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ABSTRACT

Yaltirik, C.K. (2021). Determination of IDH 1, IDH2, MGMT, TERT, ATRX and
H3F3A Gene Mutations in Glial Tumors. Yeditepe University, Institute of Health

Science, Department of Molecular Medicine, PhD thesis, Istanbul.

Glial tumors make up almost half of all malignant brain tumors. The most popular and
dangerous kind of primary brain tumor is Glioblastoma Multiforme(GBM). The
survival rates of GBM are very short and it could be predictable with molecular
markers. The aim of our study is to evaluate IDH1, IDH2, TERT, MGMT and ATRX
genes with next-generation sequencing to find potential pathological mutations and their
effect on survival. Thirty patients who had a craniotomy and diagnosed with high-grade
glioma were evaluated for this study. Peripheral blood samples were obtained from all
participants. IDH1, IDH2, TERT, MGMT and ATRX genes were evaluated with next-
generation sequencing from the samples. To evaluate the effects of all these mutations
on survival we made survival analysis by SPSS. The median age of the patients was
58.5 (11-74), and 56.7% (n=17) were under 60 years of age. According to gender, the
rate of male patients was 66.7% and the rate of female patients was 33.3%. Eighty
percent of the patients had IDH, 83.3% MGMT, and 70% had EGFR positivity. After
the targeted gene sequencing performed on the patients, 21 mutations were detected.
Three of these mutations were found in IDH 1, 2 in IDH2, 6 in TERT, 7 in MGMT, and
3 in ATRX. When female gender status was taken as reference, the overall survival of
female gender status was 4.63 times, and when more than three chromosome anomaly
was accepted as a reference, it was determined from the available data that anomaly in
three or less chromosomes negatively affected overall survival 2.83 times. Targeted
NGS enables glial tumor categorization that is both accurate and therapeutically
meaningful, providing better prognostic information than conventional histology. There
Is evidence to suggest that these cancers should be reclassified using molecular markers,
although how this should be done in clinical practice is still up for debate. However, it's
obvious that incorporating molecular diagnostics into our standard-of-care routine will

help us better understand our patients' outcomes.

Key Words: Next Generation Sequencing, Glioblastoma, Molecular Biology, IDH1/2,
MGMT, TERT, ATRX
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OZET

Yaltirik, C.K. (2021). Glial Tiimorlerde IDH 1, IDH2, MGMT, TERT, ATRX ve
H3F3A Gen Mutasyonlarinin Belirlenmesi. Yeditepe Universitesi Saghk Bilimleri
Enstitiisii, Molekiiler Tip ABD., Master Tezi. istanbul.

Glial tiimorler tiim malign beyin tiimorlerinin neredeyse yarisini olusturur En popiiler
ve tehlikeli primer beyin tiimorii tiirii Glioblastoma Multiforme'dir (GBM). Gbm'nin
hayatta kalma oranlar1 c¢ok kisadir ve molekiiler belirteglerle tahmin edilebilir.
Calismamizin amaci, potansiyel patolojik mutasyonlar1 ve sagkalim iizerindeki
etkilerini bulmak i¢in IDHI, IDH2, TERT, MGMT ve ATRX genlerini yeni nesil
dizileme ile degerlendirmektir. Bu ¢alisma i¢in kraniyotomi yapilan ve yiiksek dereceli
glioma tanist alan otuz hasta degerlendirildi. Tim katilimcilardan periferik kan
ornekleri alind1. Orneklerden yeni nesil dizileme ile IDH1, IDH2, TERT, MGMT ve
ATRX genleri degerlendirildi. Tiim bu mutasyonlarin sagkalim tizerindeki etkilerini
degerlendirmek i¢in SPSS ile sagkalim analizi yapildi. Hastalarin ortanca yas1 58.5 (11-
74), %56.7's1 (n=17) 60 yasin altindaydi. Cinsiyete gore erkek hasta oran1 %66.7, kadin
hasta orani1 %33.3 idi. Hastalarin yiizde sekseninde IDH, % 83.3 MGMT ve% 70'inde
EGFR pozitifligi vardi. Hastalar iizerinde hedeflenen gen dizilimi yapildiktan sonra 21
mutasyon tespit edildi. Bu mutasyonlarin ti¢ii IDH 1'de, 2'si IDH2'de, 6's1 TERT'de, 7'si
MGMT'de ve 3'tt ATRX'te bulundu. Kadin cinsiyet durumu referans olarak alindiginda,
kadin cinsiyet durumunun genel sagkalimi 4.63 kat, licten fazla kromozom anomalisi
referans olarak kabul edildiginde, mevcut verilerden {i¢ veya daha az kromozomdaki
anomalinin genel sagkalimi 2.83 kat olumsuz etkiledigi belirlenmistir. Hedeflenen
NGS, hem dogru hem de terapdtik olarak anlamli olan glial tiimor kategorizasyonunu
miimkiin kilarak konvansiyonel histolojiye gore daha iyi prognostik bilgi saglar. Klinik
uygulamada bunun nasil yapilmasi gerektigi hala tartismaya ac¢ik olmasina ragmen, bu
kanserlerin molekiiler belirtecler kullanilarak yeniden siniflandirilmasi gerektigini
gosteren kanitlar vardir. Bununla birlikte, molekiiler teshisin standart bakim rutinimize
dahil edilmesinin hastalarimizin sonuglarin1 daha iyi anlamamiza yardimci olacagi

aciktir.

Anahtar Kelimeler: Next Generation Sequencing, Glioblastoma, Molecular Biology,
IDH1/2, MGMT, TERT, ATRX
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1. STATEMENT AND PURPOSE

Central nervous system tumors account for 2.3 percent of cancer deaths and 1.9
percent of newly diagnosed cancer cases, and they affect three out of every ten thousand
individuals every year. The majority of these lesions are high-grade astrocytomas or
glioblastomas becoming the most dangerous diffuse glioma of the astrocytic lineage
The most popular and dangerous kind of primary brain tumor is GBM. Gliblastoma is
divided into two subtypes: primary and secondary. People are afflicted at various ages
and by various hereditary mechanisms. Primary and secondary GBM tissues have
clinical and cytogenetic differences. There is growing interest in using DNA genome-
wide methylation-based categorization of central nervous system cancers, which has
been shown to have diagnostic sensitivity and clinical utility in a recent series. IDHL1,
IDH2, BRAF, ATRX, p53, TERT including promoter area, H3F3A, EGFR
amplification or mutation, CDKN2A loss, and copy number data on chromosomes 1, 7,
10, and 19 are some of the key markers that may help characterize a glioma's genetic
profile. To evaluate all important genes, a comprehensive characterisation may now
involve several tests (e.g., FISH, IHC, methylation-specific PCR, NGS, etc.). Each of
the more wide molecular diagnostic panels has the benefit of evaluating several
molecular features, resulting in more detailed diagnoses. The World Health
Organization classification of CNS tumors has been revised immensely as molecular
criteria are integrated in 2016 WHO CNS classification. Especially low grade and high-
grade variations have been affected greatly by the modified classification.
Glioblastomas may present abnormal expression of various growth-control genes and
their proteins Genes such as IDH 1, IDH2, p53, MGMT, TERT, ATRX are crucial in
diagonsing the tumor and the assessment of possible response to treatment methods
such as radiotherapy and chemotherapy.

The aim of our study, was to evaluate 5 genes in the patients with GBM. We
evaluate IDH1, IDH2, MGMT, TERT and ATRX by next generation sequencing.



2. LITERATURE REVIEW

2.1. Overview of the Brain Tumors

Central nervous system tumors account for 2.3 percent of cancer deaths and 1.9
percent of newly diagnosed cancer cases, and they affect three out of every ten thousand
individuals every year (1). Glial tumors make up almost half of all malignant brain
tumors and are the most prevalent form of primary CNS cancer. Human gliomas are
classified into four groups (I-1V) according to the World Health Organisation (WHO).
The majority of these lesions are high-grade astrocytomas or glioblastomas (GBM)
becoming the most dangerous diffuse glioma of the astrocytic lineage (2). The most
popular and dangerous kind of primary brain tumor is GBM. Gliomas account for 54%

of all gliomas and 16% of adult brain tumors (3).

On a molecular level, glioblastomas are classified into two subgroups: primary
and secondary. The differentiation between primary and secondary glioblastoma was
first rendered by German neuropathologist Hans-Joachim Scherer in 1940 (4). Males
are more likely than females to develop primary glioblastoma, although females are
more likely to develop secondary glioblastoma (5). Gliblastoma is divided into two
subtypes: primary and secondary. People are afflicted at various ages and by various
hereditary mechanisms. Primary and secondary GBM tissues have clinical and
cytogenetic differences (6). Primary glioblastoma accounts for the majority of instances
(> 90%), progresses quickly and spontaneously, and has little clinical or histological
manifestations as comparison to malignant precursor lesions. These are cancers that are
most often seen in older people (60 years of age) and are identified as glioblastoma after
the initial histopathological review. Since they progress quickly, clinical signs appear
during the first three months, and the overall recovery period is 4.7 months. Single-step
transition is not advised since, like other neoplasms, it leads to the acquisition of many
genetic abnormalities. It is distinguished by the lack of 10q (70%), EGFR amplification
(36%), P16INKA4A deletion (31%), and PTEN mutation (25%) of the genome (6).
Secondary glioblastoma arises from low-grade diffuse astrocytoma or anaplastic
astrocytoma and progresses slowly. Low-grade astrocytomas require an average of 4-5
years to progress to GBM. Secondary GBM usually develops in people between the
ages of 30 and 40, with an estimated life period of 7-8 months. Clinical or histological
observations are used to diagnose secondary glioblastoma. According to genetics, the

