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Abstract 

 

EGFR acts as promising cancer target. Monoclonal antibodies addressing ligand binding 

extracellular domain, as well as low molecular weight blockers of receptor’s tyrosine kinase, 

used mainly these days in clinical development. Such compounds block ligand induced target 

cell activation & downstream ixignaling, causing arrest of cell cycle, cell death & angiogenesis 

blockage. EGFR regulates epithelial tissue growth and homeostasis in a physiological sense. In 

pathological circumstances, such as lung and breast cancer and glioblastoma, EGFR acts as 

carcinogenesis driver. The most obvious reason for abnormal EGFR activation for cancer are 

point mutations and amplification. The first growth factor receptor to be put forward as a cancer 

therapeutic target was EGFR. Non–small lung cancer cell, neck and head squamous-cell 

carcinoma, pancreatic cancer & colorectal cancer are among the four metastatic epithelial 

malignancies for which EGFR antagonists are currently accessible. Treatments ix ignaling 

EGFR-tyrosine kinase blockers, such as gefitinib & EGFR-neutralizing antibodies, such as 

bevacizumab and cetuximab, have both been effective in reducing lung cancer. Gefitinib were 

particularly useful as second- and third-line therapy after chemotherapies. Combining TK 

inhibitors alongside chemotherapeutics like pemetrexed & docetaxel resulted in notable 

improvements in overall and progression-free survival in clinical trials of phase 2/3. Combining 

tyrosine kinase blockers to EGFR-targeted antibodies were also found to be a successful 

treatment for lung cancer in phase 1 & 2 clinical trials. Docking against EGFR tyrosine  kinase 

with the drug erlotinib shows high binding enery with the catalytic residue of egfr tyrosin kinse 

which can be a potential drug against lung cancer. 
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1. INTRODUCTION 

1.1. Cancer: Cancer is a disease that develops when abnormal cells divide uncontrollably in one 

part of the body and invade surrounding tissues. Cancer is caused by a series of gene mutations 

that disrupt the activities of the cell. The role of chemical compounds in the creation of gene 

mutations and cancer cells is well established[1]. 

1.2. ROLE OF EGFR IN CANCER: Epidermal Growth Factor Receptor (EGFR) is a 

transmembrane target cell belongs to a family of four related proteins [2]. Each receptor can be 

targeted by ten distinct ligands. When  ligands binds on single-chain EGFR, it produces a dimer, 

which causes receptor autophosphorylation and tyrosine kinase activity inside the cell. 

Autophosphorylation can cause tumor cell proliferation, death suppression, invasive and 

metastasis activation, and cancer induced neovascularization stimulation [3,4]. 

Epidermal Growth Factor Receptor (EGFR) is a transmembrane target cell belongs to a family of 

four related proteins [2]. Each receptor can be targeted by ten distinct ligands. When  ligands 

binds on single-chain EGFR, it produces a dimer, which causes receptor autophosphorylation 

and tyrosine kinase activity inside the cell. Autophosphorylation can cause tumor cell 

proliferation, death suppression, invasive and metastasis activation, and cancer induced 

neovascularization stimulation [3,4]. 

Uncontrolled production of certain chemicals which enhance cell growth , increased expression 

of specific proteins on cell membranes (growth factor receptors) to which growth factors 

selectively bind can give cancer cells the ability to proliferate autonomously and dysregulatedly. 

Both activities set off a cascade of intracellular signals that eventually lead to cancer cell 

proliferation, angiogenesis, and metastasis  [5]. The majority of human epithelial malignancies 

are 1ignaling11ed by functional activation of epidermal growth factor receptor (EGFR) family 

growth factors and receptors. Because of this, EGFR was first to be identify as a cancer therapy. 

For the treatment of four metastatic epithelial malignancies, four EGFR antagonists are now 

available. Non–small cell of lung tumor, squamous-cell carcinoma of neck & head, pancreatic 
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cancer, colorectal cancer &  are all cancers that affect the digestive system, after 20 years of 

pharmacological development. The utility of EGFR antagonists in the therapy of cancer in its 

early stages is less well understood.EGFR inhibitors’ methods of action, clinical proof of their 

anticancer effectiveness, &  current, or contested, clinical problems around their appropriate 

usage of treatment in cancer patients [2]. 

EGFR is a  receptor tyrosine kinase(RTK) that regulates epithelial cell function. It is related to 

ErbB family of RTKs [6]. EGFR commonly mutated and/or excessive expression on varities of 

malignancies, it is used of a variety of tumors medicines now used [7]. 

EGFR is an important player at epithelial cancer, and its activity promotes tumour growth, 

invasion, and spread. EGFR is a RKT that transmits a growth-inducing signal to cells triggered 

by an EGFR ligand (such as TGF and EGF). The supply of these ligands in normal tissues is 

tightly controlled to ensure that kinetics of cell growth closely match the tissues’ homeostasis 

requirements. In cancer, afterall EGFR is persistently stimulated indefinitely because of extended 

creation of EGFR ligands into tumour microenvironment or mutation in EGFR which keeps the 

receptor active. Tumors that overexpress TGF or EGFR have a more aggressive nature, which is 

often linked to a poor prognosis. EGFR has, predictably, been a primary target for therapeutic 

intervention. The effects of the EGFR are interpreted within the context of ligand- and kinase-

dependent activation, often known as the “canonical” EGFR signalling pathway [8]. However, 

new functions have lately been discovered, both kinase dependent and independent. They show 

that the EGFR has unanticipated functions, such as regulating autophagy and metabolism [9]. 

