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A review of research progress on mechanisms and 
overcoming strategies of acquired osimertinib resistance
Fanjie Qu, Yi Zhou and Weiwei Yu

Targeted therapy with epidermal growth factor receptor 
tyrosine kinase inhibitors(EGFR-TKIs) is the standard 
first-line treatment for advanced EGFR-mutated non-
small cell lung cancer (NSCLC). Third-generation EGFR-
TKIs, represented by osimertinib, have been approved 
to overcome the EGFR T790M mutation in patients who 
are resistant to first- or second-generation TKIs, which 
brings more survival benefits for patients with advanced 
NSCLC. However, resistance to the third generation of 
EGFR-TKIs is still inevitable. Acquired drug resistance is 
the main reason for limiting the long-term effectiveness of 
targeted therapy in EGFR-mutated NSCLC patients. The 
mechanism of EGFR-TKI resistance of the third generation 
has become a focus of research in the field of targeted 
therapy. In this review, we summarize the research 

progress in resistance mechanisms of advanced NSCLC 
to osimertinib and the potential overcoming strategies and 
hope to provide a clinical basis and ideas for precision 
treatment of NSCLC. Anti-Cancer Drugs 33: e76–e83 
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Introduction
Molecular targeted therapy has successfully ushered in a 
new era of precision therapy for advanced nonsmall cell 
lung cancer (NSCLC). The discovery of epidermal growth 
factor receptor (EGFR) mutations significantly changed 
the treatment paradigm of patients with EGFR-mutant 
NSCLC. In these patients, the treatment of choice as first-
line therapy is first- or second-generation EGFR-tyrosine 
kinase inhibitors (EGFR-TKIs), because patients with 
EGFR mutation-positive EGFR-TKIs have significantly 
better efficacy than conventional chemotherapy; however, 
most patients develop resistance after 9–14 months of 
first-or second-generation EGFR-TKIs. The most com-
mon mechanism of acquired resistance to EGFR-TKIs 
is the development of a second mutation in exon 20 of 
EGFR (T790M) [1]. Osimertinib is a third-generation 
EGFR-TKI designed to overcome T790M-mediated 
resistance. AURA3 studies have shown that osimertinib 
had significantly greater efficacy than platinum ther-
apy plus pemetrexed in patients with T790M-positive 
advanced NSCLC (including investigator-assessed pro-
gression-free survival) in whom the disease had pro-
gressed during first-line EGFR-TKI therapy [1].

Osimertinib is an oral, third-generation, irreversible EGFR-
TKI that selectively inhibits both EGFR-TKI-sensitizing 
and EGFR T790M resistance mutations [2]. A phase 3 trial 

[3,4] compared the first-line osimertinib with other EGFR-
TKIs in patients with EGFR mutation-positive advanced 
NSCLC in the FLAURA trial, which showed longer pro-
gression-free survival (PFS) and longer overall survival (OS) 
with osimertinib than with the comparator EGFR-TKIs.

Third-generation TKI drugs show excellent clinical effi-
cacy in patients with EGFR positive and EGFR T790M 
mutations, but the development of drug resistance is 
inevitable and heterogeneity of the tumor determines 
the diversity of resistance. Mechanisms of resistance to 
third-generation TKIs include an EGFR-dependent 
pathway (such as new EGFR mutations, T790M reduc-
tion/disappearance and EGFR amplification, etc.) and 
EGFR-independent pathways (such as bypass pathway 
activation and histological transformation). At present, 
the third-generation targeted drug resistance mechanism 
represented by osimertinib has become a hot topic in the 
research field and understanding the resistance mecha-
nism of the most common third-generation EGFR-TKI 
and new drugs or schemes to overcome resistance is 
helpful to improve the therapeutic effect on NSCLC and 
improve the quality of life of the patients. In this article, 
we review the principle mechanisms of acquired resist-
ance and the potential strategies to overcome osimertinib.

