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Abstract. The most common oncogenic driver in non-small
cell lung cancer (NSCLC) is epidermal growth factor receptor
(EGFR) gene mutations, which are more common in Asian
(30-50%) than in Caucasian (10-15%) populations. Exon 19
deletion (ex19del) and exon 21 L858R (ex21 L858R) mutations
account for ~45 and 40% of all EGFR mutations, respectively.
Moreover, EGFR-tyrosine kinase inhibitors (TKIs) may be
more effective and improve the quality of life of patients
with NSCLC more than chemotherapy regimens. By contrast,
patients with the ex21 L858R mutation may have a lower
sensitivity and duration of response to EGFR-TKIs as well
as a shorter survival compared with those with the ex19del
mutation. However, current guidelines classify ex21 L858R
and ex19del as the same condition and recommend the same
treatment strategy for both. Aiming for precision medicine, the
present review introduces and compares different EGFR-TKIs
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for the ex21 L858R mutation to assess more personalized
treatment options for the population with this mutation.
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1. Introduction

According to estimates from the International Agency for
Research on GLOBOCAN 2020, lung cancer was the second
most commonly diagnosed cancer and the leading cause of
cancer death in 2020, accounting for ~11.4% of diagnosed
cancers and 18.0% of cancer deaths worldwide (1). China also
faces a significant burden, with ~828,000 new lung cancer
cases and 657,000 deaths reported in 2016, comprising ~20%
of cancer incidence and 27% of mortality in the country (2).
Non-small cell lung cancer (NSCLC) is the most prevalent
type of lung cancer, accounting for ~85% of cases (3). Despite
advancements in treatment options, the survival rates for
patients with NSCLC remain low. The five-year survival
rates for stage III and IV NSCLC are only ~15 and 10%,
respectively (3).

The gene mutations of epidermal growth factor receptor
(EGFR) are the most common cancer driver mutations in
NSCLC (4). In normal cells, ligand binding to EGFR induces
dimerization, subsequently leading to autophosphorylation
of the tyrosine kinase domain (TKD), thereby transmit-
ting pro-proliferative physiological signals. However, in the
presence of an EGFR mutation, the TKD is homeostatically
activated in a ligand-independent manner, resulting in the trans-
mission of excessive pro-survival and pro-proliferation signals,
which leads to cancer initiation and development (4). A subset
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of patients with NSCLC (10-15%) have EGFR mutations,
which are more common among women and nonsmokers (3).
Exon 19 deletions (ex19del) and exon 21 L858R (ex21 L858R)
mutations are the most common, accounting for 85-90% of all
NSCLC cases with an EGFR mutation.

EGFR-tyrosine kinase inhibitors (TKIs) are a class of
small molecules that can inhibit the homeostatic activation
of tyrosine kinase by reducing the relative affinity of TKD
for adenosine triphosphate (ATP) (4). Targeted therapy with
EGFR-TKIs has shown improved progression-free survival
(PES) outcomes compared with chemotherapy, making it
the recommended first-line treatment for these patients (4).
However, despite positive results in overall study popula-
tions from several randomized controlled trials (RCTs)
and meta-analyses, patients with the ex21 L858R mutation
have shown reduced sensitivity and duration of response to
EGFR-TKIs, resulting in shorter survival compared with those
with ex19del (5). As a result, strategies to address the chal-
lenges posed by the ex21 L858R substitution are still being
sought. Nevertheless, a comprehensive review comparing
survival benefits among different EGFR-TKIs and combina-
tion treatments for the ex21 L858R mutation has not been
reported, to the best of our knowledge.

To introduce and discuss the current progress and
prospects of using EGFR-TKISs for the treatment of patients
with NSCLC with the ex21 L858R mutation, the present
review performed a comprehensive literature search using
PubMed/MEDLINE (https://pubmed.ncbi.nlm.nih.gov/),
EMBASE (https:/www.embase.com/), Cochrane Library
(https://www.cochranelibrary.com/), ClinicalTrial.gov
(https://clinicaltrials.gov/) and Google Scholar (https://scholar.
google.com/) for all English-language studies published
between December 31, 2010 and December 31, 2023. The
search terms ‘NSCLC’, ‘EGFR’, ‘EGFR-TKTI’, ‘EGFR muta-
tion’, ‘anti-angiogenic’ and ‘chemotherapy’ were used, as well
as their full names, synonyms and variations. Duplicated
material, most preclinical studies, single-arm or phase I
clinical trials, trials with no PFS data and review commen-
taries were excluded. After analyzing the abstracts and titles,
120 potentially eligible studies were carefully evaluated by
full-text review. Finally, 85 articles were cited as references,
including RCTs, retrospective clinical analyses, case reports,
research articles and reviews.
clinical

