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INTRODUCTION
Cancer is still the leading mortality cause, and in 2021, 

the National Center for Health Statistics reported 1,898,160 new 
cancer patients, of which 608,570 deaths have been reported 
[1] in the United States alone. Among cancers, non-small cell 
lung cancer (NSCLC) is identified to have the highest mortality 
and morbidity rate compared to colon, prostate, and breast 
cancer together [2]. Therefore, improving the standard of care 

for NSCLC patients is curtailed to identify new indications and 
therapeutic strategies, utilizing new research methodologies. 
One known predictive biomarker targeting NSCLC is epidermal 
growth factor receptors (EGFR), and the EGFR gene is located 
on chromosome 7p12-13. Mutations in EGFR genes lead to 
cancerous conditions [3]. EGFR belongs to the receptor tyrosine 
kinase (RTK) receptor family, which is responsible for the signal 
transduction cascade of the receptor and activates protein kinase 
(PK) [4]. PK is an essential regulatory factor for cell biology and 
is vital in the signal transduction cascade that regulates apoptosis, 
cell cycle progression, transcription, and immune response [5]. 
The main problem of EGFR mutation in NSCLC condition is 
with the RTK  enzyme  that phosphorylates the cellular protein 
to activate many other kinases or auto-activation. Thus, RTK 
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ABSTRACT
Non-small cell lung cancer (NSCLC) has extreme mortality and morbidity rates compared to colon, prostate, and 
breast cancer. Presently, available medications for NSCLC have failed to provide the desired therapeutic outcome. 
Therefore, there is a need to speed up the drug development process, cost-effectively. New chemical entities such as 
EAI045 and EAI001 and a few small molecules allosterically inhibit epidermal growth factor receptor (EGFR) by 
binding to the allosteric domain to form a stable protein-ligand complex. This discovery is a milestone in inhibiting 
the EGFR-mutations such as L858R/T790M/C797S and L858R/T790M point alteration in lung cancer cells. Hence, 
our study aimed to identify and repurpose available drugs for treating NSCLC by targeting the EGFR allosteric region. 
A homology model was developed as the available protein structure had missing loops and amino acid sequences. 
Food and Drug Administration (FDA)-approved drugs (~2800) were docked with the validated homology protein 
using Schrodinger® Maestro software. Two docking methods were used, consensual docking and normal docking, 
for the comparative study of the hit compounds to increase the probability of identifying the most potent compound 
for the EGFR allosteric site. Molecular dynamic simulations were performed on the shortlisted compounds to check 
the potency. The best hits, such as polydatin, ezetimibe, methotrexate, and arbutamine, were identified based on the 
root mean square deviation of protein−ligand interaction, ligand stability, and bond interactions between the ligand 
and protein. The study highlights the potential FDA-approved drugs that can be repurposed for NSCLC treatment. 
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the FDA-approved drugs can be docked and evaluated for 
repurposing. Inhibition of the allosteric site blocks the kinase 
activity without displacing the ATP, stabilizing the whole kinase 
domain [13]. This has made a void in the available NSCLC 
therapy. Based on these findings, we would like to suggest a 
new potential fourth-generation EGFR inhibitor by in silico 
pharmacology methods using Schrodinger software. 

MATERIALS AND METHODS

Computer simulation study
The computer simulation was carried out as per our 

previous publication [6]. The computer simulations study was 
performed in the Schrödinger® Maestro tool (www.schrodinger.
com), which is a paid workstation with Ubuntu platform, Quadro 
P620/ PCle/SSE2 graphics card with Intel® Xenon® Gold 6130 
CPU @ 2.10 GHz × 64 processors, and 134.8 GB RAM.

Ligand preparation�
The Drug Bank database (www.drugbank.ca) 

with (⁓2800) FDA-approved drugs in SMILE format was 
downloaded and optimized using LigPrep [14]. The 3D 
coordinates for the molecules were generated. The ionization 
state of pH 7.5 was predicted [9], the tautomer of each molecule 
was generated, and the protein“ligand binding state was defined. 
Finally, these optimized molecules were minimized using the 
OPLS3e force field [15]. 