Resistance mechanism dependent on the 
epidermal growth factor receptor pathway
New epidermal growth factor receptor-C797S mutation
Mutation of C797S in EGFR is a novel mechanism 
of acquired resistance to third-generation TKIs. The 
development of acquired resistance to third-generation 
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EGFR-TKIs, involving the cysteine residue at codon 797 
mutation, has been observed. Tumors in these patients 
developed resistance to the EGFR-TKI AZD9291, and 
the study of the cell-free plasma DNA (cfDNA) of the 
patients found that 6 of the 15 patients acquired the 
C797S mutation [5]. Cells resistant to a third-generation 
TKI acquired an additional EGFR mutation, C797S, 
which prevented the suppression of EGFR [5,6]. It has 
been previously reported that 22% of NSCLC patients 
have T790M-Positive lung cancer and acquired resist-
ance to osimertinib due to the C797S mutation [7]. 
Subsequent studies found that the allelic context of 
the C797S mutation acquired upon treatment with 
third-generation EGFR inhibitors affects sensitivity to 
subsequent treatment strategies [5]. EGFR C797S and 
T790M mutations are mainly cis isomers (located on the 
same chromosome), accounting for 85% of the mutations. 
Approximately10% of patients have the C797S/T790M 
trans configuration (located on different chromosomes), 
and a small number of patients have only the C797S 
mutation without the combined T790M mutation; that 
is, C797S occurs in T790M wild-type cells [5]. Next-
generation sequencing of tumor biopsies after osime-
rtinib resistance was performed. Genotyping of plasma 
cell-free DNA revealed 82% of T790M cis C797S, 10% 
trans, 6% isolated mutations and 2% unknown mecha-
nisms [7]. Preliminary analysis of plasma samples from 
73 patients who progressed after second-line treatment 
with osimertinib from AURA3, 10 (14%) acquired EGFR 
secondary mutations in C797S [8]. However, in the 
plasma sample analysis of 91 patients who progressed 
after first-line treatment with osimertinib from Flaura, 6 
(7%) acquired EGFR secondary mutation in C797S [9]. 
It can be seen that there are differences in the mecha-
nism of drug resistance of osimertinib as first-line and 
second-line treatment for NSCLC.

Other new epidermal growth factor receptor mutations
In addition to C797S, some new mutations as EGFR-
dependent mechanisms of resistance to osimertinib have 
been confirmed successively, such as L792X, G796S, 
L718Q, S768I, G796R, G796D, G724S, etc [8–16]. Other 
rare EGFR point mutations associated with drug resist-
ance observed in the AURA3 and FLAURA studies were 
L792X (3%), G796S (1%), L718Q (1%) mutations, and 
S768I (1%) [8–9]. Another study found that EGFR G796/
C797, L792 and L718/G719 mutations were found in 
osimertinib-resistant patients with 24.7, 10.8 and 9.7%, 
respectively. L792 and L718 mutants markedly increased 
the half-inhibitory concentration (IC50) of osimertinib in 
vitro, among which the L718Q mutation conferred the 
greatest resistance to osimertinib [10].

The G796S/R mutation can abolish the covalent binding 
of osimertinib to the EGFR [10,11]. Secondary mutations 
in L792, L718 and G719 residues lead to resistance by 
changing the spatial structure of the connection between 

osimertinib and EGFR [10]. Zheng et al. [12] presented 
a case of a Chinese NSCLC patient who developed 
resistance to osimertinib and discovered de novo EGFR 
G796D mutation as a potential mechanism.

In-vitro studies showed that most of the G796D posi-
tive cells appeared after the T790M positive clones were 
weakened by osimertinib [11–13]. These findings high-
light tumor heterogeneity and clonal evolution during 
the development of drug resistance.

The EGFR G724S mutation is a very rare driver muta-
tion. Oztan et al., [14] detected the EGFR G724S 
mutation in two patients with EGFR-driven lung ade-
nocarcinoma who had progressed after osimertinib 
treatment. Fassunke et al.,[15] identified an association 
between the selection of EGFR T790M-negative but 
EGFRG724S-positive subclones and osimertinib resist-
ance. They demonstrated that EGFRG724S limits the 
activity of third-generation EGFR inhibitors both in vitro 
and in vivo. Structural analyses and computational mod-
eling indicate that EGFRG724S mutations may induce a 
conformation of the glycine-rich loop, which is incompat-
ible with the binding of third-generation TKIs.

