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Abstract

Non-Small Cell Lung Cancer (NSCLC) is the largest type of lung cancer, representing around 85% of lung
cancer cases worldwide. NSCLC, with a five-year survival rate of only 25%, remains one of the leading
causes of cancer-related mortality despite the advances in its early detection. The Epidermal Growth
Factor Receptor (EGFR) signaling pathway is one of the central molecular pathways involved in NSCLC
pathogenesis. Mutations in the EGFR gene lead to constitutive activation of EGFR, which promotes tumor
growth and resists apoptosis, primarily in exon 19 and exon 21. This finding was the basis for a variety
of EGFR-directed therapies, and has since transformed the landscape for treatment of NSCLC patients.
Tyrosine Kinase Inhibitors (TKIs) specific to EGFR (such as gefitinib, erlotinib, afatinib, and osimertinib)
have dramatically enhanced progression-free survival. However, the development of acquired resistance
to first- and 2™ -generation EGFR-TKIs frequently occurs through secondary mutations, e.g.,, T790M.
Such mutations have prompted the development of third-generation TKIs, including osimertinib, which
provide patients with a more favorable outcome in the face of this resistance. To conclude, this review
focuses on the molecular mechanism of EGFR role in NSCLC, history of EGFR-targeted therapies and
treatment progress to overcome clinical resistance aimed at improving overall survival in NSCLC patients.
Additionally, it discusses the market growth of EGFR inhibitors, key pharmaceutical players, and the
importance of precision medicine in shaping the future of lung cancer treatment.
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790; FDA: Food and Drug Administration; CNS: Central Nervous System; PD: Disease Progression; TKI-R:
Tyrosine Kinase Inhibitor Resistance; ALKi: Anaplastic Lymphoma Kinase Inhibitor

Introduction

Lung cancer is still one of the most lethal malignancies internationally with Non-Small
Cell Lung Cancer (NSCLC) consisting of ~85% of cases [1]. Each year, more than 170,000
new lung cancer diagnoses occur in the United States, and the malignancy still ranks first in
causing cancer-related death in men and women [1-3]. Despite advances in early detection
and treatment, lung cancer’s prognosis remains poor, with a five-year survival rate of just
25% for NSCLC [4]. The need for more effective treatments has driven research into the
molecular mechanisms driving the disease, leading to the identification of several key
oncogenic pathways [4].

One such pathway involves the Epidermal Growth Factor Receptor (EGFR), a
transmembrane receptor tyrosine kinase that plays a central role in regulating key cellular
functions such as proliferation, survival, migration, and angiogenesis (the formation of new
blood vessels) [1]. In normal cells, EGFR activation is tightly controlled by the binding of
specific ligands, which leads to receptor dimerization, autophosphorylation, and the initiation
of downstream signaling pathways that regulate cell growth and division [5]. However, in
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many cancers, including NSCLC, mutations in the EGFR gene can
result in constitutive activation of the receptor, even in the absence
of ligand binding [6,7]. This uncontrolled activation drives tumor
growth and progression by promoting continuous cell division,
resistance to apoptosis (programmed cell death), and metastasis
(8]

In NSCLC, the most common EGFR mutations are the exon 19
deletion (Del19) and the exon 21 L858R point mutation [9]. These
mutations are referred to as “sensitizing mutations” because they
make tumor cells highly responsive to targeted therapies that
inhibit EGFR signaling [1]. These discoveries have transformed
the treatment landscape for patients with NSCLC, particularly
those whose tumors harbor these mutations, allowing for more
personalized and effective therapeutic strategies [10]. Traditional
chemotherapy, which targets rapidly dividing cells indiscriminately,
has long been the standard treatment for advanced NSCLC [11].
However, chemotherapy is associated with significant side effects,
and its efficacy is often limited due to the development of resistance
and tumor recurrence [11]. As researchers delved deeper into
the molecular underpinnings of NSCLC, it became evident that
targeting specific oncogenic drivers, such as EGFR, could offer a
more precise and effective approach to treatment, with fewer side
effects compared to chemotherapy [12]. EGFR-targeted therapies
represent a breakthrough in the management of NSCLC [12].
These therapies are designed to disrupt EGFR signaling, thereby
inhibiting tumor growth and progression [12]. The development
of drugs that specifically target EGFR has ushered in a new era of
precision medicine in oncology, offering patients with EGFR-mutant
NSCLC more tailored treatment options with significantly improved
outcomes [13].

