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Abstract: Background: Lung cancer frequently metastasizes to the brain, liver, and adrenal
glands with a significant negative prognostic impact on overall survival and quality of life
(QoL). To optimize treatment and prognosis, adequate staging with the detection of distant
metastases is crucial. The incidence of brain metastases in potentially resectable early-stage
non-small cell lung cancer (NSCLC) is as low as 3%; hence, the need for preoperative brain
imaging has been a constant matter of debate, especially in stage II. In stages III and IV
NSCLC, neuroimaging is an essential part of staging. Methods: A systematic literature
search was performed. Publications from 1999 to 2024, focusing on preoperative brain
imaging (BI) in the staging of stages I-IV NSCLC, were included. Data extraction included
study population characteristics, the modality of BI, the incidence of brain metastases (BMs),
and the main outcomes of the studies. The final included studies were selected according
to the PRISMA criteria. In the second step, guidelines on Bl in NSCLC staging of major
importance were identified and compared. Results: A total of 530 articles were identified, of
which 25 articles were selected. Four prospective studies and 21 retrospective investigations
were included. Most of the investigations focused on BI in the early stages. The main
imaging modality for BI was magnetic resonance imaging (MRI), followed by computed
tomography (CT). Besides the identified 25 studies, the most important internationally
applied guidelines on brain imaging in the staging of NSCLC were reviewed. While some
guidelines agree on preoperative Bl in NSCLC stage III (Union for International Cancer
Control—UICC eighth edition) patients, other guidelines recommend earlier BI starting
from clinical stage II. All mentioned guidelines homogenously recommend BI in patients
with symptoms suggestive of brain pathologies. Conclusions: Bl in NSCLC staging
is recommended in neurologically symptomatic patients suggestive of brain metastases
as well as NSCLC patients with stage III disease. Neuroimaging in stage IA patients,
as well as in pure GGO (Ground-Glass Opacity) lesions, was considered unnecessary.
The predominantly applied imaging modality was ce-MRI (contrast-enhanced magnetic
resonance imaging). Inconsistency exists concerning Bl in stage II. The identification of
prognostic factors for developing BM in patients with early-stage NSCLC could help to
clarify which subgroup might benefit from preoperative BI.

Keywords: non-small cell lung cancer (NSCLC); preoperative staging; brain metastases;
brain imaging; MRI
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1. Introduction

Lung cancer remains the most common cause of cancer-related deaths
worldwide [1-3]. Among lung cancer, non-small cell lung cancer (NSCLC) is the leading
cause of brain metastases (BMs) (40-50%) [4,5]. BMs are present in 10-20% at initial diagno-
sis, and up to 40% of the patients develop BMs during the course of their disease [6-9]. BMs
are known to significantly increase morbidity and mortality and reduce patients’ quality
of life (QoL) [4,10]. The incidence of BMs was found to increase in accordance with the
overall stage, a higher nodal stage and the presence of N3-disease, the existence of distant
metastatic disease (M1b), and the histology of adenocarcinoma [11,12].

Most BMs are located in the cerebral parenchyma and are best diagnosed with mag-
netic resonance imaging (MRI) [13]. Gadolinium-enhanced MRI (ce-MRI) is widely used for
screening purposes, providing a higher sensitivity and specificity than contrast-enhanced
computed tomography (ce-CT) in detecting BMs [13]. Nevertheless, in real life, ce-CT
still plays a role in brain imaging (BI) due to contraindications to MRI like claustrophobia,
magnetic implantable medical devices, or restricted MRI availability [14].

Only 25% of individuals diagnosed with BMs in MRI were clinically symptomatic at
diagnosis, and clinical evaluation including a thorough history and physical examination
remains the best predictor of metastatic brain disease [15].

QoL and overall survival (OS) are negatively affected by the presence of BMs, with an
OS range reported from six to nine months depending on diverse treatment strategies and
stage at diagnosis [4,10,16]. Earlier on, the median survival from diagnosis of BMs to death
was described as approximately one to two months without treatment [17]. QoL and OS
could be significantly improved with the treatment of BMs involving medical treatment
(steroids), surgery, and radiotherapy of the neurocranium [18,19]. The central role of BI
for locally advanced or symptomatic patients is well-defined. Nevertheless, guidelines
for neuroimaging, especially in early NSCLC stages in the preoperative setting, are still a
controversial topic.

