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ung cancer remains the second most common cancer globally, with non-small cell lung cancer (NSCLC) constituting 85% of cases. A

significant proportion of patients present with advanced-stage disease, including brain metastases, which historically have therapeutic

challenges due to the blood-brain barrier (BBB) limiting drug penetration. Radiotherapy, while effective, carries risks of neurocognitive
decline, emphasizing the need for systemic alternatives. Recent revolutions in targeted therapies, particularly third-generation epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) like osimertinib and bispecific antibodies like amivantamab, have transformed
the management of EGFR-mutant NSCLC with central nervous system (CNS) involvement. Osimertinib, a BBB-penetrant EGFR TKI, has
demonstrated superior efficacy in pivotal trials. The FLAURA trial (A Phase Ill, Double-blind, Randomised Study to Assess the Safety and
Efficacy of AZD9291 Versus a Standard of Care Epidermal Growth Factor Receptor Tyrosine Kinase Inhibitor as First Line Treatment in Patients
With Epidermal Growth Factor Receptor Mutation Positive, Locally Advanced or Metastatic Non Small Cell Lung Cancer; ClinicalTrials.gov
identifier: NCT02296125) established its first-line role, showing a median progression-free survival (PFS) of 18.9 versus 10.2 months with
first-generation TKIs, alongside robust CNS activity (CNS ORR: 66 versus 43%). In the AURA3 trial (ClinicalTrials.gov identifier: NCT02151981),
osimertinib outperformed chemotherapy in patients with T790M-positive NSCLC, achieving a CNS PFS of 11.7 versus 5.6 months. For exon
20 insertion mutations (a historically resistant subtype), amivantamab, an EGFR-mesenchymal-epithelial transition factor bispecific antibody,
has emerged as an innovation. The MARIPOSA-2 trial (ClinicalTrials.gov identifier: NCT04988295) highlighted its efficacy post-osimertinib
failure, with amivantamab-chemotherapy doubling median PFS (6.3 versus 4.2 months) and extending intracranial PFS to 12.5-12.8 months.
Despite these advances, challenges persist. The BBB continues to enable CNS ‘sanctuary’ resistance, necessitating strategies such as
combination therapies (e.g. osimertinib with chemotherapy in FLAURA?2) or dual targeting (amivantamab-lazertinib in MARIPOSA). While these
approaches improve outcomes, toxicity remains a concern, emphasizing the need for personalized treatment. Future research must address
resistance mechanisms, optimize sequencing and validate these therapies across diverse populations. Ultimately, the evolving landscape of
CNS-targeted therapies offers hope to convert the CNS from a metastatic sanctuary into a treatable site, redefining prognoses for
advanced EGFR-mutant NSCLC. This review aims to discuss CNS involvement in EGFR-mutant NSCLC and highlight therapies targeting
brain metastases.
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Lung cancer is the second most common type of cancer worldwide
and in the USA, with its incidence varying depending on geographic and
socioeconomic factors.™® According to data from the Global Cancer
Observatory: Cancer Incidence, Mortality and Prevalence (GLOBACAN)
database, an estimated 2.48 million new cases of lung cancer were
reported in 2022.*° Although Iung cancer rates in the USA have been
decreasing, with a notable decline in age-adjusted rates since the early
1990s for men and since 2006 for women, it continues to be a significant
health concern.®

Non-small cell lung cancer (NSCLC) accounts for 85% of primary lung
neoplasms, with many patients being diagnosed at advanced stages
(44%).*7 For these patients, palliative systemic treatment stands out as
the primary therapeutic option. With advances in molecular diagnostic
techniques, targeted therapies that are more effective and less toxic
than chemotherapy are available for patients with activating mutations
in the epidermal growth factor receptor (EGFR) and anaplastic lymphoma
kinase (ALK) translocations, for example.®

Brain metastasis is one of the most challenging conditions among
oncologists today. Lung cancer is responsible for approximately 50% of
all brain metastasis, followed by breast cancer and melanoma. Given
the high rates of metastasis associated with these cancers, studies
focused on early detection and effective treatments are extremely
important.”"?

The objective of this review is to describe the central nervous system
(CNS) as a sanctuary for advanced EGFR-mutant NSCLC and to discuss
the therapeutic options available for these patients, focusing on drugs
such as osimertinib and amivantamab, which have shown promising
results in treating brain metastasis.

Importance of innovative therapies

Despite the high incidence of brain metastases, there were not many
treatment options available, besides radiotherapy, for treating these
patients, regardless of EGFR mutation status. The reduced intracerebral
availability of drugs caused by the efflux pump mechanism in the
blood-brain barrier (BBB) contributes to the concept of the CNS as
a sanctuary.”™ However, radiotherapy has limited application due to
its association with harmful neurocognitive effects, neuronal damage
and long-term demyelination. Therefore, the study of new systemic
pharmacotherapeutic options has been the focus of research by
many specialists.™

Recent discoveries have highlighted new therapeutic approaches for
brain metastases for NSCLC through immunotherapy, which consist
of therapies targeted at oncogene-dependent tumours, such as the
advent of targeting EGFR mutations. These therapies exhibit enhanced
penetration into the CNS and have shown better outcomes compared
with conventional chemotherapy.™ 51

