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Background: Precocious brain metastasis in lung cancer, diagnosed through surgical resection before primary lung cancer detection,
represents a unique clinical scenario with limited research. This study aims to investigate the clinical characteristics, prognosis, and the
impact of different treatments on survival outcomes in this distinct population.

Materials and Methods: We retrospectively analyzed clinical outcomes of lung cancer patients newly diagnosed following brain
metastasis decompression surgery in our institute, over a period from July 2012 to May 2023. Patient demographics including gender,
age, surgical approach, pathological findings, receipt of radiotherapy, systemic treatment modalities, and presence of druggable
mutations were documented. Druggable mutations were defined as actionable genetic alterations (AGAs) detected in patients for
which corresponding targeted therapeutic agents were available.

Results: Among 64 patients analyzed, 53 (82.8%) were diagnosed with adenocarcinoma; 38 (59.4%) harbored druggable
mutations. There was only one patient with small cell carcinoma in this series. Types of druggable mutations were discussed
in the study. The clinical stage was IVB among 38 (59.4%) patients. Forty-nine (76.6%) patients had metastatic brain lesions with
number =3. Thirty-five (54.7%) patients received post-operative radiotherapy. The cohort’s median overall survival (OS) was
19.6 months. Patients with druggable mutations had an OS longer than patients without druggable mutation (46.0 vs 14.5 months,
Log rank test p =0.004). Among patients with druggable mutations, we found no difference in characteristics between patients
with and without post-operative cranial radiotherapy. Patients receiving post-operative cranial radiotherapy did not show
significantly better clinical efficacy than patients without radiotherapy (adjusted hazard ratio: 0.68, 95% confidence interval
0.16 to 2.91).

Conclusion: In patients with precocious brain metastases from lung cancer, the presence of druggable mutations and subsequent
targeted therapy significantly extended survival, whereas post-operative brain radiotherapy may not confer additional survival benefits.
These findings highlight the importance of molecular profiling and targeted therapy in this unique patient population.
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Introduction

Lung cancer is one of the leading causes of mortality worldwide. About 40-50% of patients develop distant metastasis
when first diagnosed with lung cancer, and their 5-year survival rate is <10%.' > The Surveillance, Epidemiology, and
End Results (SEER) program reported incidence shows that patients with brain metastasis suffer from significant
morbidity with a poor survival outcome of 2 to 14 months for various primary cancers.”

Previous studies had demonstrated that lung cancer patients harboring driver mutation had higher incidence of brain
metastasis compared to those without driver mutation.”® For example, among Epidermal Growth Factor Receptor
(EGFR)-mutant Non-small Cell Lung Cancer (NSCLC) patients, brain metastasis presented in 24.4% of patients at the
time of diagnosis of advanced disease, and 52.9% of living patients suffered from brain metastasis at 5 years follow-up.’
Fortunately, numerous therapeutic agents including tyrosine kinase inhibitors (TKIs), immune checkpoint inhibitors
(ICIs) and bispecific antibodies were developed, offering favorable clinical efficacies in overcoming poor prognosis for
lung cancer patients with brain metastasis,” ' particularly those with druggable mutations — defined as actionable genetic
alterations (AGAs) for which corresponding targeted therapeutic agents are available in the relevant clinical context.
Additionally, whole brain radiotherapy (WBRT) and stereotactic radiosurgery (SRS) play crucial roles in enhancing local
control for brain metastasis patients.'>'* However, the reproducibility of these findings in the precocious brain
metastases population remains unclear. Our research specifically addresses this clinical question.

Clinical guidelines for brain metastasis treatment established by American Society of Clinical Oncology (ASCO), the
Society for Neuro-Oncology (SNO), and the American Society for Radiation Oncology (ASTRO), had recommended
that surgery should be considered if patients with suspected brain metastasis without a primary cancer diagnosis, patients
with large tumors with mass effect, or patients with symptomatic brain metastases.'* Previous clinical trial had also
highlighted the clinical benefit of surgery in patient with single brain metastasis.'>'® There are some real-world studies to
discuss the prognosis of patients who underwent surgical resection for brain metastasis. Hsu et al presented patients with
preserved Eastern Cooperative Oncology Group Performance Status (ECOG PS), with histology of adenocarcinoma, and
without liver metastasis experienced significant longer post-resection survival.'” Huang et al showed that EGFR—
mutated NSCLC patients undergoing surgical resection for brain metastasis had an associated improved survival
compared with those without EGFR mutation.'® Perng et al also demonstrated EGFR mutations, especially exon 19
deletion, are correlated with better survival outcomes in patients with NSCLC brain metastasis after surgical treatment."”
In contrast, our study specifically focuses on patients with precocious brain metastases — those diagnosed with brain
metastases prior to the detection of primary lung cancer. According to Shibahara et al (2018), these patients typically
present with more pronounced neurological symptoms, lower performance status, and poorer post-operative survival.
Research addressing this specific population remains limited.

