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Introduction 

Abstract
   The most frequent malignant primary intracranial tumors of the central nervous system are brain tumors. Frequently, they are 
discovered too late for effective treatment. For CNS malignancies, less invasive techniques are required for diagnostic and therapy 
response monitoring. Brain tumors cause the blood to contain molecular information. The use of liquid biopsies in place of tumor 
tissue is becoming more and more popular. These biopsies gather and examine tumor components found in bodily fluids. Tumor-
derived extracellular vesicles, proteins, and nucleic acids can all aggregate in blood or cerebrospinal fluid and serve as biomarkers 
for tumors. Patients with glioblastoma have also had circulating tumor cells found in their blood in recent years. The authors of this 
literature review emphasize the importance, control, and frequency of molecular biomarkers including isocitrate dehydrogenase, 
O6-methylguanine-DNA methyltransferase, and epidermal growth factor receptor. On the other hand, during the last ten years, there 
has been a significant advancement in our knowledge of the early molecular processes in malignant primary brain tumors, and 
oncologists are now looking for novel  Both the diagnosis and follow-up procedures make use of novel techniques for neuroradiological 
evaluation as well as medicines that specifically target these molecular events. This study focuses on the diagnosis and biomarkers 
of the most prevalent brain tumors.  
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Brain cancer research has clearly captured the interest of many 
in recent years, including students, researchers, physicians, and 
even the public at large [1]. We now have a much better grasp of 
the physiological and pathological processes involved in brain can-
cer because to the development of bioinformatics, the integration 
of multi-omics data, and the rise of nextgeneration sequencing 
technology. Genes play a mostly dominant role in the complicated 
nature of cancer. 

The use of outdated biomarkers and the length of time it takes 
to diagnose brain cancer are two of the disease’s most striking fea-
tures. Diet, lifestyle, medicine, and heredity are just a few of the 
environmental elements that cause these indicators to fluctuate 
dynamically throughout our lifetimes [2]. These changes have the 
potential to influence the brain’s metabolic pathways by changing 
the make-up and function of noncancerous cells. The therapeu-
tic potential of brain cancer is attracting increasing attention as 
a means to combat and cure a wide range of illnesses [3]. There 
is hope for reestablishing homeostasis and increasing host health 
through cancermodulating strategies, such as dietary interven-
tions, early detection, and therapy.  

Moving beyond earlier purely descriptive studies with small 
sample populations, large-scale multi-geographic cohorts have 
also emerged, which is a major step forward. New correlations 
with a broad range of human disorders are being found on a regu-
lar basis in this respect. To meet this challenge, this Special Issue 
will provide a thorough overview of all the many parts of the latest 
research on brain cancer. In order to highlight its significance in 
improving human health and avoiding disease, researchers tackled 
crucial and diverse themes linked to brain cancer in articles.  

 
The initial research on brain cancer primarily emphasised the 

progress made in the clinical diagnosis and categorization of this 
disease. Immunohistochemical indicators have recently been in-
troduced in the field of brain tumor diagnosis and prognosis [4]. 
Antibiotics are employed to specifically target the INI1/BAF47/
SMARCB1/hSNF5 gene product for the purpose of diagnosing 
rhabdoid tumor (RT) and atypical teratoid tumor (AT) [5]. The ab-
sence or alteration of INI1, which is the genetic marker for RT and 
AT/RT, is demonstrated by the absence of the protein produced by 
this gene and the subsequent lack of immunological response [6]. 
Therefore, typical native cellular components that act as internal 
benchmarks, such as endothelial cells and reactive inflammatory 
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cells, along with non-rhabdoid tumor imitators like medulloblas-
toma, display positive immune reactivity in their nuclear region. In 
contrast, the nuclei of RT and AT/RT tumor cells consistently show 
no immune reactivity.  

