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Mutations in the epidermal growth factor receptor (EGFR)
are major genetic alterations in patients with advanced non-
small cell lung cancer (NSCLC). Two decades ago, EGFR-
tyrosine kinase inhibitors (TKIs) as first-generation (1G)
agents such as gefitinib or erlotinib were administered
to patients with pulmonary adenocarcinoma harboring
activating EGFR mutation (1). Clinical studies have
demonstrated the clinical benefits of second-generation
(2G) (afatinib or dacomitinib) and third-generation 3G)
(osimertinib) generation EGFR-TKIs (2-4). Based on
the results of a phase 3 study comparing osimertinib with
gefitinib (4), osimertinib is recommended as the standard of
care in the first-line setting for NSCLC patients with EGFR
mutations. However, most patients who receive osimertinib
experience acquired resistance, such as on-target EGFR
mutations (C797S and G724S), mesenchymal-epithelial
transition (MET) amplification, or bypass mechanisms,
and EGFR-TKIs are not effective after the recurrence by
acquired resistance (5-7). Currently, the mechanism of
resistance to EGFR-TKIs remains incompletely elucidated.
Overcoming primary and acquired resistance to EGFR-
TKIs is warranted.

Acquired resistance to osimertinib remains a critical
unresolved issue; thus, elucidating the underlying
mechanisms of resistance is crucial. Acquired resistance
can be divided into two categories: target-dependent (on-

target) and target-independent (off-target) (8). Figure 1
illustrates the mechanisms underlying the resistance to first-
line osimertinib treatment. Target-dependent resistance
to osimertinib in the initial treatment might be less
common than that in later-line treatments, and EGFR®""*
was identified in only 7% of the patients in the analysis
of resistance mechanisms within the FLAURA study (4).
In later-line osimertinib, EGFR“’’® was identified in
approximately 10-20% of patients with disease progression,
and rare EGFR mutations, such as G796X, 1.792X, G724S,
and L.718X, were identified (8).

The resistance mechanism resulting from the activation
of bypass signaling pathways requires the dual inhibition
of both driver alterations to overcome resistance. Table 1
displays the prevalence of resistance mechanisms that
activate the bypass signaling pathway after first-line
osimertinib treatment in patients with EGFR-mutant
NSCLC (9,10). MET amplification as major resistance
mechanisms involving bypass signaling after first-line
osimertinib administration was identified in 7-15%
(9,10). Other resistance mechanisms include 3.7% of cases
rearrangement of the rearranged during transfection (RET)
rearrangements, 3.0% of anaplastic lymphoma kinase
(ALK) rearrangements, 3.7% of v-raf murine sarcoma
viral oncogene homologue B (BRAF) rearrangements,
2.0% of human epidermal growth factor receptor 2
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Figure 1 Mechanisms of resistance to first-line osimertinib treatment. Prevalence of individual resistance mechanisms categorized by

target, off-target, and unknown reasons. EGFR, epidermal growth factor receptor; MET, mesenchymal-epithelial transition; HER2,

human epidermal growth factor receptor 2; amp, amplification; KRAS, Kirsten rat sarcoma viral oncogene homolog; BRAF, v-raf murine

sarcoma viral oncogene homologue B; PIK3CA, PI3K P110a catalytic subunit; FGFR1, fibroblast growth factor receptor 1; ALK, anaplastic

lymphoma kinase; RET, rearranged during transfection; ROS1, proto-oncogene 1; CCND, cyclin D; CCNEI; cyclin E1; CDK, cyclin-

dependent kinase; SCLC, small cell lung cancer; SCC, squamous cell carcinoma; EMT, epithelial-to-mesenchymal transition.

Table 1 Bypass resistance pathways after first-line osimertinib in
EGFR-mutant NSCLC

Bypass mechanism Prevalence (%) References
MET amplifications 7-15 (9,10)
RET rearrangements 3.7 (©)]
ALK rearrangements 3.0 9)
BRAF rearrangements 3.7 9)
HER2 amplifications 2.0 (10)
KRAS mutations 2-7 (9,10)
PIK3CA mutations 4.0 9)

EGFR, epidermal growth factor receptor; NSCLC, non-small
cell lung cancer; MET, mesenchymal-epithelial transition; RET,
rearranged during transfection; ALK, anaplastic lymphoma
kinase; BRAF, v-raf murine sarcoma viral oncogene homologue
B; HER2, human epidermal growth factor receptor 2; KRAS,
Kirsten rat sarcoma viral oncogene homolog; PIK3CA, PI3K
P1100 catalytic subunit.

