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Glioblastoma (GBM) is the most common and most aggressive primary tumor 
of the central nervous system. Current GBM treatments have low effectiveness. 
This is mainly due to the high degree of heterogeneity of GBM tumors. Despite 
similarities in the classic microscopic image, these tumors differ significantly in 
molecular terms. The  aim of  the  study was to classify GBM tumors into one 
of four molecular types based on the immunohistochemical expression of EGFR, 
PDGFRA, NF1, IDH1, p53 and PTEN proteins and find the association between 
individual glioma molecular types and prognostic clinical and morphological pa-
rameters. From the group of 162 patients the classical molecular type of tumor 
was observed in 17 (10%) patients, in 23 (14%) the  tumor was mesenchymal, 
in 32 (20%) proneural, and in 90 (56%) neural. No significant relationship was 
observed between the  molecular type of  GBM tumors and the  studied clinical 
and morphological parameters of prognostic significance. There were also no sta-
tistically significant correlations between the  GBM tumor molecular type and 
survival, both in terms of  overall survival and relapse-free survival. Analyzing 
the impact of all prognostic variables and molecular type of GBM on the proba-
bility of overall survival, statistically significant relationships were found.
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Introduction

Glioblastoma (GBM) is the most common prima-
ry tumor of the central nervous system. It is the neo-
plasm with the highest aggressiveness and the worst 
prognosis among all tumors of glial origin; the me-
dian survival is 14 months, and the 5-year survival 
is 4-5%  [1, 2]. Current GBM treatments include 
surgical resection, radiation therapy (RTH), and 
chemotherapy (CTH) with temozolomide. Howev-
er, the persistently high mortality rate due to GBM 
indicates low effectiveness of  the above-mentioned 

therapies. This is mainly due to the  high degree 
of heterogeneity of GBM tumors. Despite similar-
ities in the classic microscopic image, these tumors 
differ significantly in molecular terms. This results in 
their different prognosis and different sensitivity to 
the treatment used. Classic prognostic factors used 
in GBM (age at diagnosis, patient’s gender, tumor 
diameter, tumor location, primary vs. secondary na-
ture of the tumor, monofocal vs. multifocal tumor, 
extent of  surgical resection, use of  CTH or RTH, 
overall survival and relapse-free survival) do not al-
ways allow one to fully predict the course of the dis-
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ease. This is why the molecular profile of the tumor 
is more and more often assessed. Based on it, we 
can differentiate GBM tumors in terms of  prog-
nosis, clinical course and response to treatment, 
giving an  opportunity for the  individualization 
of the therapy in the future [2, 3, 4, 5]. The current 
molecular classification of GBM distinguishes four 
molecular types of GBM tumors: classical, mesen-
chymal, proneural and neural. In the classical type 
of GBM, abnormalities in the EGFR gene are most 
pronounced among all molecular types. This gene 
codes the protein of the same name, which is a key 
growth factor involved in the pathogenesis of GBM 
tumors. The  most common of  the  abnormalities 
mentioned above is the  EGFRvIII mutation. This 
type also shows molecular changes in the following 
genes: CDKN2A, RB1, CDK4, CCDN2, NOTCH3, 
JAG1, LFNG, SMO, GAS1, GLI2. The  gene ex-
pression profile observed in this group recalls that 
typical of astrocytes. The lack of TP53 gene muta-
tions results in their sensitivity to classic therapy 
based on the use of DNA-alkylating drugs in con-
junction with radiation therapy. In the mesenchy-
mal type of GBM, in which neoplastic cells resem-
ble astroglial cells, the most common are mutations 
in the  following genes: NF1, PTEN, AKT, MET, 
CHI3LI, TP53 and those belonging to the  NF-
κβ pathway (TRADD, RELB, TNFRSF1A). This 
kind of gene expression profile implies high sensi-
tivity to aggressive chemo- and radiotherapy and 
angiogenesis inhibitors. Cells of  proneural tumors 
are characterized by oligodendrocyte-like gene 
expression and mutations in the  following genes: 
PDGFRA and PDGFRB, IDH1, p53, PIK3CA/
PIK3RI, HIF, CDKN1A, NKX2-2, OLIG2, SOX, 
DCX, DLL3, ASCL1 and TCF4. They do not re-
spond to conventional treatment and are sensitive 
to PI3K, HIF and PDGFRA inhibitors. Moreover, 
this type often correlates with a young age of on-
set and a lower clinical stage at the time of diagno-
sis, and is also characteristic of  secondary tumors. 
Cells of  the  neural type tumors resemble normal 
oligodendrocytes and astrocytes in molecular and 
morphological terms. They show the  presence 
of less specific mutations within the genes: NEFL, 
GABRA1, SYT1, SLC12A5, and to a lesser extent 
TP53, which means that these tumors show limited 
sensitivity to classical methods of therapy [6, 7, 8]. 
In practice, however, gene expression testing meth-
ods are very expensive and used mainly for scientific 
purposes, which is why they are increasingly being 
replaced by immunohistochemical (IHC) meth-
ods  [9, 10, 11]. In this study we decided to clas-
sify GBM tumors into one of four molecular types 
(classical, mesenchymal, proneural or neural) based 
on the expression of EGFR, PDGFRA, NF1, IDH1, 
p53 and PTEN proteins and try to find the associa-

