International Journal of Pharma Medicine and Biological Sciences, Vol. 15, No. 3, 2026

Advances in Targeted Therapy for EGFR-mutated
NSCLC Brain Metastasis

Jingxuan Pang * and Lewei Li

School of Clinical Medicine, Chengdu Medical College, Chengdu, China
Email: China.211171698@qq.com (J.P.); China.lillewei@outlook.com (L.L.)
*Corresponding author

Abstract—Lung cancer is one of the malignant tumors with
the highest morbidity and mortality rates in the world, of
which Non-Small Cell Lung Cancer (NSCLC) accounts for
approximately 80%-85%. Epidermal Growth Factor
Receptor (EGFR) mutations are prevalent in Asian NSCLC
patients, and such patients are more prone to brain
metastases. With the iterative development of
EGFR-Tyrosine Kinase Inhibitors (EGFR-TKIs), significant
progress has been made in therapeutic strategies for brain
metastases from EGFR mutation-positive NSCLC. This
paper systematically reviews the research advances in
targeted therapy in this field. Based on the mechanism of
impact, the intracranial activity and clinical application of
the first-to fourth-generation EGFR-TKIs are elaborated in
detail, and the R&D trends of the third-generation drugs and
their resistance-related fourth-generation drugs are
analyzed. The combination of targeted drugs with
chemotherapy, radiotherapy, antiangiogenic therapy and
other targeted drugs is also discussed in this paper.
Furthermore, the paper presents the breakthrough of a new
generation of high blood-brain barrier penetrating drugs.
Finally, this paper proposes the prospects of transforming
lung cancer brain metastases from terminal events to chronic
diseases that can be managed for a long time by optimizing
full-course management strategies.
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I. INTRODUCTION

Lung cancer is one of the malignant tumors with the
highest morbidity and mortality in the world. The
incidence and mortality of lung cancer in China rank first,
with about 1,060,600 new cases (22.0%) and about
733,300 deaths (28.5%) in 2022 [1, 2]. Smoking is the
main risk factor, but the ratio of non-smoking-related lung
cancer is increasing, which is associated with air pollution,
occupational exposure, and genetic susceptibility [3].
Non-Small Cell Lung Cancer (NSCLC) accounts for
80%—85% of cases, among which the Epidermal Growth
Factor Receptor (EGFR) mutation rate is 30%—-50% in
Asian patients, which is much higher than that in Europe
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and America (10%—15%) [4].

EGFR mutations (such as exon 19 deletion, L858R)
constitutively activate downstream signaling pathways,
promote tumor proliferation and metastases [5], and
become the key therapeutic target of NSCLC. Patients
with positive EGFR mutations are more likely to develop
CNS metastases [6]. Brain metastases refer to brain
parenchymal metastases, and about 10%—15% are present
at initial diagnosis and 26%—53% during the disease [7, 8].
EGFR mutants have a higher risk of brain metastasis (70%
in some studies), which is the clinical focus and difficulty.
Whereas the wild type is 15%-25% [9], it is related to
mutations that upregulate VEGF and MMPs, enhancing
blood-brain barrier penetration and brain
microenvironment support [10].

EGFR-Tyrosine Kinase Inhibitors (EGFR-TKIs)
improve patient prognosis, but there are still bottlenecks in
the treatment of brain metastases. Specifically, the
blood-brain barrier limits drug penetration; the
cerebrospinal fluid/plasma concentration ratio of the
first-generation drug is only 1%—5%; the third-generation
osimertinib is 15%-25%; and some patients have poor
efficacy [11]. Approximately 40% of patients develop
acquired drug resistance after one or two years, with
diverse mechanisms and difficulty in secondary
biopsy [12]. Although combined radiotherapy improves
local control, it may increase the risk of brain necrosis or
cognitive impairment, and the best sequential strategy is
unknown [13]. Clinical therapies mostly use brain
metastasis as a subgroup analysis, with insufficient
prospective large-scale studies and evidence-based
evidence [14]. In the future, it is necessary to develop
highly penetrating drugs, explore drug resistance
mechanisms, and optimize multi-modal therapy. This
paper reviews the research advances of targeted therapy of
brain metastasis in EGFR-mutated NSCLC as follows,
providing a clinical perspective.