(HER2) amplifications, 2-7% of Kirsten rat sarcoma viral
oncogene homolog (KRAS) mutations, and 4.0% of PI3K
P110a catalytic subunit (PIK3CA) mutations (9,10). Further
resistance mechanisms encompass histological transformation

© Translational Lung Cancer Research. All rights reserved.

from NSCLC to small cell lung cancer (SCLC), and
squamous cell carcinoma identified in 2-15% of patients
with disease progression after osimertinib treatment (11).
Inactivation of RBI and TP53 is associated with an increased
risk of SCLC (11). Moreover, alterations in cell cycle genes,
such as cyclin D1, D2, and E1, are observed in approximately
10% of patients who experience disease progression after
osimertinib treatment, and are associated with shorter
survival (11). Epithelial-to-mesenchymal transition
(EMT) has also been detected in patients with EGFR-
mutant NSCLC, implicating it in therapeutic resistance to
osimertinib (12). However, the mechanism of resistance is
unknown in approximately 40-50% of patients with first-
line osimertinib resistance (11).

2G EGFR-TKIs, such as dacomitinib and afatinib, are
pan-human EGFR (HER) inhibitors with superior efficacy
compared with 1G EGFR-TKIs for the initial treatment
of EGFR-mutant NSCLC (2,3). Recently, Elkrief ez al.
reported a phase 1/2 study of osimertinib and dacomitinib
to mitigate primary and acquired resistance in EGFR-
mutant lung adenocarcinoma, and this trial included the
patients with EGFR-mutant NSCLC progressing on
osimertinib due to acquired secondary EGFR mutations (7).
Although the overall response rate (ORR) to this
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combination was 73 %, the ORR for the acquired resistance
setting was 14%, and cutaneous toxicities occurred in
93% of patients with greater toxicities (7). Therefore,
dacomitinib, with or without osimertinib, could not
successfully overcome acquired resistance after first-line
osimertinib treatment. Another study showed that 1G or
2G EGFR-TKIs following the development of osimertinib
resistance yielded limited efficacy with an ORR of 6.9% (6).

Tumors resistant to TKIs are biologically complex with
multiple mechanisms of resistances. An understanding
of the mechanisms of resistance to osimertinib requires
both pre-clinical and clinical studies; however, no
established treatment for disease progression after first-
line osimertinib treatment has been approved. Physicians
select targeted therapy, platinum-based chemotherapy,
and immune checkpoint inhibitors (ICIs) based on known
resistance mechanisms. Investigated targeted therapies
after osimertinib include 1G or 2G EGFR-TKI, 1G plus
3G EGFR-TKI, brigatinib plus cetuximab (8), and next-
generation EGFR-TKIs to overcome on-target resistance
mechanisms. Expected therapies focusing on off-target
mechanisms include osimertinib plus MET inhibitors and
osimertinib combined with other TKIs or inhibitors of
oncogenic fusions (8). When chemotherapy is deemed
appropriate, platinum-based chemotherapy with or without
bevacizumab and osimertinib may be preferred. Similar
to other regimens, ICIs, anti-vascular endothelial growth
factor (VEGF)/vascular endothelial growth factor receptor
2 (VEGFR2) antibodies, anti-EGFR antibodies, and
antibody-drug conjugates (ADCs) were administered after
failure of osimertinib (8,11). Recently, a phase III FLAURA
2 study comparing the efficacy of first-line osimertinib with
or without platinum-pemetrexed chemotherapy reported
that osimertinib chemotherapy resulted in significantly
longer progression-free survival (PFS) than osimertinib
monotherapy in 557 patients with EGFR-mutated advanced
NSCLC (13). Moreover, the RELAY phase III trial
demonstrated that PFS significantly improved with erlotinib
plus ramucirumab as an anti-VEGFR2 antibody compared
with erlotinib plus placebo (median, 19.4 vs. 12.4 months),
regardless of the EGFR mutation status (14). However, the
combination with osimertinib and bevacizumab yielded a
controversial result in recent studies (15,16). A phase 1/2
study by Yu et 2. met the primary endpoint with a 12-month
PFES rate of 76% (15), whereas the randomized phase 2
WJOG9717L trial failed to demonstrate improved PFS
with osimertinib plus bevacizumab over osimertinib alone
(median, 22.1 vs. 20.1 months) (16). To overcome acquired
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resistance to osimertinib, a combination of chemotherapies
may be effective, but not by combining osimertinib with a
VEGEF inhibitor.

Sequential therapeutic agents for treating osimertinib
resistance have been developed in clinical studies. Recently,
promising novel agents include a HER3-directed ADC
[patritumab deruxtecan (HER3-DXd)] and an EGFR-
MET bispecific antibody (amivantamab) in patients with
osimertinib-resistance (17). ADCs bind a cytotoxic payload
through a linker to a specific monoclonal antibody against a
tumor antigen. ADCs targeting HER2, HER3, Trophoblast
antigen 2 (TROP-2) and MET have potential applications in
lung cancer treatment (18).