Among the innovations in immunotherapy, third-generation EGFR
inhibitors exhibit superior ability to penetrate the BBB compared
with first- and second-generation inhibitors, which have limited CNS
penetration and, consequently, low efficacy in the treatment and
progression of brain metastases. As a result, these earlier-generation
inhibitors were considered a barrier to effective treatment.’
However, recent studies highlight the potential of third-generation
tyrosine kinase inhibitors (TKIs), advancing the concept of the CNS as
an ‘untouchable sanctuary’ for therapeutic targets in the treatment of

NSCLC with brain metastasis. What was once a major challenge is now
an opportunity for therapeutic success.”®

Pathophysiology and therapeutic challenges of the
blood-brain barrier

Metastatic invasion of the CNS involves a multistep adaptive process
where tumour cells break the BBB. Tumour cells with CNS tropism
exhibit molecular markers associated with epithelial-mesenchymal
transition (EMT), such as the upregulation of N-cadherin and vimentin,
alongside the loss of epithelial markers."'® Overexpression of the
EGFR/ERK pathway is strongly correlated with brain metastases in
lung cancer, with metastatic lesions demonstrating higher pathway
activity compared with primary tumours.™

The incidence of brain metastasis varies based on the molecular
subtype: patients with EGFR mutations, ALK rearrangements or ROS1
fusions exhibit CNS involvement in 50-60% of cases at diagnosis.?’
However, ROS1-positive NSCLC appears to have lower rates of brain
metastases compared with ALK-rearrangement tumours, though
the underlying mechanisms remain unclear."*'2'22 Clinically, the
presence of brain metastases in EGFR-mutant NSCLC is associated
with shorter survival, even among patients treated with first- and
second-generation EGFR TKIs, underscoring the BBB's role in limiting
therapeutic efficacy. 2%

The BBB restricts drug penetration through both passive mechanisms
(e.g. tight junctions between endothelial cells) and active efflux
transporters (e.g. P-glycoprotein). Early efforts to enhance drug
delivery, such as osmotic disruption or magnetic resonance imaging
(MRI)-guided focused ultrasound, aim to transiently open the BBB
but face challenges related to inconsistent efficacy and potential
neurotoxicity.?>? Paradoxically, while the BBB excludes most
therapeutics, tumour cells bypass it through mechanisms involving
EMT-driven plasticity, interactions with the perivascular niche and
non-coding RNA-mediated regulation of metastases pathways.®?”28
These adaptions allow tumour cells to colonize the CNS while evading
systemic treatments, creating a ‘sanctuary site’ where residual
disease persists at subtherapeutic drug concentrations.?"??

Recent advances in targeted therapies, such as third-generation
EGFR inhibitors (osimertinib) and bispecific antibodies (amivantamab),
have improved CNS penetration, making this systemic therapy the
preferred choice over pre-existing conventional therapies.?"?

Osimertinib in central nervous system metastases
Osimertinib is a third-generation, irreversible EGFR inhibitor that targets
both sensitizing EGFR mutations and the T790M resistance mutation.
It acts by covalently binding to the cysteine residue at position 797
within the adenosine triphosphate-binding site of mutant EGFR, thereby
inhibiting tumor cell proliferation and promoting cell death.?’ Preclinical
studies highlight osimertinib’s superior BBB penetration comparted with
earlier EGFR TKIs (gefinib, erlotinib and afatinib), attributed to reduced
efflux by BBB transporters and a higher brain:plasma concentration
ratio.Z~%" This enhanced CNS penetration provides a strong rationale for
its efficacy in treating brain metastases.

AURAZ3 trial

The phase Il AURA3 trial (A Phase Ill, Open Label, Randomized Study of
AZD9291 Versus Platinum-Based Doublet Chemotherapy for Patients
With Locally Advanced or Metastatic Non-Small Cell Lung Cancer
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Whose Disease Has Progressed With Previous Epidermal Growth
Factor Receptor Tyrosine Kinase Inhibitor Therapy and Whose Tumours
Harbour a T790M Mutation Within the Epidermal Growth Factor Receptor
Gene [AURA3]; ClinicalTrials.gov identifier: NCT02151981) compared
osimertinib with platinum-pemetrexed chemotherapy in 419 patients
with T790M-positive NSCLC who progressed on prior EGFR-TKI therapy.
Osimertinib demonstrated a median progression-free survival (PFS) of
10.1 versus 4.4 months with chemotherapy (HR 0.30; p<0.0001) and a
higher CNS objective response rate (70 versus 31%). Notably, osimertinib
showed a superior control of CNS metastases, with longer CNS PFS and
a manageable safety profile. Although overall survival (OS) did not differ
significantly (26.8 versus 22.5 months; HR 0.87; p<0.277), likely due to
the crossover from chemotherapy to osimertinib, these results solidified
osimertinib as the standard of care for T/90M-positive NSCLC with CNS
involvement.>33