In addition, multiple secondary EGFR mutations were 
found in 30% of osimertinib-resistant patients, which 
presents a challenge for subsequent treatment [10].

Decrease or disappearance of T790M and epidermal 
growth factor receptor gene amplification
The decrease or disappearance of the T790M mutation is 
also one of the reasons for the secondary drug resistance of 
the third-generation TKI drugs; Thress et al., [5] reported 
that four cases lost the T790M mutation in 15 patients 
with resistance to osimertinib treatment. Preliminary 
analysis of plasma samples from 73 patients who pro-
gressed after second-line treatment with osimertinib from 
AURA3, 36 (49%) patients had no detectable T790M [8]. 
In the study by Oxnard et al., [7] the probability of T790M 
deletion was 68% (28/41) in resistant patients. They found 
time to treatment discontinuation was shorter in patients 
with T790M loss (6.1 vs. 15.2 months), suggesting the 
emergence of preexisting resistant clones; and in studies 
of serial plasma levels of mutant EGFR, loss of T790M at 
resistance was associated with a smaller decrease in levels 
of the EGFR driver mutation after 1–3 weeks of therapy 
(100 vs. 83% decrease; P = 0.01) [7]. Lin et al., [17] found 
that loss of the Thr790Met mutation but the presence of 
EGFR-activating mutations in plasma was associated with 
the shortest PFS (median 26 months). Oh et al., [18] found 
that PFS was shorter in the T790M-loss group than in 
the T790M-persistent group (4.4 vs. 7.7 months) through 
molecular pathologic data of biopsy samples obtained 
after resistance to osimertinib.

The loss of T790M may be a result of third-generation 
EGFR-TKI treatment, or it may be one of the causes 
of drug resistance. In T790M-preserved cases, the most 
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common resistance mechanism is mostly related to the 
C797S mutation or mesenchymal-epithelial transition 
factor (MET) amplification; patients with T790M dele-
tion are often mostly independent of the EGFR signal-
ing pathway and exhibit different resistance mechanisms 
[19]. Repeat biopsy after acquiring resistance to osimerti-
nib is helpful to direct further treatment strategies.

EGFR amplification and copy number alterations are 
also important resistance mechanisms. Selective ampli-
fication of the EGFR-exon19del allele may represent a 
novel resistance mechanism to osimertinib [20]. Le et 
al., [19] found that EGFR amplification occurred in 19% 
(8/42) of patients with osimertinib resistance. The rea-
son for resistance caused by EGFR amplification may be 
related to the relatively insufficient concentration of TKI 
drugs.

Resistance mechanism independent of 
epidermal growth factor receptor pathway
Mesenchymal-epithelial transition factor amplification
The most common alternative pathway in bypass acti-
vation is MET amplification, which accounts for 5–10% 
of acquired EGFR-TKI resistance cases, and plays an 
important role in the resistance mechanism of both the 
first and third generations of EGFR-TKIs.Planchard et 
al., [21] were the first to find that MET amplification was 
present in oxitinib-resistant patients, accompanied by 
the disappearance of the T790M mutation.The AURA3 
study showed that Met amplification was detected in 
19% (14/73) of second-line osimertinib resistance, which 
is the second most common resistance mechanism 
besides the C797S mutation [8]. Le et al., [19] showed 
that MET amplification was the second most common 
alteration(14%). Lin et al., [17] found that there were no 
statistically significant differences in median overall sur-
vival (MOS), PFS and survival after disease progression 
among patients with and without MET amplification 
[14].

MET amplification promotes gefitinib resistance by driv-
ing the ERBB3-dependent activation of PI3K, a pathway 
thought to be specific to EGFR/ERBB family receptors 
[22]. In the Flaura study, MET amplification occurred 
in 15% (14/91) of first-line osimertinib resistance, which 
surpassed the proportion of C797S mutations in 7% (6/91) 
[9]. Thus, MET amplification is the most common mech-
anism of resistance when osimertinib is used as first-line 
therapy.