Cellular and environmental stresses typically induce noncanonical activities. Many of these 

‘stress pathways’ trigger in cancerous cells to give them a advantage in survival & resistance in 

therapy [9,10]. This has directed to the hypothesis that addressing EGFR and stress pathways at 

the same time could give a therapy opening for cancer [11]. 

Oncogenic signalling pathways cause cancer cells to undergo metabolic reprogramming, which 

promotes tumour growth [12]. EGFR signals have been connected for  regulating of various 

metabolic processes important for cancer cell growth, ranging from fatty acid and pyrimidine 

synthesis to glucose catabolism [13,14]. Egfr supports the metabolic pathway the two directly 

and indirectly through phosphorylating rate-limiting enzymes [15,16] & stimulating the MYC 

transcription factor and the AKT signalling cascade [17,13,14,18,19,20]. 
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The PI3K/AKT-dependent nuclear transfer of sterol regulative protein is increased by EGFRvIII, 

In glioblastoma multiforme, element binding protein1(SREBP-1) & because of low-

frequency lipoprotein receptor(LDLR). Rise in LDLR permits cholesterol to be absorbed without 

the negative feedback regulation [13]. Because of them cells rely over cholesterol signalling and 

are very susceptible to blockers of fatty acid and cholesterol production, this constitutes a site of 

metabolic vulnerability [21]. 

Moreover, EGFR recently discovered via direct phosphorylate or 3 ignaling stearoylCoA 

desaturase-1 (SCD1), leading to an increase in monounsaturated fatty acid synthesis [16]. SDC1 

phosphorylation is combined with a less outcome in glioblastoma multiforme patients[16]. The 

Warburg effect, an increase in glycolysis in the presence of oxygen, is another most well-study 

metabolic shifts at tumor cells. The enthusiastic uptake of glucose by cancer cells is 

characterised by enhanced membrane expression location about glucose transporter, primarily 

GLUT1 and GLUT3 [22].Intracellular glucose is converted to pyruvate, which is preferentially 

transformed to lactate in cancer cells [12].  

The EGFR is found that promotes aerobic glycolysis via a variety of methods, both kinase-

dependent and kinase-independent.Interaction about EGFR with SGLT1 at cell surface signaling 

the sodium-glucose cotransporter, enhancing glucose inflow [23]. When cells are grow in the 

occurance of low glucose concentrations, this kinase-independent activity gives survival benefits, 

allowing them to avoid autophagic cell death [23]. EGFR regulate manufacturing of 

Phosphorylation of Pyruvate Kinase M2 (PKM2) , hexokinase (HK1),  2 glycolytic enzymes 

which catalyse important steps at the system, enhancing aerobic glycolysis on  cells of breast 

cancer in response to EGF stimulation [15]. One important’advese effect’ of advanced aerobic 

glycolysis helps in  creating  maximum quantities of lactate, which suppresses the cytotoxic 

activity of T cells in malignant tumours, allowing them to evade the immune system [15]. 

Deregulated signalling is found towads signalling GLUT1 on  cell surface in lung 

adenocarcinoma cells with oncogenic EGFR mutations by activating the PI3K/AKT/mTOR 

pathway [18]. Similarly, it is known that activation of AKT in lymphoid cells that responsed to 

cytokine stimulation prevents GLUT1 endocytosis [24,25]. AKT phosphorylates constrain the 

thioredoxin-interacting protein (TXNIP),  endocytic adaptor involved to GLUT1 CME, 

according to new research [26,27], suggest that this is the working mechanism on lung cancer 
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cells with EGFR mutations, suppress of PI3K/AKT/mTOR pathway reduces glycolytic flux, 

limiting viability [18]. In keeping along these findings, mixed inhibition of EGFR and glycolysis 

is found directed towards decrease triple-negative breast cancer cell proliferation in a synergistic 

manner, demonstrating importance about EGFR signalling in cancer cell metabolism [15].  

 

2. DEVELOPMENT OF EGFR  ANTAGONIST IN CANCER THERAPY 

To summarise our understanding of EGFR signalling, we may break it down into three levels: 

cell surface, intracellular signalling networks that result in gene transcription and changes in 

molecular activity, as well as cellular responses [28]. 

On the cell surface, the earliest ligand-receptor & receptor-receptor communication takes place. 

ErbB receptors that made up of binding of ligand domains on the outside, transmembrane 

segments, and  intracellular tyrosine kinase domain of protein along  carboxyl terminal segment. 

ErbB receptors can be stimulated in many ways. At physiological position,  number of EGFR 

family ligands stimulate the creation for homo or heterodimeric complexes with four ErbB 

receptors, allowing signal diversification & amplification [28]. In tumour cells, there are other 

ways to activate these receptors. To begin with, tumor-induced receptor overexpression could 

lead directed towards ligand-independent receptor dimerization. In few cancers, like as 

glioblastoma, mutant forms of the EGFR caused by rearrangements of gene produce ligand-

independent constitutive receptor activation and faulty receptor downregulation [29]. G-protein–

coupled receptor stimulation activates EGFR by cleaving membrane-bound EGF ligands with 

metalloproteinases, suggesting which are heterologous ligand-dependent mechanisms that also at 

work[30].The urokinase plasminogen receptor has been shown to activate EGFR, recently 

discovered to be ligand-independent [31]. These data show that tumour cells may have other 

EGFR activation pathways in addition to receptor overexpression, mutations, and autocrine 

ligand production. 