Market Size, Products, and Companies

The market for EGFR-targeted therapies in the treatment of
Non-Small Cell Lung Cancer (NSCLC) has grown exponentially
over the past decade, driven by the increasing incidence of lung
cancer, the rise of personalized medicine, and advances in targeted
therapies [14]. Globally, lung cancer remains the leading cause of
cancer-related deaths, accounting for approximately 2.2 million
new cases and 1.8 million deaths annually, with NSCLC representing
over 80% of all cases [1,15]. The global market for EGFR-targeted
therapies is rapidly expanding, driven by the rising incidence of
Non-Small Cell Lung Cancer (NSCLC) and the increasing detection
of EGFR mutations in patients [16,17].In 2021, the market for EGFR
inhibitors was valued at USD 21.1 billion and is expected to grow at
a Compound Annual Growth Rate (CAGR) of 8-10%, reaching over
USD 67.9 billion by 2030 [18,19]. This growth is supported by the
shift toward precision medicine, where targeted therapies such as
EGFR inhibitors are preferred due to their ability to improve patient
outcomes significantly over traditional chemotherapy [18].

Among the leading companies in this space, AstraZeneca plays
a crucial role with its range of EGFR-TKIs and one of their most
notable products is gefitinib (Iressa), a first-generation EGFR-TKI
that targets common EGFR mutations such as Exon 19 deletions and
L858R mutations [20-22]. Gefitinib was one of the first therapies to
target EGFR mutations and remains widely used, though resistance
to the drug often develops over time [9]. AstraZeneca also developed

osimertinib (Tagrisso), a third-generation EGFR-TKI that addresses
a critical need in patients with the T790M mutation-a resistance
mutation that emerges after treatment with first- or second-
generation EGFR inhibitors [23]. Osimertinib works by irreversibly
binding to EGFR mutations while sparing the wild-type EGFR,
which reduces off-target effects and improves patient tolerance
[24,25]. Osimertinib has become a frontline therapy for advanced
NSCLC with EGFR mutations, significantly improving progression-
free survival in patients compared to earlier-generation TKIs [23].

Genentech (Roche) is another major player, particularly with
erlotinib (Tarceva), a first-generation EGFR-TKI that remains
widely used in EGFR-mutated NSCLC [26]. Like gefitinib, erlotinib
blocks EGFR phosphorylation by binding to the ATP-binding site,
thereby inhibiting downstream signaling pathways that drive
tumor growth [27]. Erlotinib is often evaluated in combination
with immunotherapy agents to further enhance treatment efficacy
in certain patient populations [24,28]. In the realm of second-
generation EGFR-TKIs, Boehringer Ingelheim developed afatinib
(Gilotrif), which irreversibly inhibits the entire ErbB family
of receptors, including EGFR, HER2, and HER4 [29]. Afatinib’s
broader action makes it effective in patients with mutations that
have become resistant to first-generation therapies like gefitinib
and erlotinib [29]. The irreversible binding increases the drug’s
potency against aggressive cancers with multiple ErbB mutations
[29,30]. The market for third-generation EGFR-TKIs is particularly
noteworthy for its focus on overcoming resistance mutations
[23]. AstraZeneca’'s osimertinib (Tagrisso) is the dominant third-
generation drug in the market [23]. Osimertinib targets not only the
T790M resistance mutation but also common sensitizing mutations
like Exon 19 deletions and L858R [31]. This makes osimertinib
particularly valuable as both a first-line and second-line treatment
for EGFR-mutated NSCLC [24]. The drug has revolutionized
treatment outcomes for NSCLC patients, extending survival rates
and delaying disease progression more effectively than earlier
therapies [24].

Beyond tyrosine kinase inhibitors, monoclonal antibodies
targeting EGFR also contribute to the therapeutic landscape [1].
Monoclonal antibodies work by competing with natural ligands to
bind to the outer part of EGFR and this prevents the activation of the
EGFR-dependent pathway [1].Inlung cancer trials, these antibodies,
like Cetuximab, were tested alone or with chemotherapy [1].
Bristol-Myers Squibb (BMS) and Eli Lilly co-developed cetuximab
(Erbitux), an antibody that binds to the extracellular domain of
EGFR, blocking its interaction with ligands and thereby preventing
downstream signaling [11]. Although cetuximab is more commonly
used in colorectal cancer, it also plays a role in NSCLC treatment,
particularly in combination with chemotherapy for patients who
express wild-type EGFR [11,32].