e Targeted Therapeutic Mechanism

With the development of medicine, the first, second,
and third generations of EGFR-TKIs have been applied in
clinical practice in succession, and the fourth generation of
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TKIs is in the exploratory stage. In clinical practice, the
first to third generations of EGFR-TKIs have brought
more effective treatment options and improved survival
likelihood for NSCLC patients. However, with the
deepening of clinical use, drug resistance has become
increasingly significant, and the treatment burden of
NSCLC has further increased.

Fig. 1 presents the EGFR antibody-mediated targeting
mechanism. EGFR monoclonal antibodies (such as
cetuximab) block the binding of natural ligands (i.e., EGF
or TGF-a) to receptors by competitively binding to the
EGFR extracellular domain, thereby inhibiting receptor
dimerization and abnormal activation of downstream
signaling pathways [15].
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Fig. 1. EGFR Antibody-mediated targeting mechanism.

Fig. 2 presents the molecular mechanism of EGFR-TKI
targeting. EGFR-TKI (i.e., osimertinib) inhibits kinase
autophosphorylation and downstream signaling (i.e.,
MAPK and PI3K-AKT pathways) by binding to the
ATP-binding site of the EGFR intracellular tyrosine kinase
domain, and finally arrests tumor cell proliferation and
survival [16].
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Fig. 2. EGFR targeted therapy mechanism.
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II. MECHANISMS OF TARGETED THERAPY

A.  Mechanism of Monotherapy with Targeted Therapy

With EGFR as an example, normal EGFR regulates cell
growth and proliferation. After the Receptor Tyrosine
Kinase (RTK) is activated in cancer cells, the intracellular
domain of EGFR is self-phosphorylated, and the formed
phosphotyrosine residues act as adaptor molecule docking
points to induce downstream signaling, which results in
uncontrolled cell proliferation and tumors [17]. Targeted
drug therapy aims to design drugs genetically for defined
oncogenic sites and selectively bind mutant sites to kill
tumor cells without effect on surrounding normal
tissues [18]. At present, clinical EGFR-targeting drugs
are divided into antibodies and Tyrosine Kinase Inhibitors
(TKIs). Antibody drugs competitively bind to EGFR with
ligands, block ligand activation, inhibit EGFR dimer
formation, and block downstream signaling pathways,
thereby inhibiting tumorigenesis [15]. EGFR-TKIs
competitively bind to the tyrosine kinase domain with
ATP to prevent EGFR autophosphorylation, thus
inhibiting the activation of downstream signaling
pathways and achieving tumor inhibition [16].

B.  Mechanism of Targeted Combination Therapy

In the treatment of brain metastases of EGFR-mutated
NSCLC, targeted combination therapy demonstrates
unique advantages. Its mechanisms mainly include
synergistic inhibition of tumor growth, enhancement of
blood-brain barrier penetration, and delay of drug
resistance. In preclinical models, EGFR-TKI can increase
radiation response by promoting radiation-induced
apoptosis, inhibiting cell cycle, DNA damage repair,
accelerating proliferation, and angiogenesis [19]. In
addition, combination therapy can inhibit tumor
heterogeneity and bring significant clinical benefits in
patients with NSCLC who develop resistance
mechanisms [20]. The combination of multiple means
improves patient prognosis, and targeted combination
therapy has been an innovative treatment worthy of further
exploration in the future.

III. CLINICAL TARGETED THERAPY

Compared with traditional chemotherapy, due to the
limitation of the Blood-Brain Barrier (BBB) and the
blood-tumor barrier, it is difficult for drugs to reach
effective intracranial concentrations. Thus, the treatment
for brain metastasis is mainly local intervention. Currently,
EGFR-TKIs have become the first-line treatment option
for EGFR-mutant NSCLC [21].

