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ABSTRACT

Introduction: Nearly 60% of patients with non-
small cell lung cancer (NSCLC) present with
metastatic disease, and approximately 20%
have brain metastases (BrMs) at diagnosis.
During the disease course, 25–50% of patients
will develop BrMs. Despite available treatments,
survival rates for patients with NSCLC and BrMs
remain low, and their overall prognosis is poor.
Even with newer agents for NSCLC, options for
treating BrMs can be limited by their ineffective
transport across the blood–brain barrier (BBB)

and the unique brain tumor microenviron-
ment. The presence of actionable genomic
alterations (AGAs) is a key determinant of
optimal treatment selection, which aims to
maximize responses and minimize toxicities.
The objective of this systematic literature
review (SLR) was to understand the current
landscape of the clinical management of
patients with NSCLC and BrMs, particularly
those with AGAs.
Method: A Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA)-
compliant SLR was conducted to identify
studies in patients with BrMs in NSCLC.
Searches used the EMBASE and MEDLINE�

databases, and articles published between
January 1, 2017 and September 26, 2022 were
reviewed.
Results: Overall, 179 studies were included in
the SLR. This subset review focused on 80
studies that included patients with NSCLC,
BrMs, and AGAs (19 randomized controlled
trials [RCTs], two single-arm studies, and 59
observational studies). Sixty-four of the 80
studies reported on epidermal growth factor
receptor (EGFR) mutations, 14 on anaplastic
lymphoma kinase (ALK) alterations, and two on
both alterations. Ninety-five percent of studies
evaluated targeted therapy. All RCTs allowed
patients with previously treated, asymptomatic,
or neurologically stable BrMs; the percentage of
asymptomatic BrMs varied across observational
studies.
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Conclusions: Although targeted therapies
demonstrate systemic benefits for patients with
NSCLC, BrMs, and AGAs, there remains a con-
tinued need for effective therapies to treat and
prevent BrMs in this population. Increased BBB
permeability of emerging therapies may
improve outcomes for this population.

Keywords: NSCLC; Brain metastases; System-
atic literature review; EGFR mutation

Key Summary Points

More than half of newly diagnosed
patients with lung cancer have advanced
or metastatic disease, 10–26% present
with brain metastases at the time of
diagnosis, and another 30% will develop
brain metastases over the course of their
disease.

Current treatment options, particularly in
later lines of therapy, are limited in their
ability to pass through the blood–brain
barrier, leaving a continuing treatment
need in patients with non-small cell lung
cancer (NSCLC) who have or develop
brain metastases.

This study reviewed the current global
landscape of clinical management used
for patients with NSCLC, brain
metastases, and actionable genomic
alterations to gain a better understanding
of treatment needs and how emerging
therapies can fill those gaps.

For patients with NSCLC, brain
metastases, and actionable genomic
alterations, the current standard of care is
suboptimal, and even with targeted
therapies and local therapies (e.g.,
radiotherapies), prognosis is generally
poor, regardless of the therapeutic
regimen.

These findings emphasize the need for
new therapies and therapeutic approaches
that can improve clinical outcomes for
this patient population.

INTRODUCTION

Lung cancer is the most common cause of
cancer mortality worldwide, with an estimated
1.80 million deaths annually [1]. Non-small cell
lung cancer (NSCLC) accounts for 81% of all
lung cancers [2]. More than half of newly diag-
nosed patients with lung cancer have advanced
or metastatic disease [3]; 10–26% present with
brain metastases at diagnosis, and another 30%
will develop brain metastases over the course of
their disease [4–6]. Although various treatments
are available, including surgery, stereotactic
radiotherapy (SRT), stereotactic radiosurgery
(SRS), whole-brain radiotherapy (WBRT), sys-
temic therapy, and supportive care, survival
rates for patients with NSCLC and brain
metastases remain low, with overall poor
patient outcomes and prognosis [7].

In the past, treatment strategies had been
based primarily on the stage of disease or his-
tologic appearance (squamous vs. non-squa-
mous). Now, in addition to staging and
histology, an improved understanding of tumor
biology, along with overall advancements in
treatment for NSCLC, has facilitated personal-
ization of clinical management. Research has
demonstrated that the presence or absence of
actionable genomic alterations (AGAs), e.g.,
alterations in EGFR, ALK, ROS1, and other less
common alterations, is a key determinant of
optimal treatment selection, which aims to
maximize responses and minimize toxicities [8].
To test for AGAs, advanced polymerase chain
reaction (PCR)-based methods, such as quanti-
tative PCR (qPCR) and reverse transcriptase PCR
(RT-PCR), are used. Since brain metastases
genetically diverge from the main tumor in
NSCLC, evaluating for AGAs is important to
determine therapy. Circulating tumor DNA
(ctDNA) from cerebrospinal fluid seems to pro-
vide a better representation of brain metastases
profiling compared to plasma ctDNA [9]. Tissue
sampling of brain metastases poses a particular
challenge, as many patients are not candidates
for brain resections or have tumors in inacces-
sible sites. The low availability of tissue samples
makes designing comprehensive studies prob-
lematic [10]. Still, AGAs that predict response to
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targeted treatment, including tyrosine kinase
inhibitors (TKIs), are only present in approxi-
mately 30% of patients with NSCLC [8]. Even
with recent advancements in earlier-line treat-
ment, e.g., third-generation epidermal growth
factor receptor (EGFR) TKIs, patients with both
NSCLC and brain metastases have limited thera-
peutic options in later lines as many current
treatments are unlikely to cross the blood–brain
barrier (BBB) because of their molecular size [11].

In addition, patients often develop resistance
to treatments, and therapeutic options may be
associated with adverse events due to off-target
drug activity [12]. For the development of new
therapeutic options, such as fourth-generation
EGFR TKIs and antibody–drug conjugates
(ADCs), it will be important to understand their
comparative activity in relation to the current
treatments used for patients with NSCLC and
brain metastases.

While the overall objective of the systematic
literature review (SLR) was to understand the cur-
rent landscape of clinical characteristics and clini-
cal management for patients with brain metastases
in NSCLC, this current review focused on sum-
marizing the subset of studies with patients whose
NSCLC harbored AGAs (e.g., EGFR, ALK, ROS1,
NTRK, BRAF, MET, RET, KRAS, HER2).