2. Distinct molecular pathogenesis and

characteristics of ex21 L858R NSCLC

The L858R point mutation in exon 21 is a type II EGFR kinase
domain mutation; it has a change of T to G in the 858th codon
of the EGFR gene, resulting in the substitution of arginine for
leucine at this position of the EGFR protein (6). As shown in
Fig. 1, the ex21 L858R mutation is located in the activation loop
(A-Loop) region of the hydroxy acid leaflet (C-Lobe) region of
the EGFR kinase domain, away from the ATP-binding site,
which may explain its resistance to TKIs (6). By contrast,
ex19del is located in the C-helix region of the N-Lobe of
EGFR, which is closer to the ATP-binding site and possesses
high sensitivity to TKIs (6).

Compared with tumor cells with the ex19del mutation,
those with the ex21 L858R mutation exhibit distinct molecular

pathogenesis characteristics that may be negatively associ-
ated with EGFR-TKI efficacy. For example, the ex21 L858R
mutation is more frequently combined with co-mutations in
tumor suppressor genes and is associated with a markedly
shorter time to treatment failure on frontline TKI therapy (7).
In addition, compared with ex19del, the degree of phosphory-
lation activation at EGFR phosphorylation site Y845 in an
ex21 L858R cell line is greater, making TKI inhibition more
challenging (8).

Compared with NSCLCs with the ex19del mutation, those
with the ex21 L858R mutation exhibit less differentiation,
greater malignancy and more aggressive clinical features. For
example, ex21 L858R-mutated cells have increased expres-
sion of C-X-C motif chemokine receptor 4 (CXCR4) due to
activation of the C-X-C motif chemokine ligand 12-CXCR4
pathway, thereby promoting the formation of malignant
pleural effusion and enhancing the invasion capacity of cancer
cells (9). Recently, by using single-cell RNA sequencing,
Wang et al (10) demonstrated the nerve growth factor signaling
pathway, which was exclusively detected in patients with the
ex21 L858R mutation. By contrast, the tumor necrosis factor,
Fas ligand, and semaphorin 3A signaling pathways were only
detected in patients with ex19del. The uniquely identified
pathways in the patients with ex19del were associated with
anticancer activities, tumor necrosis and inhibition of angio-
genesis. Such tumor microenvironment differences provide
preliminary clues to further understand why patients with
ex19del have improved clinical outcomes (10). Additionally,
patients with ex21 L858R have been reported to have a
shorter life expectancy and a worse prognosis than those with
ex19del (11). As a result, more precise treatment for patients
with NSCLC with the ex21 L858R mutation is required.

3. EGFR-TKI monotherapy for ex21 L858R NSCLC

A total of three generations of EGFR-TKIs. There are currently
three generations of approved EGFR-TKIs: First-generation
(1G) EGFR-TKIs, erlotinib and gefitinib; second-gener-
ation (2G) EGFR-TKIs, afatinib and dacomitinib; and
third-generation (3G) EGFR-TKIs, osimertinib, aumolertinib,
furmonertinib and befotertinib (12).

The quinazoline ring serves as the mother ring structure
for both the 1G and 2G EGFR-TKIs (13). The 1G EGFR-TKIs
bind to the ATP-binding site of EGFR reversibly and nonco-
valently, whereas the 2G EGFR-TKIs contain an acrylamide
functional group that covalently binds to the ATP-binding
domain Cys797 of EGFR for potent and long-lasting irre-
versible inhibition (13). The parent ring structure of the 3G
EGFR-TKIs is 2-aminopyrimidine, and it retains the acryl-
amide functional group as an irreversible covalent-binding
inhibitor (13). The several generations of EGFR-TKIs have
different activity ranges due to their structural differences (14).
The 1G EGFR-TKIs have the ability to inhibit EGFR-sensitive
mutations. The 2G EGFR-TKIs are pan-human epidermal
growth factor receptor (HER) inhibitors that cannot only
irreversibly covalently inhibit multiple ErbB family receptors,
including EGFR, ErbB2 and ErbB4, but also simultaneously
inhibit the homodimerization and heterodimerization of HER
family receptors, resulting in more potent antitumor activity
by completely blocking the HER signaling pathway. The 3G
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Figure 1. Structure model of the N- and C-lobes in the epidermal growth factor receptor kinase domain, along with the mutation sites and functional areas.
The N-lobe, located at the front, includes 3-sheets and the C-helix adjacent to the ATP-binding site. The C-lobe, situated at the back, is mainly composed of
a-helices and is crucial for substrate binding and catalysis. The ATP-binding site lies between the lobes. The L858R mutation is in the A-loop of the C-lobe,
far from the site, whilst the exon 19 deletion is in the C-helix of the N-lobe, closer to the ATP-binding site.