While the currently existing international guidelines, i.e., the ESMO (European Society
for Medical Oncology), NCCN (National Comprehensive Cancer Network), NICE (Na-
tional Institute for Health and Care Excellence), BTS (British Thoracic Society), and ACCP
(American College of Chest Physicians) guidelines, concordantly recommend screening
for stage III NSCLC patients, the recommendations vary for the indication of Bl in early
stages [20-25].

Early diagnosis and control of BMs in NSCLC are important for adequate staging and
therapy, especially given the constantly increasing diversity of locally and systemically
applicable therapeutic options [26]. However, as summarized above, several guidelines
present inconsistent recommendations regarding routine preoperative BI, especially in
clinical stages I and II NSCLC. For early stages, consensus only exists for BI not being
necessary for the staging of pure ground glass nodular lung adenocarcinoma [27].

In our systematic review, we aim to summarize the available evidence on preoperative
neuroimaging in the staging of NSCLC. First, we provide an overview of all the published
and relevant literature and studies investigating preoperative Bl in NSCLC stages I-IV
patients. Second, the existing guidelines for Bl in the staging of NSCLC are compared and
evaluated based on the identified studies. In the last step, we finally aim to provide an
additional recommendation to the existing guidelines on indications for neuroimaging in
NSCLC staging.
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2. Materials and Methods
2.1. Literature Research Strategy

Systematic literature research was conducted between 10th of March and 15th of
March 2024, according to the updated PRISMA (“Preferred Reporting Items for Systematic
Reviews and Meta-Analyses”) 2020 guidelines for reporting systematic reviews, in the
PubMed, MEDLINE, Embase, CENTRAL, and CINAHL databases to identify relevant
publications on Bl in NSCLC, including publications from 1999 to February 2024.

Search terms including Boolean operators were used, as listed below:

(Imaging OR brain imaging OR MRI OR magnetic resonance imaging OR CT OR com-
puted tomography OR PET-CT) AND (brain metastasis OR brain metastases) AND staging
AND (NSCLC OR non-small cell lung cancer). Further articles were identified through a
manual search of the reference lists of articles identified through the original search.

Data were summarized using descriptive statistics. Data were analyzed and presented
as a proportion of the total. Categorical variables were reported as percentages.

2.2. Inclusion and Exclusion Criteria

Studies focusing on Bl in NSCLC staging throughout all stages according to the 6th,
7th, or 8th TNM edition (UICC), published between 1999 and February 2024, were included.
Manuscripts published earlier than 1999 were excluded, unless they were of paramount
significance for the included staging guidelines (NICE, BTS, NCCN, ACCP, and ESMO).

Manuscripts focusing on BI (a) after surgery with curative intent for NSCLC, (b) Bl in
long-term follow-up after surgery, and (c) studies focusing on economic aspects of Bl in
NSCLC staging were not included in the main review process. Further exclusion criteria
were manuscripts in the form of commentaries, case reports, editorials, and surveys. Publi-
cations in languages other than English and full-text unavailability were also excluded. In
order to homogenize the evaluated patient populations, certain manuscripts of importance
for this systematic review were included, but only the patient cohort with BI performed
during preoperative staging was finally included in the analysis, while patients without
neuroimaging or Bl in follow-up were not included [28].

2.3. Data Extraction and Critical Appraisal of Evidence

All references returned from the above searches were exported into a ZOTERO library.

Initially, records were screened by title and abstract, and duplicate studies were identi-
fied and removed. In the second stage of the screening, we performed a full-text review
of all eligible studies from the title and abstract screening. Both stages were performed
by three authors (NM, LB, FM). Information was collected on study design, country of
study and patient recruitment, number of included patients, gender, histologic type of lung
cancer, the incidence of brain metastases (BMs), imaging frequency and modality, the share
of upstaged patients due to BMs, and the study conclusions.