2



TP53 mutation is commonly found, and buuanomal may be identified at an early stage .
The most prominent genetic changes in primary (7). GBM are mutations in the
epidermal growth factor receptor (EGFR) and cyclin-dependent kinase inhibitor 2
(CDKN2A) genes, as well as lack of heterozygozity in chromosome 10g923. MDM2
protein overexpression is found in more than half of all primary GBMs. Loss of
heterozygozygozity (LOH) in chromosome 10923 occurs in 60-80% of cases, and this
area contains the tumor suppressor gene phosphate and tensin homoglogous (PTEN)
(8). The EGFR family of receptors and their ligands play an important role in CNS
production and primarytenance, including cell migration, proliferation, differentiation,
and survival. It's an essential signalling pathway in the formation of primary
glioblastoma and plays a vital role in gliomagenesis . In GBM, there is EGFR gene
amplification (40-80 percent) and EGFR overexpression (10-60 %). In primary GBM,
EGFR amplification and overexpression are normal, but less so in secondary GBM. The
magnitude of the EGFR gene is linked to structural variations in the gene. The EGFR
gene has seven large mutant forms, the most popular of which is variant I11 (EGFRvlII),
also known EGFR. EGFRUVIII is produced as a consequence of the deletion of exon 2-7,
and irregular transcript expression and protein are observed at the genomic stage (9).
The extracellular ligand binding site is deficient as a consequence of this genomic
deletion, and the receptor is structurally autophosphorylated, resulting in enhanced
tumor development, proliferation, migration, and neovascularization. Chemotherapy
tolerance is linked to this damaged receptor. In both primary and secondary
glioblastoma, the P16INK4A / RB1 pathway is essential. Primary GBM has a higher
prevalence of homozygous P16INK4 deletion than secondary GBM. RB1 signaling
pathway abnormalities were stated to be 78 percent in the last TCGA pilot project, with
the following anomalies: P16INK4A homozygous deletion (52 %), P15INK4B
homozygous deletion (47 %), P18INK4c homozygous deletion (2 %), CDK4
amplification (18 %), cyclin D2 (CCD2) amplification (2 %), CDK6 amplification (11
%). The genes for platelet-derived growth factor receptor A (PDGFRA), PDGFRA
ligand, and tumor suppressor protein 53 (TP53) are both altered in secondary GBM. In
secondary GBM, mutations in the p16INK4A and pRB1 genes, amplification of the
cyclin-dependent kinase 4/6 (CDK) and murine double minute 2 (MDM2) genes, and
chromosome 10 deletions were also found (10). The TP53 gene produces a protein that
is found on chromosome 17p31.1 and is involved in a variety of cellular processes,

including cell cycle, cell death, and cell differentiation. Secondary GBM has a large
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prevalence of P53 mutations (> 65%) (11). Although 57% of mutations in secondary
GBMs are found in codon 248 and 273, which are two hotspot areas, mutations in
primary GBMs (10%) are evenly spread among all exons (12, 13). p14ARF expression
loss is normal in GBMs (76%) and is linked to homozygous deletion or methylation of
the p14ARF promoter. While the frequency of pl4ARF modifications is similar in
primary and secondary GBM, secondary GBM has a higher rate of p14ARF promoter
methylation. In GBM, the RB LOH or point mutation is observed at a frequency of 30-
40%. Secondary GBM has a higher rate of RB1 promoter methylation (43%) than
primary GBM (14 %). In addition to both of these abnormalities, chromosome 10 loss
and tumor suppressor PTEN gene deletion are typical genetic changes seen in both
primary and secondary GBM (6). This grouping, on the other hand, has no definite
boundaries. As a result, both forms of GBM may have genetic modifications including
TP53 mutations and CDK4 amplification. The genetic anomaly of loss of 10q
heterozygozity (60-80%) is seen in primary and secondary glioblastoma with a similar
frequency, 10g25-qter. Deletions of three related loci have been found in several LOH
experiments. Many tumor suppressor genes, including 10p14-p15, 10g23-24 (PTEN),
and 109g25-qter, have been shown to play a part in the pathogenesis of glioblastoma
(14).

Primary and secondary subtypes of GBM exist, each of which progresses by
distinct genetic mechanisms, influencing people of various ages and, as a result,
resulting in different symptoms and life expectancy following diagnosis (15). For newly
diagnosed glioblastoma patients, standard treatment requires maximum healthy tumor
resection, 60 Gy of radiotherapy, concurrent temozolomide (75 mg/m2 daily)
administration for 6 weeks, and 6 cycles of adjuvant temozolomide (150-200 mg/m2,
for 5 days of each 28-day cycle) administration (16, 17). Clinicians all around the world
prefer this procedure, also known as the "Stupp protocol,” and it greatly improves total
recovery when opposed to radiotherapy alone. Recurrent glioblastoma, on the other
side, has no approved therapeutic plan. Surgical debulking to provide a tissue sample is
the first care choice (18). However, literature indicates that owing to the infiltrative
nature of GBMSs, a single surgical resection is insufficient, with median survivals
ranging from three to six months (19-22). As a consequence of advanced technical
advancement and the use of adjuvant radiotherapy in the last 60 years, the life span after

surgical resection has risen to about one year. Thanks to recovery with anesthesia,



radiotherapy, and chemotherapy, the life span after surgery has now increased to 14-16
months. Temozolamide became the first chemotherapy medication choice (16, 17).
Patients with late stage GBMs have a grim prognosis, but advances in treatment
approaches such as chemotherapy, adjuvant radiotherapy, and surgical resection have
improved the five-year survival rate from two to ten percent. As a consequence, early
detection of malignant gliomas is critical in order to produce improved outcomes and a

better prognosis (23).
2.2. Molecular Bases of GBM

The World Health Organization classification of CNS tumors has been revised
immensely as molecular criteria are integrated in 2016 WHO CNS classification.
Especially low grade and high-grade variations have been affected greatly by the
modified classification. Glioblastomas may present abnormal expression of various
growth-control genes and their proteins (24). Genes such as IDH 1, IDH2, p53, MGMT,
TERT, ATRX are crucial in diagonsing the tumor and the assessment of possible

response to treatment methods such as radiotherapy and chemotherapy.
2.2.1. Isocitrate dehydrogenase (IDH1 and IDH 2)

IDH 1 and 2 are metabolic enzymes encoded by the IDH 1 and 2 genes. These
enzymes have many different functions inside the cell, and one of the most important of
these is their place in the Krebs cycle, which plays a role in energy production. This
cycle is an important chemical process that enables living cells to extract energy from
food.

The compound alpha ketoglutarate (aKG) is formed during the Krebs cycle, and
is used to generate steam. aKG achieved by Isocitrate dehydrogenase (IDH), isocitrate
oxidative decarboxylation. NADP+ is used as a cofactor and as a generator of NADPH
during this catalysis. Proteins IDH1 and IDH2 have multiple genes coding and these
genes have a significant sequence similarity degree (IDh2, 2933, IDH2, 15q26) (70
percent in humans). IDH1 is situated in peroxisomes and cytosol; IDH2, while
immensely similar, lies in mitochondria and catalyzes unmistakable and variable
reactions. Homodimeric enzymes IDH1 and IDH2 consist of two active locations per

dimer. IDH subunits consist of three domains (large area, limited area and clasp area),



while IDH2 comprises an additional targeting sequence of mitochondria. Per active site
contains NADP(H) and isocitrate binding sites (25).

IDH1 and IDH2 contribute to glucose metabolism, redox regulation, lipogenesis
and glutamine synthesis. It is also supposed that they have separate locations in each

function and a catalytic flux that varies between forward and reverse behavior (26).

IDH1 helps to generate acetyl-CoA for lipid synthesis during hypoxia by
catalyzing reductory aKG carboxylation (27). Transgenic mice caused obesity, fatty
liver, and hyperlipidemia due to overexpression of IDH1 of the liver and adipose tissues
(28). In the formation of mouse astrocytes, IDH1 also regulates phospholipid
metabolism (29). IDH2 can play a minor or tissue-specific role in reductional

glutaminolysis (27).

In the human brain, IDH1 is the main storage site for NADPH (30). In other
tissues, it serves as a vital source of NADPH as well (31). By reducing oxidized
glutathione and thioredoxin, NADPH plays a critical role in oxidative damage
protection. IDH1 inhibits lipid peroxidation and oxidative DNA impairment by
producing NAPDH by oxidative decarboxylation of isocitrate (32). IDH1/2 action also
reduces oxidative DNA damage and lipid peroxidation, preventing replicative
senescence (33). UVB-induced phototoxicity is avoided since IDH1 produces NAPDH
(34), reduces the amount of reactive oxygen species and prevents kidney damage caused

by ischemia and reperfusion (31)

The evidence therefore indicates that wild-type IDH1 and IDH2 are essential to
the regulation of oxidative stress in reaction to different cellular insults. IDH1 and IDH2
coding genes also mutate into different forms of human cancer. There are two
conflicting hypotheses as to how this mutation is causing cancer. The first view is that
the 2-hydroxyglutarate (2HG) is the enzyme proline hydroxylase (PHD). Therefore,
PHD is responsible for asking the cell whether there is sufficient oxygen for oxidative
phosphorylation through hydroxylating Hypoxia Inducing Factor (HIF). As 2HG blocks
the reaction of PHD, so PHD is transferred to the nucleus. There, it is thought to

abnormally trigger gene transcription, contributing to cancerous conditions (35).

As the activity of IDH1 / 2 enzymes is altered as a consequence of a mutation,

KG is converted to another intermediate chemical, alpha hydroxyglutaric acid (2-HG).
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The buildup of 2-HG in the body disrupts the activities of enzymes involved in cellular
processes, changes cellular metabolism and epigenetic control, and leads to tumor
development by inhibiting the DNA repair process. It also disrupts the cell division
cycle by inhibiting the activity of demethylase enzymes, which extract methyl groups
from histone and DNA. It also speeds up the development of new blood vessels, which
lead to tumor formation, and stimulates genes that help cells survive in low-oxygen

environments.

As a result of genetic studies, it has been determined that IDH1 / 2 genes are
observed in 70-80% of low-grade gliomas and a large part of secondary glioblastomas.
These data add a new dimension to the GBM classification and divide it into two
classes as IDH-mutated GBM (usually representing secondary GBMs) and IDH-
mutated GBM (including primary GBMs).

Many tumors, including grade 2 and 3 astrocytomas, oligodendrogliomas,
oligoastrocytomas, secondary glioblastomas, chondrosarcomas, angioimmunoblastic t-
cell lymphomas, intrahepatic cholangioplasia syndromes, and acute myeloid lymphoma,

have IDH1 and IDH2 mutations. It may be found in tumors of the colon and lungs.

Tumors with IDH1 and IDH2 mutations often have abnormal histone and DNA
methylation patterns, which may lead to stem cell alterations and tumorigenesis. This
unique characteristics of IDH1 and IDH2 mutations are crucial for identifying new drug
targets and interpreting them as accurate biomarkers. In approximately 8.8% of the
patients, unselected GBMs and IDH mutants were found (35). Albeit exceptional in
primary GBM, IDH mutations occurred in almost 90% of secondary GBM (6). As a
result, IDH mutations are accepted as standard identifiers for better prognosis in GBM
(36).

2.2.2. O6-Methylguanine-DNA methyltransferase (MGMT)

MGMT  (O6-Methylguanine-DNA  Methyltransferase) is a DNA
methyltransferase that extracts promutagenic alkyl groups from guanine's O6 location.
As a result, it prevents cells from alkylating agents. The MGMT gene, which is located
on the chromosome 10q26, covers a protein of DNA reparation which removes a critical
location of DNA alkylation alkyl groups from O6 position of guanine. Prompt

cytotoxicity and apoptosis may be the product of chemotherapy-restored lesions, in
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particular O6-methylguanine (37). The methyl group on the O6 site of the guanine is
removed by MGMT, which is irreversibly attached to it. The MGMT complex is
degraded by ubiquitin as it is combined with the methyl group. The cell's life cycle
begins as normal. When the cell lacks the MGMT molecule, O6-methylguanine attaches
to thymine during replication, resulting in incorrect base pair pairing. The DNA
mismatch repair pathway proteins identify this base pair (MLH1, MSH2, MSH6, and
PMS2). DNA is healed or the cell enters apoptosis at the conclusion of this step.
Methylation of promoter CpG islands may cause MGMT expression to be lost. In 45-75
percent of glioblastomas, the MGMT promoter is methylated. Secondary glioblastomas
have a higher rate of promoter methylation than primary glioblastomas. Harris et al.
demonstrated the suppressive function of the p53 molecule in MGMT control (38-40).
Hypoxia induces MGMT expression through hypoxia inducing factor (HIF)-1,
according to research.