EGFR-TKIs selectively inhibit the EGFR T790M mutation
and the EGFR-sensitive mutation.

Monotherapy of 1G EGFR-TKIs in ex2] L858R NSCLC.
The Iressa Pan-Asia Study (IPASS) is a phase III RCT that
compared the 1G EGFR-TKI gefitinib to carboplatin/paclitaxel
chemotherapy in previously untreated never-smokers and light
ex-smokers with advanced lung adenocarcinoma (15). The
IPASS results demonstrated a notable PFS benefit with gefitinib
in patients with NSCLC with the ex21 L858R mutation [hazard
ratio (HR), 0.55; 95% confidence interval (CI), 0.35-0.87], but
no significant overall survival (OS) benefit was observed (15).
Furthermore, the ENSURE study is a phase III RCT that
compared first-line erlotinib to gemcitabine/cisplatin in patients
with EGFR mutation-positive NSCLC from China, Malaysia
and the Philippines. The study demonstrated that PFS, but not
OS, was improved with erlotinib vs. gemcitabine + cisplatin
chemotherapy. In patients with the 21 L858R mutation, the
HR for PFS was 0.57 (95% CI, 0.31-1.05; median PFS, 8.3 vs.
7.1 months), whereas the HR for OS was 1.05 (95% CI,0.60-1.84;
median OS, 25.3 vs. 27.2 months) (16). However, neither the
EURTAC (8.4 vs. 6.0 months; HR, 0.55; 95% CI, 0.29-1.02;
P=0.054) nor the CONVINCE study (11.1 vs. 7.8 months; HR,
0.76; 95% CI, 0.43-1.33; P=0.331) demonstrated a significant
PFS benefit with 1G EGFR-TKIs (17,18). Additionally, the

INCREASE study evaluated the efficacy of high-dose icotinib
(250 mg, three times/day), another 1G EGFR-TKI for patients
with ex21 L858R-mutated. The results revealed a prolonged PFS
compared with regular-dose icotinib (125 mg, three times/day;
12.9 vs. 9.2 months; HR, 0.75; 95% CI, 0.53-1.05; P<0.05) (19).
The aforementioned results are presented in Table 1.

Monotherapy of 2G EGFR-TKIs in ex2] L858R NSCLC.
In patients with the ex21 L858R mutation, afatinib demon-
strated a marked PFS benefit (HR, 0.32; 95% CI, 0.19-0.52)
compared with chemotherapy in the Asian LUX-Lung 6 trial,
but not in the global LUX-Lung 3 trial (HR, 0.73; 95% ClI,
0.46-1.17), possibly due to differences in the study population
or the efficacy of the chemotherapy comparators used in each
study (20,21). However, neither of the two trials demonstrated
a significant improvement in OS with first-line afatinib vs.
chemotherapy for ex21 L858R (20-22). Afatinib was compared
with gefitinib in the LUX-Lung 7 trial, and neither PFS (10.9
vs. 10.8 months; HR, 0.71; 95% CI, 0.48-1.06) nor OS benefit
(25.0 vs. 21.2 months; HR, 0.91; 95% CI, 0.62-1.36) was
observed in patients with the ex21 L858R mutation (23,24). In
line with this finding, Lau et al (25) reported no significant
improvement in OS for patients with the ex21 L858R mutation
when they compared afatinib to gefitinib and erlotinib in a
real-world study (median OS, 25.4 vs. 20.6 months).
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In comparison, the encouraging results of dacomitinib,
another 2G EGFR-TKI, warrant special attention. Notably, the
ARCHER 1050 trial reported that dacomitinib outperformed
gefitinib in terms of both PFS (12.3 vs. 9.8 months; HR, 0.63;
95% CI, 0.44-0.88) and OS (32.5 vs. 23.2 months; HR, 0.67;
95% CI, 0.47-0.94) in patients with the ex21 L858R muta-
tion (26-28). According to a sub-analysis of ARCHER 1050,
first-line dacomitinib was markedly associated with prolon-
gation of PFS and improved OS compared with gefitinib in
patients from Asian populations with the ex21 L858R muta-
tion: The mean PFS for dacomitinib compared with gefitinib
was 16.0 vs. 11.1 months, with an HR of 0.505 (95% CI,
0.337-0.758; P=0.0004), and the median OS was 36.5 months
vs. 25.6 months, with an HR of 0.622 (95% CI, 0.415-0.931;
P=0.01) (29). In another sub-analysis, improvements in PFS
and OS with dacomitinib over gefitinib were observed in
patients with dacomitinib dose reduction in the ex21 L858R
mutation subgroup. Dacomitinib dose reduction improved
PFS and OS in 67 and 68% of patients with ex21 L858R,
respectively, making dacomitinib the first TKI to demonstrate
improved PFS and OS over gefitinib in patients with dose
reduction in the ex21 L858R subgroup (30).