An anti-INI1 diagnostic antibody test has been introduced, 
which serves as an immunohistochemistry substitute for confirm-
ing gene deletion/mutation by molecular testing [7]. The INI/
BAF47 narrative exemplifies a model in which therapeutically 
meaningful findings derived from fundamental molecular biologi-
cal and genomic research are eventually transformed into practical 
and widely available clinical laboratory assays [8]. Another set of 
clinically useful immunoreagents that have been recently intro-
duced and deserve a quick mention are the novel proliferation 
markers, notably the immunostains for mitotic figures. Two These 
markers have the potential to significantly speed up the process 
of quantifying mitotic activity, whether by manual microscopic 
inspection or automated technology, in a more precise and unbi-
ased manner. The potential clinical applications of mitotic figure 
immunostains extend beyond neuro-oncologic pathology and are 
likely to be of interest to all surgical pathologists who regularly en-
counter tumors where the level of cellular proliferation, especially 
the mitotic index, has been shown to have clinical diagnostic or 
prognostic significance [9]. 

In the field of CNS neoplasia, like in many other areas of surgi-
cal pathology, the influence of genetic and genomic methods on tu-
mor diagnosis and classification is increasing [10]. Neurooncology 
examples include evaluating the deletion or mutation of the INI1 
gene in RTs, silencing the gene O(6)-methyguanine-DNA methyl-
transferase (MGMT)  in glioblastoma, and determining if oligoden-
droglial tumours have chromosomal deletions on 1p and 19q [11]. 

The G-CIMP phenotype seems to be more common in secondary 
GBMs than main ones, according to further research in low grade 
gliomas and GBMs. Low grade glioma patients that have a positive 
G-CIMP status are more likely to have an IDH1 mutation. In low 
grade glioma, G-CIMP remained a strong independent predictor of 
survival even after controlling for age and tumor grade [12]. 

Nevertheless, the latest evaluation of the TCGA data indicates 
that there is no survival advantage based on gene expression sub-
type class. However, G-CIMP positive patients with IDH1 mutations 
nevertheless have a better chance of surviving overall, as this study 
shows [13]. Keep in mind that this subset accounts for just around 
10% of all GBM patients overall. 

Biomarkers  
While many cancer types may be distinguished from one anoth-

er using molecular markers, only few offer consistent and accurate 

prognostic signs. We only include a few of the most wellknown mo-
lecular indicators of brain tumors due to editorial restrictions. On 
chromosome 10q26 lies the gene that codes for O-6 methylguanine-
DNA methyltransferase (MGMT) [14]. DNA repair is aided by O-6 
methylguanine-DNA methyltransferase, which stops apoptosis by 
reversing DNA alkylation and eliminating the guanine-alkyl group. 
Different transcription factors, such as specificity protein 1 or nu-
clear factor kappa B, which activate the O-6 methylguanine-DNA 
methyltransferase promoter to drive the production of additional 
MGMT, greatly alter the expression of this protein [15]. About 40% 
of glioblastomas have MGMT promoter methylation. Since MGMT 
promoter methylation is only present in 36% of original tumors 
and significantly corresponds with the TP53 mutation (92%) in 
secondary GBM, it is more common (about 75%) in secondary glio-
blastoma. The expression of O-6 methylguanine-DNA methyltrans-
ferase has been linked to DNA-resistant alkylating drugs, including 
temozolomide, which is the main chemotherapy drug used to treat 
glioblastoma [16]. Reduced expression of this protein is associated 
with a marginally extended lifespan and reaction to temozolomide. 
Hegi., et al. shown that in patients receiving TMZ, MGMT promoter 
methylation yields superior outcomes. In instances where methyla-
tion was present, the median overall survival was 18.2 months; in 
situations where methylation was absent, it was 12.2 months. The 
optimal TMZ treatment can be determined by assessing the meth-
ylation state of the MGMT promoter, as temozolomide is hazardous 
[17]. 

The most popular techniques for identifying methylation MGMT 
in glioblastoma patients are pyrosequencing, combinatorial PCR 
using MS technology, polymerase chain reaction (PCR), or SYBR 
Green [14].  