tion between individual glioma molecular types and 
prognostic clinical and morphological parameters, 
such as age at diagnosis, patient’s gender, tumor di-
ameter, tumor location, primary vs. secondary na-
ture of the tumor, monofocal vs. multifocal tumor, 
extent of  surgical resection, use of CTH or RTH, 
overall survival and relapse-free survival. 

Material and methods

Study group

The study included a group of 162 unselected pa-
tients diagnosed with GBM based on the histopatho-
logical examination of postoperative material or bi-
opsy of a brain tumor, who underwent treatment in 
the years 2008-2013 at the Department of Neuro-
surgery of the Pomeranian Medical University in Szc-
zecin The  study group was characterized according 
to the  following clinical and morphological param-
eters: age at diagnosis, patient’s gender, tumor di-
ameter, tumor location, primary vs. secondary nature 
of the tumor, monofocal vs. multifocal tumor, extent 
of  surgical resection, use of  CTH or RTH, overall 
survival and relapse-free survival. The study was ap-
proved by the Bioethics Committee of the Pomerani-
an Medical University. The clinical and morpholog-
ical characteristics of the study group are presented 
in Table I.

Immunohistochemical staining

Tissue material fixed in 10% buffered formalin 
and embedded in paraffin was used for the  study. 
The  expression of  EGFR, PDGFRA, NF1, IDH1, 
p53 and PTEN proteins was determined by immu-
nohistochemistry using the  following antibodies: 
monoclonal rabbit anti-EGFR antibody (clone 5B7, 
Ventana (ROCHE), No. 790-4347), polyclonal rab-
bit anti-PDGFRA antibody (LifeSpan BioSciences, 
No. LS-B2172), mouse anti-NF1 monoclonal anti-
body (McNFn27 clone, LifeSpan BioSciences, No. 
LS-B217), polyclonal rabbit anti-IDH1 antibody 
(LifeSpan BioSciences, No. LS-B3573), mouse an-
ti-p53 monoclonal antibody (DO-7 clone, Dako, No. 
M7001), monoclonal mouse anti-PTEN antibody 
(GH2.1 clone, Dako, No. M3627). The preparations 
were dewaxed in an incubator (temperature 60°C), 
then, in order to unmask the antigen, the prepara-
tions were heat treated at 96°C, pH = 6. The sec-
tions cooled down to 65°C were incubated with per-
oxidase solution and then with the tested antibodies. 
Visualization of  the  antigen-antibody reaction was 
done with the following detection systems: LSAB + 
(Dako, No. K0679) for IDH1, PDGFRA and NF1, 
EnVision + (Dako, No. K4004/K4005) for p53 and 
PTEN and the ultraView Universal DAB Detection 
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Kit (Ventana (ROCHE), No. 760-500) for EGFR. 
Slides were stained with Mayer’s hematoxylin, de-
hydrated and covered with coverslips. The positive 
controls for the  tested proteins were: normal skin 
for EGFR, normal breast tissue for PDGFRA, nor-
mal brain tissue for NF1, normal kidney for IDH1, 
colorectal cancer for p53, and endometrial cancer 
for PTEN. The negative control was the slides incu-
bated with PBS instead of the antibody.

