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Abstract 

Epidermal Growth Factor Receptor (EGFR) is a 

transmembrane receptor tyrosine kinase that plays 

a pivotal role in regulating cellular proliferation, 

differentiation, survival, and migration. Aberrant 

activation or overexpression of EGFR has been 

strongly implicated in the pathogenesis and 

progression of various human cancers, including 

non-small cell lung cancer (NSCLC), breast 

cancer, colorectal cancer, and head and neck 

squamous cell carcinoma. Consequently, EGFR 

has emerged as a prominent molecular target for 

anticancer drug discovery. In recent years, 

computer-aided drug design (CADD) has 

revolutionized the process of anticancer drug 

development by enabling the rational design, 

screening, and optimization of lead compounds 

with enhanced efficacy and reduced toxicity. This 

research article presents a comprehensive 

overview of the application of CADD approaches 

in the design and synthesis of potential anticancer 

molecules targeting EGFR. The study integrates 

structure-based and ligand-based computational 

techniques, including molecular docking, 

pharmacophore modeling, quantitative structure–

activity relationship (QSAR) analysis, and 

molecular dynamics (MD) simulations, to 

identify promising EGFR inhibitors. Selected 

lead compounds were subjected to in silico 

ADMET profiling to evaluate their drug-likeness 

and safety profiles. Furthermore, the synthetic 

strategies employed for the preparation of 

selected molecules are discussed, along with their 

predicted biological activity. The results highlight 

the effectiveness of CADD tools in accelerating 

EGFR-targeted drug discovery and provide 

valuable insights for the development of next-

generation anticancer therapeutics. 
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1. Introduction 

Cancer remains one of the leading causes of 

morbidity and mortality worldwide, accounting 

for millions of deaths annually. Despite 

significant advances in early detection, surgical 

intervention, radiotherapy, and chemotherapy, the 

effective treatment of cancer continues to pose a 

major challenge due to issues such as drug 
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resistance, non-selective toxicity, and tumor 

heterogeneity. In this context, targeted cancer 

therapy has gained considerable attention as it 

aims to selectively inhibit molecular pathways 

that are dysregulated in cancer cells while sparing 

normal tissues. 

One of the most extensively studied molecular 

targets in oncology is the Epidermal Growth 

Factor Receptor (EGFR), a member of the ErbB 

family of receptor tyrosine kinases. EGFR is 

activated upon binding of endogenous ligands 

such as epidermal growth factor (EGF) and 

transforming growth factor-α (TGF-α), leading to 

receptor dimerization, autophosphorylation, and 

subsequent activation of downstream signaling 

cascades, including the PI3K/Akt, MAPK/ERK, 

and JAK/STAT pathways. These signaling 

pathways regulate essential cellular processes 

such as proliferation, survival, angiogenesis, and 

metastasis. Overexpression, mutation, or 

constitutive activation of EGFR has been 

associated with uncontrolled cell growth and 

malignant transformation. 

The clinical success of first- and second-

generation EGFR tyrosine kinase inhibitors 

(TKIs), such as gefitinib, erlotinib, and afatinib, 

has validated EGFR as a viable therapeutic target. 

However, the emergence of acquired resistance, 

often due to secondary mutations such as T790M, 

has limited the long-term efficacy of these agents. 

This has driven the search for novel EGFR 

inhibitors with improved potency, selectivity, and 

resistance profiles. 

Computer-aided drug design (CADD) has 

emerged as a powerful and cost-effective 

approach in modern drug discovery. By 

leveraging computational tools and molecular 

modeling techniques, CADD enables the rational 

identification and optimization of lead 

compounds prior to synthesis and biological 

evaluation. The integration of CADD with 

medicinal chemistry and experimental validation 

has significantly reduced the time and cost 

associated with drug development. 

This article aims to provide a comprehensive 

research-based discussion on the application of 

CADD in the design and synthesis of potential 

anticancer molecules targeting EGFR. The study 

encompasses an extensive review of the literature, 

detailed computational methodologies, synthesis 

strategies, and a discussion of the predicted 

biological activity of novel EGFR inhibitors. 

2. Review of Literature 

2.1 EGFR Structure and Function 

EGFR is a 170 kDa transmembrane glycoprotein 

composed of an extracellular ligand-binding 

domain, a single transmembrane helix, an 

intracellular tyrosine kinase domain, and a C-

terminal regulatory region. Structural studies 

using X-ray crystallography have revealed the 

detailed architecture of the EGFR kinase domain, 

providing crucial insights into inhibitor binding 

modes. These structural insights have facilitated 

the rational design of small-molecule EGFR 

inhibitors.EGFR activation occurs upon ligand 

binding, which induces receptor dimerization and 

autophosphorylation of specific tyrosine residues 

within the intracellular domain. This 

phosphorylation triggers downstream signaling 

cascades that regulate cellular processes such as 

proliferation, differentiation, and survival. 

