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Abstract: Glioblastoma multiforme (GBM) is a highly aggressive brain tumor that remains challenging to
treat due to its resistance to conventional therapies. In-silico investigations were conducted to analyse
nolatrexed interactions with GBM targets using network pharmacology which identifies potential targets.
The target nolatrexed was optimised and geometry was calculated for the Frontier molecular orbitals (FMO)
and visualised using the 6-311(+)G(d)(p) basis set in Gauss View 16. Autodock tools 1.5.7 used for
molecular docking, and the results were subsequently validated using Discovery Studio 4.5. ADMET
analysed through ADMETIab 2.0, druglito and toxicity estimation software tool (T.E.S.T). In this study,
FMO calculation was performed using Gaussian software were HOMO and LUMO ranges from 2.7059 to
7.9185 eV and shows higher energy gap signifies greater stability and lower reactivity The potential
molecular targets of nolatrexed were first identifed using the Swiss Target Prediction platform and
pathogenic targets of GBM were identifed using the Genecard, DisGeNET, and CTD database. Followed by
compound and disease target overlapping, 69 targets were placed in that JUN, HSP90AAL, STAT3, MTOR,
HSP90B1, IGF1R, GSK3B, JAK2, MAP2K1, and SIRT1 were the top-ranked target, which was estimated
by CytoHubba plug-in. The molecular docking was performed for nolatrexed towards top 3 genes include
MTORC1, mTORC2 and MAP2K1 from the PDB:7YRJ, 7TZO, 5HZE target. The binding score of
nolatrexed were — 8.04 kcal/mol and — 7.2 kcal/ mol and -7.69 kcal/ mol respectively. Our findings, suggests
that nolatrexed demonstrates potential binding affinity to mTORC1, mTORC2, and MAP2KZ1, which are the
key targets associated with glioblastoma. Therefore it could be a promising candidate for further
investigation in GBM treatment strategies.
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1. Introduction several negative traits, the subcategories of

An estimated 5-6 primary malignant brain tumor
cases are diagnosed annually per 100,000 people,
with malignant gliomas (MGs) accounting for
about 80% of these cases [1]. Over 30% of all the
principal central nervous system (CNS) tumors are
MGs, the most prevalent type of tumor derived
from glial cells. They bear a major share of the
blame for the death rates from brain tumors [2-4].
Survival rates for MGs have not significantly
improved despite the limited treatment options
available, particularly when compared to other
cancers like lung and breast cancer. Considering
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malignant gliomas are based on the following
factors: the abnormal appearance of the cell nuclei,
proliferative capacity, the death of body tissue,
vascular proliferation, mitotic activity, clinical
course, and treatment result [5-9].

I, I, 11, and 1V grades of gliomas are among the
most recent classifications of gliomas provided by
the CNS WHO. These grades are used in clinical
settings to help patients receive the right treatment.
While grade Il tumors have a limited capacity for
proliferation, they are invasive and often occur
again, tumors that are grade | have low
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multiplication rates and can be healed with surgery
alone. Grade IV gliomas are the most advanced
grade, have the worst prognosis, and have a high
chance of being fatal. Grade Ill tumors are
malignant, exhibiting the loss of the mature or
specialized features of a cell or tissue and rapid
mitotic cell division [10-13]. 90% of cases are
Isocitrate dehydrogenase (IDH-wildtype), while the
remaining 10% are IDH-mutant are the two
subtypes  of  glioblastomas. IDH-mutant
glioblastomas are more frequently found in younger
patients and are linked to a history of previous
lower-grade diffuse gliomas, whereas IDH-
wildtype glioblastomas are typically found in
patients over 55 [14-16].