High MGMT expression in cancer cells allows cells to form a harmful
phenotype that hinders the therapeutic effectiveness of alkylating agents (37). MGMT
gene epigenetic mutilation caused by promoter methylation is linked to MGMT
expression loss and decreased DNA repair activity (41). Since this technique disrupts
the function of tumor suppressor genes, DNA methylation gene silencing is an early,

critical mechanism in the tumor phase (42).

Increased activity of MGMT in glial tissue was linked to the marginal benefits
of alkylating-agent chemotherapy before 2005, according to reports. In a limited group
of patients who received radiotherapy, bis-chloroethylnitrosourea, and platinum
injection. It was reported that methylation of the MGMT gene's promoter area was
related to better outcomes. Centered on the temozolomide reference list of newly
diagnosed glioblastoma patients, a polymerase chain reaction (PCR)-based
simulatenous study uncovered a subpopulation of patients who underwent and benefited
from both radiotherapy and temozolomide. Since then, the neuro-oncology group has
generally agreed on two points: MGMT promoter methylation, as measured by PCR, is
the most important prognostic predictor in all malignant gliomas, and no other test is
accurate for safely forecasting therapeutic benefits. A centralized assessment of MGMT
status using methylation-specific PCR revealed major shortcomings in the phase 111 trial
for the integrin antagonist cilengitide, confirming that MGMT research is difficult to
standardize. Finally, the beneficial benefits of temozolomide alone over radiotherapy
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were measured using the successful benefit of MGMT promoter methylation in 2012
glioblastoma patients (43, 44). The methylation of the MGMT promoter is common in
oligodendrogliomas and low-grade astrocytomas. MGMT have a complex association
with IDH mutations and 1p19q codeletion. Furthermore, several experiments have
shown that the methylation status of the MGMT promoter has prognostic and predictive
value. MGMT promoter methylation was seen in 51-66% of people with glioblastoma,
and it inhibits the MGMT gene's function while still promoting chemosensitivity and

longevity in glioblastoma patients (22).
2.2.3. Telomerase reverse transcriptase (TERT)

Telomerase reverse transcriptase, along with the telomerase RNA portion, is a
catalytic subset of the telomerase enzyme as the most essential unit in the telomerase
complex. Telomerases are part of a distinct RNA-related polymerase subgroup.
Telomerase causes senescent cells to become post-mitotic, pass over the Hayflick limit
and become perhaps immortal, often like cancer cells, through the elonization of
telomeres in DNA strings. In particular, TERT is responsible for catalyzing the
connection of nucleotides to the ends of the telomeres of the chromosome in the
TTAGGG chain. This insertion of repeated DNA sequences stops chromosome ends
from becoming disturbed after many replication cycles. TERT gene codes for a
particularly specialized reverse transcriptase that adds hexamer repeats to chromosomes'
3' ends (45, 46). Cancer patients have higher telomerase function, which preserves
telomeres and allows tumors to avoid senescence (47). Conflicts over TERT promoter
mutations have been identified at the work of a number of cancers (48-50), most
notably in glioma (51). The two most common TERT mutations are C228T and C250T.
They are located _124 and _146 bp upstream of the TERT ATG site, respectively (52).
The impact of TERT heterogeneity on cancer susceptibility is being more widely
debated and observed. GBM is linked to the existence of SNP rs2736100, which is more
common in IDH1 wild-type GBM (53). In oligodendroglioma and primary glioblastoma
multiforme, pTERT mutations are common. pTERT mutations were seen in 78 percent
of oligodendrogliomas and 83 percent of GBMs IDH-wildtype in a sample of more than
200 glioma specimens (54, 55). The occurrence of the pTERT mutation in both grade 11
and Il oligodendrogliomas was confirmed in a wider sample of over 1000 gliomas.
However, IDH-mutant pTERT mutations were seen in just 10% of astrocytomas and
GBMs (51).



2.2.4. Alpha-thalassemia/Mental retardation, X-linked (ATRX)

The ATRX gene was found in a survey of patients with the x-linked mental
retardation condition, which includes -thalassemia, extreme psychomotor impairments,
urogenital anomalies, and facial dysmorphism patterns. The ATRX gene allows for the
production of a protein that is critical to normal growth and development. As far as we
know, ATRX protein does not serve any particular function; yet, studies indicate that it
regulates the expression of other genes by chromatin remodeling processes. One way
gene expression is controlled during growth is by chromatin remodeling. At high levels
of packing, the expression of genes is low. This protein seems to control the HbA1 and

HbA2 genes in an important way.

Although there is no co-occurrence of 1p/19q codeletion and ATRX failure,
there is a close association between IDH canonical and ATRX mutations. In diffuse
astrocytoma and anaplastic astrocytoma, mutations in IDH1 and ATRX are common,
but uncommon in pilocytic astrocytoma and glioblastoma (56, 57). This notable aspect
Is that ATRX also causes mutations in secondary GBMs but not in primary GBMs (58).
ATRX mutations are frequently linked with IDH and TP53 mutations in GBMs.
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3. MATERIALS AND METHODS

3.1. The Study Population and Protocol

We examined thirty patients in this study. The majority of the participants were
chosen from Yeditepe University's Department of Neurosurgery in Istanbul, Turkey. All
of the patients had a craniotomy and were diagnosed with high-grade glioma. The
removed tumours were studied and histopathologically examined according to the
World Health Organization CNS Tumor Classification. Signed informed consent
agreements were obtained from all parties. Patients' demographic profiles have been
recorded and reviewed for future use. The lesions were classified by their magnitude
and their location. Peripheral blood samples were obtained from all participants who
gave informed consent. The approval for the study was obtained from the Yeditepe
University Faculty of Medicine Ethics Committee, and blood samples were taken in line
with the 1975 Declaration of the Ethical Guidelines of Helsinki (file no: ...). We
contributed clinical, demographic, and survival data to the current assessment of this
diagnostic tool. The date of the first (diagnostic) operation was chosen as the date of
diagnosis, and survival was evaluated from this date. The study's main goals were to
evaluate IDH1, IDH2, TERT, MGMT and ATRX genes with NGS to find potential

pathological mutations and their effect on survival.
3.2. Genomic DNA Isolation From Blood

Venous blood samples of the patients were collected in 5 cc EDTA tubes and
stored at +4C° until DNA was extracted. The iPrep DNA extraction robot (Invitrogen)
and the iPrep genomic DNA isolation kit (Invitrogen) were used to extract DNA from
samples (iPrep gDNA Blood Kit, Invitrogen, Thermo Fisher Scientific Inc). This device
can isolate DNA from up to 13 samples in a single run. For each sample, 350l of
peripheral blood was utilized in a robotic system termed magnetic bead-based
technology, which relied on the surface charge over the pH of the buffer in the
environment to extract DNA. The negatively charged nucleic acid backbone bonds to
the positively charged CST® (ChargeSwitchTechnology®) at low pH. As a result,
proteins and other impurities are unable to bind, and the liquid wash buffer is used to
wash them away. To clean nucleic acids, the charge on the bead surface is neutralized

by employing a low salt elution buffer to raise the pH to 8.5. The isolated nucleic acid
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goes straight into the wash buffer and is ready to use in experiments. After being placed
in appropriate containers, the isolated DNA samples were maintained in a +4C°

refrigerator.
3.3. DNA Purity Measurement

The optical density of 50ng/l (g/ml) double-stranded DNA at 260 nm
wavelength was found to be 1. The Nanodrop2000 device was used to determine the
purity of DNA samples. The OD260/0D280 ratio was used to evaluate the purity of
DNA samples. Clean samples were those with an OD260/0D280 ratio of 1.7 to 1.9,
which were recognized as acceptable for genotyping.

3.4. Qiaseq Targeted DNA Panel

When using Illumina NGS systems, Qiaseq DNA targeted libraries require a

custom sequence primer.

The panel was created for the genes and regions of interest that can be enriched
with 10-40 ng Fresh DNA or 40-250 ng FFPE DNA.

There are four basic stages in this system:

1. Fragmentation: The genomic DNA sample is fragmented with a controlled
multi-enzyme reaction, end-repair is done, and A-tail is added. Ready DNA fragments
are connected to the sequence platform to be used at 5 ends with specific adapters

(including UMI and sample index).

2. UMI assignment: Each DNA molecule is assigned a unique sequence or
index known as the UMI before the target enrichment and Library creation stages. This
assignment is achieved by ligating a 12-base random sequence adapter (59) with
fragmented DNA. This process provides statistically 412 distinct markings per adapter,
and each DNA molecule in the sample takes a unique UMI sequence. Moreover, this

adapter that is connected also contains the first sample index.

3. Target enrichment and final library creation: The stage in which DNA
molecules containing UMI are adequately enriched is the target enrichment stage. For
enrichment, UMI-linked DNA molecules are amplified by Targeted PCR with Adaptor
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complementer 1 site-specific primer and 1 universal primer. Finally, to amplify the
library and add the platform-specific adaptor sequence and extra sample indices,

Universal PCR is used.

4. Next Generation Sequencing: Qiaseq Targeted DNA panels are compatible
with Hlumina NGS systems (MiniSeq®, MiSeq® Personal Sequencer, NextSeq® 500,
HiSeq® 1000, HiSeq 1500, HiSeq 2000, HiSeq 2500 and GAIIx) and Thermo Fisher
Scientific systems (Ion Personal Genome Machine® (PGMTM), lon ProtonTM and Ion
S5TM). (Figures 1-2)
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3.4.1. Fragmentation, end-repair, and addition

. After ensuring that the Thermocycler had reached a temperature of 4 degrees,
the fragmentation, End-repair, A-addition mix was made according to the table
below and pipetted 7-8 times. Brief centrifugation was performed. Work was

carried out on cold block or ice (Table 1).

Table 1. Fragmentation, End-Repair, and Addition

Standard DNA, FFPE | CfDNA Contaminated by
DNA, cfDNA Cellular DNA

Contents Volume (puL) Volume (pL)

DNA Various Various

Fragmantation Buffer, 10x 2,5 2,5

Nuclease- Free Water Various Various

FERA solution 0,75 0,75

FG solution - 1,25

TOTAL 20 20

2. 5 pl of Fragmentation Enzyme Mix was added to each reaction and mixed by

pipetting 7-8 times. Care was taken to ensure that the tubes were on the cold

block during the reaction setup.

3. They were organized according to the following PCR program.

4. The PCR program was started, and paused when it reached 4 C.

5. The device was loaded with samples, and the application was started.

6. The samples were taken on the ice after the program was completed and the

block had reached 4 C.

7. The adapter ligation phase was started immediately.
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3.4.2. Adapter ligation of samples

1. The reaction mix was made according to the table below. By softly pipetting 10-

12 times, all contents were mixed (Table 2).

The ligation solution was not included in the following mix because it is quite
viscous, but it was added to each reaction thereafter. The residual ligation solution on

the pipette tip was scraped off while adding the ligation solution.

Table 2. Adapter Ligation of Samples

Standard DNA FFPE DNA cfDNA

Content Volume (uL) Volume (uL) Volume (uL)
DNA 25 25 25

Ligation Buffer x5 10 10 10

IL-N7 Adapter 2,8 2,8 0,5

DNA Ligase 5 5 5

Ligation Solution 7,2 7,2 7,2

Nuclease Free Water - - 2,3

TOTAL 50 50 50

2. Thermocycler was set to 20 C and incubated for 15 minutes.

3. After the reaction was finished, it was placed on ice and the QlAseq Beads

cleaning process began.
3.4.3. Clearance of adapter-bound DNA with QlAseq Beads

1. 50ul (standard-FFPE DNA) sample from the ligation reaction was transferred to
a 1.5 ml LoBind tube. It was made up to 100 pl by adding 50 ul of nuclease-free

water.