EGFR protein preparation
The protein structure with EGFR allosteric inhibitory 

ligands, namely EAI045 and EAI001, are extracted from 
the protein drug bank (PDB) (www.rcsb.org/) with codes 
5ZWJ and 5D41. The protein structure was optimized from 
crystallography codes to computer-readable language using the 
protein preparation tool in Maestro, Schrödinger software [16]. 
The missing hydrogen molecules and amino-acid side chains 
were added to the protein−ligand complex, followed by the 
removal of bulky water molecules. Utilizing the PROPKA tool 
in Schrödinger software, the ionization state of the complex 
was set at pH 7.5 [17]. The minimized protein complex was 
obtained for the screening study. Protein−ligand interactions 
were done using a 2D visualizer in the Schrödinger tool. The 
allosteric ligands EAI045 and EAI001 showed hydrogen bond 
interaction and π−π stack activity with the protein. Multiple 
interactions were observed for both ligands with the proteins. 
Therefore, by docking studies, there is a chance to obtain 
high-affinity molecules targeting EGFR allosteric sites. The 
interaction sites in allosteric pockets were PHE 856, ASP 
855, and LYS 745 (Fig. 1). However, the crystal structure was 
incomplete because of missing amino acid sequences. Hence, 
we went for homology model development and validation.

Homology modeling
Since the 5D41 and 5ZWJ crystal structures were 

incomplete, the missing amino acid sequence of the respective 
proteins in the allosteric site was identified and extracted from 
www.uniport.org with reference UniProtKB-P00533. The 
homology modeling tool in Schrödinger software was used for 

functions as a switch on or off, governing many cellular 
functions. RTK  is a subclass of  protein kinases. RTK has the 
phosphate group attached to it. Phosphorylation of proteins by 
kinases leads to signal transduction within the cell and regulates 
cellular activity, such as cell division and cell proliferation [6]. In 
the case of NSCLC, one of the major clinical challenges lies in 
the abnormal auto-phosphorylation activity observed in RTKs, 
particularly EGFR. This auto-phosphorylation is an atypical 
phenomenon where the receptor becomes phosphorylated even 
in the absence of its natural activating ligand. As a result, the 
receptor undergoes continuous and prolonged dimerization, 
leading to persistent activation of downstream signaling pathways. 
This dysregulation interferes with normal apoptotic mechanisms 
and disrupts cellular signaling cascades, thereby contributing to 
unchecked cell proliferation and tumor progression. Due to these 
sustained conformational changes in the RTK domain, drugs 
designed to target these receptors, especially first-, second-, and 
third-generation EGFR tyrosine kinase inhibitors, tend to bind 
less effectively. The unstable binding affinity results in reduced 
therapeutic efficacy. Consequently, to maintain clinical benefit, 
patients often require higher doses over prolonged treatment 
durations. However, this escalated dosing regimen significantly 
increases the risk of developing adverse effects, such as drug 
resistance and hepatotoxicity. This limitation represents a major 
drawback of the currently available EGFR-targeting agents [7]. 
Therefore, overcoming the issue of drug resistance caused by 
conformational instability in mutant EGFR RTK receptors is 
crucial. Addressing this problem holds the potential to markedly 
improve the pharmacological management of NSCLC, thereby 
enhancing treatment outcomes and patient survival. Therefore, 
tackling the drug resistance due to EGFR RTK receptors will 
improve the pharmacotherapy for NSCLC or lung cancer. 

Our current study targeted the allosteric region of the 
EGFR to cause conformational changes in the structure and 
biological activity of the whole protein. These conformational 
changes do not trigger the protein’s active site. The main 
reason is that it primarily binds non-covalently to form a stable 
protein−ligand complex [8], thus inhibiting prolonged auto-
phosphorylation. Studies to identify the fourth-generation EGFR 
allosteric inhibitor against NSCLC led to the identification of 
ligand EA1045, an allosteric inhibitor that targets EGFR and 
prevents drug resistance in lung cancer [9]. EA1045 is a new 
chemical entity under phase 3 of clinical trials, and it is used 
to control the in silico screening of FDA-approved drugs. 
According to studies by Zhao et al. [10], compounds EAI001 
and EA1045 irreversibly bind to the EGFR receptor and target 
the allosteric site. EAI045 has stronger binding to the EGFR 
allosteric site than EAI001. EA1045 interacts more closely with 
the allosteric site [10]. Hence, EAI001 and EA1045 are standard 
molecules for docking studies. EA1045 is a compound under 
investigation and shows dominant interaction with the allosteric 
site of EGFR. Therefore, exploring the allosteric site of the 
kinase family can provide a remedy for new pharmacotherapy 
of NSCLC [11]. A series of small molecules showing EGFR 
allosteric inhibition were synthesized by Caporuscio et al. 
[12]. Ten ligands had > or ≈50% at 50 μM allosteric inhibitory 
properties against EGFR have been reported. The 10 compounds 
can be utilized for in silico homology development, on which 
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this purpose. The incomplete protein structure was subjected 
to comparative analysis, where the template from the uniporter 
of the protein (the complete amino acid sequence), and the 
target proteins were optimized to complete the incomplete 
crystal structure [18]. The following steps were carried out: 
(i) identification of the amino acid sequence of each protein, 
(ii) identification of the related protein to obtain a comparative 
backbone of the target protein, (iii) sequence alignment of the 
amino acid sequence of the protein and template protein, (iv) 
building the missing loops in the protein by using Build tool in 
Schrodinger software, and (v) model refinement and evaluation 
by the BLAST tool in Schrodinger software. 

