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Introduction

Brief overview of glioblastoma and its high mortality rate

Glioblastoma is a type of brain cancer that arises from 
glial cells, which are supportive cells in the brain. It is the 
most aggressive and malignant type of brain cancer, with a 
median survival time of only 15 months since the diagnosis, 
even with aggressive treatments. The exact etiology of glio-
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blastoma is unknown, but it is believed to be linked to genetic 
mutations and abnormal growth of glial cells. Symptoms 
of glioblastoma may include headaches, seizures, memory 
loss, personality changes, and difficulty in speaking or mo-
vements. Treatment options include maximal safe surgical 
resection, radiation therapy and concomitant chemotherapy, 
followed by adjuvant chemotherapy. However, the prognosis 
of patients affected by glioblastoma remains poor regardless 
of the type of treatment adopted. 
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The high mortality rate of glioblastoma is due to seve-
ral factors, including tumor aggressiveness, challenges to 
achieve gross total resection preserving neurological fun-
ctions, and the limited effectiveness of current treatments. 
According to the National Brain Tumor Society, gliobla-
stoma is the most common primary malignant brain tumor, 
accounting for about 47% of all primary brain tumors. The 
five-year survival rate for glioblastoma is less than 10%, 
and only about 5% of patients survive for 10 years after the 
diagnosis (1).

Research is ongoing, to better understand the underlying 
causes of glioblastoma and to develop more effective treat-
ments. One promising approach involves the use of persona-
lized medicine, which uses the patient’s genetic information 
to tailor treatment to their specific tumor. Clinical trials are 
currently underway to test the safety and effectiveness of 
personalized medicine for glioblastoma (2, 3).

Current standard treatment options for glioblastoma and 
their limitations

The standard treatment options for glioblastoma include 
surgery, radiation therapy, and chemotherapy. These treat-
ments can help slow down the progression of the disease, 
but they have several limitations. 

Surgery is the first-line treatment option for glioblastoma 
and is aimed to accomplish the maximal tumor resection. 
However, since glioblastoma tends to infiltrate surrounding 
brain tissue, it can be difficult to remove the entire tumor 
without causing postoperative neurological deficits (4). 

Radiation therapy on the other hand, uses high-energy 
beams of radiation, and while it can be effective in slowing 
the growth of glioblastoma, it can also damage healthy brain 
tissue, leading to side effects such as fatigue, headaches, and 
cognitive problems (5, 6). 

Finally, chemotherapy involves the use of drugs to 
kill cancer cells. It can be effective in slowing down the 
progression of glioblastoma, but can be limited by the 
occurrence of significant side effects, including headache, 
nausea, vomiting, fatigue and pancytopaenia. Additionally, 
the blood-brain barrier can limit the amount of chemotherapy 
drugs that reach the brain, thus making it difficult to reach 
therapeutic levels. 

Newer treatment approaches that are currently being 
investigated for glioblastoma include targeted therapy, im-
munotherapy, and gene therapy. However, these approaches 
are still in the early stages of development and have not yet 
been proven to be effective in clinical trials (7).

The need for more effective, personalized treatment 
approaches

Glioblastoma remains a challenging tumor to treat and 
cure. Therefore, there is a need for more effective, persona-
lized treatment approaches.

One promising path for personalized treatment is the use 
of genomic profiling to identify the specific genetic muta-
tions and abnormalities driving the growth of the tumor. This 
information can be used to target those specific mutations 
with targeted therapies or immunotherapies. It was found that 
glioblastoma patients who received targeted therapies based 

on genomic profiling had improved outcomes as compared 
to patients who received standard treatments (8-10). 

Immunotherapy, already adopted to treat other cancers, 
has shown promising results in early clinical trials for glio-
blastoma. Furthermore, patients with recurrent glioblastoma 
who underwent experimental immunotherapy had a longer 
median survival (12 months) than patients who received 
standard treatments (5.5 months) (11, 12). Apart from perso-
nalized treatments, more effective pharmacologic strategies 
to cross the blood-brain barrier and deliver drugs to the tumor 
are needed. Ultrasounds and nanotechnologies are under 
investigation to overcome this obstacle (13).