2. 100 pl of QIAseq Beads was added to the standard-FFPE DNA study. In the
cfDNA study, on the other hand, 112 pl of QIAseq Beads were added. By

pipetting it numerous times, it was thoroughly mixed.
3. It was incubated for 5 minutes at room temperature.
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10.

11.

12.

13.

14.

It was put on a magnetic rack, and the beads were left to separate from the
supernatant for 10 minutes. The supernatant was carefully extracted and
discarded after the solution became clear. Care was taken not to touch the beads
containing the target DNA.

200l of freshly prepared 80% ethanol was added on the magnetic rack. The
beads were washed by turning the tube. The supernatant was extracted and

discarded delicately.

The ethyl alcohol washing stage was repeated. ETOH should be discarded
entirely at this stage. For this purpose, a 200 pl pipette was used to remove the

residual liquid, and a 10 ul pipette was used to remove the rest.

After removing the ethanol from the magnetic rack, the beads were allowed to

dry completely for 10 minutes.

DNA was eluted to target beads outside the magnetic rack with 52 pl of
nuclease-free water. Pipetting was done thoroughly, and the solution was put on

the magnetic rack again until it became clear.

50ul of the supernatant was transferred into a clean 1.5 ml LoBind tube or PCR

plate well.

For standard-FFPE samples, 50ul of QIAseq Beads was added onto 50ul of
DNA solution; and for cfDNA samples, 70ul of QiAseq Beads was added onto
the DNA solution. By pipetting it numerous times, it was thoroughly mixed.

It was incubated for 5 minutes at room temperature.

It was taken on a magnetic rack, and the beads were left to separate from the
supernatant for 5 minutes. The supernatant was extracted and discarded

delicately after the solution became clear.

200ul of freshly prepared 80% ethanol was added on the Magnetic Rack. Beads
were washed by turning the tube or moving the plate. The supernatant was

extracted and discarded delicately.

Ethyl alcohol washing stage was repeated 1 more time.
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15. Using a 200l pipette tip first, then a 10l pipette tip, the ethanol was fully
extracted. While remaining on the magnetic rack, the beads were dried for 15

minutes.

It is critical that the beads are completely dried before elution. Ethanol carried to
the next Target Enrichment PCR stage will affect PCR efficiency.

16. The DNA target beads were eluted with 12ul of nuclease-free water after being
removed from the magnetic rack. It was mixed thoroughly by pipetting. The

solution was maintained on the rack until it turned transparent.

17. The target enrichment PCR setup was started with 9.4 ul of the supernatant

transferred to a clean PCR tube or PCR plate well.
3.4.4. Target enrichment PCR

1. The reaction was prepared according to the following table. After a brief
centrifugation, it was pipetted 7-8 times and centrifuged again (Table 3).

Table 3. Target Enrichment

Contents Volume (pL)
DNA library (in item 28) 9.4

TEPCR Buffer, 5x 4

QIlAseq Targeted DNA panel 5

IL-Forward primer 0.8

HotStar Tag DNA Polymerase 0.8

Total 20

2. The thermocycler was set up

3. After the reaction was finished, it was placed on ice and the QIAseq Beads

cleaning process began.
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3.4.5. Clearance of the target enrichment PCR with QlAseq Beads

. 20ul of the PCR reaction was transferred to a 1.5 ml LoBind tube. To make it
100 pl, 80 pl of nuclease-free water was added. For the cfDNA sample, 70 pl of

nuclease-free water was added to 20 ul of sample and it was completed to 90 pl.

100ul (1.0x volume) of QIAseq Beads was added to 100ul of diluted PCR
solution. By pipetting it numerous times, it was thoroughly mixed. It was

incubated for 5 minutes at room temperature.

. The sample was taken on the magnetic rack and the beads were left to separate
from the supernatant for about 5 minutes. The supernatant was extracted and

discarded delicately after the solution became clear.

. 200ul of freshly prepared 80% ethanol was added (while still on the magnetic
rack). Beads were washed by turning the tube or moving the plate. The
supernatant was extracted and discarded delicately.

Ethyl alcohol washing stage was repeated 1 more time.

Using a 200l pipette tip first, and then a 10l pipette tip, the ethanol was entirely
extracted. While still on the magnetic rack, the beads were dried for 10 minutes.

DNA beads were eluted with 16ul of nuclease-free water. It was mixed
thoroughly by pipetting. The solution was left on the rack until it turned
transparent. 13.4 pl of supernatant was transferred to a clean PCR tube and the

Universal PCR amplification setup was began.
3.4.6. Universal PCR amplification

Universal PCR preparation was carried out using the table below. It was briefly

centrifuged and pipetted 7-8 times (Table 4).
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Table 4. Universal PCR Amplification

GRADIENT Volume (pl)
Enriched DNA 13.4

UPCR Buffer, 5x 4

Hot Start Taqg DNA polimeraz 1

Nuclease Free Water 1.6

TOTAL 20

2. The Thermocycler's cycle settings were determined using the Tables.

3. The PCR reaction was put on ice after completion, and the cleaning process with

QIlAseq beads was continued.

3.4.7. Clearance of the universal PCR with QlAseq beads

1. 20 pl of the PCR reaction was transferred to a 1.5ml LoBind tube. 80 ul of

Nuclease-free water was added to it (to make up to 100 pl).

2. 100ul (1.0x volume) of QIAseq Beads was added to 100ul of diluted PCR
solution. By pipetting it numerous times, it was thoroughly mixed. It was

incubated for 5 minutes at room temperature.

3. The tube was placed on the magnetic rack for 5 minutes to allow the beads to
separate from the supernatant. The supernatant was extracted and discarded
delicately after the solution became clear.

4. 200ul of freshly prepared 80% ethanol was added (while still on the magnetic
rack). Beads were washed by turning the tube or moving the plate. The

supernatant was extracted and discarded delicately.
5. Ethyl alcohol washing stage was repeated 1 more time.

6. Ethanol was removed. For this purpose, first, it was drawn with a 200 pl pipette
and the rest with a 10 pl pipette, and the beads were allowed to dry for 10
minutes (on the magnetic rack).
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7.

DNA library beads were eluted with 30ul of nuclease-free water outside the
magnetic rack. Pipetting was done thoroughly, and the solution was put on the
magnetic rack again until it became clear. 28 pl of supernatant was transferred

into a clean 1.5ml LoBind tube or PCR tube.
3.5. Qiaseq Quant Assay Protocol

The ILMN DNA standard was thawed on ice.

The ILMN DNA standard was diluted with 5 serial dilutions as seen in the table
below (Table 5). For the ILMN standard dilution, five tubes were prepared. 45
ul of Dilution buffer was added to each tube. 5 pl of ILMN standard stock was
added to the first tube and mixed by pipetting. Then, 5 pul of solution taken from
the first tube was transferred to the second tube. For the remaining tubes, the

same procedure was followed.

Table 5. Qiaseq Quant Assay Protocol

Standard lon Torrent or Illuina DNA | Dilution buffer
Standard

Stdl 5 ul undiluted 45 ul

Std2 5 ul Stdl 45 ul

Std3 5 ul Std2 45 pl

Std4 5 ul Std3 45 ul

Std5 5 ul Std4 3 ul

3. Three dilutions were prepared for the samples (First dilution: 1:50, Second

dilution:1:5,000, Third dilution: 1:50,000). The first dilution's goal is to get

samples ready for the second and third dilutions.
Preparing the PCR mix (the prepared mix is kept on the cold block)
a. SYBR Green ROX FAST Mastermix was centrifuged for 10-15 seconds.

b. For 5 standards and 1 NTC, 3 copies were prepared (non-template control).
Hence, the first 18 of RotorGene tubes would contain the standards and
NTC. One copy of each sample's dilutions ((1:5,000) and (1:50,000)) was
filled into RotorGene tubes.
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10.

11.

The real-time PCR device (RotorGene) was set up in the following cycle. Data

for fluorescence irradiation was obtained at the conclusion of 30 cycles.

The relevant values of the samples were obtained and entered into the "lllumina
Data Analysis Program™ after the PCR cycle was completed.

3.6. QiaSeq Upload Protocol

Before beginning the dilution, the Illumina Experiment Manager was used to

prepare the SampleSheet.

The code starting with MSxxx was written in the Reagent Cartridge Barcode

section.
The ‘custom primer for read 1' section on the right was marked.

AN stock NaOH was diluted to 0.2N with nuclease-free water (800ul water +
200ul NaOH).

Based on the results of the Quant assay protocol, all of the samples were

calibrated to be 4 molars.

To generate a mega pool, adequate volumes were added into the 0.2 ul PCR tube
based on the number of primers from each library.

5 ul was taken from the tube containing the mega pool and added into a separate
tube. 5 ul of NaOH, which we diluted to 0.2N, was added to it. By gently
vortexing and spin down, it was allowed to denaturate for 5 minutes at room

temperature.

Meanwhile, the 1.5 ml tube was labelled "20 pM pool" and 990 pul of the yellow-

capped Hyb buffer solution, which came out of the cartridge, was added into it.

As soon as 5 minutes were up, 10 pl of the solution in the tube containing NaOH
and our sample was added to the 1.5ml tube containing 990ul Hyb, which we
labelled as 20 pM pool".

The dilution of the samples was maintained according to the cartridge and

library used.

We labelled another 1.5 ml tube as "Forward primer". 597 ul of HT1 was added
to this tube. 3 ul of primers labelled "Qiaseq A Readl Custom Primerl" with an

orange cap from the index box were added to it.

22



12. Both tubes were kept on the cold block until they were loaded.

13. The device was powered off via MiSeq Control Software before starting the
sequence. After a while, it was turned on again from the button on the back and

the device was expected to turn on.

14. Our samples, which had been brought to the desired concentration, were loaded
into well 17 as 600 pl, as shown in the photo below. 600 pl was drawn and

placed into well number 18 from the tube labelled "Forward primer."

15. Before beginning the run, examine the run settings and conduct a pre-run check
after loading the flow cell and reagents. The Sequencing panel displays run
progress, intensities, and quality ratings during the run. Before continuing, we
examine the Sequencing screen's findings. We proceeded to a post-run wash
once the run was over. At certain times throughout a run, run stats show on the

Sequencing screen.
3.7. Patient Demographics

All patients included in the study noted as their age, gender, tumour localization,
pathology results, IDH1, IDH2, MGMT, TERT, ATRX results in pathology
examination, and survival time examined. The effects of the sequencing results and the

data received on survival were assessed.
3.8. Statistical Analysis Method

While evaluating the findings of the study, SPSS (Statistical Package for the
Social Sciences) version 25.0 (IBM Corp., Armonk, NY, USA) program was used for
statistical analysis. Descriptive statistical methods (number, percentage, median, etc.)
were used while evaluating the study data. Survival calculations were made using the
Kaplan-Meier analysis method. The effects of various prognostic factors related to
tumor and patient characteristics on overall survival were investigated by log-rank test.
In addition, the effects of multiple prognostic factors on overall survival were
investigated using the multivariate Cox regression test. The results were evaluated at the
95% confidence interval and the significance level of p<0.05.
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4. RESULTS

The median age of the patients was 58.5 (11-74), and 56.7% (n=17) were under
60 years of age. According to gender, the rate of male patients was 66.7% and the rate
of female patients was 33.3%. Eighty percent of the patients had IDH, 83.3% MGMT,
and 70% had EGFR positivity. Ten of the patients had Neocortex, 9 Limbic, 4
Multicentric, 4 Deep Nuclei, 2 Corpus Callosum and 1 Cerebellar localization. The
demographic information of the patients is summarized in Table 6 and Table 7. After
the targeted gene sequencing performed on the patients, 21 mutations were detected.
Three of these mutations were found in IDH 1, 2 in IDH2, 6 in TERT, 7 in MGMT, and
3 in ATRX (4). Among the 21 chromosomes examined in the patients and given in
Table 8 and , the highest rate of anomaly was found in C915GA with 73.3% and
C2671CG with 63.3%. To evaluate the effects of all these mutations on survival we
made survival analysis by SPSS.