The homology model of the respective protein was 
made using Schrödinger Prime software [19]. The model 
structure was later modified by refining the loop tool [20]. The 
pH was kept at 7.5 using PROPKA3. A restricted minimization 
technique in the Schrödinger tool further optimized the protein 
structure. 

Selection of best ligands and homology structure for docking 
analysis

The allosteric ligands EA1045 and EAI001 were 
separated from the protein and underwent LigPrep. The 
receptor grid was generated at the allosteric pocket in the 
protein for all ten selected homology models using the PyMol 
tool in Schrodinger software. Ligand docking software 
from Schrödinger was used for visual analysis of the crystal 
structure. The extra precision (XP) docking method selected the 
best ligand and homology structure. The ligands were docked 
on the proteins with PDB IDs: 5D41 and 5ZWJ. Based on the 
interaction of ligand−protein, Ramachandran plot analysis 
and glide score analysis were performed to select the best two 
models for further analysis. 

Few low-affinity molecules with IC50 value >10 
µM were identified from the literature source of Caporuscio 
et al. [12]. The protein-ligand interaction is desired to be 
less than the glide score 5D41. The low-affinity molecules 
were sketched in 2D sketcher software, which is in-built in 

Schrödinger software. This 2D structure was converted into 3D 
and subjected to LigPrep. Grid was generated using the Glide 
tool in Schrödinger software in the allosteric site of homology 
models 1 and 10 (Table 1). The Ligand docking software of 
Schrödinger was used for visual screening analysis. The root 
mean square deviation (RMSD) helps identify and calculate 
the average changes in the complex of atoms in a molecule 
displaced from the network compared to the reference frame. 
All the trajectories in the RMSD calculation process were 
analyzed. Each frame is recorded for a particular time interval. 
This method for RMSD is repeated for all the generated frames 
in the simulation trajectory. 

Molecular docking
The Glide module tool in Schrodinger software was 

used for the molecular docking study. The docking study helps 
to understand complex molecular interactions with the receptor 
system and optimized parameters to generate a broad spectrum 
of suitable ligand conformations and orientations within 
the target docking zone. In this study, key findings that were 
focused were hydrogen bonds, hydrophobic interactions, and 
pi−pi stacking interaction, which together will help to calculate 
the binding affinity [21]. Using the Receptor Grid Generation 
tool, a grid was generated to specify the allosteric region of the 
selected EGFR protein [22]. The optimized homology model 
was analyzed to identify five poses that showed the highest 
stability with maximum allosteric EGFR interaction between 
the ligand and protein. The five poses were identified by virtual 
screening and were named Protein A, Protein B, Protein C, 
Protein D, and Protein E, respectively. These five poses will 
be utilized for consensual docking analysis. Our study also 
aimed to compare consensual and normal docking; therefore, 
the process was carried out using ten homology models. 

The US-FDA-approved molecules were subjected 
to LigPrep. The site scores of each model (Protein A, Protein 
B, Protein C, Protein D, and Protein E, respectively) were 
analyzed, and the pose with the highest site score was selected 
for each model individually. Grid was generated for each model 
separately, and the LigPrep molecules from FDA-approved 
drugs were docked for virtual screening analysis. First, a high-
throughput visual screen (HTVS) was performed to identify the 
top 500 drugs. These 500 FDA drugs were docked in the grid 

Table 1. Glide score of homology models 1 and 10.