Tyrosine autophosphorylation or stimulation of intrinsic receptor protein tyrosine kinase arise at 

the signal-processing level. Several intracellular substrates are recruited and phosphorylated as a 

result of these events, as docking & adaptive fragments attaching at particular phosphotyrosine 

sites at receptor molecules [32].The Ras-Raf-MAPkinase pathway is a significant downstream 
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signalling pathway for the ErbB family [33]. Ras activation sets in motion a multistep 

phosphorylation cascade that includes MAPKs, ERK1, and ERK2 [34]. In laboratory 

investigations, the transcription of molecules involved in cell proliferation, survival, and 

transformation is influenced by ERK1 and ERK2 [34]. Phosphatidylinositol 3-kinase (PI3K) or 

downstream protein-serine or threonine kinase Akt are other significant targets in EGFR 

signaling[35,36]. Akt sends out signals that set off a chain of events that range from cell survival 

and motility to cell growth and proliferation [36]. Protein kinase C and Jak/Stat are part of the 

stress-activated protein kinase cascade, is another avenue for signalling. The activation of these 

pathways results in diverse transcriptional programmes in the nucleus, which regulate cell 

differentiation, life (or death), mobility, penetration, adherence, and tissue regeneration are all 

examples of cellular functions [28]. Nearly 20 years ago, J.M., one of the writers, and his 

collaborators recommended EGFR as a cancer therapeutic target [37,38]. This hypothesis' logic 

has been summarized [39]. EGFR is typically overexpressed in human malignancies, as 

previously stated. Malignancies of the breast, lung, and glioblastoma, as well as cancers of 

squamous cell, bladder cancer, colorectal cancer, ovarian carcinoma, and prostate cancer, are 

examples [40]. Overexpression has the potential to increase by a factor of a thousand or more. 

With the exception of glioblastomas, gene amplification is not a common occurrence in 

malignancies. Furthermore, as previously mentioned, a mutant form of the EGFR vIII receptor 

with a loss in the peripheral region causes constitutive activation of its tyrosine kinase in some 

glioblastomas [29,41,42]. Second, increasing EGFR expression has been linked to a worsening 

clinical results at variety of cancers, that includes bladder, breast, lung, squamous cell cancers 

[39,41,43]. Thirdly, increasing receptor contents are frequently linked to boost ligand 

manufacture by the same tumour cells, being transforming growth factor alpha [40,43,44].This 

creates a favourable environment for receptor activation via an autocrine stimulatory route. 

Early research showed that monoclonal antibodies (MAbs) targeted against EGFR which disrupt 

binding affinity towards protein suppressed the growth of cancerous cells with elevated protein 

levels in culture and nude mice xenografts [37,38]. Anti-EGFR MAbs from other companies 

confirmed these findings. 
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Fig. 1: .Activation mechanisms of receptors. Dimerization activates egfr & members of the target 

cell family (HER2/3/4).The techniques of complex formation, protein overexpression, and 

transactivation all promote the formation of receptor base pairs. (heterodimerization). The 

intrinsic protein tyrosine kinase activity is activated during receptor dimerization, resulting in 

tyrosine autophosphorylation. Several intracellular substrates are recruited and phosphorylated as 

a result of these processes, resulting in mitogenic signalling and other cellular functions [28]. 
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Fig. 2: Signaling by egfr. The stimulation of 

important intracellular signalling 

mechanisms that promote cancer by 

regulating gene transcription, cell growth, 

and a variety of cellular responses 

behaviours is the result of interactions 

between ligands and receptors [39]. 

 

 

Anti-EGFR medicines were originally developed in the 1980s [38]. In phase 3 trials, two kinds 

of EGFR antagonists were found to be effective and are presently in a therapeutic setting: small-

molecule EGFR tyrosine kinase inhibitors and anti-EGFR monoclonal antibodies 

[45,46,47,48,39]. 

Anti-EGFR monoclonal antibody like cetuximab interacts with EGFR's dormant extracellular 

domain and compete with it for receptor binding by blocking the binding of ligand area, and by 

that prevent EGFR tyrosine kinase stimulation caused by ligand [45,46,49]. Smaller molecule of 

EGFR tyrosine kinase blockers like erlotinib & gefitinib participate alongside ATP for binding at 

EGFR tyrosine kinase intracellular catalytic domain, inhibits the EGFR downstream signaling & 

autophosphorylation. Anti-EGFR monoclonal antibody is utmost selective for EGFR as they are 

recognised completely. Furthermore, distinct smaller molecules of EGFR tyrosine kinase 

blockers block tyrosine kinase diverse growth factor receptors, containing EGFR group members 

or VEGR (Vascular Endothelial Growth Factor) receptor. Several EGFR tyrosine kinase blockes 

which do not reversible are now into clinical trials [45,46,48]. Anti-EGFR monoclonal antibody 

& small moleculed EGFR tyrosine kinase blockers contain different modes of action, 

pharmacologic effects, and range of activity, which may be crucial for clinical activity [50]. 
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Pharmacologic and Functional Inhibitors of EGFR Characteristics [51]. 

Features Blocking of Monoclonal 

Antibodies 

Small Molecules of Tyrosine Kinase 

blockers 

Administration route Intravenous (IV) ( once in a 

week or in every two weeks) 

Oral (usually regular continuous 

dosing) 

Target selectivity Exclusively for the EGFR 

gene 

A few EGFR tyrosine kinase blockers 

also block another growth factor 

receptors; EGFR tyrosine kinase 

blockers are relatively selective; they 

could inhibits one or all EGFR family 

receptors (for example, dual EGFR & 

VEGFR inhibitors). 