Omics Sciences in Glioblastoma

Genomics techniques used in glioblastoma research

Genomics techniques are essential tools for understan-
ding the underlying molecular mechanisms of glioblastoma. 
For example, whole genome sequencing (WGS) and whole 
exome sequencing (WES) can be used to identify genetic 
mutations and copy number variations in glioblastoma. Mo-
reover, RNA sequencing (RNA-seq) can be used to identify 
differentially expressed genes and potential biomarkers, 
while single-cell sequencing can enable the identification of 
heterogeneity and clonal evolution in glioblastoma. Finally, 
DNA methylation analysis is used to identify epigenetic 
changes in glioblastoma. These techniques have enabled the 
identification of potential therapeutic targets and the deve-
lopment of precision medicine approaches for glioblastoma 
treatment. However, technical challenges exist in the analysis 
and interpretation of the large amounts of data generated by 
these techniques. Variability in sample quality and availabi-
lity also poses a significant challenge in glioblastoma rese-
arch. One study used WGS to identify somatic mutations in 
glioblastomas and found that the mutations were associated 
with specific molecular subtypes of the disease, which could 
help guide personalized treatments (14). Another study used 
genomic analysis to identify a genetic alteration that drives 
resistance to the temozolomide, which is the first-line che-
motherapy drug used to treat glioblastoma (15).

 
Transcriptomics techniques used in glioblastoma research

Transcriptomics is the study of gene expression at 
the transcript level. This technique can provide valuable 
information about the underlying molecular mechanisms 
of glioblastoma and can help in biomarker identification. 
Several transcriptomics techniques have been used in glio-
blastoma research, including microarray analysis, RNA-seq, 
and single-cell RNA sequencing (scRNA-seq). Microarray 
analysis allows for the measurement of the expression levels 
of thousands of genes simultaneously, and has been used 
to identify differentially expressed genes in glioblastoma 
as compared to normal brain tissue. RNA-seq provides 
higher resolution and sensitivity than microarray analysis 
and has been used to identify novel spliced transcripts and 
fusion genes in glioblastoma. scRNA-seq allows for the 
identification of heterogeneity within tumors and has been 
used to identify subpopulations of cells with different gene 
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expression profiles. These transcriptomics techniques have 
provided valuable insights into the molecular mechanisms 
of glioblastoma and have the potential to identify novel 
therapeutic targets. Transcriptomic analysis was used in 
a study to identify a set of genes that are overexpressed 
in glioblastomas and could serve as potential therapeutic 
targets (16). Another study used transcriptomics to identify 
a molecular signature associated with poor survival in glio-
blastoma patients (17).

 
Proteomics techniques used in glioblastoma research

Proteomics techniques are essential tools for under-
standing the protein expression and post-translational mo-
difications, finally resulting in biomarkers and therapeutic 
targets identification. They can be applied also to study 
glioblastoma tumorigenesis and progression. One widely 
used technique is mass spectrometry, which can identify 
and quantify thousands of proteins in a single sample. 
Additionally, proteomics approaches can also be used to 
study protein-protein interactions, protein localization, and 
protein function. 

Other proteomics techniques include two-dimensional 
gel electrophoresis, which separates proteins based on 
their isoelectric point and molecular weight, and protein 
microarrays, which allow for high-throughput analysis of 
protein expression and interactions. These techniques have 
been used to identify potential biomarkers and therapeutic 
targets in glioblastoma, such as the upregulation of EGFR 
and the downregulation of PTEN in tumor tissues. However, 
challenges remain in standardizing proteomics protocols and 
interpreting the large amounts of data generated from these 
techniques. One study used proteomic analysis to identify 
a protein that is overexpressed in glioblastomas and could 
serve as a therapeutic target (18). Another study used pro-
teomics to identify proteins that are differentially expressed 
in response to treatment with temozolomide (19).

Examples of recent studies using these techniques

A number of studies used genomics, transcriptomics, 
and proteomics techniques to further our understanding of 
glioblastoma. 

Darvin and colleagues used RNA-seq to identify the 
subset of patients who may benefit from treatment with im-
mune checkpoint inhibitors. They found that patients with 
high levels of immune-related gene expression had better 
survival outcomes after treatment with immune checkpoint 
inhibitors (20).

In another study, the researchers used genomic and tran-
scriptomic analysis to identify a novel molecular subtype of 
glioblastoma, called MES-IG, characterized by high levels of 
immune and inflammatory signaling. They found that MES-
IG tumors were more responsive to immune checkpoint 
inhibitors than other subtypes of glioblastoma (21).

Bollard and co-workers identified a set of proteins up-
regulated in glioblastoma and associated with poor outcomes 
by means of proteomic analysis. They demonstrated how 
targeting one of these proteins, called PIM1, could improve 
treatment outcomes in glioblastoma patients (22).