Overall Survival

The mean follow-up period of the patients was 22.77+15.55 months, and the
median follow-up period was 19.5 (3-70) months. In the first 3-year follow-up, 25
(83%) patients died due to the disease. According to Kaplan-Meier survival analysis, 1,
2, and 3-year overall survival rates of patients were calculated as 73.3%, 30%, and

16.7%, respectively. In the log rank test comparisons;

e Males have a lower 3-year overall survival rate than females (5% vs 40%;
p=0.002),

e The survival of EGFR positive patients is lower than negative patients
(EGFR—9.5% vs 33.3%; p=0.007),

e It was determined from the available data that the 3-year survival rate of patients
with 3 or less chromosome anomalies as a result of 21 gene analysis was worse
(5% vs 40%; p=0.033) compared to patients with more than 3 chromosome
anomalies. (Figure 4,5, 6 7) (Table 9- 10).

According to the results of multivariate Cox Regression analysis in which
factors with sufficient cases in variable subgroups were included, male gender status of

the independent factors negatively affecting overall survival [HR: 4.627(1.654-
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12,948)); p=0.004] and 3 or less chromosome anomalies [HR: 2.831(1.004-7.981);
p=0.049]. When female gender status was taken as reference, the overall survival of
male gender status was 4.63 times, and when more than three chromosome anomaly
was accepted as a reference, it was determined from the available data that anomaly in

three or less chromosomes negatively affected overall survival 2.83 times. (Table 11).
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Table 6. Patient Demographic Biochemical and Genetic Test Characteristics

Variables Category n(%o) Median(range)
Age All 30(100) 58.5(11-74)
Age group <60 17(56.7)
>60 13(43.3)
Gender Male 20(66.7)
Female 10(33.3)
IDH Positive 24(80)
Negative 6(20)
MGMT Positive 25(83.3)
Negative 5(16.7)
EGFR Positive 21(70)
Negative 9(30)
C532GA Positive 1(3.3)
Negative 29(96.7)
C315CT Positive 1(3.3)
Negative 29(96.7)
C1234CT Positive 1(3.3)
Negative 29(96.7)
C3324GA Positive 1(3.3)
Negative 29(96.7)
C3039C Positive 9(30)
Negative 21(70)
C2775CT Positive 1(3.3)
Negative 29(96.7)
C2751GA Positive 1(3.3)
Negative 29(96.7)
C1590GA Positive 1(3.3)
Negative 29(96.7)
C915GA Positive 22(73.3)
Negative 8(26.7)
C28CT Positive 6(20)
Negative 24(80)
C159CT Positive 8(26.7)
Negative 22(73.3)
C250CT Positive 7(23.3)
Negative 23(76.7)
C392GA Positive 1(3.3)
Negative 29(96.7)
C427AG Positive 6(20)
Negative 24(80)
C526TC Positive 1(3.3)
Negative 29(96.7)
C533AG Positive 5(16.7)
Negative 25(83.3)
C996CT Positive 3(10)
Negative 27(90)
C419GA Positive 1(3.3)
Negative 29(96.7)
C7140CT Positive 1(3.3)
Negative 29(96.7)
C5465AG Positive 1(3.3)
Negative 29(96.7)
C2671CG Positive 19(63.3)
Negative 11(36.7)
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Table 7. Patient Demographic Data

Last
Patient Control
1D Age Gender Localization Pathology P53 EGFR MGMT IDH Status Survival Month
1 41.00 male Multicentric GBM Positive Positive Positive Positive exitus 12.00
2 31.00 male Postcentral gryrus GBM Positive Positive Positive Positive exitus 14.00
3 36.00 male Cerebellar GBM Positive Positive Positive Positive exitus 14.00
4 71.00 male Multicentric GBM Positive Negative Positive Negative exitus 5.00
5 26.00 male Thalamic GBM Positive Positive Positive Positive exitus 9.00
6 68.00 male Corpus callosum GBM Positive Positive Positive Negative exitus 19.00
7 60.00 male Hipokampus+ Parahipokampal gyrus GBM Positive Positive Positive Positive exitus 20.00
8 40.00 male Thalamic GBM Positive Positive Negative Positive exitus 22.00
9 40.00 female Temporal glial tumor GBM Positive Negative Positive Positive exitus 32.00
10 74.00 male Multicentric GBM Positive Positive Positive Positive exitus 4.00
11 11.00 male Thalamic GBM Positive Positive Positive Positive exitus 15.00
12 70.00 female Superior temporal gyrus (T1) GBM Positive Positive Positive Positive exitus 12.00
13 61.00 male Hippocampus+ Cingulate GBM Positive Positive Positive Positive exitus 16.00
14 48.00 male Hipokampus+ Parahipokampal gyrus GBM Positive Positive Positive Positive exitus 17.00
15 58.00 female Temporal pole GBM Negative Positive Negative Negative exitus 49.00
16 59.00 female Mediobasal temporal region GBM Positive Negative Positive Positive alive 38.00
17 67.00 male Corpus callosum GBM Positive Positive Positive Positive exitus 4.00
18 59.00 male Occipital neocortex GBM Positive Positive Positive Negative exitus 22.00
19 62.00 female Superior Frontal Gyrus (F1) GBM Positive Negative Positive Positive exitus 35.00
20 71.00 male Cingulate gyrus GBM Positive Negative Positive Positive exitus 24.00
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Table 7. (Continuing)

Patient Last Control
1D Age Gender Localization Pathology P53 EGFR MGMT IDH Status Survival Month
21 33.00 female Right precuneus GBM Positive Negative Negative Positive alive 32.00
22 60.00 female Corpus callosum GBM Positive Positive Positive Positive exitus 23.00
23 55.00 male MTR+ Thalamic GBM Positive Positive Positive Positive exitus 3.00
24 36.00 male Superior temporal gyrus (T1) GBM Positive Positive Negative Negative exitus 70.00
25 60.00 female Mediobasal temporal region GBM Positive Negative Positive Positive exitus 44.00
26 68.00 Male Superior Frontal Gyrus (F1) GBM Positive Positive Positive Positive exitus 7.00
27 31.00 Female Thalamic GBM Positive Negative Positive Positive exitus 38.00
28 60.00 Male Superior temporal gyrus (T1) GBM Positive Positive Positive Positive exitus 20.00
29 40.00 female Paracentral lobule GBM Positive Positive Positive Negative exitus 19.00
30 28.00 Male Inferior Frontal Gyrus (F3) GBM Positive Negative Negative Positive exitus 34.00
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Table 8. Summary of 21 Chromosome Anomalies detected with NGS

Gene Chromosome | Transcript Protein Normal | Population Chromosome Gene Translation Classification | Phenotype Transcripts Patient ID
Symbol Variant Variant Frequency Region Impact
IDH1 2 €.532G>A p.V178l Normal | 8.7% 209,108,317 Exonic missense Benign Cancers and NM_005896.4 7
Tumors
IDH1 2 ¢.315C>T p.G105G Normal | 10.53% 209,113,192 Exonic synonymous Benign Cancers and NM_005896.4 7
Tumors
IDH1 2 €.123-4C>T Normal | 2.96% 209,113,388 Intronic Likely Benign Hereditary NM_005896.4 16
Disorder
TERT 5 €.3324G>A p.P1108P | Normal | 3.02% 1,253,918 Exonic; synonymous Likely Benign Dyskeratozis NM_198253.3 4
ncRNA Congenita
TERT 5 €.3039C> p.H1013 Normal | 24.36% 1,255,520 Exonic; synonymous Benign Dyskeratozis NM_198253.3 5,11, 13, 16,
H NcRNA Congenita 17,21, 24, 28,
30
TERT 5 c.2775C>T p.H925H Normal 1.98% 1,264,587 Exonic; synonymous Likely Benign Dyskeratozis NM_198253.3 18
Intronic Congenita
TERT 5 C.2751G>A p.T917T Normal | 0.02% 1,264,611 Exonic; synonymous Uncertain Dyskeratozis NM_198253.3 17
Intronic Significance Congenita
TERT 5 ¢.1590G>A p.P530P Normal | 0.002% 1,282,723 Exonic; synonymous Uncertain Dyskeratozis NM_198253.3 17
ncRNA Significance Congenita
TERT 5 c.915G>A p.A305A Normal | 47.88% 1,294,086 Exonic; synonymous Benign Familial NM_198253.3 2,3,4,5, 10,
NncRNA Pancreatic 13, 14, 15, 16,
Cancer 17,18, 19, 20,
22,23, 24, 25,
26, 27, 28, 29,
30
MGMT 10 c.-28C>T p.R22R Normal 7.82% 131,265,545 5'UTR; synonymous Benign Familial NM_002412.5 1, 3, 10, 16,
Exonic Pancreatic 24,25
Cancer
MGMT 10 €.159C>T p.L53L Normal | 22.80% 131,506,192 Exonic synonymous Benign Cancers and NM_002412.5 1, 10, 16, 18,
Tumors 19, 21, 25,30
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Table 8. (Continuing)

Gene Chromosome | Transcript Protein Normal | Population Chromosome Gene Translation Classification | Phenotype Transcripts Patient ID

Symbol Variant Variant Frequency Region Impact

MGMT 10 €.250C>T p.L84F Normal | 23.17% 131,506,283 Exonic missense Benign Cancers and NM_002412.5 1, 10, 16, 18,
Tumors 21, 25,30

MGMT 10 €.392G>A p.G131E Loss 0.001<% 131,557,583 Exonic missense Uncertain Familial NM_002412.5 25

Significance Pancreatic

Cancer

MGMT 10 C.427A>G p.1143V Normal | 12.67% 131,565,064 Exonic missense Benign Familial NM_002412.5 4,12,
Pancreatic 21,22,25,30
Cancer

MGMT 10 €.526T>C p.L176L Normal | 0.28% 131,565,163 Exonic synonymous Likely Benign | Familial NM_002412.5 19
Pancreatic
Cancer

MGMT 10 €.533A>G p.K178R Normal | 12.81% 131,565,170 Exonic missense Benign Cancers and NM_002412.5 4,12, 21,25,30
Tumors

IDH2 15 €.996C>T p.S332S Normal | 20.87% 90,628,591 Exonic synonymous Benign Cancers and NM_002168.4 8, 16, 30
Tumors