Evaluation of protein expression

The percentage of GBM cells expressing the test-
ed proteins was calculated using virtual microsco-
py and computer image analysis in ImageScope. 
Material from 3 tissue cores taken from 3 different 
places within the neoplastic tumor was analyzed for 
each patient. The  total number of  cells analyzed 
from the  material collected from one patient was 
thus the  sum of  the  number of  cells from 3 dif-
ferent tissue cores. For the  EGFR and PDGFRA 
proteins, the  level of  their membrane expression 
was analyzed, for the  p53 protein nuclear expres-
sion was analyzed, and for the  remaining proteins 
cytoplasmic expression was analyzed. Each time 
the  percentage of  all positive cells, i.e. cells ex-
pressing a specific protein, was assigned to one of 6 
groups: group 1 = 1-4%, group 2 = 5-19%, group 
3 = 20-39%, group 4 = 40-59%, group 5 = 60-
79%, group 6  =  80-100%. Because the  analyzed 
cells showed differences in the  level of  the  posi-
tive intensity of  the  IHC reaction to the  presence 
of  a  given protein. Each of  them was assigned by 
the computer program to one of the 3 intensity lev-
els: weakly positive (1+), medium positive (2+) 
and strongly positive (3+). Based on the  intensity 
of  the IHC reaction (1+, 2+, 3+) and the group 
of  the percentage of cells positive for a given IHC 
reaction (groups 1-6), a  unified index of  the  lev-
el of  expression of  the  tested protein Quick score 
was introduced, according to the formula: QUICK 
SCORE =% positive cell group x IHC reaction in-
tensity. Thus, the  Quick scores ranged from 0 to 
18. Due to the fact that the distribution of variables 
differed from normal, the  median was each time 
assumed as the  cut-off point for positive values. 
The  cut-off points for the  analyzed proteins were: 
EGFR = 10, PDGFRA = 6, NF1 = 6, IDH1 = 2, 
P53 = 1. PTEN = 5. Then, based on positive or 
negative IHC staining for the tested proteins, GBM 
tumors were classified into one from four molecular 
types: classical, mesenchymal, proneural or neural, 
according to the  following profile: classical type: 
EGFR  (+), p53 (–), mesenchymal type: NF1 (–), 
PTEN (+), p53 (+), proneural type: PDGFRA (+), 
IDH1 (+), p53 (+), neural type: established by ex-
cluding the above-mentioned combinations.

Table I. Characteristics of the study group (n = 162)  

Age at diagnosis (n = 162)

Minimum 20

Maximum 79

Average 56.5 ±13.1

Median 59

Gender (n = 162)

Female 67 (41%)

Male 95 (59%)

Tumor diameter (cm) (n = 118)

Minimum 0.5

Maximum 4.4

Average 2.2 ±0.8

Median 2.3

Tumor location (n = 162)

Left-sided 72 (44%)

Right-sided 82 (51%)

Bilateral 8 (5%)

Primary vs. secondary tumor (n = 162)

Primary 158 (98%)

Secondary 4 (2%)

Monofocal vs. multifocal tumor (n = 162)

Monofocal 154 (95%)

Multifocal 8 (5%)

Extent of surgical resection (n = 162)

Total 99 (61%)

Partial 63 (39%)

Chemotherapy (n = 162)

Used 33 (20%)

Not used 129 (80%)

Radiation therapy (n = 162)

Used 35 (22%)

Not used 127 (78%)

Overall survival (n = 162)

Minimum 4

Maximum 1868

Average 327.3 ±321.2

Median 235

Relapse free survival (n = 39)

