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Abstract: The discovery of the efficacy of tyrosine kinase inhibitors (TKIs) in epidermal growth
factor receptor (EGFR)-mutated non-small-cell lung cancer (NSCLC) patients has revolutionized lung
cancer therapy. Although almost all responders acquire drug resistance within a few years, many
studies have revealed several acquired-resistant mechanisms and developed therapeutic strategies
countervailing them, most notably against the EGFR T790M gatekeeper mutation. However, little
progress has been made in terms of elucidating the mechanisms of primary resistance. Primary
resistance may be defined into two types of resistance, clinically representing patients that do not
respond (non-responders) to EGFR-TKIs. The first group consists of approximately 10% of patients
that are insensitive to EGFR-TKIs from the outset (intrinsic primary resistance), and 20–30% of the
second group consists of patients that seem to clinically benefit at first, but experience early relapse
within six months (late primary resistance). In this review, we first provide an overview of drug-
induced lung cancer dynamics. We then delve into the mechanisms of primary resistance, with a
primary focus on two specific subtypes of resistance. We suggest that “intrinsic primary resistance”
is characterized by pre-existing somatic and genomic changes and cell of origins, while “late primary
resistance” is correlated with the drug-tolerant persister state. Developing therapeutic strategies to
overcome primary resistance is crucial to prolonging the duration of EGFR-TKI therapy. Ultimately,
this will allow for an enhanced understanding of lung cancer’s evolutional process, leading to the
reversal of acquired resistance and the complete eradication of lung cancer.

Keywords: EGFR-TKI; primary resistance; cancer dynamics; drug-tolerant persister

1. Introduction

Lung cancer is the most common cause of death due to cancer worldwide [1]. The
discovery of epidermal growth factor receptor (EGFR) mutations in non-small-cell lung
cancer (NSCLC) as a driver oncogene and the effectiveness of EGFR-tyrosine kinase in-
hibitors (TKIs) for patients have transformed lung cancer therapy, benefiting 60–70% of
these patients [2–5].

The most prevalent EGFR mutations, accounting for approximately 90%, are deletions
in exon 19 and L858R point mutations in exon 21, known as the classical activating muta-
tions [6]. Other, less common EGFR mutations include G719X, S768I, and L861Q, insertions
in exon 20, with compound mutations being the most frequent among them [7].

In the context of EGFR-TKI treatment, a significant proportion of responders de-
velop drug resistance within a few years, with median progression-free survival periods
extending between 9.2 to 18.9 months for the first through third generations of EGFR-
TKIs [1,4,5,8–12]. Numerous investigations have elucidated a variety of acquired-resistance
mechanisms, prompting the development of therapeutic countermeasures. Notably, the
EGFR T790M mutation has emerged as a predominant resistance mechanism against
the first- and second-generation EGFR-TKIs. Consequently, third-generation EGFR-TKIs
have been engineered with a heightened specificity for the T790M mutation. Moreover,
third-generation EGFR-TKIs have been observed to potentiate specific on-target resistance
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mutations, notably the EGFR C797S mutation. Resistance mechanisms, such as the ac-
tivation of bypass signaling pathways, encompassing MET and HER2 amplification, as
well as histologic transformations (e.g., transitions to small cell or squamous cell carci-
nomas), present significant challenges across all EGFR-TKI generations [13–15]. Given
these complexities, research endeavors are presently steering towards the development
of fourth-generation EGFR-TKIs [16]. Understanding acquired resistance and developing
therapeutic approaches to combat this, similarly to the relationship between antimicrobial
agents and microbial drug resistance, could be considered as a “cat-and-mouse game”.

Conversely, however, 10% of patients exhibit insensitivity to EGFR-TKIs from the
outset, and relatedly, 20–30% of patients seem to benefit clinically at first but experience
early relapse within six months (Table 1) [17]. They are clinically termed non-responders,
and also may be considered as having “primary resistance” to therapy (Figure 1).

Table 1. The prevalence of primary resistance in pivotal clinical studies.

