Turk Neurosurg 30(3):422-427, 2020

o —r Received: 23.06.2019
Original Investigation Accepted: 21.10.2019

DOI: 10.5137/1019-5149.JTN.27261-19.3 Published Online: 20.02.2020

Comparison of Inmunogenetic Properties of Glial Tumors with
Advanced Magnetic Resonance Imaging Findings

Burak GEZER?, Ali MUTLUKAN?, Mert SAHINOGLU?, Pinar KARABAGLI4, Ender KOKTEKIR3,
Hakan KARABAGLI®

"Tatvan State Hospital, Department of Neurosurgery, Bitlis, Turkey

2Serik State Hospital, Department of Neurosurgery, Antalya, Turkey

3Selcuk University, Faculty of Medicine, Department of Neurosurgery, Konya, Turkey
4Selcuk University, Faculty of Medicine, Department of Pathology, Konya, Turkey

This study has been presented at the 28" Annual Scientific Congress of Turkish Neurosurgery Society between 4 and 8 April 2018 at
Antalya, Turkey

Corresponding author: Ender KOKTEKIR =0 enderkoktekirnrs@hotmail.com

ABSTRACT

AIM: To investigate the immunogenetic properties of glial tumors according to the World Health Organization 2016 glial tumor
classification and develop an accurate diagnosis and treatment strategy by comparing preoperative advanced magnetic resonance
(@MRI) technique findings of these results.

MATERIAL and METHODS: This study was conducted at the Department of Neurosurgery at the Medical Faculty Hospital of Selcuk
University between January 1, 2010 and January 4, 2017 and included 50 patients. MR spectroscopy (MRS), MR perfusion (PWI),
and MR diffusion (DWI) were performed in 50 patients preoperatively. Patient data were obtained from the hospital’s information
system. Pathological diagnosis of all patients was taken from the department of pathology at the same medical faculty.

RESULTS: Among the patients included in the study, 11 were grade Il (22%), 7 were grade Ill (14%), and 32 were grade IV (64%). All
patients were IDH1 stained: 22 were IDH mutant (44%) and 28 were IDH wild-type (56%). A statistically significant difference in the
survival time was observed between IDH mutant and wild-type. IDH-mutant tumors were commonly located in the frontal lobe and
IDH wild-type tumors in the parietal and temporal lobes. A significant difference in PWI relative cerebral blood volume (rCBV) and
DWI apparent diffusion coefficients (ADC) was noted among grade I, lll, and IV tumor groups. The PWI rCBV cut-off value for grade
IV tumors was 2.05 (90% sensitivity, 78% specificity). No difference in the Cho/Cr ratio among grade I, lll, and IV tumor groups was
noted. A significant difference was noted between the IDH mutant and wild type in terms of PWI rCBV. The PWI rCBV cut-off value
of IDH mutant-wild type was 2.15. No difference in the Cho/Cr, Cho/NAA, and DWI apparent diffusion coefficients (p>0.05) was
noted between the IDH mutant and wild type.

CONCLUSION: PWI rCBV is the most important prognostic value of aMRI used in tumor grading. PWI rCBV values could be
significant in distinguishing IDH wild and mutant.

KEYWORDS: Isocitratedehydrogenase mutation, Magnetic resonance spectroscopy, Magnetic resonance perfusion, Magnetic
resonance diffusion
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B INTRODUCTION

lioblastomas are grade IV tumors, including de novo
primary (95%) and secondary glioblastomas that

progress from clinically distinguishable grade Il or lll
tumors. Based on the histopathological criteria, it is impossible
to differentiate secondary glioblastomas from primary
glioblastomas. In secondary glioblastomas (>70%), and rarely
in primary glioblastomas (<5%), isocitratedehydrogenase
genes often contain activating mutations in IDH1 and IDH2
(the “IDH mutation” refers to both mutations). In particular, the
two subtypes of the World Health Organization (WHO) grade
Il or Il gliomas usually have IDH mutations. Gliomas with IDH
mutations are clinically and genetically different from wild-
type gliomas (26,36).

Although the classification of gliomas based on histological
characteristics of the resected tissue during operation
may be useful in grading the disease and developing more
targeted therapy, this strategy may be prone to bias due to
sampling error and relatively subjective criteria during tumor
resection. This uncertainty may lead to a series of difficult
diagnoses, including mixed features of both astrocytomas and
oligodendrogliomas. In 2016, the WHO glioma classification
scheme was restructured to reflect the common molecular
change in gliomas (11,20,27,35).