3. Results
3.1. Study Selection

The literature research identified 530 articles, of which 502 were screened following
the removal of duplicates. A total of 424 full-text reviews were performed in accordance
with our inclusion and exclusion criteria. Following the critical appraisal, a total of 25 ar-
ticles were included in this systematic review. Figure 1 illustrates the study selection
process according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement guidelines [29]. The design of the identified studies, year
of recruitment and publication, NSCLC stages, inclusion and exclusion criteria, modality
and frequency of BI, the incidence of BMs, and histologic tumor results, as well as the



J. Clin. Med. 2025, 14, 708

4of 16

main outcomes, upstaging due to BM, and recommendations given by the authors, are
summarized in Table S1.

Identification and inclusion of studies from databases

Identification

Records identified through database

Mo. of additional records through
manual search of references and

searching (N=521) citations (N=9)

J, N=530

Mo. of records after duplicates (N=28) remaoved: N= 502

|
. ¥

Screening

Records screened (N=502)

Records excluded (N=78)
Full text unavailable N= 38
Out of timeframe N= 18
Language other than English N= 22

w w

Eligibility

MNa. of full-text articles assessed for

MNo. of full-text articles excluded
dealing with main subject of review

eligibility (N=424) (N=399)

I |
1

Inclusion

No. of studies included in this systematic review (N= 25, Table 51)

Figure 1. Identification and selection of studies according to The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement criteria for the systematic review
process. Abbreviations: No. = number of.

3.2. Risk of Bias Assessment

A summary of the risk of bias assessment for the 25 included studies using the
GENERIC robvis tool is shown in Figure 2 [30]. Only six studies were of a prospective
nature and thus could be evaluated for randomization bias. None of the studies were rated
to be at a critical risk of bias; however, five studies were rated with some concerns of being
at a risk of bias. The overall risk of bias was low for the majority of the included studies.
Across all studies, bias due to deviation from the intended intervention was the criterion
least susceptible to bias (Figure 2).
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Risk of bias assessment

Study
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0000000000000 OOOOOOOOO®
000000000000 OOVO0OOOCOHVO®

0000000 000000 OCVOOOOO0NOOOGS
0000000000000 VOOOOOOOOS
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Domains: Judgement

D1 = bias arising from the randomization process . High

D2 = bias due to deviations from intended intervention = Some concerns
D3 = bias due to missing outcome data oL

D4 = bias in measurement of the outcome ow

D5 = bias in the selection of the reported result @ ot applicable

Figure 2. Risk of bias assessment performed using the robvis generic tool. Risk of bias was defined
as high, some concerns, low, or not applicable. Domains D1 = bias arising from the randomization
process, D2 = bias due to deviation from the intended intervention, D3 = bias due to missing outcome
data, D4 = bias in the measurement of the outcome, and D5 = bias in the selection of the reported
results were assessed [11,12,15,27,28,31-50].
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3.3. Summary Findings of the Included Studies

A total of 25 publications were included in this systematic review. Four prospective
studies were included in addition to 21 retrospective investigations. The reported stages
according to the three different TNM staging systems (sixth to eighth) were reported for
transparency reasons and adequate comparison. The reported modalities for cerebral
imaging were ce-MRI and ce-CT. Most of the studies investigated patients diagnosed
with stage I, followed by stages II, IIII, and IV. In the systematically reviewed studies,
preoperatively diagnosed BMs were reported to occur with overall incidences of 0% to
20.1%, while increasing from 0 to 3.8% in stage I, 2.1-8.5% in stage II, 1-9% to 6.7% in stage
III, and 11.1% to 20.1% in stage IV (Table S1). The main conclusions drawn by the authors of
the respective studies are summarized in the last column. The authors consistently agreed
on the unnecessity of Bl in stage IA NSCLC, unless in EGFR mutated patients. Bl in stages
HI-IV NSCLC was claimed to be essential, as reflected in the existing guidelines.

3.4. Imaging Modalities for the Detection of Brain Metastases
3.4.1. Magnetic Resonance Imaging (MRI)

In the included studies, contrast-enhanced ce-MRI (Figure 3) was the method of choice
to detect cerebral metastases [44,50]. While eight investigations performed neuro-staging
with both CT and MRI, only one study used ce-CT as their imaging modality of choice [38].