Study EGFR-TKI TKI-
Generation

Overall Response
Rate, %

Primary
Resistance, %

Intrinsic Primary
Resistance (PD), %

Late Primary
Resistance

(SD), %

IPASS Gefitinib 1 71.2 28.8 7.6 20.5
NEJ003 Gefitinib 1 73.7 26.3 11 15.8

WJTOG-3405 Gefitinib 1 62.1 37.9
EURTAC Erlotinib 1 58 42

OPTIMAL Erlotinib 1 83 17
LUX-Lung-7 Afatinib 2 72.5 27.5 6 21

ARCHER-1050 Dacomitinib 2 75 25 5 13
FLAURA Osimertinib 3 80 20
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Figure 1. The clinical time courses of patients with EGFR-mutated non-small-cell lung cancer
undergoing EGFR-TKI treatment. The post-treatment dynamics of EGFR-mutated non-small cell lung
cancer patients receiving EGFR-TKI therapy can be broadly categorized into three groups. The first
group is referred to as “intrinsic primary resistance”, where patients show resistance to EGFR-TKI
even before treatment initiation. The second group is known as “late primary resistance”, in which
patients initially respond to EGFR-TKI therapy for a short period but quickly develop resistance.
The third group represents the typical treatment course, with patients undergoing approximately a
one-year period of EGFR-TKI exposure before acquiring resistance.
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Based on the definition of primary resistance, we derived it by subtracting ORR from
100 (%). We could further separate the group into patients with PD (intrinsic primary
resistance) and SD (late primary resistance).

Minimal advancements have been achieved in terms of understanding the mechanisms
behind primary resistance, as opposed to acquired resistance. One reason may be that it
has been difficult to routinely perform comprehensive genomic and epigenetic profiling in
the clinical setting until recently. In particular, patients with primary resistance may have
limited pre-treatment tissue for deep sequencing and, thus, be less willing to undergo serial
tumor tissue biopsies. Therefore, this remains a significant area of unmet research need.

Overcoming primary resistance might herald a new era in lung cancer therapy. By
mitigating primary resistance, the efficacy of initial EGFR-TKI treatments could be extended,
offering deeper insight into the progression of lung cancer and ultimately enhancing
patient prognosis.

This review delves into the present understanding of mechanisms behind primary
resistance, drawing from both foundational and translational research. Additionally, it
offers insights into future directions for comprehending primary resistance in the context
of EGFR-TKI treatment.

2. Overview of Drug-Induced Cancer Dynamics

A broad and all-encompassing overview of lung cancer dynamics is vital to allow for
an understanding of primary resistance mechanisms.

When the drug enters the body, it has a more significant effect on cancer cells than
on normal cells, but it can also affect normal cells as a side effect. Lung cancer cells may
engage with cancer-associated fibroblasts (CAFs), tumor-associated macrophages (TAM),
and normal cells, inducing a range of alterations in the tumor microenvironment (TME)
(Figure 2).
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Figure 2. Overview of Drug-Induced Cancer Dynamics. The medication can influence tumor cells
throughout a seven-tiered pyramidal structure, potentially leading to diverse adaptations in cancer
cells in response to the altered conditions induced by the drug.

The drug can infiltrate and affect tumor cells from the top to the bottom of a seven-
layer pyramidal hierarchy. Cancer cells adapt and transform in response to the altered
conditions brought about by medication exposure.

We propose that, at first, immunity and metabolism will react and bring about tumor
changes. Then, after a short period, the drug affects the mRNA known as the transcriptome.
Then, it will affect the epigenome, the genetic information unrelated to DNA sequence
changes. As more time passes, it can affect the DNA sequence, leading to somatic and
genomic changes. The lowest level is “cell of origin”, as exemplified by the metamorphosis
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of NSCLC into either small cell or squamous cell lung cancer [15,18]. These changes may
occur sequentially or simultaneously by mutually affecting each other.