Conventional magnetic resonance imaging (cMRI) has been
established for the characterization of cerebral tumors and
has been found useful, but its sensitivity for grading of gliomas
varies between 55% and 83%. MR spectroscopy (MRS) is a
noninvasive method that allows various metabolites, such as
choline-containing compounds (Cho), creatine and creatine
phosphate (Cr), N-acetylaspartate (NAA), and pathological
lactate levels, to be measured in vivo. Increased Cho and
decreased NAA levels are common findings in brain tumors,
and certain lactate and lipid levels can be detected. Relative
cerebral blood volume (rCBV) measurements, derived from
PWI, are higher in high-grade tumors than in low-grade
tumors and correlate with glioma vascularity (3,5). A common
measurement from diffusion-weighted imaging (DWI) is the
apparent diffusion coefficient (ADC). ADC is an estimate
of the magnitude of water molecule diffusion in the tissue,
and a strong negative correlation between ADC and tumor
cellularity in gliomas has been observed (10,14). As tumor
grade increases, tumor vascularity, cellularity (2), and Cho/
NAA ratios also increase according to some studies.

Carrillo et al. suggested that imaging properties can be used
to estimate the IDH1 mutation with 97.5% accuracy (7). In this
study, no contrast was noted in all IDH1 mutant tumors, and
most of the IDH1 tumors were located in the frontal lobe. Since
increased vascular endothelial growth factor (VEGF) levels are
associated with increased vascular permeability and contrast
enhancement, the presence of expanding nonincubating
tumor sites in IDH1 mutants indicates that this molecular
genotype has low VEGF. Low VEGF lowers the PWI rCBV
value in IDH-mutant tumors than in IDH wild-type tumors.
Moreover, as a result of low vascularity, it is expected that
cellularity and Cho/NAA values will be higher in IDH wild-type
ones. A few studies tried to demonstrate how a relationship
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between IDH and advanced MR (aMRI) techniques might
exist, but not enough information can support this. This study
was conducted to investigate such relationship.

The aim of this study was to investigate the immunogenetic
properties of glial tumors based on the WHO 2016 glial
tumor classification and develop an accurate diagnosis and
treatment strategy by comparing preoperative aMRI findings
of these results.

B MATERIAL and METHODS

This prospective study was discussed at the ethics committee
of noninvasive clinical trials dated January 17,2017. The board
was approved by the Ethics Committee of Selcuk University
Medical Faculty (decision number 2017/01).

This study was conducted at the Department of Neurosurgery
at the Medical Faculty Hospital of Selcuk University between
January 1, 2010 and January 4, 2017 and included 50 patients.
MRS, MR perfusion, and MR diffusion were performed in 50
patients preoperatively. The age, gender, and pathological
diagnosis of the patients were obtained from the information
system of the hospital. Pathological diagnosis of all patients
was taken from the Medicine of Selcuk Medical Faculty.

MRS examinations were performed at the MRI unit of Hospital
Radiology Department with SIEMENS-AERA 1.5T MRI. In the
MRS examination, the values of Cho/NAA and Cho/Cre were
automatically recorded through the MR computer unit and
recorded in PDF.

Perfusion MRI measurements were performed on perfusion
maps in the solid section of the lesion, the region where the
perfusion was highest, and in the other cerebral hemisphere;
the white matter in the symmetry of this region was placed in
the basal ganglia of the cerebral hemisphere for the lesions in
the localization of the region of interest (ROI). The rCBV ratio
was obtained by dividing the highest ROI from the lesion by
ROI from the normal white matter in the opposite hemisphere.

In MR diffusion, the solid component of the tumor was based
on the ADC map view from the cystic space and into the vein;
ROI areas were placed. The ADC coefficient values were
evaluated as Siemens x10°x10® mm?/s using the Siemens
Syngo E11.

Blocks of the best-representing preparations were determined
in each case and a 4-micron thickness was cut with a Leica
RM2255 microtome device. IDH1 immunohistochemistry was
performed in the semiautomatic VentanaBenchMark XT im-
munohistochemistry-staining device. The staining procedure
and antibody properties are shown in Table I. The stained
preparations were evaluated by two pathologists using the
Olympus BX53, double-headed light microscope.