Glioblastoma still has no known cure, despite
ongoing research efforts. Current treatment option
for glioblastoma include surgery, radiation and
chemotherapy [17-20]. Increased cell proliferation,
inhibition of apoptosis, invasion, and angiogenesis
are all caused by these genetic abnormalities, which
mainly interfere with the control of two important
cellular systems: the cell cycle and growth factor-
mediated signaling pathways [21]. Sometimes
malignant cells become incapable of compensating
for their loss of signaling through constitutively
activated pathways. Thus, it might be possible to
target cancer cells specifically and prevent them
from growing and surviving while protecting
healthy cells. Many studies have concentrated on
finding genetic changes in GBMs that can be used
to categorize patient subgroups with varying
prognoses and/or responses to particular therapies.
Nolatrexed is an antineoplastic quinazoline moiety
that is lipophilic and soluble in water. Clinical trial
NCT00012324  Nolatrexed Dihydrochloride
Compared With Doxorubicin in Treating Patients
With Recurrent or Unresectable Liver Cancer is
under investigation [22-25]. Moreover the drug
nolatrexed can be used alongside of radiation
therapy which suppress the tumor growth. Using
computer modeling with Gaussian 16 software, the
chemical properties of the nolatrexed was
examined. Network pharmacology was performed
and top 3 targets were selected for the treatment of
Glioblastoma multiforme(GBM). Autodock and
Biovia Discovery Studio 4.5 are used to perform
molecular docking, tests against three proteins
linked to glioblastoma that were redeemed from the

Protein Data Bank (PDB). Structure of nolatrexed
is depicted in the Figure 1.

2. Computational Method

2.1. Computational details:

The initial geometry of nolatrexed was obtained
from the PubChem online structure database. The
optimization of geometry and subsequent
modifications to all structures were performed
using the Gaussian 09 software. Six (6) functionals,

namely B3LYP, B3PW91, CAM-B3LYP,
MPWIPW91, PBEPBE, and WB97XD,
implemented in Gaussianl6 software, were

employed to optimize the structure of the
compound. The geometry was visualized using the
6-311(+)G(d)(p) basis set in Gauss View 16 and
Frontier molecular orbital (FMO) calculation was
performed.

2.2. Target prediction of nolatrexed against

GBM
Using swiss Target Prediction database
(http://www.swisstargetprediction.ch/) the
potential targets for nolatrexed was predicted [26].
From PubChem database

(https://pubchem.ncbi.nlm.nih.gov/) the canonical
smiles were obtained and were uploaded to the
swiss Target Prediction server. To standardize the
uniport ID to the gene symbols, species “Homo

sapiens” were selected. At the same time, the
targets GBM were predicted in the GeneCards
(https://www.genecards.org/) [27] , DisGeNet
database (https://www.disgenet.org/home/) [28],
and Comparative Toxicogenomics Database (CTD)
(https://ctdbase.org/)  [29]. The keyword
Glioblastoma multiforme” were used to collect
potential genes. Subsequently further analysis was
performed by overlapping the component targets
and GBM targets using the Venn diagram which
represented the potential targets of Nolatrexed
against GBM.

2.3. Gene ontology and KEGG pathway
enrichment analysis
Nolatrexed in treatment of GBM, the core
mechanism and pathway was explored by GO
function and KEGG pathway enrichment analysis.
Hub genes obtained from the overlapping was
searched in the ShinyGO 0.80
(http://bicinformatics.sdstate.edu/go/) by limiting
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the species to “Homo sapiens”. Biological process
(BP), cell components (CC), molecular function
(MF), and KEGG pathways were collected [30].

24.

Construction of the compound-target
network

network construction and visualization,
was

L]
Pty

For

Cytoscape 3.8.2 (https://cytoscape.org/)

31H

employed, allowing analysis of biomolecular
interaction networks. The chemical compounds and
target genes were represented as nodes in the
network representation, and the interactions
between the chemical compounds and their target
genes were shown as edges [31].

Figure 1: Structure of Nolatrexed
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Figure 2(a): Optimized structure with HOMO and LUMO orbitals, energy levels, and electrostatic
potential of Nolatrexed at B3LYP, B3PW91, CAM-B3LYP.

2.5.  Protein-protein interaction
network construction

The STRING (http://string-db.org; Version 12.0)
database was used to construct a protein-protein
interaction (PPI) network for nolatrexed in
treatment of GBM to analyze the functional
interaction between proteins. The network

confdence score >0.4 was set to obtain targets with

(PPI)

“Homo sapiens” being selected in Cytoscape
sofware (version 3.8.2) further. Using the Cyto-
Hubba plug-in Cytoscape software, the top-ranked
targets were scrutinized by the means of selecting
the top 10 Hubba nodes using Maximal Clique
Centrality (MCC) ratio.
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2.6. Molecular docking

In contrast, the target protein was obtained by
evaluating the resolution and release time in the
Protein Data Bank (PDB) (www.rcsb.org) website,
and nolatrexed chemical structure  were
downloaded from the PubChem database. The
docking was performed using Autodock Tools 1.5.7
[32]. The 3-D and 2-D structures were generated
using Biovia Discovery studio software 4.5. In this
study the molecular docking of nolatrexed was
carried towards the PDB ID: 7JRJ, 7TZO, and
5HZE.