A. EGFR-TKI Monotherapy

1) First-generation EGFR-TKIs

Commonly used first-generation EGFR-TKIs in clinical
practice include icotinib, erlotinib, and gefitinib, which
reversibly bind to the ATP-binding site of EGFR, block
cell growth, and induce cell death. Gefitinib and erlotinib
have been approved globally for EGFR-mutant NSCLC,
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and icotinib has been approved in China [22].

A multicenter phase III study (BRAIN)onfirms a
significant benefit of icotinib in intracranial therapy in
patients with EGFR-mutant NSCLC and multiple BRAIN
metastases [2]. These findings suggested that icotinib may
be a better first-line treatment option for patients with
brain metastases. To compare the differences in CNS
control between the two drugs, Li Mengxia et al.
conducted a retrospective study. It is observed that
erlotinib presents a trend toward prolonging the median
central nervous system Time-To-Progression (nTTP) in
patients with EGFR-mutant Brain Metastases (BM)
compared with gefitinib. For patients with pre-existing
brain metastases prior to EGFR-TKI treatment, erlotinib
as first-line treatment significantly prolongs the median
nTTP (30 months vs 15.8 months, p = 0.024) [23]. For
patients with brain metastases, several studies propose
that [24-26] erlotinib has better central penetration in
patients with EGFR mutations in BM. Meanwhile, several
studies insist that gefitinib is effective in brain
metastases [27-30]. These still need to be verified by
prospective randomized controlled studies.

Although the first generation of TKI brings hope for
survival to patients, most patients develop acquired drug
resistance [31]. The most common and most studied is the
T790M mutation, accounting for about 50%—60%.

2) Second-generation EGFR-TKlIs

To overcome the acquired drug resistance of the
first-generation EGFR-TKIs, researchers developed
irreversible second-generation EGFR-TKIs (afatinib and
dactinib), which can covalently bind with EGFR to
enhance the long-lasting inhibitory effect.

Afatinib: According to two comprehensive clinical
trials, LUX-Lung 3 [32] and LUX-Lung [33], the median
CNS progression time is longer in the afatinib group than
in the chemotherapy group in both trials (15.2 vs 5.7
months; 15.2 vs 7.3 months) [34]. The LUX-Lung 7 study
indicates that the presence of baseline brain metastases
fails to impair the therapeutic benefit of afatinib [35].
Subgroup analysis of clinical trial data also confirms
that afatinib has therapeutic activity in EGFR
mutation-positive NSCLC patients and is not affected by
the presence of metastases [36, 37].

Dacotinib: A Phase II study in patients with EGFR
mutations and brain metastases indicates that the
intracranial ORR of dacotinib is 68.8% [38]. Another
prospective Phase II clinical study confirms that dacotinib
(IORR of 66.7% and median iPFS of 16.6 months)
demonstrates strong systemic and intracranial efficacy
with manageable adverse events in NSCLC patients with
EGFR mutations and severe brain metastases, thus
supporting its use as a first-line treatment [39].

Although the second-generation EGFR-TKIs can
achieve longer-lasting efficacy through irreversible
binding, they lack selectivity for EGFR; they inhibit
mutant EGFR and wild-type EGFR, resulting in more
adverse reactions and failure to significantly improve the
drug resistance caused by the T790M mutation [40, 41].
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3) Third-generation EGFR-TKIs

To address the poor selectivity, limited blood-brain
barrier penetration, and T790M drug resistance of the first-
and second-generation EGFR-TKIs, the researchers have
developed third-generation EGFR-TKIs, mainly including
osimertinib, ametinib, fumetinib, befortinib, lazetinib, etc.