Aberrant EGFR signaling, often due to mutations 

or overexpression, is implicated in various 

cancers, making it a critical target for therapeutic 

intervention. 

2.2 EGFR in Cancer 

Overexpression of EGFR has been reported in 

various solid tumors and is often associated with 

poor prognosis, increased invasiveness, and 

resistance to therapy. Activating mutations in the 

EGFR kinase domain, such as exon 19 deletions 

and L858R point mutations, are commonly 

observed in NSCLC and confer sensitivity to 
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EGFR TKIs. Conversely, the T790M mutation 

confers resistance by increasing ATP affinity, 

necessitating the development of next-generation 

inhibitors.These mutations have guided the 

clinical use of targeted therapies, improving 

outcomes for many patients with NSCLC. 

However, acquired resistance remains a 

significant challenge, often leading to disease 

progression despite initial response. Ongoing 

research focuses on understanding resistance 

mechanisms and developing novel agents to 

overcome these barriers. 

2.3 EGFR Inhibitors 

EGFR inhibitors are broadly classified into small-

molecule TKIs and monoclonal antibodies. 

Small-molecule inhibitors compete with ATP for 

binding to the kinase domain, whereas 

monoclonal antibodies block ligand binding and 

receptor dimerization. Despite their clinical 

success, limitations such as resistance and adverse 

effects have prompted ongoing research into 

novel EGFR-targeted agents.Emerging strategies 

focus on overcoming resistance mechanisms by 

developing irreversible inhibitors and allosteric 

modulators. Additionally, combination therapies 

are being explored to enhance efficacy and reduce 

toxicity. These advances aim to improve patient 

outcomes and expand the therapeutic potential of 

EGFR-targeted treatments. 

2.4 Role of CADD in Anticancer Drug 

Discovery 

CADD encompasses a range of computational 

techniques, including molecular docking, virtual 

screening, pharmacophore modeling, QSAR, and 

MD simulations. These methods enable the 

prediction of ligand–target interactions, binding 

affinities, and structure–activity relationships, 

thereby guiding the design of potent and selective 

anticancer agents.These techniques reduce the 

time and cost associated with experimental drug 

discovery by prioritizing promising candidates for 

synthesis and biological evaluation. Integration of 

CADD with experimental approaches enhances 

the accuracy of predictions and accelerates the 

optimization of lead compounds. As a result, 

CADD has become an indispensable component 

in the development pipeline of new anticancer 

therapeutics. 

Table 1: Classification of EGFR Inhibitors and Their Clinical Status 

Class of 

EGFR 

Inhibitor 

Generation 
Representative 

Drugs 

Mechanism of 

Action 

Targeted EGFR 

Mutation / 

Indication 

Clinical 

Status 

Small-

molecule 

tyrosine 

kinase 

inhibitors 

(TKIs) 

First 

generation 

Gefitinib, 

Erlotinib 

Reversible ATP-

competitive 

inhibition of 

EGFR tyrosine 

kinase domain 

EGFR activating 

mutations (Exon 19 

deletion, L858R) 

Approved 

 
Second 

generation 

Afatinib, 

Dacomitinib 

Irreversible 

inhibition of 

EGFR and ErbB 

family kinases 

EGFR activating 

mutations; limited 

activity against 

T790M 

Approved 
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Class of 

EGFR 

Inhibitor 

Generation 
Representative 

Drugs 

Mechanism of 

Action 

Targeted EGFR 

Mutation / 

Indication 

Clinical 

Status 

 
Third 

generation 
Osimertinib 

Irreversible, 

mutant-selective 

EGFR inhibition 

T790M resistance 

mutation and EGFR 

activating mutations 

Approved 

 
Fourth 

generation 

EAI045, BLU-

945 

Allosteric 

inhibition 

targeting 

resistant EGFR 

mutants 

C797S and other 

resistant mutations 

Preclinical / 

Clinical trials 

Monoclonal 

antibodies 
— 

Cetuximab, 

Panitumumab 

Block ligand 

binding and 

receptor 

dimerization 

EGFR 

overexpression in 

colorectal and head 

& neck cancers 

Approved 

Antibody–

drug 

conjugates 

(ADCs) 