Materials and Methods

Study Design

This was a single-center, observational, retrospective study conducted, performed in line with the principles of the
Declaration of Helsinki, approved by the Institutional Review Board (IRB) of our institute (IRB No. CE24418B).
Informed consent was waived due to its retrospective design. Patient confidentiality was maintained through data
anonymization and de-identification procedures in accordance with institutional privacy protection protocols.

Patients

We collected and analyzed data of patients who first underwent intracranial tumor resection for decompression purposes
and were later diagnosed with lung cancer based on pathological evidence from metastatic brain tissue samples. The
study period was between Jul. 2012 and May 2023.

Enrolled patients had fulfilled the following inclusion criteria: (a) had received surgical resection for brain tumor
before lung cancer was diagnosed; (b) received brain tumor resection for the purpose of decompression; (¢) diagnosis of
lung cancer was confirmed by histology from the specimen of brain tumor resection; (d) received no prior local therapy
including radiotherapy for brain tumor nor systemic therapy for tumor control; and (e) stage IVA or IVB disease with
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M1b and Mlc according to the 8" edition of the American Joint Committee for Cancer (AJCC) staging system. Patients
excluded had any condition as described below: (a) underwent surgical resection for brain tumor after lung cancer had
been diagnosed; (b) pathology confirmed malignancy other than lung cancer; (c) received prior local therapy including
radiotherapy for brain tumor and systemic therapy for tumor control; (d) lost in follow-up and the survival status was
unclear; and (e) diagnosed with another active malignancy.

We obtained from medical chart records demographic and clinical data of patients including their age, gender,
smoking status, ECOG PS, clinical stage, histological subtype, baseline druggable mutation status, the number of brain
metastases, and receiving post-resection radiotherapy or not. All patients were followed up with chest computed
tomography (CT) scans at 3-month intervals. Brain magnetic resonance imaging (MRI) was performed every 3 to 6
months at the attending physician’s discretion.

Detection of Druggable Mutation

Druggable mutations were defined as AGAs detected in patients, referring to driver mutations for which correspond-
ing targeted therapeutic agents were available in the relevant clinical context. Among patients with druggable
mutations, Epidermal Growth Factor Receptor (EGFR) mutations were identified using either the Cobas EGFR
Mutation Test v2 (Roche Molecular Systems, Inc., USA) or matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS). Anaplastic Lymphoma Kinase (ALK) fusions were tested using immuno-
histochemical (IHC) staining with the VENTANA anti-ALK (D5F3) antibody (Roche Diagnostics/Ventana Medical
Systems, Inc., USA). To screen for Proto-oncogene tyrosine-protein kinase ROS1 (ROS1) fusions, we used the
VENTANA ROS1 (SP384) assay (Ventana Medical Systems, Inc., USA), and positive results were confirmed by
fluorescence in situ hybridization (FISH). Additionally, BRAF gene mutations were detected using MALDI-TOF
MS.

Neurosurgical Procedures

All patients underwent surgery under general anesthesia. The head was stabilized using a three-point cranial fixation
device (headpins), and neuronavigation was employed intraoperatively to precisely localize the tumor. The size of the
craniotomy was tailored according to the dimensions of the tumor and the extent of perifocal cerebral edema, ensuring
sufficient exposure of the affected region to achieve optimal decompression.

Tumor resection was conducted microscopically using either an en bloc or piecemeal technique, employing tumor
forceps and ultrasonic surgical aspirators as needed. Following tumor excision, an intracranial pressure (ICP) monitoring
probe was inserted into the subdural space to allow continuous postoperative ICP monitoring in the neurosurgical
intensive care unit.

After tumor removal, the brain was carefully evaluated for signs of significant swelling. In cases where
substantial cerebral edema precluded safe repositioning of the bone flap, a duroplasty was performed, followed by
direct closure of the scalp. Conversely, if minimal or no swelling was evident, the bone flap was secured back into
position.