A small subset of cancer cells might evade cell death induced by anticancer drugs by
transitioning into a reversible state of slow proliferation, referred to as the drug-tolerant
persister (DTP) state [19–21]. This adaptable state allows cancer cells to withstand drug
treatment and may later lead to the development of primary or acquired resistance.

Numerous genetic modifications, like EGFR T790M or MET amplification, might
emerge during the DTP state. Thus, the DTP state might act as a reservoir for the evolution
of drug-resistant cells [22].

The lower layers of hierarchy represented by genetic alterations or lineage plasticity
can show more solid phenotypes. They might be involved in developing “intrinsic primary
resistance”. Conversely, at the upper levels of the hierarchy, there are no solid phenotypes
of resistance, which might be associated with the emergence of late primary resistance.
One reason is that DTP cells can mainly be related to these upper layers [23]. DTP cells are
reversible, in a slow proliferation state, against drug exposure and can survive for some
time without undergoing any genetic alterations. This is very similar to the biology of
some lung cancer patients, who initially appear to be improved but develop drug resistance
within six months, which is known as late primary resistance.

The key components of lung cancer dynamics may be roughly divided into three cate-
gories: (1) drug-related factors, (2) tumor-related factors, and (3) tumor microenvironment
(TME). We discuss these three items in the subsequent sections.

3. Drug-Related Factors

Drug efficacy depends on pharmacokinetic and pharmacodynamic analysis, and
is related to the drug concentration in a body compartment rather than the drug dose.
Whether treatment is given once or as a combination therapy may also influence the drug’s
efficacy on tumors.

3.1. Pharmacokinetic Mechanisms

The metabolism of each generation of EGFR-TKIs is similar, but distinct. Based on its
metabolism by CYP3A enzymes, most EGFR-TKIs, other than afatinib (second-generation),
may be affected by CYP enzyme inducers, which might result in false resistance. For
instance, dexamethasone, a CYP inducer, led to a 0.6-fold reduction in erlotinib (first-
generation) [24]. Other potent CYP inducers like phenytoin and rifampin can lower the
level of gefitinib plasma concentrations [25,26]. On the other hand, hepatic enzymes barely
metabolize afatinib; hence, CYP-interacting substances are unlikely to have an effect on
afatinib PK [27,28]. However, afatinib both acts on and inhibits the P-glycoprotein (P-gp)
drug transporter, and the presence of a P-gp enhancer, rifampin, reduces the efficacy of
afatinib [29].

First- and second-generation EGFR-TKIs possess limited capability to penetrate the
central nervous system (CNS). In contrast, third-generation EGFR-TKIs are specifically
engineered for enhanced CNS penetration [30].

3.2. Pharmacodynamic Mechanisms

This mechanism is mainly associated with intrinsic primary resistance. For instance,
first- and second-generation EGFR-TKIs are ineffective against the EGFR T790M mu-
tation due to the consequent altered conformational structure of EGFR. Thus, patients
who had such a mutation originally are non-responders, known as those with intrinsic
primary resistance.

Moreover, numerous studies indicate that responses to all-generation EGFR-TKIs vary
among EGFR exon 20 mutations due to their heterogeneity [31,32]. A recent study revealed
that EGFR mutations, encompassing atypical variations, can be organized into four unique
subgroups based on their structures and functions to improve drug sensitivity prediction to
targeted therapies: (1) classical-like mutations located away from the ATP-binding pocket;
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(2) T790M-like mutations within the hydrophobic core; (3) insertions in the loop at the C-
terminal end of the αC-helix in exon 20 (Ex20ins-L); and (4) mutations on the inner surface
of the ATP-binding pocket or at the C-terminal end of the αC-helix, anticipated to cause
compression of P-loop and αC-helix (PACC) [33]. Based on this structural classification,
exon 20 mutations are sorted into one of three structural classes ((2), (3), and (4)). Especially
among the (3) Ex20ins-L group, patients in the exon 20 far-loop insertions (Ex20ins-FL)
subgroup are not sensitive to any targeted drugs, leading to intrinsic primary resistance.