(A) Flair, axial, infratentorial (B) T2, coronal, supratentorial (C) T1, axial, supratentorial, (arrow)
(arrow)

Figure 3. MRI in the detection of BMs. Red arrows indicate the identified BM in different MRI
modalities and locations with an (A) infratentorial metastasis in flair, (B) a supratentorial metastasis
in the T2-sequence, and (C) a paramedian metastasis in the T1-sequence. Abbreviations: BM = brain
metastases, MRI = magnetic resonance imaging.

Ce-MRI brain showed a very high sensitivity and specificity for the detection of BMs
with 97.7% and 100%, respectively [46]. The preoperative ce-MRI detection rate of BMs
was higher than with ce-CT [37]. Ce-MRI was specifically superior to ce-CT head for the
detection of small (<1 cm) BMs, posterior fossa lesions, and multiple lesions [15,51-53]. The
published guidelines uniformly recommend ce-MRI as the first choice for brain imaging,
with ce-CT being an alternative in cases with MRI unavailability and for prevention of
delayed treatment (Table 1).
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Table 1. Existing guidelines on preoperative brain imaging in NSCLC patients.

Guideline, Year

NSCLC Stages (UICC Eighth
Ed.) with Screening

Other Indications for Brain

Brain Imaging in

(Reference) Imaging Modality Recommendation Ima'gmg Follow-Up
A [Evidence Level]
[Evidence Level]
ACCP MRI or ce-CT if MRI not Stage.III—IV, . Neurologically symptomatic No recommendation;
2013 . even if they have a negative . . .
available .. . patients. biannual MRI mentioned

[20] clinical evaluation

Patients with features
BTS Stage I1I, suggestive of intracranial
2010 MRI or ce-CT all stages when considered for ~ pathology by an initial CT scan ~ No recommendation
[21] curative therapy followed by MRI if normal or

MRI as an initial test.

Stage I-1I: Might be useful in

patients considered for
ESMO 2018, MRI preferred or curative therapy. .
updated 2021 Stage III . . No recommendation
[22,23] ce-CT Most relevant in those patients

§ with neurological symptoms

or signs [IV, A].
NCCN . . .
2018 MRI (if not possible, Stage TI-I1I Stage IA: Not. advised. No recommendation
[24] ce-CT) Stage IB: Optional.

Stage I: Not advised if
NICE . asymptomatic.
2019 MRI or ce-CT Stage. H_m’ when treated with Patients with clinical features No recommendation

curative intent . . .

[25,54] suggestive of intracranial

pathology.

Abbreviations: ACCP, American College of Chest Physicians; BTS: British Thoracic Society; ESMO: European
Society for Medical Oncology; NCCN: National Comprehensive Cancer Network; NICE: National Institute for
Health and Care Excellence; NSCLC: non-small cell lung carcinoma; MRI: magnetic resonance imaging; ce-CT:
contrast-enhanced computed tomography. (Evidence levels differ according to the respective guidelines).

3.4.2. Contrast-Enhanced Computed Tomography (ce-CT)

Only one of the identified studies mentioned ce-CT (Figure 4) as the first choice for BI.

In contrast, 32% of the authors reported ce-CT to be equally applicable to ce-MRI in brain

imaging, and 68% of the studies performed neuroimaging using MRIL

Figure 4. ce-CT vs. PET-CT in the detection of brain metastases (BMs). A large right frontotemporal

BM with surrounding edema was clearly diagnosed in the ce-CT head (A), while PET-CT was

suggestive of an FDG-avid lesion in this area (B). Abbreviations: ce-CT = contrast-enhanced computed

tomography, PET-CT = positron emission computed tomography.
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Prior to the introduction and more widespread use of ce-MRI for investigating the
brain, ce-CT head was applied in staging for BM [15,34]. False positive diagnoses of BMs
with ce-CT head were reported in up to 11% of the screened patients, and ce-CT was shown
to be less sensitive than ce-MRI in detecting small metastases [51,55].