Eventually, researchers used scRNA-seq to analyze the 
heterogeneity of glioblastoma tumors at the single-cell level. 
They found that glioblastomas are highly heterogeneous 
tumors and different subpopulations of tumor cells may 
respond differently to treatment (23).

Advancements in omics sciences have improved our 
understanding of glioblastoma biology

The genomics of glioblastoma has been extensively stud-
ied to identify mutations and alterations that drive tumor’s 
growth and progression. The Cancer Genome Atlas (TCGA) 
project identified, on the basis of genomic alterations, four 
molecular subtypes of glioblastoma with different prognoses 
and response to therapies. The IDH1 mutation was found to 

Location Phenotype Inheritance
Phenotype  

MIM number
Gene/Locus

Gene/Locus
MIM number

2q34 Glioma, susceptibility to, somatic  - 137800 IDH1 147700

5p15.33 Glioma susceptibility 8  - 613033 GLM8 613033

7q31.33 Glioma susceptibility 9 AD 616568 POT1 606478

8q24.21 Glioma susceptibility 7  - 613032 CCDC26 613040

9p21.3 Glioma susceptibility 5  - 613030 GLM5 613030

10q23.31 Glioma susceptibility 2  - 613028 PTEN 601728

13q13.1 Glioblastoma 3 AR 613029 BRCA2 600185

15q23-q26.3 Glioma susceptibility 4  - 607248 GLM4 607248

17p13.1 Glioma susceptibility 1 AD, SMu 137800 TP53 191170

17q12 Glioblastoma, somatic  - 137800 ERBB2 164870

20q13.33 Glioma susceptibility 6  - 613031 GLM6 613031

Table 1. List of genes involved in glioblastoma, with OMIM id, the pathology to which they are correlated, and the inheritance pattern.
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be a strong prognostic factor for glioblastoma patients (24). 
Transcriptomic analyses have been used to identify genes 
that are differentially expressed in glioblastoma, which can 
serve as potential therapeutic targets or biomarkers. The 
TCGA project identified the EGFR signaling pathway as a 
key pathway activated in glioblastoma. Some drugs target-
ing this pathway have been developed and tested in clinical 
trials (25). 

Epigenetic alterations, such as DNA methylation and 
histone modifications, have been shown to play a role in glio-
blastoma development and progression. Epigenetic changes 
can alter gene expression and promote tumor growth. Epi-
genetic therapies have been developed and tested in clinical 
trials (26). Moreover, proteomic analyses have been used 
to identify proteins that are differently expressed in glio-
blastomas and can serve as potential therapeutic targets or 
biomarkers (27).

Precision Medicine in Glioblastoma

Definition of precision medicine and its use in glioblastoma 
treatment

Precision medicine refers to the customization of medical 
treatment based on individual’s genetic makeup, lifestyle, 
and environmental factors. In glioblastoma, precision 
medicine involves identifying specific genetic mutations 
that drive tumor growth and developing targeted therapies 
to inhibit these mutations. Precision medicine approaches 
have shown promise in improving treatment outcomes for 
glioblastoma patients (28).

Importance of identifying biomarkers for patient stratification 
and treatment selection

Identifying biomarkers is essential for patients’ stra-
tification and treatment selection in precision medicine 
approaches. Biomarkers are molecular indicators of disease 
or response to treatments, and their identification can help 
match patients with the most effective therapies. In gliobla-
stoma, identifying biomarkers is particularly important due 
to the heterogeneity of the disease and the variable response 
to treatment (29).

Examples of promising biomarkers in glioblastoma

Several biomarkers have been identified in glioblastoma, 
including IDH1 and IDH2 mutations, MGMT promoter 
methylation status, and EGFRvIII mutations, or  alteration of 
PI3K/AKT/MTOR and RAS/RAF/MEK/MAPK signaling 
pathways, DNA-damage repair pathways and cell cycle 
checkpoints. These biomarkers can help predict patients’ 
response to treatments and guide treatments’ selection 
(30,31).

Targeted therapies in precision medicine for glioblastoma

A key component of precision medicine approaches 
in glioblastoma are targeted therapies. These therapies 

selectively target specific molecular pathways that drive 
tumor growth and survival, leading to improved treatment 
outcomes. Examples of targeted therapies in glioblastoma 
include EGFR inhibitors, VEGF inhibitors, MEK/BRAF 
inhibitors, or recently IDH1 inhibitors as vorasidenib (32).