METHODS

An SLR was performed following standard meth-
ods outlined in the updated Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) 2020 and Cochrane guidelines [13, 14].
This article is based on previously published sci-
entific studies and does not contain any new
studies with human participants or animals per-
formed by any of the authors.

Eligibility Criteria

The criteria are presented according to the
PICOTS (Population, Intervention, Compara-
tors, Outcomes, Timing, and Study design) for-
mat (Table 1). The inclusion and exclusion
criteria are presented in Table 2.

Table 1 PICOTS eligibility criteria for overall systematic
literature review

Criterion Description

Population Adults with brain metastases in NSCLC

within the following patient populations

With actionable genomic alterations

EGFR, ALK, ROS1, NTRK, BRAF,
MET, RET, KRAS, HER2

Without actionable genomic alterations

Intervention Any pharmacotherapy, radiotherapy, or

surgery

Comparators Any standard-of-care or emerging therapy

Outcomes Clinical characteristics: signs, symptoms,

and pathology in stable and active disease

Clinical management: current

methodologies of treatment, limitations,

evolution of brain metastases post-

treatment (including radiotherapy)

Unmet needs: frequency of response &

non-response, intracranial efficacy or lack

thereof, reasons for non-response with

standard of care

Emerging therapies: clinical activity on

brain metastases, bioavailability, trends

for emerging agents, or regimens

specifically addressing brain metastases

Date range January 1, 2017 to September 26, 2022

(search date)

Study design Phase 3 or 4 clinical trials (50 or more

participants)

Observational/real-world studies (100 or

more participants)

Clinical practice guidelines or preferred

practice patterns

Other Limited to English language only

No geographical limit

Excluded conference abstracts
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During the course of the SLR, amendments
were made (December 5, 2022) to the protocol
to refine the eligibility criteria and focus on the
most relevant and robust information available.
All amendments were made prior to the data
extraction phase and were applied universally
across all records (Table 2).

Databases Searched

The search was conducted in the following
databases using the OvidSP� platform:

• EMBASE
• MEDLINE� Epub Ahead of Print, In-Process

and Other Non-Indexed Citations, Medline�

Daily, Medline and Versions�

The search strategy was based on a combi-
nation of free-text words, indexing terms (e.g.,
Excerpta Medica database [EMBASE] subject
heading [EMTREE] or Medical Subject Headings
[MESH] terms) and their relationship using
Boolean terms (e.g., and, or, not). Full strategies
(including search dates) for all sources searched
are included in Tables S1 and S2.

Screening Process

Publications identified through the systematic
literature search were evaluated in a stepwise

process to assess whether they should be inclu-
ded for data extraction.

Step 1—Title and abstract review: All
unique records identified from the searches
were reviewed on the basis of the predefined
PICOTS criteria described in Table 1. Two
reviewers independently screened titles and
abstracts and classified each record as either (1)
exclude or (2) continue to full-text review. Any
discrepancy between reviewers was resolved by
a third reviewer, who also confirmed the clas-
sifications for all studies marked for full-text
review and from a sample of excluded abstracts.
Furthermore, artificial intelligence technology
was used to screen all excluded records and
assign each a probability of likelihood for
inclusion. Any study with a probability ranking
over 85% was rescreened.

On the basis of the large number of
potentially relevant studies identified after
title and abstract screening ([ 800), the eligi-
bility criteria were amended to prioritize the
most relevant and applicable evidence avail-
able that would address the research questions
of interest. The amendments made following
title and abstract screening are shown in
Table 2.

Step 2—Full-text review: Full-texts of pub-
lications included after title and abstract review,
and meeting the amended eligibility criteria,
were screened by two reviewers on the basis of

Table 2 Eligibility criteria amendments

Areas targeted for scope
refinement and prioritization

Original
protocol

Protocol amendment after title
and abstract screening

Protocol amendment after
full-text screening

Time restriction Last 5 years Limit to January 1, 2017 to

September 26, 2022

Limit to January 1, 2017 to

September 26, 2022

Sample size – Exclude studies with B 50 patients Include RCTs with C 50

patients

Include observational studies

with C 100 patients

Publication type – – Include only full-text articles;

exclude conference abstracts

Study type – – Include only phase 3/4 trials;

exclude phase 1/2 trials

RCT randomized controlled trial
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the amended PICOTS criteria. A third reviewer
resolved any discrepancies.

Following full-text screening, additional
amendments were made to better refine the
project scope and identify the most relevant
studies. The amendments made following full-
text screening are shown in Table 2. Studies that
met the amended PICOTS criteria after full-text
review were included in the SLR.

Records that were excluded after review of
the full-text report were documented, along
with a clear justification for their exclusion. All
references included after completion of the full-
text review were retained for quality assessment
and data extraction.

Data Extraction

Extraction of data from the included studies was
conducted using a standardized Excel-based data
extraction template. For each included study and
methodological characteristics, selection criteria,
study population/patient characteristics, and
results were collected. If results for the same study
were reported in more than one publication, the
relevant records were grouped per study. Data
extraction from included sources was conducted
by two investigators independently, with dis-
crepancies resolved by a third reviewer.

Quality Assessment

The quality assessment analyzes the strength
and robustness of the available evidence with
the aim of evaluating the applicability and
internal and external validity of studies.

A quality assessment of individual papers
was performed according to the study design.
The Revised Cochrane Risk of Bias Tool for
Randomized Trials (RoB 2) [15] was used for
randomized controlled trials (RCTs), and the
Newcastle–Ottawa Scale (NOS) [16] was used for
non-randomized studies. The quality assess-
ment results were recorded in a tabular format
in the data extraction file. The quality assess-
ment for studies included in this NSCLC, brain

metastases, and AGA subgroup analysis are
available in Tables S4 and S5.

Supplemental Search Results

Although not eligible for inclusion in the SLR, the
most recentmeetings of fiveconferences (Table S6)
and two major clinical trial registries were searched
to provide a current view of the evidence landscape
(see supplementary materials).

RESULTS

The search and screening process in the SLR is
reported in accordance with the PRISMA flow
diagram (Fig. 1).

Overall Systematic Search Output

The database and registry searches identified a
total of 7884 records. Following deduplication,
3815 records underwent title and abstract
screening, of which 901 records were classified
as potentially relevant according to the original
PICOTS criteria. After the PICOTS criteria were
amended, 394 records were excluded and not
sought for full-text review; the full texts of the
remaining 507 records were retrieved and
reviewed.

