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ABSTRACT

Relevance: Lung cancer is one of the most frequent malignant tumors, and non-small cell lung cancer (NSCLC) accounts for
approximately 85% of all cases. Mutations in the epidermal growth factor receptor (EGFR) gene contribute significantly to NSCLC
development. EGFR is key for tumor occurrence and progression. The discovery of tyrosine kinase inhibitors (TKI) targeting EGFR has
marked significant progress, offering a more rational and effective therapeutic approach. However, TKIs are not free of side effects.
Evidence indicates a potential link between TKI therapy and ototoxicity. Given the chronic nature of the treatment of patients with
advanced stages of the disease, even minor toxicity can significantly affect the quality of life. It is essential to inform patients about
the potential risk of hearing impairment and to regularly monitor for early signs of ototoxicity, thereby optimizing long-term treatment
outcomes for patients.

The study aimed to review the existing data on tyrosine kinase inhibitors and their potential ototoxicity, including the main
mechanisms of pathogenesis.

Methods: The search utilized PubMed, Scopus, Embase, Cochrane Library, Web of Science, Google Scholar, and ClinicalTrials.gov
to identify scientific publications on ototoxicity caused by TKls in NSCLC. The keywords “non-small cell lung cancer,” “ototoxicity,”
“gefitinib,” “erlotinib,” “afatinib,” “‘dacomitinib,” and “osimertinib” were used for the search.

Results: EGFR plays an important role in developing, maintaining, and repairing sensory and non-sensory structures of the
inner ear. In neonatal models, EGFR is expressed in cochlear cells, including the cortical organ, facilitating regeneration and repair.
However, in mature systems, EGFR expression decreases, primarily localized in the spiral ganglion, limiting the regenerative ability of
auditory cells. By inhibiting EGFR signaling, cellular proliferation and repair mechanisms are disrupted, damaging the cochlea’s hair
cells and supporting cells.

Conclusion: The prevalence and main molecular mechanisms of ototoxicity caused by TKI remain poorly understood. Further
research is needed to clarify dose-dependent effects, genetic predisposition, and potential protective strategies. Knowledge of this
adverse effect is necessary to monitor auditory health during EGFR-TKI therapy and to study interventions that mitigate its effects on
patients undergoing long-term treatment.

Keywords: non-small cell lung cancer (NSCLC), epidermal growth factor receptor (EGFR), tyrosine kinase inhibitor (TKI),

ototoxicity.

Introduction: Cancer remains one of the most preva-
lent and significant global health challenges. In 2022, the
worldwide incidence of cancer reached 19,976,499 new
cases, with an age-standardized incidence rate of 196.9
per 100,000 population. During the same period, the to-
tal number of cancer-related deaths was reported at
9,743,832. Lung cancer is one of the most frequently diag-
nosed malignancies among both men and women, which
highlights its significant contribution to the global cancer
burden [1]. Among these cases, non-small cell lung cancer
(NSCLC) accounts for approximately 85% [2].

The treatment of NSCLC is based on a multimodal
approach, including chemotherapy, radiation therapy,
and targeted therapy, aimed at minimizing adverse ef-
fects and improving therapeutic efficacy. Mutations in
the epidermal growth factor receptor (EGFR) gene con-
tribute significantly to NSCLC development. EGFR is key
for tumor occurrence and progression. The significance

of this genetic alteration is supported by Melosky et al.'s
(2022) [3] findings, which revealed a significantly higher
prevalence of EGFR mutations among Asian populations
compared to Western populations. This disparity under-
scores the necessity of developing population-specific
therapeutic strategies. Consequently, given the higher
prevalence of EGFR mutations in Asian countries, using
tyrosine kinase inhibitors (TKls) appears to be the most
rational and effective treatment approach for this pa-
tient group.

TKI revolutionized the treatment of NSCLC by provid-
ing a highly selective mechanism of action, leading to im-
proved clinical outcomes and reduced systemic toxicity
compared to conventional chemotherapy [4]. These inhib-
itors specifically target aberrant signaling pathways driv-
en by mutations in key oncogenes, including EGFR [5],
ALK, and ROSI, essential for tumor proliferation and sur-
vival [6]. First-generation TKls, such as gefitinib and erlo-
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tinib, demonstrated substantial efficacy in patients har-
boring EGFR mutations; however, their clinical utility was
limited by the emergence of acquired resistance, most no-
tably the T790M mutation [7]. Second-generation inhibi-
tors, including afatinib and dacomitinib, irreversibly bind
to EGFR, overcoming some resistance mechanisms [8].
Third-generation TKIs, such as osimertinib, were specifical-
ly designed to target T790M mutations and have demon-
strated improved central nervous system penetration, fur-
ther enhancing treatment efficacy [9]. The introduction of
TKls into clinical practice has markedly improved the pro-
gression-free and overall survival among patients with NS-
CLC. This made TKIs the main component of personalized
cancer therapy.

Although cancer therapy is essential for improving sur-
vival rates, it is often associated with significant adverse
effects on various organ systems. One of the most severe
complications is cardiotoxicity, which can result in heart
failure and arrhythmias, particularly in patients receiving
anthracyclines or targeted therapies affecting cardiovas-
cular function [10]. Similarly, neurotoxicity is a prevalent
adverse effect, manifesting as cognitive impairments and
peripheral neuropathy, which may significantly impact pa-
tients’ quality of life [11, 12]. In addition to cardiovascular
and neurological complications, hepatotoxicity and ne-
phrotoxicity are common consequences of chemotherapy
and targeted therapies, potentially leading to liver and
kidney dysfunction and further complicating treatment
regimens [13, 14]. Moreover, ototoxicity represents anoth-
er critical adverse effect, often causing irreversible dam-
age to auditory and vestibular functions, communication,
and balance [15].

