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The development of targeted therapy in epidermal growth factor receptor (EGFR)-mutated non-small cell lung
cancer (NSCLC) patients has radically changed their clinical perspectives. Current first-line standard treatment
for advanced disease is commonly considered third-generation tyrosine kinase inhibitors (TKI), osimertinib. The
study of primary and acquired resistance to front-line osimertinib is one of the main burning issues to further
improve patients’ outcome.

Great heterogeneity has been depicted in terms of duration of clinical benefit and pattern of progression and
this might be related to molecular factors including subtypes of EGFR mutations and concomitant genetic al-
terations. Acquired resistance can be categorized into two main classes: EGFR-dependent and EGFR-independent

mechanisms and specific pattern of progression to first-line osimertinib have been demonstrated.
The purpose of the manuscript is to provide a comprehensive overview of literature about molecular resistance
mechanisms to first-line osimertinib, from a clinical perspective and therefore in relationship to emerging

therapeutic approaches.

1. Introduction

Epidermal growth factor receptor (EGFR) sensitizing mutations are
detected in 10-15% of advanced non-small cell lung cancer (aNSCLC) in
Western Countries and about 40% in Asian Countries (Zhang et al.,
2016). The two most common activating EGFR mutations are in-frame
deletions in exon 19 (ex19Del) and amino acid substitution (leucine to
arginine at codon 858 [L858R]) in exon 21 (Rosell et al., 2009; Douillard
et al., 2014). EGFR mutation predicts response to EGFR-tyrosine kinase
inhibitors (TKIs), a class of molecules capable of binding the adenosine
triphosphate (ATP) binding domain of EGFR protein thus interrupting
the downstream signalling pathway (Mok et al., 2009; Wu et al., 2014).

In the last decades, molecular analysis and identification of driver
genetic alterations have led to outstanding improvement in the outcome
of aNSCLC and EGFR inhibitors have been the forerunners of this ther-
apeutic revolution. Several phase III studies demonstrated the superi-
ority of front-line first- and second-generation (1st and 2nd gen) TKIs —

* Correspondence to: via Gattamelata, 64, Padua 35128, Italy.
E-mail address: laura.bonanno@iov.veneto.it (L. Bonanno).
1 These authors contributed equally to this work and share first authorship

https://doi.org/10.1016/j.critrevonc.2024.104295

gefitinib, erlotinib, afatinib — over standard chemotherapy, both in
terms of overall response rate (ORR) and progression-free survival (PFS)
(Mok et al., 2009; Rosell et al., 2012; Sequist et al., 2013). Anyway,
inevitably, after a median time of 9-15 months, all patients develop
acquired resistance (Yu et al., 2013). Third generation (3rd gen) TKI
Osimertinib, demonstated its efficacy in patients progressing to
EGFR-TKIs in the presence of a secondary T790M mutation and it was
characterized by improved activity at central nervous system (CNS) site
(Mok et al., 2017a). More recently, in the phase III FLAURA trial, osi-
mertinib has shown to improve survival outcomes over 1st gen TKI in
first-line setting and it is currently mainly considered as the standard of
care for first-line treatment of patients carrying common EGFR sensi-
tizing mutations (Soria et al., 2018; Anon, 2018). Median
progression-free survival (mPFS) to first-line osimertinib in the clinical
trial was 18.9 months (Soria et al., 2018), while in real-life setting the
treatment is often used beyond radiological progression and locore-
gional treatment strategies are employed wherever possible (Le et al.,

Received 14 September 2023; Received in revised form 25 January 2024; Accepted 7 February 2024

Available online 20 February 2024

1040-8428/© 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:laura.bonanno@iov.veneto.it
www.sciencedirect.com/science/journal/10408428
https://www.elsevier.com/locate/critrevonc
https://doi.org/10.1016/j.critrevonc.2024.104295
https://doi.org/10.1016/j.critrevonc.2024.104295
https://doi.org/10.1016/j.critrevonc.2024.104295
http://crossmark.crossref.org/dialog/?doi=10.1016/j.critrevonc.2024.104295&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

A. Ferro et al.

2018; Gomez et al., 2016) An updated overall survival (OS) analysis,
with a median follow-up of 39 months, showed a median survival (mOS)
of 38.6 months for osimertinib and 31.8 months for the control arm
(Ramalingam et al., 2020). CNS activity, in particular, was found to be
greatly improved leading to an OR of 91% and a longer mPFS (13.9
months versus non reached) (Reungwetwattana et al., 2018).

Although limited, a proportion of patients (20-30%) do not respond
to osimertinib despite the presence of EGFR sensitizing mutation and
great heterogeneity has been observed in terms of duration of clinical
benefit (Vendrell et al., 2021). No clinical or molecular predictive
markers are currently available to identify patients who could benefit
from different therapeutic approaches, possibly including osimertinib in
combination with other agents (Cho et al., 2023; Planchard et al., 2023).
In parallel, while increasing amount of data is available concerning
acquired resistance mechanisms, different therapeutic strategies are
under evaluation and no standardized detection methods are yet avail-
able for clinical practice.

In our manuscript, we aim to summarize primary and acquired
resistance mechanisms to Osimertinib, collecting available date con-
cerning first-line Osimertinib and classifying them according to tem-
poral and molecular criteria. We also put them into a clinical
prespective, depicting and classifying potential therapeutic strategies to
overcome them. The purpose of our review is to provide evidence-based
answers to the new therapeutic challenges in order to optimize the
clinical management of aNSCLC harboring EGFR alterations.

2. Methods

Literature research was conducted using MEDLINE/PubMed,
EMBASE, Scopus and Cochrane Library databases, up to October 2023.
The literature recovery was supplemented by manual searches of ab-
stracts meeting proceedings, including the European Society of Medical
Oncology (ESMO) congress, the American Society of Clinical Oncology
(ASCO), the European Lung Cancer Congress (ELCC) and the World
Conference on Lung Cancer (WCLC). Non-English language literature
was excluded. The following keywords were used as literature search
terms: lung cancer or NSCLC and EGFR and/or EGFR-TKI and/or osi-
mertinib and/or EGFR-TKI resistance, etc. Two authors (AF and GMM)
independently selected studies and disagreements were discussed and
solved with a third author (LB).

3. Primary resistance to first -line osimertinib

Primary (or intrinsic) resistance is defined by the demonstration of
no clinical benefit and/or radiological progressive disease in EGFR-
mutated aNSCLCs within six months since the beginning of EGFR-
inhibitor. It concerns about 20-30% of patients and it is supposed to
be related to molecular alterations existing before the start of targeted
therapy (Jackman et al., 2010; Santoni-Rugiu et al., 2019; Wang et al.,
2016).

A molecular perspective considers primary resistance to front-line
osimertinib mainly in relationship to molecular heterogeneity of EGFR
mutations and to co-existing molecular alterations in other genes (Leo-
netti et al., 2019).

Several real-world studies showed that some clinical features (such
as smoking history and high baseline neutrophile-to-lymphocyte ratio)
in parallel with the presence of co-mutations in genes other than EGFR
might have a role in defining heterogeneity in clinical benefit (Park
et al., 2022; Guo et al., 2020; Kim et al., 2019a). Another potential
predictive biomarker is programmed death-ligand 1 (PD-L1) status: a
recent meta-analysis concluded that high PD-L1 expression is likely to be
a negative predictive biomarker for EGFR-TKIs in EGFR-mutant NSCLC
patients, whereas a post-hoc analysis of the FLAURA trial did not
confirm the role among patients treated with osimertinib (Brown et al.,
2020; Peng et al., 2021).
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3.1. Heterogeneity in EGFR genetic alterations

Collectively, excluding classical EGFR mutations (L858R or ex19del),
about 20% of EGFR-mutated patients carry a mutations considered as
atypical and the rate of uncommon mutations is likely to increase as long
as next-generation sequencing (NGS) is used to detect a larger spectrum
of genetic alterations in clinical practice (Arcila et al., 2013).

Being a rare and heterogeneous group of diseases, most of the data
we use to face clinical practice stem from case reports, retrospective
analyses and, more recently, real-world evidence.

Robichaux et al, in their pre-clinical work, suggested that EGFR
mutations could be divided into four distinct subgroups based on
structure and function, and that structure-function-based groups can
predict ORR and patient outcomes better than exon-based groups
(Robichaux et al., 2021). These subtypes of EGFR kinase domain mu-
tations are: 1) classical-like mutations that are far from the ATP-binding
pocket; 2) T790M-like mutations that are located in the hydrophobic
core; 3) exon 20 insertions in the aC-p4 Loop following the C-terminal
end of the aC-helix (Ex20ins-L); 4) P-loop and aC-helix compressing
(PACC) mutations that are located on the interior surface of the
ATP-binding pocket or C-terminal portion of the aC-helix (Robichaux
et al., 2021). On the other hand, clinical data collected and analyzed till
now are not based on biological classification and only two groups are
clearly established according to clinical results: Non-exon 20 insertions
and exon-20 insertions.

3.1.1. Uncommon EGFR mutations (other than Exon 20 insertions)

Uncommon classical-like EGFR mutations, though occurring in
different exons, confer similar sensitivity to EGFR TKIs. For example,
favourable responses were observed in patients harboring G719X, S768I
and L861Q, which are classified as sensitizing EGFR mutations. Second-
and 3rd-gen EGFR TKIs should be preferred over 1st-gen TKIs that have
shown limited activity (Russo et al., 2019). In particular, afatinib
(2nd-gen TKI) was the first drug with data focusing on rare mutations:
the inclusion of patients with uncommon EGFR mutations in LUX-Lung
2, LUX-Lung 3 and LUX-Lung 6, allowed for a combined post hoc anal-
ysis providing evidence that afatinib is strongly active especially in the
presence of G719X, L861Q and S768I mutations (Yang et al., 2015).
Osimertinib activity in uncommon EGFR mutations has been evaluated
mostly through retrospective studies. In a multi-center retrospective
study collecting 62 aNSCLC patients with uncommon EGFR mutation
treated with first-line osimertinib, the drug demonstrated activity
allowing a 91% disease control rate (DCR) and a median duration of
response (mDOR) of 17.4 months (Bar et al., 2022). Moreover, a wide
Italian experience recently showed a large use of osimertinib in
real-world setting, even in the presence of uncommon mutations, and
relevant activity has been observed (Pizzutilo et al., 2022). Consistent
data arise from the phase II retrospective UNICORN study, which is
investigating the efficacy and tolerability of osimertinib as first-line
therapy for uncommon or compound EGFR-positive NSCLC patients: a
total of 60 patients have been included so far and osimertinib has been
found to be effective in atypical EGFR mutations with a high rate of ORR
(61%) also confirming intracranial activity (Bar et al., 202.3).