4. Tumor-Related Factors
4.1. Metabolism
4.1.1. DTP Cells and Late Primary Resistance

Cancer cells modify their metabolic processes to adjust to the changes brought about
by drug exposure. For example, the Warburg Effect, proposed by Otto Warburg more
than 50 years ago, is a phenomenon by which cancer cells harness anaerobic glycolysis
to fuel their proliferation rather than mitochondrial oxidative phosphorylation [34]. In
contrast, recent research indicates that cancer cells use oxygen via mitochondrial oxidative
phosphorylation as much as or more than normal cells [35]. DTP cells, which are exposed
by drugs, perform a pivotal role in this situation, leading to late primary resistance for
EGFR-TKIs.

Since DTP cells demonstrate a heightened reliance on mitochondrial oxidative phos-
phorylation, they must regulate the overproduction of oxygen-rich molecules, such as
superoxide and lipid peroxide, which arise from the mitochondrial oxidative phosphoryla-
tion process. Therefore, DTP cells use glutathione peroxidase 4 (GPX4) to neutralize lipid
peroxides. It is confirmed in NSCLC cells that inhibiting GPX4 can lead to an accumulation
of lipid peroxides, resulting in ferroptosis, a type of oxidative cell death [36,37].

Likewise, DTP cells have elevated aldehyde dehydrogenase (ALDH) activity to shield
themselves from the toxic impacts of lipid peroxidation [21]. For instance, a combined treat-
ment using an ALDH inhibitor (disulfiram) and cisplatin-based chemotherapy enhanced
the survival of advanced NSCLC patients, indirectly proving that ALDH inhibition can
counteract late primary resistance [38].

4.1.2. Lipid Metabolism and Autophagy

Lipid metabolism might also play a role in late primary resistance. Fatty acid β-
oxidation is essential for energy generation in mitochondrial oxidative phosphorylation.
CD36 acts as the primary transporter for fatty acid absorption. The high methylation of
CD36 in lung cancer fills a vital role in cancer progression through fatty acid β-oxidation.
As a matter of fact, de-methylation of CD36 can lead to removal of the resistance. Combined
treatment with the DNA methylation inhibitor (decitabine) and the histone deacetylase
(HDAC) inhibitor (chidamide) effectively curbs lung cancer growth in vivo [39].

Autophagy serves as a cellular survival strategy by breaking down and recycling
proteins, macromolecules, and organelles, in contrast to apoptosis, which leads to cell
death. It plays a crucial role in clearing out malfunctioning mitochondria generated by
reactive oxygen species during mitochondrial respiration. Drug-induced accumulation of
these impaired mitochondria can enhance malignancy by amplifying oxidative stress. In a
lung cancer mouse model, for example, removing the vital autophagy gene Atg7 has been
shown to boost oxidative stress and speed up tumor cell growth [40,41].

4.2. Transcriptome and Epigenome

Epigenetics encompasses gene regulatory processes that do not involve DNA se-
quences, including DNA methylation, hydroxymethylation, and modifications to histone
proteins. The transcriptome is intricately linked to epigenetics. For instance, changes in
chromatin structure facilitate the epigenetic control of apoptosis and gene expression. Some
long noncoding RNAs are involved in oncogenesis through the regulation of transcription,
translation, and epigenetics [42].
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A characteristic of DTP cells is their reversible biological ability, which is not deter-
mined by the genome, but rather by adaptable epigenomic regulation [19].

Exposure to EGFR-TKIs can boost the expression of the epigenetic modulator KDM5A,
which is an H3K4 demethylase. Given that KDM5A inhibits the transcriptional activity
of H3K4, its increased expression can contribute to late primary resistance. Conversely,
KDM5 inhibitors like CPI-455 can increase H3K4 trimethylation levels, thereby overcoming
the primary resistance [43].