FLAURA trial

The phase IIl FLAURA trial (A Phase IlI, Double-blind, Randomised Study
to Assess the Safety and Efficacy of AZD9291 Versus a Standard of Care
Epidermal Growth Factor Receptor Tyrosine Kinase Inhibitor as First Line
Treatment in Patients With Epidermal Growth Factor Receptor Mutation
Positive, Locally Advanced or Metastatic Non Small Cell Lung Cancer;
ClinicalTrials.gov identifier: NCT02296125) established osimertinib as a
first-line therapy for EGFR-mutant NSCLC. In 556 patients with exon
19 deletions or L858R mutations, osimertinib significantly improved
median PFS (18.9 versus 10.2 months; HR 0.46; p<0.001) and OS
(38.6 versus 31.8 months; HR 0.80; p=0.046) compared with first-line
generation TKIs (gefitinib/erlotinib). Patients with CNS metastases
particularly benefited, with a higher CNS objective response rate (ORR)
and prolonged CNS PFS. Osimertinib also had a favourable safety
profile, with fewer grade >3 adverse events (42 versus 45%).343

FLAURA?2 trial

The FLAURA?2 trial (A Phase Ill, Open-label, Randomized Study of
Osimertinib With or Without Platinum Plus Pemetrexed Chemo, as
First-line Treatment in Patients With Epidermal Growth Factor Receptor
(EGFR) Mutation Positive, Locally Advanced or Metastatic Non-small
Cell Lung Cancer [FLAURAZ]; ClinicalTrials.gov identifier: NCT04035486)
evaluated osimertinib plus chemotherapy (pemetrexed/platinum)
versus osimertinib monotherapy in 557 treatment-naive patients with
EGFR-mutant NSCLC.* The combination group achieved a median PFS
of 25.5 versus 16.7 months with monotherapy (HR 0.62; p=0.001) and
a longer duration of response (24 versus 15.3 months). However, the
combination group experienced higher rates of grade >3 adverse events
(e.g. haematologic toxicities), underscoring the need to balance efficacy
with tolerability.*

APPLE trial

The phase Il APPLE trial (APPLE Trial: Feasibility and Activity of
AZD9291 [Osimertinib] Treatment on Positive PLasma T790M in EGFR
Mutant NSCLC Patients; ClinicalTrials.gov identifier: NCT02856893)
compared upfront osimertinib with sequential therapy (gefitinib
followed by osimertinib upon T790M detection or progression) in 156
EGFR-mutant patients with NSCLC. The upfront osimertinib arm
showed an 18-month PFS rate of 67.2% (median PFS 22.0 months)
versus 20.2 in the sequential arm. Notably, the sequential approach
was associated with a higher incidence of CNS metastases (53.8
versus 11.5%), likely due to delayed CNS protection. Despite this,
OS was similar between groups, suggesting that both strategies are
viable but highlighting the importance of early CNS control with third-
generation TKIs.*
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Osimertinib’s superior CNS penetration and efficacy in trials such as
AURA3, FLAURA and FLAURAZ2 solidify its role as a central therapy
for EGFR-mutant NSCLC with CNS metastases. While combination
therapies (e.g. FLAURA2) may enhance efficacy, toxicity remains a
concern. The APPLE trial reveals the balance in sequencing strategies:
upfront osimertinib reduces CNS progression risk, whereas sequential
approaches achieve comparable OS but with higher CNS relapse
rates. These findings emphasize personalized treatment based on
patient priorities, including CNS protection and tolerability.

Amivantamab in central nervous system
metastases

EGFR inhibitors are special drugs when treating advanced
EGFR-mutant NSCLC. Most of the EGFR inhibitors act on exon 19
deletion and exon 21 deletion, which accounts for 85% of all EGFR
subtype mutations. However, 10-15% of EGFR mutations are due
to exon 20 insertion mutation, and these drugs have not been
successfully targeted until now.®*° In 2021, the FDA approved
amivantamab, a drug that acts on the exon 20 insertion mutation.*'

Amivantamab is a human Fc-active immunoglobulin G1 that
acts as an antibody against epidermal growth factor (EGF) and
mesenchymal-epithelial transition factor (MET) receptors. Two arms are
involved: the extracellular arm inhibits the ligation of EGFR to its ligand
EGF, and the intracellular arm inhibits the hepatocyte growth factor
ligand from binding with the MET receptor. By targeting both receptors,
amivantamab provides a novel therapeutic approach for overcoming
resistant mechanisms in these cancer types. As a result, there is
downstream signalling of pro-growth and pro-survival proteins.*2-8

MARIPOSA-2 trial

The MARIPOSA-2 trial (A Phase 3, Open-Label, Randomized Study of
Amivantamab and Lazertinib in Combination With Platinum-Based
Chemotherapy Compared With Platinum-Based Chemotherapy
in Patients With EGFR-Mutated Locally Advanced or Metastatic
Non-Small Cell Lung Cancer After Osimertinib Failure; ClinicalTrials.
gov identifier: NCT04988295) evaluated amivantamab combined
with chemotherapy, with or without the third-generation EGFR TKI
lazertinib, in 657 patients with EGFR-mutant NSCLC (exon 19/L858R)
who progressed on osimertinib. Compared with chemotherapy alone,
amivantamab-chemotherapy doubled the median PFS from 4.2 to
6.3 months (HR 0.48; p<0.001). The triplet regimen (amivantamab
+ lazertinib + chemotherapy) extended the median PFS further to
8.3 months (HR 0.44). Notably, amivantamab-containing regimens
demonstrated superior control of CNS metastases, with median
intracranial PFS reaching 12.5-12.8 months versus 8.3 months for
chemotherapy alone. ORR also favoured amivantamab combinations
(63-64 versus 36%). However, the addition of lazertinib increased
haematologic toxicities, such as neutropenia, leading to protocol
adjustments, including delayed lazertinib initiation.*