3.4.3. Positron-Emission Computed Tomography (PET-CT)

The sensitivity and specificity to detect distant metastases in NSCLC were 93% and
96%, respectively; however, the sensitivity for BMs was only 60% [21,55]. The problem
with BMs in PET-CT arises firstly due to the small size of most BMs and the background
brain F-fluoro-2-deoxy-D-glucose (FDG) uptake, which can cover the presence of BMs [20].
However, De Wever et al. argued, in their small series including 87 patients, that CT was
superfluous for the detection of BMs when PET-CT was available [56]. Moreover, PET-CT
was found to decrease unnecessary surgery through more accurate staging while still being
somewhat cost-effective [57]. In the systematically reviewed studies, Gkogkozotou et al.
reported PET-CT and MRI brain in combination to be sufficient for correct staging, and
Vernon et al. even claimed neuro-MRI to be superfluous in the presence of ce-CT chest and
PET-CT [40,42]. Cho et al. showed that PET-CT in GGO was of no diagnostic value [27].

3.4.4. MRI-PET

MRI-PET is a new hybrid technique that reduces radiation doses by about 31%. Lee
et al. demonstrated that MRI-PET in combination with ce-CT was comparable to PET-CT in
the preoperative staging of NSCLC [58]. However, MRI-PET was not found to be superior
to PET-CT plus brain MRI in preoperative staging in NSCLC patients [59,60].

Deuschl et al. evaluated 18F-FDG PET/MRI in comparison to MRI alone and found
that 18F-FDG MRI-PET does not lead to an improvement in diagnostic accuracy in the CNS
staging of NSCLC patients [61]. None of the identified and included studies implemented
MRI-PET in neuroimaging in the context of NSCLC staging.

3.5. Existing Guidelines on Preoperative Brain Imaging in NSCLC Patients
3.5.1. American College of Chest Physicians (ACCP) 2013

According to the ACCP guidelines, routine imaging with MRI or ce-CT (when MRI is
not available) is recommended in stages III and IV [ 21] Moreover, neurologically symp-
tomatic patients should undergo brain screening. Furthermore, the ACCP mentions that
biannual follow-up MRI brain may detect early BMs, thereby providing opportunities for
radio-surgery [62].

3.5.2. British Thoracic Society (BTS) 2010

The British Thoracic Society (BTS) guidelines from 2010 recommend an MRI or CT
scanning of the head in stage III and generally in all NSCLC stages when patients are
eligible for radical therapy with curative intent [21,25]. Furthermore, patients with features
suggestive of intracranial pathology should be evaluated by an initial CT scan of the
head followed by MRI if CT is normal, or MRI should be performed as an initial test in
symptomatic patients.

3.5.3. European Society for Medical Oncology (ESMO) 2017

The ESMO guidelines recommend BI with MRI or optional ce-CT in stage III NSCLC,
according to the eighth edition of the TNM staging system [63]. In patients with stages I
and II NSCLC, a preoperative Bl is considered useful but not mandatory; therefore, a clear
recommendation is lacking [22].
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3.5.4. National Comprehensive Cancer Network (NCCN) 2018

The NCCN guidelines do not advise Bl in stage IA. In stage IB, it is considered optional,
and it is recommended from stage II to higher stages, specifically with MRI [24].

3.5.5. National Institute for Health and Care Excellence (NICE) 2011

The NICE and BTS guidelines recommend an MRI or ce-CT screening from stage III
upwards and generally in all stages when patients are eligible for therapy with curative
intent [21,25].

3.5.6. Summary and Comparison of Currently Existing Guidelines

There is consensus across ESMO, ACCP, and BTS guidelines on preoperative Bl in
NSCLC stage III (UICC eighth edition) patients [20-22]. However, the NCCN and NICE
guidelines recommend earlier neuroimaging, also screening patients with suspected lower
clinical stage II [24,25]. While NCCN and NICE guidelines advise against Bl in stage I in
equal measure, the ESMO and BTS guidelines state vaguely that BI might be conducted in
patients of any stage if considered for curative surgery. All guidelines further recommend
Bl in patients with features suggestive of brain pathologies.

