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Abstract
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Revised: 27. 10. 2024 rate of incidence and prevalence. The epidermal growth factor receptor (EGFR),
Accepted: 1. 11. 2024 Whlch isa tra_nsmembra_ne protein and a subclas_s of receptor tyrosine kinase, has
a major role in the carcinogenesis and metastasis of lung tumors. Therefore, the
study of EGFR signaling pathways and their activity is crucial for the
development of cytotoxic drugs that could provide high response rates with
minimum range of side effects. Drugs that inhibit the activity of EGFR could be
E-mail address: divided into first-generation, second-generation, and third-generation EGFR
= inhibitors. The three classes of EGFR differ in their affinity and selectivity. This
R review aims to discuss the role of EGFR in the process of lung carcinogenesis,
and the effectiveness of EGFR inhibitors in the treatment of lung cancer patients.
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1. Introduction nodes invasion (N), and metastases (M), is used to
classify the stage of lung cancer (Osarogiagbon et

Lung cancer is considered the highest type of cancer al., 2023).

among men in terms of incidence and is associated ) . .

with the highest death rates (Thandra et al., 2021). There are two main types of lung carcinogenic

It is also considered the second most common type tumors, which are small cell lung cancer and non-

of cancer for both men and women (Laguna et al., small cell lung cancer (NSCLC). NSCLC could be

2024). Smoking represents the major risk factor for further subdivided into squamous-cell carcinoma,

lung carcinogenesis. In addition, air pollutants, fuel adenocarcinoma, ~and  large-cell ~ carcinoma.

consumption, radon, asbestos, and arsenic exposure Mutations of the epidermal growth factor receptor

could increase the risk of lung tumor incidence (EGFR) could have an influence on NSCLC

(Leiter et al., 2023). patients (Ortiz et al., 2022). The most common
EGFR mutations are exon 21-point mutations and

Lung carcinoma is a ma"gnant disease that exon 19 deletion (Marin-AcevedO et a|,2023)

accounts for eighteen percent of carcinogenic

tumors. A few years ago, the number of lung tumor 2. Therapeutic Protocols

death cases was about two million cases, mainly

male patients. The TNM staging system, which For most patients, NSCLC is discovered at

consists of primary tumor size (T), regional lymph advanced stage, therefore it is considered one of the
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most difficult types of cancer in terms of treatment.
Treatment methods of lung cancer include
radiotherapy, surgery, and chemotherapy (Alduais
et al., 2023).

Patients who are diagnosed with stage one or stage
two NSCLC are major candidates of surgical
treatment. The surgical removal of one lobe, which
is known as lobectomy, is considered the best
treatment option for patients who are at the early
stage, as it is has no effect on the function of the
lung (Uslenghi et al., 2023).

Radiation therapy is useful for treating early-stage
lung cancer patients. Radiation that is stereotactic
ablative is considered beneficial for inoperable
patients. However, this type of radiation is often
associated with tumor recurrence. Moreover, tissue
fibrosis and post radiation effects could occur after
radiotherapy (Allignet et al., 2023).

A combination of platinum compounds, like
cisplatin and carboplatin, and third generation
chemotherapeutic ~ drugs, like  gemcitabine,
vinorelbine, paclitaxel, or docetaxel, represents the
first line chemotherapy treatment. In addition, the
first line treatment option for non-squamous
NSCLC is a combination of bevacizumab, vascular
endothelial growth factor (VEGF) inhibitor,
paclitaxel and carboplatin. However, patients who
express positive K-ras mutation could experience
treatment failure with platinum compounds.
Moreover, paclitaxel and docetaxel are not
considered suitable therapeutic options for patients
who express beta-tubulin positive mutation (Araghi
et al., 2023).

The major choice of treating NSCLC patients are
the drugs that act by inhibiting EGFR tyrosine
kinase. The currently used EGFR tyrosine kinase
inhibitors (TKIs) are divided into first generation
TKIs, second generation TKIs, and third generation
TKIs. First generation TKIs include gefitinib,
erlotinib, and icotinib, second generation TKIs are
afatinib and dacomitinib, and third generation TKI
is osimertinib, which is effective in treating central
nervous system (CNS) metastases (John et al.,
2022).