Major signaling pathways and physiological responses, such 
as migration, proliferation, survival, and tumor development, are 
activated by the epidermal growth factor receptor (EGFR). One 
possible biomarker for glioblastoma is EGFR [18]. It is involved in 
growth factor signaling in healthy cells, but oncogenic alterations 
associated with cancer (variant expression, mutations) frequently 
result in ligand-independent oncogenic activity. About 40% of glio-
blastoma patients have elevated EGFR, which is frequently linked to 
high-grade malignancies. Tumors may include several dozen extra 
copies of EGFR. The EGFR gene encodes a tyrosine kinase receptor 
that is selective for particular growth factors. EGFR transcript vari-
ant III (EGFRvIII) is one of the most frequently researched EGFR 
mutations in brain tumors. It results from a histone alteration on 
the enhancer gene on chromosome 7p12 [14]. According to some 
research, the best predictor of a poor prognosis and low survival 
rate is overexpression of EGFRvIII in the presence of epidermal 
growth factor receptor amplification [19]. EGFRvIII may, however, 
be a good prognostic sign and indicate the long-term survival of 

Citation: Muhammad Waqar Mazhar. “Novel Biomarkers in Brain Tumor Diagnosis”. Acta Scientific Cancer Biology 8.8 (2024): 34-39.



36

Novel Biomarkers in Brain Tumor Diagnosis

patients with EGFRvIII who receive surgery, chemotherapy, or ra-
diation therapy, according to other studies [20]. The response to 
receptor tyrosine kinase (RTK) inhibitors may also be predicted 
by this biological signature. RTK inhibition initially seems to help 
EGFR-amplified cancers, however results indicate that this medi-
cation is not always effective in treating them. Because EGFR mu-
tation and amplification are prevalent in glioblastoma cells, they 
were designated as prognostic biomarkers. Owing to the tumor’s 
proliferative nature, which is primarily regulated by important 
growth factors and their receptors, EGFR can activate processes 
required for the growth of cancerous GBM cells. 

The primary job of the protein enzyme isoketide dehydroge-
nase (IDH), which is encoded by genes on chromosome 2. IDH is in-
volved in the Krebs cycle’s oxidative decarboxylation process. IDH 
has been divided into IDH 1 and IDH 2 courses. These isoenzymes 
reduce NADP + to NADPH while catalyzing the reversible oxidation 
of isocitrate to generate α-ketoglutarate. Cellfree defense against 
intracellular oxidative damage is offered by NADPH. The most 
prevalent mutation in IDH 1 or 2, which results in the oncome-
tabolite D-2-hydroxy-glutarate (D-2HG) from alpha-ketoglutarate 
(a-KG), a normal product, is caused by a single-residue alteration 
that substitutes histidine for arginine [21]. It is still unknown how 
this promotes cancer, although it is most likely connected to how 
D-2-hydroxyglutarate affects DNA demethylases, which in turn in-
creases methylation of DNA and histones. Additionally, D-2HG has 
been employed as a biomarker of therapeutic response. While iso-
citrate dehydrogenase mutations are uncommon in original GBM, 
they are prevalent in 73–85% of secondary GBM cases. IDH1-mu-
tant cells are more radiosensitive than wild-type cells, and gliomas 
with a secondary IDH1 mutation exhibit enhanced chemosen-
sitivity, as demonstrated by Tao., et al. IDH mutations are there-
fore thought to be a favorable predictive indicator of survival for 
glioblastomas in stages II through IV. It is feasible to identify this 
biomarker by spectroscopy or immunohistochemistry. Determin-
ing the outcome of the IDH mutation in the tumor’s development 
is the primary constraint on the use of this biomarker. Methods 
like droplet-type digital polymerase chain reaction (ddPCR) and 
pyrosequencing can also be used to identify mutations in isoform 
dehydrogenase.