In the immunohistochemical staining with IDH1 antibody, two
cases, previously known to be positive and negative, were
used as positive and negative control groups, respectively. In
both mutations, tumor areas were evaluated by marking the
preparations.
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Statistical Analysis

SPSS for Windows 18.0 program was used for statistical
analysis. The results were evaluated with a confidence interval
of 95% and a significance level of p<0.05. Number, percentage,
mean, and standard deviation were used to evaluate the data.
Chi-square test was used for the groups by giving frequency
distributions of categorical data. Student’s t-test was used for
normally distributed groups to compare the measurements of
two groups in a given variable. To compare multiple groups,
Tukey’s and Tamhane’s T2 tests were performed with one-
way analysis of variance test. Spearman’s rank correlation
analysis was used to determine the relationship between
numerical variables. In the survival analysis, Kaplan—-Meier
test log rank (Mantel-Cox) analysis was performed. Receiver
operating characteristic (ROC) curve analysis was performed
to determine the cut-off values.

B RESULTS

All of these 50 patients, 8 had grade Il diffuse astrocytoma
IDH mutant, 3 had grade Il anaplastic astrocytoma IDH
mutant, 2 had grade lll anaplastic astrocytoma IDH wild-type,
3 had grade Il oligodendroglioma IDH mutant, 1 had grade
Il anaplastic oligodendroglioma IDH mutant, 1 had grade Il
anaplastic oligodendroglioma IDH wild-type, 7 had grade IV
glioblastomas IDH mutant, 25 had grade IV glioblastomas IDH
wild-type. All patients were IDH1 stained; 22 of them were IDH
mutant (44%) and 28 were IDH wild-type (56%).

IDH-mutant tumors were commonly located in the frontal
lobe (54.3%), whereas IDH wild-type tumors were commonly
located in the parietal and temporal lobes (69.8%).

A significant difference in PWI rCBV and DWI ADC coefficients
was seen among grade I, Ill, and IV tumor groups (p<0.001).
PWI rCBV cut-off value for grade IV tumors was 2.05 (90%
sensitivity, 78% specificity). There was no significant difference
among grade I, lll, and IV tumor groups for Cho/NAA, but Cho/
NAA ratio increased as the tumor grade increased (p=0.055;
Table I). There was no difference in the Cho/Cr ratio among
grade ll, lll, and IV tumor groups.

There was a significant difference in PWI rCBV between the
IDH mutant and wild type (p<0.001). The mean value of PWI
rCBV in IDH-mutant was 1.92 + 0.75, whereas rCBV in IDH
wild type was 3.07 + 0.99. In this study, PWI rCBV cut-off
value of IDH mutant-wild type was 2.15 (85% sensitivity, 64%
specificity).

There was no difference between the IDH mutant and wild
type in terms of Cho/Cr, Cho/NAA, and DWI ADC coefficient
(p>0.05).The mean PWI rCBV value was 1.40 = 0.41 in low-
grade glioma (LGG) and 2.89 + 0.94 in high-grade glioma
(HGG). PWI rCBV was significantly different in terms of LGG
and HGG (p<0.001). The DWI ADC coefficient was statistically
significant in terms of LGG and HGG discrimination (p<0.001).
There was no significant difference in Cho/Cr and Cho/NAA
ratios between LGG and HGG (p>0.05; Table II).

Table I: Comparison of Grade II, lll, and IV Tumors with aMRI Findings and Ki-67 Proliferation Value
Standard .. . P
n Mean deviation Minimum Maximum (ANOVA) P (Post-Hoc Test)
Grade |l 11 1.40 0.41 1.10 2.50 Grade Il 0.24
Grade lll
Grade lll 7 2.03 0.54 1.30 3.00 Grade IV 0.01
PWI (rCBV) <0.001
Grade IV 32 3.08 0.91 1.80 6.00 Grade Il <0.001
Grade IV
Total 50 2.57 1.05 1.10 6.00 Grade lll 0.01
Grade |l 11 3.02 1.31 2.00 6.00 Grade lll 0.98
Grade Il
Grade lll 7 3.17 1.48 1.50 5.20 Grade IV 0.31
Cho/Cre 0.268
Grade IV 32 3.88 1.78 1.50 9.00 Gradell 0.98
Grade lll
Total 50 3.59 1.67 1.50 9.00 Grade IV 0.57
Grade |l 11 5.37 4.20 2.40 14.00 Grade Il 0.14
Grade IV
Grade lll 7 4.89 3.71 2.10 12.00 Grade lll 0.14
Cho/NAA 0.055
Grade IV 32 8.02 3.83 1.90 18.00 Gradelll 0.96
Grade Il
Total 50 7.00 4.06 1.90 18.00 Grade IV 0.14
Grade |l 11 107.36 44,52 56 177.00 Grade Il <0.001
Grade lll
DWIADC Grade III 7 19343 23.56 159 228.00 Grade IV 1.00
(*10°3x10® <0.001
mm?2/sn) Grade IV 32 191.81 55.49 122 350.00 Grade Il <0.001
Grade IV
Total 50 173.46 60.65 56 350.00 Grade lll 1.00
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Table II: Comparison of LGG (Low-Grade Glioma) and HGG (High-Grade Glioma) in Terms of aMRI Findings