2.7. ADMET
ADMETIlab 2.0 (https://admetmesh.schdd.com/)
and Druglito

(https://niper.gov.in/pi_dev_tools/DruLiToWeb/Dr
uLiTo index.html! ) were used for determining the
pharmacokinetic parameters [33,34]. The US
Environmental Protection Agency offers free
software called Toxicity Estimation Software Tool
(T.E.S.T.) was used for toxicity analysis for
Nolatrexed [35].

3. Results and discussion
3.1. Frontier Molecular
Analysis:

The lowest molecular orbital (LUMO) and the
highest occupied molecular orbital (HOMO)
together form the frontier molecular orbital (FMO)
[36], which is illustrated in Figure 2(a) and 2(b)
below. Table 1 exhibits the quantum attributes of
nolatrexed. The HOMO values span from -5.9669
to -7.9223 eV. The energy gap, derived by the
contrast allying the HOMO and LUMO, elucidates
the stability and reactivity of the nolatrexed, which
ranges from 2.7059 to 7.9185 eV and shows higher
energy gap signifies greater stability and lower
reactivity. Besides these descriptors, other DFT
guantum chemical descriptors are electronegativity
(), electrophilicity index (), softness (s), hardness
(), and maximum charge transfer (Nmax). These
descriptors are calculated using equations (1) to (6).
The x (Chemical Hardness) range encompasses
3.8637 to 4.0365 eV, indicating the nolatrexed
resilience to alterations in electron density. The n
(Chemical Softness) range encompasses 1.3529 to
3.9592 eV, with higher values signifying an
increased inclination for electron donation. The p
(dipole moment) range spans from 1.5663 to 6.1310

Orbital (FMO)

Debye, exemplifying the polarity of the nolatrexed
which depicts greater values indicate a more polar
nature. The electrophilicity index (), determined
as per equation (6), ranges from 1.9834 to 3.7296
eV, with lower values indicating stronger
electrophilicity. The Nmax , Den , and Dee are
calculated using the equation (7, 8, 9).The ANmax
(Maximum Charge Transfer) range spans from
1.0009 to 2.8559, signifying the utmost extent of
charge that can be transferred.

I=-EHOMO (1
A=—-ELUMO (2)
o I+A X
I=—p= , (3)
I-A
n= (4)
2
1
§=— (5)
2n
o= (6)
2n
{
??i(H':L (7)
"y
+ 2
D, =—asw= DTy
n 2}?
D, =I+11'+=M (9)
LE 2}?

The AEn (net electronegativity) range lies between
1.732 and 3.006, indicating the overall tendency of
the compound to form ionic or polar covalent bond.
Lastly, the AEe (Chemical Potential) range extends
from 9.5362 to 10.734, representing the molecule
move from higher to lower chemical potential by
releasing some amount of energy. Identification of
electrophilic and nucleophilic attack sites is enabled
by electrostatic potential examination.

3.2.  Network pharmacology

Comparing the targets of nolatrexed against
Glioblastoma multforme: The targets for GBM
were identified in the GeneCard, DisGeNET, and
CTD databases, with a total of 7917 (39, 3197, and
4681), respectively. Out of these three types of
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databases, 6384 GBM targets were found after
removing duplicate entries. We obtained 100
potential nolatrexed targets based on SwissTarget
prediction. A Venn plot depicting the intersection
of the GBM disease targets and the nolatrexed
targets produced 69 potential targets for GBM
treatment (Figure 3). Figure 4 shows the hub gene
network analysis. Figure 5 illustrates the
construction of the hub gene network.