Consistent real-world data report the benefits of dacomi-
tinib in the ex21 L858R population, as demonstrated in
ARCHERI1050. In a multicenter retrospective analysis
(TOPGAN2020-02), patients from nine Japanese institutions
who received dacomitinib for advanced EGFR-mutant NSCLC
that had progressed after EGFR-TKI treatment were included.
Subset analysis indicated that patients with the ex21 L858R
mutation had a longer PFS than those with ex19del (median
PFS, 5.8 vs. 4.1 months; P=0.018) (31). In another real-world
study in China, first-line dacomitinib treatment demonstrated
a promising efficacy (median PFS, 16.3 months) and tolerable
adverse events (AEs) among patients with NSCLC with the
EGFR ex21 L858R mutation (32). The initial dose and baseline
brain metastasis status did not have a significant impact on the
PFS among these patients (32). ARIA is a noninterventional
study of the real-world utilization of dacomitinib and the
associated clinical outcomes in patients from Asian popula-
tions with advanced EGFR mutation-positive NSCLC (33). Its
recent interim analysis reported that at data cutoff, the median
real-world PFS was longer in patients with the ex21 L858R
mutation than in those with ex19del (30.5 vs. 20.3 months) (33).
The aforementioned results are presented in Table I.

3G EGFR-TKIs in ex21 L858R NSCLC. The acquired T790M
mutation has been reported in 36.5% of patients with ex21
L858R after 1G or 2G TKI treatment (34). The 3G EGFR-TKIs
are irreversible inhibitors that were developed to overcome
the increased ATP and EGFR affinity caused by the T790M
mutation (35). In the FLAURA study, patients with the ex21
L858R mutation who received osimertinib experienced a
significant improvement in PFS (14.4 vs. 9.5 months; HR, 0.51;
95% CI, 0.36-0.71; P<0.001) but not OS (HR, 1.00; 95% ClI,
0.71-1.40) compared with those treated with the 1G EGFR-TKI
gefitinib or erlotinib (36,37). In the phase III trial AENEAS
(NCT03849768), the median PFS for the aumolertinib and
gefitinib groups was 13.4 and 8.3 months, respectively (HR,
0.60; 95% CI, 0.40-0.89; P=0.0102) (38). The 12-month OS
rates for aumolertinib and gefitinib were similar, at 86.2%
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(95% ClI, 80.8-90.2) and 85.3% (95% CI, 79.8-89.4), respec-
tively. Additionally, the real-world research OSI-FACT
retrospectively assessed osimertinib as a first-line treatment for
EGFR-mutant NSCLC. In terms of mutation types, the median
PFES for those with the ex21 L858R mutation was 16.9 months
(95% CI, 13.6-not reported), demonstrating a comparable
level of disease control to that observed in clinical trials (39).
However,the superiority of osimertinib over the 2G EGFR-TKIs
remains unknown in the real world. Ito et al (40) evaluated
patients with NSCLC treated with osimertinib or afatinib
as the first-line therapy at 15 Japanese institutions between
May 2016 and October 2019. The survival curves for patients
with ex21 L858R indicated that afatinib tended to provide an
improved survival benefit than osimertinib. Additionally, there
were marked differences in PFS and OS between the two treat-
ments for patients with ex21 L858R without brain metastases,
with HRs favoring afatinib (40). In another Dutch nationwide
real-world cohort, Gijtenbeek et al (41) confirmed that the OS
benefit for patients with ex21 L858R treated with osimertinib
as the first-line therapy was not superior to that of 1G and 2G
TKIs. The aforementioned results are presented in Table 1.