Recently the first prospective randomized trial specifically concern-
ing uncommon EGFR mutations was presented: Achilles/TORG1834
trial demonstrated the superiority of afatinib versus chemotherapy. The
most common included mutatations were G719X and L861Q, being
PACC and classical-like mutations, respectively (Robichaux et al., 2021;
Miura et al., 2023).

3.1.2. Exon 20 insertions

EGFR exon 20 insertion (ex20ins) mutations account for around half
of the uncommon mutations (approximately 10% of EGFR mutations)
and, although highly heterogeneous, the vast majority of exon 20 al-
terations are located between amino acids 766 and 775 and involve
insertions or duplications of 1-4 amino acids, altering the alpha-C helix
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conformation (Arcila et al., 2013; Yasuda et al., 2013). Given the wide
spectrum of EGFR ins20 mutations, each mutation response to specific
therapies significantly differ in available preclinical studies. Even
though several published case reports suggest a potential role for osi-
mertinib, clinical data are mainly inconsistent and in a retrospective
analysis, including 21 patients carrying EGFR ex 20ins, only one partial
response was observed following osimertinib and mPFS was only 3.6
months (95% CI: 2.6-4.5) (van Veggel et al., 2020). A prospective phase
I/11 trial focused on the role of osimertinib for EGFR ex20ins-positive
NSCLC: 12 patients were evaluated, no radiological response was
observed and DCR was 58% with mPFS of only 3.8 months. The main
interest of the study lays on the demonstration of different pharmaco-
kinetic data and sensitivity according to ex20ins subtype (Yasuda et al.,
2021).

Nowadays, multiple inhibitors have been developed for the treat-
ment of EGFR ex20ins-positive NSCLC patients: these include pozioti-
nib, mobocertinib, amivantamab, CLN-081, tuxobertinib, tarloxotinib,
luminespib and pyrotinib (Meador et al., 2021; Hou et al., 2022; Song
et al., 2022). These new TKIs generally showed promising activity in
exon 20 EGFR-mutated patients but at cost of considerable toxicity, with
the potential exception of CLN-081 (Piotrowska et al., 2021). The FDA
granted approval to amivantamab in May 2021 and to mobocertinib in
September 2021 (Park et al., 2021a; Zhou et al., 2021). Nevertheless,
EMA did not consider the risk/benefit assessment of second-line
mobocertinib favourable, also taking into account the tolerability pro-
file and the limited intracranial activity.

More recently, the phase III randomized trial including 308 patients
carrying EGFR exon 20 insertions was presented. The study demon-
strated statistically and clinically significant improvement in PFS for
amivantamab plus chemotherapy versus chemotherapy in first-line
setting, thus potentially establishing for the first time a real evidence-
based standard of care for first-line treatment of this subset of EGFR
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mutated patients (Zhou et al., 2023).

3.2. Heterogeneity in the presence of concomitant genetic alterations

Although far less frequently, primary EGFR-independent resistance
mechanisms might occur, even among patients carrying classical EGFR
sensitizing mutations (Leonetti et al., 2019).

Blakely et al. sequenced cell-free DNA (cfDNA) from 1122 EGFR-
mutant aNSCLC patients and found widespread occurrence of additional
genetic alterations (92.9% had at least one other cancer-related variant).
More importantly, some co-occurring genetic alterations are linked to
therapeutic response, underlining how a wider genomic picture is
required to understand tumor heterogeneity beyond a single driver
oncogene (Blakely et al., 2017a).

The most common co-occurring genomic alterations involve TP53
(54.6-64.6%), RB1 (9.6-10.33%), ERBB2 (8-11%), CTNNBI1 (which
encodes f-catenin; 5.3-9.6%), PIK3CA (9-12.4%), NKX2-1
(12.2-16.7%), CDK4 (7-10%), CDK6 and CCNE1 as shown in Fig. 1
(Skoulidis and Heymach, 2019).

3.2.1. TP53 mutations

Mutations in TP53 represent the most prevalent co-alteration: re-
ports indicated that up to 60% of advanced EGFR-mutant lung cancers
harbour TP53 mutations (Rachiglio et al., 2019). Furthermore, TP53
co-mutation is considered a negative prognostic marker in EGFR-mu-
tated NSCLC and a predictor of worse response to EGFR-TKI therapy,
including osimertinib treatment (Canale et al., 2020). TP53 mutations
are independently associated with worse PFS in both first-, second-, and
third-generation EGFR-TKIs (Hazard ratio, HR: 2.02; 95% CI: 1.04-3.93,
p=0.038 and HR: 2.23, 95% CI 1.16-4.29, p= 0.017, respectively) (Kim
etal., 2019b). The negative predictive effect of TP53 mutations might be
related to tumor-suppressive function loss, genomic instability, and

EGFR-independent
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Fig. 1. molecular pathways driving Osimertinib resistance.
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cancer cell’s impairment in transcriptome and phenotype regulation
(Oren and Rotter, 2010). According to the functional effects on the p53
protein, TP53 mutations were divided into disruptive mutations and
non-disruptive mutations with disruptive mutations leading to complete
or almost complete loss of p53 protein activity (Poeta et al., 2007). The
two groups could have differential role in EGFR mutated patients and
nondisruptive mutations demonstrated to be associated with worse
outcome among patients treated with EGFR first and second generation
TKIs (Molina-Vila et al., 2014).

3.2.2. KRAS mutations

Although generally considered mutually exclusive, a concomitant
genetic alteration in KRAS gene is found in about 6-35% of EGFR-pos-
itive patients by using NGS and the most frequent alterations detected
are G12C, G12V and G12D mutation (Rachiglio et al., 2019; Gristina
et al., 2021). Reports on the efficacy of EGFR-TKIs in these
double-positive patients have inconsistent results. In a large database
study, metastatic NSCLC patients with EGFR/PIK3CA and EGFR/KRAS
co-mutations experienced worse PFS with TKIs compared to patients
who harbour only EGFR mutation in a panel of 50 cancer-related genes
(Guibert et al., 2017), while potential predictive impact was not
confirmed in a retrospective analysis in Asiatic population (Zhuang
et al., 2019).

In parallel, a smaller study on 14 patients with EGFR/KRAS co-
mutations suggested potential impact of dominant variant allelic fre-
quency (VAF) on outcome. Eight out of 14 patients had dominant VAF of
EGFR mutations relative to KRAS mutations and their outcome following
TKIs was significantly improved when compared with patients with
dominant VAF of KRAS: median 11.09 versus 2.42 months; p = 0.0081
and ORR 57.1 versus 16.7% (Rachiglio et al., 2019). On the other side,
when using liquid biopsy, we recently demonstrated that even
low-frequency KRAS co-mutations detected by droplet digital polymer-
ase chain reaction (ddPCR) analysis could reduce the efficacy of targeted
EGFR therapy (Nardo et al., 2021).

3.2.3. Other known concomitant alterations

PIK3CA mutations frequently coexist with other oncogenic driver
mutations, especially involving EGFR and KRAS (Wang et al., 2014).
Activating PIK3CA mutations have been found in approximately 3.5% of
EGFR-mutated patients and have been associated with poor survival for
NSCLC patients treated with EGFR-TKIs (Guo et al., 2020). However,
PIK3CA alterations are highly heterogeneous and the available studies
have limited sample sizes and inconsistent results, so additional evi-
dences on PIK3CA mutations in different domains and their impact on
EGFR-TKI efficacy are warranted.

Other less common concurrent genetic alterations involve PTEN
(deletion 3%, mutation 3.7%). Both deletion and low protein expression
result to be independent predictors of worse PFS for patients treated
with EGFR-TKIs (Wang et al., 2019a). In particular, Wang et al. showed
that among 169 EGFR-positive NSCLC patients treated with EGFR-TKIs,
those with concurrent PTEN deletion had a shorter PFS and OS (HR for
PFS, 3.64; 95% CI, 1.47-9.00; HR for OS, 2.86; 95% CI, 1.04-7.89).

Among other co-alterations involving downstream proliferation
pathways, the most relevant one probably concerns RBI, a gene
encoding for a negative regulator of cell cycle. RB1 alterations in EGFR-
mutant lung cancers almost always occur concurrently with TP53 al-
terations. RB1 and TP53 biallelic loss in EGFR-mutant lung cancers
might define a subset of patients at risk for histologic transformation at
the time of progression (Lee et al., 2017a).

Other co-alterations of cell cycle genes, such as CCND1/2, CCNEI,
CDK4/6 were significantly associated with intrinsic resistance to Osi-
mertinib (Blakely et al., 2017b). Preclinical data suggest the rationale
for using a CDK4/6 inhibitor, abemaciclib, to treat EGFR-mutated
NSCLC patients progressed to osimertinib either as single treatment or
combined with osimertinib (La Monica et al., 2020).