The primary objectives of the surgery were definitive pathological diagnosis, adequate cerebral decompression, and
maintenance of ICP below 20 mmHg.

Statistical Analyses

The primary endpoint of our study was overall survival (OS). OS was determined as the period from the date of the
resection of brain metastasis to death. We conducted Fisher’s exact test to assess differences in patient characteristics
between those with and without post-resection cranial radiotherapy. We performed subgroup analysis on patients with
druggable mutations. OS in terms of survival curves was analyzed using the Kaplan-Meier method. The Log rank test
was used to assess differences in survival time. To identify prognostic factors of OS, we used the Cox proportional
hazards model. All statistical tests were performed using the software SPSS 23.0 (SPSS Inc., Chicago, IL, USA).
Statistical significance was set with two-tailed tests at p <0.05.
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Results

Patient Characteristics and Demographic Data in the Overall Population

A total of 64 patients were recruited and analyzed. The patient’s characteristics and demographic data at the baseline are
summarized in Table 1. The median age of the cohort was 61 (range 22—84) years. Thirty-five patients (54.7%) were
male, and 29 patients (45.3%) were female. Thirty-three patients (51.6%) were former or current smokers, and 28
patients (43.8%) had poor performance status with ECOG PS 2 to 4. Twenty-six patients (40.6%) were in stage IVA
disease, and 38 patients (59.4%) were in stage [VB disease. Regarding histology of lung cancer, most patients (82.8%)
were diagnosed with lung adenocarcinoma, and NSCLC accounted for 90.6%. Also, 38 patients (59.4%) had druggable
mutations at baseline (including 34 with EGFR mutation; 2 with ALK fusion, 1 with ROS-1 rearrangement; and 1 with
BRAF V600E mutation). All patients with known druggable mutations received target therapy. Forty-nine patients
(76.6%) had <3 brain metastases, and the largest brain tumor for individual patients measured at a median of 3.96 cm.
Furthermore, 35 patients (54.7%) received post-resection cranial radiotherapy (WBRT or SRS).

Survival Outcomes of the Overall Population
The median OS in the overall population was 19.6 months [95% confidence interval (95% CI), 13.7 to 25.5], and the
Kaplan-Meier curve is shown in Figure 1A. The median OS in patients <65 years was 28.3 months, and in patients >65

Table | Patient Characteristics and Demographic Data

Characteristics N = 64
Age (years), median (range) 61 (22-84)
Gender, n (%)

Male 35 (54.7)

Female 29 (45.3)
Smoking status, n (%)

Never-smokers 31 (484)

Former or current-smokers 33 (51.6)
ECOG PS, n (%)

0-I 36 (56.2)

24 28 (43.8)
Stage, n (%)

4A 26 (40.6)

4B 38 (594)
Histology

Adenocarcinoma 53 (82.8)

Adenocarcinoma with neuroendocrine differentiation 2 (3.1)

Adenosquamous carcinoma 1 (1.6)

Squamous cell carcinoma 2 (3.1)

Small cell carcinoma 2 (3.1)

Carcinoma, poorly differentiated 4 (6.3)
Known druggable mutation or not, n (%)

With druggable mutation*® 38 (59.4)

Without druggable mutation 26 (40.6)
Numbers of brain metastasis, n (%)

<3 49 (76.6)

>3 15 (23.4)
Radiotherapy or not, n (%)

Without radiotherapy 29 (45.3)

With radiotherapy 35 (54.7)

Notes: *34 EGFR mutation, 2 ALK fusion, | ROS rearrangement, | BRAF V600E.
Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status.
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Figure | Kaplan-Meier analysis of overall survival (OS) in lung cancer patients diagnosed through surgical resection of brain metastases. (A) OS curve for the entire study
cohort (n=64). The median OS was 19.6 months (95% Cl: 13.7-25.5 months). (B) OS stratified by druggable mutation status. Patients with druggable mutations (blue line,
n=38) demonstrated significantly longer survival compared to those without druggable mutations (Orange line, n=26), with median OS of 46.0 months (95% Cl: 2.3-89.7
months) versus 4.5 months (95% Cl: 1.8-27.2 months), respectively (Log rank test, p=0.004). Vertical tick marks represent censored observations.