MARIPOSA trial

For untreated EGFR-mutant NSCLC, the MARIPOSA trial (A Phase 3,
Randomized Study of Amivantamab and Lazertinib Combination
Therapy Versus Osimertinib Versus Lazertinib as First-Line Treatment
in Patients With EGFR-Mutated Locally Advanced or Metastatic
Non-Small Cell Lung Cancer; ClinicalTrials.gov identifier: NCT04487080)
compared amivantamab-lazertinib  combination therapy with
osimertinib monotherapy in 1,074 patients, including those with CNS
involvement. The combination significantly prolonged median PFS
to 23.7 versus 16.6 months with osimertinib (HR 0.70), establishing
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Table 1: Comparison of key clinical trials in epidermal growth factor receptor-mutant non-small cell lung cancer with brain

metastases32 274951

Trial name

CNS ORR (%)

Median PFS (months)

CNS PFS (months)

Median OS (months)

AURA3 (NCT02151981)%2% 419 Osimertinib: 70% versus | Osimertinib: 10.1 versus Osimertinib: 11.7 versus Osimertinib: 26.8 versus

Chemo: 31% Chemo: 4.4 Chemo: 5.6 Chemo: 22.5
FLAURA (NCT02296125)%% 556 Osimertinib: 66% versus Osimertinib: 18.9 versus Osimertinib: NR versus Osimertinib: 38.6 versus

TKI: 43% TKI:10.2 TKI: 13.9 TKI: 31.8
FLAURAZ2 (NCT04035486)% 557 Combo: 83% versus Mono: Combo: 25.5 versus NR NR
75% Mono: 16.7
APPLE (NCT02856893)% 156 NR Upfront: 22.0 versus Seq: Upfront: 11.5% CNS mets Similar OS (exact data NR)
20.2 versus Seq: 53.8%

MARIPOSA-2 (NCT04988295)* 657 Ami + Chemo: 64% versus = Ami + Chemo: 6.3 versus Ami + Chemo: 12.5-12.8 NR

Chemo: 36% Chemo: 4.2 versus Chemo: 8.3
MARIPOSA (NCT04487080)%°" 1,074 NR Ami + Laz: 23.7 versus Improved intracranial Trend towards survival

0si: 16.6 activity (exact data NR) benefit (exact data NR)

Ami = amivantamab, Chemo = chemotherapy; CNS = central nervous system; Combo = osimertinib + chemotherapy; EGFR = epidermal growth factor receptor; Laz = lazertinib; NR

= not reported; NSCLC = non-small cell lung cancer, ORR = objective response rate; OS = overall survival; Osi = osimertinib; PFS = progression-free survival; TKI = tyrosine kinase

inhibitors.

its potential as a first-line option. At the American Society of Clinical
Oncology (ASCO) 2024 meeting, Dr Helena Yu presented subgroup data
highlighting the regimen’s efficacy in patients with CNS metastases.
The combination delayed intracranial progression and showed a trend
towards prolonged survival in this high-risk population, reinforcing
its role as a future standard for EGFR-mutant NSCLC with brain
involvement. These findings were particularly impactful for patients
with baseline CNS metastases, where the combination demonstrated
robust intracranial activity.%>%?

Despite these advancements, toxicity remains a critical
consideration. In MARIPOSA-2, 52% of patients receiving the triplet
regimen experienced grade >3 adverse events (e.g. cytopenias)
compared with 20% with chemotherapy alone. Similarly, the
amivantamab-lazertinib combination in MARIPOSA led to higher
rates of EGFR- and MET-related toxicities, such as rash and
hypoalbuminemia, though these were generally manageable.***
Table 1 summarizes the six studies cited above 32374951

Adverse effects and safety profiles

Both osimertinib and amivantamab are important options for treating
NSCLC with specific EGFR mutations, but they come with different side
effect profiles.

For osimertinib, common issues include diarrhoea and skin rash, affecting
about half of the patients. Paronychia (inflammation of the nail folds) is less
frequent but still occurs in roughly a quarter of cases. Some people also

Table 2: Adverse effects across trials®2-3749->1

experience dry skin, itching or mouth sores, though these are generally
manageable 34365355

Amivantamab, on the other hand, is more likely to cause infusion-related
reactions, which happen in over half of patients, with severe cases being
less common. Skin rashes are another frequent complaint, ranging from
mild to severe in some cases. Nail infections are also reported more often,
and other side effects such as muscle pain, nausea, fatigue and swelling
can make the treatment challenging at times,>>"%%

The overlapping adverse effects of these drugs include rash and diarrhoea,
although amivantamab is more related to infusion reactions; on the other
hand, osimertinib is associated with gastrointestinal issues. While both
drugs have their challenges, close monitoring and supportive care can
make a big difference in helping patients manage these side effects.