Furthermore, a B-cell lymphoma-2 (BCL-2)-like 11 (BIM) deletion
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polymorphism causes reduced expression of proapoptotic BH3-only BIM
protein, thus precluding TKI-induced apoptosis of EGFR-mutated cells
(Costa et al., 2007). Lv et al conducted a systematic review and
meta-analysis concluding that the presence of BIM deletion poly-
morphism was significantly associated with shorter PFS, lower ORR and
DCR and a trend towards unfavourable OS (Lv et al., 2021). Moreover,
BIM plays a crucial role in tissue vascularization: a recent retrospec-
tive analysis evaluating the efficacy of EGFR-TKI plus bevacizumab, a
vascular endothelial growth factor (VEGF) inhibitor, versus EGRK-TKI
alone in aNSCLC patients harboring EFGR mutations and BIM  dele-
tion showed that the association of bevacizumab resulted in significantly
better outcome (Morrison et al., 2013; Cardona et al., 2021). On the
other side, data about a potential role for BIM in modulating sensitivity
to EGFR inhibition have not been confirmed in a retrospective analysis
on 141 EGFR-mutated NSCLC patients with or without BIM deletion
polymorphism (Liu et al., 2020). Also mesenchymal-epithelial transition
factor (MET) amplification -the most common acquired resistance
mechanism to first-line osimertinib- could represent a mechanism of
intrinsic resistance: concomitant MET amplification significantly re-
duces PFS in patients treated with EGFR-TKIs, thus suggesting the po-
tential to define customized combinatory treatment strategy
(Ortiz-Cuaran et al., 2016; Yu et al., 2018). Its amplification results in
the activation of numerous signaling pathways, physiologically acti-
vated by EGFR (MAPK, STAT, PI3K-AKT). Therefore, despite the phar-
macological inhibition of EGFR, collateral pathways of carcinogenic
activity do not cease to operate (Martinez-Marti et al., 2017).

In conclusion, primary resistance molecular mechanisms demon-
strated to be heterogeneous and molecular characterization of EGFR-
mutated patients are warranted both in the frame of translational studies
and biomarker analyses of interventional trials, in order to lay the basis
for future customized approach to EGFR mutant disease.

4. Acquired resistance following first-line osimertinib

Data concerning molecular mechanisms of acquired resistance to
first-line treatment are limited when compared to analyses concerning
patients progressing to second-line osimertinib (Zhao et al., 2019; Yu
etal., 2015; Ahn et al., 2016), while substantial differences in resistance
mechanisms between the two settings have been observed (Schmid
et al., 2020).

Acquired resistance mechanisms are usually classified according to
biological criteria:

1) On-target resistance is caused by a mutation in EGFR that alters the
TKI-protein linkage or allows EGFR to work despite TKI inhibition

2) Off-target resistance is led by the activation of an alternative mo-
lecular pathway able to fuel cancer cell survival and proliferation
despite EGFR inhibition

3) Histological transformation or linear plasticity.

The first evidence of Osimertinib activity in first line stems from two
cohorts of treatment-naive patients included in AURA study (Ram-
alingam et al., 2018). In this context, 38 plasma samples were collected
at the time of progression and analysed with NGS in order to explore
potential resistance mechanisms. However, the most valuable informa-
tion about resistance to first-line osimertinib derives from translational
analyses performed in patients enrolled in FLAURA study: 109 patients
had paired plasma samples analyzed by NGS, before treatment and at
progression. There was no evidence of acquired T790M mutation, while
the most common resistance mechanism was MET amplification (16% of
patients), followed by EGFR C797S mutation (6%). Compared to 1st-gen
TKI resistance, off-target mechanisms seemed to be more frequent,
possibly in relationship with the increased capacity to inhibit the target.
Notably, in 65% of patients, resistance mechanisms could not be iden-
tified in plasma analysis (Chmielecki et al., 2023).

Moreover, several real-world data about tissue molecular
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characterization at the time of progression are now available (Table 1).
Overall, emerging insights on the first-line osimertinib resistance
mechanisms confirm the increased frequency of off-target alterations
and MET amplification as the most frequent (Cardona et al., 2022; Akli
et al., 2022; Ahn et al., 2022a; Mazieres et al., 2022). In particular, a
recent study including 95 biopsies performed in EGFR-mutated patients
at the time of osimertinib progression identified the following off-target
alterations: MET amplification (9 cases), HER2 amplification (3 cases),
MYC, MDM2/CDK4, CCND1, PIK3CA and KRAS G12A mutations, RET
and BRAF fusions, RB1 loss of function; on-target alterations were less
frequent and comprehended: EGFR amplification (7 cases), C797S and
G724S. Moreover, there were 14 cases of histological transformation
(Choudhury et al., 2023; Schoenfeld et al., 2020).

4.1. On target (EGFR-dependent) resistance mechanisms

In patients treated with first-line osimertinib, on target acquired
resistance mechanisms account for about 10% of cases (Schmid et al.,
2020). In the FLAURA series, the most frequent acquired resistance
EGFR alteration is C797S, followed by L718Q, G796S and S768I; in
another retrospective study also G724S and EGFR amplification were
described (Chmielecki et al., 2023; Schoenfeld et al., 2020).

Osimertinib selectively blocks EGFR protein by irreversibly binding
to its C797 residue and, as expected, the most common EGFR-dependent
mechanisms of resistance are based on mutations involving this spot and
the protein modification hinders the covalent bond of osimertinib to the
mutant EGFR (Yu et al., 2007; Passaro et al., 2021). In particular, C797S
accounts for about 7% of cases of acquired resistance after first-line
osimertinib, making it the second most frequent acquired resistance
mechanism, behind MET amplification (Leonetti et al., 2019). Inter-
estigly, its rate of detection is similar both in tissue and in plasma
(15-22%) (Papadimitrakopoulou et al., 2020; Yang et al., 2018; Oxnard
et al., 2018).

Mutations involving G724, located in exon 18, are less common and
mutually exclusive with C797S. They appear in about 1-4% of first-line
Osimertinib resistance cases (Choudhury et al., 2023; Schoenfeld et al.,
2020). G724 is located in the glycine rich N-lobe of the kinase domain of
EGFR,; rigidifies the loop and prevents osimertinib binding with F723
amino-acid (Lazzari et al., 2019; Tumbrink et al., 2021). In vivo and in
vitro analyses confirm that this mutation limits the activity of Osi-
mertinib (Fassunke et al., 2018).

Although less studied in clinical setting, G796 residue, adjacent to
C797, can be involved in acquired resistance mechanisms since its
modifications sterically interfere with Osimertinib aromatic ring and
reduce binding affinity (Tumbrink et al., 2021). There are various types
of G796 mutations (G796R, G796S, G796D) and main evidence is
available about the role of G796R (Zhang et al., 2018; Ou et al., 2017),
that in preclinical models affects the osimertinib/EGFR complex binding
(Yang et al., 2018).

Other rare EGFR mutations, including genetic alterations at positions
L718, 1792, G724, and G796, were also reported as mechanisms leading
to tumor cells’ resistance to front-line osimertinib (Chmielecki et al.,
2023; Dong et al., 2021). In particular, the group of mutations involving
L792 (L792F, L792Y, and L792H) add a benzene or imidazole ring to the
side chain L792 residue, affecting the correct orientation of Osimertinib
and preventing the linkage with the active site (Chen et al., 2017).
Functional studies in vitro demonstrated that the mutations activate the
pathways MAPK/ERK and JAK-STAT thus conferring resistance to Osi-
mertinib at all doses (Fairclough et al., 2019). Mutations involving L718
position were already known as uncommon EGFR mutation in treat-
ment-naive patients and subsequently identified as possible first-line
osimertinib resistance mechanism, in about 2% of cases (Chmielecki
et al., 2023; Bersanelli et al., 2016; Ramalingam et al., 2018 Oct). The
presence of the mutation reduces the covalent bond of osimertinib and
therefore the Therapeutic Index (Yang et al., 2018; Shen et al., 2021;
Yang et al., 2020).

Table 1
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Main molecular characterization studies in NSCLC patients progressing to first-

line osimertinib.

Study

Number
of
patients

Material

On-target
resistance
mechanism

Off-target
resistance
mechanism

Ramalingam S.
et al. 2018 (
Ramalingam
et al., 2018)

Chmielecki J.
et al. 2023 (
Chmielecki
et al., 2023)

Schoenfeld
et al. 2020 (
Schoenfeld
et al., 2020)

Cardona A.
et al. 2022 (
Cardona
et al., 2022)

19

109

27

94

Plasma
ctDNA

Plasma
ctDNA

Tissue
samples

Tissue
samples
and
plasma
ctDNA

C797S: 2 G719S:
1EGFR amp: 1

C797X: 7, L718Q:
2, S768I: 1,
G796S: 1, Exon 20
ins: 1

EGFR amp: 9,
G7248S: 1.

EGFR
amplification:
8,4%, T790M loss:
15,4%, acquired
EGFR mutations:
11,6%

MEK1 G128V:
1, HER2: 2
(exon 20 ins: 1,
E1247K: 1),
JAK2 V617F: 1,
PIK3CA E545K:
1, MET amp: 1,
KRAS: 2
(G12D: 1,
ampl: 1), TP53:
9, CTNNB1: 2
(G34V:1,
S37F: 1), PTEN
Q171*: 1, RBI:
4 (R255*: 1,
pLys427fs: 1,
c407fs: 1,
L158*: 1)

MET amp: 17,
HER2 amp: 2,
KRAS mut: 3
(A146T: 1,
G12C: 1, G12D:
1), BRAF
V600E mut: 3,
PIK3CA mut: 6
(E545K: 4,
E453K: 1,
H1047R: 1),
ALK fusion: 1,
CCND1 amp: 4,
CCND2 amp: 1,
CCND3 amp: 1,
CCNE1 amp: 3,
CDK4 amp: 2,
CDK6 amp: 5
TP53: 20,
PIK3CA: 3,
PTEN: 3, KRAS:
2 (G12A: 1,
amp: 1), MET:
3 (H1094Y: 1,
ampl.: 2),
BRAF-TRIM24
fusion: 1, RET-
RUFY2 fusion:
1, CDKN2A
deletion: 4,
CDKN2B
deletion: 4
MET
mutations:
2,7%, MET
amp. 0,6%,
HER2 amp:
6,2%, KRAS
mut: 4,8%,
BRAF mut
3,4%, BRAF
fusions: 1,4%,
PIK3CA mut.
3,4%, JAK mut:
4,8%, TP53
mut: 29,2%,
CTNNB1 mut:
1,4%, RET
fusion: 2,7%,
PTEN loss:
0,6%

(continued on next page)
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Table 1 (continued)

Study Number Material On-target Off-target
of resistance resistance
patients mechanism mechanism
AKli A. et al. 27 Tissue C7978S: 3 (11%), MET amp: 4
2022 (Akli samples L730V: 1 (4%), (15%), HER2
et al., 2022) and EGFR amp. 1 amp: 1 (4%),
plasma (4%), L718V: 1 TP53 mut: 5
ctDNA (4%), L747P: 1 (18%), KRAS
(4%), L861G: 1 mut: 1 (4%),
(4%), G719A: 1 STK11 mut: 1
(4%) (4%), CCDC6-
RET fusion: 1
(4%), SCLC
transf: 1 (4%)
Choudhury N. 95 Tissue EGFR amp.: 7, MET amp.: 9,
et al. 2023 ( samples C7978S: 3, G724S: HER2 amp: 3,
Choudhury 2 PIK3CA mut: 3,
et al., 2023) KRAS G12A: 1,
RET/RUFY2
fusion: 2,
BRAF/TRIM24
fusion: 1, RB1
loss: 2, MDM/
CDK4 amp: 1,
CCND1 amp: 1,
MYC amp: 1,

SCLC transf: 7,

SQCC transf: 4,

LCNEC transf:

2
Abbreviation: ctDNA, circulating tumor DNA.

4.2. Off target (EGFR-independent) resistance mechanisms

Off target mechanisms imply the activation of alternative pathways
to overcome EGFR inhibition. Other transmembrane proteins might
activate parallel downstream pathways, in order to by-pass EGFR inhi-
bition, while downstream intracellular GTP-ase proteins might directly
activate signalling downstream EGFR (Leonetti et al., 2019).