Human epidermal growth factor receptor 2 amplification
Human epidermal growth factor receptor 2 (Her2) 
amplification plays an important role in the resistance 
mechanisms of both the first and third generations of 
EGFR-TKIs. HER2 amplification was detected by 
genetic analysis of osimertinib-resistant patients [21]. 
The AURA3 study showed that Her2 amplification was 

detected in 5% (4/73) of second-line osimertinib resist-
ance, and one patient acquired MET and HER2 ampli-
fication simultaneously [8]. In the Flaura study, HER2 
amplification occurred in 2% (2/91) of first-line osimerti-
nib resistance [9].

HER2 is a member of the ErbB family, HER2 and EGFR 
indirectly activate PI3K, and HER2 amplification is asso-
ciated with acquired EGFR-TKI resistance, occurring in 
12% of NSCLC patients who develop resistant EGFR 
mutations. Preclinical studies have shown that HER2 
overexpression reduces the sensitivity of PC9GR cell 
lines (T790M positive) to osimertinib [23]. HER2 ampli-
fication led to first-generation and second-generation 
EGFR-TKI resistance, and it was nearly 10% in patients 
with T790M mutations that progressed after osimertinib 
treatment [24].

PIK3CA mutations
PIK3CA mutations occur in lung adenocarcinomas, usu-
ally concurrent with EGFR, KRAS and ALK[25]. Some 
data suggest that sensitivity to EGFR-TKI is decreased 
in EGFR-mutant lung cancers harboring a PIK3CA 
mutation, and in EGFR-mutant and KRAS-mutant lung 
cancers, a concurrent PIK3CA mutation was associated 
with a decrease in MOS [26]. PIK3CA mutations have 
also been reported in patients treated with osimertinib, 
and patients with osimertinib resistance may develop 
PIK3CA mutations while preserving or losing the T790M 
mutation [7]. The incidence of PIK3CA amplification 
in drug-resistant patients was 10% (4/41) reported by 
Oxnard et al., [7]. In the AURA3 study, the incidence of 
PIK3CA amplification in osimertinib-resistant patients 
was 4% (3/73) [8].

Other bypasses
Cell line studies have identified the RAS pathway as 
important in emerging osimertinib resistance, includ-
ing mutations in NRAS and copy number gains. The 
BRAF V600E mutation is also a known acquired resist-
ance mutation [27]. Significant KRAS amplification was 
observed in osimertinib-resistant cell lines by Nakatani 
et al., [28]. Mutations in KRAS, such as G12S and Q61K, 
have also been associated with osimertinib resistance 
[7,23]. Oxnard et al., [7] reported two cases of osimertinib 
resistance with BRAF co-mutation with EGFRT790M. 
In the AURA3 study, one patient (1%) developed KRAS 
(G12D) gene mutations and two patients (3%) developed 
BRAFV600E mutation after osimertinib resistance [8]. In 
the Flaura study, KRAS mutations in patients who were 
treated with first-line osimertinib resistance are included: 
A146T (1%), G12C (1%), G12D (1%), A146T (1%), G12C 
(1%), G12D (1%) and BRAF V600E mutation occurred in 
3% of patients (3/91)[9].

Insulin-like growth factor-1 receptor pathway, phos-
phatase and tension homology deleted on chromosome 
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ten gene deletion and amplification of fibroblast growth 
factor 2-fibroblast growth factor receptor 1 may lead to 
secondary resistance to osimertinib. Kim et al., [29] found 
localized amplification of fibroblast growth factor recep-
tor (FGFR1) and increased expression of FGF2 in the 
tumor tissue of a patient who was resistant to osimertinib. 
Park et al., [30] found abnormal activation of insulin-like 
growth factor-1 receptor and deletion of insulin-like 
growth factor binding protein-3 in drug-resistant WZ4002 
cell lines, and downregulation of International Genetics 
Federation (IGF)1R by shRNA, as well as inhibition of 
IGF1R activity, could restore the sensitivity to WZ4002. 
This suggests that the abnormal activation of IGF1R 
might be one of the mechanisms of drug resistance in 
third-generation EGFR-TKIs.The above data highlight 
that the genotype mutations in lung cancer patients will 
change with the change in drug therapy, so it is necessary 
to dynamically monitor the gene mutation spectrum of 
lung cancer patients in clinical practice, which may help 
to determine the appropriate follow-up therapy.