Minimum 21

Maximum 1070

Average 188.5 ±231.8

Median 109
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they were assigned to one of 4 molecular types: clas-
sical, mesenchymal, proneural or neural. The classi-
cal type was found in 17 (10%) patients, in 23 (14%) 
the tumor was mesenchymal type, in 32 (20%) pro-
neural, and in 90 (56%) neural. No significant re-
lationship was observed between the molecular type 
of  GBM tumors and the  studied clinical and mor-
phological parameters of  prognostic significance, 
such as: age at diagnosis, patient’s gender, tumor 
diameter, tumor location, primary vs. secondary na-
ture of  the  tumor, monofocal vs. multifocal tumor, 
extent of  surgical resection, use of  CTH or RTH, 
overall survival and relapse-free survival. The  low-
est age of GBM onset was recorded in the proneural 
type (20 years), and the highest in the mesenchymal 
and neural types (79 years). The lowest median age 
at diagnosis was recorded in the classical GBM type 
(median = 52 years; SD = 6.5), and the highest in 
the mesenchymal type (median = 63 years; SD = 6). 
Neural-type tumors were the most common among 
women and men, accounting for 54% of all tumors 
in women and 57% in men, respectively. The  least 
numerous in both sexes were classical tumors  
(9% in women, 12% in men). The highest median 

Fig. 1. IHC staining for EGFR in glioblastoma cells. Membrane expression. Magnification 20 ×. A) Negative reaction;  
B) positive reaction (3+) 

Fig. 2. IHC staining for p53 in glioblastoma cells. Nuclear expression. Magnification 20 ×. A) Negative reaction;  
B) positive reaction (3+)

Statistical analysis

Statistical analysis was performed using the Med-
Calc program (version 19.2, Ostend, Belgium). 
The  Shapiro-Wilk test was used to check the  nor-
mality of the distribution. As the distribution of con-
tinuous variables deviated from the normal, the  re-
sults were presented as medians, and the  statistical 
analyses used non-parametric tests (Kruskal-Wallis, 
Mann-Whitney U, Spearman’s rank correlations). 
Qualitative variables were characterized by numbers, 
and the  χ2 test was used to assess the  relationship 
between them. Survival analysis included univariate 
(Kaplan-Maier method) and multi-factor (Cox pro-
portional hazards model) estimates. P-values < 0.05 
were considered statistically significant. If the results 
were not statistically significant, they were designat-
ed as NS (not significant).

Results

Examples of  the  IHC reactions of  the  analyzed 
proteins are presented in Figs. 1 and 2. After com-
puter analysis of the morphological features and ex-
pression of the studied proteins in GBM tumor cells, 

A B

A B
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Table II. The relationship between tumor types and clinical and morphological parametres  

Molecular type

Classical Mesenchymal Proneural Neural

Age at diagnosis (years) (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Minimum 31 36 20 28

Maximum 71 79 78 79

Median 52 63 60 595

SD 6,6 6 7 7

p-value 0,19

Gender (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Female 6 (9%) 10 (15%) 15 (22%) 36 (54%)

Male 11 (12%) 13 (14%) 17 (18%) 54 (57%)

p-value 0.86

Tumor diameter (cm) (n = 118)

Molecular types distribution 13 (11%) 12 (10%) 22 (19%) 71 (60%)

Minimum 1.1 0.9 0.7 0.5

Maximum 3.8 3.6 3.3 4.4

Median 2.2 1.95 2.55 2.2

SD 0.28 0.55 0.35 0.4

p-value 0.36

Tumor location (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Left-sided 8 (11%) 11 (15%) 15 (21%) 38 (53%)

Right-sided 9 (11%) 10 (12%) 15 (18%) 48 (59%)

Bilateral 0 (0%) 2 (25%) 2 (25%) 4 (50%)

p-value 0.89

Primary vs. secondary tumor (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Primary 17 (11%) 23 (15%) 31 (20%) 87 (55%)

Secondary 0 (0%) 0 (0%) 1 (25%) 3 (75%)

p-value 0.72

Monofocal vs. multifocal tumor (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Monofocal 16 (10%) 21 (14%) 31 (20%) 86 (56%)