Osimertinib:  Osimertinib is a third-generation
irreversible EGFR-TKI that stably binds to the C797 site,
inhibits tyrosine kinase phosphorylation, induces
tumor cell death, and has good blood-brain barrier
penetration [11, 42—45]. The AURA3 study validates the
efficacy of osimertinib on the central nervous system [10].
For patients with advanced NSCLC with T790M
mutations and disease progression during first-line
EGFR-TKI therapy (including patients with CNS
metastasis), osimertinib is significantly better than
platinum-containing chemotherapy (iPFS: 11.0 months vs.
4.2 months) [44]. According to the FLAURA
study [10, 46], osimertinib has advantages in intracranial
efficacy, and the 18-month PFS rates of patients with brain
metastases are 58% and 40%, respectively [11]. These
results suggest that osimertinib reduces the risk of CNS
progression.

Ametinib: The AENEAS study shows that the first-line
treatment of EGFR-mutated advanced NSCLC with
ametinib improves CNS PFS and reduces the risk of CNS
progression compared with gefitinib [47]. The ACHIEVE
trial (which allows the inclusion of patients with
neurological symptoms) indicates that high-dose ametinib
has a median PFS of more than 20 months and an
intracranial response rate of more than 85% in patients
with EGFR-mutant NSCLC brain metastases [48].

Furmonertinib: Furmonertinib has been approved in
China for the first-line treatment of advanced NSCLC with
EGFR mutations [49]. It has high fat solubility (LogP =
4.77) as a non-P-gp substrate, and the active metabolite
can “dual-channel into the brain”. Animal models indicate
that the brain/plasma exposure ratio is better than that of
osimertinib and ametinib [50]. A Phase IIb study
(NCT03452592) is being conducted, enrolling numerous
patients with metastases in the central nervous system
(48%) and carrying EGFR L858R [51]. The results show
its strong strength in the treatment and prevention of
metastases in the central nervous system [51]. FURLONG
(NCT03787992) preliminary results prove that fumetinib
significantly prolongs CNS PFS compared to gefitinib
(20.8 vs 9.8 months, P=0.0011), with a CNS ORR 0f 91%
and a DCR of 100% in patients with measurable CNS
lesions [52].

Befotertinib: Befotertinib a highly selective
third-generation EGFR-TKI that penetrates the
blood-brain barrier. According to a first-line study of
(IBIO-103) [NCT04206072] [53], befortinib significantly
improves intracranial PFS (24.9 vs 15.2 months) and
intracranial ORR (92.3% vs 55.6%) in patients with brain
metastases compared with icotinib [53]. In the second-line
study of IBIO-102 [NCT038611566], patients with brain
metastases have a median OS of 23.0 months [54]. Based
on the above studies, befortinib has been approved in
China for the first-and second-line treatment of
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EGFR-mutant NSCLC [55].

Lazetinib: Lazetinib (YH25448, JNJ-73841937) is an
oral and highly effective brain tissue-penetrating EGFR
TKI[53]. Analysis in LASE201 [NCT03046992] [56] and
LASER301 [NCT04248829] [57] indicate a clinically
meaningful therapeutic benefit of lazetinib in patients with
CNS metastases (median PFS: 20.6 vs 9.7 months, HR
0.45) [57]. The comprehensive analysis shows that the
median iPFS in the iFAS population is 27.7 months, and
the iORR in the cEFR population is 92% [58]. A phase II
study proves that patients with CNS progression following
prior EGFR-TKI therapy have an intracranial ORR of 55%
with razetinib, a median iPFS of 15.8 months, and a
cerebrospinal fluid permeation rate of 46.2% [56, 59].

Although osimertinib has a high response rate to
T790M mutations, acquired drug resistance is still
inevitable, and the main mechanisms include the C797S
mutation, the C-MET amplification, small cell lung cancer
transformation, and downstream gene activation [40]. This
is a key clinical challenge that requires a new solution.