Fourth generation (4G) EGFR-TKIs. The 4G EGFR-TKIs
have been developed for targeting the osimertinib-resistant
mutations T790M and C797S. In preclinical and/or phase
I studies, a number of 4G EGFR-TKIs, including BLU-945,
EAIO45, JIN-A02 and BBT176, have demonstrated inhibitory
activities for classical EGFR mutations as well as T790M +
C797S (42-44). Additional 4G TKI therapeutic data for ex21
L858R is expected in the future.

Safety of EGFR-TKI monotherapy. Rash, diarrhea, paro-
nychia, oral mucositis, hepatotoxicity and interstitial lung
disease are among the most common AEs associated with
EGFR-TKIs, with different generations of EGFR-TKIs having
different safety profiles (45,46). As 1G EGFR-TKISs are associ-
ated with an increased risk of hepatotoxicity and interstitial
lung disease, they should be used with caution in patients with
liver disease (45,46). Meanwhile, 2G TKIs are associated with
common and tolerable AEs such as dermatitis, diarrhea and
oral mucositis (47). Furthermore, 3G TKIs have a reduced
prevalence of typical AEs such as rash and diarrhea, but they
are coupled with a higher risk of cardiotoxicity (48). As a
result, patients with pre-existing heart problems should use
them with caution.

Comparison of the safety of different generations of
EGFR-TKIs is undefined in the general study population
that includes both patients with ex19del and ex21 L858R. In
LUX-Lung 7, the frequency of grade =3 AEs was reported to
be similar in patients receiving afatinib or gefitinib (57% vs.
52%) (23). However, grade =3 treatment-related AEs (TRAE:)
were reported in 63% of patients given dacomitinib and in 41%
of patients given gefitinib in ARCHER 1050 (26). In FLAURA,
AEs of grade 3 or higher were less frequent in patients treated
with osimertinib than with gefitinib or erlotinib (34% vs.
45%) (36), whilst patients in the aumolertinib and gefitinib groups
experienced comparable grade =3 AEs in AENEAS (36.4% vs.
35.8%) (38). By contrast, patients who received EGFR-TKIs
had apparently fewer grade =3 AEs than those who received
chemotherapy, with 28.7% vs. 61.0% in IPASS (49), 9.5% vs.
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24.8% in CONVINCE (18), 35.5% vs. 57.7% in ENSURE (16),
45% vs. 67% in EURTAC (17), 49% vs. 48% in LUX-Lung
3 (20), 36.0% vs. 60.2% in LUX-Lung 6 (21) and 23% vs. 47%
in AURA3 (50). INCREASE is the only trial that reported
safety evaluations in different mutation subpopulations: Patients
in the L858R-high-dose group experienced notably more
TRAESs (81%) than those in the L858R-reduced-dose group
(55%) and ex19del-reduced-dose group (66%), whereas the inci-
dences of grade 3/4 TRAEs were similar across all groups (19).
Nevertheless, the potential for safety differences between EGFR
mutation subgroups warrants further investigation.

Summary of EGFR-TKI monotherapy. Whilst the PES benefits
of 3G TKIs outperform those of 1G and 2G TKIs, only 2G
dacomitinib has demonstrated OS benefits, and 3G TKI OS data
remain unmatured. Certain preclinical evidence may explain
the possible reason for the efficacy of dacomitinib in ex21
L858R NSCLC. An in-vitro study reported that dacomitinib can
effectively inhibit EGFR phosphorylation, particularly hyper-
phosphorylation at the Y845 site, which is one of the reasons
for the low sensitivity of the ex21 L858R mutation to TKIs (51).
Another in-vitro study reported that dacomitinib had a sustained
inhibitory effect on EGFR in cells expressing the ex21 L858R
mutation for <30 min after drug withdrawal, whereas the inhibi-
tory effect of the 1G and 3G TKIs vanished immediately (52).
Additionally, the half-maximal inhibitory concentration value
of 2G TKIs (2.6-4 nM) was much lower than that of 1G TKIs
(16-26 nM) and the 3G TKI osimertinib (9 nM), especially for
dacomitinib, indicating another explanation that dacomitinib
has a stronger inhibitory effect on the ex21 L858R mutation
than other TKIs (53). These preliminary findings support the
use of dacomitinib in the treatment of ex21 L858R NSCLC.