The most common adverse effects of both drugs (compared with
placebo) are summarized in Table 232774951

Future directions and research gaps

Amivantamab, a bispecific antibody targeting ECFR and MET, and
osimertinib, a TKI, have shown promising evidence in treating CNS
metastasis in NSCLC. However, much remains to be understood,
particularly regarding resistance mechanisms in the treatment of CNS
metastasis. The current strategies focus on combination therapies,
such as amivantamab in combination with lazertinib, another EGFR TKI,

Trial name Grade >3 AES (%) Notable specific AES

AURA3 (NCT02151981)%% Osimertinib: 23% versus Chemo: 47% Rash (34%), diarrhoea (29%) and paronychia (23%)
FLAURA (NCT02296125)%% Osimertinib: 42% versus TKI: 45% Diarrhoea (29%), rash (28%) and dry skin (18%)
FLAURA2 (NCT04035486)* Combo: 65% versus Mono: 27% Neutropenia (32%), thrombocytopenia (13%) and anaemia (11%)
APPLE (NCT02856893)* Upfront: 39% versus Seq: 45% Rash (30%), diarrhoea (25%) and paronychia (18%)

MARIPOSA-2 (NCT04988295)% Triplet: 52% versus Chemo: 20%

Neutropenia (42%), thrombocytopenia (22%) and infusion reactions (grade 3: 5%)

MARIPOSA (NCT04487080)%°" Ami + Laz: 75% versus Osi: 43%

Rash (grade 3: 14%), hypoalbuminemia (grade 3: 9%) and infusion reactions
(grade 3: 4%)

AESs = adverse effects; Ami = amivantamab,; Chemo = chemotherapy; Combo = osimertinib + chemotherapy, Laz = lazertinib,; Osi = osimertinib, TKI = tyrosine kinase inhibitors.

touchREVIEWS in Oncology & Haematology



Central Nervous System as a Sanctuary for Advanced Epidermal Growth Factor Receptor-mutant Non-small Cell Lung Cancer

as demonstrated in the MARIPOSA trial. The combination approach
seeks to personalize treatment through biomarker-driven strategies
and optimize treatment sequencing, leading to promising results.®

While the optimal strategy for treating CNS metastasis remains
uncertain, the current guidelines still recommend osimertinib to treat
EGFR-mutant NSCLS with CNS involvement. Additionally, combination
therapies, including the usage of amivantamab, must be explored
further to address existing gaps. One notable clinical trial gap is
the comparison between amivantamab plus chemotherapy and
osimertinib as the first-line treatment in patients with EGFR-positive
NSCLC.

Discussion

The management of brain metastases in patients with advanced
EFGR-mutant NSCLC remains a significant challenge due to the
inherent limitations of traditional treatment options, particularly
chemotherapy and radiotherapy. The BBB significantly restricts the
intracranial penetration of many systemic therapies, rendering them
ineffective in treating CNS metastases. This phenomenon contributes
to the CNS being considered a ‘sanctuary’ for cancer cells, making
brain metastasis particularly difficult to treat. However, recent
advances in targeted therapies and immunotherapy have provided
new hope in overcoming this barrier.

Third-generation EGFR inhibitors, such as osimertinib, have
shown superior penetration into the BBB compared with first- and
second-generation inhibitors, leading to improved clinical outcomes
in patients with brain metastases from EGFR-mutant NSCLC. The
ability of osimertinib to cross the BBB effectively has made it a
preferred option for patients with CNS involvement. Clinical trials,
such as the AUDORA trial, have highlighted the efficacy of osimertinib
in improving PFS and OS, particularly in the adjuvant setting. This

represents a significant step forward in the management of brain
metastases in EGFR-mutant NSCLC.

Similarly, amivantamab, an antibody targeting both EGFR and MET,
has emerged as another promising therapeutic option for patients
with EGFR-mutant NSCLC, especially those with brain metastases. In
combination with other therapies, such as lazertinib, amivantamab
has demonstrated the potential to overcome resistance mechanisms
and provide valuable insights into the clinical benefit of amivantamab
in NSCLC with brain metastases, further emphasizing the importance
of personalized, biomarker-driven therapeutic strategies.

Despite these advances, there remain critical gaps in the treatment
of brain metastases in NSCLC. Resistance to targeted therapies and
the lack of robust clinical data comparing combination treatments
highlight the need for further research in this area.

Conclusion

The CNS has long been considered a sanctuary for cancer cells, especially
in advanced EGFR-mutant NSCLC. However, recent advancements in
targeted therapies, especially with the use of combination treatments
such as amivantamab and osimertinib, offer promising potential to
improve outcomes for patients with advanced EGFR-mutant NSCLC
and brain metastases. Despite these advancements, there is still a
critical need for further clinical trials to evaluate the efficacy of these
therapies across diverse patient populations and various stages of
disease. Ongoing research and the development of new therapeutic
regimens will be essential in closing the existing gaps in treatment
strategies and enhancing our understanding of how best to manage
brain metastases in NSCLC. The rapidly evolving landscape of
CNS-targeted therapies holds significant promise, potentially transforming
the CNS from a once impenetrable sanctuary into a site of successful
therapeutic intervention. O

1. ZhangY, Vaccarella S, Morgan E, et al. Global variations in lung
cancer incidence by histological subtype in 2020: A population-
based study. Lancet Oncol. 2023;24:1206-18. DOI: 10.1016/
$1470-2045(23)00444-8.

2. Smith RA, Andrews KS, Brooks D, et al. Cancer screening in
the United States, 2019: A review of current American Cancer

13.

population-based study. Neurooncol Adv. 2023;5:vdad015. DOI:
10.1093/noajnl/vdado15.

