedentary lifestyle, and radiofrequency electromag-
netic field exposure, appear to have a relationship with
glioma etiology. The WHO CNS tumor classification
is a product of a dynamic process and is updated reg-
ularly, providing more meticulous diagnosis and for-
mation of biologically and prognostically significant
entities. However, our results showed that there is a
major heterogeneity and lack of standardized efficient
procedures that may interfere with reliable standard
molecular results. Routinely used methods that reflect
the requirements of the latest WHO classification may
themselves be inadequate to establish a reliable sen-
sitivity. Moreover, the development of more practical
and accessible methods for identifying such markers in
addition to standardized, rapid, and reliable methods
for testing multiple markers at an acceptable cost is ur-
gently needed.
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