Multifocal 1 (12.5%) 2 (25%) 1 (12.5%) 4 (50%)

p-value 0.8

Extent of surgical resection (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Total 13 (13%) 17 (17%) 17 (17%) 52 (53%)

Partial 4 (6%) 6 (10%) 15 (24%) 38 (60%)

p-value 0.21
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tumor diameter was recorded in patients with GBM 
proneural type (median = 2.55 cm, SD = 0.35), and 
the lowest in mesenchymal tumors (median = 1.95 
cm, SD  =  0.55). Both the  smallest (0.5 cm)  
and the largest (4.4 cm) tumor diameter were recorded  
among neural tumors. In the  analyzed locations, 
the  most common were neural tumors, account-
ing for 59% of  all tumors in the  right-sided loca-
tion, 53% of  all tumors in the  left-sided location 
and 50% of  all tumors in the bilateral location. In 
the  left-sided and right-sided location, classical tu-
mors were the  least numerous, accounting for 11% 
of  the total in each of  these locations. In the GBM 
with bilateral localization group no classical tumors 
were found at all. In each molecular type, the vast 
majority were primary tumors. Most of  them were 
found among neural type tumors (55%). On the oth-
er hand, the lowest number was found among clas-
sical type (11%). The highest number of  secondary 
tumors was noted in the neural type (75%), while in 
the classical and mesenchymal types were not found 

at all. The  vast majority of  neoplastic tumors were 
monofocal (95%). The  highest number of  monofo-
cal tumors was recorded among neural-type tumors 
(56%), and the  lowest among classic-type tumors 
(10%). Among multifocal tumors, which accounted 
for 5% of the total, their number was the highest in 
the group of neural type tumors (50%), and the low-
est in the group of classic and proneural type tumors 
(12.5%). Most of the tumors were completely resect-
ed (61%). Most of them were recorded in the neural 
type (53%), and the least in the classical type (13%). 
Among partially resected tumors, the trend was sim-
ilar, with 6% classical and 60% neural type. Most 
patients (80%) did not receive CTH. Among them, 
the greatest number were those with neural type tu-
mors (53%), and the fewest were those with classical 
type tumors (11%). Among patients who underwent 
CTH, the  greatest number were those with neural 
type tumors (64%), and the fewest were those with 
classical and proneural type tumors (9%). Most pa-
tients (78%) did not receive RTH. Of these, the most 

Molecular type

Classical Mesenchymal Proneural Neural

Chemotherapy (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Used 3 (9%) 6 (18%) 3 (9%) 21(64%)

Not used 14 (11%) 17 (13%) 29 (22%) 69 (53%)

p-value 0.33

Radiation therapy (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Used 3 (9%) 5 (14%) 12 (34%) 15 (43%)

Not used 14 (11%) 18 (14%) 20 (16%) 75 (59%)

p-value 0.56

Overall survival (n = 162)

Molecular types distribution 17 (10%) 23 (14%) 32 (20%) 90 (56%)

Minimum 40 49 21 4

Maximum 1234 1365 1814 2837

Median 319 299 188.5 238.5

SD 128.5 249.75 282 231.5

p-value 0.6

Relapse free survival (n = 39)

Molecular types distribution 5 (13%) 5 (13%) 8 (20%) 21 (54%)

Minimum 34 75 28 20

Maximum 258 288 999 1070

Median 88 154 199 108

SD 70.25 113 197 52

p-value 0.6

Table II. Cont.
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had tumors of the neural type (59%), and the fewest 
had tumors of  the  classic type (11%). Among pa-
tients in whom RTH was applied, the tendency was 
similar, and the most were also those with neural type 
tumors (43%), and the fewest had classic type tumors 
(9%). The highest median overall survival was seen 
in patients diagnosed with the classical type of tumor 
(median = 319 days, SD = 128.5), while the lowest 
one was in patients with the proneural type of tumor 
(median = 188.5 days, SD = 282). Both the lowest 
(4 days) and the highest (2,837 days) number of days 
lived were recorded among patients with the  neu-
ral type tumors. Analysis performed for 39 patients 
with documented recurrence of the neoplastic disease 
showed that the highest median relapse-free surviv-
al was in patients diagnosed with the mesenchymal 
type of  tumor (median  =  154 days, SD  =  113), 
while the lowest was in patients with the classic type 
(median = 88 days, SD = 70.25). Both the lowest 
(20 days) and the highest (1070 days) number of re-
lapse-free days were recorded among patients with 
the neural tumor type. The relationship between tu-
mor types and clinical and morphological parameters 
is presented in Table II. 