Furthermore, studies have reported that sequential 3G TKIs
following initial 2G TKI treatment may also result in long OS
benefits. The ARCHER1050 study reported that the median OS
of patients with the ex21 L858R mutation who were resistant
to first-line dacomitinib therapy followed by osimertinib was
44.7 months, demonstrating the survival benefit of 2G sequential
3G TKI therapy (30). In addition, two previous noninterventional
trials, GioTag (NCT03370770) and UpSwinG (NCT04179890),
reported notable OS results in patients who received sequential
afatinib/osimertinib. The GioTag observational study evaluated
the role of sequential osimertinib after afatinib failure in patients
with ex21 L858R mutations, reporting an OS of 33.0 (29.8-37.0)
months for these patients (54). In the global study UpSwinG,
first-line afatinib and second-line osimertinib resulted in a
median OS of 33.1 (24.9-41.8) months in patients with the ex21
L858R mutation in regular clinical practice (55). Moreover,
Miura et al (56) performed a combined analysis of patients from
Asian populations from both studies, and the results indicated
a median OS of 39.1 (29.3-48.5) months in patients with the
ex21 L858R mutation. More research comparing first-line 3G
EGFR-TKIs to sequential therapy for patients with NSCLC with
the ex21 L858R mutation is expected (57,58).

4. Combination therapy of EGFR-TKIs in ex21 L858R
NSCLC

Mechanism of EGFR-TKI combination therapy. Combination
therapy is currently a common treatment option for NSCLC

with EGFR mutations. Combining EGFR-TKIs with antian-
giogenic therapy (T+A) or chemotherapy (T+C) can produce
synergistic antitumor effects via several potential molecular
mechanisms. By activating caspase-7, the combination of
EGFR-TKIs and chemotherapy enhances apoptotic signaling,
significantly inhibiting cell growth, promoting cell death and
preventing resistance mediated by epithelial-mesenchymal
transition (59,60). Additionally, antiangiogenic agents can
normalize the vascular wall and network structure, enhancing
the delivery and penetration of EGFR-TKIs into tumor
tissues (61). EGFR is also expressed on tumor-associated endo-
thelial cells, and its inhibition by EGFR-TKIs in combination
with antiangiogenic agents can suppress tumor angiogenesis
synergistically (62). Furthermore, antiangiogenic therapy can
prevent compensatory increases in angiogenesis from both
tumor and stromal sources caused by EGFR-TKIs (63).

Combination of EGFR-TKIs and chemotherapy. Several
studies have assessed the clinical efficacy of combining
EGFR-TKIs and chemotherapy for patients with EGFR
mutations, and combination therapy shows clinical benefits
compared with EGFR-TKI monotherapy. A significant PFS
benefit was demonstrated for patients with L858R receiving
combination therapy compared with patients receiving gefi-
tinib in the JMIT trial (median PFS, 12.6 vs. 10.9 months;
HR, 0.58; 95% CI, 0.33-1.01; P=0.054), NCT02148380 trial
(HR, 0.31; 95% CI, 0.15-0.66) and NEJOO9 trial (HR, 0.55;
95% C1, 0.38-0.80) (64-67). As presented at the 2023 World
Conference on Lung Cancer, in FLAURA?2, osimertinib in
combination with chemotherapy demonstrated a marked PFS
improvement compared with osimertinib alone for patients
with the L858R mutation (median PFS, 24.7 vs. 13.9 months;
HR, 0.63; 95% CI, 0.44-0.90), with a benefit degree similar to
that of the ex19del subgroup (68). In addition, Yan et al (69)
retrospectively analyzed 76 patients with NSCLC with EGFR
mutations who received EGFR-TKI monotherapy (gefitinib,
erlotinib or icotinib) or in combination with a platinum-based
regimen (cisplatin or carboplatin + paclitaxel, docetaxel,
pemetrexed or gemcitabine). The results demonstrated that
the PFS and OS of patients with L858R in the combination
group were significantly longer than in the monotherapy group
(median PFS, 7.2 vs. 5.8 months; P=0.013; and median OS,
22.0 vs. 18.7 months; P=0.024). The aforementioned results
are presented in Table II.