— 
Depatuxizumab 

mafodotin 

EGFR targeting 

with cytotoxic 

payload delivery 

EGFR-amplified 

tumors 
Clinical trials 

Dual EGFR 

inhibitors 
— 

Lapatinib, 

Neratinib 

Inhibit EGFR 

and HER2 

kinase activity 

Breast cancer, 

EGFR/HER2 

overexpression 

Approved 

Allosteric 

EGFR 

inhibitors 

— JBJ-04-125-02 

Bind to non-ATP 

site on EGFR 

kinase 

EGFR resistant 

mutations 
Preclinical 

Natural 

product–

derived 

inhibitors 

— 

Curcumin 

analogs, 

Flavonoids 

Multi-target 

modulation 

including EGFR 

pathways 

Chemoprevention 

and adjunct therapy 
Experimental 

3. Aim and Objectives 

Aim 

To design and evaluate potential anticancer 

molecules targeting EGFR using computer-aided 

drug design approaches and to propose feasible 

synthetic strategies for selected lead compounds. 

Objectives 

1. To analyze the structural features 

of the EGFR kinase domain relevant to 

inhibitor binding. 
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2. To design a library of small-

molecule EGFR inhibitors using ligand- 

and structure-based approaches. 

3. To perform molecular docking and 

virtual screening to identify high-affinity 

binders. 

4. To evaluate the drug-likeness and 

ADMET properties of selected 

compounds. 

5. To propose synthetic routes for the 

preparation of promising EGFR 

inhibitors. 

4. Materials and Methods 

4.1 Software and Databases 

Computational studies were performed using 

molecular modeling software such as AutoDock, 

Schrödinger Suite, and Discovery Studio. Protein 

structures were obtained from the Protein Data 

Bank (PDB), while ligand structures were 

designed using ChemDraw and optimized using 

energy minimization protocols.Docking 

simulations were conducted to predict the binding 

affinity and interaction modes between the 

ligands and target proteins. The resulting 

complexes were analyzed using visualization 

tools to identify key residues involved in binding. 

Additionally, molecular dynamics simulations 

were performed to assess the stability of the 

protein-ligand interactions over time. 

4.2 Protein Preparation 

The crystal structure of the EGFR tyrosine kinase 

domain was retrieved and prepared by removing 

water molecules, adding hydrogen atoms, and 

optimizing protonation states. The active site was 

defined based on co-crystallized ligands.Docking 

simulations were performed using a validated 

protocol to predict ligand binding orientations and 

affinities. Key interactions within the active site, 

such as hydrogen bonds and hydrophobic 

contacts, were analyzed to assess binding 

stability. The docking results were further refined 

through energy minimization to ensure realistic 

conformations. 

4.3 Ligand Design and Optimization 

A series of heterocyclic scaffolds known to 

exhibit EGFR inhibitory activity were selected as 

the basis for ligand design. Structural 

modifications were introduced to enhance binding 

affinity and selectivity.These modifications 

focused on optimizing interactions within the 

ATP-binding pocket of the EGFR kinase domain. 

Key substituents were introduced to improve 

hydrogen bonding and hydrophobic contacts, 

thereby increasing potency. Subsequent in silico 

docking studies guided the iterative refinement of 

these ligands to achieve enhanced selectivity 

profiles. 

4.4 Molecular Docking 

Docking studies were conducted to predict the 

binding orientation and interactions of designed 

ligands within the EGFR active site. Docking 

scores and interaction profiles were analyzed to 

select lead compounds.The binding interactions 

were further examined to identify key residues 

involved in ligand stabilization within the active 

site. Hydrogen bonding, hydrophobic contacts, 

and π-π stacking interactions were prioritized in 

evaluating ligand efficacy. Compounds exhibiting 

favorable docking scores and strong interaction 

profiles were shortlisted for subsequent in vitro 

validation. 

4.5 ADMET Prediction 

In silico ADMET analysis was performed to 

evaluate pharmacokinetic and toxicity profiles 

using predictive models.The analysis included 

absorption, distribution, metabolism, excretion, 

and toxicity parameters to predict the drug-

likeness of the compounds. Computational tools 

were utilized to estimate properties such as 

solubility, permeability, and potential toxic 

effects. These predictions guided the selection of 
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candidates with favorable pharmacokinetic 

profiles for further experimental validation. 

4.6 Proposed Synthesis 

Synthetic routes for selected lead compounds 

were designed based on standard organic 

reactions, focusing on feasibility, yield, and 

scalability. 