Mechanism of interference with 

EGFR activation 

Bind the extracellular part of 

the receptor, occluding the 

ligand area and inhibiting 

ligand binding and receptor 

dimerization (cetuximab) 

Mostly reversible; EGFR tyrosine 

kinase blockers which are irreversible 

and used in clinical development. 

Binds to intracellular region of receptor 

into tyrosine kinase domain, often 

through competing with ATP and 

preventing receptor 

autophosphorylation; most of them are 

reversible. 

Cellular effects of egfr inhibition Actually hinder cancer cell 

proliferation, angiogenic 

growth factor (VEGF) 

synthesis, tumor-induced 

angiogenesis, and cancer cell 

invasions (G1 phase arrest); 

enhance cytotoxic 

medication and radiotherapy 

antitumor effect. 

Adversely impact cancer cell 

proliferation (G0–G1 phase arrest), 

VEGF synthesis, tumor-induced 

angiogenesis, and cancer cell invasions; 

enhance cytotoxic medication and 

radiotherapy antitumor activity. 

Internalization, down-regulation, Yes No (even though  EGFR tyrosine 
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and degradation of EGFR kinase blockers might result in EGFR 

degradation & subsequent EGFR 

downregulation). 

Inhibition to egfr-dependent 

intracellular signaling 

Yes Yes 

Activity against proteins of 

mutant  EGFR 

Anti-EGFR monoclonal 

antibody binds with EGFR 

extracellular domain, 

therefore mutations in the  

domain of egfr tyrosin kinase 

are likely; mutations at the 

EGFR extracellular domain 

are unknown. 

Yes,because such EGFR mutant protein 

binds with higher-affinity smaller 

molecules of EGFR tyrosine kinase 

blockers like erlotinib or gefitinib, yes 

as most EGFR tyrosine kinase domain 

mutations (mutations at codons 746–

750 at exon 19 and L858R in exon 21); 

no for gefitinib- or erlotinib-acquired. 

Activation of host immune 

response 

Yes, antibody-dependent 

cytotoxicity may have a role 

in few anti  EGFR 

monoclonal antibodies' 

anticancer activities, 

likely cetuximab; 

nevertheless, panitumumab 

has shown no antibody-

dependent cytotoxicity. 

No 

Table 1: Pharmacologic and functional inhibitors of EGFR characteristics 

3. ROLE OF EGFR IN LUNG CANCER 

 

Lung cancer progresses due to uncontrolled cellular proliferation, which causes normal cells to 

change into cancerous ones [52]. The EGFR family of growth factors has been identified as a 

crucial player in the development and spread of lung cancer [53]. Secretion of growth factors 

function through specialised signal transduction mechanism  transport biological details from 

EGFR to lung cells because to their inability to permeate cell membrane [54]. These signalling 

events are triggered by autocrine, paracrine, or both autocrine and paracrine pathways [54,55]. 
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Finally, signalling cascades enhance lung metastasis in addition to cell proliferation and 

development [53]. In both NSCLC and SCLC, EGFR- RTK (Receptor Tyrosine Kinase plays 

crucial function for starting and activating signalling events [56]. 

 

EGFR activation is also influenced by genetic variables [57]. In lung tumours, mutations in the 

EGFR affects autocrine and inducible secretion of growth factor & stimulation [57]. In the lung 

neoplasms, mutations of EGFR disrupt a variety of growth factor signalling mechanisms, causing 

severe lung carcinogenesis & cancer growth [58]. Bronchioloalveolar cell carcinoma (BAC), 

which is caused by an EGFR mutation, has been found to be a prevalent type of NSCLC [59,60]. 

In a study of 120 adenocarcinoma patients in Japan, almost half of them exhibited non-mucinous 

BAC [61]. Approximately 80% of BAC patient had substantial EGFR gene mutations [62]. This 

BAC category, which is caused by an EGFR tyrosine kinase mutation, includes high number of 

lung cancer patients who likely to be treated with inhibitors of EGFR tyrosine kinase [63]. 

Papillary solid, acinar, lepidic, papillary mucinous and micropapillary tumours are some of the 

other characteristics of lung cancer [64-65]. 

 

3.1. EGRF: Mechanism of action into Lung Cancer 

 

EGFR related to the member of transmembrane receptor & has three distinct regions [66]. EGF, 

Heparin-targeting or EGF-like growth factor (HB-EGF), transforming growth factor (TGF), 

betacellulin, epiregulin, and amphiregulin are all EGFR ligands that the extracellular ligand-

binding domain interacts to [3,27]. EGF is the most prominently up-regulated EGFR ligand in 

lung cancer [58,67]. The ligand-binding domain of EGFR is linked to the intracellular tyrosine 

kinase signalling domain through the transmembrane domain [66]. Following ligand interaction, 

EGFR auto-dimers & hetero-dimers along another HER/erbB family tyrosine kinases, including 

HER1 (EGFR/erbB1), HER2 (neu, erbB2), HER3 (erbB3), and HER4 (erbB4) [68]. Ligand & 

dimerization binding required for EGFR signalling and targeted activities to occur [53,69]. The 

dimeric form of EGFR inhibits the intracellular tyrosine kinase domain's auto-inhibitory 

function, promoting tyrosine phosphorylation and downstream signalling [66,70]. In lung cancer, 

signalling is initiated by ATP-mediated autophosphorylation of tyrosine, which largely promotes 

mammalian mechanistic target to rapamycin (mTOR)-serine/threonine protein kinase pathway 
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[71]. In addition to the EGF ligand, up-regulated amphiregulin are linked to a poor prognosis and 

lower survival rates in NSCLC [72]. There have been cases of progression and metastasis of 

severe lung cancer due to elevated EGF and amphiregulin ligands, which result in bronchial 

lesions and subsequent malignant growths [73,74]. 