Passaro A, Gianoncelli L, Stati V, de Marinis F. Brain metastases
in EGFR-positive non-small cell lung cancer: The way to the
sanctuary becomes less winding. Ann Transl Med. 2019;7:S80.
DOI: 10.21037/atm.2019.04.04.

23.

in EGFR-mutant lung cancer. Nat Commun. 2022;13:7690. DOI:
10.1038/s41467-022-34889-7.

Ju IS, Huang ACC, Tung PH, et al. Brain metastasis, EGFR
mutation subtype and generation of EGFR-TKI jointly
influence the treatment outcome of patient with EGFR-
mutant NSCLC. Sci Rep. 2023;13:20323. DOI: 10.1038/541598-

Society guidelines and current issues in cancer screening. CA- 14, Weller M, Remon J, Rieken S, et al. Central nervous system 023-45815-8.
Cancer J Clin. 2019,69:184-210. DOI: 10.3322/caac.21557. metastases in advanced non-small cell lung cancer: A review of 24 Huang ACC, Huang CH, Ju JS, et al. First- or second-generation

3. Huang, DengY, Tin MS, et al. Distribution, risk factors, and the therapeutic landscape. Cancer Treat Rev. 2024;130:102807. epidermal growth factor receptor tyrosine kinase inhibitors in
temporal trends for lung cancer incidence and mortality: DOI: 10.1016/).Ctrv.2024.102807. alarge, real-world cohort of patients with non-small cell lung
A global analysis. Chest. 2022;161:1101-11. DOI: 10.1016/]. 15. SongY, Lin's, Chen J, Dang L. First-line treatment with TKI plus cancer. Ther Adv Med Oncol. 2021;13:17588359211035710. DOI:
chest.2021.12.655. brain radiotherapy versus TKI alone in EGFR-mutated non-small 10.1177/17588359211035710.

4. Guol,zhuC,Cail, etal. Global burden of lung cancer in 2022 cell lung cancer with brain metastases: A systematic review 25. Banks WA, Rhea EM, Reed M), et al. The penetration of
and projected burden in 2050. Chin Med J. 2024,137:2577-82. and meta-analysis. BMC Cancer. 2023;23:1043. DOI: 10.1186/ therapeutics across the blood-brain barrier: Classic case
Dok 10'1097/(.:’\/'9'0000000000003268' $12885-023-11548-0. studies and clinical implications. Cell Rep Med. 2024;5:101760.

5. Zhou ), Xu'Y, Liu, et al. Global burden of lung cancer in 2022 16. Sereno M, Hernandez de Cordoba I, Gutiérrez-Gutiérrez G, DOI: 10.1016/j.XCrm.2024.101760.
?rgi]pé%gg%%]ihﬁogfsfé;g?;;ni,eolag%;@ggﬂ'éyzgggmsgs Casado E. Brain metastases and lung cancer: Molecular 26. Azad TD, Pan J, Connolly ID, et al. Therapeutic strategies
10.1016/j.canep 2'024 102693 . o B biology, natural history, prediction of response and efficacy to improve drug delivery across the blood-brain barrier.

6. Wolf AMb, Oemr']ger kc, shih fv-c, et al. Screening for lung of immunotherapy. Front Immunol. 2023,14:1297988. DOI: Neurosurg Focus. 2015;38:E9. DOI: 10.3171/2014.12.
cancer: 2023 guideline update from the American Cancer 10.3389/ﬁmmu.2023.1297988. . . . FOC.US14.758' . . X
Society. CA Cancer J Clin. 2024;74:50-81. DOL: 10,3322/ 17. Orl_lchenko LS, Radisky DC. Mat_rlx met_alloprotelnases stimulate 27. Hanibuchi M, Kim SJ, Fidler 1, et al. The molecular biology
caac.21811. epltheha\»mesenchyma\ transition during tumor development. of lung cancer brain metastasis: An overview of current

7. Yang XW, Yang K, Kuang KY. The efficacy and safety of EGFR Clin Exp Metastasis. 2008;25:593-600. DOI: 10.1007/510585- comprehensions and future pgrs‘pect\ves. J Med Invest.
inhibitor monotherapy in non-small cell lung cancer: A 008-9143-9. ) 2014,61:241-53. DOL: 10.2152/jmi.61.241.
systematic review. Curr Oncol Rep. 2014:16. DO 10.1007/ 18.  Dauphin M, Barbe C, Lemaire S, et al. Vimentin expression 28. JiaW, Martin TA, Zha_ng G, et‘a\. Junctional adheswon mo\e_cules
$11912-014-0390-4. predicts the occurrence of metastases in non-small cell lung in cerebral endothelial tight junction and brain metastasis.