After full-text review and amendments to the
PICOTS criteria, 432 records were excluded, and
75 records meeting the eligibility criteria were
included. An additional 150 records were iden-
tified for inclusion, as were an additional 12
records identified from reviewing bibliographies
of relevant review articles, based on a concur-
rent SLR on overall unmet needs in NSCLC with
similar eligibility criteria. Overall, 237 publica-
tions reporting data on 179 studies were inclu-
ded in the review. The 179 studies included 33
RCTs, two single-arm trials, and 144 observa-
tional studies. Most RCTs (n = 17, 52%) were
multiregional, whereas most observational
studies (n = 75, 52%) were conducted in Asia.

Studies were further characterized as follows:
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Studies of patients with AGAs: Of the 80 stud-
ies that included patients with AGAs, 19 were
RCTs, two were single-arm trials, and 59 were
observational studies. These studies are sum-
marized in Tables 3 and S3 [17–98].

Studies of patients without AGAs: Of the 18
studies of patients with no actionable muta-
tions, nine were RCTs and nine were observa-
tional studies.

Studies of patients with or without AGAs: Of the
51 studies of patients with or without action-
able mutations, five were RCTs and 46 were
observational studies.

Studies of patients with not specified/unknown
alterations: All 30 studies of patients with
mutation status not specified or unknown were
observational studies.

Results for Studies of Subgroup of Patients
with NSCLC, Brain Metastases, and AGAs

Of the 19 RCTs, 10 were multiregional and nine
were conducted in Asia (China, Japan, South
Korea, Hong Kong, Malaysia, Taiwan, and Thai-
land). Only three trials enrolled fewer than 200
participants, 15 enrolled 200–500 participants,
and one enrolled more than 500 participants
(median 296 patients; range 119–556 patients). In
the four RCTs reporting age and sex for the brain
metastasis population, median age was 58.5 years
(range 56–63), and median percentage of female
patients was 60.5% (range 54–62%).

Of the two single-arm trials, one was multi-
regional and included 479 participants with
EGFR mutations treated with targeted therapy

Fig. 1 Preferred reporting items for systematic reviews and
meta-analyses (PRISMA) flow diagram of literature search
results. Figure shows the flow of the study identification
and selection process. In total, 7884 records were originally
identified. After removal of duplicates, 3815 records were

screened. Several records were excluded throughout the
process for reasons such as the population being out of
scope, not having results because of an ongoing study, or
the study design being out of scope. Ultimately, 179 studies
were included in this review
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(afatinib) for first-line or later-line therapy. The
other study was conducted in multiple coun-
tries in Asia and included 541 participants with
EGFR mutations treated with targeted therapy
(afatinib) for first-line or later-line therapy. Of
the 59 observational studies, 75% (n = 44) were
conducted in Asia (China, Japan, South Korea,
Taiwan, Thailand, and Turkey), eight in North
America (USA and Canada), and seven in Eur-
ope (France, Germany, the Netherlands, and
multi-country). Twenty-seven studies included
fewer than 200 patients, 22 included between
200 and 500 patients, and 10 included more
than 500 patients (median 208 patients; range
100 to 1081 patients). In the 34 observational
studies that reporting age and sex for the brain
metastasis population, median age was
58.5 years (range 54–68), and median percent-
age of female patients was 60.5% (range
37–73%).

Clinical Characteristics

Across the 80 studies that included patients
with AGAs, 64 reported data for EGFR muta-
tions (with the majority when reported being
exon 19 deletions or exon 21 L858R), 14 repor-
ted data for patients with ALK alterations, and
two reported data for both EGFR mutations and
ALK alterations (Table 3). Still, across all 179 of
the publications reviewed in the SLR, only a
minority of patients with NSCLC and brain
metastases (20–30%) had any actionable muta-
tion. No study reported biomarkers specific to
brain metastases.

For patients who had NSCLC and brain
metastases, most RCTs included only those
patients who were asymptomatic and/or neu-
rologically stable at baseline. Similarly, on the
basis of 23 observational studies, a range of
12.3–81.5% patients were reported to have
asymptomatic brain metastases at baseline
(Table 3). Among the three observational stud-
ies that reported symptoms, headache, nausea,
and mental changes were the most frequently
reported [30, 46, 64]. Patients who were
asymptomatic were more likely to have been

treated with EGFR TKIs only or EGFR TKIs plus
SRS compared with patients who were treated
with WBRT alone or in combination with
another type of therapy.

Brain metastases were more often multisite
than single site. The majority of brain metastases
reported were located at the cerebral hemispheres
and cerebellum. Few studies reported the median
time interval between the diagnosis of NSCLC
and brain metastases; among those studies that
did, the average time to diagnosis was between 1
and 2 years (this average does not include patients
who had brain metastases at NSCLC diagnosis)
[45, 82, 88]. One Japanese retrospective study
noted that the rate and frequency of developing
brain metastases were rapid and higher in
patients with EGFR mutations than in patients
without EGFR mutations [99]. Similarly, in a
Canadian cohort study, patients with EGFR
mutations were reported to be at higher risk of
developing brain metastases than patients with-
out EGFR mutations [100].

Clinical Management

Overall, the clinical management reported by
studies included in this SLR typically followed
respective clinical practice guidelines. In brief, of
the 80 total studies, 76 evaluated targeted ther-
apy; 15 evaluated chemotherapy; six evaluated
immune checkpoint inhibitors (ICIs)/monoclonal
antibodies (mAbs), including bevacizumab, sin-
tilimab, and denosumab; and 29 evaluated
radiotherapy. Table 3 provides details on thera-
peutic regimens evaluated in each study.

Nine RCTs reported data for EGFR mutations
only, eight of which evaluated EGFR TKIs. Six RCTs
evaluated first-line targeted therapy, including
aumolertinib, furmonertinib, osimertinib, apa-
tinib, icotinib, gefitinib, and erlotinib plus beva-
cizumab. One RCT evaluated first- and second-line
therapies, including icotinib versus WBRT with or
without chemotherapy, and one evaluated sec-
ond-line therapy with osimertinib versus platinum
and pemetrexed-based chemotherapy. One RCT
evaluatedsintilimabplusabevacizumabbiosimilar
plus chemotherapy versus chemotherapy only in

1830 Adv Ther (2024) 41:1815–1842



patients who had unsuccessful treatment with an
EGFR TKI.