3. Epidermal growth factor receptor
(EGFR)

3.1. Signaling pathways
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The development of lung carcinogenesis,
particularly NSCLC, could be induced by EGFR
mutations. The EGFR pathway is encoded by
tyrosine Kkinase, a transmembrane enzyme that
consists of intracellular and extracellular domains.
The transduction of signaling pathways is induced
mainly by three pathways; PI3K/AKT/mTOR,
RAS/RAF/MAPK and JAK/STAT pathways
(Oprita et al., 2021) (Figure 1).

Many carcinogenic processes are regulated by
EGFR, including cellular proliferation,
differentiation, survival, and metastasis (Chhouri
et al., 2023). Phosphoinositide 3-kinase (P13K), an
enzyme that has a major role in the synthesis of
lipids, is responsible for activating the protein
kinase B (AKT)/mammalian target of rapamycin
(mTOR) pathway. PI3K is a protein that consists
mainly of two subunits; P110 and P85 subunits.
The phosphorylation process of PI3K is activated
when the extracellular stimuli (growth factors) bind
to their receptors, such as the G-protein coupled
receptor. The catalytic subunit of PI3K, P110, is
responsible  for  the  phosphorylation  of
phosphatidylinositol 4,5-bisphosphate to
phosphatidylinositol  3,4,5-trisphosphate  (PIP3),
which then activates phosphoinositide-dependent
kinase-1 (PDK1) and the downstream signaling
pathway of serine/threonine kinase (AKT). AKT
could induce carcinogenic processes, including
cellular invasion, proliferation, and metastasis, by
the activation of downstream signaling pathways
(Iksen et al., 2021).

Carcinogenesis  could be induced by
overstimulation of receptor tyrosine Kkinase,
inactivation of tumor suppressor genes (PTEN), or
the deregulation process of PI3K/AKT/mTOR
pathway caused by gene mutation. Furthermore,
apoptosis  inactivation and  resistance to
chemotherapy could result from over-activation of
the PI3K/AKT/mTOR signaling pathway. The
over-activation of AKT pathway can cause
inhibition of the activity of Bcl-2 proteins, which
have a major role in apoptosis, therefore resulting
in induction of the carcinogenic process (Oprita et
al., 2021).

Tumor metastasis could be induced by the
PIBK/AKT/mTOR signaling pathway through the
stimulation of receptor tyrosine kinase and
cytokines. AKT induces the migration of cancerous
cells by activating the phosphorylation of serine
subunit (ser507) (Iksen et al., 2021).
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Figure 1. Signaling pathway of EGFR (Tang et al., 2006). Induction of EGFR signaling pathway, through binding of
EGFR ligand, which is transforming growth factor (TGF-a), to the extracellular domain, leading to autophosphorylation
process through downstream signaling pathways. PI3K: Phosphoinositide 3-kinase; AKT: protein kinase (B); mTOR:
mammalian target of rapamycin; Grb: Granzyme-b; STAT: signal transducer and activator of transcription; sos: guanine
nucleotide exchange factor; Ras/RaffMEK/MAPK: a cellular signaling pathway involved in progression and proliferation of

cancer.

There are two main pharmacological classes that act
by targeting EGFR, which are monoclonal
antibodies (Mabs) and inhibitors of EGFR
enzymatic activity. Mabs are considered active
against the EGFR extracellular domain. Although
TKIs inhibit the intracellular domain by suppressing
its autophosphorylation, they have low selectivity,
which could result in inhibiting other EGFR family
members (Zubair & Bandyopadhyay, 2023).

3.2. EGFR Inhibitors

The anticarcinogenic activity of EGFR inhibitors
involves antiproliferation with arrest of the cell
cycle at GO-G1 phase, inhibition of angiogenesis,
suppressing the tumor invasion and its metastasis,
and the augmentation of the anticarcinogenic effect
of chemotherapy drugs (Janani et al., 2022).

A group of chemotherapy drugs, called EGFR
inhibitors, is considered a standard group for
treating lung cancer patients. It acts by inhibiting
the signaling pathway of EGFR through inhibiting
the action of tyrosine kinase (TK) enzyme, as
summarized in Table 1. Erlotinib and Gefitinib
were the first developed drugs that act by this
mechanism of action (Ayati et al., 2020).