8 Gridelli G, Peters S, Sgambato A, et al. ALK inhibitors in carcinomas. Lung Cancer. 2013;81:117-22. DOI: 10.1016/]. Anticancer Res. 2013;33:2353-9.
the treatment of advanced NSCLC. Cancer Treat Rev. lungcan.2013.03.011. 29. zhai X, Ward RA, Doig P, et al. Insight into the therapeutic
2014:40:300-6. DOI: 10,1016/.Ctrv.2013.07.002. 19. SunM, Beh_ren_s C,FenglL,etal HER family receptor se\»ect\vw_ty» of the irreversible EGFR tyrosine Kmase \nh‘|b|tor

9. Gomez D, Feng 1}, Cheok S, et al. Incidence of brain metastasis abnormahtlgs in Igng cancer bram_ metastases and osimertinib through enzyme kinetic studies. Biochemistry.
according to patient race and primary cancer origin: A corresponding primary tumors. Clin Cancer Res. 2020;59:1428-41. DOI: 10.1021/acs.biochem.0c00104.
systematic review. J Neurooncol. 2024;169:457-67. DOI: 2009;15:4829-37. DOI: 10.1158/1078-0432.CCR-08-2921. 30. Ballard P, Yates JWT, Yang Z, et al. Preclinical comparison of
10.1007/511060-024-04748-6. 20.  Fox BD, Cheung V), Patel AJ, et al. Epidemiology of metastatic osimertinib with other EGFR-TKIs in EGFR-mutant NSCLC

10. Sacks P Rahman M. Epidemiology of brain metastases. brain tumors. Neurosurg Clin N Am. 2011;22:1-6. DOI: 10.1016/j. brain metastases models, and early evidence of clinical brain
Neurosurg Clin N Am. 2020;31:481-8. DOI: 10.1016/j. nec.2010.08.007. metastases activity. Clin Cancer Res. 2016;22:5130-40. DOI:
nec.2020.06.001. 21. Gainor JF, Ou S-H, Logan J, et al. The central nervous 10.1158/1078-0432.CCR-16-0399.

11. Ostrom QT, Francis SS, Barnholtz-Sloan JS. Epidemiology system as a sanctuary site in ALK-positive non-small-cell 31. Colclough N, Chen K, Johnstrom P, et al. Preclinical comparison
of brain and other CNS tumors. Curr Neurol Neurosci Rep. lung cancer. J Thorac Oncol. 2013,8:1570-3. DOI: 10.1097/ of the blood-brain barrier permeability of osimertinib with
2021,21:68. DOI: 10.1007/$11910-021-01152-9. J70.0000000000000029. other EGFR TKIs. Clin Cancer Res. 2021;27:189-201. DOI:

12. Parker M, Jiang K, Rincon-Torroella J, et al. Epidemiological 22. Adua SJ, Aral-Estapé A, Zhao M, et al. Brain metastatic 10.1158/1078-0432.CCR-19-1871.
trends, prognostic factors, and survival outcomes of outgrowth and osimertinib resistance are potentiated by rhoa 32.  Papadimitrakopoulou VA, Mok TS, Han J-Y, et al. Osimertinib

synchronous brain metastases from 2015 to 2019: A

tOUChREVIEWS in Oncology & Haematology

versus platinum-pemetrexed for patients with EGFR T790M

35



Review Lung Cancer

36

33.

34.

35.

36.

37.

38.

39.

40.

advanced NSCLC and progression on a prior EGFR-tyrosine
kinase inhibitor: AURA3 overall survival analysis. Ann Oncol.
2020;31:1536-44. DOI: 10.1016/j.annonc.2020.08.2100.

Wu Y-L, Ahn M-J, Garassino MC, et al. CNS efficacy of
osimertinib in patients with T790M-positive advanced
non-small-cell lung cancer: Data from a randomized phase

Il trial (AURAJ). J Clin Oncol. 2018;36:2702-9. DOI: 10.1200/
JCO.2018.77.9363.

Soria J-C, Ohe Y, Vansteenkiste J, et al. Osimertinib in
untreated EGFR-mutated advanced non-small-cell lung
cancer. N Engl J Med. 2018;378:113-25. DOI: 10.1056/
NEJM0a1713137.

Ramalingam SS, Vansteenkiste J, Planchard D, et al. Overall
survival with osimertinib in untreated, EGFR-mutated
advanced NSCLC. N Engl J Med. 2020;382:41-50. DOI: 10.1056/
NEJM0a1913662.

Planchard D, Janne PA, ChengY, et al. Osimertinib with or
without chemotherapy in EGFR-mutated advanced NSCLC. N

Engl J Med. 2023;389:1935-48. DOI: 10.1056/NEJM0a2306434.

Remon J, Besse B, Aix SP, et al. Overall survival from the EORTC
LCG-1613 APPLE trial of osimertinib versus gefitinib followed
by osimertinib in advanced EGFR-mutant non-small-cell

lung cancer. J Clin Oncol. 2024;42:1350-6. DOI: 10.1200/
JCO.23.01521.

Al Olayan A, Al Hussaini H, Jazieh AR. The roles of epidermal
growth factor receptor (EGFR) inhibitors in the management of
lung cancer. J Infect Public Health. 2012;5S50-60. DOI: 10.1016/j.
jiph.2012.09.004.

Kobayashi N, Katakura S, Kamimaki C, et al. Resistance
mechanisms of epidermal growth factor receptor tyrosine
kinase inhibitors in non-small cell lung cancer patients: A
meta-analysis. Thoracic Cancer. 2021;12:1096-105. DOI:
10.1111/1759-7714.13878.

Chouaid C, Bosquet L, Girard N, et al. An adjusted treatment
comparison comparing amivantamab versus real-world
clinical practice in Europe and the United States for patients

41.

42.

43.

44.

45.

46.

47.

48.

with advanced non-small cell lung cancer with activating
epidermal growth factor receptor exon 20 insertion
mutations. Adv Ther. 2023;40:1187-203. DOI: 10.1007/512325-
022-02408-7.