Histologic transformation and others
Histologic transformation from NSCLC to small-cell lung 
cancer (SCLC) has been described as one of the major 
resistance mechanisms for EGFR-TKIs and can seri-
ously affect patient outcomes[31]. SCLC transformation 
of NSCLC may occur after treatment with EGFR-TKIs, 
accounting for 3–10% of the resistance mechanism of 
first-generation EGFR-TKIs, and 1% of the resistance 
mechanism of third-generation EGFR-TKIs [32]. Lee et 
al., [33] applied whole-genome sequencing for nine tum-
ors acquired at various time points from four patients and 
detected genetic predictors for small-cell transformation 
and found that EGFR-TKI-resistant lung adenocarcino-
mas (LADCs) and SCLCs share a common clonal origin 
and undergo branched evolutionary trajectories, and inac-
tivation of both Rb and p53 was strikingly more frequent 
in the small-cell-transformed group than in the non-trans-
formed group [33]. Thus, the evaluation of RB1 and TP53 
status in EGFR-TKI-treated LADCs is informative in pre-
dicting small-cell transformation, Lin et al., [17] performed 
ctDNA detection on 40 osimertinib-resistant patients, 
among which two patients underwent SCLC transfor-
mation, Marcoux et al., [34] found that EGFR-mutant 
NSCLCs can undergo SCLC transformation, and they 
demonstrated that this occurs at an average of 17.8 months, 
where the median survival since the time of SCLC trans-
formation was 10.9 months after diagnosis and cases are 
often characterized by Rb1, TP53 and PIK3CA mutations.

Transformation of squamous cell carcinoma (SCC) has 
also been reported in osimertinib-resistant patients. 
Lin et al., [17] performed ctDNA detection in 40 oxitin-
ib-resistant patients, among which one patient had SCC 
transformation. In addition to two cases of SCLC trans-
formation, one case of SCC transformation was detected 
in 22 patients with osimertinib resistance in the AURA 

study [17]. Roca et al., [35] presented a pooled analysis 
of the outcomes of EGFR-mutated ADK patients with a 
changed phenotype to squamous cell carcinoma (SqCC)
following TKI. The re-biopsy after third-generation TKI 
revealed SqCC histology along with the basal EGFR 
mutation, while T790 M disappeared; they found that 
most patients were female (82%), 41% were former smok-
ers; median time to SqCC onset was 11.5 months, and the 
median survival after SqCC diagnosis was 3.5 months 
regardless of the treatment received [35].

In conclusion, tissue biopsy is also very important to 
determine whether there is a change in histological type 
for patients with EGFR-TKIs resistance, in addition to 
liquid biopsy to identify relevant mutated genes [31].

Epithelial-mesenchymal transition (EMT) beyond EGFR 
mutations per se is a common mechanism for acquired 
resistance to EGFR TKIs [7,36]. Weng et al., [36] reported 
that NSCLC cells with acquired resistance to gefitinib 
or osimertinib (AZD9291) exhibit EMT features, with a 
decrease in E-cadherin and increase in vimentin and stem-
ness, without possessing any EGFR secondary mutations.

AURA3 and Flaura studies showed that the frequency 
of cell cycle gene alterations was 11 and 12%, respec-
tively, in patients treated with osimertinib as first-line 
or second-line treatment [8,9]. Both cyclin E1 (CCNE1) 
amplification and cyclin-dependent kinases (CDK6) 
amplification occurred in 7% (5/73) of the AURA3 stud-
ies, which are the most common cell cycle gene altera-
tions [10]. The most common cell cycle gene alteration 
in the Flaura study was CDK6 amplification (3%) [9]. Le 
et al., [19] also showed the deletion of CCND1, CCNE1, 
and CDKN2A [19]. Changes in cell cycle genes may be 
involved in the development of oxitinib resistance.