EGFR inhibitors, particularly Erlotinib and
Gefitinib, could be administered by oral route.
Moreover, their administration is associated with
low adverse effects profile, presented as fatigue,
rash, diarrhea, and rarely occurring pneumonitis

(Zubair & Bandyopadhyay, 2023). Drugs that act
by inhibiting EGFR are considered targeted
therapy, and therefore result in increasing the
overall survival (OS) rate for lung tumor patients
(Ayati et al., 2020).

Drugs that inhibit certain signaling pathway, such
as PI3K (buparlisib), mTOR (sirolimus), are
considered effective for treating lung cancer.
However, there are some cases that do not respond
to targeted therapy; including carcinogenic tumor
that lack the target upon which the drug acts, and
tumors which the target does not have major role
for their carcinogenesis (Iksen et al., 2021).

EGFR inhibitors resistance could be classified into
two main types; intrinsic resistance and acquired
resistance. Intrinsic resistance is the failure of
EGFR inhibitors to achieve positive therapeutic
outcome, while acquired resistance is the
worsening of the lung tumors after having positive
therapeutic outcome at the first period of treatment
(Laface et al., 2023).

Acquired resistance to EGFR inhibitors was an
emerging problem that needed to be resolved by
the development of second-generation EGFR
inhibitors, which act by irreversible binding to
EGFR-HERL receptor domain. Moreover, acquired
resistance led to the development of third
generation EGFR inhibitors that are characterized
by wide therapeutic range and low side effects
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Table 1. EGFR inhibitors in terms of mechanism of action, indications, and side effects

Drug Mechanism of action Indication Side effects
Erlotinib Inhibiting intracellular | Lung and pancreatic cancer. Rash and diarrhea.
phosphorylation, through
tyrosine kinase inhibition.
Gefitinib EGFR reversible | Third line therapy for treating | Rash and diarrhea.
inhibition; first registered | chemo-resistant NSCLC, could
targeting agent. be used in combination with
carboplatin or paclitaxel.
Osimertinib | Third generation EGFR | First line or second line therapy | Minimal gastric and skin
inhibitor. against resistance and | side effects.
sensitizing mutations.
Cetuximab | Monoclonal antibody that | Treating lung cancer and | Follicle inflammation and
inhibits 1gG1 anti-EGFR. | considered first-line treatment | flushing.
for colorectal metastatic RAS
wild-type cancer.

profile (Marin-Acevedo et al., 2023).

Some patients develop resistance to TKIs due to
EGFR secondary mutations, particularly (T790M)
mutation, which represents 50% of acquired
resistance to TKIs (Zubair & Bandyopadhyay,
2023).

NSCLC patients with mutated EGFR showed better
treatment response with first generation inhibitors,
compared to conventional chemotherapeutic
methods. Erlotinib and Gefitinib, which are first
generation inhibitors of EGFR, act by binding
reversibly to wild-type EGFR and mutant EGFR
(Ayati et al., 2020). Side effects affecting the skin
and gastrointestinal mucosa could result from
binding to wild EGFR. On the other hand, Afatinib
and dacomitinib, which are second generation
inhibitors of EGFR, bind irreversibly to EGFR.
Compared to gefitinib, dacomitinib caused better
overall survival for NSCLC patients with mutant
EGFR. However, second generation drugs cause
low inhibiting effect of T790M EGFR, and could
result in side effects, including diarrhea and rash
(Du et al., 2023).

3.2.1. Erlotinib

Erlotinib is a quinazoline derivative that reversibly
and selectively inhibits the EGFR tyrosine kinase,
which is accompanied by inhibiting its intracellular
phosphorylation (Figure 2). It is also available as
oral dosage form (Pourmadadi et al., 2024).

Erlotinib is considered a useful drug in the
treatment of both lung cancer and pancreatic cancer
and is used for the treatment of advanced NSCLC.
It is also considered effective when used in
combination with Gemcitabine for treating
pancreatic cancer (Zubair & Bandyopadhyay,
2023). The maximum recommended dose of
Erlotinib for treating lung cancer is 150 mg per
day. Erlotinib based therapy was accompanied by
side effects, such as rash and diarrhea, without
causing high degree of hair loss, neuropathy, or
bone marrow suppression like other chemotherapy
drugs (Lee et al., 2020).