4.2.1. MET amplification

The most frequently altered pathway involves MET. MET is a
transmembrane protein activating MAPK, STAT and PI3K/AKT proteins,
thus able to bypass EGFR blockade (Le et al., 2018; Ortiz-Cuaran et al.,
2016; Coleman et al., 2021).

MET amplification is the most frequent and well described off-target
resistance mechanism, accounting for at least 7-15% of acquired resis-
tance to first line osimertinib (Chmielecki et al., 2023) (Fig. 2). First
information concerning the role of MET in acquired resistance to osi-
mertinib stems from translational analyses in patients included in clin-
ical trials, but the acquisition of increased data led to the knowledge of

B MET amplification
M Lineage plasticity
u Cell cycle alterations
EGFR mutations
Unknown, 47%
B HER2 amplification
M PI3K pathway mutations

B Unknown

m Oncogenic fusions

PI3K pathway
mutations, 4%
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the high heterogeneity of MET alterations and the incomplete consis-
tence between plasma and tissue analysis results (Oxnard et al., 2018).
In addition, MET alterations can co-occur with other acquired alter-
ations such as CDK6 and BRAF amplification and their impact on
outcome is not yet understood (Le et al., 2018; Oxnard et al., 2018).

Initially, similar frequency of MET amplification had been depicted
after failure of first-line or subsequent-line osimertinib (Ramalingam
et al., 2018; Papadimitrakopoulou et al., 2020; Yang et al., 2018;
Ramalingam et al., 2018 Oct; Coleman et al., 2021; Reita et al., 2021),
but, as already mentioned, much higher rate has been described when
analysing patients with systematic tissue rebiopsies as performed in
interventional clinical trials, such as SAVANNAH and INSIGHT?2 studies,
where MET amplification has been detected in 30-60% of patients
(Mazieres et al., 2022; Ahn et al., 2022b).

On the other side, different methods are used to detect MET ampli-
fication thus influencing the incidence of its identification. Fluorescent
in situ hybridization (FISH), performed in tissue, is the gold standard for
detection of MET amplification, being able to distinguish between
amplification and polysomy by using the mean MET per cell and CEP7
ratio (Kawakami et al., 2014); most studies use a cut-off MET/CEP7 ratio
of > 2, but standardized cut-off to define MET amplification is not
available yet (Passaro et al., 2021; Coleman et al., 2021). IHC seems not
to be a reliable predictor of MET amplifications. In a small cohort study
of 181 patients, the use of IHC to diagnose MET alterations was
compared to FISH and NGS: a total of 3 out of 181 patients were diag-
nosed with MET amplification by FISH or NGS, and two out of three had
negative IHC for MET amplification (Guo et al., 2019). Finally, NGS is
increasing its role both in tissue and in plasma even though standardized
cut-offs are not available yet: generally, a cutoff with GCN >10 is
preferred as it corresponds to a high level of MET amplification. The
higher cut off has been shown to have greater concordance with FISH
(Schubart et al., 2021). On the other side, MET amplification detection
might be suboptimal in plasma due to technical limits (Coleman et al.,
2021).

MET exon 14 skipping mutation occurs in 3-4% of treatment-naive
lung cancers (Awad et al., 2016), but it is very rarely associated with
EGFR mutation, even though its potential role in acquired resistance has
been demonstrated in preclinical models (Suzawa et al., 2019; Li et al.,
2017).

4.2.2. Alterations of HER2 and other transmembrane receptors

Human epidermal growth factor receptor 2 (HER2) is a member of
transmembrane tyrosine kinase ErbB family implicated in signal trans-
duction through the PI3K intracellular pathway. Its hyperactivation
could result in the bypass of EGFR inhibition. HER2 amplifications were
found in 5% of patients enrolled in AURA trial and in 2% of FLAURA
trial in patients treated with first line osimertinib (Ramalingam et al.,

Oncogenic fusions, 1%

MET amplification, 15%

Lineage plasticity; 14%

\ Cell cycle alterations,
' 10%

EGFR mutations, 7%
HER2 amplification, 2%

Fig. 2. distribution of the resistance mechanisms after 1st line Osimertinib.
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Mechanisms of resistance to osimertinib

in first line

- C797S
- G796X
-L792X
-L718Q
- G719X
- G729X

- exon 18 (G719X, most
common)

exon 19 insertion
-RB1

- HER2 amplification
-CTNNB1
- PIK3CA
PTEN (delection; mutation)
NKX2
-KRAS (G12C, G12V, G12D)

- Cell cycle genes (CDK4/6,
CCND1/2, CCNE1, BIM)

- MET amplification

exon 20 insertion
- exon 2057681
- T790M de novo
- exon 211861Q

- Loss of 790M

-Small cell cancer

- MET (amplification; exon 14
skipping)

- HER2 amplification
- K-RAS mutation

B-RAF (mutation;
rearrangements)

- RET fusion
- ALK fusion
-PIK3CA

- PTEN loss

- Squamous cancer

- Large cell neuroendocrine
carcinomas

Fig. 3. overview of possible resistance mechanisms after 1st line Osimertinib.

2018; Chmielecki et al., 2023). Other possible HER2 mediated resistance
mechanisms comprehend exon 20 insertion and exon 16
skipping-mutation (Chmielecki et al., 2023; Hsu et al., 2020). The main
methods used to assess HER2 amplification are NGS (both in plasma
samples and tissue) and FISH, with good concordance (Le et al., 2018;
Michels et al., 2019; Hondelink et al., 2021).

As part of transmembrane tyrosine kinase family, RET and ALK fu-
sions, although rarer than MET and HER2 amplifications, could repre-
sent other potentially targetable resistance mechanisms. Heterogeneous
RET and ALK fusions are rarely found at the time of acquired resistance
(Le et al., 2018; Piotrowska et al., 2018). Gene fusions represents a
technical challenge for NGS detection (Belli et al., 2021). Both DNA and
RNA NGS can be performed, either with some limitations: DNA
sequencing is affected by lower sensitivity while RNA approach can be
limited by RNA quality and quantity (Bruno and Fontanini, 2020).

G protein-coupled superfamily receptors (GPCR) are a large group of
seven-pass transmembrane receptors able to detect extracellular ligands
and promote intracellular signaling through the associated G proteins
(Rosenbaum et al., 2009).Increasing research efforts are focusing on the
interactions between GPCRs and tyrosine kinase receptors (RTK). In this
context, GPCRs can have a role in stimulating EGFR and participating in
cancer evolution (Moody et al., 2023; Zhang et al., 2022). In vitro
analysis have explored the role of GPCR in eliciting gefitinib resistance
(Kuzumaki et al., 2012).From this point of view, GPCR represent a future
promising potential target for precision medicine in the context of EGFR
mutated NSCLC disease (Zhang et al., 2022).

4.2.3. KRAS and BRAF alterations

Other different off-target resistance mechanisms occur when gain- or
loss-of-function genetic alterations hit critical genes involved in the
EGFR downstream signaling pathway. KRAS is a downstream compo-
nent of the EGFR network and promotes pro-survival and growth signals.
If mutated, it becomes constitutively activated independently from
EGER status (Ortiz-Cuaran et al., 2016; Normanno et al., 2009). Various
studies reported different acquired KRAS mutations after progression to
first-line osimertinib (mainly G12A, G12C, G12D) (Ramalingam et al.,
2018; Chmielecki et al., 2023; Choudhury et al., 2023; Schoenfeld et al.,
2020). They are found in about 3-4% of cases both in plasma and tissue
by using NGS panels and they are frequently associated with PI3KCA and

BRAF mutations (Le et al., 2018; Yang et al., 2018; Oxnard et al., 2018;
Michels et al., 2019; Zhao et al., 2020).

Mutations and rearrangements in BRAF are other possible acquired
resistance mechanisms (Aboubakar Nana and Ocak, 2021). The most
frequent mechanism is V6OOE mutation, which accounts for about 3% of
them (Chmielecki et al., 2023). Rearrangements causing loss of N-ter-
minal auto-inhibitory domain account for about 2% of osimertinib
resistance mechanisms (Aboubakar Nana and Ocak, 2021).

4.2.4. Alterations of PI3K pathway

Downstream in the essential oncogenic pathway, PIK3CA constitutes
the catalytic subunit of PI3K and activating alterations were found in
4-10% of patients after progression following second-line osimertinib
(Papadimitrakopoulou et al., 2020) and 3-7% following first line
(Ramalingam et al., 2018; Chmielecki et al., 2023; Cardona et al., 2022;
Choudhury et al., 2023). E545K is the most common gain of function
mutation (Leontiadou et al., 2018): already found in patients progress-
ing to later-line osimertinib, it was also detected in patients treated with
first-line osimertinib among other rarer variants (E453K, H1047R) (Le
et al., 2018; Chmielecki et al., 2023; Zhao et al., 2020).