Overview of current FDA-approved targeted therapies for 
glioblastoma

There are currently few FDA-approved targeted thera-
pies for glioblastoma, including regorafenib (a multikinase 
inhibitor). However, these therapies have limited efficacy, 
and there is a need for more effective targeted therapies in 
glioblastoma (33).

Implications for precision medicine approaches

There are several implications of precision medicine 
approaches, including more accurate diagnoses, improved 
treatment outcomes, and the potential for personalized pre-
ventive care.  Precision medicine can help clinicians make 
more accurate diagnoses by identifying genetic mutations 
that contribute to a patient’s disease. For example, gene-
tic testing can help diagnose cancer and guide treatment 
decisions (34,35). Moreover, precision medicine can also 
help identify the most effective treatments for patients 
by matching them with drugs that target specific genetic 
mutations. Precision medicine can improve clinical trials 
by selecting patients with specific genetic profiles that are 
more likely to respond to a particular treatment. This can 
help speed up drug development and reduce the number of 
patients needed for clinical trials (35,36). Precision medicine 
can also be used to identify individuals who are at higher 
risk for certain diseases, thus developing personalized pre-
ventive care plans. For example, genetic testing can identify 
individuals at higher risk for hereditary cancers, allowing 
for earlier screening and intervention (37).

Challenges and Limitations of Omics Sciences and 
Precision Medicine in Glioblastoma

Technical challenges in omics sciences for glioblastoma 
research

Glioblastoma is a complex and heterogeneous disease, 
and omics sciences have become essential tools for under-
standing its underlying molecular mechanisms. However, 
several technical challenges of omics sciences need to be 
addressed to improve glioblastoma research. 

A review discusses the challenges of single-cell se-
quencing technology in glioblastoma research, including 
data quality control, data analysis, and interpretation 
(38). Another article highlights the need for standardized 
protocols in proteomics research to reduce variability and 
increase reproducibility (39). Eventually, a study identifies 
several challenges in the analysis of DNA methylation data 
in glioblastoma research, such as normalization and batch 
effect removal (40).
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Challenges in analyzing and interpreting large amounts of 
data

Omics sciences generate huge amounts of data, that are 
challenging to be analyzed and interpreted. The integration 
of multi-omics data in glioblastoma research, such as data 
normalization, feature selection, and machine learning al-
gorithms, can be reached with difficulties (41). Similarly, 
RNA-seq data in glioblastoma, such as the identification 
of novel biomarkers and the validation of differential gene 
expression, are difficult to be interpreted (42).

Variability in sample quality and availability

Obtaining high quality and sufficient quantity of samples 
for omics sciences is a significant challenge in glioblastoma 
research. Tumor tissue heterogeneity and necrosis are limi-
ting factors for genomic analyses (43), such as rarity of some 
brain tumors for sample availability (44) and sample preser-
vation and processing for proteomics research (44,45).

Clinical challenges in implementing precision medicine in 
glioblastoma treatment

Precision medicine holds promise for improving glio-
blastoma treatments, but its clinical implementation faces 
several challenges. Patients’ selection, drugs’ development, 
clinical trial design (46), identification of possible molecular 
targets, development of effective combination therapies (47), 
integrating genomic data into the clinical decision-making 
for the treatment of glioblastomas (48) are just some of 
these challenges.

Ethical and legal considerations in using precision medicine 
for glioblastoma patients

The use of precision medicine in glioblastoma treatment 
raises ethical and legal considerations. There are several 
ethical challenges posed by using genomic data in clinical 
decision-making, concerning also the potential impact on 
patient’s autonomy and privacy (49). Other issues include 
data privacy, intellectual property, and informed consent 
(50,51). Furthermore, ethical considerations of providing 
expensive precision medicine treatments to patients with 
limited access to healthcare resources should be taken into 
account (52).

Future Directions and Conclusion

Promising developments in omics sciences and precision 
medicine for glioblastoma

Omics sciences and precision medicine have the potential 
to revolutionize glioblastoma treatment. A review article 
highlights the promising developments in omics sciences, 
including single-cell sequencing, spatial transcriptomics, 
and liquid biopsy analysis (53). Another article discusses 
the potential of precision medicine in glioblastoma treat-
ment, such as the identification of novel biomarkers and the 
development of targeted therapies (54).