 
The intermediate fiber protein known as glial fibrillary acidic 

protein (GFAP) is generated by astrocytes and other central ner-
vous system cells. Compared to normal brain cells, it is found in 
tumor tissue at far greater concentrations. However, because of 
the so-called “sensitivity gap” caused by the heterogeneous/low 
expression of GFAP on some tumors, which results in undetectable 
levels of GFAP released into the circulation, GFAP in the blood can-
not be utilized as a particular diagnostic marker for a brain tumor. 
The degree of necrosis, intratumor GFAP expression, and tumor 
volume are all correlated with elevated blood concentrations of 

GFAP [22]. Additionally, the presence of isocitrate dehydrogenase 
mutations is linked to serum GFAP levels. Though heterogeneous, 
glial fibrillary acidic protein is now the most widely used marker 
for identifying circulating tumor cells, and its expression is often 
preserved in brain malignancies.

  
An enzyme of the ribonucleoproteinase family called telomer-

ase reverse transcriptase (TERT) is involved in the replication of 
telomeres, which are repeating DNA sequences found at the end of 
chromosomes [16]. They eventually result in a permanent prolif-
erative halt as they progressively shorten throughout subsequent 
cell divisions. Only expressed in stem cells, telomerase is the main 
enzyme that stops telomere shortening due to cell division. Addi-
tionally, throughout the development of cancer, it is essential for 
cell transformation and immortalization. It is suggested that two 
particular point mutations, C228T and C250T, in the telomerase 
promoter (pTERT), activate telomerase. These mutations have 
been observed in cancer cells. Brain tumors are among the ma-
lignancies where pTERT mutations have been discovered; normal 
cells have not shown these alterations. Elevated TERT gene protein 
levels are linked with pTERT mutations in a significant proportion 
of brain tumor samples. Owing to their frequent incidence, pTERT 
mutations found in liquid biopsies may be predictive of brain tu-
mor prognoses and may aid in the development of future diagnos-
tic procedures [23]. 

The loss of genetic material from one of the two alleles of a gene 
is known as loss of heterozygosity (LOH). Malignant neoplastic 
cells frequently include LOH, which primarily impacts tumor sup-
pressor genes and reduces the body’s ability to defend its systems 
against the development of tumors. In brain tumors, it is a frequent 
genetic occurrence [24]. Between 60 and 80 percent of primary 
and secondary brain cancers include LOH 10q. On chromosome 10, 
the three frequently deleted regions are 10q23–24 (PTEN), 10q14–
p15, and 10q25–pter. The loss of the tumor suppressor gene PTEN, 
coupled with genes like MXI1, DMBT1, LGI1, FGFR2, and WDRI1, 
is the most significant of these three. One phosphatase that is cru-
cial in blocking the PI3K/AKT/mTOR pathway is the PTEN protein. 
Low-grade brain tumors that grow to highgrade glioblastomas are 
linked to PTEN mutations, loss of preferred tumor development, 
and deletion of the PTEN locus 10q25-pter. Brain cancers have also 
been linked to LOH on chromosome 22. Chromosome 22q is the 
most often lost gene; it is seen in 41% of primary tumors and 82% 
of secondary tumors [25]. The tumor suppressor gene TIMP-3, 
which codes for tissue inhibitor of metalloproteinases-3 (TIMP-3), 
is lost upon deletion of the 22q12.3 region. TIMP-3 triggers apopto-
sis and suppresses the development of tumor cells and the spread 
of cancer [26]. Numerous chromosomes, including 1p, 9p, 17p, and 
19q, are impacted by LOH in brain tumors. Compared to primary 
brain tumors, secondary brain tumors are more frequently found 
to have chromosome 19q LOH. In primary brain tumors (12%) and 
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secondary brain cancers (15%), loss of function (LOH) on chromo-
some 1 is an uncommon genetic event that is linked to prolonged 
survival. LOH analysis is carried out in patients with brain tumors 
by amplifying gene products using PCR and microsatellites.