IDH2 15 c.419G>A p.R140Q Gain 0.01% 90,631,934 Exonic missense Pathogenic Cancers and NM_002168.4 12
Tumors

ATRX X- Linked €.7140C>T p.Y2380 Normal | 0.04% 76,764,054 Exonic synonymous Likely Benign | X- linked NM_138270.5 15

Y Alpha

Thalassemia

ATRX X- Linked ¢.5465A>G p.N1822S | Normal | 1.03% 76,856,021 Exonic missense Likely Benign | X- linked NM_138270.5 14
Alpha
Thalassemia

ATRX X- Linked €.2671C>G p.E891E Normal | 87.73% 76,937,963 Exonic missense Benign X- linked NM_138270.5 2,3,4,8,9,
Alpha 10, 11, 13, 16,
Thalassemia 18, 19, 21, 22,

23, 24, 25, 26,
27,30




Table 9. Number of Anomalies in Chromosome

Category n(%o) Median (range)
All 30(100) 2.5(0-8)
0 1(3.3)
Number of chromosome anomalies 1-3 19(63.3)
4-6 7(23.3)
>7 3(10)

Table 10. Three -Year Survival Rates of Patients

3-Year Overall Survival(OS)

Variables Category n % x2 p-value
Age group <60 vs 260 17 vs 13 23.5% vs 7.7% 1.647 0.199
Gender male vs female 20vs 10 5% vs 40% 9.687 0.002*
IDH positive vs negative 24 ve 6 12.5% vs 33.3% 0.764 0.382
MGMT positive vs negative 25vs5 8% vs 60% 6.087 0.014*
EGFR positive vs negative 21vs9 9.5% vs 33.3% 7.181 0.007*
C532GA positive vs negative 1vs29 0% vs 17.2% - i
C315CT positive vs negative 1vs 29 0% vs 17.2% - Sxx
C1234CT positive vs negative 1vs 29 100% vs 13.8% - Skx
C3324GA positive vs negative 1vs 29 0% vs 17.2% - _kx
C3039C positive vs negative 9vs 21 33.3% vs 9.5% 1.178 0.278
C2775CT positive vs negative 1vs 29 0% vs 17.2% - Sxx
C2751GA positive vs negative 1vs 29 0% vs 17.2% - Skx
C1590GA positive vs negative 1vs 29 0% vs 17.2% - Skx
C915GA positive vs negative 22vs 8 18.2% vs 12.5% 0.075 0.785
C28CT positive vs negative 6vs24 50% vs 8.3% 1.963 0.161
C159CT positive vs negative 8 vs 22 37.5% vs 9.1% 3.491 0.062
C250CT positive vs negative 7vs 23 42.9% vs 8.7% 2.889 0.089
C392GA positive vs negative 1vs 29 100% vs 13.8% - -xx
C427AG positive vs negative 6vs24 33.3% vs 12.5% 1.132 0.287
C526TC positive vs negative 1vs29 0% vs 17.2% - Sxx
C533AG positive vs negative 5vs 25 40% vs 12% 1.246 0.264
C996CT positive vs negative 3vs 27 33.3% vs 14.8% 1.273 0.259
C419GA positive vs negative 1vs 29 0% vs 17.2% - Skx
C7140CT positive vs negative 1vs 29 100% vs 13.8% - Skx
C5465AG positive vs negative 1vs 29 0% vs 17.2% - -xx
C2671CG positive vs negative 19vs 11 21.1% vs 9.1% 1.589 0.207
Number of

chromosome

anomalies <3vs>3 20vs 10 5% vs 40% 4.522 0.033*

*:p<0.05, Kaplan Meier Analysis (Log rank test)

**:Alt grup say1 yetersizliginden karsilastirma yapilmadi
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Table 11. Results of Multivariate Cox Regression analysis

Multivariate-

Overall Survival Analysis

Factors** Category HR (95%Cl) p-value
Age - 1.009(0.982-1.036) 0.528
Gender Female Reference (1)
Male 4.627(1.654-12.948) 0.004*
Number of chromosome anomalies >3 Reference (1)
<3 2.831(1.004-7.981) 0.049*

*:p<0.05, Cox Regression analysis, (Method=Enter), HR:Hazard ratio, Cl:Confidence interval
**: Variables with 10 or more patients in the subgroups were included in the modeling.

32




-

R - — o — —
—— |

v A ewmeen e e Seee et ——

Bt - — ] — — N
Lot - w— — Y — — =
—— = e =
Bowos o - bt — —
-
s = -
e — o —
. e e— — o —
-
- g .
x e
Lrmtimm - — o — .
0 £
B - — et § b —
-

T feme e e et b e —
-@#—

.o = = r-wvTevy  wr.r v

B B

P
- s — e S—
I L I
-
—— ———— - e T —

Figure 3. Summary of 21 Chromosome Anomalies Detected by The NGS System



100 o .
.18
) i.:
80 Preny
o
::-E ".:':
%’ 60 1
= ’
== H
e ay
=3 H
(7] E.
E 4 :
3 T
(5] L,
L aEEEEEEEEEEEE
L
20
Ssespunannunn shanunnnn L CE TEY TEY TR TEY Y TEY
0
0 12 2 36 48 60

0S(months)

Figure 4. Kaplan-Meier Survival Analysis of 3 Year Overall Survival
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5. DISCUSSION

The histomorphologic examination of brain tumors is still an important initial
step in the diagnostic process. However, particularly in light of the revised WHO 2016
classification, molecular investigations are often required for the final correct
categorization. Many of the mutations discussed may be found in various gliomas as
well as other cancers, thus individual recurrent mutations and copy number aberrations
identified in glial tumors are not completely selective or sensitive. A technique with a
panel of markers that results in a more comprehensive molecular profile or fingerprint is

considerably more robust (60).

To evaluate all important genes, a comprehensive characterisation may now
involve several tests (e.g., FISH, IHC, methylation-specific PCR, NGS, etc.). Previous
studies demonstrated that a simple, focused NGS test can identify many of the frequent
and important GBM changes, including both point mutations and CNVs (61). When
compared to traditional methods, next-generation sequencing (NGS) or massively
parallel sequencing, a method of simultaneously sequencing millions of fragments of
DNA has been quickly adopted in the clinical laboratory due to its ability to analyze
multiple genes or gene regions with a single test (62). NGS is mainly used to detect
mutations, but it may also detect copy number variations or fusion genes, depending on
the technique employed. There is growing interest in using DNA genome-wide
methylation-based categorization of central nervous system cancers, which has been
shown to have diagnostic sensitivity and clinical utility in a recent series. Each of the
more wide molecular diagnostic panels has the benefit of evaluating several molecular
features, resulting in more detailed diagnoses. Any new version of these diagnostic
panels, of course, must be thoroughly verified before being used in regular clinical
diagnosis. At all phases of the process, pathologists, molecular biologists, and

physicians should work together as closely as possible.

Acute myeloid leukemia, cholangiocarcinoma, chondroid tumors, and especially
lower grade gliomas and secondary glioblastomas (>80%), are among the malignancies
in which mutations in the IDH1 and IDH2 genes are infrequent. Citrate metabolism is
regulated by IDH1 (cytosol) and IDH2 (mitochondria). Gain-of-function mutations
occur in single amino acid changes in arginine at position 132 of IDH1 or the similar
hotspots R172 and R140 of IDH2.
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IDH1, IDH2, BRAF, ATRX, p53, TERT including promoter area, H3F3A,
EGFR amplification or mutation, CDKN2A loss, and copy number data on
chromosomes 1, 7, 10, and 19 are some of the key markers that may help characterize a
glioma's genetic profile. The majority of them are well-known and are linked to or
define WHO organizations (59). The NGS panel utilized evaluates mutations in
MGMT, TERT, ATRX, CIC, EGFR, FUBP1, NOTCH1, PTEN; H3F3A, IDH1/2,
PIK3CA and BRAF; EGFR, MDM2 and MET amplifications; and CNAs of
chromosome 1p, 19q, 10, and 7 as reported previously (63, 64). IDH1 and IDH2 gene
sequencing is therefore a more sensitive technique for detecting these critical alterations
(60).

Despite the fact that NGS results in diffuse glioma had previously been reported,
just few of these prior studies included data on the diagnostic usefulness of the NGS
panel and provide survival data. Synhaeve et al. Reported that the diagnostic strength of
the platform they created is confirmed on a large cohort of patients, with a clear
separation of glioma subgroups with varied outcomes. It shows the diagnostic
usefulness and effectiveness of glioma-targeted NGS for routine glioma diagnostics,
enabling a glioma diagnosis to be made in the vast majority of patients with a single
test. They also include survival data on this study. Using an NGS pattern that allows for
the simultaneous evaluation of multiple important markers is a reliable and efficient
method of diagnosing brain cancers, allowing for a fast diagnosis according to the
WHO 2016 classification of brain tumors (65). Several studies have shown that NGS
panels have a high sensitivity for detecting genetic changes that are known to be present
using traditional methods (66-68). In addition, Zacher et al. utilized a 20-gene panel for
an integrated histological and molecular diagnosis of 111 diffuse gliomas, allowing for
the categorization of oligoastrocytoma and glioblastoma based on IDH-status and the
identification of tumors with H3F3A mutations (69). Ballester et al. utilized a large
NGS panel in 381 brain cancers and discovered that IDH1, IDH2, TP53, PIK3CA,
BRAF, EGFR, PDGFRA, and FGFR1/2/3 were the most clinically relevant genes for
brain tumor categorization in their panel (70). In a prospective cohort, Sahm et al.
discovered that information obtained from their NGS procedure revealed promising
targets for experimental treatment (EGFR, BRAF, PTEN) in glioblastomas, pilocytic
astrocytomas, and medulloblastomas (68). NGS can be performed with blood sample,

frozen tissue or formalin fixed tissue (71, 72). All of these investigations used formalin-
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fixed tissue for sequencing. In our study we use blood samples of the GBM patients. In

our study we perform sequencing with blood samples.

IDH1, IDH2, BRAF, ATRX, p53, TERT including promoter area, H3F3A,
EGFR amplification or mutation, CDKN2A loss, and copy number data on
chromosomes 1, 7, 10, and 19 are some of the key markers that may help characterize a
glioma's genetic profile. We select 5 genes to perform sequencing: IDH1, IDH2, TERT,
ATRX, MGMT. We found 3 mutations in IDH 1, 2 in IDH2, 6 in TERT, 7 in MGMT,
and 3 in ATRX.

In glioblastoma multiforme, a recurrent heterozygous somatic mutation in the
gene encoding cytosolic isocitrate dehydrogenase 1 (IDH1) changes residue R132 in the
enzyme's active region (36). The enzyme loses its capacity to convert isocitrate to 2-
ketoglutarate (2-KG) and gains the ability to convert 2-KG to D-2-hydroxyglutarate (D-
2-HG) as a result of this mutation (73). Other tumor forms, such as acute myeloid
leukemia and gliomas, have been shown to contain heterozygous mutations affecting
mitochondrial isocitrate dehydrogenase 2 (IDH2) residues R140 and R172, the latter
matching to R132 of IDH1. These mutations also cause abnormal D-2-HG production
(74, 75).