4.3. Somatic and Genomic Changes

Among somatic mutations in lung cancer, driver oncogenes such as EGFR have in-
tense oncogenic potential known as “oncogene addiction”. Therefore, a single molecularly
targeted drug produces significant therapeutic effects. On the other hand, some NSCLC
patients who have not undergone EGFR-TKI treatment possess additional driver changes
alongside EGFR mutations, which could partially account for the inherent primary resis-
tance observed in certain individuals [44]. In those cases, cancer proliferation may depend
on several oncogenes in addition to EGFR mutation. Consequently, EGFR oncogenic poten-
tial seems to be slightly weak, and EGFR-TKIs cannot be the most effective treatment for
them.

The recent advancements in comprehensive genomic profiling have enabled us to
gain insight into diverse mutations and concurrent genetic alterations other than EGFR
mutations [45–47]. This section focuses on common concurrent genetic alterations (TP53,
PIK3CA, and PTEN) in EGFR-mutated lung cancer patients.

4.3.1. TP53

p53 can induce cell cycle halting, senescence, and programmed cell death [48]. Alter-
ations in the TP53 gene, which codes for p53, are detected in 35–55% of NSCLC patients and
are strongly linked to smoking behaviors [49]. TP53 is the primary concurrent alteration in
EGFR-mutant NSCLC patients, occurring in 55–65% of cases [45,50,51].

The TP53 status correlates with reduced effectiveness to EGFR-TKIs. In NSCLC cell
lines with wild-type p53, gefitinib can induce apoptosis by upregulating Fas at the plasma
membrane and reviving caspase activation, thus increasing TKI responsiveness. Conversely,
it has been indirectly shown that gefitinib-induced apoptosis is diminished in cells with
mutated p53, leading to primary resistance [52]. Notably, the prognostic impact depends
on different types of TP53 mutations [53].

4.3.2. PIK3CA Mutation

PIK3CA is responsible for encoding the active component of PI3K, and its mutations
can stimulate the PI3K/AKT pathway [54]. Mutations in PIK3CA are uncommon, occurring
in roughly 2–5% of NSCLC cases. The most frequent mutations are E545K in exon 9 and
H1047R in exon 20 [55–57].

PIK3CA mutations frequently appear alongside other driver mutations, notably EGFR
and KRAS [55,58,59]. PI3KCA mutations are present in roughly 3.5% of patients with EGFR
mutations and are associated with intrinsic primary resistance to EGFR-TKIs [60,61]. In a
preclinical study, introducing an active PIK3CA p.E545K mutation into HCC827 cell lines
harboring EGFR 19 deletion developed resistance to gefitinib [62]. Conversely, a recent
study indicated that specific PIK3CA mutations influenced the outcomes in EGFR-mutant
NSCLC patients undergoing EGFR-TKI treatment. Mutations in the p85 binding domain
(R88Q, R108H, and K111E) are associated with better progression-free survival (PFS), while
mutations in the kinase (Y1021H and H1047R), helical (E542K), and C2 (N345K) domains
lead to reduced PFS [63]. Therefore, primary resistance to EGFR-TKIs would be affected by
the simultaneous presence of specific PIK3CA mutations.
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4.3.3. PTEN Alterations

Phosphatase and tensin homologs deleted on chromosome 10 (PTEN) act as tumor
suppressors and play a role in various cellular activities, including cell proliferation, sur-
vival, growth, metabolism, migration, and apoptosis [64–66]. PTEN serves as a primary
inhibitor of the PI3K/AKT pathway, and its inactivation is crucial for the onset and progres-
sion of lung cancer [67,68]. Loss of PTEN function, found in more than 40% of cases, can
activate the PI3K/AKT pathway, accelerating tumor progression and reducing sensitivity
to EGFR-TKIs in NSCLC patients [68–70]. PTEN mutations occur rarely, in 2–5% of NSCLC
cases [71,72].

This is due to PTEN’s role in regulating the endocytic trafficking of EGFR, a crucial
mechanism for controlling EGFR signaling [73]. Following the binding of EGF (ligand) to
its receptor, EGFR, the receptor-ligand combination is taken up by clathrin-coated vesicles.
These vesicles then transport the complex to early endosomes for categorization [74,75].
The EGF/EGFR combination progresses to late endosomes via vesicle maturation and sub-
sequently undergoes lysosomal fusion, leading to receptor degradation [76,77]. PTEN plays
a pivotal role in facilitating the transition of ligand-bound EGFR from early endosomes to
late endosomes for receptor degradation by regulating the phosphorylation of Rab7 and
maturing late endosomes [78]. Therefore, PTEN inactivation can lead to the inhibition of
EGFR signaling.