4) Fourth-generation EGFR-TKI

The R&D of fourth-generation EGFR-TKIs aims to
overcome resistance to third-generation drugs, especially
for resistance mechanisms such as the C797S mutation and
the T790M/C797S co-mutation. Current drug candidates
in the clinical stage include BDTX-1535, JIN-A02, etc.
BDTX-1535 (NCT05256290) [60] achieved an overall
response rate of 50% in phase I studies and easily crossed
the blood-brain barrier [61, 62], which provides hope for
patients with brain metastases. The oral presentation data
of JIN-AO02 (Phase I/II, NCT05394831) at the 2025 ASCO
Annual Meeting indicate that JIN-A02 exhibits clear
intracranial activity in patients after EGFR-TKI resistance
and is the most direct clinical evidence of brain metastasis
in the current four-generation TKI [63]. BBT-207
(NCT05920135) is under development and exhibits
intracranial antitumor activity in preclinical data at the
2023 American Association for Cancer Research (AACR)
Annual Meeting [64]. Fourth-generation EGFR-TKI drugs
have shown potential in both preclinical and early clinical
data. In the future, attention should be paid to their
long-term safety, combination therapy, and ability to cover
rare mutations.

5) New-generation EGFR-TKI

Zorifertinib (AZD3759) is the first oral EGFR-TKI
specifically designed for the treatment of advanced
non-small cell lung cancer with central nervous system
metastases, which can completely penetrate the
blood-brain barrier [65]. EVEREST is a phase 3
randomized controlled trial in patients with EGFR
mutation-positive NSCLC with central nervous system
metastases [66]. Compared with the first-generation
EGFR-TKI, zolitinib alone can achieve a high response
rate of intracranial lesions. The drug is recommended by
the China Driver Gene-Positive NSCLC Brain Metastasis
Clinical Diagnosis and Treatment Guidelines (2025
Edition) in December 2024 as one of the preferred
regimens for initial targeted therapy of EGFR classical
mutation NSCLC brain metastasis (Class 2A) [67].
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B.  Targeted Combination Therapy

At present, due to the diverse resistance mechanisms of
third-generation EGFR-TKIs, the combination of different
small-molecule inhibitors is one of the strategies to
overcome targeted resistance. Targeted combination
therapy has become the main research direction for clinical
EGFR mutation-positive advanced NSCLC.

1) Targeted combination chemotherapy

Chemotherapy drugs can destroy the tumor
microenvironment, normalize tumor blood vessels, and
improve the penetration of TKI drugs in tumor tissue.
Besides, it can cooperate with TKI to inhibit tumor cell
growth through the regulation of the cell cycle [19].
According to the results of a phase III clinical trial
(FLAURA?2), for patients with advanced NSCLC with
EGFR  mutations, osimertinib combined  with
chemotherapy significantly prolongs overall survival
compared with osimertinib monotherapy, and in patients
with baseline CNS metastases, the combination
therapy reduces the risk of CNS progression or death by
42% [53, 68, 69]. The GAP BRAIN Phase III trial in
Chinain dicates that gefitinib in combination with
chemotherapy  significantly = prolongs intracranial
progression-free survival (15.6 vs. 9.1 months) compared
with monotherapy in patients with NSCLC with EGFR
mutations and BRAIN metastases [27].

2) Targeted combination radiotherapy

When targeted drugs are combined with radiotherapy,
radiotherapy destroys the structural integrity of the
blood-brain barrier and promotes more targeted drugs to
enter brain metastases. Meanwhile, targeted drugs can
interfere with the DNA damage repair of tumor cells after
radiotherapy and enhance radiotherapy sensitivity. The
two complement each other [70]. A meta-analysis pooling
treatment response and toxicity from 18 studies found that
for patients with NSCLC brain metastases. WBRT +
EGFR-TKIs improve treatment response rates and
one-year survival without increasing treatment toxicity
except for rash [71]. A retrospective analysis proposes that
combined Stereotactic Radiotherapy (SRT) in patients
with brain metastases significantly improves iPFS and
prolongs OS regardless of whether patients receive
third-generation EGFR-TKI therapy [72]. Another
retrospective multi-institutional analysis indicates that in
patients with EGFR-mutant NSCLC with brain metastases,
EGFR-TKI therapy combined with SRS can prolong
OS [73]. In addition, studies of three-generations
EGFR-TKI in combination with SRS are ongoing
(NCT03535363, NCT03769103, NCT03497767).