A different mechanism leading to PI3K/AKT up-regulation is PTEN
loss. PTEN is a negative regulator of PI3K/AKT by dephosphorylation of
PIP-3 to PIP-2 and it has been described as a possibly involved in ac-
quired resistance development (Ramalingam et al., 2018; Cardona et al.,
2022; Schoenfeld et al., 2020; Kim et al., 2015; Bordi et al., 2019; Yang
et al., 2021).

4.3. Histological transformation

The histological transformation of EGFR-mutated aNSCLC concerns
about 3-15% of all EGFR-mutated patients and it seems to be more
common after front-line osimertinib (as shown in Fig. 2) (Schoenfeld
et al., 2020; Niederst et al., 2015; Sequist et al., 2011). Commonly,
EGFR-mutant small cell lung cancers (SCLCs) continue to harbor the
original EGFR-mutation indicating the direct evolution from the original
NSCLC (Marcoux et al., 2019). Tissue biopsy at the time of progression
remains the standard way to identify this transformation; however, in
several cases, RBI and TP53 liquid biopsy mutations at the time of
progression could suggest neuroendocrine evolution (Vendrell et al.,
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2020; Pizzutilo et al., 2021; Bonanno et al., 2021). However, RB1 loss,
detected in 9.5%—12.5% of EGFR-mutant NSCLCs, is necessary but not
sufficient for SCLC development and additional pathways, such as
epigenetic changes, are supposed to play an essential role (Shaurova
et al., 2020). A possible explanation could be found in the selective
pressure driven by TKI inhibition, leading to the selection of pre-existing
resistant clones, even though additional mechanisms are probably
required and remain unknown (Niederst et al., 2015; Lee et al., 2017b).

From a clinical point of view, patients whose tumours undergo his-
tological transformation are characterized by poor prognosis; treatments
are currently decided on the basis of the knowledge concerning de-novo
SCLC patients and duration of the derived clinical benefit is rather
limited (Marcoux et al., 2019; Roca et al., 2017). Currently, the main
challenge in this context is the early identification of patients at risk, in
order to personalize treatment and potentially improve their outcome.
We are performing multicentric retrospective analysis among patients
developing histological transformation and preliminary data suggest a
potential role for molecular characterization in plasma in order to
anticipate the risk of histological transformation before tissue rebiopsy
(Bonanno et al., 2021).

In addition, several reports have described lineage plasticity to other
rare histological phenotypes, such as squamous cell carcinomas (SCCs)
and large cell neuroendocrine carcinomas (LCNECs) (Izumi et al., 2018;
Moriya et al., 2017). EGFR-mutated adenocarcinoma to SCC lineage
transformation is a rare type of acquired resistance to EGFR TKIs and the
incidence of SCC transformation during front-line osimertinib results to
be higher than with first-/second-generation EGFR TKIs or later-line
Osimertinib (Park et al., 2019). The etiopathogenesis of histological
transformation to SCC remains poorly defined and it could reveal a
previous coexistence of two components (both adenocarcinoma and
SCC) and a switch to the predominant histology during targeted therapy
(Pathak and Villaflor, 2021). No consistent molecular signature has been
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identified in SCC transformation; but in genetically engineered mouse
models, live kinase B1 (LKB1) inactivation has shown to promote
gradual transition from adenocarcinoma to SCC, leading to drug resis-
tance through metabolic alterations (Han et al., 2014).

5. Therapeutic strategies in Osimertinib-resistant patients —
primary resistance

As already mentioned, a quote of EGFR-mutated patients (about
20-30%) doesn’t benefit from first-line osimertinib even in the presence
of EGFR sensitizing mutations (Santoni-Rugiu et al., 2019). In addition,
approximately 20% of patients with EGFR-mutated NSCLC can’t receive
a second-line therapy, which has prompted the researchers to examine
the possibility of preventing the emergence of resistance to
third-generation EGFR TKI by combining EGFR inhibition with other
therapeutic strategies, such as chemotherapy, MET inhibitors and
anti-angiogenesis agents. Ongoing clinical trials in this setting are listed
in Table 2.

5.1. EGFR TKI plus chemotherapy

Preclinical data suggest that EGFR-TKIs combined with chemo-
therapy may act synergistically to delay the development of acquired
resistance (La Monica et al., 2019). The phase III study, NEJO09, eval-
uated gefitinib alone versus gefitinib in combination with carboplatin
and pemetrexed in naive EGFR-mutated NSCLC patients and demon-
strated improved PFS and OS (HR, 0.695; 95% CI: 0.52-0.93) in patients
in the combination arm while toxicity profile was overall acceptable
(Nakamura et al., 2018; Hosomi et al., 2020).

Several prospective trials are ongoing with the aim of evaluating the
efficacy and safety of the combination of third-generation TKI with
chemotherapy in previously untreated patients: the ongoing phase II

Table 2
Ongoing clinical trials in front-line setting for EGFR mutated advanced non-small cell lung cancer.

ClinicalTrial.gov Identifier Phase Drug Mechanism of action Status Primary andgecondary

(Study Title) endpoint

NCT04772235 (TOTEM) I Repotrectinib + Osimertinib ALK, ROS1 and TRK inhibitor EGFR  Recruiting AEs and DLT ORR and

inhibitor DCR

NCT04811001 (CAPLAND) i Arm A: Osimertinib -> Dacomitinib Arm B: EGFR inhibitor Recruiting OS PFS
Dacomitinib -> Osimertinib

NCT04769388 (FLAME) I Arm A: Osimertinib + Carboplatin + NA Recruiting PFSOS ORR and DCR
PemetrexedArm B: Osimertinib

NCT05493501 11 Arm A: AumolertinibArm B: Aumolertinib + EGFR inhibitor Recruiting PFSOS, ORR and DCR
Chemotherapy Arm C: Osimertinib

NCT04743505 I APL-101 + Osimertinib ¢-MET inhibitor Recruiting AEs and PFS

NCT04141644 I Ipilimumab + Osimertinib Anti-CTLA4 mAb Recruiting AEsORR and PFS

NCT05382728 (FLETEO) il Arm A: TY-9591Arm B: Osimertinib EGFR inhibitor Not yet PFSiORR and iPFS

recruiting
NCT05401110 I Carotuximab + Osimertinib monoclonal antibody directed Not yet AEsORR and DCR
against endoglin(CD105) recruiting

NCT03909334 I Arm A: Ramucirumab + OsimertinibArm B: Anti- VEGFR mAb Recruiting PFSORR, DCR and OS
Osimertinib

NCT04780568 I Tegavivint + Osimertinib inhibitors of Wnt/p-catenin Recruiting AEsORR, PFS, OS and

Arm A: Savolitinib + osimertinib Arm B:
Osimertinib

Arm A: Bevacizumab + OsimertinibArm B:
Osimertinib

Anlotinib 4 Osimertinib

NCT05163249 (FLOWERS) I

NCT04988607 I

NCT04770688(AUTOMAN) I

NCT03516214 (EATON) I Nazartinib + Trametinib
NCT03392246 I Osimertinib + Selumetinib
NCT02954523 I-IT Osimertinib + Dasatinib
NCT05507606 I Osimertinib + Bevacizumab + CT
NCT03567642 I Osimertinib + CT platinum-based

signaling DOR

¢-MET inhibitor Not yet ORRPFS, DOR and DCR
recruiting

Anti-VEGF mAb Not yet PFSOS, TTF and ORR
recruiting

EGFR TKIs Recruiting ORRDLT, DCR and DOR

EGFR + MET inhibitor Recruiting DLTAEs and ORR

EGFR TKIs Not recruiting ~ BORPFS and OS

ABL1/SRC TKI Not recruiting  Safety

EGFR inhibitorAnti-VEGF mAb Recruiting ORR OSand PFS

EGFR inhibitor Recruiting SafetyToxicity profile

(MTD)

Abbreviations: AE, adverse event; Anti-CTLA4 mAb, anti- cytotoxic T lymphocyte antigen-4 monoclonal antibody; Anti-VEGF mAb, anti-vascular vascular endothelial
growth factor monoclonal antibody; BOR, best overall response; CT, chemotherapy; DCR, disease control rate; DLT, dose limiting toxicities; DOR, duration of response;
EGFR, Epidermal growth factor receptor; iORR, immune objective response rate; iPFS, immune progression-free survival; MTD, maximal tolerated dose; NA, not
applicable; PFS, progression-free survival; ORR, overall response rate; OS, overall survival; TKI, tyrosine kinase inhibitor; TTF, time to treatment failure.
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OPAL trial (Asahina et al., 2021) and the phase III FLAURA2 study
(NCT04035486) explore the association of osimertinib and chemo-
therapy (Planchard et al., 2023). In the FLAURA2 safety run-in period,
30 patients received osimertinib and pemetrexed with carboplatin or
cisplatin, and the reported results showed that the safety profile of these
combinations were as expected and manageable (Planchard et al.,
2021). Recently  published results demonstrated  that
Investigator-assessed PFS was significantly longer in the
osimertinib-chemotherapy arm than in the osimertinib arm (HR, 0.62;
95% CI, 0.49-0.79; p<0.001). At 24 months, 57% (95% CI, 50-63) of
the patients in the combination arm and 41% (95% CI, 35-47) of those
in the osimertinib arm were alive and progression-free (Planchard et al.,
2023).

Interestingly, the phase III TOP study (NCT04695925) compares
efficacy and safety of osimertinib alone versus osimertinib plus peme-
trexed and carboplatin in treatment-naive patients with advanced
NSCLC and concurrent EGFR and TP53 mutations. Additionally, another
study has been designed to prevent SCLC transformation through the
combining of platinum-etoposide chemotherapy with osimertinib in the
first-line setting for EGFR-mutated NSCLC with concurrent RB1 and
TP53 mutations (NCT03567642).