Ototoxicity is a severe adverse effect of cancer ther-
apy that significantly affects patients’ quality of life [16].
This toxicity is particularly associated with certain chemo-
therapeutic agents, including platinum-based drugs such
as cisplatin, as well as targeted therapies like TKI, both of
which have been shown to cause irreversible damage to
the auditory and vestibular systems [16, 17]. The underly-
ing mechanisms of ototoxicity involve the accumulation
of toxic metabolites within inner ear cells, increased oxi-
dative stress, and the apoptosis of sensory cells, ultimately
leading to progressive hearing loss and balance disorders.
Given the increasing life expectancy of cancer patients
and the need for prolonged treatment, the long-term im-
pact of ototoxicity has become a critical concern in oncol-
ogy. Further research is essential to understand this issue
and formulate effective preventive strategies. Therefore,
the current study evaluated and compared the ototoxic
impacts linked to EGFR inhibitors across the first, second,
and third generations.

The study aimed to review the existing data on TKls
and their potential ototoxicity, including the main mech-
anisms of pathogenesis.

Materials and Methods: The search was conduct-
ed across four electronic databases: PubMed, Scopus,
Web of Science, Google Scholar, and ClinicalTrials.gov to
identify scientific publications on TKI-induced ototoxici-
ty in NSCLC. The search strategy utilized Medical Subject
Headings (MeSH) terms, including «non-small cell lung

cancer», «ototoxicity», «gefitinib», «erlotinib», «afatinib»,
«dacomitiniband», <osimertinib». These terms were com-
bined using Boolean operators (AND, OR) to refine the
search results.

Inclusion criteria:

- Type of study: Original research (clinical trials, rand-
omized controlled trials, prospective and retrospective co-
hort studies, observational studies, descriptions of clinical
cases). Systematic reviews and meta-analyses. Clinical tri-
als submitted for registration on ClinicalTrials.gov.

- Language of publication: English and Russian.

— Publication time frame: 2014-2024.

- Publication type: Peer-reviewed articles published in
journals indexed in the databases PubMed, Scopus, Web
of Science, and Google Scholar; unregistered clinical trials,
available on ClinicalTrials.gov.

Exclusion criteria:

- Type of research: Low-quality publications that have
not passed the review procedure (for example, conference
abstracts, letters to the editor, editorial comments, ex-
pert opinions, literature reviews without a systematic ap-
proach).

- Publication language: Publications in languages oth-
er than English and Russian.

— Publication type: Duplicate publications.

- Reviews, comments, unpublished materials, and gray
publications (for example, dissertations, reports).

Thus, 47 out of 741 selected sources were included in
this study.

Results: Molecular Mechanisms of the EGFR Signaling
Pathway in Oncogenesis. EGFR is a critical regulator of cellu-
lar proliferation, angiogenesis, apoptosis, and metastasis,
making it a key target in oncological research and treat-
ment. EGFR is a member of the ErbB receptor family, which
also includes HER1 (EGFR), HER2 (ErbB2), HER3 (ErbB3), and
HER4 (ErbB4), so it shares structural similarities and activa-
tion mechanisms with these receptors, collectively influ-
encing various cellular processes [18]. A crucial compo-
nent of EGFR-mediated signaling is the EREG gene family
on chromosome 4, which plays a significant role in can-
cer progression by activating proliferative and pro-angi-
ogenic pathways [19]. Under normal physiological con-
ditions, EGFR activation triggers a complex intracellular
signaling cascade involving pathways such as Ras/Raf/
MEK/ERK, PI3K/Akt, PLCy, JAK/STAT, and Src, which regu-
late cell growth, survival, migration, and angiogenesis [20].
Dysregulation of these pathways due to aberrant EGFR ac-
tivation is a major driver of tumorigenesis, further under-
scoring the receptor’s role as a crucial therapeutic target in
cancer treatment.

The Ras/Raf/mitogen-activated protein kinase (MAPK)
signaling cascade is a key regulator of cell proliferation
and survival. Upon EGFR phosphorylation, adaptor pro-
teins such as Grb2 and Sos are recruited, facilitating the
activation of Ras, which serves as a critical intermediary
between receptor activation and downstream intracellu-
lar signaling pathways [21]. This activation initiates a cas-
cade in which Ras stimulates Raf-1, ultimately leading to
the phosphorylation and activation of MAPKs [22]. While
MAPK signaling is essential for maintaining normal cellular
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functions, its dysregulation can profoundly impact apop-
totic regulation. Specifically, persistent activation of extra-
cellular signal-regulated kinase (ERK) inhibits the pro-ap-
optotic c-Jun N-terminal kinase (JNK) and p38 pathways,
thereby disrupting the balance between cell survival and
programmed cell death [23]. As a result, excessive MAPK
activation suppresses caspase activity, promoting uncon-
trolled cell survival and facilitating tumor progression. This
dysregulation underscores the critical role of MAPK signa-
ling in oncogenesis and highlights its potential as a thera-
peutic target in cancer treatment.

Another crucial signaling route is the phosphoinos-
itide 3-kinase (PI3K)/Akt pathway, which governs cell
growth, survival, and resistance to apoptosis. PI3K, a di-
meric enzyme, produces signaling molecules that acti-
vate Akt, a key serine/threonine kinase in cellular protec-
tion mechanisms [24]. EGFR-dependent PI3K activation is
primarily mediated through HER3 dimerization, as EGFR
lacks direct binding sites for PI3K regulatory subunits.
Additionally, phospholipase Cy (PLCy) interacts with ac-
tivated EGFR, catalyzing the breakdown of phosphatidy-
linositol 4,5-bisphosphate into inositol triphosphate (IP3)
and diacylglycerol (DAG) [25]. This reaction regulates in-
tracellular calcium release and activates protein kinase C
(PKCQ), subsequently influencing MAPK signaling [26]. Sig-
nal transducers and activators of transcription (STAT) pro-
teins, particularly STAT3, play a pivotal role in EGFR-me-
diated signaling by regulating key oncogenic processes.
Upon activation, STAT proteins form dimers and translo-
cate to the nucleus, modulating gene expression in cell
proliferation, survival, and metastasis, thereby contribut-
ing to cancer progression [27]. In parallel, the Src kinase
pathway is another crucial regulator of EGFR signaling, in-
fluencing cellular processes such as proliferation, adhe-
sion, migration, and immune responses [28]. Src enhances
EGFR activation and contributes to resistance against tar-
geted therapies by interacting with alternative receptor
pathways, allowing tumor cells to circumvent EGFR inhi-
bition [29]. The interplay between STAT, Src, and EGFR sig-
naling underscores the intricate nature of oncogenic net-
works and highlights the need for therapeutic strategies
that target multiple pathways to overcome resistance and
improve treatment efficacy.