Survival analysis

Kaplan-Meier analysis showed no statistically sig-
nificant correlations between the GBM tumor molec-
ular type and overall survival (p = 0.98). The results 
are presented in Fig. 3. Using the Cox proportional 
hazards model, a statistically significant relationship 
between the overall survival time and all covariates 
demonstrated in the model was found (χ2 = 22.36, 
DF = 12, p = 0.04). The statistical significance of 
the model was determined by 3 determinants: tumor 

location (HR 2.79, 95% CI: 1.03-7.59, p=0.04) ex-
tent of surgical resection (HR 2.08, 95% CI: 1.33-
3,26, p=0.001) and patient’s age at diagnosis of 
GBM (HR 1.02 , 95% CI: 1.00-1.04, p=0.02). The 
results are presented in Table III.

Results summary 

No significant relationship was observed between 
the molecular type of GBM tumors and the studied 
clinical and morphological parameters of prognostic 
significance. There were also no statistically signifi-
cant correlations between the GBM tumor molecular 
type and survival, both in terms of overall survival 
and relapse free survival. Analyzing the impact of 
all prognostic variables and molecular type of GBM 
on the probability of overall survival, statistically 
significant relationships were found. The statistical 
significance of the model was determined by 3 deter-

Fig. 3. Overall survival depending on the GBM molecular 
type (n = 162)  

Table III. Cox proportional hazards model – overall survival (n = 162)

Parameters Wald p-value β HR 95% CI of β HR

Use of radiation therapy 1.56 0.21 0.72 0.43-1.21

Multifocal tumor 0.005 0.95 1.04 0.35-3.05

Secondary tumor 2.61 0.11 5.78 0.69-48.45

Mesenchymal tumor type 0.001 0.97 1.02 0.42-2.44

Proneural tumor type 1.25 0.26 1.54 0.72-3.23

Neural tumor type 0.0005 0.98 0.99 0.51-1.92

Male gender 0.85 0.36 0.82 0.55-1.24

Tumor diameter (cm) 0.39 0.53 0.91 0.68-1.22

Bilateral tumor 4.03 0.04 2.79 1.03-7.59

Right-sided tumor 2.05 0.15 1.37 0.89-2.12

Age at diagnosis 5.78 0.02 1.02 1.00-1.04

Partial resection 10.30 0.001 2.08 1.33-3.26

Partial resection 1.0089 0.32 0.77 0.46-1.28
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minants: tumor location, extent of surgical resection 
and the patient’s age at the diagnosis of GBM.