These data provide clinical evidence of the heterogene-
ity of acquired resistance to oxitinib in advanced NSCLC 
and the need for clinical trial strategies to overcome or 
prevent multiple resistance mechanisms

Treatment strategy after oxitinib resistance
Treatment strategies targeting resistance mechanisms 
dependent on the epidermal growth factor receptor 
pathway
First- and third-generation TKIs may also be combined 
effectively, but this is only likely if the C797S and T790M 
mutations occur, and mutation of C797S in EGFR is a com-
mon mechanism of acquired resistance to third-generation 
TKIs. The C797S mutation, which impairs the covalent 
binding between the cysteine residue at position 797 of 
EGFR and osimertinib, induces resistance to osimertinib. 
Niederst et al., [6] demonstrated that the allelic context in 
which C797S was acquired may predict responsiveness to 
alternative treatments. First- and third-generation TKIs 
may be combined effectively, but this is only likely if the 
C797S and T790M mutations occur in trans. If the muta-
tions are cis, no EGFR-TKIs alone or in combination can 
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suppress the activity. If C797S develops in wild-type T790 
cells, the cells are resistant to third-generation TKIs but 
retain sensitivity to first-generation TKIs [6].

Jia et al., [37] describe the rational discovery of EAI045, 
an allosteric inhibitor that targets selected drug-resist-
ant EGFR mutants. The compound inhibits L858R/
T790M-mutant EGFR with low-nanomolar potency in 
biochemical assays. However, as a single agent, it is not 
effective in blocking EGFR-driven proliferation in cells 
which interact in an asymmetric manner in the active 
state. They observed cetuximab with EAI045, a novel 
EGFR resistance mutation selective allosteric inhibitor 
was also effective in a mouse model of the triple-mu-
tant EGFR L858R/T790M/C797S [37]. Ercan et al., [13] 
also reported that the C797S mutation, in the presence 
of Del19 or L858R and T790M, causes resistance to all 
current EGFR inhibitors, but L858R/T790M/C797S 
remains partially sensitive to cetuximab, which leads to 
the disruption of EGFR dimerization.

Brigatinib is an ALK and EGFR inhibitor that can 
inhibit del19/C797S/T790M mutation in vitro and in 
vivo, and Uchibori et al., [38] revealed the key compo-
nent in brigatinib to inhibit the triple-mutant EGFR and 
demonstrated that combination therapy with brigatinib 
and anti-EGFR antibody is a powerful candidate to over-
come triple-mutant EGFR.

Wang et al., [39] reported the first clinical evidence of 
the efficacy of combination therapy consisting of first- 
and third-generation EGFR-TKIs targeting concomitant 
EGFR T790M and C797S in trans. They also revealed 
that the clonal progression of C797S from trans to cis dur-
ing disease progression may serve as a potential resist-
ance mechanism.

In addition to C797S, new drug-resistant mutations have 
been confirmed successfully, and secondary L792 muta-
tions may be sensitive to gefitinib [10], while patients 
with L718Q resistant mutations can choose the first or 
second generation of EGFR-TKIs [13]. Yang et al., [10] 
reported that 30% of osimertinib-resistant patients had 
multiple secondary mutations in EGFR, which also 
posed a challenge for subsequent treatment. Patients 
who retain the initial EGFR mutation and lose T790M 
may be re-selected for treatment with first-generation 
EGFR-TKIs [40]. Other studies have suggested that 
the loss of T790M does not mean the re-sensitization of 
first-generation TKIs, but often means the overexpres-
sion of competitive mutation sites (such as KRAS muta-
tion, RET fusion and FGFR fusion) [7].