Standard . . P
n Mean deviation Minimum Maximum (ANOVA) p (Post-Hoc Tests)
Grade Il 11 1.40 0.41 1.10 2.50 Grade |l 0.24
Grade lll
Grade lll 7 2.03 0.54 1.30 3.00 Grade IV 0.01
PWI (rCBV) <0.001
Grade IV 32 3.08 0.91 1.80 6.00 Grade Il  <0.001
Grade IV
Total 50 2.57 1.05 1.10 6.00 Grade lll 0.01
Grade I 11 3.02 1.31 2.00 6.00 Grade lll 0.98
Grade Il
Grade Il 7 3.17 1.48 1.50 5.20 Grade IV 0.31
Cho/Cre 0.268
Grade IV 32 3.88 1.78 1.50 9.00 Grade |II Grade ll 0.98
Total 50 3.59 1.67 1.50 9.00 Grade IV 0.57
Grade I 11 5.37 4.20 2.40 14.00 Grade Il 0.14
Grade IV
Grade lll 7 4.89 3.71 2.10 12.00 Grade lll 0.14
Cho/NAA 0.055
Grade IV 32 8.02 3.83 1.90 18.00 Grade lll 0.96
Grade Il
Total 50 7.00 4.06 1.90 18.00 Grade IV 0.14
Grade I 11 107.36 44.52 56 177.00 Grade Il  <0.001
Grade lll
DWIADC Grade Il 7 19343 23.56 159 228.00 Grade IV 1.00
(*10°x10° <0.001
mm?/sn) Grade IV 32 191.81 55.49 122 350.00 Grade Il  <0.001
Grade IV
Total 50 173.46 60.65 56 350.00 Grade lll 1.00

B DISCUSSION

The accuracy of cMRI in grading glial tumors is 55%-85%
(21,38). Parameters such as heterogeneity, contrast enhance-
ment, necrosis, peripheral edema, and cystic content are used
for grading; however, recent studies have shown that tumor
grade does not always depend on these parameters (36). Tu-
mor grade is not always uniform; additionally, heterogeneous
tumors may have lower-grade areas (25,29,32). Therefore, in
biopsies, tumors may be diagnosed as low grade. However,
imaging methods evaluate the whole lesion. In patients with
surgical or biopsy risk due to the location of the lesion, ra-
diological imaging may be the only option for grading (18).
Hence, the limitation of cMRI in grading is an important con-
cern (3). MRS, which makes it possible to evaluate the bio-
chemistry and metabolism of the lesion; MR perfusion, which
gives information about microcirculation; and MR diffusion,
which gives information about cellularity, play an important
role in tumor grading.

Carrillo et al. suggested that imaging properties can be used
to estimate the IDH1 mutation with 97.5% accuracy (7). In
this study, no contrast was noted in all IDH1 mutant tumors,
and most of the IDH1 tumors had frontal lobe involvement. In
our study IDH wild-type tumors were statistically significant
in contrast, whereas IDH-mutant tumors were statistically
significant without contrast (p<0.001). IDH-mutant tumors
were commonly located in the frontal lobe (54.3%); IDH
wild-type tumors were commonly located in the parietal and
temporal lobes (69.8%), which is compatible with the literature.