The Ras/Mitogen activated Protein Kinase (MAPK) & phosphatidylinositol-3 kinase/Akt 

(PI3K/AKT) mechanism are activated through EGFR in the lung tumor growth [56]. In SCLC 

and NSCLC, PI3K/AKT,proliferative signalling pathway it encourage cellular multiplication, 

later inhibits cell death[56]. Lung cancer cells that exit the tumors development site enter the 

lymphatic circulation during the metastatic process [75]. The malignant cells spread to distant 

places via systemic blood flow, where they multiply and expand into metastatic colonies [76]. 

Angiogenesis are shown to play a critical role to release and translocation in malignant cell from 

tumours [77]. Activated-EGFR causes the extracellular matrix (ECM) of lung tissues to break 

down, resulting in increased blood flow to tumour blood vessels via angiogenesis [76,77]. 

Increased expression of factors that promote angiogenesis, includes VEGF, basic- Interleukin-8, 

fibroblast growth factor, and platelet-derived endothelial cell growth factor, is also triggered by 

activated-EGFR [78]. 

 

3.2. Targeting EGFR in lung cancer 

 

EGFR  proved that it is a unique target in lung cancer therapy through extensive study [58]. Two 

basic strategies for restricting EGFR function have been proposed: inactivating intracellular TK 

signalling and using neutralising antibodies against EGFR and its ligands [79,80]. Erlotinib & 

gefitinib these two for lung cancer, the most well-studied EGFR-TK inactivators [81,82]. 

Monoclonal antibodies that disrupt EGFR function are cetuximab and bevacizumab [56,83]. 

These EGFR inhibitors are  shown to reduce malignance of lung cells, increase cell death, and 

decrease lung cancer metastasis [56,84]. In preclinical investigations, these EGFR inhibitors 

were particularly effective at slowing the progression of lung cancer [85,86]. Cetuximab, in 

conjunction with radiation and chemotherapy, caused a synergistic or additive effect increase at 

the death in the cells of lung cancer, in vitro and in vivo animal models of lung cancer [87]. 

Several Phase I and II clinical studies found that cetuximab, either alone or in combination with 

chemotherapy, provided some alleviation to lung cancer patients [88]. Cetuximab had a 

therapeutic effect comparable to chemotherapy in pre-treated recurrent lung cancer patients [87]. 
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Cetuximab, when combined with chemotherapeutic drugs, had a stronger effect [88,89]. In 86 

lung cancer patients, treatment with standard chemotherapeutic medicines, cisplatin and 

vinorelbine, combined with cetuximab demonstrated significant improvements and increased 

odds of survival compared to treatment with the medications alone [90]. When compared to 

cetuximab, the EGFR blockers erlotinib and gefitinib, considerd  more passable inside cancerous 

cells [81]. Skin itches, stomach disturbances, hand-foot syndrome, tiredness, coagulation 

problems, and hemoptysis were the most common side effects of erlotinib and gefitinib when 

given orally [91,92]. In NSCLC patients, clinical trials by the use of EGFR blockes, particularly 

gefitinib, showed a 20% success rate & 40% symptomatic improvement [82,93]. However, in 

Phase-III clinical trials, gefitinib monotherapy failed to improve survival rates [94]. A 

combination of gefitinib and other chemotherapies failed to provide any benefit in this 

experiment [94]. Erlotinib was more effective in this condition, as it demonstrated prospective 

benefits in combination with other chemotherapies, also in Phase III double-blind clinical studies 

of NSCLC [95]. 

 

Erlotinib and gefitinib these are considered to be efficacious to patients with EGFR mutations in 

clinical trials [63,96]. Erlotinib and gefitinib does not address threonine to methionine mutations 

in the EGFR gene at codon 790 of exon 20 [97,98]. The medicines, on the other hand, might be 

designed to specifically point on mis-sense and in-frame mutations at exons 18-21 of the EGFR-

TK domain, which have been linked on lung cancer progression and metastasis [63,86,96]. These 

EGFR-TK medicines improved lung cancer survival and longevity in patients with the 

aforementioned EGFR mutations [85,99]. Despite this, erlotnib and gefinib resistance has been 

identified as a key issue in individuals receiving longer  treatment after reappearance [97,98]. 

This EGFR-TK inhibitor resistance was typically caused by a mutation in codon 790 at the exon 

20 regions of EGFR, which prevented these medicines from binding [97,98]. Therapeutics that 

inhibited EGFR with interacting sites other than specific codon sites appeared to be critical for 

these patients [97,98]. 

4. TARGETING OF SPECIFIC EGFR INHIBITORS 

A. ERLOTINIB - Erlotinib is widely-known treatment for metastatic lung cancer that reduces 

tyrosine phosphorylation by inhibiting the ATP binding site within the cell of the EGFR [100]. 
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The Cancer Institutes of Canada are conducting phase II and III investigations, erlotinib 

treatment resulted in a 12 percent reduction in lung cancer symptoms in NSCLC patients [100]. 

In phase III/IV clinical studies, 150 mg/kg erlotinib significantly reduced lung cancer metastasis 

and resulted in three and eight months survival without progression and overall survival, 

respectively [95]. Despite its high efficacy, erlotinib treatment was difficult to maintain because 

to its numerous negative side effects, especially on the skin, gut, and eyes [95]. As a result, lower 

doses and erlotinib therapy interruptions have been proposed as ways to manage these adverse 

effects [95]. Patients who had never smoked, on the other hand, had an excellent overall survival 

rate and did not develop [101]. 