Strategies for targeting resistance mechanisms 
independent of the epidermal growth factor receptor 
pathway
Mesenchymal-epithelial transition factor inhibitors
The current study has demonstrated that MET amplifi-
cation and hyperactivation is a resistance mechanism to 

both first and third-generation EGFR-TKIs, because both 
erlotinib and osimertinib-resistant HCC827 cell lines 
possessed an amplified MET gene and were cross-resist-
ant to osimertinib or erlotinib. MET inhibition overcame 
the resistance of these cell lines to osimertinib both in 
vitro and in vivo, and the current study has demonstrated 
that MET amplification and hyperactivation is a resist-
ance mechanism to both first and third generation EGFR-
TKIs, because both erlotinib- and osimertinib-resistant 
HCC827 cell lines possessed an amplified MET gene 
and were cross-resistant to osimertinib or erlotinib. MET 
inhibition overcame the resistance of these cell lines to 
osimertinib both in vitro and in vivo. Hence, we suggest 
that MET inhibition is an effective strategy to overcome 
the resistance of certain EGFR-mutated NSCLCs with 
MET amplification to osimertinib [24]. Hence, we sug-
gest that MET inhibition is also an effective strategy 
to overcome the resistance of certain EGFR-mutated 
NSCLCs with MET amplification to osimertinib, and Ou 
et al., [41] demonstrated that MET amplification is also 
a potential resistance mechanism to osimertinib. Tumor 
biopsy revealed the emergence of a high level of MET 
amplification (30 copies) after osimertinib treatment [41]. 
Patients treated with the single-agent MET inhibitor cri-
zotinib had a transient symptomatic benefit [41]. Deng 
et al., [42] also believed that the combination of c-Met 
inhibitors crizotinib and osimertinib was an effective 
treatment option [42]. Martine et al., [43] detected MET 
gene amplification after prolonged treatment with osime-
rtinib in a brain metastatic lesion from an NSCLC patient 
presenting with an EGFRT790M mutation. Importantly, 
the combination of capmatinib (c-MET inhibitor) and 
afatinib (ErbB-1/2/4 inhibitor) completely suppressed 
tumor growth in mice orthotopically injected with cells 
derived from this brain metastasis.

HER2 inhibitors
Her2 inhibitors alone or in combination with third-gen-
eration EGFR-TKIs are potential therapeutic strategies 
for drug resistance caused by HER2 amplification. La 
Monica et al., [44] found that T-DM1 exerted an additive 
effect when combined with osimertinib in terms of inhi-
bition of cell proliferation, cell death and antibody-de-
pendent cell-mediated cytotoxicity induction in PC9 and 
H1975 cell lines. They demonstrated that HER-2 ampli-
fication was associated with osimertinib-resistance and 
that T-DM1 co-administration is a potential strategy to 
overcome this resistance [44].

Other pathway inhibitors
Although PIK3CA mutations generally suggest a poor 
prognosis in patients with NSCLC, the concurrent 
PIK3CA mutation did not affect the benefit of EGFR-
TKI monotherapy in EGFR-mutant lung cancers [26].

Third-generation EGFR-TKIs combined with mito-
gen-activated extracellular signal-regulated kinase 
inhibitors are a potential therapeutic strategy for drug 
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resistance caused by activation of the RAS-mitogen-
activated protein kinase (MAPK) signaling pathway, and 
preclinical studies have found that significant KRAS 
amplification was observed in osimertinib-resistant cell 
lines, and concomitant inhibition of MAPK kinase and 
EGFR could overcome osimertinib resistance [28]. 
Eberlein et al., [27] reported that acquired resistance to 
AZD9291 is associated with an increased dependence on 
RAS signaling. In vitro, a combination of AZD9291 and 
selumetinib prevented the emergence of resistance in 
cells, and in vivo, concomitant dosing of AZD9291 with 
selumetinib caused regression of AZD9291-resistant 
tumors in an EGFRm/T790M transgenic model [27]. A 
study that reported an acquired mutation, BRAF V600E, 
was found in the patient at the time of progression while 
being treated with osimertinib. Cells grown from malig-
nant pleural effusion were sensitive to the BRAF V600E 
inhibitor and were more vulnerable to combination treat-
ment with osimertinib [45].