Homology model-1 Homology model-10

Molecule 
no Glide score (kcal/mol) Molecule no Glide score (kcal/mol)

72 −9.248 53 −8.800

28 −8.269 1 −8.573

1 −8.120 57 −7.361

57 −7.922 2 −6.377

88 −7.101 8 −5.844

2 −6.992 72 −4.526

8 −2.717 28 −4.197

55 −1.240 88 −4.159Figure 1. 2D interaction diagram of protein-ligand interaction analysis of 
allosteric ligands EA1045 and EAI001. A hydrogen bond was formed with 
amino acid PHE856, ASP855, LYS754, and π-π stacking was formed through 
interactive forces with EAI001 at amino acid site PHE856 between the ligand-
protein interaction. This indicates that the protein complex is stable during 
molecular docking.
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generated by their respective models by the standard precision 
(SP) method. The top 100 drugs were identified and subjected 
to XP docking studies. The top 20 drugs were analyzed based 
on their protein−ligand interaction, GlideScore, and DockScore 
[23]. The homology model-1 was first docked on it for normal 
docking tops using the HTVS and SP methods. Further, the top 
100 compounds showing good glide scores were analyzed by 
XP docking to identify the best drugs. In the study, two types of 
docking methodology were followed, namely consensual and 
normal docking, and further, the results were compared for the 
glide and dock score analysis to identify the top hit compound. 

Molecular dynamic (MD) simulation study
The Schrodinger Desmond tool was used to conduct 

the MD simulation interaction study. The MD simulation study 
was done to predict the trajectory of the binding potential 
and configuration patterns of the protein−ligand complex. In 
silico, studies, MD analysis is the key tool used for validation 
of the stability of the protein−ligand complex. In addition, 
MD simulation analysis gives detailed information on the 
fluctuations and conformational changes of the protein−ligand 
complex toward its stable conformation [24]. We also analyzed 
the time-dependent protein−ligand interactions of the complex. 
A conformational dynamic of the complex system was analyzed. 
The homology structure number 10 of the protein 5D41, with 
the best stability and ligand interaction abilities, was observed 
during glide XP docking and further subjected to MD studies as 
per our previous work [25]. 

RESULTS

EA1045 and EAI001 ligand preparation
The ligands EA1045 and EAI001 showed structural 

similarity. The allosteric ligand EA1045 had an extra methyl 
group, showing strong hydrogen interaction with the target 
protein’s amino acid sequence. The IC50 of EA1045 and EAI001 
was >50 µM and 14.5 ± 0.5 µM, respectively [9]. The allosteric 
ligand of EA1045 showed higher potency than EAI001. Both 
the allosteric ligands were used to identify the best homology 
model developed with the highest stability. The ligands were 

superimposed to identify the RMSD, which indicates the 
deviation in both ligands. The RMSD of the superimposed 
ligand was found to be 0.6Å, which means that there is less 
deviation between ligands of interest and can be used for 
docking studies. 

EGFR homology model analysis
The ligand interaction study showed that the entire 

homology model developed had hydrogen bond interaction 
and π−π stack interaction with the amino acid of the selected 
EGFR protein. This interaction shows that the crystal structure 
developed was stable and complete, as the water molecule did 
not enter the ligand-binding sites. The GlideScore of both the 
high-affinity molecules was docked, and the GlideScore was 
obtained. The GlideScore for all 10 homology models of 5ZWJ 
showed a better score than 5D41. Overall, homology models 
1 (for protein 5ZWJ) and 10 showed the best results and were 
shortlisted for further studies. The GlideScore is shown in the 
table insert of Figure 2.

The model was also analyzed for its interaction 
studies between ligand and hydrogen bond; along with it, π−π 
stack interaction was also observed in the homology model. 
Therefore, homology model-10 was finalized as our crystal 
structure for analysis for docking studies. This confirms that 
these homology models can be used for docking analysis (Table 
1). 

The Y-axis of the RMSD plot shows the stability of the 
ligand with the protein complex. The graph obtained in Figure 
3 is “Lig-Fit-Prot,” showing the interaction complex between 
the ligand and protein. The protein−ligand graph is desired to 
show a slight deviation to avoid undesirable binding defects 
and to achieve strong interactions (Fig. 2a). The protein−ligand 
interaction result states that the RMSD plot of the protein−ligand 
is 1.3Å. However, after 30 ns, the RMSD value of the protein−
ligand was found to be 0.75 Å. Therefore, the ligand has a stable 
interaction with the protein. The simulation analysis method 
was used to study the protein interactions with the ligand. This 
simulation analysis helps identify and quantify the hydrophobic 
and hydrogen bonds and the ionic and water bridge interactions. 