Several studies have shown differences in aMRI measure-
ments between IDH wild-type and IDH-mutant glial tumors
(8,16,24,32,34). Probably, the observed differences in the
rCBV and ADC, Cho/Cr, and Cho/NAA ratios reflect the known
differences between the appearance of tumor cell morphology
and vascular biology (30). Despite these interesting observa-
tions, there is a critical gap in our current understanding of
the differences between aMRI values, histological and genetic
subtypes of tumors, and differences between glial tumors of
the same subtype. We have hypothesized that a combination
of PWI, DWI, and MRS measurements distinguishes better cri-
teria based on the genetic characteristics of tumors (26).

The role of MRS in tumor grading has been investigated in
numerous studies. Segebarth et al. reported that the Cho/
NAA and Cho/Cr ratios were reliable in glioma grading (31).
NAA peak loss is observed in the tumor tissue due to loss of
normal neurons. In addition to NAA peak loss in brain tumors,
an increase in choline levels is expected to increase in Cho/
NAA ratio (19). Yang et al. found significant differences in Cho/
Cr ratio in low-high-grade separation in theirstudies involving
17 gliomas (37). Cho values correlate with tumor cellularity
(12,17,19). However, cellularity may not always accurately
reflect the grade; the more important parameters in grading
are mitotic activity, necrosis, and vascular proliferation (37).
Therefore, the Cho/Cr ratio may not always be compatible
with grade. In this study, there was no significant difference in
the Cho/Cr and Cho/NAA ratios in the grading of glial tumors.
There was also no significant difference between these ratios
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in whether the tumor is IDH wild or mutant. Present study
results showed that MRS might not be used as a diagnostic
tool for predicting immunogenetic properties of glial tumors.

The role of DWI ADC in terms of tumor grading (low or high)
has been documented well in previous studies. However, its
predictabilty inimmunogenetic properties is lacking. Diehn et
al. found no significant difference in ADC in nonnecrotic tumor
areas between patients with IDH wild-type and IDH-mutant
tumors (13). Noguchi et al. also did not find a significant
difference between IDH wild-type and IDH-mutant tumors in
their study. The DWI ADC results were statistically significant in
terms of LGG and HGG discrimination. However, there was no
significant difference between IDH wild-type and IDH-mutant
tumors found in this study (28). This results are compatible
with the literature.

MR perfusion imaging provides indirect information about
tumor angiogenesis by showing cerebral microcirculation
(3,6,23). The advantage of this technique is that it can deliver
this information even without the blood-brain barrier damage
required for contrast-enhanced MRI. Additionally, rtCBV makes
it possible to quantify the increased brain tumor vascularity.
Because tumor vascularity is an important part of histological
grading, this data is valuable for radiological grading (4,33).
Studies have shown that rCBV values may be useful in glioma
grading. In the study of Law et al., LGG and HGG rCBV values
were 2.14 and 5.19, respectively (22). Aronen et al. found that
HGG often increased areas of blood volume and decreased
but LGG was more homogeneous in this aspect (3). Yang et
al. reported that high cellularity may limit vascularity and that
rCBV values may be higher at tumor borders (37). Although
there is no consensus threshold in the literature, the reported
values are generally in the range of 1.75-2 (1,14). A significant
difference in rCBV values between the grades (p<0.001) was
found in this study. The cut-off value of rCBV for grade IV
tumors was 2.05 (90% sensitivity, 78% specificity). While this
difference was present between LGG and HGG, no significant
difference between grade Ill and IV (p<0.001) was found.
In the presented study we also evaluated the value of PWI
rCBV values regarding types of IDH. There was a statistically
significant difference in the PWI rCBV value between the
IDH mutant and wild type (p<0.001). The mean rCBV ratio in
patients with IDH-mutant tumors was 1.92 + 0.75, whereas
that in those with IDH wild type was 3.07 + 0.99. The PWI
rCBV cut-off value in IDH mutant-wild type was 2.15 (85%
sensitivity, 64% specificity). In this study we have determined
a cut-off value to discriminate types of IDH for the first time
in literature.

B CONCLUSION

PWI rCBV value is the most important prognostic value of an
MRI used in tumor grading. There was no correlation between
Cho/Cr and Cho/NAA ratios in tumor grading. However, Cho/
NAA values were significant when evaluated with PWI rCBV
and DWI ADC coefficients.

Furthermore, PWI rCBV values could be significant in the
distinction of these two types. This is the only study showing a
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PWI rCBV cut-off value of 2.15. DWI and MRS values showed
no significant relationship between IDH mutant and wild type.
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