The remaining 10 RCTs evaluated patients
with ALK alterations. Eight RCTs evaluated first-
line targeted therapies (alectinib, brigatinib,
ensartinib, lorlatinib, crizotinib, and ceritinib).
One RCT evaluated second-line and later-line
therapy with ceritinib versus chemotherapy,
and one RCT evaluated alectinib versus
chemotherapy for third-line therapy.

Among the 59 observational studies, 22
reported first-line therapy, nine reported first-
line or second-line therapy, two reported sec-
ond-line or later-line therapy, 14 reported first-
line or later-line therapy, and 10 did not report
the line of therapy. For first-line therapy, treat-
ments included targeted therapy (EGFR and
ALK TKIs), chemotherapy (platinum- and
pemetrexed-based), and radiotherapy (WBRT,
SRS, and gamma knife radiotherapy). For sec-
ond-line therapy, treatments included targeted
therapy (gefitinib, erlotinib, and osimertinib).
For other lines of therapy and studies that did
not report line of therapy, treatments included
targeted therapy (EGFR and ALK TKIs),
chemotherapy (platinum- and pemetrexed-
based), radiotherapy (WBRT, SRS, and gamma
knife radiotherapy), and surgery.

CNS Clinical Outcomes

Median central nervous system–progression-
free survival (CNS-PFS) and intracranial
response (ICR) rates were reported in a minority
of studies (n = 24). Studies of EGFR-mutated
NSCLC and brain metastases continued to
assess first- and second-generation EGFR TKIs,
often in combination with other agents or
radiotherapy. In studies of first- and second-
generation EGFR TKI monotherapy, where
reported, CNS-PFS and ICR rate did not vary
greatly across agents within each study
[18, 25, 43]. In the first-line setting, treatment
with upfront WBRT with or without concomi-
tant TKIs resulted in the more favorable clinical
outcomes compared with treatment with TKIs

only or upfront TKIs followed by WBRT. Three
observational studies found that median CNS-
PFS was longer in patients who had received
earlier or upfront versus no or delayed radio-
therapy [32, 68, 88]. Additional observational
studies found that EGFR TKIs in combination or
sequenced with radiotherapy (WBRT and/or
SRS) had longer median CNS-PFS than with
EGFR TKI monotherapy [24, 27, 30, 34, 38,
82, 98]. Several of these combination studies
were utilizing first- or second-generation EGFR
TKIs. One study by Yu et al., which compared
osimertinib with and without upfront radio-
therapy, also resulted in the combination hav-
ing a longer median CNS-PFS [91].

In one RCT, second-generation icotinib
resulted in a CNS-PFS of 10 months compared
with 4.8 months with WBRT plus chemotherapy
[86]. In one RCT, CNS-PFS with first-line use of
third-generation furmonertinib was 20.8 months
versus 9.8 months with first-generation TKIs
[73]. In another RCT, second-line osimertinib
resulted in a CNS-PFS of 11.7 months versus
5.6 months with chemotherapy [63]. In a first-
line RCT, the ICR rate with osimertinib was 66%
compared with 43% with first-generation TKIs
[77]. Similarly, in a first-line observational study,
the ICR rate with osimertinib was 68% compared
with 50% with first-generation TKIs [96]. In a
second-line RCT, the ICR rate with osimertinib
was 40% versus 17% with chemotherapy [63].

Eight RCTs evaluated treatment for patients
with NSCLC, brain metastases, and ALK alter-
ations. Crizotinib continues to be the com-
parator for the second- and third-generation
ALK TKIs. Where reported, these second- and
third-generation ALK TKIs consistently demon-
strated higher CNS-PFS and ICR than did
crizotinib or chemotherapy. CNS-PFS with bri-
gatinib was 24 months compared with
5.6 months with crizotinib [22], and
9.6 months with alectrinib compared with
1.4 months with chemotherapy [81]. ICR rates
reached 73% (range 46–73%) with second- and
third-generation ALK TKIs versus up to 22%
with crizotinib and 21% with chemotherapy
[71, 75, 97].
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DISCUSSION

Trends in Clinical Management

In terms of clinical management for patients
with NSCLC, brain metastases, and AGAs, TKIs
were described as potentially exhibiting higher
penetration rates through the BBB as they are
small molecules and have a good lipid–water
partition coefficient. For patients with EGFR-
mutated NSCLC, EGFR TKIs are the established
first-line standard of care. In the treatment of
brain metastases, while some countries may
continue to rely on first- or even second-gen-
eration EGFR TKIs for first-line therapy, evi-
dence has demonstrated that afatinib and
osimertinib, as well as other third-generation
EGFR TKIs, have better CNS penetration and
superior CNS efficacy compared with first-gen-
eration options. Similarly, second- and third-
generation ALK TKIs are also showing signifi-
cantly improved CNS efficacy over the previous
standard of care, crizotinib. The CNS-PFS and
ICR results from both RCTs and observational
studies related to these TKIs are continually
assessed and reflected in updates across practice
guidelines and recommendations globally.

Radiotherapy was found to positively affect
the BBB by increasing permeability and the
concentration of TKIs in cerebrospinal fluid.
Adjuvant radiotherapy, when administered
with TKIs, facilitated the TKIs’ capacity to cross
the BBB, and thus demonstrated favorable
anticancer effect. Additionally, patients who
were asymptomatic were more likely to have
been treated with EGFR TKIs only or EGFR TKIs
plus SRS compared with patients who were
treated with WBRT alone or in combination
with another type of therapy.

Continuing Need for Optimal
Management of NSCLC and Brain
Metastases

Optimal management of brain metastases in
NSCLC remains a high priority with continuing
unmet needs. There were limited actionable
targets evaluated among the included studies
(79 of 80 studies evaluated EGFR or ALK, and

one study evaluated EGFR, ALK, RET, MET, or
ROS1). Still, results favored targeted therapy, as
well as a combination of localized therapy and
targeted therapy, over chemotherapy. Although
there is evidence of the effectiveness of systemic
therapies and targeted therapies for treatment
of brain metastases, many studies of potentially
effective anticancer therapies continue to
exclude patients with active brain metastases
[101].