While the ACCP guidelines mention biannual MRI brain following NSCLC resection
with curative intent, there is no mention of Bl in follow-up in NSCLC in any of the other
guidelines (Table 1).

4. Discussion

Adequate staging in NSCLC patients is crucial for choosing the most appropriate treat-
ment option within a reasonable time frame to avoid delay of diagnosis and commencement
of treatment [25]. Still, preoperative neuroimaging remains a highly controversial topic,
especially in early stages I and II, while there is agreement on stages III and IV with
mandatory Bl recommendations across all the existing guidelines.

In the aforementioned guidelines (NCCN, BTS, ACCP, ESMO, NICE), consensus exists
on the fact that ce-MRI brain is the most sensitive imaging modality in detecting BMs,
followed by ce-CT head in cases of MRI unavailability or contraindication (Table 1).

However, an EORTC (European Organization for Research and Treatment of Cancer)
survey conducted in 2018 revealed that European BM management is often not performed
according to European guidelines [64]. This issue reoccurred in a Dutch study by Brockelsby
et al., with 32% of stage III patients not receiving pre-treatment BI [31]. This fact stresses
the need for uniform guidelines that are appropriately applied.

The most controversially discussed topic that remains is whether stage II should be
routinely screened for BMs preoperatively, as recommended by the NCCN and NICE
guidelines, and whether this practice is still considered cost-effective.

Supporting the recommendation of NCCN and NICE to screen stage 11, Pichert et al.
just recently showed, in 2022, that the risk for BMs was about 6% in both clinical stage II
and III in about 7000 newly diagnosed NSCLC patients. There was even a little drop in
incidence down to 5% in stage III as compared to 6.4% in stage IIA [12]. Of note, the study
population totaled less than approximately 150,000 patients, which, to our knowledge
is the second largest number of data sets evaluated on this topic and certainly the most
thorough investigation of the latter [12,65]. Matys et al. retrospectively showed that 2.6%
of their evaluated stage IIIA patients vs. 3% (IIA) and 4.3% (IIB) had BMs at initial staging
(diagnosed with ce-CT), certainly again raising the need for questioning the guidelines
that only recommend BI in stage III [38]. Brockelsby et al. most recently backed up the
above findings by recommending routine screening in stage Il in their multicenter study
conducted in the UK. In their study, 6% of NSCLC stage III and 6.2% of stage II patients
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were diagnosed with BMs [31]. Lee et al. also reported similar incidences of BMs in stage
IIA of 2.4%, 1IB of 3.8%, and IIIA of 1.9%. Stage IIIB patients showed BMs in 5.9% of the
squamous cell lung cancer cases [58].

However, there is conflicting evidence about the incidence of BMs in stage II. In
contrast to the abovementioned studies, highlighting the fact that Bl in the clinical staging
of NSCLC should be performed in patients in stage II, the incidence of BMs in stage II
was also reported to be rather comparable to the incidences in NSCLC stage I. According
to Tanaka et al., only around 2% of patients had BMs in stage T2NO (ILA) [49]. Saito et al.
recently found that only 3% of patients in stage II (IIA, T2NO) had BMs [33]. Hochstenbag
et al. finally reported that the incidence of BMs in patients with large cell carcinoma or
adenocarcinoma was 3% in stages I and II but about 21% in stage IITA [48].

Asymptomatic BMs in stage | NSCLC have been reported in up to 3.8% of patients [20].
However, in a retrospective, multicenter analysis published recently, Azenha et al. reported
only an incidence of 1.4% in a cohort of patients with clinical stage I, concluding that
preoperative BI could be avoided in this subgroup [32]. In 2016, Lee et al. confirmed the
low incidence of BMs in stage I in a retrospective analysis of 564 patients with SCC at an
initial diagnosis of 0% in stage I [11]. Further studies identified for this review reported
incidences of 0.5%, 0.3 (IA) to 3.8% (IB), 0%, and 2% in stage I NSCLC [27,33,35,43,47].