3.2.2. Gefitinib

Gefitinib, which is considered third-line therapy for
the treatment of NSCLC patients who showed
chemoresistance, is the first registered drug that
targets EGFR, with symptom improvement rate
ranging between 30% and 50%. Moreover, it acts
by EGFR reversible inhibition, and it is available
as oral preparation. In addition, it showed activity
against brain metastatic tumors, therefore, it is
useful for patients who suffer from both brain
cancer and lung cancer. However, its
administration was associated with some reversible
dose dependent side effects, such as diarrhea and
rash. Untreated NSCLC patients, stage 3B or stage
4, could be treated with a combination therapy of
gefitinib and carboplatin-paclitaxel,  without
affecting the clearance of paclitaxel or carboplatin
(Marin-Acevedo et al., 2023).
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Figure 2. The mechanism of action of Erlotinib (Krueger & Srivastava, 2006). Mode of action of Erlotinib by inhibiting
the intracellular phosphorylation of tyrosine kinase, therefore inhibiting the downstream signaling pathway. PIP3:
Phosphatidylinositol-3,4,5-trisphosphate; PI3K: phosphatidylinositol-3 kinase; PKB/Akt: protein kinase B; PTEN:

Phosphatase and TENsin homolog deleted on chromosome 10.

3.2.3. Osimertinib

Osimertinib, which is a third generation EGFR
inhibitor, is considered an effective drug in terms of
pharmacological activity and toxicity. It is an
acceptable drug either as first-line therapy or
second-line therapy due to its efficacy against both
resistance mutations and sensitizing mutations. In
addition, it causes minimal gastric and skin side
effects due to its low effect on wild EGFR.
However, patients who expressed T790M mutation
showed 71 percent response rate and 10.1 median
progression free survival (PFS), while those who
did not express T790M mutation showed 21 percent
response rate and 2.8 months median PFS, therefore
Osimertinib is recommended more for patients who
are T790M positive. Moreover, patients developed
acquired resistance to treatment by Osimertinib,
which could be classified as EGFR pathway
dependent resistance and EGFR independent
resistance (Lee et al., 2020).

3.2.4. Cetuximab

Cetuximab is a monoclonal antibody that acts by
inhibiting the 1gG1 anti-EGFR. Its loading dose is
400 mg/m?, and its maintenance dose is 250 mg/m?.
In addition, cetuximab can be used in combination
with other chemotherapy regimens, resulting in

positive treatment outcomes (Janani et al., 2022).
Moreover, it is considered first-line treatment for
colorectal metastatic RAS wild type cancer
(Saoudi Gonzéalez et al., 2024). However, its
administration was followed by some adverse
reactions, including follicle inflammation and
flushing (Alexandris et al., 2023).

4. Conclusion

The epidermal growth factor receptor plays a
pivotal role in the treatment of NSCLC. The
development of EGFR tyrosine kinase inhibitors is
considered a successful therapeutic method for the
inhibition of lung tumor angiogenesis and
metastasis. EGFR, which is encoded by tyrosine
kinase enzyme, could be subdivided into wild-type
and mutated-type which is responsible for lung
carcinogenesis.

Chemotherapy drugs that target the EGFR to
suppress tumor progression could be divided
mainly into two groups, which are monoclonal
antibodies and EGFR inhibitors.

Drugs that inhibit EGFR are subdivided into first-
generation, second-generation, and third-generation
drugs. The mechanism of action of EGFR tyrosine



kinase inhibitors depends mainly upon inducing the
process of apoptosis and inhibiting the
phosphorylation process, therefore this
pharmacological class provides acceptable positive
therapeutic outcomes with high treatment response,
and low side effects profile. The administration of
combination of EGFR inhibiting regimens could
provide better therapeutic response than single-
agent therapy.

The study of EGFR and its role in lung
carcinogenesis is crucial for the development of
proper treatment methods. EGFR-TKI inhibitors
provide a promising treatment option for NSCLC
patients,  therefore  the  development  of
chemotherapy drugs that belong to this class could
provide alternative treatment methods that provide
better treatment response in terms of the overall
survival and the progression free survival period.
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