Figure 2. Protein-ligand interaction in a simulated system a: protein-ligand interaction diagram at 50 ns. Pink lines represent ligand vibration, and blue lines represent 
protein vibration. b: The nature of the protein-ligand complex; three strong hydrogen bonds were observed. c: The protein-ligand interaction showing π-π amino acid 
PHE and two hydrogen bond formations at ASP and PHE.
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atom interaction analysis is shown in Figure 2c. The protein−
ligand contact with more than 30% of the simulation timeline is 
desired and likely to show potential allosteric inhibitory activity 
at the EGFR protein. The homology model was finalized for the 
visual screening method based on the abovementioned results. 
Additionally, the model was finalized for visual screening 
analysis of FDA molecules using consensual and normal 
docking. 

The values with a bar less than or equal to 0.7 indicate that 
70% of the time, simulation interactions were maintained in 
the protein−ligand complex. The values above 0.7 bar value 
show that some part of the ligand interacts with multiple amino 
acids in the protein complex (Fig. 2b). The 2D analysis of 
the protein−ligand complex showed a strong affinity with the 
allosteric site. These interactions have stability, and two π−π 
bonds strongly interact with the amino acid sequence. Ligand 

Table  2. Consensual docking data with the models’ best compounds.*

Model 
name

Molecules Glide Score 
(kcal/mol)

Interaction with protein site

B Azlocillin −9.97 H bond interaction: PHE145, ASP144, LYS534, LYS156, ALA 148

B Polydatin −9.98 H bond interaction:  ASP144, THR143, CYS64

B Bortezomib −9.18 H bond interaction: ASP144; π-π interaction: PHE145

B Progabide −9.07 H bond interaction: PHE145; π-π interaction: PHE145

B Ezetimibe −8.81 H bond interaction: LYS 34; π-π interaction: PHE145

B Ditazole −8.80 H bond interaction: ALA 148

C Polydatin −9.76 H bond interaction: ALA148, CYS64; π-π interaction: PHE12

C Ditazole −9.62 H bond interaction: GLU161, LYS34; π-π interaction: PHE12

C Bortezomib −9.09 H bond interaction: ASP144

C Progabide −8.98 H bond interaction: ALA 148, π-π interaction: PHE12, PHE145

C Bisacodyl −8.61 H bond interaction: ALA 148, THR 78; π-cation interaction: LYS34; interaction: 
PHE145

D Ditazole −11.05 H bond interaction: GLU161, PHE12; Pi-cation interaction: LYS156

D Polydatin −10.67 H bond interaction: CYS64, PHE145, ASP126, PHE12; π- π interaction: PHE145

D Ezetimibe −8.80 H bond interaction: CYS64; π-π interaction: PHE145, PHE12

D Bisacodyl −8.68 H bond interaction: THR79; Pi-cation interaction: LYS34; π-π interaction: PHE145

D Azlocillin −8.28 H bond interaction: LYS34, ASP144, ALA148; π- π interaction: PHE145

E Bortezomib −9.12 H bond interaction: ASP144; π-π interaction: PHE145

E Progabide −8.52 H bond interaction: PHE145, PHE12, THR79; π- π interaction: PHE145

* Model A was not able to produce satisfactory results.

Figure 3. Molecular Dynamics simulation of polydatin.
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Virtual screening analysis by consensual docking

The most frequently repeating molecules within the 
first 20 XP results were identified, and their chemical properties 
were analyzed. The best molecules frequently repeating in all 
five frames, namely A, B, C, D, and E, are identified and listed 
in Table 2. The model that did not produce any results was 
excluded from further study. 

MD simulation study: molecules shortlisted by consensual 
docking

Molecular docking is a computer-aided drug design 
technique that provides accurate and specific insights into structural 
biology when it interacts with a drug molecule. This analysis is 
important as it facilitates the input about the optimal drug−receptor 
protein interaction, which is the major focus of this study. Various 
other critical information like RMSD data is obtained via MD 

Figure 4. Molecular Dynamics simulation of ezetimibe.