The emergence of generic manufacturers has further expanded
access to EGFR-targeted therapies [33,34]. Companies like Teva
Pharmaceuticals, Cipla, Dr. Reddy’s Laboratories, and Mylan
(Viatris) produce affordable versions of gefitinib and erlotinib,
ensuring that patients worldwide, especially in developing
countries, have access to these life-saving drugs [33]. Generic
competition has played a crucial role in reducing the cost of first-
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generation EGFR-TKIs, making them more accessible to a broader
patient population [16,33].

EGFR-Targeted Therapies in Non-Small Cell Lung
Cancer

Epidermal Growth Factor Receptor (EGFR)-targeted therapies
have transformed the treatment landscape of Non-Small Cell Lung
Cancer (NSCLC), especially in patients harboring specific mutations
in the EGFR gene [8]. EGFR is a transmembrane protein involved in
regulating cellular proliferation, survival, and differentiation [4,12].
In many cancers, including NSCLC, mutations in the EGFR gene lead
to abnormal activation of the receptor, which drives tumor growth
[13]. By targeting this receptor, EGFR inhibitors can slow or halt
cancer progression [13]. Over time, multiple generations of EGFR-
targeted therapies have been developed to overcome both primary
tumorigenic activity and resistance mechanisms that cancer cells
evolve in response to therapy [35].

The role of EGFR in NSCLC pathogenesis

Before delving into therapies, it's essential to understand the
biological basis for targeting EGFR in NSCLC [4,16]. EGFR belongs
to the ErbB family of receptors, which are part of a larger family
of Receptor Tyrosine Kinases (RTKs) [5,35]. RTKs play a crucial
role in cell signaling pathways that regulate growth, survival,
and differentiation [5,35]. Under normal circumstances, EGFR
is activated by binding to its ligands, such as Epidermal Growth
Factor (EGF) and transforming growth factor-alpha (TGF-a) [12].
Upon ligand binding, EGFR dimerizes with another EGFR molecule
or with another member of the ErbB family (HER2, HER3, or
HER4), leading to the phosphorylation of tyrosine residues within
the intracellular domain [36,37]. This phosphorylation activates
several downstream signaling pathways, most notably the RAS-
RAF-MEK-ERK and PI3K-AKT pathways, which are involved in cell
proliferation and survival [13,37]. In cancer, activating mutations
in the EGFR gene, commonly found in exons 18 to 21, result in
constitutive activation of the receptor, even in the absence of
ligands [38,39]. These mutations include L858R (a point mutation
in exon 21) and deletions in exon 19, which are the most common
in NSCLC [40]. The result is uncontrolled cellular proliferation and
tumorigenesis [40]. This insight into the molecular underpinnings
of EGFR’s role in NSCLC led to the development of therapies
designed to inhibit its function [10].

Tyrosine Kinase Inhibitors (TKIs)

The introduction of EGFR Tyrosine Kinase Inhibitors (TKIs)
marked a paradigm shift in the treatment of EGFR-mutated NSCLC
[13]. TKIs work by binding to the intracellular kinase domain of
EGFR, blocking its ability to phosphorylate tyrosine residues and
activate downstream signaling pathways that promote cancer
cell growth and survival [5,35]. Over the years, the development
of EGFR TKIs has progressed through multiple generations, each
designed to improve efficacy and overcome resistance mechanisms
that cancer cells acquire during treatment [41].