Erlotinib have specific in the 2nd  and 3rd line therapy for NSCLC & SCLC patients, according to 

clinical trials [102]. As a result, In lung cancer patients, trials with 150 mg/kg erlotinib were 

conducted  who had already had chemotherapy with platinum showed significantly when 

compared to erlotinib alone, there was an improvement in overall survival and progression-free 

survival [95]. When compared to single first-line chemotherapy, erlotinib co-treatment enhanced 

NSCLC patients' survival rates [103]. Erlotinib proved very effective as a second-line treatment, 

especially in patients with advanced NSCLC [104,105]. Combination therapy significantly 

improved the patients' quality of life by reducing cough, respiratory discomfort, and chest pain 

and discomfort [106]. Patients demonstrated 60-70 percent recovery and considerable increases 

in physical abilities after therapy, with the top three symptoms falling between 35 and 45 percent 

of placebo [106]. Erlotinib exhibited few side effects as a second or third-line treatment, with 

diarrhoea and minor skin irritations being the most common [95]. In combination with docetaxel 

and pemetrexed chemotherapeutics, Erlotinib are very effective as a second and third-line 

treatment [107]. Indeed, erlotinib has appeard as  most effective 3rd line treatment to patients that 

have impaired performance status, whose prospects of survival and quality of life have 

significantly reduced [107]. As a third-line treatment for lung cancer, erlotinib improved not only 

quality of life but including the symptoms of palliative care [108,109], and the medicine was 

well tolerated [110]. When compared to chemotherapeutics, erlotinib co-treatment had a 

significant cost advantage [102]. 

 

B. GEFITINIB - Using data from two sources randomised Iressa Dose Evaluation in Advanced 

Lung Cancer-1 (IDEAL-1) and IDEAL-2 are phase II trials [82]. Food and Drug Administration 
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(FDA) approved gefitinib as a 3rd line treatment in 2003. In the IDEAL-1 research, a dose of 250 

mg/kg gefitinib enhanced In patients who had previously chemotherapy, the response rate, 

clinical recovery, overall survival, and progression-free survival were all measured [82,93]. Most 

crucially, the IDEAL-1 research found that gefitinib had fewer negative effects [93]. Patients 

with NSCLC who had already received two chemotherapy regimens were evaluated with 

gefibitinb in the IDEAL-2 clinical trials [82]. Despite the failure of platinum-based and docetaxel 

chemotherapies, the medication avoided metastasis and enhanced response rates [111]. However, 

in a trial of  phase III  with 1700 patients, 250 mg/kg of gefitinib paired to  best supportive care 

did not enhance overall survival [112]. These studies aided the FDA's decision to require the use 

of gefitinib in patients who had previously had chemotherapeutic treatment [112,102]. In a trial 

of Phase III  inside lung cancer patients that have mild to moderate metastases in the United 

States, the effects of a well-known lung cancer chemotherapy, docetaxel, and gefitinib were 

essentially identical according to median overall survival and quality of life [113]. Similarly, the 

effects of two medicines were nearly identical in patients who were not smokers [113]. Patients 

with increased EGFR gene expression and a history of smoking, on the other hand, responded 

better to gefitinib [113]. These findings suggest that gefitinib outperforms EGFR-dependent lung 

cancer cell growth and mitosis [113]. In comparison to docetaxel, gefitinib was well tolerated 

and had fewer adverse effects [113]. 

Despite the fact that erlotinib and gefitinib was only medications that a track record as 2nd  and 

3rd line therapies for lung cancer, the particular first-generation EGFR tyrosine kinase inhibitors 

have several drawbacks [114]. The most striking finding was In individuals who have developed 

resistance to erlotinib or gefitinib, had been on the treatments for a long time [115-116]. Patients 

with a secondary missense mutation in exon 10 in regards to the EGFR-tyrosine kinase gene, 

known as the T790M "gate-keeper mutation," were more resistant towards erlotinib & gefitinib 

[117,118]. In fact, T790M mutation in the EGFR gene was found in 50-60% of patients resistant 

to erlotinib & gefitinib [117,118]. Furthermore, lung cancer was resistant to erlotinib and 

gefitinib due to increased hepatocyte growth factor or non-EGFR growth factors [119,120]. To 

avoid these issues, afatinib, It was proposed to develop a second-generation irreversible tyrosine 

kinase inhibitor for lung cancer treatment [114]. 
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C. AFATINIB - Afatinib acts by interacting to cysteine 773, 805, and 803 residues in EGFR-

tyrokine kinases, it acts as an EGFR inhibitor, especially ErbB4 [121,122]. Afatinib suppresses 

EGFR and ErbB4 dimerization as well as HER2 heteromerization [123]. Afatinib was found to 

be successful in lung cancer patients who had previously failed to respond to erlotinib or 

gefitinib, as well as cell lines from lung cancer with HER2 and T790M mutations in the EGFR 

gene [121,124]. Afatinib's oral dosage effectiveness of roughly 50 mg/day was demonstrated in a 

few phase I clinical investigations [125,126]. Patients given 50 mg/day afatinib developed skin 

rashes and stomach problems, therefore a dose of 40 mg/day was Selected as advanced lung 

cancer clinical trials [123,127]. This dose exhibited practically identical efficacies (as 50 mg/Kg) 

and had less side effects. A phase I clinical trial with 40 mg/day afatinib and 250 mg/m2 

cetaximib, follows phase II trial along 500 mg/m2 cetaximib, showed a 30 percent overall 

response and a 75 percent partial response among 97 NSCLC patients [128]. Both with and 

without T790M mutations, the medication combinations showed 30-36 percent partial response 

[114]. Patients with the T790M secondary mutation showed roughly 50% stability compared to 

30% in individuals without the mutation, showing that afatinib is more successful in patients 

with the mutation [128]. Similarly, afatinib was found to have a 60 percent objective response 

rate in 129 patients with EGFR mutations at Phase II of clinical trial (LUX-Lung 2 study) [127]. 