Figure 5. Homology model-10 with EGFR allosteric site for normal virtual screening analysis.
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simulation study, which provides valuable insights about the 
residual flexibility of the protein’s backbone. This is essential for 
obtaining stability confirmation of the protein−ligand complex 
[26]. Therefore, MD simulation analysis is crucial for all the in 
silico studies, to understand the action of the test or target drugs on 
the biological systems. In this study, MD study was performed of 
the target molecules to understand its interaction pattern with the 
allosteric site of EGFR TK in case of NSCLC. 

MD simulation analysis of Polydatin
Polydatin showed a good protein−ligand interaction as 

it had H-bonds with amino acids of the allosteric sites ALA148, 
LYS34, CYS64, and GLU51 during the molecular dynamic 
simulation for 100 ns. A π−π interaction was observed with the 
amino acid PHE145. The compound shows good hydrophobicity 
throughout 100 nanoseconds (ns) ligand−protein interaction, as 
shown in the histogram in blue. The RMSD range of ligand−
protein interaction was observed to be between 2.7 and 2.8 Å. 
The RMSD interactions were observed at 15–20, 30–40, and 
50–100 ns. Figure 3 represents the pattern of the protein−ligand 
interaction during molecular dynamic simulations. 

MD simulation analysis of Ezetimibe polydatin
Ezetimibe was the second molecule that showed good 

protein−ligand interaction, forming H-bonds with LEU127, 
TRP169, LYS 168, and ARG130. The π−cation interaction 
was observed with the amino acid LYS169. The ezetimibe 
shows good hydrophobicity throughout 100 ns ligand−protein 
interaction, as shown in the histogram in blue. The RMSD 
range of ligand−protein interaction was between 2.2Å and 
2.8 Å. The RMSD interactions were observed throughout 100 

ns. The compound shows a good interaction pattern with the 
protein (Fig. 4).  

The compound with the anticipated interaction with 
the allosteric site EGFR protein was identified. The glide 
score, dock score, and interaction pattern were analyzed (Fig. 
5). Table 3 shows the properties of the top compounds when 
in interaction with the protein. Based on the protein−ligand 
interaction score and interaction analysis, the top compounds 
were identified and then analyzed in MD simulation studies to 
identify the best compound (Table 3). 

MD simulation study: molecules shortlisted by normal 
docking

MD simulation analysis of methotrexate
Methotrexate shows fair protein−ligand interaction 

forming H-bonds with ALA148; Pi−cation interaction is 

Table 3. Virtual screening results of the FDA-approved molecules 
using the normal docking method on homology Model-10. 

Model 
name

Molecules with 
good interaction 

property

Glide score 
(kcal/mol)

Interaction with the 
allosteric site

1 Bifonazole −11.06 H bind interaction: ALA148; 
Pi-cation: LYS156; π- π: 

PHE145

2 Butylscopolamine −10.31 H bind interaction: GLU195

3 Methotrexate −8.58 H bind interaction: GLU161, 
ALA60, THR79, LYS34; π- 

π: PHE12

4 Arbutamine −9.92 H bind interaction: LEU253; 
Pi-cation: PHE250

Figure 6. Molecular Dynamics simulation of methotrexate.
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generation drugs overcome the T790M mutation, stopping the 
therapy might lead to developing the C797s mutation condition 
in most patients [31]. Therefore, the paramount must do in this 
condition is identifying fresh indications with the least risk of 
drug resistance development due to instability in EGFR RTKs 
complex leading to T790M/C797S mutations [32]. Allosteric 
sites of EGFR inhibitors like EAI045 can potentially terminate 
the aggressive growth of NSCLC harboring EGFR L858R/ 
T790M/ C797s. In addition, allosteric inhibitors are likely 
to cause lower toxicity and provide more stable biological 
interaction in conjugate with cetuximab [33]. Therefore, 
biochemical optimization analysis of the EGFR allosteric 
region can be a promising therapeutic outcome for inhibiting 
the fatal NSCLC growth for patients in the advanced stages. 