3.3.  Protein—Protein Interaction (PPI) Data
Cytoscape software was used to visualize and
arrange the interactions between the final target
proteins, which were carried out using the online
complex protein database STRING. With 69 nodes
and 629 edges, the PPl network had an average
node degree of 18.2 and an average clustering
coefficient of 0.656. The PPl network was
constructed and modified at medium confidence
(0.400). An enrichment of PPI with a P-value less
than 1.0 x 10—16 is considered significant. The top
ten core targets, including JUN, HSP90AAL,
STAT3, MTOR, HSP90B1, IGF1R, GSK3B,
JAK2, MAP2K1, and SIRT1, were identified
through network analysis of the top targets (Figure
6).
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3.4. Gene ontology function and KEGG
pathway enrichment analysis

Using the ShinyGO database, we constructed a
network of all hit genes targeted by nolatrexed
when interacting with various defined targets, with
the aim of developing a target gene-pathway
networking. The P13K-AKT and m-TOR signaling
pathways are the focus of the pathway analysis
presented in the KEGG diagram. The KEGG-
labeled diagram Figure 7A shows that m-TOR and
MAP2K1 are primarily responsible for the majority
of the genes in the anticancer pathways. Figure 7 B,
C, D depict the gene ontology functions for
biological, cellular, and molecular processes.
Specifically, the top three biological processes are
regulation of cellular response to heat
(G0:1900034), axon development (GO:0048699),
and response to organonitrogen compound
(G0:0010243). The molecular function includes
sulfonylurea receptor binding (G0:0017098),
adenyl deoxyribonucleotide binding
(G0:0032558), protein serine/threonine/tyrosine
kinase activity (G0:0004712), and axonal
development cones (G0:0044295), sperm plasma
membrane (GO:0097524), and dendritic growth
cones (GO:0044294) are the next cellular
components.

LUMO Orbital

Electrostatic potential

Figure 2(b): Optimized structure with HOMO and LUMO orbitals, energy levels, and electrostatic

potential of nolatrexed.

Table 1. Quantum descriptors of nolatrexed

Quantum descriptors (eV) B3LYP B3PW91 CAM-B3LYP | MPWIPW91 | PBEPBE WB97XD
ELUMO -1.8634 -1.8626 -0.6767 -1.6531 -2.5108 -0.0038
EHOMO -6.0069 -5.9669 -7.3963 -6.1511 -5.2167 -7.9223
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ELUMO+1 -1.1369 -1.0753 0.0609 -0.8604 -1.8961 0.7409
EHOMO-1 -6.3623 -6.2747 -7.7335 -6.4447 -5.6434 -8.2782
[ 6.0069 5.9669 7.3963 6.1511 5.2167 7.9223
A 1.8634 1.8626 0.6767 1.6531 2.5108 0.0038
Energy gap 1 4.1435 4.1043 6.7196 4,498 2.7059 7.9185
Energy gap 2 5.2254 5.1994 7.6726 7.6726 3.7473 7.5373
X 3.9309 3.9147 4.0365 3.9021 3.8637 3.9630
n 2.0716 2.0522 3.3598 2.249 1.3529 3.9592
® 3.7296 3.7338 2.4247 3.3851 55171 1.9834
S 0.2413 0.2436 0.1488 0.2223 0.3696 0.1262
0 -3.9309 -3.9147 -4.0365 -3.9021 -3.8637 -3.9630
ANmax 1.8975 1.90764 1.2014 1.7350 2.8559 1.0009
AEn 1.8662 1.8712 1.748 1.732 3.006 1.9796
AEe 9.7365 9.7007 9.821 9.5362 10.734 9.9057
Dipole moment (Debye) 5.7164 6.1310 1.5663 6.0496 5.3759 5.5228

Glioblastoma

) erKCE

Nolatrexed

Figure 3. Nolatrexed- Glioblastoma target venn plot

EDNRA

%)

Figure 4. Hub gene network analysis
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S,

7]

Figure 6. Analysis of the top-ranked targets' networks. (Orange signifies -moderate interactive; yellow
indicates -mild interactive; red represents top order -highly interactive.)
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Figure 7. A: EGFR tyrosine kinase inhibitor resistance. The red mark represents enrichment of the target
of nolatrexed in the EGFR tyrosine kinase inhibitor resistance pathway, B: Biological process, C: cellular

component, D: Molecular function

Table 2. Binding affinities and interactions of nolatrexed with target proteins

S.No Target Protein Databank Binding affinities (kcal/mol)
1. mTORC1 7YRJ -8.04
2. mTORC2 7TZO -7.2
3. MAP2K1 5HZE -7.69