4.4. Cell of Origin

The cell of origin is the lowest level of the pyramid. As previously stated, lineage
plasticity, including small-cell or squamous-cell lung cancer transformation, is found in
this layer, which may be related to late primary resistance.

On the other hand, there are also some intrinsic primary resistance cases before EGFR-
TKIs administration in this layer, including ALK rearrangement, T790M, and BIMdeletion
polymorphism.

This section discusses the lineage plasticity and BIM deletion polymorphism.

4.4.1. Lineage Plasticity

Histologic transformation is dominated by small-cell and squamous-cell lung cancer
transformation as late primary resistance.

As for the mechanisms of SCLC transformation, there are two hypotheses. One theory
is that NSCLC can be histologically differentiated into SCLC by EGFR-TKIs exposure
through the inactivation of p53 and RB1 [79]. The other theory is that both SCLC and
NSCLC components exist simultaneously in the same tumor. Since EGFR-TKIs can reduce
the NSCLC elements of tumors, SCLC elements can remain and become dominant [80].

It is also suggested that there could be transcriptomic level lineage plasticity involved
in squamous-cell transformation. One patient who developed histologic transformation
from adenocarcinoma at baseline was found to have chromosome 3q, harboring squamous
lineage transcription factors TP63 and SOX2 [15].

4.4.2. BIM Deletion Polymorphism

BIM, also referred to as BCL2L11 or B-cell chronic lymphocytic leukemia/lymphoma-
like 11, is a proapoptotic member of the Bcl-2 family that solely possesses BH3 domains.
These domains of the BIM gene are essential for apoptosis triggered by EGFR-TKIs [81–85].
Since BIM is degraded by ERK signaling, EGFR-TKIs can inhibit the ERK signaling and
increase the level of BIM protein, leading to cell apoptosis.

The BIM deletion polymorphism involves a 2903 bp fragment removal in the BIM
gene’s intron 2, producing an inactive BIM protein variant. This variant is missing the
essential BH3 domain, compromising apoptosis related to EGFR-TKIs and leading to
inherent primary resistance to these inhibitors [82]. This BIM deletion polymorphism is
found in 12–16% of EGFR-mutant lung cancer patients [86,87], especially in East Asian
individuals [82].
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HDAC inhibitors trigger the hyperacetylation of histone on promoter regions, leading
to the transcriptional activation of proapoptotic BH3-only genes like BIM [88]. Therefore,
combining EGFR-TKI with an HDAC inhibitor could potentially revive the expression of
the BIM protein with a BH3 domain, counteracting EGFR-TKI resistance [89]. Indeed, a
phase I trial involving 12 patients who received a combination of gefitinib and vorinostat
(an HDAC inhibitor) demonstrated an enhanced disease control rate of 83.3% and an
extended PFS of 5.2 months [90].

5. Tumour Microenvironment (TME)

Exposure to drugs impacts the TME, which is linked to primary resistance against
EGFR-TKIs. CAFs, a significant component of the TME, are known to contribute to drug
resistance by releasing growth factors and chemokines [91]. For example, cancer-associated
fibroblasts (CAFs) secrete hepatocyte growth factor (HGF) in response to EGFR tyrosine
kinase inhibitors (TKIs), resulting in primary resistance in EGFR-mutant non-small cell lung
cancer (NSCLC) cells. This is because HGF interacts with the MET receptor, subsequently
reactivating the MAPK and PI3K/AKT signaling pathways [92,93].