Despite those low incidences, Balekian et al. determined (based on the data available
from the National Lung Screening Trial) that despite the lack of evidence for the need for BI
in stage I, 12.5% of patients still underwent brain scans preoperatively [41]. None of those
patients were diagnosed with BMs, and all of them went for curative-intent surgery [47].
The same overuse of Bl in stage IA was reported by Milligan et al. [66]. This kind of
over-screening in stage I has been shown to result in increased costs as well as therapy
delays while only offering a marginal impact on patient management [64]. To make things
worse, over-diagnosing with false positive rates in BI (MRI) in early-stage NSCLC was
reported at 7.6% for stage I versus only a reasonable 1.4% for stage III patients [32].

According to “Choosing Wisely”, an initiative partnering with the Society of Thoracic
Surgeons (STS), patients with suspected or biopsy-proven stage | NSCLC do not require
preoperative Bl unless neurologically symptomatic [67]. This is in line with the following
statement published in the NICE guidelines: “Provide treatment without undue delay for
people who have lung cancer that is suitable for radical treatment or chemotherapy, or who
need radiotherapy or ablative treatment for relief of symptoms” [25].

The main reason for the debate on BI in early-stage NSCLC is silent/occult BMs.
Zhuge et al. reported a BM rate of 5% in a study of about 3400 patients with NSCLC across
all stages. Overall, 87.6% of the patients who had BMs were asymptomatic. According to
these findings, the authors stated that routine neuroimaging could be beneficial in detecting
occult BMs, especially in patients with Tlc NSCLC. Notably, 105 of the investigated patients
(3.1%) did not undergo surgery due to an unexpected BM found on MRI [36].

Silent BMs, in general, were found in approximately 30% of NSCLC patients across all
stages [20]. Matys et al. found that more than 80% of BMs detected in potentially resectable
NSCLC stage IA-IIIB patients were silent [38]. O’'Dowd et al. reported, that diagnosed
BMs in NSCLC were most likely to be those originally detected at an early stage (73% in
stages I-1I) and, for this reason, a preoperative neuroimaging should be performed [68].
Brockelsby et al. found a higher prevalence of BMs in their post-treatment cohort compared
to metastases detected pre-surgery (7.9% vs. 2.1% in stage 11, 7.8% vs. 5.2% in stage III) [31].
The burning question that remains is whether those BMs had been present prior to surgery
with curative intent or not.

Even if the detection rate of BMs in early-stage NSCLC is relatively low, the ESMO
and BTS guidelines as well as other authors like Hudson et al. recommend preoperative
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imaging in order to always offer the most appropriate management to all patients who are
scheduled for surgery with curative intent [69]. Rami Porta et al. even recommended a
regular BI prior to pulmonary resection except for patients with pure ground glass opacity
(GGO), as did Cho et al. [27,59].

Shi et al. identified a significant percentage of patients (19.2%) who had isolated BM
in the absence of nodal involvement. As patients with early-stage lung cancer and isolated
BMs have better OS after resection of both the aforementioned, they raised the question
of whether patients with resectable NSCLC, especially with high-risk adenocarcinoma or
large cell carcinoma, should receive Bl during staging [45].

Several authors have shown that the incidence of BMs after resection of NSCLC was
higher than the incidence of BMs at diagnosis [31,42,68]. It was also reported that patients
who developed BMs postoperatively had normal MRI brain preoperatively [42]. There-
fore, the question arises of whether MRI brain should be incorporated into post-surgical
follow-up in curatively resected NSCLC patients. The ACCP guidelines mention that a
biannual follow-up MRI brain may detect early postoperative BMs, thereby providing an
opportunity for radiotherapy or surgical treatment within a reasonable time [62]. Moreover,
Ganau et al. showed that more accurate imaging would not only allow for radio-surgical
options but also dictate the appropriateness of more tailored radio-surgical strategies in-
cluding, e.g., multifocal, staged treatment with various sources of radiation therapy such
as gamma knife, linear accelerators, etc. [70]. In times of availability of excellent local CNS
therapy options, should we not give our patients the possibility to receive the best possible
tailored treatment?

While offering the best possible tailored treatment, one should not forget the financial
impact on the health care system. In a Canadian study by Vernon et al., additional staging
MRI brain led to an increase in costs of about 45% per lung cancer case while only delivering
additional staging information in 1.5% of the study population at the time of diagnosis.
About a third of the preoperatively invested money for staging of any kind was invested in
BI [42].