Abbreviations: Cum Survival, cumulative survival probability; Cl, confidence interval.

years was 10.1 months. The log-rank analysis of OS showed a significant difference between patients <65 years and >65
years (p <0.001). Regarding performance status, the median OS in patients with ECOG PS 0 to 1 was 46.0 months, and
in patients with ECOG PS 2 to 4 was 12.5 months. Patients with ECOG PS 0 to 1 had better OS than those with ECOG
PS 2 to 4 was a finding also shown by the Log rank test (p <0.001). Kaplan-Meier curves revealed a 46.0 months median
OS in patients with druggable mutations, compared with 14.5 months in patients without druggable mutation. Patients
with a druggable mutation had a longer OS than those without druggable mutation (Log rank test, p =0.004) (Figure 1B).

Univariate and Multivariate Analyses of OS in the Overall Population

The Cox proportional hazard model was used to identify clinical factors impacting OS (Table 2). The univariate analysis
showed a longer OS in patients aged <65 years [Hazard Ratio (HR) 0.30 (95% CI 0.15 to 0.60), p <0.001] and in patients
with ECOG PS 0 to 1 [HR 0.28 (95% CI 0.14 to 0.56), p <0.001]. Male patients had a shorter OS with a HR of 3.51

Table 2 Univariate and Multivariate Analyses on Overall Survival in the Overall Population

Characteristics HR (95% Cl)* | p value | Adjusted HR p value
(95% CI)*

Age (years)

265 Reference

<65 0.30 (0.15-0.60) | 0.001 0.24 (0.10-0.58) | 0.002
Gender

Female Reference

Male 3.51 (1.65-7.49) | 0.001 2.33 (0.86-6.31) | 0.096
Smoking status

C/FS Reference

NS 0.92 (0.47-1.77) | 0.797
ECOG PS

24 Reference

0-1 0.28 (0.14-0.56) | <0.001 0.38 (0.18-0.81) | 0.012

(Continued)
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Table 2 (Continued).

Characteristics HR (95% CI)* | p value | Adjusted HR p value
(95% CI)*
Stage
Stage IVB Reference
Stage IVA 1.29 (0.66-2.52) | 0.451
Numbers of brain metastasis, n (%)
>3 Reference
<3 1.03 (0.47-2.28) | 0.936
Known druggable mutation, n (%)
With druggable mutation® Reference
Without druggable mutation 2.60 (1.34-5.08) | 0.005 7.90 (1.85-33.70) | 0.005
Radiotherapy or not, n (%)
With radiotherapy Reference
Without radiotherapy 0.48 (0.23-1.01) | 0.052 0.90 (0.37-2.20) 0.816

Note: *By Cox proportional hazard model.
Abbreviations: HR, hazard ratio; Cl, confidence interval; C/FS, current/former-smokers; NS, non-smoker; ECOG
PS, Eastern Cooperative Oncology Group performance status.

(95% CI 1.65 to 7.49, p =0.001); patients without druggable mutations with a HR of 2.60 (95% CI 1.34 to 5.08,
p =0.005). The multivariable analysis showed better prognosis in patients aged <65 years with an adjusted HR of 0.24
(95% CI1 0.10 to 0.58, p =0.002) and in patients with ECOG PS 0 to 1 with an adjusted HR of 0.38 (95% CI 0.18 to 0.81,
p =0.012), when compared with patients 265 years and ECOG PS 2 to 4, respectively. No druggable mutation was
a poor prognostic factor with an adjusted HR 7.90 (95% CI 1.85 to 33.70, p =0.005).

Survival Outcomes in Patients with or without Post-Resection Radiotherapy for Brain

Metastasis

The median OS was not reached for patients without post-resection radiotherapy (ie, less than 50% of the patients in this
group died at the time of analysis), while the median OS was 18.7 months for patients who received radiotherapies. The
univariate analysis showed a trend that patients without post-resection radiotherapy experienced longer OS than patients
with post-resection radiotherapy [HR 0.48 (95% CI 0.23 to 1.01, p =0.052)], which was not confirmed by multivariate
analysis, with an adjusted HR of 0.90 (95% CI 0.37 to 2.20, p =0.816). In addition, there were no differences in age,
gender, smoking status, ECOG PS, stage, and the number of brain metastases between patients with and without post-
resection radiotherapy. However, more patients had a druggable mutation in the group without post-resection radio-
therapy than in the group with post-resection radiotherapy (p =0.021). Results are shown in Supplementary Table 1.