Additionally, TAMs and MDSCs play a crucial role in contributing to primary resis-
tance to EGFR-TKIs. Specifically, MDSCs that are positive for S100A9, capable of differen-
tiating into TAMs, have been linked to a diminished response to EGFR-TKIs in NSCLC
patients [94]. From a mechanistic perspective, S100A9 enhances ALDH1A1 expression and
activates the retinoic acid (RA) signaling pathway, thereby promoting cancer proliferation.
Using a pan-RAR antagonist can significantly reduce cancer growth [95].

Immunity

Drug exposure affects tumor and tumor-infiltrating immune cells. Programmed
death-ligand 1 (PD-L1) expression in EGFR-mutant NSCLC cells can be downregulated
by EGFR TKIs, leading to the lack of efficacy of PD-1/PD-L1 inhibitors in most EGFR-
mutant NSCLC patients [96]. Similarly, EGFR-mutant NSCLC cell lines with higher PD-L1
expression are resistant to gefitinib. This is because that PD-L1 overexpression may stimu-
late epithelial–mesenchymal transition (EMT) by activating the TGF-β/Smad canonical
signaling pathway [97].

AXL, one of the members of the receptor tyrosine kinase group, has been associated
with innate resistance to programmed cell death protein-1 (PD-1) inhibition and suppression
of proper antigen presentation a by major histocompatibility complex (MHC)-I [98]. There-
fore, inhibiting AXL could mediate a favorable reprogramming of the immune-suppressive
TME [99,100].

6. Discussion

Removing the primary resistance for EGFR-TKIs has become a topic of increasing
interest. Previous studies have focused on individual cancer cells, elucidating the acquired
resistance mechanisms and investigating the treatment strategies. However, cancer cells
interact with the surrounding environment and find another signal pathway for prolifera-
tion as a loophole. Tumors can progress on their own and be assisted by the surrounding
environment.

To elucidate primary resistance mechanisms, we should overview cancer dynamics,
including tumor microenvironment, epigenetic changes, and commutation alterations. The
recent development of comprehensive genomic and epigenomic profiling has allowed us
to understand various changes leading to primary resistance.

Regarding primary resistance, we believe that it is generally divided into two mech-
anisms. One is that lung cancer already has resistant mechanisms prior to EGFR-TKI
treatment, including somatic and genome changes and “cell of origin”, known as “intrinsic
primary resistance”. The other mechanism is related to the TME, immunity, metabolism,
transcriptome, and epigenome, causing what is known as late primary resistance. This
may be linked to drug- DTP cells, which can evade drug toxicity by changing their biolog-
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ical nature to a reversible slow proliferation state. This may reflect the clinical situation
in which some patients initially appear to be improved, but develop resistance within
six months.

As for genomic profiling, it is difficult to interpret the information that can be re-
trieved from the analysis of hundreds of genes. And most studies applying comprehensive
genome profiling primarily focus on capturing driver mutations and analyzing the abun-
dant co-mutations. At the same time, copy number gains and other alterations are less
considered. This observation should be further elucidated because these are related to
primary resistance.

Notably, focusing on the interaction between a tumor and other surrounding com-
ponents is necessary to elucidate the primary resistance related to DTP cells. Hence, it is
essential to develop robust preclinical models and molecular research techniques, such as
organoid models capable of replicating the genetic and histological features of the original
patient tumors, and establishing the tumor microenvironment through coculturing with
fibroblasts and immune cells [101]. Moreover, leveraging cutting-edge technologies for
single-cell mapping of transcriptomic, epigenomic, or proteomic alterations can offer a
deeper understanding and validation of DTP cell characteristics.

Comprehensive genome profiling can allow us to predict the primary resistance to
EGFR-TKIs, while it may be difficult to release the resistance directly. In contrast, many
diverse mechanisms have been identified for primary resistance related to DTP cells. It is
an obstacle to translating them clinically, but it is a great challenge to conquer lung cancer.
The clinical application of studies clarifying the characteristics of DTP cells can prevent
the development of resistance and delay the emergence of resistance. Further research
concerning primary resistance will elucidate the cancer evolution mechanisms, leading to
the rescission of acquired resistance and achieving a complete eradication of lung cancer.
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