Mechanisms of Action of EGFR Inhibitors of Different Gen-
erations. EGFR TKls are categorized into three generations,
each targeting specific EGFR mutations and addressing re-
sistance mechanisms. These inhibitors exert their thera-
peutic effects by competitively binding to the ATP-bind-
ing site of the EGF Rkinase domain, thereby preventing the
activation of downstream signaling pathways involved in
tumor proliferation, survival, and metastasis. First-genera-
tion EGFR-TKIs function as reversible inhibitors that selec-
tively target tumors harboring activating EGFR mutations,
particularly exon 19 deletions and the L858R substitu-
tion in exon 21 [30]. These inhibitors bind reversibly to the
ATP-binding pocket of EGFR, effectively suppressing aber-
rant signaling. However, despite their initial efficacy, their
clinical utility is significantly compromised by the emer-
gence of acquired resistance, predominantly driven by
the T790M mutation in exon 20. This mutation enhanc-

es ATP affinity, thereby reducing the binding efficiency of
first-generation TKls and ultimately leading to treatment
failure [31]. The clinical significance of first-generation TKils
was underscored by the regulatory approval of gefitinib
by the U.S. Food and Drug Administration (FDA) on July 13,
2015. This approval is specifically applied to patients with
metastatic non-small cell lung cancer (NSCLC) whose tum-
ors harbor EGFR exon 19 deletions or exon 21 (L858R) sub-
stitution mutations, as confirmed by an FDA-approved di-
agnostic test [32].

Second-generation EGFR-TKIs function as irreversible
inhibitors, offering a broader spectrum of inhibition than
their first-generation counterparts. These inhibitors cova-
lently bind to a cysteine residue within the ATP-binding
domain of EGFR, leading to irreversible receptor inhibition.
Unlike first-generation TKls, second-generation inhibitors
exhibit expanded activity by targeting multiple receptors
within the ErbB family, including EGFR, HER2, and HER4,
thereby reducing the likelihood of resistance develop-
ment through alternative pathway activation [33]. Howev-
er, despite their broader inhibition profile, second-gener-
ation TKls remain ineffective against the T790M mutation,
a major resistance mechanism limiting ATP-competitive
kinase inhibitors’ efficacy. The T790M mutation increas-
es ATP affinity, thereby reducing the binding efficiency
of these inhibitors and necessitating the development of
third-generation TKis. Although irreversible inhibitors ad-
dress resistance by forming covalent bonds with EGFR,
second-generation TKIs cannot selectively target T790M,
making them insufficient in overcoming this specific mu-
tation [34]. The clinical relevance of second-generation
TKIs was demonstrated by the FDA approval of afatinib in
2018 for treating rare EGFR point mutations. Specifically,
afatinib was approved for patients with tumors harboring
the S768l, L861Q, and G719X mutations, underscoring the
continued refinement of targeted therapies to address di-
verse EGFR mutation profiles [35].

Third-generation EGFR-TKIs, irreversible Mutant-Se-
lective Inhibitors, include Osimertinib (AZD9291), Rocile-
tinib (CO-1686), and WZ4002. These inhibitors selective-
ly target both EGFR-activating mutations and the T790M
resistance mutation, the most common mechanism of
acquired resistance. They form an irreversible covalent
bond with the ATP-binding site, inhibiting EGFR signal-
ing even in resistant tumors. Unlike second-generation
inhibitors, they spare wild-type EGFR, reducing off-target
toxicities such as skin rash and diarrhea. Osimertinib was
the first third-generation EGFR-TKI to receive regulatory
approval from both the FDA and EMA (2015, 2016) for pa-
tients with metastatic EGFR-mutant NSCLC [36] harboring
the T790M mutation [37].

Ototoxicity of EGFR Inhibitors. Mechanisms and Poten-
tial Consequences. Unlike traditional chemotherapy, target-
ed therapy offers a more selective mechanism of action by
specifically inhibiting molecular markers, thereby reduc-
ing systemic toxicity and minimizing adverse effects [39].
However, despite its improved safety profile, EGFR TKls are
associated with various treatment-related toxicities.

Ding et al. (2017) evaluated the risk of adverse ef-
fects associated with EGFR TKls, including gefitinib, erlo-
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tinib, and afatinib. The study identified diarrhea (53.3%)
and rash (66.5%) as the most frequently reported adverse
events, affecting more than half of the patients. These
toxicities represent the most common treatment-relat-
ed adverse effects, underscoring the clinical burden of
EGFR-targeted therapies [40]. The high incidence of cuta-
neous toxicities, particularly rash, is primarily attributed to
the widespread expression of EGFR in the skin. Since EGFR

plays a pivotal role in skin homeostasis and repair, its inhi-
bition disrupts normal cellular processes, leading to der-
matologic side effects such as rash and dryness (41). In
addition to skin-related toxicities, EGFR TKls have been as-
sociated with a range of systemic adverse effects, includ-
ing fatigue, oral ulcers, constitutional symptoms, nausea,
elevated alanine aminotransferase (ALT) levels, dyspnea,
and pulmonary toxicity [41].