Ongoing targeted therapies for glioblastoma

Several clinical trials are currently ongoing to identify 
targeted therapies for glioblastoma. For example, a clinical 
trial is evaluating the safety and efficacy of a combination 
therapy, consisting of Toca 511 (a retroviral replicating 
vector) and Toca FC (a prodrug of the antifungal drug 
5-fluorocytosine), for patients with recurrent high-grade 
glioma, including GBM. The therapy works by selectively 
targeting cancer cells and delivering a cytotoxic drug to kill 
them. The trial is currently ongoing (at phase 3) and has 
shown promising results so far (55). 

AG-881 is a dual inhibitor of the metabolic enzymes 
isocitrate dehydrogenase-1 and 2 (IDH1/2), which are 
commonly mutated in GBM. The drug has been evaluated in 
phase 3 clinical trial for patients with IDH-mutant recurrent 
or progressive GBM. The trial aims to determine whether 
AG-881 can improve overall survival compared to standard 
chemotherapy (56). 

Regorafenib is a multikinase inhibitor, whose main tar-
gets are kinases involved in angiogenesis (VEGFR1–3 and 
TIE2), oncogenesis (KIT, RET, RAF1, and BRAF), tumor 
microenvironment (PDGFR and FGFR), and tumor immuni-
ty (colony stimulating factor 1 receptor). The administration 
of regorafenib in patients with recurrent glioblastoma has 
shown encouraging results (57,58).

Another possibility is the use of immune checkpoint in-
hibitors, such as pembrolizumab and nivolumab, which have 
shown promising results in the treatment of several cancers 
(including GBM). These drugs work by blocking proteins 
expressed by cancer cells that inhibit the immune system’s 
ability to attack them. Moreover, a potential linkage with 
immunotherapy and PARP inhibitors has been identified in 
44% of glioblastoma patients as a consequence of alterations 
in DNA-damage repair genes, supporting the purpose of 
their combination in clinical setting. Several clinical trials 
are ongoing to evaluate the safety and efficacy of these drugs 
in combination with other therapies for GBM (59).

The potential impact of omics sciences and precision 
medicine on glioblastoma treatment and patient outcomes

Omics sciences and precision medicine have the potential 
to significantly impact glioblastoma treatment and patient 
outcomes. Via advanced technologies and personalized 
approaches, precision medicine can potentially lead to 
more effective and targeted treatments. For instance, the 
identification of specific genetic mutations in glioblastoma 
tumors can inform the use of targeted therapies, such as 
EGFR inhibitors or IDH inhibitor (60). Additionally, omics 
sciences can aid in the identification of novel biomarkers for 
diagnosis and monitoring of glioblastoma (61).

Furthermore, the use of precision medicine may also 
lead to better patient outcomes and survival rates. A study 
found that patients with IDH-mutant glioblastomas had a 
significantly better overall survival rate when treated with 
IDH-targeted therapies as compared to standard chemo-
therapy (62). Another study showed promising results for 
the use of the PARP inhibitor talazoparib in glioblastoma 
patients with DNA damage response gene mutations (63). 
Overall, omics sciences and precision medicine hold signi-
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ficant potential for improving glioblastoma treatment and 
patient outcomes.

Conclusion and recommendations for future research and 
clinical practice

In conclusion, glioblastoma is a highly aggressive and 
deadly form of brain cancer, and its treatment remains a 
significant challenge. However, recent advances in omics 
sciences and precision medicine offer promising opportuni-
ties for improved diagnosis and treatment. Future research in 
glioblastoma should focus on addressing the technical chal-
lenges in omics sciences, such as sample variability and data 
analysis. Additionally, there is a need for ongoing clinical 
trials to evaluate the efficacy and safety of emerging targeted 
therapies, as well as to identify biomarkers that can predict 
treatment response. Furthermore, it is important to address 
the clinical challenges in implementing precision medicine 
in glioblastoma treatment, such as patient stratification and 
treatment selection. This requires collaboration among cli-
nicians, researchers, and patients to develop personalized 
treatment plans that consider the unique characteristics 
of each patient’s tumor. Finally, there is a need to address 
ethical and legal considerations in using precision medicine 
for glioblastoma patients, such as ensuring privacy, informed 
consent, and access to expensive treatments. By addressing 
these challenges, omics sciences and precision medicine 
can potentially improve glioblastoma treatment and patient 
outcomes. Overall, the future of glioblastoma research and 
clinical practice will rely on multidisciplinary collaboration 
and a personalized approach to treatment that considers the 
unique characteristics of each patient’s tumor.
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