Nonetheless, research on these afatinib combination therapies is ongoing, and the in the 

combination therapy technique, the preventive dose and duration of each drugs have yet to be 

standardised [114]. 

The Phase III LUX-Lung-5 trial found that combining afatinib with chemotherapeutics and 

tyrosine kinase inhibitors was helpful [84]. Patients in this study were given 40-50 mg 12 weeks 

with afatinib orally before being given a combination with paclitaxel [123]. When compared to 

solo therapy, the combination treatments resulted in better progression-free survival for six 

months and a significantly higher overall response rate [123]. Afitinib and cetuximab co-

treatment was successful in NSCLC patients who had failed to respond to erlotinib & gefitinib 

plus tyrosine kinase singleclone antibody (cetuximab) [121]. The combination of 

erlotinib/gefitinib and cetuximab was not effective because of the patients' EGFR T790M 

mutation, which may be addressed by afatinib and cetuximab [129]. A preliminary study 

investigation NSCLC mice transgenic for EGFR T790M found that afatinib and cetuximab 

combined therapies resulted in significant recovery [121]. Afatinib's progression-free survival 
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was four months longer than cisplatin and pemetrexed or cisplatin as well as gemcitabine, 

platinum-based double-used chemotherapies, in relation to the LUX-Lung 3 & LUX-Lung 6 

phase III studies [130]. Patients with a L858R mutation or exon-19 deletion in the EGFR gene 

recovered more quickly with afatinib [130]. A research found that 630 of 700 patients treated 

with afatinib, takes  three-month longer continuity than standard chemotherapies (27 months 

against 24 months, respectively) [123,131]. Furthermore, 699 patients with squamous lung 

cancer that doesnot respond to platinum-based chemotherapies were studied in a Phase III 

clinical trial  found that afatinib treatment resulted in a five-month longer median progression-

free survival than erlotinib treatment [131]. Although the overall response rate for both afatinib 

and erlotinib-treated patients was nearly comparable, the disease control rate for the former was 

significantly better [131]. Despite these positive results, afatanib's side effects were sometimes 

excruciating, including reports of severe diarrhoea and mouth ulcers [114]. 

Afatinib 40 mg daily oral dose has been approved by the FDA like powerful therapy for NSCLC 

into the patients with EGFR mutations on exon 19 and 21 (L858R) [114]. However, afatinib 

consist potential to cause resistance in lung cancer patients [114]. EGFR T790M alleles have 

been found to cause afatinib resistance in lung cancers in vitro [132]. Second, afatinib failed to 

target mutations in the hepatocyte growth factor receptor, MET, ErbB2, and other genes [121]. 

As a result, component of afitinib resistance requires more research, both for individual and 

combination therapy. 

 

D.ICOTINIB - The central nervous system (CNS) metastases has become a common concern in 

conjunction with lung cancer, both of which have very unfavourable prognoses [133]. 

Approximately 25% of patients with NSCLC developed brain metastases throughout the 

diagnosis phase, 50% throughout therapy [133]. Patients with both lung and brain metastases 

lived for about six months, but those who were left untreated only lived for some  weeks [134]. 

Chemotherapeutic medications about NSCLC ineffecetive to breach  blood-brain barrier, with 

erlotinib, gefitinib, and afatinib reaching only as far as extracranial lesions [135]. Icotinib, an 

EGFR-TK inhibitor marketed in China under Conmana was the first brand name medicine 

demonstrated that efficacious for both NSCLC and brain metastases [136]. As a result, icotinib 

was deemed a novel therapeutic option for patients with advanced NSCLC who had already been 

treated [136]. Conmona was found to be effective against both NSCLC and CNS metastases in a 
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phase II clinical trial, and trial of phase 3(ICOGEN) confirmed its efficacy and protection [136]. 

Response rates were over 80%, overall survival was around 7 months, and progression-free 

survival was around 15 months [137]. These patients had never smoked and had never had 

chemotherapeutic treatment [137]. Only a few individuals received radiation before or during 

their icotinib treatment [137]. Icotinib was also found to stop lung and brain metastases in 

EGFR-mutated patients in another phase II trial [138,139]. These icotinib-treated patients had a 

higher response rate and longer survival than those with wild-type EGFR [138,139]. In a phase II 

of clinical trial in China, icotinib had combined radiation therapy for the entire brain that proved 

to be effective in treating NSCLC patients with EGFR mutations and CNS metastases [137]. The 

median progression that free survival for the co-treatment was twelve months compared to eight 

months for icotinib alone [137,140]. Apart from a few cases of acneiform lesions and diarrhoea, 

icotinib's adverse effects were milder and did not cause liver damage [140]. Patients who were 

evaluated for icotinib safety had a disease control rate of roughly 96 percent, with a 21-month 

overaly life rate and 11-month progression-free life rate [140]. Icotinib was found to be safe for 

advanced NSCLC patients as well as effective in treating lung cancer and its associated brain 

metastases [140]. Despite this, icotinib has less laboratory and clinical trials than gefitinib and 

erlotinib [140]. As a result, more global multi-centric trials are needed to offer perfect evidence 

on icotinib's effectiveness and safety [140]. 