Table 1 - Mechanisms of Action and Selectivity of Epidermal Growth Factor Receptor (EGFR) Tyrosine Kinase

Inhibitors (TKI) [38]
EGFR TKI Selectivity Mechanism
1 generation Gefitinib Reversible EGFR inhibitors EGFR
Erlotinib
2 generation | Afatinib Irreversible inhibitors of EGFR, HER2, and HER4 | EGFR, HER2, HER4
Dacomitinib
Lapatinib
2 generation Osimertinib Selective inhibition of mutant EGFR (T790M) EGFR (T790M)
Rociletinib

The ototoxic effects of EGFR inhibitors remain insuf-
ficiently studied in the scientific literature. However, sev-
eral studies indicate a potential association between the
use of TKI and the development of sensorineural hear-
ing loss (SNHL), highlighting the need for further investi-
gation. EGFR is a transmembrane receptor tyrosine kinase
that regulates key cellular functions, including cell prolifer-
ation, survival, angiogenesis, and migration. It plays a cru-
cial role in various tissues, including the inner ear, which

is involved in auditory processing [42]. The organ of Cor-
ti, located within the cochlea, contains mechanosenso-
ry hair cells responsible for converting sound vibrations
into electrical signals transmitted to the brain. These cells
closely interact with sensory neurons, and any disruption
in this connection may result in SNHL. Research suggests
that EGFR signaling is essential for maintaining this inter-
action, and its dysfunction may contribute to hearing im-
pairment [43].
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Figure 1 - Targeted Therapy Based on Types of Epidermal Growth Factor Receptor (EGFR) Tyrosine Kinase Inhibitors (TKls)

One of the mechanisms explaining the role of EGFR
in hearing is its involvement in the proliferation of coch-
lear-supporting cells. Normally, these cells possess a cer-
tain regenerative potential, but in the absence of EGFR sig-
naling, they lose their ability to divide and repair damage,
thereby limiting the regenerative capacity of the auditory
system [44]. Various experimental studies support this hy-
pothesis. For example, a study by Hume et al. (2003) con-
ducted on Swiss Webster mice demonstrated that EGFR is
expressed in sensory and non-sensory cochlear cells, in-
cluding the organ of Corti, during early development. In

the neonatal period, EGFR facilitates the repair of dam-
aged cells; however, its expression declines with age and
becomes predominantly restricted to the spiral ganglion.
This reduction may explain the limited regenerative abil-
ity of the auditory system in adults [45]. Although these
sources [44, 45] are over 10 years old, they represent foun-
dational experimental work that has not been contradict-
ed and is still cited in recent literature. These studies were
among the first to describe the expression and function
of EGFR in the cochlea and continue to provide essential
mechanistic insight into the limited regenerative capaci-
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ty of auditory cells — information that more recent studies
often take as a basis for further investigation. These find-
ings support the hypothesis that diminished EGFR signal-
ing may contribute to progressive hearing loss. Additional
evidence for this hypothesis has been obtained from ex-
perimental models. For instance, pharmacological inhibi-
tion of EGFR in Danio rerio (zebrafish) embryos has been
shown to cause auditory dysfunction, underscoring the
critical role of this receptor in auditory development and
maintenance [46]. A potential link between TKI and hear-
ing impairment has been observed in pharmacovigilance
data. An analysis of reports from the FDA Adverse Event
Reporting System identified a statistically significant asso-
ciation between the use of capmatinib, a MET TKI, and the
development of adverse effects such as hearing loss and
dysphagia [47].

Mechanisms of Ototoxicity: EGFR Inhibitors of Different
Generations. As noted in the previous sections of this ar-
ticle, ototoxicity is a rare but noteworthy adverse effect
associated with EGFR TKI. Although research on this phe-
nomenon remains limited, existing studies provide evi-
dence supporting the occurrence of ototoxicity in patients
receiving these therapies. This section reviews document-
ed cases and clinical studies investigating the ototoxic ef-
fects of EGFR TKls. According to available data, several TKls
have been implicated in hearing impairment, including
gefitinib, erlotinib, osimertinib, lapatinib, and canertinib.

First generation-Gefitinib. The ototoxic effects of
first-generation EGFR TKls are most commonly reported
with gefitinib. For example, Zhu et al. (2023) document-
ed a case of gefitinib-induced ototoxicity in a 51-year-old
female patient diagnosed with right-sided bronchogen-
ic adenocarcinoma (T4AN3M1c, stage VB, EGFR-mutation
positive). The patient developed drug-induced bilater-
al SNHL and psychiatric disturbances after four months
of gefitinib treatment. The patient had no prior history of
hearing impairment or deafness before initiating gefitin-
ib therapy. However, hearing loss occurred approximate-
ly four months after treatment initiation. Three months af-
ter starting treatment, she independently discontinued
gefitinib, which resulted in a partial recovery of her audi-
tory function. However, as her underlying malignancy pro-
gressed, she experienced worsening cough and wheezing,
necessitating hospitalization. Following the deterioration
of her condition, gefitinib therapy was resumed. After
three days of reinitiation, the patient reported a recurrence
and worsening of hearing loss, particularly in the right ear.
Moderate to severe bilateral SNHL was confirmed through
otoscopic evaluation, audiometric testing, and hearing as-
sessment [43].

In another publication, Timuda et al. (2022) document-
ed a case of a 51-year-old female patient diagnosed with
right-sided bronchogenic adenocarcinoma (T4N3Mic,
stage IVB, EGFR mutation-positive) who developed pro-
gressive visual impairment, severe bilateral SNHL, and
psychiatric disturbances following 15 months of gefitinib
therapy. Magnetic resonance imaging and computed to-
mography scans of the brain did not reveal evidence of
metastatic involvement. Comprehensive audiological as-
sessment, including otoacoustic [17].