Combination of EGFR-TKIs and antiangiogenic therapy. The
combination of EGFR-TKIs and antiangiogenic drugs has
also shown efficacy in first-line treatment for patients with
advanced EGFR-mutated NSCLC. A total of four clinical
trials assessed the prognosis of the combination of erlotinib
and bevacizumab compared with erlotinib, including the
CTONGI1509 trial, NEJO26 trial, JO25567 trial and a phase 11
trial in Japan. Moreover, NCT03126799 and the RELAY study
evaluated the efficacy and safety of the combination of erlotinib
and ramucirumab compared with erlotinib, and CTONG1706
was performed to compare apatinib + gefitinib with gefitinib
monotherapy (70-75). For patients with the L858R mutation, a
significant PFS benefit of combined therapy was demonstrated
in the CTONGI1509 trial (median PFS, 19.5 vs. 9.7 months; HR,
0.50; 95% CI. 0.32-0.77; P=0.001), NEJ026 trial (median PFS,
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17.4 vs. 13.7 months; HR, 0.57; 95% CI. 0.33-0.97), RELAY
trial (median PFS, 19.4 vs. 11.2 months; HR, 0.62; 95% ClI,
0.44-0.87; P=0.006) and RELAY Japanese Subset (median
PFS, 19.4 vs. 10.9 months; HR, 0.51; 95% CI, 0.32-0.84;
P=0.006) (70-72,76). However, no significant OS benefit was
demonstrated for the ex21 L858R mutation in these ongoing
trials (70-72). Moreover, PFS benefits were not revealed to be
significant in the exon 21 L858R subgroup in the JO25567 trial
(median PFS, 13.9 vs. 7.1 months; HR, 0.67; 95% CI, 0.38-1.18;
P=0.1653), CTONG1706 (median PFS, 11.9 vs. 10.1 months;
HR, 0.72; 95% CI, 0.48-1.09; P=0.123) and NCT03126799
(HR,0.63; 95% CI. 0.35-1.13; P=0.118) (73-75). The aforemen-
tioned results are presented in Table II.

Safety of EGFR-TKI combination therapy. In the general
population, the safety profiles of EGFR-TKI combination
therapy were consistent with the known profiles of both drugs,
including liver dysfunction, neutropenia, fatigue, hemato-
logic toxicities and skin rash. The safety findings in several
studies are constant in that combined therapy has more AEs
than monotherapy. For T+C trials, the proportion of grade =3
treatment-emergent AEs (TEAEs) was notably higher in the
gefitinib + chemotherapy group than in the gefitinib group in
both the JMIT study (42% vs. 19%) (64) and the NEJOO9 study
(65.3% vs.31.0%) (66). Similarly, for the T+A regimen, patients
receiving erlotinib + bevacizumab or ramucirumab experi-
enced more grade =3 TEAEs than patients in the erlotinib-only
group, with 54.8% vs. 26.1% in CTONG1509 (70), 88% vs.46%
in NEJ026 (71), 72% vs. 54% in RELAY (72), 91% vs. 53%
in JO25567 (73) and 50.6% vs. 20.6% in NCC2016-0107 (75).
Notably, in CTONGI1706, grade =3 TEAEs were also reported
more frequently in the apatinib + gefitinib group than in the
gefitinib monotherapy group (84.1% vs. 37.7%) (74). However,
no data on the safety differences between EGFR mutation
subgroups have been published, to the best of our knowledge.

Summary of EGFR-TKI combination therapy. In general,
studies have reported that both T+A and T+C combination
therapies had improved PFS for patients with L§58R compared
with EGFR-TKI monotherapy (64-75). However, it is unknown
whether monotherapy or combination therapy is a more effec-
tive first-line treatment for these patients in terms of OS benefits.
Amivantamab is an EGFR- and mesenchymal-epithelial transi-
tion-bispecific antibody with immune cell-directing activity (33).
The phase III trial MARIPOSA (NCT04487080) compared
amivantamab + lazertinib, a central nervous system-penetrating
3G EGFR-TKI, to osimertinib in the first-line setting. Its early
PFS data demonstrated that amivantamab + lazertinib outper-
formed osimertinib in patients with the ex21 L858R mutation
(HR, 0.78; 95% CI, 0.59-1.02) or ex19del (HR, 0.65; 95% ClI,
0.51-0.85) after a median follow-up of 22.0 months (33). Future
studies combining EGFR-TKIs with treatments other than
chemotherapy and antiangiogenic therapy deserve attention.
Additionally, despite their effectiveness in extending
survival benefits, the combination of other treatments with
EGFR-TKIs may result in additional AEs. A meta-analysis
by Qi et al (77) revealed that compared with osimertinib, the
combination of 1G T+A (HR, 2.40; 95% CI, 1.70-3.40) and 1G
T+C (HR, 2.50; 95% CI, 1.60-4.60) significantly increased the
risk of grade 3 or worse AEs, with the following risk rank:

osimertinib < 1G EGFR-TKIs < 2G EGFR-TKIs < 1G T+A
< 1G T+C. As a result, when prescribing combination treat-
ments, clinicians should be more cautious about the increased
toxicities as well as the toxicity profile of each treatment for
clinical decision making and improved management.