The well-known tumor suppressor protein p53 is encoded by 
the TP53 gene. p53 is regarded as the protector of the genome and 
has a number of roles in preventing the development of tumors. 
In contrast to main brain tumors, which only account for 30% of 
cases, TP53 point mutations were detected in secondary brain tu-
mors 90% of the time, and in certain cases, in primary lesions at 
all [27]. One theory about how TP53 mutations contribute to the 
development of brain tumors is that they regulate the mevalonate 
(MVA) pathway. Using qRT-PCR techniques, it was established that 
the overexpression of MVA kinases and 3’-hydroxy-3’-methylgluta-
ryl-coenzyme A reductase—two enzymes known to stimulate the 
growth of tumors—correlates with the activation of the MVA route 
and the TP53 mutation. In individuals with TP53 mutations, the 
use of mouse double minute 2 homolog inhibitors is effective [28]. 

New therapeutic approaches 
Preclinical outcomes have been published by organizations 

for over a decade. A phase III study conducted in 2017 (Check-
Mate-143) compared anti-PD1 treatment with bevacizumab (an-
tivascular drug), and nivolumab did not enhance overall survival 
[29].  

Figure 1: Anti-PD1 antibodies in T- cell activity.

VEGFA, or endothelial growth factor A, is used to treat recurrent 
glioblastoma. Phase III CheckMate-498 trial (NCT02617589) (US 
National Library of Medicine 2015) included patients with newly 
diagnosed O6-methylguanine-DNA-methytransferase (MGMT) 
promoter-unmethylated glioma; the study’s results were disap-
pointing. In this trial, temozolomide (TMZ) with radiation was com-
pared to conventional radiation plus nivolumab. In CheckMate-548 
(NCT02667587 (US National Library of Medicine 2016a), a trial of 
patients with MGMTmethylated glioblastoma, nivolumab in con-
junction with TMZ is being evaluated [30,31]. The focus currently 
is on determining the etiological causes of therapeutic failures in 
order to eliminate barriers to successful immune checkpoint block-
ade. Immunocheckpoint therapy’s moderate but notable effective-
ness against other intracranial cancers, such as brain metastases of 
melanoma, may serve as a recent signal. Glioblastoma presents a 
distinct set of difficulties of its own. Two immune checkpoint block-
ade inhibitors that are linked to glioblastoma include low TMB and 
substantial intratumoral heterogeneity. Even within individual 
glioblastoma tumor cells, there are differences in the expression 
of oncogenic transcriptional programs, demonstrating the intra-
tumoral heterogeneity that poses a unique challenge to immune 
targeting. 

Looking Forward 
Given the dynamic nature of high throughput “omics” technolo-

gies, we still have a long way to go before we can improve treat-
ments and clinical outcomes for patients with brain tumors by in-
tegrating various kinds of high genome wide data. 

 

Conflict of Interest
The authors have no conflicts of interest to declare.

Bibliography
1. McGarity TO and WE Wagner. “Bending science: How special 

interests corrupt public health research”. 2010: Harvard Uni-
versity Press (2010). 

2. Bielecka J and R Markiewicz-Żukowska. “The influence of nu-
tritional and lifestyle factors on glioma incidence”. Nutrients 
12.6 (2020): 1812. 

3. Annu., et al. “An insight to brain targeting utilizing polymeric 
nanoparticles: effective treatment modalities for neurological 
disorders and brain tumor”. Frontiers in Bioengineering and 
Biotechnology 10 (2022): 788128. 

4. Yi Z., et al. “Current advances and challenges in radiomics of 
brain tumors”. Frontiers in Oncology 11 (2021): 732196. 

Citation: Muhammad Waqar Mazhar. “Novel Biomarkers in Brain Tumor Diagnosis”. Acta Scientific Cancer Biology 8.8 (2024): 34-39.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7353193/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7353193/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7353193/
https://pubmed.ncbi.nlm.nih.gov/35186901/
https://pubmed.ncbi.nlm.nih.gov/35186901/
https://pubmed.ncbi.nlm.nih.gov/35186901/
https://pubmed.ncbi.nlm.nih.gov/35186901/


38

Novel Biomarkers in Brain Tumor Diagnosis

5. Nobusawa S., et al. “Secondary INI1-deficient rhabdoid tu-
mors of the central nervous system: analysis of four cases and 
literature review”. Virchows Archiv 476 (2020): 763-772. 