3) Targeted combination immunization

Targeted combination immunization strategies in
clinical practice have not shown clear benefits, and the risk
of toxicity is increased [74—76]. In patients with brain
metastases after EGFR-TKI resistance, the results of the
HARMONI-A study (NCT05184712) indicate that the
combination of evocizumab (PD-1/VEGF dual antibody)
with chemotherapy significantly improves intracranial
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progression-free survival (5.75 months vs. 4.14
months) [77]. In addition, the final analysis results of the
HARMON:I global phase III study (NCT06396065) were
announced at the 2025 WCLC, and evocizumab combined
with chemotherapy significantly improves PFS in patients
with NSCLC after EGFR-TKI resistance (HR = 0.52) [78].
A new treatment option is provided for patients with brain
metastases after EGFR-TKI resistance.

4) Targeted therapy combined with anti-angiogenic
agents (VEGR)

In EGFR-mutant NSCLC patients with brain
metastases, the combination of EGFR-TKIs and
anti-angiogenic agents exert synergistic effects, primarily
through dual modulation of both tumor cells and the tumor
microenvironment [79, 80].

Bevacizumab is a recombinant anti-Vascular
Endothelial Growth Factor (VEGF) monoclonal antibody
that targets the VEGF signaling pathway, thus inhibiting
angiogenesis and tumor growth [81]. The subgroup
analysis of the ARTEMIS (CTONG1509) study indicates
that erlotinib in combination with bevacizumab
significantly prolongs PFS compared with erlotinib alone
in patients with asymptomatic brain metastases (17.9
months vs. 11.1 months) [82]. Two meta-analyses [79, 83]
confirm this result. Multiple studies of osimertinib in
combination with bevacizumab fail to show superior
efficacy over the single agent for third-generation
TKIs (WJOG-8715L  [84], WIOG-9717L  [85],
BOOSTER [86]). However, osimertinib in combination
with ramurumab has potential, with the JVDL study (40%
baseline brain metastases) and the RAMOSE trial (46%
baseline brain metastases) showing that the intracranial
efficacy of the combination regimen deserves
validation [87, 88].

Anlotinib is an oral small molecule multi-target
anti-angiogenic drug, which has the dual effects of
anti-tumor angiogenesis and inhibiting tumor cell
growth [89]. The post hoc analysis of the ALTER0303
study (NCT02388919) proves that anlotinib alone can
benefit patients with advanced NSCLC with brain
metastases [90]. At the 2023 TASLC World Lung Cancer
Progress (WCLC), the latest data from the AWLAYS
study (amertinib + anlotinib) and a phase II clinical study
(NCT04978753) that include only patients with brain
metastases confirm the intracranial efficacy of amertinib
plus anlotinib, providing a highly effective and
chemotherapy-free treatment option for patients with brain
metastases [91]. The AUTOMAN study (osimertinib +
anlotinib) likewise observes a trend in efficacy in the brain
metastasis subgroup consistent with the overall
population [92]. Preliminary data from another
ATTENTION study (ametinib + apatinib) present an ORR
of 100% in the brain metastasis subgroup (60% in the
monotherapy group, P=0.04). However, we still need to
note that the toxicity brought by the combination of
anlotinib and a third-generation EGFR-TKI is not
negligible [93].
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5)  Dual-targeted combination therapy

a) EGFR-TKI in combination with EGFR-TKI

The first and third generations of EGFR-TKIs have
complementary resistance mechanisms. The first
generation of TKI is effective against the C797S mutation
without T790M [94], while the third generation of TKI can
overcome the T790M mutation [95]. On this basis, the
FOCUS-I study explored the efficacy of fumetinib in
combination with icotinib in the first-line treatment of
EGFR-mutant NSCLC [96]. The results indicate that the
combined protocol is particularly prominent in brain
metastasis control (median iPFS: 24.2 months), and the
safety is manageable [96], which still needs to be validated
in a Phase III study. However, it ushers in a promising
direction for the treatment of EGFR-mutant NSCLC,
especially the “dual-targeted combination” strategy.