Though some benefit was observed, the
WBRT studies reviewed in this SLR are likely
reflective of outdated practice patterns. In the
current treatment landscape, conventional
WBRT is generally avoided because it causes
more neurocognitive problems than SRS
[102, 103]. WBRT is frequently reported as an
independent prognostic factor of overall sur-
vival along with extracranial metastases and
performance score. Overall, WBRT is associated
with serious harm, does not prolong survival,
and yields poorer quality of life; thus, SRS or
SRT has been suggested for treating patients
with brain metastases when feasible. Lower
incidence of radiotherapy-induced brain dam-
age with SRS versus WBRT can be attributed to
SRS’s ability to target the high-dose radioactive
ray directly at the metastatic brain lesion,
resulting in less damage to surrounding normal
brain tissues and mitigating the radiotherapy-
induced adverse reactions [41, 52]. Of note, in
developing countries, first-generation EGFR
TKIs and WBRT remain the primary treatment
in patients with NSCLC and brain metastases,
further highlighting the need for a consistent
standard of care for this population [52].

In a retrospective study by Rakshit et al., the
authors noted that patients with NSCLC with
driver mutations had a high incidence of brain
metastases at diagnosis; however, no statisti-
cally significant differences in survival out-
comes were observed between patients with
brain metastases and those without brain
metastases [104]. These favorable outcomes for
patients with brain metastases were surmised to
be related to the use of potent active targeted
therapies with good CNS penetration for
patients with AGAs. For example, osimertinib
has exhibited a protective effect against devel-
oping brain metastases, demonstrating an
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advancement over its first- and second-genera-
tion EGFR TKI predecessors [105].

Another study by Julian et al. found that
patients with KRAS G12C-positive NSCLC had a
higher prevalence of brain metastases compared
with patients with KRAS wild-type tumors. This
finding suggests that more research should be
performed to evaluate whether KRAS G12C
inhibitors can be beneficial for patients with
brain metastases [106]. A systematic review
concluded that TKI alone resulted in superior
results in comparison with TKI plus radiother-
apy in patients with NSCLC and brain metas-
tases [107].

Emerging Therapies

Although the BBB remains the primary focus of
emerging therapies for patients with NSCLC
and brain metastases, it must be acknowledged
that primary and metastatic brain tumors can
disrupt the structure of the BBB and form a
blood–tumor barrier (BTB) [108, 109]. This BTB
permeability appears to aid in the successful
transport of not only targeted therapies but also
some chemotherapies. Thus, emerging thera-
pies for patients with NSCLC and brain
metastases with or without AGAs focus on
maximizing opportunities to cross the BBB and
BTB.

As such, EGFR TKIs were reported to exhibit
higher penetration rates than other systemic
therapies. Some studies also suggested that
radiotherapy, such as WBRT, demonstrated
favorable effects in increasing the permeability
and concentration of TKIs in cerebrospinal fluid.
Current emerging targeted therapies being eval-
uated in patients with brain metastases include
almonertinib, anlotinib, apatinib, dacomitinib,
icotinib, lazertinib, lenvatinib, neratinib, osimer-
tinib, zorifertinib, D-0316 (InventisBio), and TY-
9591. Emerging therapies for other actionable
alterations include alectinib, crizotinib, ensar-
tinib, and lorlatinib for patients with ALK alter-
ations; crizotinib and entrectinib for patients with
ROS1 mutations; sotorasib and adagrasib for
patients with KRAS mutations; tepotinib and
capmatinib for patients with MET exon 14
mutations; pralsetinib and selpercatinib for

patients with RET fusions; and dabrafenib plus
vemurafenib and dabrafenib plus trametinib for
patients with BRAF-V600E mutations.

While targeted therapies continue toemerge for
those with de novo alterations, as patients move
into later lines, therapies no longer work for these
AGAs. Thus, it is also important to consider how to
treat patients with NSCLC and brain metastases
who no longer harbor AGAs. For patients with
NSCLC, brain metastases, and no AGAs,
immunotherapy has emerged as a new first-line
standard of care mostly in combination with or
following platinum-based chemotherapy. Emerg-
ing therapies for patients without AGAs include
immunotherapies targeting programmed death
cell (ligand) 1 (PD-1/PD-L1), which are thought to
be able to penetrate the BBB, including ate-
zolizumab, camrelizumab, cemiplimab, nivolu-
mab, pembrolizumab, sintilimab, tislelizumab,
and zimberelimab. Other emerging treatments
noted for patients without AGAs include
datopotamab deruxtecan (Dato-DXd; a tropho
blast cell-surface antigen 2 [TROP2]-directed
antibody–drug conjugate [ADC]), bevacizumab,
Endostar (an endostatin), ipilimumab (a CTLA-4
inhibitor), temozolomide, 4-demethyl-4-
cholesteryloxycarbonyl-penclomedine, OSE-2101
(a neoepitope vaccine restricted to HLA-A2-
positive patients), and patritumab deruxtecan
(HER3-DXd; a HER3-targeted ADC).

ADCs are emerging as an effective AGA-ag-
nostic therapeutic option across tumor types
and treatment lines. By synergistically combin-
ing the specificity of mAbs with the antitumor
activity of cytotoxic agents, ADCs selectively
bind to cancer cells and deliver their cytotoxic
payload directly into cancer cells. Along with
US Food and Drug Administration (FDA)-ap-
proved T-DXd, which targets HER2 in breast
cancer and NSCLC, telisotuzumab-vedotin,
Dato-DXd, and HER3-DXd are among several
ADCs being investigated in NSCLC. Eight
patients with brain metastases experienced a
best overall intracranial response of partial or
complete response. These findings demonstrate
the potential of ADCs to effectively treat
patients with brain metastases in later lines of
therapy. Further recent data suggest that HER3
may be more abundantly expressed in brain
metastases in patients with NSCLC than in
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extracranial metastases [110]. On the basis of
these data and positive results of ADCs in
extracranial disease, brain metastases-specific
trials with HER3-targeting agents are warranted.