6. Calandrelli R., et al. “Atypical teratoid rhabdoid tumor: Pro-
posal of a diagnostic pathway based on clinical features and 
neuroimaging findings”. Diagnostics 13.3 (2023): 475. 

7. Paassen I., et al. “Atypical teratoid/rhabdoid tumoroids re-
veal subgroup-specific drug vulnerabilities”. Oncogene 42.20 
(2023): 1661-1671. 

8. Ramaswamy V and C Nör. Genetic Basis and classification of 
cerebral neoplasms, in Textbook of Pediatric Neurosurgery 
(2020): 1775-1791. 

9. Gao F., et al. “Role of circulating tumor cell detection in differ-
entiating tumor recurrence from treatment necrosis of brain 
gliomas”. BioScience Trends 15.2 (2021): 107-117. 

10. Sahm F., et al. “Molecular diagnostic tools for the World Health 
Organization (WHO) 2021 classification of gliomas, glioneu-
ronal and neuronal tumors; an EANO guideline”. Neurooncol-
ogy 25.10 (2023): 1731-1749. 

11. Chen YX., et al. “O6-methylguanine DNA methyltransferase is 
upregulated in malignant transformation of gastric epithelial 
cells via its gene promoter DNA hypomethylation”. World Jour-
nal of Gastrointestinal Oncology 14.3 (2022): 664. 

12. Xu Y., et al. “CIMP-positive glioma is associated with better 
prognosis: A systematic analysis”. Medicine 101.39 (2022): 
e30635. 

13. Tesileanu CMS., et al. “Molecular markers related to patient 
outcome in patients with IDHmutant astrocytomas grade 2 
to 4: A systematic review”. European Journal of Cancer 175 
(2022): 214-223. 

14. Senhaji N., et al. “Molecular and circulating biomarkers in pa-
tients with glioblastoma”. International Journal of Molecular 
Sciences 23.13 (2022): 7474. 

15. Bai P., et al. “Modulating MGMT expression through interfer-
ing with cell signaling pathways”. Biochemical Pharmacology 
(2023): 115726. 

16. Jelski W and B Mroczko. “Molecular and circulating biomark-
ers of brain tumors”. International Journal of Molecular Sci-
ences 22.13 (2022): 7039. 

17. Chai R., et al. “Predictive value of MGMT promoter methylation 
on the survival of TMZ treated IDH-mutant glioblastoma”. Can-
cer Biology & Medicine 18.1 (2021): 271. 

18. Rodriguez SMB., et al. “An overview of EGFR mechanisms and 
their implications in targeted therapies for glioblastoma”. In-
ternational Journal of Molecular Sciences 24.13 (2023): 11110. 

19. London M and E Gallo. “Epidermal growth factor receptor 
.EGFR) involvement in epithelial-derived cancers and its cur-
rent antibody-based immunotherapies”. Cell Biology Interna-
tional 44.6 (2020): 1267-1282. 

20. Struve N., et al. “EGFRvIII upregulates DNA mismatch repair 
resulting in increased temozolomide sensitivity of MGMT 
promoter methylated glioblastoma”. Oncogene 39.15 (2020): 
3041-3055. 

21. Pirozzi CJ and H Yan. “The implications of IDH mutations for 
cancer development and therapy”. Nature Reviews Clinical On-
cology 18.10 (2021): 645-661. 

22. van Asperen JV., et al. “Investigation of glial fibrillary acidic 
protein .GFAP) in body fluids as a potential biomarker for gli-
oma: a systematic review and meta-analysis”. Biomarkers 27.1 
(2022): 1-12. 

23. Powter B., et al. “Human TERT promoter mutations as a prog-
nostic biomarker in glioma”. Journal of Cancer Research and 
Clinical Oncology 147 (2021): 1007-1017. 

24. Smukowski Heil C. “Loss of heterozygosity and its importance 
in evolution”. Journal of Molecular Evolution 91.3 (2023): 369-
377. 

25. Erira A., et al. “Differential regulation of the EGFR/PI3K/AKT/
PTEN pathway between low-and high-grade gliomas”. Brain 
Sciences 11.12 (2021): 1655. 