First-Generation TKIs: First-generation TKIs, such as gefitinib
(Iressa) and erlotinib (Tarceva), were the first to target EGFR
mutations in NSCLC [42]. These drugs are small molecules that

reversibly bind to the ATP-binding site of the EGFR tyrosine kinase
domain [36]. By competing with ATP for binding, gefitinib and
erlotinib inhibit EGFR autophosphorylation and the subsequent
activation of downstream signaling pathways, including the RAS-
RAF-MEK-ERK and PI3K-AKT-mTOR pathways [26,27]. These
pathways are critical for the growth, survival, and proliferation
of cancer cells [9]. The initial success of gefitinib and erlotinib in
clinical trials led to their approval for the treatment of patients
with advanced NSCLC harboring specific EGFR mutations [20-
22]. Clinical studies demonstrated that patients with activating
EGFR mutations, such as deletions in exon 19 and the L858R
point mutation in exon 21, responded exceptionally well to these
TKIs, achieving high rates of response and longer Progression-
Free Survival (PFS) compared to standard chemotherapy [12,8].
However, despite the initial efficacy, most patients experienced
disease progression after a median of 9-12 months of therapy [8].
This acquired resistance is primarily due to the emergence of a
secondary mutation in EGFR, known as T790M [13]. This mutation
alters the ATP-binding pocket of EGFR, increasing its affinity for
ATP and diminishing the binding of first-generation TKIs [5,35].

Second-Generation TKIs: To overcome resistance to first-
generation TKIs, particularly the T790M mutation, second-
generation EGFR inhibitors, such as afatinib (Gilotrif) and
dacomitinib, were developed [29,43]. These drugs are designed to
bind irreversibly to the ATP-binding site of the EGFR kinase domain,
forming a covalent bond that results in prolonged inhibition of
the receptor [43,44]. In addition to targeting EGFR, these second-
generation inhibitors also inhibit other members of the ErbB family,
such as HER2 and HER4, which are often implicated in the activation
of alternative growth pathways in cancer cells [29,43]. Afatinib has
shown efficacy in patients with common EGFR mutations (Del19
and L858R) as well as in patients with rarer EGFR mutations
[29]. It provides a more durable response due to its irreversible
binding mechanism, which prevents reactivation of the receptor
[29]. However, the broader inhibitory activity of second-generation
TKIs also leads to a higher incidence of side effects, particularly
skin rashes and diarrhea, which can be more severe compared
to first-generation TKIs [43]. One of the limitations of second-
generation TKIs is that while they can overcome certain resistance
mechanisms, they are not as effective against the T790M mutation,
which remains the most common cause of resistance to EGFR-
targeted therapies [35]. This limitation led to the development of
third-generation TKIs that specifically target T790M [45].

Third-Generation TKIs: Third-generation TKIs, such as
osimertinib (Tagrisso), represent a significant advancement in
the treatment of EGFR-mutated NSCLC [24,35]. These inhibitors
are designed to selectively target both activating EGFR mutations
and the T790M resistance mutation while sparing wild-type EGFR,
thereby reducing off-target toxicities [23]. Osimertinib binds
covalently to the ATP-binding pocket of the mutated EGFR kinase,
providing potent and selective inhibition [43,44]. Clinical trials,
such as the AURAS trial, demonstrated the efficacy of osimertinib
in patients with T790M-mediated resistance to first- or second-
generation TKIs [46]. The trial showed that osimertinib significantly
improved progression-free survival compared to platinum-based
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chemotherapy in patients who had developed resistance [46].
Furthermore, the FLAURA trial established osimertinib as a first-
line treatment for patients with EGFR-mutated NSCLC, showing
superior overall survival and progression-free survival compared
to first-generation TKIs like gefitinib and erlotinib [46].

Osimertinib has since become the standard of care for EGFR-
mutant NSCLC patients, both in the first-line setting and for
those who develop T790M-mediated resistance [13,43]. Despite
its success, resistance to osimertinib eventually emerges, often
through mechanisms that are independent of EGFR, such as MET
amplification, HER2 amplification, or transformation to Small-Cell
Lung Cancer (SCLC) [45]. As a result, ongoing research is focused
on developing fourth-generation TKIs and combination therapies
to address these resistance mechanisms [47].

Monoclonal antibodies targeting EGFR

In addition to TKIs, Monoclonal Antibodies (mAbs) targeting
the extracellular domain of EGFR have been developed as another
therapeutic approach in NSCLC [24]. Unlike TKIs, which inhibit the
intracellular kinase activity of EGFR, monoclonal antibodies prevent
ligand binding and receptor dimerization, thereby inhibiting EGFR
activation [11]. Cetuximab (Erbitux) is the most well-known EGFR-
targeting monoclonal antibody [24]. It has shown limited efficacy
in NSCLC when used as a monotherapy but has demonstrated
benefit in combination with chemotherapy [11]. Cetuximab binds
to the extracellular domain of EGFR, preventing the receptor from
dimerizing and becoming activated [48]. It also induces receptor
internalization and degradation, thereby reducing the number of
EGFR molecules available on the cell surface [48,49]. cetuximab has
been studied in combination with chemotherapy and radiotherapy
for the treatment of advanced NSCLC, although its use is not as
widespread as TKIs [49].