Two new allosteric inhibitors of EGFR, namely 
EAI001 and EAI045, were reported as successful targets to 
achieve the drug resistance and mutation conditions in NSCLC 
cases. We designed a study to identify independent EGFR 
allosteric inhibitors that can overcome the shortcomings of 
the available therapies. Drug re-purposing is proven to be an 
efficient technique for the identification of pharmacotherapies 
by investing little capital. Molecular docking, followed by MD 
simulation analysis, are widely accepted techniques to obtain 
information about the drug molecule−ligand interaction during 
the drug discovery process [34]. Molecular docking of 2,800 
drugs was carried out on the homology protein developed. We 
carried out a two-way docking study method: (i) consensual 
docking study, where the five most stable poses of the obtained 
homology complex were identified and used for MD analysis 
and (ii) normal docking, where the FDA molecules were 
docked on the developed homology model. After the protein 
preparation method, the homology model was subjected to 
docking analysis. The ligands were docked using the extra 
precision method. Homology model-10 showed better results 
and a gradual decrease in glide score. Further confirmation 
of the homology models was achieved by performing an MD 

observed at site LYS156, and π−π interaction is observed at site 
PHE12. The compound shows good hydrophobicity ligand−
protein interaction, as shown in the histogram in blue. The 
RMSD range of ligand−protein interaction was between 2.8 
and 4.0 Å. The RMSD interactions were observed throughout 
0–100 ns. The compound produced satisfactory results and will 
be further investigated for pharmacological evaluation (Fig. 6).   

MD simulation analysis of arbutamine
The drug arbutamine shows fair protein−ligand 

interaction forming H-bonds with ASP185, GLU118, HIS182, 
and PRO248, and π−π interaction is observed at site PHE250. 
The compound shows good hydrophobicity ligand−protein 
interaction, as shown in the histogram in blue. The RMSD 
range of ligand−protein interaction was between 2.4 and 4.5 Å. 
The RMSD interactions were observed throughout 0–100 ns. 
The compound produced satisfactory results and will be further 
investigated for pharmacological evaluation (Fig. 7). 

DISCUSSION
In this pandemic, due to the coronavirus (COVID-19) 

outbreak, NSCLC patient’s mortality rate has been reported 
to have drastically increased [27]. To solve this problem, 
researchers must use new methodologies to develop new 
therapies quickly and curb cost-effectiveness [28]. We have 
conducted a similar study of drug repurposing utilizing tools 
in Schrodinger software for predicting anti-COVID-19 drugs 
[25,28]. In NSCLC, the available therapy targets RTKs, which 
is challenging and often risky due to readily acquired resistance 
development in the patients [27]. This condition may also 
lead to mutation in the amino acid sequence of the RTKs. It 
is reported that the first-generation EGFR inhibitors lead to 
overexpression of CYP3A4, leading to hepatotoxicity and 
multiple liver dysfunctions [29]. The consumption of second-
generation EGFR inhibitors leads to T790M mutation, causing 
drug resistance in 60% of the patients [30]. Even though third-

Figure 7. Molecular Dynamics simulation of Arbutamine.
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interaction, forming H-bonds with ASP185, GLU118, HIS182, 
and PRO248, and a π−π interaction is observed at site PHE250. 
The compound shows good hydrophobicity in ligand−protein 
interactions. This property makes it suitable as a potent 
allosteric agent to inhibit EGFR in NSCLC conditions. All the 
hits obtained in the study have not been reported for any activity 
against NSCLC. 

Chemotherapy has been the popular choice for 
NSCLC remedy, and therefore, the identified EGFR allosteric 
compounds can be further explored for various combination 
therapies with cisplatin or platinum-based compounds such as 
carboplatin [42] or the evaluation of these drugs to injectable 
platinum-based therapy forms can be explored [43]. Therefore, 
these drugs can be further explored for their in vitro and in 
vivo study to identify the best two molecules that can serve 
as a fourth-generation EGFR allosteric inhibitor in treating 
NSCLC.

CONCLUSION
The present study successfully identified and validated 

potential allosteric inhibitors for the EGFR protein through 
an integrated computational approach involving homology 
modeling, molecular docking, and MD simulations. Among 
the prepared ligands, EA1045 demonstrated superior allosteric 
potency and structural stability, supported by its low RMSD 
value (0.6 Å) and GlideScores in docking studies. Homology 
model-10 was finalized due to its stable hydrogen bonding and 
π−π interactions, providing a reliable crystal structure for virtual 
screening. Through consensual and normal docking, polydatin 
and ezetimibe emerged as top candidates, showing consistent 
and strong protein−ligand interactions over 100 ns simulations. 
Methotrexate and arbutamine, identified via normal docking, 
also showed promising yet comparatively moderate stability. 
Overall, the computational findings indicate that polydatin 
and ezetimibe are strong candidates for further in vitro and in 
vivo validation as allosteric inhibitors of EGFR, potentially 
contributing to novel therapeutic strategies in EGFR-targeted 
therapies. The newly designed in silico methodology for 
drug screening/repurposing to identify new indications for 
the target disease showed that the drugs polydatin, ezetimibe, 
methotrexate, and arbutamine could be potent EGFR allosteric 
site inhibitors. 