Discussion 

To determine molecular markers of GBM tumors, 
no expensive and complicated methods of  studying 
gene expression are needed. In clinical conditions 
a generally available and cheaper method of identify-
ing immunohistochemical markers in GBM tumor 
material embedded in paraffin blocks can be pro-
posed. Molecular markers of glioblastoma, the algo-
rithms for classifying tumors into specific molecular 
types and even the  types themselves have changed 
over the years [6, 7, 8, 9, 10, 11]. In this study, six 
proteins were used as molecular markers of glioblas-
toma, i.e. EGFR, PDGFRA, NF1, IDH1, p53 and 
PTEN, which allowed us to classify GBM tumors 
into four molecular types – classical, mesenchymal, 
proneural and neural – according to the classification 
proposed by Verhaak et al. [6]. In later years, Le Mer-
cier et al. divided GBM tumors into two main molec-
ular types: “proneural-like” and “classical-like”. Tu-
mors that did not qualify for either type were termed 
“other”. The following proteins were selected as mo-
lecular markers: EGFR, PDGFRA and p53  [9]. 
Chaurasia et al. divided GBM tumors into three 
groups, using the  immunohistochemical expression 
of three proteins: ATRX, p53 and IDH1. As a result, 
three groups of  gliomas were obtained: ATRX/
IDH1, ATRX/p53, IDH1/p53 [10]. Nagy et al. sug-
gested establishing affiliation to one of four molecu-
lar types (classical, mesenchymal, proneural, neural) 
based on the analysis of the expression of another 3 
proteins: IDH1, EGFR and NF1 [11]. Despite nu-
merous studies, currently the only officially accepted 
markers of GBM tumors are: MGMT gene promoter 
methylation, IDH1/2 R132H mutation and 1p/19q 
codeletion, although the  latter mainly informs 
whether there is a oligodendroglioma component in 
the examined tumor. In the new classification of cen-
tral nervous system tumors (2016), WHO distin-
guished 2 types of GBM tumors: IDH1 wild type 
(90% of GBM tumors, the most common in older 
people with primary tumors) and IDH1 mutant 
(10% of GBM tumors, usually secondary tumors in 
young people). The most common point mutation in 
the IDH1 gene is the R132H mutation, on the basis 
of which the above-mentioned WHO classification 
was created. IDH1-mutant tumors are tumors of the 
proneural type [12, 13]. As in this study, Le Mercier 
et al. did not detect statistically significant relation-
ships between the  GBM molecular type and age 
of cancer diagnosis, sex, monofocal vs. multifocal tu-
mor character, extent of surgical resection and type 
of  treatment (RTH/CTH); however, similar to this 
work, as independent factors together, they signifi-