5.2. TKIs combinations

There is increasing interest regarding the effect of concomitant ge-
netic alterations on the efficacy of EGFR-TKIs (CHEVALLIER et al., 2020;
Canale et al.,, 2017), indeed some ongoing studies are designed to
investigate the impact of specific co-mutations. Co-existing MET
amplification or MET over-expression and EGFR-mutation at baseline
has been associated with shorter PFS on EGFR-TKI monotherapy (Shi
et al., 2016). In a preclinical study by Peng et al. dual targeted therapy
with osimertinib plus savolitinib showed anti-tumor activity in the lung
cancer organoids drug testing assay (Peng et al., 2022). On the basis of
preclinical rationale, a phase II clinical trial is ongoing with the aim to
evaluate the efficacy of osimertinib with or without savolitinib as
first-line treatment in patients with de novo MET-amplified/over-ex-
pressed, EGFR-mutated NSCLC (Li et al., 2023).

In the same contest, MARIPOSA is a phase III trials comparing the
targeted agents combination lazertinib and amivantamab versus laz-
ertinib alone versus osimertinib in first-line setting in EGFR-mutated
patients, thus testing the hypothesis that inhibiting EGFR and MET
frontline could improve outcome (Cho et al., 2022). PFS is the primary
endpoint of the study and one of the main challenges is tolerability,
given the fact that a combination therapy, potentially more toxic than a
single agent, is proposed frontline to the all-comer EGFR-mutated pa-
tients, for which an effective and well tolerated therapy already exists.
Anyway, clinically meaningful improvements over standard care have
been observed in first line, as reported at ESMO Congress 2023: at a
median follow-up of 22.0 months, the combination of amivantamab and
lazertinib showed a 30% reduction in the risk for disease progression or
death versus osimertinib alone (HR, 0.70; 95% CI, 0.58-0.85; p<0.001),
with mPFS of 23.7 months (95% CI, 19.1-27.7) versus 16.6 months (95%
CI, 14.8-18.5), respectively. ORR was 86% (95% CI, 83-89) for the
combination versus 85% (95% CI, 81-88) for osimertinib alone. More-
over, at interim OS analisys, there was a favourable trend for ami-
vantamab plus lazertinib over osimertinib (HR, 0.80; 95% CI, 0.61-1.05;
P=0.1). As regarding the safety profile, the incidence of most EGFR- and
MET-inhibition related AEs was higher with amivantamab-lazertinib
than with Osimertinib. Treatment-related adverse events (TRAEs)
leading to discontinuations of all agents occurred in 10% of patients
treated with amivantamab plus lazertinib and 3% with osimertinib.
Notably, any venous thromboembolism occurred in 37% of patients in
the combination arm and 9% on osimertinib arm, leading the in-
vestigators to recommend prophylactic anticoagulation in ongoing trials
of amivantamab-Lazertinib (Cho et al., 2023).
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5.3. EGFR TKI plus antiangiogenetic drugs

Adding VEGF inhibitors to first-generation EGFR TKIs has been
shown to prolong PFS but not OS in front-line setting (Nakagawa et al.,
2019; Yamamoto et al., 2021; Maemondo et al., 2020). A Phase I/1I trial
single arm investigating the combination of osimertinib with bev-
acizumab showed a 12-month PFS rate of 76% and a median PFS of 19
months (Yu et al., 2020). Another phase II study evaluating the efficacy
and safety of osimertinib plus bevacizumab for previously untreated
patients with NSCLC harboring EGFR-sensitizing mutations failed to
exhibit the efficacy of the combination for improving the PFS (Kenmotsu
etal., 2022). A randomized phase II trial (NCT02971501) will determine
the efficacy of first-line osimertinib plus bevacizumab against osi-
mertinib alone in previously untreated EGFR mutated patients with
brain metastases: primary endpoint is PFS and among the secondary
endpoints we highlight intracranial response rate and time to intracra-
nial progression. Moreover, another phase II study (NCT03909334) will
determine the activity of osimertinib plus ramucirumab against osi-
mertinib alone in previously untreated EGFR mutated metastatic pa-
tients. Furthermore, NCT05507606 trial has been designed to evaluate
the efficacy of the combination of osimertinib, bevacizumab and
platinum-doublet chemotherapy in previously untreated EGFR-mutated
NSCLC patients.

5.4. EGFR TKI + immune checkpoint inhibitor (ICI)

The combination of EGFR and immunotherapy has also been inves-
tigated. A phase II trial was conducted to evaluate the efficacy of pem-
brolizumab in this setting in patients whose tumors have high PD-L1
expression (Lisberg et al., 2018 Aug). The trial enrolment was inter-
rupted due to the lack of efficacy after 11 of the 25 planned patients
received immunotherapy. Some ongoing trials are evaluating safety and
efficacy of the ICI plus EGFR-TKI combination strategy: for example, the
phase Ib NCT04141644 aims to determine the activity of osimertinib
plus ipilimumab in patients with EGFR-mutated NSCLC. While outcomes
of these trials are immature, clinical data available in different settings
overall discourage the use of ICI-containing combinations in EGFR
mutated NSCLC (Attili et al., 2023; Yang et al., 2023). Moreover, the
possible risk of combined toxicity poses a major challenge for the drug
combinations (To et al., 2021).

6. Therapeutic strategies in Osimertinib-resistant patients —
acquired resistance

Osimertinib has dramatically improved the outcome of EGFR-
mutated patients, but inevitably all patients progress and chemotherapy
is currently the standard of care in this setting (Di Noia et al., 2021).

Primarily, post-osimertinib treatment approaches depend on
different clinical and radiologic patterns of disease progression: in case
of oligo-progression in asymptomatic patients, continuing osimertinib
beyond-progression, possibly associating locoregional treatment in the
sites of oligo-progression, is considered as a valid option (Le et al.,
2018). Some ongoing clinical trials, such as SARON trial, are investi-
gating this strategy (NCT02417662), while real-world evidences already
highlighted the role of local treatment in clinical practice (Lorenzi et al.,
2022).

CNS progression appears in about 30% of osimertinib progressing
patients (Reungwetwattana et al., 2018) and represents a clinical chal-
lenge due to the lower effectiveness of chemotherapy in CNS. If the
progression is limited to CNS, sampling the progressing site represents a
further difficulty and, if surgery is not possible, no histological and
molecular data are available (De Mattos-Arruda et al., 2015). Surgery
and stereotactic radiotherapy, when feasibile, represent the main ther-
apeutic options (Suh et al., 2020), but they do not grant protective effect
on further CNS progression. Overall, CNS activity is one of the main aims
when testing the efficacy of a new therapeutic strategies in this context.
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When progression is widespread and symptomatic, a switch of sys-
temic therapy is required. The development of new treatment strategies
includes two different approaches. The first approach is based on the
concept of personalized precision medicine: each patient progressing to
first-line osimertinib is tested in order to detect the involved mechanism
of acquired resistance and new treatment options are tested in molec-
ularly selected patients. The second approach aims to study targeted
treatment options in molecularly unselected patients, mainly targeting
the most frequent resistance mechanisms.

Anyway, in several clinical trials osimertinib is maintained after first-
line treatment in combination with an additional treatment. This strat-
egy is based on a biological rationale: osimertinib continues to exert his
inhibitor effect in the pool of cells that are still sensible, and slows down
the progression of disease (Chaft et al., 2011). As known, EGFR pathway
blockade is still crucial even if the tumoral cells have developed alter-
native pathways of resistance, and stopping osimertinib could lead to a
faster disease progression (Chmielecki et al., 2011). In particular, osi-
mertinib continuous effect on CNS even in the presence of extracranial
progression, might be crucial when turning into chemotherapy or
another different approach with limited brain activity (Reungwetwat-
tana et al., 2018; Popat et al., 2023).

See Table 3 for novel therapeutic strategies in EGFR mutated aNSCLC
patients post-progression to first-line osimertinib.

6.1. Molecular selected therapeutic strategies

6.1.1. Overcoming on-target resistance

Among on-target resistance mechanisms, the point mutation C797S
in exon 20 is the most frequent alteration, detected in about 6% of pa-
tients progressing to first-line Osimertinib (Chmielecki et al., 2023).
Brigatinib showed potential to overcome C797S and T790M in cis mu-
tations in preclinical studies (Uchibori et al., 2017) and clinical activity
has been reported, alone or associated with other TKIs (Zhao et al.,
2018; Wang et al., 2019b; Lin et al., 2021; Wang et al., 2020). Moreover,
allosteric EGFR inhibitors were designed to overcome on-target Osi-
mertinib resistance: they showed a synergistic activity with osimertinib
and their mechanism of action is independent of common ATP-binding
site mutations (Koulouris et al., 2022). These novel mutant-selective
inhibitors were designed to bind to a different EGFR site than existing
ATP-competitive EGFR TKIs, inducing the stabilization of the inactive
“C-helix out” conformation of the kinase and, thus, its inhibition.
However, this allosteric pocket is not available when EGFR dimerises.
This partially explains why the early allosteric inhibitors (EAIOO1,
EAI045, and DDC4002), used in monotherapy, failed to demonstrate
robust antitumor activity (Beyett et al., 2022). With the intent to prevent
the allosteric pocket occlusion that is induced by the EGFR dimerization,
the combination treatment of the EAI0O45 and the
dimerization-disrupting antiEGFR monoclonal antibody, cetuximab,
was recently evaluated. Indeed, the combination showed antitumor
activity against L858R/T790M and L858R/T790M/C797S EGFR mutant
NSCLC cellular assays (Jia et al., 2016). Therefore, emerging treatment
strategies including combination of ATP-competitive and allosteric in-
hibitors are under evaluation and, on the other hand, new, more potent
allosteric EGFR inhibitors, such as JBJ-04-125-02 and JBJ-09-063,
have already demonstrated single-agent activity against L858R/T790M
and L858R/T790M/C797S mutations, in preclinical models (Jia et al.,
2016; To et al., 2019).