Generalizability

Most studies included in this review were
observational studies, which effectively repre-
sent the NSCLC population in a real-world set-
ting and reflect the generalizability of the study
population. Additionally, studies in all muta-
tion status subgroups were eligible for inclusion
in this review, and results were summarized by
patient subgroups, type of therapy, and line of
therapy. There were no restrictions on inter-
ventions or geography. The outcomes included
in this review covered a wide range of topics; as
such, the findings could provide a comprehen-
sive understanding of the current landscape of
clinical characteristics, clinical management,
and emerging therapies for patients with
NSCLC and brain metastases with and without
AGAs.

Strengths and Limitations

The strengths of this review include following
the PRISMA and Cochrane guidelines, using
independent reviewers with a process for
resolving discrepancies, and utilizing artificial
intelligence technology to screen excluded
records. The inclusion criteria related to inter-
ventions and comparators were left broad to
increase generalizability. Furthermore, amend-
ments were made to the protocol in order to
focus on the most relevant and robust infor-
mation available. Most studies focused on EGFR
mutations or ALK alterations, and few on other
actionable driver alterations; however, these are
the most common AGAs in this patient popu-
lation. Although the search period started only
in 2017, the purpose was to summarize and
interpret the most recent findings on this topic
on the basis of the latest treatment landscape.
While the trials and trial designs differed
between studies, all trials included followed the
PICOTS eligibility criteria. Overall, this review
provides a comprehensive overview of the

clinical characteristics, clinical management,
and emerging therapies for patients with
NSCLC and brain metastases.

Of note, in the studies included in this SLR, a
majority of patients were treated with first- and
second-generation EGFR TKIs in the first-line
setting. With osimertinib as the current stan-
dard of care in first-line EGFR-mutated NSCLC
with brain metastases, this may be an important
confounder, given its superior CNS activity in
comparison to first-generation TKIs. On the
basis of the quality assessment, although the
majority of all studies were at low risk of bias, it
must be acknowledged that eight of the 19 RCTs
included in this subset review were categorized
as high risk, and all for deviations from the
intended interventions (e.g., non-protocol
interventions, non-adherence by patient to
assigned intervention) (Table S4). Many of the
results from all types of studies supported cur-
rent practice guidelines and continued to
highlight the key treatment gaps for patients
with NSCLC and brain metastases.

CONCLUSION

Brain metastases are a poor prognostic factor
and are common in NSCLC. This review
underscores the continued needs of patients
with brain metastases in NSCLC, even in those
who have AGAs, likely due to the lack of clear
understanding regarding effective transport of
therapeutic agents across the BBB. The results of
this SLR emphasize the need for therapies that
can improve clinical outcomes for this patient
population. More data are still needed to con-
firm these findings, given the differences in trial
designs of the trials evaluated in this SLR.

Given the recent advancement in targeted
therapies, such as fourth-generation EGFR TKIs,
new options may continue to improve CNS-re-
lated outcomes. Similarly, with an array of
ADCs demonstrating their ability to deliver
cytotoxic payload to tumors bearing the target
antigen, it may be valid to hypothesize that
ADCs might have strong activity in the CNS.
Furthermore, brain metastases may increase the
permeability of the BBB, allowing a more effi-
cient passage of these drugs into the brain. It is
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important to evaluate therapies in patients with
active, untreated brain metastases as these
patients are often excluded from phase 3 trials
because of logistical challenges and higher risks
for toxicities [111]. Several approaches are being
evaluated to overcome the challenges of the
BBB [112]. Further clinical validation and
transfer of these strategies to ADCs is planned.
Aside from NSCLC, tumor regressions and pro-
longation of survival have been observed with
ado-trastuzumab emtansine (T-DM1) in pre-
clinical mouse models of HER2-positive breast
cancer and brain metastases. Given the success
of these agents in other tumor types, it is
hypothesized that they may also prove to be
successful in NSCLC.
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83. Wolf J, Helland Å, Oh IJ, et al. Final efficacy and
safety data, and exploratory molecular profiling
from the phase III ALUR study of alectinib versus
chemotherapy in crizotinib-pretreated ALK-positive
non-small-cell lung cancer. ESMO Open. 2022;7(1):
100333. https://doi.org/10.1016/j.esmoop.2021.
100333.

84. Wu Y-L, Lu S, Lu Y, et al. Results of PROFILE 1029, a
phase III comparison of first-line crizotinib versus
chemotherapy in East Asian patients with ALK-
positive advanced non-small cell lung cancer.
J Thorac Oncol. 2018;13(10):1539–48. https://doi.
org/10.1016/j.jtho.2018.06.012.

85. Yang RF, Yu B, Zhang RQ, et al. Bevacizumab and
gefitinib enhanced whole-brain radiation therapy
for brain metastases due to non-small-cell lung
cancer. Braz J Med Biol Res. 2017;51(1):e6073.
https://doi.org/10.1590/1414-431X20176073.

86. Yang J-J, Zhou C, Huang Y, et al. Icotinib versus
whole-brain irradiation in patients with EGFR-mu-
tant non-small-cell lung cancer and multiple brain
metastases (BRAIN): a multicentre, phase 3, open-
label, parallel, randomised controlled trial. Lancet
Respir Med. 2017;5(9):707–16. https://doi.org/10.
1016/S2213-2600(17)30262-X.

87. Yang Y, Liu Q, Cao L, et al. Osimertinib versus afa-
tinib in patients with T790M-positive, non-small-
cell lung cancer and multiple central nervous sys-
tem metastases after failure of initial EGFR-TKI
treatment. BMC Pulm Med. 2021;21(1):172. https://
doi.org/10.1186/s12890-021-01539-x.

88. Yang S, Xiao J, Liu Q, et al. The sequence of
intracranial radiotherapy and systemic treatment
with tyrosine kinase inhibitors for gene-driven non-
small cell lung cancer brain metastases in the tar-
geted treatment era: a 10-year single-center experi-
ence. Front Oncol. 2021;11:732883. https://doi.org/
10.3389/fonc.2021.732883.

89. Yomo S, Oda K. Impacts of EGFR-mutation status
and EGFR-TKI on the efficacy of stereotactic radio-
surgery for brain metastases from non-small cell
lung adenocarcinoma: a retrospective analysis of
133 consecutive patients. Lung Cancer. 2018;119:
120–6. https://doi.org/10.1016/j.lungcan.2018.03.
013.