In a case reported by Koutras et al. (2008), a 66-year-
old female patient underwent surgical resection of pan-
creatic adenocarcinoma in December 2004 following en-
doscopic ultrasound-guided fine-needle aspiration. She
subsequently received palliative chemotherapy with
gemcitabine from November 2006 to May 2007. In Au-
gust 2007, she initiated monotherapy with erlotinib (150
mg orally once daily). Notably, approximately 30 minutes
after the first dose, the patient experienced the sudden
onset of ear fullness, tinnitus, dizziness, and profound bi-
lateral hearing loss, with greater severity in the right ear.
While these symptoms partially subsided throughout
the day, they recurred with increasing intensity follow-
ing each subsequent dose of erlotinib. Despite the pro-
gressive worsening of auditory symptoms, the patient
continued erlotinib therapy for 13 days, during which her
hearing impairment significantly deteriorated, resulting
in substantial communication difficulties. A physical ex-
amination revealed normal tympanic membranes with
no evidence of nystagmus. The audiometric evaluation
confirmed complete hearing loss in the right ear and se-
vere SNHL in the left ear (80 dB at 1 kHz). Tympanometry
results were within normal limits for both ears. Standard
treatment protocols for drug-induced SNHL were admin-
istered; however, no significant improvement in auditory
function was observed [42].

Second generation, Canertinib: J. Tang et al. (2015) investi-
gated canertinib ototoxic effects using Danio rerio (zebraf-
ish) and murine models. For an hour, free-swimming zebraf-
ish larvae were exposed to canertinib (0-500 pM). Following
exposure, the larvae were fixed, incubated with anti-parval-
bumin primary antibodies, and stained with fluorescent sec-
ondary antibodies. The number of hair cells in neuromasts
was assessed using a Zeiss Axioplan Il microscope. In mu-
rine studies, two groups were used: a control group (receiv-
ing saline) and an experimental group (receiving canertinib
at 30 mg/kg/day). Clinical trial dosages included 50, 150, and
450 mg/day, with the highest dose administered in a 14-day
cycle followed by a 7-day break. The most common adverse
effects in patients were rash and diarrhea. In murine studies,
lethality was observed at 120 mg/kg/day doses, whereas 30-
60 mg/kg/day doses were well tolerated without significant
weight loss. Canertinib at concentrations up to 50 uM did
not exhibit noticeable toxicity to zebrafish hair cells; howev-
er, at 100 uM (p=0.28x103) and 200 uM (p=0.18x1077), sig-
nificant hair cell loss was observed. In mice, ABR threshold
shifts across five tested frequencies did not show a signifi-
cant drug effect (F=2.267, p=0.137), but a significant impact
was detected at 40 kHz (F=5.392, p=0.024). At the end of the
experiment, cochlear histological analysis was performed
to assess hair cell loss. Canertinib induced a dose-depend-
ent loss of hair cells in the auditory system, confirming its
potential ototoxicity [46].

Third generation — Osimertinib. Chee Chean Lim (2022)
documented a case of a 72-year-old male diagnosed with
stage IV lung adenocarcinoma harboring an exon 19 dele-
tion in the EGFR gene [42]. The patient was prescribed oral
osimertinib at a dosage of 80 mg once daily. However, six
months into treatment, he developed progressive hearing
impairment and bilateral tinnitus, prompting referral to an
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otolaryngologist. Otoscopic examination revealed no ab-
normalities, while pure-tone audiometry (PTA) demon-
strated moderate-to-severe bilateral SNHL.

Discussion: Our findings reaffirm that EGFR is a central
regulator of cellular proliferation, apoptosis, migration,
and angiogenesis, with its dysregulation playing a pivot-
al role in oncogenesis [18-20]. As a member of the ErbB re-
ceptor family, EGFR forms heterodimers with HER2-4, am-
plifying downstream signaling through MAPK and PI3K/
Akt pathways, thus contributing to malignant transforma-
tion. These results align with recent literature emphasizing
the multifaceted nature of EGFR-mediated signaling and
the therapeutic challenges posed by pathway redundan-
cy and acquired resistance mechanisms.

The EREG gene, located on chromosome 4, plays a par-
ticularly critical role, as it encodes an EGFR ligand and drives
autocrine and paracrine stimulation of tumor proliferation
and angiogenesis [19, 25]. Elevated expression of EREG
has been associated with tumor aggressiveness and poor
prognosis in various cancers, including NSCLC, colorectal
cancer (CRC), and head and neck squamous cell carcinoma
(HNSCCQ). Emerging evidence suggests that EREG contrib-
utes to resistance against EGFR TKiIs, such as erlotinib and
gefitinib, through sustained activation of PI3K/Akt and ERK
pathways. This creates a state of oncogene addiction in tu-
mor cells, making the EREG-EGFR axis a promising target
for therapeutic intervention.

The MAPK pathway also plays a central role in
EGFR-driven oncogenesis. EGFR-induced Ras/RAF/ERK
signaling activation suppresses JNK/p38-mediated ap-
optotic responses, thereby enhancing tumor cell sur-
vival [21-23]. This is consistent with recent studies high-
lighting ERK1/2’s regulatory influence on cell cycle
progression via cyclin D and inhibition of pro-apoptot-
ic cascades. Similarly, PI3K/Akt signaling, often initiated
through HER3 dimerization with EGFR, supports cellular
resistance to stress and apoptosis, underscoring its on-
cogenic significance [24].

Beyond these classical routes, our analysis underscores
theimportance of alternative signaling modules, including
PLCy/IP3/DAG-PKC, STAT3, and Src kinases. STAT3, upon
activation by EGFR, modulates transcriptional programs
related to proliferation, survival, and metastasis [27]. Src,
in turn, enhances EGFR signaling and enables therapeutic
escape by activating parallel oncogenic pathways [28, 29].
This complex interplay further illustrates the need for com-
binatorial therapeutic approaches.

Of particular note are recent efforts to target EREG di-
rectly. Antibody-drug conjugates (ADCs) and neutralizing
antibodies against EREG have demonstrated significant
antitumor activity in preclinical models. In CRC, demeth-
ylation of the EREG promoter has been shown to restore
sensitivity to cetuximab, suggesting that epigenetic mod-
ulation may augment EGFR-directed therapies. Addition-
ally, the EREG/EGFR axis has been implicated in immune
evasion. In HNSCC, glycosylated EREG upregulates PD-L1
expression, contributing to an immunosuppressive mi-
croenvironment. Inhibitors targeting STT3B-mediated gly-
cosylation of EREG are currently under investigation as po-
tential tools to enhance antitumor immunity.