Mammalian target of rapamycin (MTOR) is an
signalling mechanism that
growth, proliferation, metabolism, and survival of
functions. It

essential

cells, among

other

biological

controls

ASP1649,
GLN1684,
SER1538 amino acid residues depicted in figure 8

chain of 7TZO) of -7.2 kcal/mol with ARG1609,
CYS1651,
ASP1648,

ILE1650,
PHE1682,

LEU1537,
LEU1683,

is essential for functioning and controlling vital
cellular  processes necessary for  tumour
development and survival hence mTOR is the
therapeutic target for glioblastoma. mTOR
signalling pathway consists of two protein
complexes mMTORC1 and mTORC2. Both play a
major role in regulating protein synthesis, cell
survival, and cytoskeletal oraganisation and cell
growth [37]. Nolatrexed has the highest binding
affinity with mTORC1 (D chain of 7YRJ) of -8.04
kcal/mol with PRO203, MET202, LEU164,
ASP162, PHE163, ALA161, VAL131, LEU149,
ASP150, GLY132, LEU198, LEU151, TYR201
amino acid residues as compared with mTORC2 (E

and 9. Common genetic alterations that can activate
the mTOR signalling pathway include the deletion
of the tumour suppressor gene PTEN. Patients with
intact PTEN may respond more favourably to
mTOR inhibitors because the pathway is not as
hyperactivated. Hence it can inhibit the both the
complexes of mTOR signalling pathway and
exhibit good therapeutic target for glioblastoma.
Improving patient outcomes and upsetting a variety
of carcinogenic processes are possible effects of
mTOR inhibition. The other effect which produced
by inhibiting mTOR include induce autophagy
thereby increasing protein degradation. The
combination of autophagy inhibitors with mTOR
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inhibitors has the potential to increase therapeutic
success by sensitising glioblastoma cells to mTOR
inhibition [38,39]. By combining mTOR inhibitors
with inhibitors of the MAPK/ERK pathway,
therapeutic effectiveness may be increased and
resistance may be overcome. Increased GBM cell
growth, proliferation, and migration are caused by
the activation of pro-survival and mitogenic
mediators Akt and ERKZ1/2 thereby activating
mTORC1 and increase protein synthesis.
Conversely, AKT functions as a downstream
effector of mMTORC2 and contributes to the growth
and survival of cells. In preclinical settings,
combining mTOR and AKT inhibitors has
demonstrated potential in improving the therapeutic
response and overcoming resistance.

Nolatrexed has the highest binding affinity with the
protein SHZE of -7.69 kcal/mol with CYS207,

A e 4
Figure 8. 2-D and 3-D image for nolatrexed compound i

LYS97, MET143, HIS145, LEU197, MET146,
VAL82, MET146, ALA95, GLU144, LEU74,
GLY149, ASP147, GLY75 amino acid residues
depicted in figure 10. It exerts the inhibitory effect
on the MAP2KZ1, which is the major therapeutic
target for GBM [40-43]. The decrease in MAPK3
(also known as ERK1) and MAP2K1 (also known
as MEK), also leads to a decrease in the ability to
activate RSK which regulates LKB1, an AMPK
activator, by phosphorylation and TSC1/2 thereby
preventing the activation of Rheb hence no
formation of mTORC1. The MAPK3 which is
activated by MAP2K1 is inhibited and cause
decrease cell proliferation, survival and metastasis.
By combining mTOR inhibitors with inhibitors of
the MAPK/ERK pathway, therapeutic effectiveness
may be increased and resistance may be overcome.
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3.5. ADMET

The design of computational drugs heavily relies on
the ADMET study to determine drug ability by
analyzing molecular characteristics.  Specific
criteria such as molecular weight, log P values, and
hydrogen bond counts are used to evaluate drug-
likeness. Table 3 shows drug ADMET properties
of nolatrexed using ADMETlIab 2.0.Orally taken
drugs primarily absorbed in stomach. It has good
oral bioavailability and crosses the Blood brain
barrier (BBB) effectively. Nolatrexed interacts with

CYP450 1A2 as a substrate and inhibitor, but not
with CYP450 3A4. It is neither a substrate nor an
inhibitor for CYP450 2C9, 2C19, and 2D6. It has a
1.633-hour half-life, which is short and suggests
that the body eliminates it quickly. The poor
clearance rate (1.148 mL/min/kg) points to delayed
drug clearance. It shows non-mutagenicity, low
acute toxicity, and non-sensitizing attributes.
However, drug-induced liver damage raises
concerns. LD50 for nolatrexed is 929.57 mg/kg,
posing risk to rats.