The most common mutations in invasive glioma were TP53, TERT, IDHL1,
PTEN, ATRX, and EGFR (76, 77) in literature. IDH mutations are common in diffuse
gliomas of the astrocytic and oligodendroglial lineages. IDH mutations are often seen in
astrocytic gliomas with mutations in the tumor protein p53 (TP53) and the ATRX genes
(66, 78). In contrast, IDH mutations are linked with chromosomal arms 1p and 19q
codeletion, as well as common mutations in the Drosophila homolog of capicua
transcriptional repressor (79) gene and the telomerase reverse transcriptase (TERT)
promoter (66, 78). IDH mutations were discovered in a younger age group and were
linked to MGMT methylation. There were two different group of molecular profiles in
IDH Mutant DGs. Grade II-111 AC and GBM both contain genetic abnormalities such
TP53 mutations and ATRX deletion, while GBMs have a higher rate of other genetic
alterations. The findings back with the hypothesis that IDH, TP53, and ATRX
mutations occur early in the genesis of AC, with tumors developing as additional events
occur (80, 81) In Grade II-1I1 ODs, TERT mutation and 1p/19g-codeletion were
identified, but no TP53 mutation or ATRX loss. Mutations in Notchl and ARID1A
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were also more prevalent in ODs than in ACs, supporting previous findings that these
genes were commonly altered in a subset of ODs. EGFR amplification or combined
whole chromosome seven gain and whole chromosome 10 loss or TERT promoter
mutation in IDH wild type diffuse astrocytic glioma with an aggressive clinical course
(66, 81). H3F3A, IDH1/2, and pTERT multiplexed dPCR tests, according to Appay et
al, may be especially helpful in the setting of high-grade diffuse gliomas, when
screening for the targeted molecular change is required for an appropriate diagnosis
(82).

The current dataset on anaplastic oligodendroglioma locally diagnosed with long
follow-up data demonstrates the power of targeted NGS for the routine molecular
categorization of diffuse glioma in regular practice. In a previous study tumor samples
were effectively examined despite the lengthy period spent in paraffin, with 95% of
them being recognized molecularly as one of three types of cancer: type |
(oligodendroglioma), type Il (astrocytoma), or type Il (glioblastoma) (83). There were
significant differences in survival rates between patients with molecularly defined
tumor classes, but in this small group, median survival of 3.1 years and 5-year survival
of 47% in the type Il group were not statistically significant from median survival of 9.5
years and 5-year survival of 71% found in the type I group. Although there have been
sporadic reports, the most recent investigations consistently indicate that genuine mixed

glioma tumors do not occur at the molecular level (84-86).

Aside from encouraging genetic research, the clinical significance of identifying
a mixed phenotype is unknown. Molecular classification was shown to have more
prognostic value than histological classification in predicting survival. Neither the
overall prognosis of 1p/19q codeleted tumors nor the response to PCV treatment was
affected by the presence of CIC, FUBP, NOTCH, TP53, or other abnormalities in type |
tumors. The existence of contrast enhancement, necrosis, and microvascular
proliferation are all linked with chromosomal copy number changes rising in 1p/19q

codeleted oligodendrogliomas (87, 88).

The fact that various criteria have been suggested for separate molecularly
defined subtypes of diffuse glioma has been blamed for the difficulty in identifying the
illness. For example, it's unclear whether the loss of 1p/19qg codeletion is sufficient for
the molecular diagnosis of type I, or oligodendroglioma; whether ATRX mutations are
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required for the diagnosis of type Il, or astrocytoma; and whether type I, or
glioblastoma, is best defined as gain of Chr 7 and loss of 10 or the presence of TERT
mutations in the absence of 1p/19q codeletion. Only IDH and TERT gene mutations, as
well as IDH mutations, 1p/19q, and LOH 10qg with Chr 7 imbalance, provide prognosis

categories that are extremely similar.

Examining additional mutations and copy number variations has the benefit of
increasing molecular diagnostic confidence by discovering consistent molecular results
in a tumor. Indeed, the mutual exclusivity of certain findings (such as ATRX and TERT
mutations, IDH mutations, and EGFR amplifications) and the presence of findings that
usually occur together (such as CIC mutations in 1p/19q codeleted cases, TP53
mutations in IDH mutated but 1p/19q intact tumors, and TERT and IDH mutations in
1p/19g codeleted tumors) contribute to the strengthening of the classification of
individual tumors. Identifying 1p/19q codeleted tumors lacking oligodendroglial
characteristics has lately come up in discussions. Evidence suggests that in 1p/19q
codeleted instances, the lack of TERT and IDH mutations may be more important, since
they are rare. Similarly, TP53 mutations were found in almost all IDHmut cancers
except for 1p/19q intact tumors, and an ATRX mutation was found in the lone TP53wt
tumor. This group had a lower percentage of ATRX mutations (65 percent), which is in

line with previous research (58, 89).

A greater proportion of tumors had a 1p/19q codeletion, compared to earlier
FISH results, and there was a significant connection between this finding and other
anomalies (TERT mutations, IDH mutations). IDH and TERT mutations have been
identified in cancers with 1p/19q codeletion at equally high rates elsewhere (52, 79, 90).
These findings indicate that NGS is more sensitive than our prior diagnoses, with FISH.
Better prognosis and treatment outcome prediction are two possible benefits of

molecular categorization.

PCV treatment seems to be beneficial to individuals with malignancies other
than those with 1p/19q codeletion in the North American RTOG 9402 trial and the
EORTC 26951 research. According to the RTOG 9402 trial, patients with IDH
mutations benefited with PCV in 74% of instances, which was confirmed by testing.
Preliminary findings from the EORTC 26951 study suggested that CIMP—and
specifically, MGMT promoter methylation as assessed with the Illumina H450

40



Beadchip—were highly predictive of improved outcome following PCV, whereas IDH

status was insufficient to identify patients who benefited from PCV chemotherapy (91).

A distinction between RTOG 9402 and EORTC 26951 is that in the EORTC
dataset, only 50 percent of patients had IDH mutations, and in the current study 41
percent of the tumors were categorized as type 11, or glioblastoma. In RTOG 9402, 74
percent of the studied patients exhibited an IDH mutation (92).

Taken together, the results indicate that the greatest predictive predictor for
benefit is MGMT promoter methylation, although 95 percent of IDH mutant tumors
with MGMT status available had MGMT promoter methylation. This seems to
reconcile the observed discrepancies between the North American and European
research (92, 93).

Notably, both EORTC 26951 and RTOG 9402 studies of IDH and MGMT are
retrospective in nature. The current CATNON trial, which is evaluating temozolomide
treatment in 1p/19q intact grade Il malignancies, will provide further insight into the
best prognostic marker. Notably, 41% of the sequenced tumors were glioblastoma from
a molecular viewpoint and would have been excluded if molecular criteria had been
employed. Recent research on molecular profiling of low-grade and grade 11l gliomas
revealed a strikingly similar finding, with 15%-20% of grades Il and Il gliomas

exhibiting a glioblastoma-like profile (66, 94).

One of the first recognized carcinogenic genes discovered in GBM is the EGFR
gene. EGFR amplification was not linked with prolonged progression-free survival in
Carter's cohort, but amplifications were enriched in a group with slightly longer overall
survival despite radiographic signs of disease progression, according to Carter et al.
(80). In our study, we found that EGFR positive patients had a lower survival than
negative patients. This data was found to be similar to the literature.

The lower the frequency of the genetically determined mutation in the
population, the more likely it is to be a pathogen. As an example the rate of occurrence
of the missence c419 G>A mutation detected on the exon of chromosome 15 on the
IDH2 gene in the population was determined as 0.01% and is is cited as pathogenic.
Previously it was reported in D-2-hydroglutaric aciduria, type 2 disease (95-97). We

also perform a survival analysis to evaluate the effect the number of mutations on
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survival. We found that patients with 3 or less mutations had a shorter survival time.
Another example the rate of occurrence of the missence ¢392 G>A mutation detected
on the exon of chromosome 10 on the MGMT gene in the population was determined as
less than 0.001%. This mutation was described in familial pancreatic cancer previously.
In our sequencing process we found ¢7140 C>T mutation on ATRX. This X linked
mutation was described on X linked alpha thalassemia. We also find a TERT mutation

on chromosome 5. C2751 G>A change was discribed on Dyskeratosis Congenita.

A liquid biopsy is a blood test that looks for cancer cells from a tumor
circulating in the bloodstream or fragments of DNA from tumor cells in the
bloodstream. A liquid biopsy may aid in the detection of cancer at an early stage. It may
also be used to aid in treatment planning, as well as to determine how well therapy is
working and if cancer has returned. The ability to collect numerous blood samples over
time may also aid physicians in determining what molecular alterations are occurring in
a tumor. The goal of our research was to utilize NGS as a liquid biopsy to assess
molecular alterations and predict patient survival. It is the first publication that the
samples which were used in NGS were studied from blood tissue. The data we obtained
were compatible with the literature. The importance of molecular data has increased in
the WHO classification of CNS tumors. Targeted NGS makes enables to have detailed
information about the diagnosis and survival in glioma patients. The limitation of this
study is the small number of patients and the absence of a control group. Therefore,

studies with larger populations including the control group are needed in the near future.
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6. CONCLUSION

Targeted NGS enables glial tumor categorization that is both accurate and
therapeutically meaningful, providing better prognostic information than conventional
histology. There is evidence to suggest that these cancers should be reclassified using
molecular markers, although how this should be done in clinical practice is still up for
debate. However, it's obvious that incorporating molecular diagnostics into our

standard-of-care routine will help us better understand our patients' outcomes.
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Transforaminal Steroid Injection On Cervical Radicular Pain. Journal of Turkish Spinal
Surgery, 26(51), 121-128

B.20 Atalay Basar,Yaltirik Cumhur Kaan (2015). Kraniyovertebral Bileske
Biyomekanigi ve Stabilizasyon Prensipleri. Tiirk N.rosirtirji Dergisi, 25(51), 96-103

B.21 Tiire Hatice, Keskin Ozgiil, Kéner Ozge, Bilgen Sevgi, Uztiire Neslihan, Yaltirik
Cumhur Kaan, Tekin Kivilcim, Tiire Ugur (2014). Anesthetic management of Awake
craniotomy Our Standardised Protocol and Review of The Literature. Yeditepe Medical
Journal, 31, 794-806., Doi: 10.15659/yeditepem;j.15.10.139

B.22 Koner Ozge, Haliloglu Murat, Yaltirik Cumhur Kaan, Atalay Basar (2012).
Trapping of the Epidural Catheter Between Lumbar Facet Joints: Identification By Ct
and A Simple Removal Technique. Yeditepe Medical Journal, 23, 551-554., Doi:
10.15659/yeditepem;j.15.11.275

B.23 Atalay Basar, Yaltirik Cumhur Kaan, Harput Mehmet Volkan (2011). Patient-
Physician Relationship and The Informed Consent. Yeditepe Medical Journal, 17, 349-
352., Doi: 10.15659/yeditepem;.15.10.194

C — International Oral Presentations

C.1 Bilmez Banu Sagli,Firat Zeynep,Topcuoglu Osman Melih,Yaltirik Cumhur
Kaan,Tiire Ugur,Isik Esin Oztiirk (2020). Identifying Overall Survival in Glioblastoma
Patients Using VASARI Features at 3T. 2020 ISMRM SMRT Virtual Conference
Exhibition
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C.2 Yilmaz Seda Giileg, Yaltirkk Cumhur Kaan (2018). Investigation of 8-
hydroxydeoxyguanosine (8-OHdG) levels as the marker of oxidative stress in Glial
Tumors x. 2" International Congress on Advances in Bioscience and Biotechnology
(ICABB)