Ongoing Studies and Clinical Trials

The development of fourth-generation EGFR-TKIs (epidermal
growth factorreceptortyrosinekinase inhibitors) marksapromising
advance in targeted cancer therapy, particularly for patients With
Non-Small Cell Lung Cancer (NSCLC) [47]. As resistance to existing
EGFR-TKIs, such as first-generation agents (gefitinib, erlotinib)
and third-generation agents (osimertinib), becomes increasingly

A substitution, 4, 7%

prevalent, the focus has shifted to developing novel therapeutic
strategies [13,50,51]. Companies like Blueprint Medicines are at the
forefront of this evolution, with their experimental drug, BLU-945,
demonstrating significant potential [52]. BLU-945 is specifically
designed to target mutations associated with acquired resistance,
such as C797S [52,53]. This particular mutation arises from the
initial treatment with osimertinib, which, while effective, does not
provide a durable response in all patients [52,53]. The emergence
of resistant mutations underscores the need for innovative
therapeutic options that can bypass or overcome these resistance
mechanisms [50]. Clinical trials investigating BLU-945 and similar
compounds are currently underway, focusing on their safety,
efficacy, and overall impact on disease control [54]. Preliminary
studies have shown promising results, suggesting that BLU-945
could offer enhanced activity against resistant tumors compared to
third-generation TKIs [54]. The ongoing clinical trials aim to recruit
patients who have experienced disease progression after treatment
with prior EGFR-TKIs, thereby directly addressing a significant
unmet need in the NSCLC patient population [54].

The potential advantages of fourth-generation EGFR-TKIs
extend beyond simply targeting resistance mutations [47,54].
These drugs are designed to minimize off-target effects and
improve patient tolerability, allowing for prolonged treatment
durations without compromising quality of life [54]. By offering
new mechanisms of action, fourth-generation agents may also work
synergistically with other treatment modalities, such as immune
checkpoint inhibitors, paving the way for combination therapies
that could improve patient outcomes [55-58].

Furthermore, the landscape of targeted therapy is evolving with
the advent of comprehensive genomic profiling in clinical practice
[12]. This approach enables clinicians to identify specific mutations
driving a patient’s cancer, facilitating personalized treatment
strategies that align with the unique molecular characteristics of
their tumors [12]. As ongoing studies continue to yield data on
the efficacy of BLU-945 and other fourth-generation EGFR-TKIs,
it is anticipated that these agents will play a critical role in the
management of NSCLC, particularly in patients with resistance to
earlier treatments [52,53]; (Figures 1-6).

Exon 18
substitution, 1, 2%

Exon 19
insertion/deletion,
2, 3%

Exon 19

Exon 20
insertion, 3, 5%

T790M, 1, 2%

Exon 21
substitution, 4, 7%

Figure 1: Distribution of the 60 rare EGFR mutations [59].
This image shows the distribution of 60 rare EGFR mutations, with each segment representing a mutation and its
frequency in the cohort.
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Figure 2: EGFR signaling pathways and major mutations of EGFR to TKIs resistance [53].
This image shows (A) EGFR activates four key survival pathways. (B) Black font shows mutations resistant to first-
and second-generation TKIs, while red font indicates resistance to third-generation TKI osimertinib.
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Figure 3: Comparative overview of EGFR tyrosine-kinase inhibitors [53].
This image shows the overview of the four classes/generations of EGFR inhibitors, highlighting their distinct
molecular structures, mechanisms of action, and activities.
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Figure 4: Impact of Common EGFR Mutations on TKI Response in Non-Small Cell Lung Cancer: Sensitivity and
Resistance [60].
Effect of the most common EGFR mutations in NSCLC (Non-Small-Cell Lung Cancer) on the EGFR TKI (Tyrosine
Kinase Inhibitor) response. Schematic representation of the location of the most frequent EGFR mutations in NSCLC
and their relationship to resistance (red) and sensitivity (green) in the treatment with EGFR TKIs.
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Figure 5: Mechanisms of Action of EGFR Inhibitors: Monoclonal Antibodies and TKIs [61].
EGFR inhibitors and their mode of action Cetuximab, mAb, binds to the extracellular domain of the EGFR receptors,
while Erlotinib and Gefitinib, TKIs, bind to the tyrosine kinase domain.