cantly influenced the  patients overall survival. On 
the other hand, they observed a statistically signifi-
cant relationship between the  patients’ overall sur-
vival and the molecular type of glioblastoma, deter-
mining the  chance of  survival of  patients with 
proneural type tumors as the highest. Another differ-
ence between their work and this study was that 
most of the tumors they studied were proneural type. 
However, the  division presented by them did not 
take into account the mesenchymal and neural types, 
which were the  most numerous in this work  [9]. 
Also, Nagy et al. did not find any statistically signifi-
cant relationships between the molecular type of glio-
blastoma and the  age of  diagnosis, sex and overall 
survival. The ratio of primary and secondary tumors 
in their work was also close to that observed by us. 
However, they noted a  longer mean survival and 
an earlier age of GBM onset among patients whose 
cancer cells showed the presence of the IDH1 R132H 
mutation. In this work, we did not directly assess 
the  relationship between the presence of  the  IDH1 
R132H mutation and clinical parameters of prognos-
tic significance. According to the  above-mentioned 
authors, the  most common type of  tumor was 
the classic type, while the neural type was the least 
frequent [11]. Also Verhaak et al. noted the highest 
percentage of  classical type tumors and the  lowest 
of neural type [6]. Jakovlevs et al. in their study were 
assessed whether gliomas could be subdivided into 
different molecular subtypes by immunohistochemis-
try. For this purpose they tested GBM tumors for 
PDGFRA, IDH1 R132H, CD44, p53, Ki-67, p21 
and p27 expression and subdevided them into 3 mo-
lecular types: proneural, mesenchymal and not other-
wise classified. In their study the highest percentage 
were proneural tumors, in our case they were neural 
tumors, which the authors of the above study did not 
distinguish. Like in our study, no prognostic role was 
found for the molecular subtypes, but as opposed to 
our results predictive roles were noted. Also different 
than in our study both proneural and mesenchymal 
molecular subtypes showed a benefit from the addi-
tion of chemotherapy and radiotherapy. However, it 
should be borne in mind that both the selection of 
markers and the division into molecular groups of tu-
mors differed in this work compared to ours [14]. Ty-
ler et al. reported that tumors of proneural and neural 
types are more often located in the  left hemisphere 
of the brain, in particular in the frontotemporal area. 
Classical type tumors, on the other hand, are charac-
terized by a  more diffuse type of  growth. In this 
study, we did not note any statistically significant re-
lationship between the molecular type of the tumor 
and its location, although our data referred only to 
the hemispheres of the brain, not to a specific loca-
tion. The  inability to determine the  exact location 
of individual tumors was due to the lack of standard-
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ized terminology used by the operators and the lack 
of such data in the history of the disease [15]. Many 
factors can contribute to the  divergent results. 
The first one may be the selection and characteristics 
of the study group. The group of patients recruited 
for the study is only a fragment of the entire popula-
tion of people with GBM tumors. The problem may 
also be in the size of some groups, when we analyzed 
a  specific factor, e.g. tumor unifocal/multifocal and 
primary/secondary character, where the  number 
of  cases was far too low. The  choice of  treatment, 
which was compliant with the  current therapeutic 
standards, may show some individual differences. 
This is due to the  fact that the  patient’s condition 
(side effects of the treatment, coexisting diseases, tu-
mor localization) sometimes necessitates the individ-
ualization of the therapeutic procedure. Aubry et al. 
identified a relationship between the molecular type 
of glioblastoma and the location of the tumor biopsy. 
In the material from the tumor boundaries, proneural 
and neural types of GBM tumors were noted more 
often. On the other hand, the material collected from 
the foci of necrosis and the central part of the tumor 
correlated more often with classical and mesenchy-
mal type. The above fact is extremely important in 
relation to the  tissue microarray technique used in 
this work. As a result, only selected tumor fragments 
were analyzed, which could have influenced its affili-
ation to a specific molecular type [16]. Another pos-
sible factor affecting the results, is the differences in 
tested proteins expression patterns due to accompa-
nying genetic abnormalities, e.g. some even minor 
deletions and insertions. Many of them may affect 
not only the proteins expression, but also their intra-
cellular localization and detection in IHC reactions 
[11, 17, 18, 19, 20]. What else could have affected 
the results of the study is omitting the role of molec-
ular marker of oligodendroglioma – 1p/19q codele-
tion and methylation patterns in determining the 
relationship between the molecular and clinical spec-
ification of the studied tumors. Both the G-CIMP 
tumor phenotype and methylation of the MGMT 
gene promoter are associated with longer survival 
and better response to treatment, as well as presence 
of 1p/19q codeletion [21, 22, 23, 24, 25]. Another 
factor influencing the results is the evolution of can-
cer cells. These changes may result from positive se-
lection in response to therapeutic treatment, i.e. the 
treatment will destroy sensitive cells and leave resis-
tant cells. It is one of the key factors contributing to 
therapeutic failure and drug resistance [21, 26, 27]. 
Also the presence of stem cells could be the reason of 
GBM tumors hereogeneity. Glioblastoma stem cells 
(GSC) are cells capable of self-renewal, showing plu-
ripotency, the ability to proliferate, angiogenesis, in-
vade and modulate the immune response. Due to the 
above characteristics, they may be responsible for in-

tra-tumor cell heterogeneity and  resistance to treat-
ment [21, 28, 29]. What we should not forget when 
talking about the GBM tumors heterogeneity is its 
microenvironment. It affects both the patients’ re-
sponse to treatment and their survival. Various fac-
tors including infiltrating stroma, blood vessels, se-
creted factors, immune cells and surrounding matrix 
together influence tumor progression, invasion, and 
eventual recurrence. The microenvironment also has 
an impact on the emergence and evolution of genetic 
abnormalities underlying the classification of GBM 
tumors into particular molecular types. It also modu-
lates the host’s immune response [21, 30, 31, 32]. 
Analyzing the results of the this study and the facts 
presented in the discussion current knowledge about 
the molecular basis of gliomas and factors affecting 
their development does not allow us to classify them 
solely on the basis of classical molecular subtypes. 
Therefore, it is also difficult to establish true relation-
ships between such classifications and prognostic fac-
tors. In the future, the tools used to classify gliomas 
and to search for dedicated therapeutic goals must 
therefore be constructed in a way that allows for con-
sideration of both the broadly understood molecular 
basis of GBM tumors (including their heterogeneity) 
and the microenvironment affecting them.

The authors declare no conflict of interest.
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