b) EGFR-TKI + EGFR/MET bispecific antibody

Amilvantamab (JNJ-61186372) is a bispecific antibody
targeting EGFR and MET, which can exert anti-tumor
effects through direct inhibition of signaling pathways [97]
and Antibody-Dependent Cell-Mediated Cytotoxicity
(ADCC) [98]. Its combined regimen with third-generation
TKI lazetinib exhibits outstanding intracranial activity in
EGFR-mutant NSCLC. In the Phase III MARIPOSA
study [99], first-line use of amivantamab in combination
with lazetinib versus osimertinib alone significantly
prolongs PFS and OS, with more significant benefit in the
brain metastasis subgroup (3-year intracranial PFS rate
36% vs 18%) [100]. CHRYSALIS-2 (NCT04077463)
(Cohort A) [101] studies also confirm its exact intracranial
activity. In second-line therapy, the MARIPOSA-2 study
indicates that amivastumab in combination with
chemotherapy =+ razetinib significantly prolongs
intracranial PFS in patients who progress after osimertinib
resistance [102].

¢) EGFR-TKI in combination with MET inhibitor

Targeting EGFR-TKI resistance caused by secondary
MET amplification, MET inhibitor in combination with

EGFR-TKI 1is an effective treatment [103]. The
SAVANNAH study shows that in patients with
EGFR-mutant NSCLC with high MET

amplification/overexpression, osimertinib combined with
savoltinib significantly improves ORR and PFS compared
with monotherapy, and demonstrates the potential of
preventing new CNS lesions in patients without baseline
brain metastases [104]. The INSIGHT 2 study evaluates
terpotinib in combination with Osimertinib, with a 79.2%
intracranial disease control rate in patients with brain
metastases present at baseline [105].

IV. DISCUSSION

With the widespread application of the third-generation
EGFR-TKIs, the treatment of EGFR-mutated NSCLC
brain metastases has entered an era of precision and
individualization. Based on existing evidence-based
medical evidence, the evaluation of different treatment
strategies needs to comprehensively consider intracranial
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efficacy, systemic control, toxicity spectrum, and patient
quality of life [67].

A. Clinical Evaluation and Selection of Different
Intetrgenerational TKIs

For patients with newly treated EGFR classical
mutation (19del/L858R) with brain metastasis, the third
generation EGFR-TKIs have become standard treatment
for their excellent intracranial activity. The FLAURA
study [10, 46] confirms a complete Response Rate (CR) of
41% with osimertinib alone in patients with brain
metastases. The AENEAS study indicates that ametinib
compared with gefitinib significantly prolongs CNS
Progression-Free Survival (PFS) (29.0 months vs. 8.3
months) [47]. However, for patients who have developed
T790M resistance mutations after using first- and
second-generation TKIs, switching to third-generation
drugs such as osimertinib remains the preferred
strategy [67]. Notably, for the EGFR 21L858R mutation
subgroup, studies suggest that the combination of a third-
generation TKI with chemotherapy may bring better
benefits, and prospective trials need to be conducted in the
future [106].

B.  Applicable
Modalities

Boundary of Combination Therapy

Combination therapy increases the toxicity burden
while improving efficacy. The FLAURA2 [45] study
demonstrates that although osimertinib combined with
chemotherapy reduces the risk of CNS progression by
42%, the incidence of grade >3 adverse events is as high
as 64% (29% in the single-agent group). The MARIPOSA
study [53] also confirms that while evantumab in
combination with lazetinib significantly improves PFS in
patients with brain metastases, venous thromboembolic
events increase (40% vs 11%) [99]. Thus, for patients with
high tumor burden, symptomatic disease, or poor
prognosis (e.g., L858R mutation, multiple brain
metastases), intensive regimens may be preferred. For
asymptomatic and small-volume brain metastases, the
third-generation TKI monotherapy is still the fundamental
option for both efficacy and safety [106].