C.3 Yaltirik Cumhur Kaan, Atalay Basar, Ekici Isin Dogan (2015). Cauda Equina
Cavernous Hemangioma: Technical Note. 15th Interim Meeting of The World Federation
of Neurosurgical Societies

C.4 Atalay Basar, Yaltirik Cumhur Kaan, Harput Mehmet Volkan, Tekin Kivilcim, Tiire
Ugur (2015). Unilateral Microscopic Approach For Intradural Spinal Tumors. ISMISS
Turkey 2015

C.5 Yaltirik Cumhur Kaan, Ozdogan Selguk, Atalay Basar (2015). Complications After
Percutaneus Vertebral Augmentation Procedure. 15 th Interim Meeting of The World
Federation of Neurosurgical Societies

C.6 Atalay Basar,Harput Mehmet Volkan,Yaltirik Cumhur Kaan,Koner Ozge (2012).
Minimally Invasive Vertebral Augmentation in High Risk Patients. 28 th Annual
Meeting of the AANS/ CNS Section

C.7 Atalay Basar, Yaltirik Cumhur Kaan, Tiire Hatice (2010). Minimal Invasive
Vertebral Augmentation in Geriatric Patients with High Comorbidity. 26 th Annual
Meeting of the AANS/CNS Section on Disorders of the SPINE And Peripheral Nerves

C.8 Atalay Basar, Yaltirik Cumhur Kaan, Karlikaya GiiLden, Tiire Hatice, Tiire Ugur
(2010). Craniocervical Surgery of the Complex Medullary Compression. 26 th Annual
Meeting of the AANS/CNS Section on Disorders of the SPINE And Peripheral Nerves

D — National Oral Presentations

D.1 Yaltirik Cumhur Kaan, Atalay Basar (2019). Geriatrik hastalarda lomber spinal
stenozun cerrahi tedavisinde unilateral yaklasimla bilateral dekompresyonun yeri.
Yaslanan Omurga Sempozyumu

D.2 Yaltirik Cumhur Kaan (2019). Yeni Tanm1 Almis Glioblastomlu Hastalarda Cerrahi
Rezeksiyon Miktarinin Sagkalim Siiresi Uzerine Etkisi. 2nd International Hippocrates
Congress on Medical and Health Sciences

D.3 Yaltirik Cumhur Kaan, Atalay Basar (2017). Vertebral Augmentation by
Kyphoplasty and Vertebroplasty: 8 year experience Outcomes And Complications. 12.
International Turkish Spine Congress

D.4 Tiire Hatice, Keskin Ozgiil, Yaltirik Cumhur Kaan, Uztiire Neslihan, Koéner Ozge,
Tiire Ugur (2016). Norosirurjide Oturur Pozisyonda Vendz Hava Embdlisinin
Saptanmasinda Transzefajial Ekokardiyografi ve Prekordiyal Dopplerin Etkinliklerinin
Karsilastirilmasi. Tiirk Anesteziyoloji Dernegi 50. Ulusal Kongresi

D.5 Tiire Hatice, Keskin Ozgiil, Kéner Ozge, Bilgen Sevgi, Sancar Nurcan, Yaltirik
Cumhur Kaan, Tiire Ugur (2014). Sagdan Sola Kardiyak Santi Olan Hastalarda
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Transozefajial Ekokardiyografi Monitorizasyonu Ile Oturur Pozisyonda Kraniyotomi
Tecriibelerimiz. Tiirk Anesteziyoloji ve Reanimasyon Dernegi 48. Ulusal Kongresi

D.6 Yaltirik Cumhur Kaan, Harput Mehmet Volkan, Tekin Kivilcim, Atalay Basar
(2012). Lomber Fiizyonun korkulu riiyasi: Psddoartroz. Tiirk N.rosiriirji Dernegi, 26.
Bilimsel Kongresi,

D.7 Harput Mehmet Volkan, Yaltirik Cumhur Kaan, Atalay Basar, Koner Ozge, Tiire
Ugur (2011). Ko-Morbiditesi Yiiksek Geriatrik Hastalarda Minimal Invasiv Vertebral
Giiglendirme. Tiirk Norosirurji Dernegi, 25. Bilimsel Kongresi

D.8 Harput Mehmet Volkan, Yaltirik Cumhur Kaan, Atalay Basar, Tiire Ugur (2010).
Servikal Pedikiil Vidalama Tekniginin Anatomik Calismasi. Tirk Norosirurji Dernegi
24. Bilimsel Kongresi

D.9 Yaltirik Cumhur Kaan, Karlikaya Giilden, Harput Mehmet Volkan, Atalay Basar,
Tiire Ugur (2009). Spinal Cerrahide Noéromonitdrlemenin Onemi. Tiirk Norosirurji
Dernegi 23. Bilimsel Kongresi

D.10 Yaltirik Cumhur Kaan, Tekin Kivilcim, Tiire Hatice, Atalay Basar, Tiire Ugur
(2009). Oksipitoservikal Fiksasyon Deneyimlerimiz. Tiirk Norosirurji Dernegi 23.
Bilimsel Kongresi

D.11 Karlikaya Giilden, Yaltirik Cumhur Kaan, Cift¢i Beyza, Bing6l Canan, Tiire Ugur
(2009).

Norofizyolojinin  Yeni Bir Kullanim Alani: Intraoperatif Kortikospinal Traktus
Lokalizasyonu. 25. Ulusal Klinik Nérofizyoloji EEG-EMG Kongresi

D.12 Yaltirik Cumhur Kaan, Harput Mehmet Volkan, Imer Pinar, Atalay Basar (2009).
Vertebroplasti ve Kifoplasti Uygulamalarimiz. Tiirk Norosirurji Dernegi 23. Bilimsel
Kongresi

D.13 Karlikaya Geysu, Yaltirik Cumhur Kaan, Cit¢i Beyza, Davulcu Ezgi, Tiire Ugur,
Bingdl Canan Aykut (2009). Postoperatif Fasial Paralizinin Engellenmesi Amaciyla
Fasiyal Sinir Monitorizasyonu. 25. Ulusal Klinik Norofizyoloji EEG-EMG Kongresi

D.14 Tire Ugur, Yaltirik Cumhur Kaan, Harput Mehmet Volkan, Tiire Hatice, Imer
Pinar, Atalay Basar,Giiclii Biilent (2008). Serebrovaskiiler Cerrahi Girisimlerde
”Indocyaninne Green” Anjiografisi Deneyimlerimiz. Tiirk Norosirurji Dernegi 22.
Bilimsel Kongresi

E — National Book Chapters

E.1 Temel Spinal Cerrahi, Boliim adi:(Torakal Dar Kanal ve Spondilotik Miyelopatide
Tan1 ve Tedavi (2020)., Atalay Basar, Yaltirik Cumhur Kaan, Inter Tip Yayimevi, Basim
sayist:1, ISBN:9786055004170, Tiirkce

E.2 Temel Spinal Cerrahi, Boliim adi:(Omurganin Hareket Segmenti) (2020)., Atalay
Basar, Yaltirik Cumhur Kaan, Inter T1ip Yayievi, Basim sayisi:1, ISBN:9786055004170,
Tiirkce
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E.3 Travma- Acil Servis Yonetimi, Boliim adi:(Kafa Yaralanmalari) (2017)., Yaltirik
Cumhur Kaan, Atalay Basar, Yeditepe Universitesi Yayimnevi, Basim sayisi:1, ISBN:978-
975-307-073-7, Tiirkce

E.4 Noroanestezi, Boliim adi:(Noroanatomi) (2017)., Yaltirik Cumhur Kaan, Atalay
Basar, Tiirk Anesteziyoloji ve Reanimasyon Dernegi Yaymlar, Basim sayisi:l,
ISBN:978-605-67442-2-8, Tiirkce

E.5 Dejeneratif Servikal Hastaliklar, Boliim adi:(Servikal Omurgaya Yaklasim: Cerrahi
Anatomi ve Varis Yollar1) (2014)., Atalay Basar, Yaltirik Cumhur Kaan, Tirk
Norosirurji Dernegi Yayinlari, Basim sayisi:1, ISBN:321132321xx, Tiirkce

E.6 Adolesan Idiyopatik Skolyoz, Boliim adi:(Adolesan Idiyopatik Skolyoz
Epidemiyolojisi ve Patogenezi) (2017)., Atalay Basar, Yaltirik Cumhur Kaan, Tirk
Omurga Dernegi Yayinlari, Basim sayisi:1, ISBN:9789789789, Tiirk¢e

E.7 Principles of Spine Surgery Vol.l, Boliim adi:(Motion Segment of the Spine)
(2016)., Atalay Basar, Yaltirik Cumhur Kaan, Inter Tip Yaymevi, Basim sayisi:1,
ISBN:9786055004118, Ingilizce

E.8 Principles of Spine Surgery Vol.2, B6liim adi:(Thoracic Stenosis and Myelopathy:
Methods for Diagnosis and Therapy) (2016)., Atalay Basar, Yaltirik Cumhur Kaan, Inter
Tip Yayinevi, Basim sayisi:1, ISBN:9786055004118, Ingilizce

E.9 Osteoporotik Omurga, Boliim adi:(Osteoporoz Etiyolojisi) (2016)., Yaltirik Cumhur
Kaan, Atalay Basar, Tirk Omurga Dernegi Yaymlari, Basim sayisi:1,
ISBN:978978978978, Tiirkce

E.10 Klinik Durumlarda Klinik Uygulama Rehberi, Boliim adi:(Spinal Travmali Hastaya
Yaklasim) (2016)., Yaltirkk Cumhur Kaan, Atalay Basar, Yeditepe Universitesi
Yayinlari, Basim sayisi:1, ISBN:9789753070676, Tiirkce

E.11 Spinal Deformiteler, Boliim adi:(Eriskin Tip Skolyoz Cerrahisinde Erken ve Geg
Komplikasyonlar) (2015)., Atalay Basar,Yaltirik Cumhur Kaan, Tirk Norosiriirji
Dernegi Yayinlari, Basim sayisi:1, ISBN:9789789782, Tiirkce

E.12 Spinal Deformiteler, B.lim adi:(DeNovo Skolyozda Cerrahi Sinirlar) (2015).,

Atalay Basar,Yaltirik Cumhur Kaan, Tiirk Norosiriirji Dernegi Yayinlari, Basim sayisi:1,
ISBN:9789789782, Tiirkge
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F —Invited Speaker

F.1 International Scientific Conference “Life Threating Emergency”, Emergency
situation in neurology and neurosurgery, Batumi, Konusmalarim, 03.08.2018 -
03.08.2018 (Uluslararast)

F.2 Tiirk N.rosirtirji Dernegi 32. Bilimsel Kongresi, Normal basingli hidrosefali, Antalya,
20.04.2018 -24.04.2018 (Ulusal)

G —Awards

En lyi Ikinci Poster Odiilii, Tiirk Anesteziyoloji ve Reanimasyon Dernegi 50. Ulusal
Kongresi, 2016
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