Table 3. ADMET analysis of nolatrexed

Physicochemical Property

LogS (Solubility) -3.87log mol/L Low solubility

LogD (Distribution 1.631 Solubility is moderate;

coefficient D at pH = 7.4) permeability is moderate;
and metabolism is low.

LogP (Distribution 2.36 poor aqueous solubility.

coefficient P)

Absorption

Caco-2- permeability -4.777cm/s Optimal

Pgp-inhibitor 0.083 Non-inhibitor

Pgp-substrate 0.036 Non-substrate

HIA (human intestinal 0.684 HIA+

absorption)

F (20% Bioavailability) 0.746 F20+

F (30%Bioavailability) 0.546 F30+

Distribution

PPB (plasma protein binding) | 83.356% Moderate protein-bound
and therapeutic index.

BBB (Blood-brain-barrier) 0.873 BBB+

VD (Volume distribution) -0.404 L/kg Evenly distributed
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Metabolism

CYP450 1A2 inhibitor 0.587 Inhibitor
CYP450 1A2-substrate 0.624 Substrate
CYP450 3A4 inhibitor 0.803 Inhibitor
CYP450 3A4 substrate 0.326 Non-substrate
CYP450 2C9 inhibitor 0.296 Non-inhibitor
CYP450 2C9 substrate 0.266 Non-substrate
CYP450 2C19 inhibitor 0.584 Inhibitor
CYP450 2C19 substrate 0.46 Non-substrate
CYP450 2D6 inhibitor 0.407 Non-inhibitor
CYP450 2D6 substrate 0.26 Non-substrate
Excretion

T1/2 (Half-life) 1.633 hour low

Cl (Clearance) 1.148mL/min/kg low

Toxicity

hERG (hERG blockers) 0.315 Non-blockers
H-HT (Human 0.862 HT positive (+)
hepatotoxicity)

Ames (Ames mutagenicity) 0.374 Ames negative (-)
SkinSen (Skin sensitization, | 0.267 Non-sensitizer

()LLNA)

LD50 (LD50 of acute
toxicity)

2.449(-log mol/kg)

Low toxicity

DILI (Drug-induced liver 0.964 DILI positive (+)
injury)
FDAMDD (Maximum 0.64 FDAMDD positive(+)

recommended daily dose)

Table 4: Pharmacokinetic activities using Druglito

Properties Druglito
MW 284.07
Log P -0.368
Alog P 0.03
HBA 5

HBD 2

TPSA 105.14
AMR 83.32
nRB 2

nAtom 32
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nAcidic group 0
RC 3
nRigid B 20
nArom ring 2
nHB 7

Table 5: The estimated toxicity values of nolatrexed using TEST Version 4.2

Parameters

Toxicity values

LC50 (96 h) (mg/L)

LD50 (mg/kg) 929.57
Developmental toxicity 0.73(+)
Ames mutagenicity 0.42(-)

Note: LD50 is the quantity of drug in mg/kg of body weight that results in the demise of 50% of rats after being administered orally.
"+" indicates a positive result, while the "-" indicates a negative result. On the other hand, LC50 (96 h) is the test drug concentration
in water (mg/L) that causes the demise of 50% of fathead minnows after 96 hours.

4.  Conclusions

Glioblastoma multiforme (GBM), a very aggressive
kind of brain tumour, can be treated with
nolatrexed, a strong antineoplastic drug from the
quinazoline family. By focusing on important
biochemical pathways linked to the development of
GBM, nolatrexed has demonstrated considerable
therapeutic potential. Computer tools, such as
network pharmacology analysis and molecular
docking studies, have clarified how nolatrexed
interacts with certain targets that are important to
the pathogenesis of GBM. These studies have
identified molecular targets such as mMTOR,
MAP2K1, involved in cell signaling and survival
pathways. Additionally, nolatrexed as a targeted
treatment for GBM has been highlighted by binding
affinity studies, which have further demonstrated
its capacity to successfully engage with these
targets. Similarly, assessments of pharmacological
properties of nolatrexed using ADMET prediction
models suggest favorable drug characteristics,
supporting its further exploration in preclinical and
clinical trails. As a result, continued research and
clinical trials are essential to validate efficacy and
safety profile of nolatrexed as a potential
therapeutic option in the challenging landscape of
GBM treatment.
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