Furthermore, regimens combining EGFR TKIs with
additional EGFR-targeting therapies have been assessed to
delay/prevent resistance and to achieve more intense suppres-
sion. For example, studies have begun to investigate combination
therapy with EGFR TKIs and EGFR monoclonal antibodies
(mAbs) due to their synergistic antitumor effects: EGFR
mAbs inhibit ligand-induced activation of TKD by blocking
ligand-EGFR binding extracellularly, whilst EGFR TKIs reduce
the relative affinity of TKD for ATP intracellularly (78-80).
This ‘sandwich’ strategy also enables a decreased dosage of
each medication, facilitating the management of adverse effects
without compromising the therapeutic efficacy. Preclinical data
indicate that the afatinib-based ‘sandwich’ method notably
delays drug resistance in transgenic mice carrying tumors with
the EGFR L858R mutation (78). However, the phase II RCT
SWOG S1403 reported that adding cetuximab to afatinib did
not enhance outcomes in patients with NSCLC with classic
mutations (exon 19del and exon 21 L858R), with 30% of patients
discontinuing cetuximab due to intolerable AEs (79). Using
comprehensive pharmacology profiling and molecular docking
analyses, a recent study identified EGFR as a potential target
of the key therapeutic component of Spirulina, suggesting that
small molecules acting through several mechanisms to EGFR
may be used as adjuvants to enhance the treatment effectiveness
or sensitivities of EGFR TKIs (80).

5. Conclusions and perspectives

In summary, due to their distinct clinicopathological charac-
teristics and response to EGFR-TKISs, patients with NSCLC
with the ex21 L858R mutation should be treated as a sepa-
rate subpopulation (81). However, current guidelines classify
ex21 L858R and ex19del as the same condition and recom-
mend the same treatment strategy for both (82). As a result,
several issues must be addressed in future studies aimed at
precision medicine. First, the mechanism of the poor response
toward EGFR-TKIs in those with the ex21 L858R mutation is
currently not fully understood, and further research is highly
anticipated to help delay resistance and provide therapeutic
benefits, particularly in terms of prolonging OS. As clinical
evidence suggests that dacomitinib improves OS in patients
with ex21 L858R, more research into using dacomitinib-based
sequential or combination therapy to benefit this subgroup is
warranted (26-30). For patients resistant to 1G or 2G EGFR-TKI
therapy, T790M mutation detection should be performed to
support the selection of 3G EGFR-TKI therapy (42,83).
Additionally,anumber of ongoing phase IlI studies involving
patientswithex21 L858R receiving combinationtherapy with3G
EGFR-TKIs merit attention. These include first-line combined
chemotherapy (LAURA/NCT03521154 and NCT04923906),
first-line combined antiangiogenic therapy (NCT04181060),
first-line combined EGFR/mesenchymal-epithelial transi-
tion double antibody therapy (MARIPOSA/NCT04487080
and MARIPOSA-2/NCT04988295) and first-line combined
EGFR/HER3 double antibody therapy (NCT05020769).
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A group of prospective trials focusing on the combination of
osimertinib and antiangiogenic drugs (UMINO000028071 and
NCT 0281579) is expected to improve efficacy and break the
treatment bottleneck for patients with the L858R mutation in
the first-line setting. As a result, the OS benefit of combining
EGFR-TKIs with antiangiogenic therapy in patients with the
ex21 L858R mutation warrants further investigation.

The release of the aforementioned research data will help
to further clarify the efficacy and safety of several combination
therapy modes of 3G EGFR-TKIs for patients with ex21 L858R.
Notably, the first phase III clinical trial targeting only patients
with the ex21 L858R mutation in NSCLC is ongoing (84). This
study, REVOL858R (WJOG14420L), will enroll 230 patients
with ex21 L858R to compare the clinical efficacy of erlotinib +
ramucirumab to osimertinib monotherapy (84). The findings
of the trial may aid in the discovery of more treatment options
for these patients with ex21 L858R mutation.
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