Syed YY. Amivantamab: First approval. Drugs. 2021;81:1349-53.
DOI: 10.1007/540265-021-01561-7.

Cho BC, Simi A, Sabari J, et al. Amivantamab, an epidermal
growth factor receptor (EGFR) and mesenchymal-epithelial
transition factor (MET) bispecific antibody, designed to enable
multiple mechanisms of action and broad clinical applications.
Clinical Lung Cancer. 2023,24:89-97. DOI: 10.1016/j.
cllc.2022.11.004.

Brazel D, Nagasaka M. The development of amivantamab

for the treatment of non-small cell lung cancer. Respir Res.
2023;24:256. DOI: 10.1186/512931-023-02558-4.

Neijssen J, Cardoso RMF, Chevalier KM, et al. Discovery of
amivantamab (JNJ-61186372), a bispecific antibody targeting
EGFR and MET. J Biol Chem. 2021,296:100641. DOI: 10.1016/j.
jbc.2021.100641.

Yun J, Lee SH, Kim SY, et al. Antitumor activity of amivantamab
(INJ-61186372), an EGFR-MET bispecific antibody, in diverse
models of EGFR exon 20 insertion-driven NSCLC. Cancer

Discov. 2020;10:1194-209. DOI: 10.1158/2159-8290.CD-20-0116.

Minchom A, Viteri S, Bazhenova L, et al. Amivantamab
compared with real-world therapies in patients with
advanced non-small cell lung cancer harboring EGFR exon
20 insertion mutations who progressed after platinum-based
chemotherapy. Lung Cancer. 2022;168:74-82. DOI: 10.1016/j.
lungcan.2022.03.005.

Vyse S, Huang PH. Amivantamab for the treatment of

EGFR exon 20 insertion mutant non-small cell lung

cancer. Expert Rev Anticancer Ther. 2022;22:3-16. DOI:
10.1080/14737140.2022.2016397.

Wang K, Du R, Myall NJ, et al. Real-world efficacy and safety
of amivantamab for EGFR-mutant NSCLC. J Thorac Oncol.
2024;19:500-6. DOI: 10.1016/}.jth0.2023.11.020.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Passaro A, Wang J, Wang Y, et al. Amivantamab plus
chemotherapy with and without lazertinib in EGFR-mutant
advanced NSCLC after disease progression on osimertinib:
Primary results from the phase Il MARIPOSA-2 study. Ann
Oncol. 2024,35:77-90. DOI: 10.1016/j.annonc.2023.10.117.
Felip E, Cho BC, Gutiérrez V, et al. Amivantamab plus lazertinib
versus osimertinib in first-line EGFR-mutant advanced
non-small-cell lung cancer with biomarkers of high-risk
disease: A secondary analysis from MARIPOSA. Ann Oncol.
2024,35:805-16. DOI: 10.1016/j.annonc.2024.05.541.

Cho BC, Sethi S, Spira Al. Amivantamab plus lazertinib in
previously untreated EGFR-mutated advanced NSCLC. N Engl J
Med. 2025;392:620-1. DOI: 10.1056/NEIMc2414705.

Owen DH, Ismaila N, Freeman-Daily J, et al. Therapy for stage IV
non-small cell lung cancer with driver alterations: ASCO living
guideline, version 2024.1. J Clin Oncol. 2024;42:€44-59. DOI:
10.1200/JC0.24.00762.

Mok TS, Wu Y-L, Ahn M-J, et al. Osimertinib or platinum-
pemetrexed in EGFR T790M-positive lung cancer. N Engl J Med.
2017,376:629-40. DOI: 10.1056/NEJM0a1612674.

Lu S, Ramalingam SS. Osimertinib after chemoradiotherapy

in stage Il EGFR-mutated NSCLC. reply. N Engl J Med.
2024;391:1555-6. DOI: 10.1056/NEIMC2411471.

Wu Y-L, Tsuboi M, He J, et al. Osimertinib in resected

EGFR -mutated non-small-cell lung cancer. N Engl J Med.
2020;383:1711-23. DOI: 10.1056/NEJM0a2027071.

Zhou C, Tang K-J, Cho BC, et al. Amivantamab plus
chemotherapy in NSCLC with EGFR exon 20 insertions. N Engl J
Med. 2023;389:2039-51. DOI: 10.1056/NEJM0a2306441.

Chon K, Larkins E, Chatterjee S, et al. FDA approval summary:
Amivantamab for the treatment of patients with non-small
cell lung cancer with EGFR exon 20 insertion mutations. Clin
Cancer Res. 2023;29:3262-6. DOI: 10.1158/1078-0432.CCR-22-
3713.

tOUChREVIEWS in Oncology & Haematology



	Central Nervous System as a Sanctuary for Advanced Epidermal Growth Factor Receptor-­mutant Non-­small Cell Lung Cancer
	Importance of innovative therapies
	Pathophysiology and therapeutic challenges of the blood–brain barrier
	Osimertinib in central nervous system metastases
	AURA3 trial
	FLAURA trial
	FLAURA2 trial
	APPLE trial

	Amivantamab in central nervous system metastases
	MARIPOSA-2 trial
	MARIPOSA trial

	Adverse effects and safety profiles
	Future directions and research gaps
	Discussion
	Conclusion