Innovations Tissue Eng Regen Med Copyright © Tawil, Bill



ITERM.000531. 2(2).2025

» AstraZeneca ple *,

#  Eli Lilly and Company

# The Merck Group

= Sancfis.A

= Pfizer Inc.

= GlamoSmithKline

= F.Holfmann-La Roche AG

» Boehringer Ingelheim GmbH

GLOBAL LUNG CANCER MARKET OVERVIEW

MARKET SIZE
2021

21.1 {USD Billion)

14.1% CAGR
(2022-2030)

HilE 19 20 2021 2022 N33 KM HIS 02 027 NGE NI X030

MARKET BY REGION

2021
1Ih;

Lung Cancer Market
2018-2030 (usD Billon)

1.1

67.9

Source: www. acumenneseanchandconsulting. com

Figure 6: Lung Cancer Market Size [62].
Lung Cancer Market Size - Global Industry, Share, Analysis, Trends and Forecast 2022 — 2030.

Conclusion and Future Direction

The advent of EGFR-targeted therapies has transformed the
treatment landscape for Non-Small Cell Lung Cancer (NSCLC),
particularly in patients with EGFR mutations. These therapies,
including Tyrosine Kinase Inhibitors (TKIs) such as gefitinib,
erlotinib, and osimertinib, have significantly improved outcomes
for patients by offering a more personalized approach compared
to traditional chemotherapy. The development of these drugs has
led to longer progression-free survival and better overall survival
rates, especially in patients with sensitizing mutations like the exon
19 deletion and L858R point mutation. However, despite the initial
success of these targeted therapies, the emergence of resistance
mutations, most notably T790M, continues to challenge long-term
treatment efficacy. Third-generation TKIs, such as osimertinib,
have shown great promise in overcoming resistance mutations,
particularly T790M, and are now considered the standard of care
for advanced EGFR-mutant NSCLC. The success of these therapies
has solidified the role of EGFR inhibitors in precision medicine,
providing hope for further advancements in the treatment of
NSCLC. However, as cancer cells inevitably develop new resistance
mechanisms, the need for novel therapeutic strategies remains
critical.

While  EGFR-targeted  therapies undoubtedly
revolutionized the management of NSCLC, several challenges and
opportunities for future research remain. The ongoing emergence
of resistance mutations necessitates the development of new
treatment options that can either prevent or effectively manage

have

resistance. Future research should focus on identifying additional
resistance mechanisms beyond T790M, including mutations in
other pathways or gene amplifications that allow cancer cells to
bypass EGFR inhibition. One promising direction is the combination
of EGFR-targeted therapies with other treatment modalities, such
as immunotherapy or inhibitors of alternative pathways like MET,
HER2, or RET. Studies combining TKIs with immune checkpoint
inhibitors or monoclonal antibodies are ongoing and could further
enhance treatment efficacy and delay resistance. Additionally,
identifying biomarkers that predict response to combination
therapies will be crucial in tailoring treatments more effectively.
Another critical area of research is the development of next-
generation TKIs with broader specificity and improved safety
profiles. These inhibitors should not only target known resistance
mutations but also minimize off-target effects, reducing toxicity
and improving patient quality of life.

Finally, as personalized medicine continues to evolve, the
integration of genomic and proteomic profiling into routine clinical
practice will allow for even more precise targeting of oncogenic
drivers in NSCLC. Advances in liquid biopsy technology may
provide non-invasive methods for monitoring tumor evolution
in real time, allowing for early detection of resistance mutations
and timely adjustments in treatment strategy. In conclusion, while
EGFR-targeted therapies have significantly improved outcomes
for NSCLC patients, ongoing research is vital to overcoming the
limitations posed by drug resistance and expanding the scope of
precision oncology in lung cancer treatment.
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