Other strategies
Chemotherapy
Chemotherapy after drug resistance is also an option if 
the patient’s physical condition permits, especially for 
patients with SCLC transformation. However, there is 
currently a lack of adequate research, and there is evi-
dence that platinum combined with etoposide chemo-
therapy responds well to SCLC transformation-mediated 
drug resistance [31]. Oh et al., [18] reported that two 
patients with SCLC transformation responded well 
to subsequent chemotherapy. Marcoux et al., [34] also 
found that the responses of patients with SCLC transfor-
mation to platinum-etoposide and taxanes are frequent, 
but checkpoint inhibitors yielded no responses [34]. 
Therefore, for patients who have no targetable muta-
tions after drug resistance or whose resistance mecha-
nism is unknown, cisplatin/carboplatin plus paclitaxel/
albumin paclitaxel/pemetrexed, with or without bevaci-
zumab, can be used for 4–6 cycles, followed by mainte-
nance therapy.

Immune checkpoint inhibitors
Although immune checkpoint inhibitors (ICIs) have 
made huge advances in shifting the treatment paradigm 
in NSCLC, their role in EGFR-mutant disease is unclear, 
and despite the significant antitumor activity of pembroli-
zumab in NSCLC, clinical benefits have been less fre-
quently observed in patients whose tumors harbor EGFR 
mutations compared to EGFR wild-type patients, and a 
meta-analysis revealed that in EGFR-mutant advanced 
NSCLC, ICIs do not improve OS over that with docetaxel 
[46]. A randomized controlled trial assessed the efficacy of 
pembrolizumab in patients with previously treated, pro-
grammed cell death ligand 1 (PD-L1)-positive, advanced 
NSCLC, and found that pembrolizumab prolongs OS and 
has a favorable benefit-to-risk profile in patients with pre-
viously treated, PD-L1-positive, advanced NSCLC [47]. 

Whether immunotherapy or immunization combined 
with third-generation TKIs can be the treatment strategy 
for patients resistant to third-generation TKIs still needs 
further study; pembrolizumab lacks efficacy in TKI-naïve, 
PD-L1+, EGFR-mutant patients with advanced NSCLC, 
including those with PD-L1 expression ≥50%, and it is 
not an appropriate therapeutic choice in this setting [48].

The third arm of TATTON investigated the combina-
tion of osimertinib with durvalumab and reported early 
data. In pretreated T790M-positive and T790M-negative 
patients, the response rate was 67 and 21%, respec-
tively. The combined rate of interstitial lung disease 
was 38%, and as such, this arm is currently on hold [49]. 
Immunotherapy combined with chemotherapy may offer 
new hope for third-generation TKIS-resistant patients.

Takehiro reported a case of pembrolizumab and sal-
vage chemotherapy in EGFRT790M-positive NSCLC 
with high PD-L1 expression, which showed a PD-L1 
expression level that increased from <25 to >90% after 
eighth-line osimertinib therapy. He was treated with 
pembrolizumab as a ninth-line treatment and gemcit-
abine as a 10th-line treatment, which produced a good 
response [50]. Therefore, ICI and chemotherapy should 
be considered even in EGFR-mutated patients after 
failure of EGFR-TKIs, especially in patients with high 
PD-Li expression [50].

Conclusion
Clinical trials have confirmed the efficacy and safety of 
third-generation EGFR-TKI in patients with T790M 
mutation-positive lung cancer. Not only do these agents 
have activity in T790M mutant lung cancer but many have 
the advantage of wild-type inhibition. However, resistance 
to the third generation of EGFR-TKIs is still inevitable. 
Acquired drug resistance is the main reason for limiting 
the long-term effectiveness of targeted therapy in EGFR-
mutated NSCLC patients. The mechanism of resistance 
of third-generation EGFR-TKIs in the treatment of 
advanced NSCLC is very complex. Understanding the 
mechanism of resistance to osimertinib is of great signifi-
cance for the selection of subsequent treatments. Only by 
starting from the mechanism and studying new targeted 
drugs or new combination therapies for drug resistance 
targets can a more reasonable treatment strategy be devel-
oped for drug-resistant patients.
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