Finally, while current EGFR-TKIs such as gefitinib and
osimertinib provide clinical benefit in tumors harboring
activating EGFR mutations, resistance inevitably devel-
ops through secondary mutations (T790M, C797S) or by-
pass signaling. Consequently, therapeutic strategies must
evolve to include inhibitors of parallel and downstream
effectors, including EREG and its associated cascades, to
overcome resistance and achieve durable responses.

EGFR-TKIs have a more selective mechanism of action
than traditional chemotherapy, allowing for reduced sys-
temic toxicity. However, despite their improved safety pro-
file, there have been reports of rare but clinically signifi-
cant adverse effects, including ototoxicity. While cutaneous
and gastrointestinal toxicities such as rash and diarrhea are
well-documented, hearing impairment remains insuffi-
ciently studied. Nonetheless, both clinical observations and
experimental data suggest a potential association between
EGFR-TKI therapy and the development of SNHL.

EGFR plays a critical role in various tissues, including the
inner ear. It is expressed in cochlear structures such as the
organ of Corti, the spiral ganglion, and supporting cells,
which are essential for transducing sound vibrations into
neural signals. Disruption of EGFR signaling may impair the
regenerative capacity of supporting cells, resulting in au-
ditory dysfunction. Preclinical studies using zebrafish and
murine models have demonstrated that pharmacological
inhibition of EGFR leads to a dose-dependent loss of hair
cells and elevated hearing thresholds. Age-related down-
regulation of EGFR expression in cochlear tissues may also
explain the limited regenerative potential of the auditory
system in adults.

Clinical case reports further support the ototoxic po-
tential of EGFR-TKIs. For instance, a 51-year-old patient
developed bilateral SNHL four months after initiating
gefitinib therapy. Partial recovery was observed upon dis-
continuation, but symptoms recurred and worsened fol-
lowing the reintroduction of the drug [17]. In another case,
a 72-year-old patient receiving osimertinib developed
progressive bilateral hearing loss and tinnitus within six
months of treatment, which deteriorated over the follow-
ing year to severe SNHL [42]. Acute-onset hearing loss has
also been reported following the initial dose of erlotinib.

Experimental evidence corroborates these findings.
Canertinib exposure in zebrafish resulted in significant
hair cell loss in neuromasts, while murine models showed
hearing threshold shifts, particularly at high frequencies
[46]. Similarly, lapatinib, especially in combination with
trastuzumab, induced apoptotic changes in the organ of
Corti and the spiral ganglion in rodent models [48].

Although many studies remain limited, existing data
indicate that EGFR-TKIs may exert ototoxic effects. As pa-
tient survival improves with targeted therapies, the clini-
cal relevance of such adverse events becomes increasingly
important. Consequently, regular audiological monitor-
ing should be considered, particularly when early symp-
toms such as tinnitus or aural fullness arise. There is also a
pressing need for prospective studies to assess the true in-
cidence of EGFR-TKI-induced ototoxicity, elucidate the un-
derlying mechanisms of auditory damage, and explore po-
tential protective strategies.
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Conclusion: This study highlights the potential oto-
toxic effects of various TKIs, including erlotinib, canertin-
ib, and osimertinib, as evidenced by clinical case reports
and experimental research. While these targeted ther-
apies are effective in oncology, they may contribute to
SNHL through mechanisms that require further investi-
gation. Preclinical studies using zebrafish and murine
models demonstrate dose-dependent hair cell toxicity,
raising concerns about auditory damage in human pa-
tients. Clinical cases further emphasize delayed-onset
and progressive SNHL in individuals undergoing TKI ther-
apy, underscoring the importance of early detection and
monitoring.

Moreover, physicians should counsel patients receiving
EGFR TKls about the potential risk of hearing loss and mon-
itor for early symptoms. Since these patients typically have
advanced-stage disease and undergo long-term treat-
ment, even mild toxicities must be managed to maintain
their quality of life. Unaddressed hearing loss can lead to
communication difficulties, social isolation, and reduced
adherence to therapy. A multidisciplinary approach, in-
cluding comprehensive supportive care, is essential to op-
timizing treatment tolerability and preserving auditory
function in cancer patients.

Supportive care therapy aimed at reducing ototoxici-
ty includes an integrated approach involving oncologists,
otorhinolaryngologists, audiologists, pharmacologists,
and nurses, covering the following areas. Hearing mon-
itoring (audiological support): initial audiometry before
starting tyrosine kinase inhibitor therapy. Regular audio-
logical examinations (tonal audiometry, speech audiome-
try, otoacoustic emission, registration of auditory evoked
potentials) during treatment. Early diagnosis and identifi-
cation of the first signs of ototoxicity for timely interven-
tion. Pharmacological prophylaxis: prescribing drugs with
antioxidant action to reduce oxidative stress in the cochlea
of the inner ear. The use of neuroprotective agents can re-
duce the risk of sensorineural damage.

Rational selection of the therapy regimen: individual-
ization of the treatment regimen considering the risk fac-
tors of ototoxicity. Dose adjustment of drugs in case of ear-
ly symptoms of ototoxicity. In case of severe ototoxicity, it
is possible to switch to alternative drugs or adjust dosages.

Patient education and psychological support: inform-
ing the patient about possible symptoms of ototoxicity
(tinnitus, congestion, dizziness, hearing loss) and the need
to inform the doctor promptly. Psychological and social
support for the adaptation of patients to possible hearing
changes.

Hearing rehabilitation: the use of hearing aids and oth-
er technical means of hearing correction with a significant
decrease in hearing function. Vestibular rehabilitation for
balance disorders and dizziness.