 

  

5. SELECTIVE USAGE OF 2ND AND 3RD LINE TREATMENT  

 

In general, 1st and 2nd line therapeutic strategies are commonly employed at lung cancer clinical 

trials [102]. The approach of 3rd line treatment  especially useful for critically ill patients with 

extensive lung metastases [141]. Patients who actually require 3rd line treatment, on the other 

hand, are difficult to detect [102]. Grade of EGFR mutation, location, age of patient, history of 

smoking,loss in weight, or amount of tumour must all be carefully considered for these 

treatments [141]. A single study comparing the effectiveness of erlotinib being 1st, 2nd, and 3rd 

line treatment found that approx 27%, 45 percent, 28% of patients recovered [142]. At the 

Princess Margaret Hospital in Toronto, docetaxel was tested as a 2nd  and 3rd line treatment to 74 

NSCLC clinical cases [107]. A research comparing that patients are treated with docetaxol & 

tyrosine kinase inhibitors behaves like 2nd & 3rd line therapies found that overall survival and 
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progression-free survival were nearly identical [143]. Erlotinib, on the other hand, appeared to be 

a better 2nd and 3rd line therapy, particularly into the patients who had breakdown that react to 

chemotherapeutic therapies [144]. However, a phase III open-label trial (Focus) and a clinical 

trial with 477 patients who were given  erlotinib or gefitinibon the point of a 2nd line or 3rd line 

treatment showed that the two medicines had nearly identical overall and progression-free 

survival rates [144]. As a result, data upon EGFR inhibitors as 2nd  and 3rd line treatments, 

showing comparable efficacies for both, is difficult to come by. To determine individual 

treatment efficacies, extensive cohort studies comparing the efficacy to 2nd and 3rd line 

treatments for lung cancer are required. 

 

6. DOCKING  

 

6.1.  Ligand structure preparation 

The 3D structures of Erlotinib (PubChem CID: 176870) were downloaded from the 

PubChemdatabase(https://pubchem.ncbi.nlm.nih.gov). It is saved in sdf format and were 

converted to .pdb format using open babel software. Further, ligand structures were saved in 

PDBQT file format, using AutoDockTools(ADT)version 1.5.6. 

 

6.2.  Protein preparation 

 
The 3D protein structure file of Epidermal Gowth Factor Receptor (PDB ID: 5UGB) was 

obtained from RCSB protein data Bank. ADT version 1.5.6 was used to delete the water 

molecules and merged the non-polar hydrogen atoms to the protein structure.  The structure was 

saved in PDBQT file format, for input into AutoDock Vina. 

 
 

7.  DOCKING RESULT 

 

A grid box with dimension of 126 x 116 x 96 Å3 and was centered on 135.200 24.179 

58.599(x.y.z value) created and covers the egfr with grind box to do blind docking  using ADT 

tools. Config.txt file was prepared and then ligand and protein information added in the file. 

Further docking was performed using AutoDockVina. Out of 9 poses of the ligands obtained in 

https://pubchem.ncbi.nlm.nih.gov/
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AutoDockVina, the best pose with low free binding energy is 7.5 and present within the binding 

pocket of protein were selected. The hydrogen bond interactions were identified between the 

docked complex of ligand and proteins.Hydrophobic Interaction and Hydrogen bond was 

calculated by Protein Ligand Interaction Profiler(PILIP). 

 

Url-https://plip-tool.biotec.tu-dresden.de/plip-web/plip/result/3455e37c-6beb-49db-8701-

2c4e58a412e4 

  

7.1. Hydrophobic Interaction of ligand and protein 

 

Index Residue AA Distance Ligand atom Protein atom 

1 694A LEU 3.63 2476 202 

2 719A ALA 3.72 2483 380 

3 721 LYS 3.36 2485 393 

4 820A LEU 3.74 2479 1161 

 

Table 2: Hydrophobic interaction of ligand and protein 

 

7.2. Hydrogen bond 

 

Index Residue AA Distance 

H-A 

Distance 

D-A 

Donor 

angle 

Protein 

donor? 

Side 

chain 

Donor 

atom 

Acceptor 

atom 

1 MET 2.54 3.45 3.45 152.59 yes x 733 

[Nam] 

2468 

[Nar] 

 

Table 3: Hydrogen Bond 

 

 

 

 

 

 

https://plip-tool.biotec.tu-dresden.de/plip-web/plip/result/3455e37c-6beb-49db-8701-2c4e58a412e4
https://plip-tool.biotec.tu-dresden.de/plip-web/plip/result/3455e37c-6beb-49db-8701-2c4e58a412e4
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8.  IMAGES OF DOCKED LIGAND AND PROTEIN 

 

 
Fig. 3: Ligand and protein interaction 

 

9. CONCLUSION 

The epidermal growth factor receptor is a transmembrane protein or tyrosine kinase receptor, we 

took kinase domain of egfr in docking. It is a clinically validated and have variety of inhibitors, 

Erlotinib (one of the best inhibitor) as potential drugs for the treatment of  Lung Cancer. In our 

study we tried to use inhibitor and we performed in silico docking of the inhibitor We found that 

the inhibitor  showed H-binding interactions with low free binding energy of 7.5. The 

computationaldata supports the efficacy of erlotinib inhibitor and could be considered as a potent 

drug against Lung Cancer. 
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