26. Sareen H. “Molecular biomarkers in Glioblastoma”. 2023, 
UNSW Sydney (2023). 

27. Alvarado-Ortiz E., et al. “Mutant p53 gain-of-function: role in 
cancer development, progression, and therapeutic approach-
es”. Frontiers in Cell and Developmental Biology 8 (2021): 
607670. 

28. Aersilan A., et al. “MicroRNA-874 targets phosphomevalon-
ate kinase and inhibits cancer cell growth via the mevalonate 
pathway”. Scientific Reports 12.1 (2022): 18443. 

Citation: Muhammad Waqar Mazhar. “Novel Biomarkers in Brain Tumor Diagnosis”. Acta Scientific Cancer Biology 8.8 (2024): 34-39.

https://pubmed.ncbi.nlm.nih.gov/31707588/
https://pubmed.ncbi.nlm.nih.gov/31707588/
https://pubmed.ncbi.nlm.nih.gov/31707588/
https://www.nature.com/articles/s41388-023-02681-y
https://www.nature.com/articles/s41388-023-02681-y
https://www.nature.com/articles/s41388-023-02681-y
https://pubmed.ncbi.nlm.nih.gov/33952802/
https://pubmed.ncbi.nlm.nih.gov/33952802/
https://pubmed.ncbi.nlm.nih.gov/33952802/
https://academic.oup.com/neuro-oncology/article/25/10/1731/7189810
https://academic.oup.com/neuro-oncology/article/25/10/1731/7189810
https://academic.oup.com/neuro-oncology/article/25/10/1731/7189810
https://academic.oup.com/neuro-oncology/article/25/10/1731/7189810
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8919019/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8919019/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8919019/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8919019/
https://pubmed.ncbi.nlm.nih.gov/36181110/
https://pubmed.ncbi.nlm.nih.gov/36181110/
https://pubmed.ncbi.nlm.nih.gov/36181110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9267689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9267689/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9267689/
https://pubmed.ncbi.nlm.nih.gov/33628600/
https://pubmed.ncbi.nlm.nih.gov/33628600/
https://pubmed.ncbi.nlm.nih.gov/33628600/
https://pubmed.ncbi.nlm.nih.gov/32066879/
https://pubmed.ncbi.nlm.nih.gov/32066879/
https://pubmed.ncbi.nlm.nih.gov/32066879/
https://pubmed.ncbi.nlm.nih.gov/32066879/
https://www.nature.com/articles/s41571-021-00521-0
https://www.nature.com/articles/s41571-021-00521-0
https://www.nature.com/articles/s41571-021-00521-0
https://pubmed.ncbi.nlm.nih.gov/33547950/
https://pubmed.ncbi.nlm.nih.gov/33547950/
https://pubmed.ncbi.nlm.nih.gov/33547950/
https://www.nature.com/articles/s41598-022-23205-w
https://www.nature.com/articles/s41598-022-23205-w
https://www.nature.com/articles/s41598-022-23205-w


39

Novel Biomarkers in Brain Tumor Diagnosis

29. Persico P., et al. “Checkpoint inhibitors as high-grade gliomas 
treatment: State of the art and future perspectives”. Journal of 
clinical medicine 10.7 (2021): 1367. 

30. Fakhoury KR., et al. “Immunotherapy and radiation for high-
grade glioma: a narrative review”. Translational Cancer Re-
search 10.5 (2021): 2537. 

31. Raza A., et al. “Comparative analysis of the gnai family genes 
in glioblastoma through transcriptomics and single-cell tech-
nologies”. Cancers 15.20 (2023): 5112. 

Citation: Muhammad Waqar Mazhar. “Novel Biomarkers in Brain Tumor Diagnosis”. Acta Scientific Cancer Biology 8.8 (2024): 34-39.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8036455/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8036455/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8036455/
https://www.mdpi.com/2072-6694/15/20/5112
https://www.mdpi.com/2072-6694/15/20/5112
https://www.mdpi.com/2072-6694/15/20/5112