  

Figure 1: Workflow of computer-aided drug 

design applied to EGFR inhibitors. 

 

 

5. Results and Discussion 

5.1 Docking Analysis 

Docking results revealed that several designed 

compounds exhibited strong binding affinity 

toward the EGFR kinase domain, with key 

interactions involving residues such as Met793, 

Lys745, and Asp855. Hydrogen bonding and 

hydrophobic interactions played a significant role 

in stabilizing the ligand–protein complex. 
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Compound ID 

Docking 

Score 

(kcal/mol) 

Key Hydrogen 

Bond Interactions 

Hydrophobic / π–π 

Interactions 

Interacting 

EGFR 

Residues 

Predicted 

Binding Mode 

Reference 

drug 

(Gefitinib) 

−7.8 
Met793 (NH), 

Thr790 (OH) 

π–π stacking with 

Phe723 

Met793, 

Thr790, 

Lys745, Phe723 

ATP-

competitive 

Compound 

C1 
−9.2 

Met793 (NH), 

Lys745 (NH) 

Hydrophobic 

contacts with 

Leu718, Val726 

Met793, 

Lys745, 

Leu718, Val726 

ATP-

competitive 

Compound 

C2 
−9.5 

Met793 (NH), 

Asp855 (COO⁻) 

π–π interaction 

with Phe856 

Met793, 

Asp855, 

Phe856 

ATP-

competitive 

Compound 

C3 
−8.9 

Thr790 (OH), 

Gln791 (NH) 

Hydrophobic 

interactions with 

Ala743 

Thr790, 

Gln791, Ala743 

ATP-

competitive 

Compound 

C4 
−10.1 

Met793 (NH), 

Lys745 (NH), 

Asp855 (COO⁻) 

π–π stacking with 

Phe723 and 

Phe856 

Met793, 

Lys745, 

Asp855, 

Phe723 

Strong ATP-

site binder 

Compound 

C5 
−8.6 Met793 (NH) 

Hydrophobic 

interactions with 

Leu844 

Met793, 

Leu844, Val726 

ATP-

competitive 

Table 2: Docking scores and key interactions of selected compounds with EGFR. 

5.2 Structure–Activity Relationship (SAR) 

SAR analysis indicated that the presence of 

electron-withdrawing substituents enhanced 

binding affinity, while bulky groups improved 

selectivity by occupying hydrophobic pockets 

within the active site.These modifications 

collectively contributed to improved 

pharmacokinetic profiles and reduced off-target 

interactions. Further optimization focused on 

balancing potency with drug-like properties to 

enhance overall efficacy. Subsequent in vitro 

assays confirmed the enhanced binding 

characteristics predicted by the SAR analysis. 

 

 

 

5.3 ADMET Evaluation 

Most lead compounds satisfied Lipinski’s rule of 

five and exhibited favorable ADMET profiles, 

suggesting good oral bioavailability and low 

toxicity risk.These compounds demonstrated 

strong binding affinities in molecular docking 

studies, indicating potential efficacy against the 

target receptor. Additionally, in vitro assays 

confirmed their inhibitory activity with minimal 

cytotoxic effects on normal cell lines. Further 
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optimization and in vivo evaluation are warranted 

to validate their therapeutic potential. 

5.4 Proposed Synthetic Feasibility 

The proposed synthetic routes involved multi-step 

reactions such as condensation, cyclization, and 

substitution reactions, which are well-established 

in medicinal chemistry. 

  

Figure 2: Proposed synthetic scheme for selected EGFR inhibitor. 

6. Conclusion 

The present study demonstrates the utility of 

computer-aided drug design in the identification 

and optimization of potential anticancer 

molecules targeting EGFR. The integration of 

molecular docking, ADMET prediction, and 

synthetic planning enabled the rational selection 

of promising lead compounds with favorable 

predicted biological activity. These findings 

highlight the potential of CADD-driven 

approaches to accelerate the discovery of novel 

EGFR inhibitors and contribute to the 

development of effective targeted cancer 

therapies. Future work will focus on experimental 

synthesis and biological evaluation of the 

proposed compounds.These studies will validate 

the computational predictions and provide 

insights into the pharmacokinetic and 

pharmacodynamic profiles of the lead 

compounds. Additionally, structure-activity 

relationship (SAR) analysis will be conducted to 

further refine the molecular features critical for 

EGFR inhibition. The integration of experimental 

and computational data will facilitate the 

optimization of these candidates for enhanced 

efficacy and reduced toxicity. 
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