HER3-DXd is a promising ADC comprising a fully
human monoclonal antibody to HER3 conjugated to a
topoisomerase [ inhibitor. The phase II HERTHENA-
Lung01 trial for HER3-DXd was recently conducted in
patients with EGFR-mutated NSCLC following the failure
of EGFR-TXKIs, including osimertinib (19). The ORR, PFS,
and overall survival (OS) for the HER3-DXd group were
39.8%, 5.5 and 11.9 months, respectively (19). Currently,
a phase III study comparing HER3-DXd vs. platinum-
based chemotherapy is ongoing in patients with EGFR-
mutated NSCLC after the failure of EGFR-TKI treatment.
Furthermore, trastuzumab emtansine (T-DM1) and
trastuzumab deruxtecan (T-DXd) as HER2-directed ADCs
were investigated for the patients with EGFR-mutated
NSCLC (20,21). The phase II TRAEMOS trial examined
the clinical efficacy of T-DM1 plus osimertinib in patients
with EGFR-mutated NSCLC after progression on EGFR-
TKIs, including osimertinib; however, the ORR and median
PFS were 13% and 2.8 months, respectively, showing
disappointing results (20). Conversely, T-DXd was reported
as a promising treatment for patients with previously
treated HER2 positive (overexpression or mutations)
NSCLC (without patients with EGFR-mutation), exhibiting
ORR, median PFS, and OS of 55%, 8.2 and 17.8 months,
respectively (21). Ongoing research is examining the use
of T-DXd in early studies for HER2-positive patients,
including those with EGFR-mutated NSCLC, following the
unsuccessful treatment with EGFR-TKIs. Although initial
data on ADCs in EGFR-mutated NSCLC after osimertinib
resistance has been reported, exploring the potential of
HER3-DXd may hold promise.

MET amplification is a significant mechanism causing
resistance to osimertinib. A therapeutic strategy targeting
MET gene alterations has been developed in clinical
studies to overcome osimertinib resistance. Amivantamab,
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a fully humanized bispecific antibody, is designed to target
both EGFR and MET mutations/amplification. Inhibiting
ligand binding for both receptors. Recently, the phase III
MARIPOSA-2 study compared amivantamab plus lazertinib
with chemotherapy to amivantamab plus chemotherapy
in 657 patients with EGFR-mutated advanced NSCLC
after disease progression with osimertinib (22). This
study demonstrated significant improvements in PFS,
ORR, duration of response, and intracranial PFS with
amivantamab plus chemotherapy and amivantamab plus
lazertinib with chemotherapy compared with chemotherapy
alone (median PFS, 6.3 and 8.3 vs. 4.2 months, respectively;
P<0.001) (22). Although amivantamab plus chemotherapy
could be a potential second-line therapy after osimertinib
disease progression, its survival benefit appears limited,
while the toxicity of this combination was a critical
issue with more than 70% grade 3 adverse events in the
MARIPOSA-2 study. The prospect of long-term survival
remains unclear, highlighting the need for an established
biomarker to predict responses to amivantamab-containing
regimens for the most promising approaches after
osimertinib disease progression.

Currently, many physicians resort to platinum-
based chemotherapy as a second-line option for disease
progression after osimertinib. However, the therapeutic
efficacy of platinum-based chemotherapy is limited, leading
to recurrence in most patients with EGFR-mutated NSCLC
within 6 months of systemic chemotherapy.

However, the use of immunotherapy as a potential
treatment for patients with EGFR-mutated NSCLC
remains controversial. Therefore, researchers explored
combination therapies involving ICIs with chemotherapy
and anti-VEGF antibodies, specifically analyzing data
from IMPower 150. The combination of atezolizumab,
bevacizumab, carboplatin, and paclitaxel (ABCP) yielded
a higher ORR (71% vs. 42%), duration of response
(11.1 ws. 4.7 months), and median OS (not reached vs.
17.5 months) than the combination without atezolizumab
[bevacizumab, carboplatin, and paclitaxel (BCP)]
in patients with EGFR-mutated NSCLC who had
experienced failure with at least one prior EGFR-TKI (23).
As opposed to BCP, the ABCP combination improved
OS in patients with sensitizing EGFR mutations that have
progressed on TKI treatment (24). However, the question
of whether the combination of ICI plus chemotherapy and
antiangiogenic agents can overcome acquired resistance to
osimertinib remains unanswered.

Looking towards novel therapies, the development
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of ADCs and bispecific antibodies is underway, holding
promise as effective regimens for osimertinib-resistant
EGFR-mutated patients. The discovery of activating EGFR
mutations marked a paradigm shift in the therapeutic
landscape for advanced or metastatic NSCLC. Despite this
breakthrough, the optimal regimens for managing disease
progression following the failure of first-line osimertinib
therapy remain uncertain. To address acquired resistance
to osimertinib, a combination of chemotherapy with
osimertinib, HER3-DXd, amivantamab plus chemotherapy,
or new-generation EGFR-TKIs is highly anticipated.
Moreover, the identification of predictive markers for these
novel regimens is vital for enhancing outcomes. A more
profound comprehension of the mechanisms underlying
resistance to osimertinib will significantly influence the
advancement of clinical studies, the creation of innovative
therapeutic agents, and the optimization of therapeutic
sequencing.
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