C. Optimization of Treatment Sequence Strategies

With the continuous optimization of first-line treatment
strategies, the selection of initial treatment options directly
affects the management path after subsequent drug
resistance. The “Z + 3” model (first-line zolitinib
sequential third-generation TKI) proposed by the
EVEREST study achieves a median overall survival (OS)
of 37.3 months, providing insights for the whole-course
management of patients with brain metastases [66]. In
response to bypass resistance mechanisms such as MET
amplification, TATTON and SAVANNAH  studies
confirm that osimertinib combined with savoltinib can
overcome drug resistance and demonstrate the potential of
preventing new CNS lesions in patients without baseline
brain metastases [104, 107, 108]. It is suggested that
accurate sequencing based on the drug resistance
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mechanism is the key to prolonging survival.

D. Current Treatment Status and New Drug Development

Current treatment strategies for EGFR-mutated NSCLC
brain metastases have shifted from a single-agent
sequential model with intergenerational drug change as the
core to combination therapy characterized by
multi-mechanism synergy.

Zolitinib, as the world’s first EGFR-TKI approved for
brain metastasis from lung cancer, overcomes the physical
barrier with its 100% blood-brain barrier penetration
rate [65]. The EVEREST study indicates that the median
intracranial progression-free survival of first-line
treatment with zolitinib is 15.2 months [66], which is
expected to become a new foundation of first-line
treatment. Idotinib (TY-9591) is a deuterated derivative of
osimertinib [109]. The interim analysis of its pivotal phase
II ESAONA study (NCT05948813) proves that in patients
with EGFR mutations and brain metastases, the iORR of
the idotinib group is significantly better than that of the
osimertinib group (91.0% vs. 75.2%) [110]. At present, the
new drug marketing application of idotinib has been
accepted by the National Medical Products Administration
(NMPA) of China in February 2026 and included in the
priority review procedure. It is intended to be used for the
first-line treatment of locally advanced or metastatic
NSCLC with EGFR-sensitive mutations (19del/L858R)
and central nervous system metastases [110, 111].
Evantuzumab in combination with lazetinib presents
clinically meaningful benefits in patients with active brain
metastases [112]. When it comes to ADC, a phase II trial
(NCTO07343479) of Sacituzumab Tirumotecan (sac-TMT)
combined with third-generation TKlI+radiotherapy in
patients with brain metastases after failure of EGFR-TKI
treatment is being conducted, providing a new direction
for overcoming drug resistance [113].

The combination of targeted therapy with traditional
Chinese medicine has been explored in clinical practice.
Many studies suggest that Chinese medicines such as
astragalus and ginseng may play an auxiliary role by
regulating the immune microenvironment and reducing
the adverse reactions of targeted drugs [114-117], but
high-quality evidence-based medical evidence is still
needed. In addition, fourth-generation TKIs such as
BI-4732 exhibit strong antitumor activity and low
blood-brain barrier efflux rate in preclinical intracranial
models. For C797S resistance mutations, early clinical
trials are expected [118].

V. OUTLOOK AND CONCLUSIONS

The treatment of EGFR-mutated NSCLC brain
metastasis is shifting to an active intervention system with
risk stratification as the core. With the launch of exclusive
drugs for metastasis such as zolitinib [65] and
idotinib [109], and the optimization of combination
regimens such as osimertinib and evantumab, more
patients will be given the hope of long-term survival.
Future breakthroughs should focus on in-depth analysis of
the brain metastasis microenvironment, promoting the
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clinical translation of fourth-generation TKI and novel
drug delivery systems, which establish a drug resistance
early warning and intervention model based on dynamic
monitoring [112, 119]. It is expected that, driven by
precision medicine and multidisciplinary collaboration,
brain metastasis from lung cancer will be transformed
from an end event with poor prognosis to a chronic disease
that can be managed for a long time.
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