90. Yu X, Fan Y. Real-world data on prognostic factors
for overall survival in EGFR-mutant non-small-cell
lung cancer patients with brain metastases.
J Cancer. 2019;10(15):3486–93. https://doi.org/10.
7150/jca.30292.

1840 Adv Ther (2024) 41:1815–1842

https://doi.org/10.1016/S2213-2600(22)00168-0
https://doi.org/10.1016/S2213-2600(22)00168-0
https://doi.org/10.1200/JCO.2017.77.4794
https://doi.org/10.1200/JCO.2017.77.4794
https://doi.org/10.1016/S0140-6736(17)30123-X
https://doi.org/10.1016/S0140-6736(17)30123-X
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1200/JCO.2018.78.3118
https://doi.org/10.1200/JCO.2018.78.3118
https://doi.org/10.1007/s00432-021-03797-y
https://doi.org/10.21037/tlcr-20-1020
https://doi.org/10.21037/tlcr-20-1020
https://doi.org/10.1007/s11523-021-00859-6
https://doi.org/10.1007/s11523-021-00859-6
https://doi.org/10.5114/aoms.2018.78939
https://doi.org/10.5114/aoms.2018.78939
https://doi.org/10.1186/s12885-020-07249-7
https://doi.org/10.1186/s12885-020-07249-7
https://doi.org/10.1016/j.esmoop.2021.100333
https://doi.org/10.1016/j.esmoop.2021.100333
https://doi.org/10.1016/j.jtho.2018.06.012
https://doi.org/10.1016/j.jtho.2018.06.012
https://doi.org/10.1590/1414-431X20176073
https://doi.org/10.1016/S2213-2600(17)30262-X
https://doi.org/10.1016/S2213-2600(17)30262-X
https://doi.org/10.1186/s12890-021-01539-x
https://doi.org/10.1186/s12890-021-01539-x
https://doi.org/10.3389/fonc.2021.732883
https://doi.org/10.3389/fonc.2021.732883
https://doi.org/10.1016/j.lungcan.2018.03.013
https://doi.org/10.1016/j.lungcan.2018.03.013
https://doi.org/10.7150/jca.30292
https://doi.org/10.7150/jca.30292


91. Yu F, Ni J, Zeng W, et al. Clinical value of upfront
cranial radiation therapy in osimertinib-treated
epidermal growth factor receptor-mutant non-small
cell lung cancer with brain metastases. Int J Radiat
Oncol Biol Phys. 2021;111(3):804–15. https://doi.
org/10.1016/j.ijrobp.2021.05.125.

92. Yu X, Sheng J, Pan G, Fan Y. Real-world utilization
of EGFR TKIs and prognostic factors for survival in
EGFR-mutated non-small cell lung cancer patients
with brain metastases. Int J Cancer. 2021;149(5):
1121–8. https://doi.org/10.1002/ijc.33677.

93. Zeng Y, Guo T, Zhou Y, et al. Clinical outcomes of
advanced non-small cell lung cancer patients har-
boring distinct subtypes of EGFR mutations and
receiving first-line tyrosine kinase inhibitors: brain
metastasis and de novo T790M matters. BMC Can-
cer. 2022;22(1):198. https://doi.org/10.1186/
s12885-022-09245-5.

94. Zhao H, Yao W, Min X, et al. First-line treatment in
advanced EGFR-mutant NSCLC: the phase III active
study (CTONG1706). J Thorac Oncol. 2021;16(9):
1533–46. https://doi.org/10.1016/j.jtho.2021.05.
006.

95. Zhao L, Cai X, Chen D, et al. Therapeutic effect of
whole brain radiotherapy on advanced NSCLC
between EGFR TKI-naı̈ve and TKI-resistant. Radiat
Oncol. 2019;15(1):3. https://doi.org/10.1186/
s13014-019-1454-2.

96. Zhao Y, Li S, Yang X, et al. Overall survival benefit
of osimertinib and clinical value of upfront cranial
local therapy in untreated EGFR-mutant non-small
cell lung cancer with brain metastasis. Int J Cancer.
2022;150(8):1318–28. https://doi.org/10.1002/ijc.
33904.

97. Zhou C, Kim SW, Reungwetwattana T, et al. Alec-
tinib versus crizotinib in untreated Asian patients
with anaplastic lymphoma kinase-positive non-
small-cell lung cancer (ALESIA): a randomised
phase 3 study. Lancet Respir Med. 2019;7(5):
437–46. https://doi.org/10.1016/S2213-
2600(19)30053-0.

98. Zhu Q, Sun Y, Cui Y, et al. Clinical outcome of
tyrosine kinase inhibitors alone or combined with
radiotherapy for brain metastases from epidermal
growth factor receptor (EGFR) mutant non-small
cell lung cancer (NSCLC). Oncotarget. 2017;8(8):
13304–11. https://doi.org/10.18632/oncotarget.
14515.

99. Fujita Y, Kinoshita M, Ozaki T, et al. The impact of
EGFR mutation status and single brain metastasis
on the survival of non-small-cell lung cancer
patients with brain metastases. Neurooncol Adv.
2020;2(1):vdaa064. https://doi.org/10.1093/noajnl/
vdaa064.

100. Moraes FY, Mansouri A, Dasgupta A, et al. Impact of
EGFR mutation on outcomes following SRS for
brain metastases in non-small cell lung cancer.
Lung Cancer. 2021;155:34–9. https://doi.org/10.
1016/j.lungcan.2021.02.036.

101. Tan AC, Boggs DH, Lee EQ, Kim MM, Mehta MP,
Khasraw M. Clinical trial eligibility criteria and
recently approved cancer therapies for patients with
brain metastases. Front Oncol. 2022;11:780379.
https://doi.org/10.3389/fonc.2021.780379.

102. Pinkham MB, Sanghera P, Wall GK, Dawson BD,
Whitfield GA. Neurocognitive effects following
cranial irradiation for brain metastases. Clin Oncol.
2015;27:630–9. https://doi.org/10.1016/j.clon.
2015.06.005.

103. Chang EL, Wefel JS, Hess KR, et al. Neurocognition
in patients with brain metastases treated with
radiosurgery or radiosurgery plus whole-brain irra-
diation: a randomised controlled trial. Lancet
Oncol. 2009;10:1037–44. https://doi.org/10.1016/
S1470-2045(09)70263-3.