The findings drew the way to find out new 
pharmacotherapies from the available drugs at a faster pace 
compared to traditional drug discovery methods. The utilization 
of in silico approach to tackle the fatal NSCLC can be a 
meaningful research advancement. However, further in vitro 
and in vivo investigations of these hits could lead to identifying 
the most potent allosteric EGFR inhibitors for NSCLC. 
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simulation study. These docking methods gave us a better idea 
about the repurposed compounds and increased the chances of 
obtaining more potent anti-NSCLC compounds. The virtual 
screening analysis, docking results, and MD simulation 
studies on the FDA-approved molecules were conducted 
and optimized. Ezetimibe, polydatin, methotrexate, and 
arbutamine were identified to be potent as EGFR allosteric site 
inhibitors. Ezetimibe is the first known selective cholesterol-
absorption inhibitor that stops the cholesterol uptake from the 
intestinal lumen with negligible effect on other sterols or lipid-
soluble vitamins [35,36]. In another study, ezetimibe showed 
hydrogen bond interactions with the allosteric site of EGFR at 
LEU127, TRP169, LYS168, and ARG130, which is required 
for stable interaction with the target site. These inhibitions 
will ultimately lead to controlled auto-phosphorylation in the 
RTKs. This will stop the mutation development condition [9]. 

Polydatin, also chemically stated as, 
3,4,5-trihydroxystilbene-3-β-D-glucoside, is an active 
constituent from natural products such as grapes, peanuts, 
and cocoa-containing products with multiple pharmacological 
effects such as anti-inflammatory, immunoregulatory, lung 
protective and antioxidant effects [37,38]. The drugs cetuximab 
and panitumumab, which are therapeutically used extracellular 
EGFR inhibitors, and drugs such as gefitinib, erlotinib, and 
afatinib, which are intracellular EGFR inhibitors, produce 
dermatological reactions called papulopustular eruption. A 
recent clinical study reported that skin adverse reactions can be 
treated by the topical application of polydatin 0.8% and 1.5% 
polydatin cream [39]. These properties make it one of the most 
suitable compounds to target EGFR allosteric sites in NSCLC. 
Our study shows that polydatin has H-bond interactions with 
ALA148, LYS34, CYS64, and GLU51 at the allosteric site. 
π−π interaction was observed with amino acid PHE145 of 
the allosteric site. The compound shows good hydrophobicity 
throughout the 100 ns ligand−protein interaction. These results 
are supported by its good anti-inflammatory and immunological 
activity in the lungs [38]. Therefore, it can be a good candidate 
drug for developing an EGFR allosteric inhibitor. 

Methotrexate is widely known as an anti-arthritis agent 
with complex action. However, the well-known hypothesis 
for its pharmacological activity is the anti-inflammatory 
effect due to adenosine release. It also increases the T cells 
and cytokine, leading to apoptosis, and it is therapeutically 
used to treat NSCLC in combination [40]. However, because 
of better drugs currently, methotrexate is not preferred in 
NSCLC. We prove here that the properties of alteration of the 
cell signaling pathway can be the reason for interaction with 
the allosteric site of EGFR in NSCLC conditions. In our study, 
methotrexate shows strong H-bonds with ALA148; Pi−cation 
interaction is observed at site LYS156, and π−π interaction 
is observed at site PHE12. These interactions are desired for 
EGFR allosteric inhibition [10]. Therefore, it can serve as a 
potent EGFR allosteric inhibition agent and act as an anti-
NSCLC agent. 

Arbutamine is a popular cardiac agent classified as a 
βeta-adrenergic blocker, specially developed for cardiac stress 
testing [41]. Arbutamine showed EGFR allosteric inhibitory 
effect in the current in silico docking and MD simulation 
studies. The study showed that arbutamine has protein−ligand 
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