BLU-701 is an investigational, reversible, brain-penetrant, wildtype-
sparing oral TKI with nanomolar potency on common activating muta-
tions (exon 19 deletion and L858R) and C797X resistance mutations
(Tavera et al., 2022). The HARMONY trial (NCT05153408) is an
ongoing phase I/II study aiming to evaluate the safety and antitumor
activity of BLU-701 as monotherapy or in combination with osimertinib
or with platinum-based chemotherapy in patients with EGFR-mutated
NSCLC progressed to a previous EGFR-TKI. In HARMONY’s mono-
therapy arm patients must harbour an EGFR C797X resistance mutation
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(Spira et al., 2022).

Unfortunately, in the setting of on-target acquired resistance, we
already have negative results: the combination of Osimertinib plus
necitumumab in patients carrying secondary alterations in EGFR at the
time of disease progression after first-line Osimertinib stopped its
development since futility criteria were met (Riess et al., 2022).

6.1.2. Overcoming off-target resistance

In the presence of off-target acquired resistance mutations,
combining EGFR-TKIs with a drug able to inhibit the parallel resistance
pathway involved has a clear biological rationale. The first published
data in this context are mainly case reports and case series of
osimertinib-progressed patients, treated with targeted agents selected
on the basis of the detected resistance mechanism, alone or in combi-
nation with osimertinib (Bertoli et al., 2022).

Combination strategies with EGFR-TKIs may overcome the genomic
heterogeneity of drug resistance; however, the risk of overlapping tox-
icities and resulting dose adjustments can often hamper effective drug
combinations and must be taken into account when planning clinical
trials (Coleman et al., 2021).

In parallel with this first spontaneous clinical experience, clinical
trials have been designed to formally demonstrate the activity and ef-
ficacy of this molecularly tailored strategies and thereafter to compare
them with standard chemotherapy. MET amplification is the most
common mechanism of osimertinib acquired resistance and therefore it
was the first to be formally investigated as a therapeutic target.

The main options to target the resistance mechanism are: 1) small
molecules that act as tyrosine kinase inhibitors, 2) antibodies that block
the extracellular domain of the target, or 3) antibody-drug conjugates
(ADCs) that, once linked to the target, are internalized and release the
chemotherapic component inside the cell (Coleman et al., 2021).

Some case reports suggested that combining crizotinib (a TKI with
both anti-ALK and -MET activity) with osimertinib might get over MET-
induced resistance (Deng et al., 2018; Zhu et al., 2019) but also high-
lighted the issue of increased and sometimes unacceptable toxicity of
combination strategies, underlying the importance of specifically
designed studies and dosage modifications (Deng et al., 2018). After
these first reports, EGFR-mutant NSCLC patients included in phase I1/1I
studies with a MET TKI and EGFR TKI combination experienced
demonstrated clinical benefit (Sequist et al., 2020; Yu et al., 2021). The
most studied drugs in this context are savolitinib, tepotinib and cap-
matinib, being competitive tyrosine kinase inhibitors specifically tar-
geting MET and inhibiting downstream signalling through the ERK and
AKT pathways (Santarpia et al., 2021).

TATTON study investigated various possible combinations of treat-
ments with osimertinib after an EGFR-TKI progression, including two
arms (B and D) with savolitinib in patients with MET amplification
confirmed at the time of disease progression. Allowed testing modalities
included local tissue FISH (MET gene copy number >5 or MET-CEP7
ratio >2 was required), local tissue immunohistochemistry (MET +3
expression in >50% of tumour cells was required), or NGS (>20%
tumour cells, coverage of >200 x sequencing depth and >5 copies of
MET over tumour ploidy were required). In arm B, 138 patients received
osimertinib plus savolitinib 600 mg (n=130) or 300 mg (n=8). Inarm D,
42 patients received osimertinib plus savolitinib 300 mg. In part B, 66
(48%; 95% CI 39-56) and in part D, 23 (64%; 95% CI 46-79) patients
had an objective response (Sequist et al., 2020).

These favourable results let to the development of the SAVANNAH
trial, a phase II trial based on osimertinib plus savolitinib therapy post
osimertinib progression in EGFR-mutated patients with MET over-
expression and/or amplification. Patients were included according to
molecular characterization in tissue detected either with IHC (cut-off:
3+ in >50% of tumour cell [[HC50+]) and FISH (cut-off: MET copy
number >5 and/or MET:CEP7 signal ratio >2 [FISH5+]). First results,
presented at IASLC 2022, showed that 62% of enrolled patients had MET
amplification at the time of progression to osimertinib and results of
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Table 3

Novel therapeutic strategies in EGFR mutated advanced non-small cell lung cancer patients post-progression to first-line osimertinib.

Mechanism ofresistance

ClinicalTrial.gov Identifier (Study Title)

Treatment
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HER2
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BRAF
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treatment with osimertinib and savolotinib are encouraging. Efficacy
endpoints were analysed in the overall population defined by IHC 50%
and/or FISH5+, and in subgroups including patients defined by
exploratory higher cut-off levels: 3+ staining in >90% tumour cells
(IHC90+) and MET copy number >10 (FISH10+). Activity was partic-
ularly promising in the latter subgroup of patients, representing 56% of
the enrolled patients and 34% of the screened population and demon-
strating an ORR of 49% with median DOR of 9.3 months and median PFS
of 7.1 months (Ahn et al., 2022a). A phase III randomized trial is
currently comparing the efficacy of savolitinib with osimertinib versus
platinum-based chemotherapy in patients progressing to first-line Osi-
mertinib; primary endpoint is PFS (Lu et al., 2022).

In addition to savolitinib, preliminary clinical data have been pre-
sented concerning another reversibile MET inhibitor, tepotinib.
Following the results of the INSIGHT trial investigating the combination
of tepotinib plus gefitinib in patients progressing to gefitinib with MET
overexpression or amplification (ORR of 67% and mPFS 16.6 months)
(Wu et al., 2020), the phase II INSIGHT 2 trial is now evaluating osi-
mertinib plus tepotinib post osimertinib progression in MET amplified
patients: MET amplification was centrally detected by FISH (MET gain
copy number >5 and/or MET/CEP7 >2) in tissue biopsy and/or by NGS
(MET gain copy number >2.3) in liquid biopsy. Among the pre-screened
population who had an evaluable MET test (451 patients), 175 (38,8%)
were defined as MET amplified and 122 patients received treatment.
Preliminary data presented at ASCO 2023 showed, for the FISH positive
patients, an ORR of 43,9% and a median DOR of 9.7 months; mPFS was
5,4 months and mOS was not reached. For the population with an NGS
liquid biopsy positive test, ORR was 51.6%; mDOR was 5.6 months;
mPFS 4.6 months and mOS was not reached (Tan et al., 2023). For
INSIGHT 2 trials a specific arm evaluated tepotinib monotherapy after
osimertinib progression, with an ORR of only 8.3% (Mazieres et al.,
2022).

Furthermore, capmatinib, a reversible MET inhibitor, is under eval-
uation in the ongoing GEOMETRY-E trial, a phase III trial that
randomize MET amplified, osimertinib progressed patients to osimerti-
nib plus capmatinib versus platinum-pemetrexed based doublet
chemotherapy. The completion date is expected for the end of the year
(Wu et al., 2022).

Another common off-target mechanism to osimertinib resistance is
associated with hyperactivation of HER2 and therefore strategies
including its inhibition have been suggested. Preclinical data showed the
potential efficacy of targeting HER2 with the combination of osimertinib
and trastuzumab emtansine (TDM1) in NSCLC EGFR-mutated cell lines
to prevent or delay the appearance of resistance (La Monica et al., 2017).
Several trials designed to test the efficacy of anti-HER2 drugs in asso-
ciation with osimertinib are now ongoing. TRAEMOS trial is a
single-arm phase II study that evaluates the association between Osi-
mertinib and TDM1 in EGFR-mutated, HER2-amplified patients
(NCT03784599). Preliminary results in 27 patients showed ORR of 7%
and clinical benefit rate of 35% after 13.5 months of follow up. Median
PFS was 2.8 months (Jebbink et al., 2023). Moreover, CAPTUR trial is an
ongoing basket trial that assign, for each mutation found in a set of solid
tumors, a specific targeted agent. In particular, in arm 11 HER2 ampli-
ficated tumors (including osimertinib-resistant patients) receive
trastuzumab-pertuzumab (NCT03297606).

Molecularly driven combination treatment strategies have been
explored also in patients with different acquired resistance mechanisms,
even though tailored approaches show clear methological difficulaties
due to the relatively low incidence of each molecular alteration. Main
information concerning the possibility to target ALK, RET or BRAF ac-
quired co-alterations derives from case reports, reporting about associ-
ations of alectinib or crizotinib with osimertinib in case of ALK
rearrangement, dabrafenib-trametinib with osimertinib in the presence
of BRAF mutation, BLU-667 plus osimertinib for RET rearrangements
development at progression (Ding et al., 2020; Batra et al., 2020; Xie
et al., 2021; Schrock et al., 2018).
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In this field, from a biological point of view, trials designed to
investigate in parallel multiple targeted strategies on the basis of mo-
lecular characterization performed in re-biopsy appear to be the most
promising ones. On the other hand, the number of patients enrolled in
each treatment arm is crucial in order to demonstrate the activity of a
new treatment strategy. Some basket trials, like TATTON, CAPTUR and
ORCHARD, are designed according to this concept and are likely to
provide a considerable amount of information concerning acquired
resistance mechanisms (NCT03944772, (De Langen et al., 2022; Oxnard
et al., 2020). In particular, phase Il ORCHARD trial is an ongoing trial
with the aim of evaluating several possible resistance mechanisms after
progression to first-line osimertinib, thus evaluating a second line option
based on the resistance mechanism identified (NCT03944772, (De
Langen et al., 2022). Patients are divided into three groups based on
their molecular profiling from a post-progression tumor biopsy. Group A
includes patients with protocol-determined biomarkers of resistance and
treated with novel combination targeted therapies; group B includes
patients without a detectable protocol-determined biomarker, treated
with non biomarker-selected therapies and group C (observational) in-
cludes patients with histologically transformed disease and/or a
biomarker with an available therapy not investigated in ORCHARD trial.
The primary endpoint is investigator-assessed objective ORR; secondary
outcomes include PFS, DOR, OS and pharmacokinetics of each treatment
module.