104. Rakshit E, Bansai R, Desai A, Leventakos K. Brain
metastases in non-small cell lung cancer in era of
molecularly driven therapy. J Thorac Oncol.
2021;16(4S):38P. https://doi.org/10.1016/S1556-
0864(21)01880-3.

105. Liam CK. Central nervous system activity of first-
line osimertinib in epidermal growth factor recep-
tor-mutant advanced non-small cell lung
cancer. Ann Transl Med. 2019;7(3):61. https://doi.
org/10.21037/atm.2018.12.68.

106. Julian C, Pal N, Gershon A, et al. Overall survival in
patients with advanced non-small cell lung cancer
with KRAS G12C mutation with or without STK11
and/or KEAP1 mutations in a real-world setting.
BMC Cancer. 2023;23:352. https://doi.org/10.1186/
s12885-023-10778-6.

107. Tancherla A, Wijovi F, Hariyanto TI, Kurniawan A,
Giselvania A. EGFR-TKI plus radiotherapy versus
EGFR-TKI only in non-small cell lung cancer
patients with brain metastasis: a systematic review
and meta-analysis of observational studies. J Thorac
Oncol. 2021;16(4S):142P. https://doi.org/10.1016/
S1556-0864(21)01984-5.

108. Steeg PS. The blood–tumour barrier in cancer biol-
ogy and therapy. Nat Rev Clin Oncol. 2021;18:
696–714. https://doi.org/10.1038/s41571-021-
00529-6.

109. Ye L-Y, Sun L-X, Zhong X-H, et al. The structure of
blood–tumor barrier and distribution of
chemotherapeutic drugs in non-small cell lung
cancer brain metastases. Cancer Cell Int. 2021;21:
556. https://doi.org/10.1186/s12935-021-02263-6.

Adv Ther (2024) 41:1815–1842 1841

https://doi.org/10.1016/j.ijrobp.2021.05.125
https://doi.org/10.1016/j.ijrobp.2021.05.125
https://doi.org/10.1002/ijc.33677
https://doi.org/10.1186/s12885-022-09245-5
https://doi.org/10.1186/s12885-022-09245-5
https://doi.org/10.1016/j.jtho.2021.05.006
https://doi.org/10.1016/j.jtho.2021.05.006
https://doi.org/10.1186/s13014-019-1454-2
https://doi.org/10.1186/s13014-019-1454-2
https://doi.org/10.1002/ijc.33904
https://doi.org/10.1002/ijc.33904
https://doi.org/10.1016/S2213-2600(19)30053-0
https://doi.org/10.1016/S2213-2600(19)30053-0
https://doi.org/10.18632/oncotarget.14515
https://doi.org/10.18632/oncotarget.14515
https://doi.org/10.1093/noajnl/vdaa064
https://doi.org/10.1093/noajnl/vdaa064
https://doi.org/10.1016/j.lungcan.2021.02.036
https://doi.org/10.1016/j.lungcan.2021.02.036
https://doi.org/10.3389/fonc.2021.780379
https://doi.org/10.1016/j.clon.2015.06.005
https://doi.org/10.1016/j.clon.2015.06.005
https://doi.org/10.1016/S1470-2045(09)70263-3
https://doi.org/10.1016/S1470-2045(09)70263-3
https://doi.org/10.1016/S1556-0864(21)01880-3
https://doi.org/10.1016/S1556-0864(21)01880-3
https://doi.org/10.21037/atm.2018.12.68
https://doi.org/10.21037/atm.2018.12.68
https://doi.org/10.1186/s12885-023-10778-6
https://doi.org/10.1186/s12885-023-10778-6
https://doi.org/10.1016/S1556-0864(21)01984-5
https://doi.org/10.1016/S1556-0864(21)01984-5
https://doi.org/10.1038/s41571-021-00529-6
https://doi.org/10.1038/s41571-021-00529-6
https://doi.org/10.1186/s12935-021-02263-6


110. Mair MJ, Bartsch R, Le Rhun E, et al. Understanding
the activity of antibody–drug conjugates in primary
and secondary brain tumours. Nat Rev Clin Oncol.
2023;20:372–89. https://doi.org/10.1038/s41571-02
3-00756-z.

111. Mair M, Preusser M. Antibody drug conjugates in
brain tumors—new kids on the block? A review on
the intracranial activity of ADCs in primary and

secondary brain tumors. 2023. https://cancer
community.nature.com/posts/antibody-drug-conju
gates-in-brain-tumors-new-kids-on-the-block. Acces-
sed 25 Aug 2023.

112. Wu D, Chen Q, Chen X, et al. The blood–brain
barrier: structure, regulation, and drug delivery.
Signal Transduct Target Ther. 2023;8:217. https://
doi.org/10.1038/s41392-023-01481-w.

1842 Adv Ther (2024) 41:1815–1842

https://doi.org/10.1038/s41571-023-00756-z
https://doi.org/10.1038/s41571-023-00756-z
https://cancercommunity.nature.com/posts/antibody-drug-conjugates-in-brain-tumors-new-kids-on-the-block
https://cancercommunity.nature.com/posts/antibody-drug-conjugates-in-brain-tumors-new-kids-on-the-block
https://cancercommunity.nature.com/posts/antibody-drug-conjugates-in-brain-tumors-new-kids-on-the-block
https://doi.org/10.1038/s41392-023-01481-w
https://doi.org/10.1038/s41392-023-01481-w

	Clinical Management of Patients with Non-Small Cell Lung Cancer, Brain Metastases, and Actionable Genomic Alterations: A Systematic Literature Review
	Abstract
	Introduction
	Method
	Results
	Conclusions

	Introduction
	Methods
	Eligibility Criteria
	Databases Searched
	Screening Process
	Data Extraction
	Quality Assessment
	Supplemental Search Results

	Results
	Overall Systematic Search Output
	Results for Studies of Subgroup of Patients with NSCLC, Brain Metastases, and AGAs
	Clinical Characteristics
	Clinical Management
	CNS Clinical Outcomes

	Discussion
	Trends in Clinical Management
	Continuing Need for Optimal Management of NSCLC and Brain Metastases
	Emerging Therapies
	Generalizability
	Strengths and Limitations

	Conclusion
	Author Contributions
	Data Availability
	References