Brockelsby et al. 2023 performed a health economic analysis (in accordance with the
previously performed analysis in the NICE guidelines), which concluded that BI was not
cost-effective in stage II disease (ICERs GBP 50,023-GBP 115,785); however, Bl remained
cost-effective for stage III patients (ICERs GBP 17,000-GBP 22,173), with MRI being the
most cost-effective strategy [31].

Gkogkozotou et al. reported, that Bl in stage IA-IIIA NSCLC patients led to a reduction
in avoidable thoracotomies, morbidity rates, and costs [40].

With the recent development of ongoing immunotherapy trials in the treatment of
NSCLC and a more liberal approach to local treatment of brain-only metastases in NSCLC
in a multidisciplinary setting, it is worth reconsidering the currently existing guidelines
on Bl in early-stage NSCLC [71]. Before deciding on Bl in early-stage NSCLC, the benefits
must certainly outweigh the risk of over or under imaging the brain.

In the setting of the biopsy-proven histology of primary NSCLC, patients with ade-
nocarcinoma and/or known high-risk oncogenic driver mutations (EGFR, ALK), as well
as patients of young age, might be considered to undergo BI due to the higher incidence
of BM in this population [72]. In addition, Pedrosa et al. recently published a summary
of the potential molecular signatures associated with the development of BMs in NSCLC
(e.g., certain miRNAs, IncRNAs, and EGFR/KRAS&ALK) [73]. Consequently, all these
identified criteria could help to identify patients at high risk of developing BMs secondary
to NSCLC.

However, we are still far away from offering a robust risk prediction model to identify
early-stage NSCLC patients at high risk of developing BMs.
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Limitations

This review has certain limitations. First, due to the inclusion of international studies,
the heterogeneity in the varying applied national guidelines influencing the chosen staging
process might have led to an overrepresentation of certain national guidelines. Secondly,
the retrospective nature of the majority of the included studies demands more prospective
data to achieve valid conclusions.

5. Conclusions

As summarized in the available guidelines on the staging of NSCLC patients, Bl in
stage I NSCLC patients is not recommended, especially in pure GGO and stage IA stages.
Stage I NSCLC remains a matter of debate among guideline recommendations as well as
among the identified and systematically reviewed studies. Furthermore, the avoidance of
treatment delay while offering the most precise diagnostic staging for the most appropriate,
tailored treatment was the main message of the included studies.

The focus of further investigations should lie on the identification of risk factors
associated with BMs at the time of diagnosis for a more personalized and efficient screening,
especially for subpopulations with assumed stages I and Il NSCLC. Certain risk factors
like the histological subtype and certain driver mutations are some of the preliminary steps
toward being more efficient in preoperative CNS imaging.

In light of the above, our group suggests performing brain imaging starting from stage
II and in symptomatic patients in any stage.

The identification of oncogenic driver mutations and the fact that, e.g., EGFR and
ALK rearrangement were clinically significant risk factors for developing BM in NSCLC
patients add to a more precise selection of patients suitable for preoperative BI [39]. Further
studies are needed to receive a clear picture of the true prevalence of isolated BM among the
staging subgroups in NSCLC and potentially rethink the clinical staging recommendations.
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ACCP  American College of Chest Physicians

BI brain imaging

BM brain metastases

ce-MRI  contrast-enhanced magnetic resonance tomography
ce-CT contrast-enhanced computed tomography
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CT computed tomography

EORTC  European Organization for Research and Treatment of Cancer
ESMO  European Society for Medical Oncology

FDG F-fluoro-2-deoxy-D-glucose

GGO ground glass opacities

MRI magnetic resonance imaging

NCCN  National Comprehensive Cancer Network

NICE National Institute for Health and Care Excellence
NSCLC non-small cell lung cancer

(O8] overall survival

PET positron-emission computed tomography

QoL quality of life

SCC squamous cell carcinoma

STS Society of Thoracic Surgeons

TNM Tumor Node Metastasis

UICC Union for International Cancer Control
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