Treatment of concomitant diseases (e.g., diabetes mel-
litus, cardiovascular diseases) that may increase the risk of
ototoxicity.
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AHJATIIA

EGFR THPOBUHKHNHA3A HHI'MBUTOPJIAPBIHBIH OPTYPJII BYbIH/IAPBIHbBIH
IJIEYETTI OTOTOKCHUKAJIBIFbI:
9JEBUETKE IOJY

JI.C. Banvimoemosa', EM. H3mneyos', 3.K. Hemazynosa', C.K. Koscanmaesa', I.M. Hzmneyosa'
1«Mapart OcnaHoB aTbiHaaFbl baTbic KazakcTan meguumna ynusepcuteti» KEAK, AkTobe, Kazakctan Pecny6nukaco

Ozexkminizi: Konmpacmer Ozexminiei: Oxneniy kamepai iciei scui Ouaznos Kouvlizan kamepii icik. bapavix srcazoaiiiapoviy
iwinoe exneniy ycak sicacywanvt emec kamepii iciei (NSCLC) wamamen 85% xypaiiovi. NSCLC 0amyvinviy Heeizel hakmopbl icikminy
natioa 60xybl MeH OAMYbIHOA WeuLy i poi amKapamvlH SnUoepMusLblK ocy paxmopul peyenmopul (EGFR) eeniniy mymayusacel 601vin
mabwviiadvl. EGFR-2e 6azoimmanzan muposunkunaza uneubumopaapoinviy (TKI) naiioa 6onyet ne2ypivim ymoimobl dHcone muimoi
mepanesmix mocindi ycblHA OMIPbIN, AUMAPALIKMAL npocpecke Koa dicemkizoi. Tupozunkunaza uHeubumopiapvlHuly JHcaHamd
acepnepi dcox emec. TUpOZUHKUHA3A UHSUOUMOPLAPLL MEPAnUsiCyl MeH OMOYbIMMbLIbIK ApACbiHOA2bl bIKMUMAL OaUIaHbICTIbL
Kopcememin depexmep nauoa 601advl. Aypyosly acKblHeaH camvicbl 6ap HAYKacmapowvl emoeyoily CO3bLIMALbL CUNANMbIH eCKepe
omuIpbIN, MINMI WAMALBL YHIMMBLILIK OMIP CANACLIHA AUMAapIvikmail ocep emyi Mymin. [layuenmmepoi ecmy Kabineminiy Hawapiay
Kayni mypanvl xabapoap emy, nayuenmmepoi emOeyoiy y3ax mMep3imoi HOmuxtceaepiH OHMALIAHObIPY YUWIH OMOYbIMMbLIbLIKINbIH
epme Oencinepine mypaKmol MOHUMOPUHE JICYP2i3Y MAHbIZObL.

3epmmeyoin makcamol — mupo3uHKUHA3a UHSUOUMOPAAPEL, ONAPObIY LIKMUMAT OMOYBIMMbLIbIEbl, COHbIY [uinde namozene3oiy
Hezizel Mexanusmoepi mypanvl 6ap oepexmepoi 3epmmey.

Aoicmepi: NSCLC-0e TKI unoykyusnanean omoyvlmmoliblK MYypaisl 2blIbLMU HCAPUSIAHLIMOAPObL anvikmay ywin PubMed,
Scopus, Embase, Cochrane Library, Web of Science, Google Scholar scone Clinical Trials.gov oepexxopnapwinoa izoey scypeizinoi.
[30ey ywin «ycax olcacyuaivl emec OKne 00blpbly, «OMOYbIMMbLILIK ocepy, «2eumunuby, «3piomunuby, «apamunubdy,
COAKOMUMUHUOY) HCOHE KOCUMEPMUHUOY KIAM CO30epi KOJLOAHBLIODL.

Homuoicenepi: EGFR iwki Kynaxmuly CeHCOPAbIK HCOHE CEHCOPTILIK eMeC KYPbLIbIMOAPbIH 0AMbLINYOd, CAKMAY0d JcoHe KAINbIHA
Keamipyoe mMausi30ul pon amkapaosl. Heonamaavowvr modenvoepoe EGFR koxneapnvl scacywanapoa, convly iwindoe Kopmu opean,
OHOG 01 peceHepayusi MeH KAINblHA Kelmipy npoyecmepin dcenyinidemeoi. Anaiioa, scemineen scyuenepoe EGFR axcnpeccusicol
memeH-0etlol, ey andblMeH eCmy JHCACYUANAPbIHbIY peceHepamuemi Kabiiemin wekmeumin cnupanbovl 2aHeAus0d OPHAIACAObl.
EGFR 0abviivin meswcey apKulibl scacyuia npoaudhepayusacol MeH KaanvliHa Keamipy Mexanusmoepi 0y3uliaovl, 0y KoX1eapavlK ulaul
ACACYWANapsl MeH Mipex Hcacyulanapobina 3aKbiM Keamipeoi.

Kopoimuinovr: TKI-unoykyusananean omomoyblmmuliblKmbly HAKNMbL MAPALybl MeH Hezci3ei MONeKYIanblK Mexanusmoepi az
sepmmeizen. [lozaza moyenodi ocepiepoi, 2eHemuKaiblK OetiMOLIIKmMi JCOHe bIKMUMAL KOP2AHbIC CIMPAMeSUSIAPbIH AHLIKMAY YU
Kocvimuia sepmmeynep Kaxcem. Byn ocazvimcolz ocepoi 6iny EGFR-TKI mepanusicel ke3inde ecmy 0eHcaynviabih OAKbLIAY HCOHE
OHbIH Y3aK eMOelemiH HayKacmapeaa acepin dceHiioemenmin apaiacyiapovl 3epmmey yuin Kaxcem.

Tyitindi co30ep: oxneniy ycak scacyuiaivl emec Kamepii iciei, Inu0epMusiivlk 6Cy akmopolivly peyenmopol, Mupo3UHKUHA3A
uHeubuUmopnapuvl, OMOYbLMMuLIbIK.