6.2. Molecular un-selected therapeutic strategies

Although biologically reasonable, customized approach has several
limitations, due to the need for tissue rebiopsy at the time of progression,
not always feasible, the waiting time for tissue rebiopsy and character-
ization, but also to technical difficulties in the identification and stan-
dardization of the target. Non customized approach has obvious
feasibility advantages and can be reasonable given the supposed high
prevalence of a single resistace mechanism. Secondarily, in a quote of
patient no targeted resistance mechanisms can be found and a different
approach should be studied.

6.2.1. Un-selected therapeutic strategies based on the high MET alterations
prevalence

CHRYSALIS phase 1 trial evaluated the feasibility and preliminary
antitumor activity of amivantamab (a bispecific antibody targeting
EGFR and MET) monotherapy or in combination with lazertinib (an oral,
irreversible third generation EGFR TKI). In the dose expansion part,
amivantamab was administered to six different cohorts assigned on the
basis of EGFR and/or MET mutations or amplifications and of previous
therapy. Both EGFR mutated and non mutated patients were included.
Results were particularly significant in EGFR ex20ins cohort, including
patients previously treated with platinum based chemotherapy (Park
et al.,, 2021b). The ORR was 19% and 36% in EGFR-mutated patients
progressing to osimertinib and treated with amivantamab alone and in
combination with lazertinib, with a median DOR of 5.9 and 9.6 months,
respectively. The median PFS was 6.9 and 11.1 months for patients
treated with amivantamab alone or the combination with lazertinib
(Cho et al., 2020; Leighl et al., 2021).

CHRYSALIS 2 trial, a phase 1/1b trial of lazertinib monotherapy and
in combination with amivantamab, focuses on EGFR mutated patients:
cohort A in particular enrols patients progressed after osimertinib and
platinum chemotherapy (not selected for molecular alterations). Pre-
liminary data presented at IASLC 2022 showed an ORR of 36% in this
arm (Shu et al., 2022).

MARIPOSA 2 (NCT04988295) is a phase III trial enrolling EGFR
mutated patients after progression on osimertinib. Molecularly unse-
lected patients are randomly assigned to one of three arms: pemetrexed
and carboplatin, amivantamab plus pemetrexed and carboplatin, or the
combination of amivantamab and lazertinib plus pemetrexed and car-
boplatin. Preliminary results demonstrated that amivantamab lazertinib
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chemotherapy and the less toxic combination of amivantamab and
chemotherapy are able to significantly improve both PFS and intracra-
nial PFS with respect to chemotherapy (Passaro et al., 2024).

6.2.2. Un-selected therapeutic strategies in patients without detectable
resistance mechanisms

A completely different approach is at the basis of the development of
ADCs. In this context, the two main targets identified so far are TROP2
and HER3.

Datopotomab deruxtecan (Dato-DXd) is an ADC that consists on a
humanized anti-TROP2 mAbD coupled with the topoisomerase I inhibitor
deruxtecan by a cleavable tetrapeptide-based linker. The drug is
designed to bind TROP2, a transmembrane protein highly expressed in a
variety of epithelial cancers, and internalize into cancer cells. Then the
cytotoxic drugs are released into the cytoplasm leading to the target cell
death (Okajima et al., 2021).

TROPION-PanTumor01 trial investigated the feasibility of Dato-DXd
in several solid tumors. The NSCLC cohort consisted in 159 patients, of
which 34 had an actionable genomic alteration (85% were EGFR
mutated), who had progressed to several lines of treatments. The ORR in
this group was 35% and median DOR was 9.5 months. The most com-
mon AEs were nausea (62%) and stomatitis (56%) (Lee et al., 2022;
Garon et al., 2021). Moreover, module 10 in Orchard trial
(NCT03944772) is investigating the role of associating Osimertinib to
Dato-DXd after first line Osimertinib progression (De Langen et al.,
2022).

A potential co-target in patients developing acquired resistance to
osimertinib is HER3. In vivo and in vitro studies showed that Osimertinib
inhibition on EGFR leads to increased HER3 expression in order to
overcome the signalling blockade (Haikala et al., 2022; Yonesaka et al.,
2022). Patritumumab deruxtecan, an ADC targeting HER3, has been
investigated in a phase I study of EGFR-mutated patients previously
treated with TKI but not selected for molecular resistance mechanisms:
ORR of 39% and mPFS of 8.2 months were reported (Janne et al., 2022).

Adding chemotherapy and/or antiangiogenics represents a potential
different non-targeted strategy at progression to osimertinib.

Discordant results were obtained adding chemotherapy to standard
1st and 2nd-gen TKIs: in IMPRESS trial, no clinical benefit was found by
adding chemotherapy to gefitinib after gefitinib progression (Mok et al.,
2017b). On the other hand, experience with osimertinib and chemo-
therapy combination initially derived from case reports, that found this
strategy to have an acceptable toxicity. Two retrospective analyses were
conducted to explore the feasibility of the combination and its effec-
tiveness (Yoshida et al., 2018; Neal et al., 2019). The ongoing phase III
COMPEL trial (NCT04765059), designed to investigate the use of plat-
inum-pemetrexed chemotherapy with continued osimertinib in patients
who experience non-CNS progression on first-line osimertinib, will
provide additional information.

Finally, preclinical rationale to the strategy of combining EGFR TKI
with anti- vascular endothelial growth factor (VEGF) was based on the
observation of an increase in VEGF in EGFR activated tumor models
(Naumov et al., 2009). On the other side, while encouraging data come
from first line association of first generation EGFR TKI plus anti-
angiogenics, the association of osimertinib plus bevacizumab for
T790M-positive patients failed to show PFS prolongation versus osi-
mertinib alone (Akamatsu et al., 2021; Piccirillo et al., 2022; Planchard
et al., 2018).

On the other side, combination of immune checkpoint inhibitors
with other agents has been explored as a strategy to improve the efficacy
of immunotherapy in EGFR-mutated NSCLC.

A major safety concern emerged in TATTON trial, that evaluated
Osimertinib/durvalumab combination in pre-treated and naive EGFR
mutated patients. Interstitial Lung Disease (ILD) was identified in 38%
of cases and five G3-4 ILDs were observed and led to drug discontinu-
ation. This increased risk of toxicity was more relevant when Osi-
mertinib was administered in combination with or after ICI treatment
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(Schoenfeld et al., 2019).

A possible second-line approach after osimertinib progression was
explored in the IMpower 150 trial, that evaluated the combination of
chemotherapy with atezolizumab and/or bevacizumab. The combina-
tion of chemotherapy, ICI and anti-angiogenic was found to improve PFS
and OS in the subgroup of patients progressed to an EGFR-TKI when
compared to anti-angiogenic plus chemotherapy combination (Socinski
et al., 2021).

Following these results, a phase II trial (NCT04517526) is evaluating
the efficacy and safety of platinum-based chemotherapy, bevacizumab,
durvalumab and salvage stereotactic body radiotherapy for patients
with EGFR-mutated NSCLC after the failure of first-line osimertinib.

The role chemotherapy-immunotherapy combination in EGFR-
mutated, osimertinib-resistant patients has been further clarified by
the phase III KEYNOTE 789 trial, which compared platinum doublet
chemotherapy plus pembrolizumab vs platinum doublet alone. The re-
sults for the two primary endpoints, PFS and OS, did not reach the sta-
tistical significance (median PFS: 5,6 in the experimental arm vs 5,5 in
the placebo arm [HR 0,80; p=0,0122]; median OS: 15,9 vs 14,7 months
[HR 0,84; p=0,0362]), thus confirming immunotherapy as a mainly not
effective in EGFR mutated patients (Yang et al., 2023).

On the other hand, innovative approaches to immunomodulation in
EGFR-mutated NSCLC are also being explored: REGN7075 is a human
bispecific antibody which links EGFR-and CD28-positive T cells, in order
to activate T-cells against tumor antigens.The ongoing phase I/1I trial is
evaluating the safety, tolerability, pharmacokinetics and preliminary
anti-tumor activity of REGN7075 alone and in combination with cemi-
plimab (anti-[PD]—1 antibody) in patients with advanced solid tumors
(NCT04626635). Part 2 of the trial will be open also for TKI resistant
EGFR mutated NSCLC. Primary endpoints are safety and tolerability of
REGN7075 for part 1, and ORR for part 2. The study is ongoing and
currently open to enrollment (Segal et al., 2023).

7. Conclusions

Nowadays the most common first line standard option for EGFR
mutated aNSCLC patients is Osimertinib and the biggest challenge is to
improve the duration of clinical benefit by overcoming acquired and,
less frequently, primary resistance.

The study of molecular resistance mechanisms is commonly recog-
nized as pivotal in order to increase biological knowledge, improve
therapeutic perspectives in clinical practice and contribute to develop
new therapeutic strategies. Anyway, from a clinical perspective,
customized treatment approach on the basis of molecular character-
ization is challenging, taking into account the feasibility of tissue
rebiopsy and complete genetic characterization in tissue, the technical
limitations of liquid biopsy and potential heterogeneity of resistance
mechanisms.

While patients developing acquired resistance to Osimertinib are
encouraged, whenever possible, to participate in clinical trials to grant
access to innovative therapeutic strategies, the organization of system-
atic molecular characterization of tissue and plasma at baseline and at
the time of progression to Osimertinib in real-life setting could be of help
in order to increase biological knowledge and maximize access to
investigational drugs in clinical practice. Liquid biopsy has numerous
advantages, beeing less invasive, more likely to allowmultiple genetic
alterations’ screening and therefore to provide informations about ge-
netic heterogeneity (Bonanno et al., 2022). On the other hand, tissue
rebiopsy is able to identify histological transformation and it is still more
reliable for some molecular alterations such as gene fusions. For this
reason, a combined approach is to be promoted.

We have recently opened a multicentre molecular profiling study, in
order to provide thematic molecular characterization in tissue and
plasma in patients developing acquired resistance to first-line Osi-
mertinib (CESC IOV 2021-107-PU, promoted by the University of
Padova, Italy) and we strongly believe that academic translational
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studies, in parallel with intervetional studies, might help to move further
steps forward in the path of improving outcome for advanced NSCLC
patients.
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