AHHOTALUA

IOTEHIIUAJIBHASI OTOTOKCHYHOCTH PA3HBIX IOKOJIEHUI
NHI'MBUTOPOB TUPO3UHKUHAS3DBI EGFR:
OB30P JIUTEPATYPbI

JI.C. Banvimbemosa', E.M. Hzmaeyos', 3.K. Hemazynosa', C.K. Koscanmaesa', I M. Hzmneyoea'
HAO «3anapHo-Ka3axcraHckuit MeauLMHCKuil yHuBepcuTeT umenm Maparta OcnaHoax, AkTobe, Pecny6nuka KasaxcraH

Axmyansnocms: Pak neckozco — uacmo ouaznocmupyemoe 310Kkauecmeennoe Hogoobpazosanue. Hemenxkoxniemounwlii pax ne2koeo
(HMPJI) cocmasnsiem npumepno 85% cnyuaes paxa neckozo. Kniouegvim gpaxmopom paseumus HMPJI aensemca mymayus 2ena
peyenmopa snudepmanvrozo gaxmopa pocma (EGFR), komopeill uepaem Kiouegyio poib 6 803HUKHOBEHUU U NPOPECCUPOBANUU
onyxonu. Ilossenenue uneubumopos muposunkunasvr (UTK), nayenennvix na EGFR, o3namenosano 3mauumenvhbvliii npozpecc,
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npeonodkcus bonee payuoHaIbHblll U dGekmusHblll mepanesmuieckuii n00xo0. Hneubumopvl mupo3uHKUHA3bl He TUUEHbl NOOOUHBIX
appexmos. Iosiensitomest OanHvle, YKA3bl8AOWUE HA NOMEHYUATHYIO C6513b Medcdy mepanueil UTK u omomokcuunocmoio. Yuumoieas
XPOHUYeCKull Xxapakmep JjiedeHus NayueHmos ¢ 3anyujeHnol cmaouell 3a601e6anus, 0axice He3HAUUmMenbHdas MOKCUYHOCHb MOJICem
CYUeCmMEEeHHO NOGIUAMb HA KA4eCmeo JHcusHu. Baowcno ungopmuposams nayuenmos o nomenyuaibHOM pucke yXyOuleHus ciyxd,
ocyujecmensime peyisipHulll. MOHUMOPUHS PAHHUX NPUSHAKOE OMOMOKCUYHOCMU Ol ONMUMU3AYUU O0N20CPOYHBIX Pe3VilbmAamos
Jleyenus NayueHmos.

Lens uccnedosanus —usyuenue cyujecmeyiowux OaHHbLX 00 UHSUOUMOPAX MUPOZUHKUHA3bL, UX NOMEHYUALLHOL OMOMOKCUYHOCTIU,
BKIIOUASI OCHOBHbBIE MEXAHUZMbL NAMO2EHE3d.

Memoowi: [louck nposoouncs no 6azam dannvix PubMed, Scopus, Embase, Cochrane Library, Web of Science, Google Scholar u
Clinical Trials.gov 015 6vid6ieHUs HAYYHBIX NYOIUKAYULL 00 OTMOMOKCUYHOCU, BLI36AHHOL NPUEMOM UHSUOUMOPO8 MUPOZUHKUHA3bI
npu HMPJL. [{ns noucka ucnonwb306anucs Kiouegble clo8ad «HEMeIKOKIeMOYHbIl paK 1E2K020», OMOMOKCUYHOCMbY, «2e@umuHu6y,
«Ipromunuby, «apamunudy, «OAKOMUMUHUOY U «OCUMEPMUHUOY.

Pesynemamur: EGFR uepaem 6asicnyio pois 6 pazeumuil, no00epAuCAHUL U 60CCMAHOGICHUU CEHCOPHBIX U HECEHCOPHBIX CMPYKIYD
eéHympennezo yxa. B neonamanvhvix mooensix EGFR sxcnpeccupyemcs 6 KOXIeapHulX KAeMKax, GKIIOYds KOPMues opea, 20e OH
obnezuaem npoyeccul pecenepayuu u 6occmarnogienusi. Oonaxo 6 spenvix cucmemax sxkcnpeccus EGFR chuoicaemcsi, 6 nepgyio ouepedn
JIOKANU3YSACL 6 CNUPAILHOM 2AH2IUU, O2PAHUYUBAsL Pe2eHePaAMUBHYI0 CHOCOOHOCMb CIYX08bIX Kiemok. Hneubupys cucnaiuzayuio
EGFR, napywaemcs kiemounas nponugepayusi u MEXanusmbl 60CCMAHOGLCHUL, YMO NPUSOOUNM K NOBPENCOCHUIO BOJIOCKOBBIX KAEMOK
VAUMKU U NOOOEPHCUBAIOUUX KICTNOK.

3akniouenue: Tounas pacnpocmpanenHHOCmb U OCHOBHbIE MOLEKVISPHbIE MeXAHU3ZMbl omomokcuynocmu, evizéannot HUTK,
ocmaiomest nioxo uzyuennvimu. Heobxooumvl oanvhetiwue uccie0o8anust Olisi GbIsICHEHUs. 00303A6UCUMBIX IDPeKmos, ceHemuiecKkoll
npeopacnonoNceHHOCmuy U NOMEeHYUATbHBIX 3AWUMHBIX cmpamezull. 3uanue 23moeo nebiazonpusammnozo 3¢@exma neodxooumo 0
MOHUMOPUH2A CLYX08020 300p06bsi 60 epemst mepanuu EGFR-TKI u 0ns uzyuenus emeulamenscme, KOMopvle CMAYaion e2o eiushue
HA NAYUEHMO8, NPOX0OAUUX ONUMENbHOE JeYeHUe.

Kniouesvle cnosa: nemenxoxnemounwiii pax neckoeo (HMPJI), peyenmop snudepmanviozo axmopa pocma, uHeUOUmMopbwl
muposunkunazvl (UTK), omomokcuunocme.
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