Survival Outcomes in Patients with Druggable Mutations

In the subgroup analysis of patients with druggable mutations, the median OS was 50.3 months in patients with =3 brain
metastatic lesions, and 46.0 months in patients with >3 brain metastatic lesions (Figure 2A). Again, the median OS was
not reached in patients without post-resection cranial radiotherapy, and it was 20.7 months in patients with post-resection
radiotherapy (Figure 2B). The Cox proportional hazards model showed no influence on the prognosis of OS from age,
gender, smoking status, stage, numbers of brain metastasis and post-resection radiotherapy. The multivariate analysis
confirmed that patients with ECOG PS 0 to 1 experienced longer OS than those with ECOG 2 to 4, with an adjusted HR
of 0.13 (95% CI 0.03 to 0.63, p =0.011). (Table 3) Table 4 shows patient characteristics of those with and without post-
operative cranial radiotherapy in the group with druggable mutations. We found no difference in their age, gender,
smoking status, ECOG PS, stage, and number of brain metastases.
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Figure 2 Kaplan-Meier analysis of overall survival (OS) in lung cancer patients with druggable mutations stratified by clinical characteristics. (A) Comparison of OS based on
the number of brain metastatic lesions. Patients with <3 brain metastatic lesions (blue line) showed a median OS of 50.2 months, compared to 46.0 months in patients with
>3 brain metastatic lesions (Orange line). The difference was not statistically significant (Log rank test, p=0.723). (B) Impact of post-operative radiotherapy on OS. The
median OS did not reach in patients who did not receive brain radiotherapy (blue line, “No brain RT”), whereas those who received brain radiotherapy (orange line, “Brain
RT”) had a median OS of | 1.4 months (95% Cl: 0.0-43.0 months). This difference did not reach statistical significance (Log rank test, p=0.265).

Abbreviations: RT, radiotherapy; Cum Survival, cumulative survival probability.

Discussion
About 44% of lung cancer patients develop brain metastases either very early in their disease course (precocious) or
simultaneously with their primary lung cancer diagnosis (synchronous).?” These patients experienced a higher chance of

Table 3 Univariate and Multivariate Analyses on Overall Survival in Patients of Table 3 with
Druggable Mutations

Characteristics HR (95% Cl)* p value Adjusted HR p value
(95% CI)*
Age (years)
265 Reference
<65 0.27 (0.09-0.79) 0.017 0.78 (0.14—4.40) 0.779
Gender
Female Reference
Male 1.98 (0.64-6.18) 0.239
Smoking status
CIFS Reference
NS 1.43 (0.40-5.16) 0.581
ECOG PS
24 Reference
0-I 0.13 (0.04-0.43) 0.001 0.13 (0.03-0.63) 0.011
Stage
Stage IVB Reference
Stage IVA 1.65 (0.57-4.77) 0.355
Numbers of brain metastasis, n (%)
>3 Reference
<3 0.82 (0.28-2.45) 0.725
Radiotherapy or not, n (%)
With radiotherapy Reference
Without radiotherapy 0.54 (0.18-1.63) 0.274

Note: *By Cox proportional hazard model.
Abbreviations: HR, hazard ratio; Cl, confidence interval; C/FS, current/former-smokers; NS, non-smoker; ECOG PS, Eastern
Cooperative Oncology Group performance status.
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Table 4 Patient Characteristicc Compared Between Those with and without
Radiotherapy in Patients with Druggable Mutations (n=38)

Characteristics Radiotherapy p value*
With, n (%) | Without, n (%)

Age 0.735
265 5@31.3) 9 (40.9)
<65 Il (68.7) 13 (59.1)

Gender 1.000
Male 5@31.3) 8 (36.4)
Female 11 (68.7) 14 (63.6)

Smoking status 0.729
Never-smokers 12 (75.0) 15 (68.2)
Former or current-smokers 4 (25.0) 7 (31.8)

ECOG PS 0.510
0-1 9 (56.3) 15 (68.2)
24 7 (43.7) 7 (31.8)

Stage 0.187
4A 8 (50.0) 6 (27.3)
4B 8 (50.0) 16 (72.7)

Numbers of brain metastasis, n (%) 0.296
<3 13 (81.3) 14 (63.6)
>3 3(187) 8 (36.4)

Note: *By Fisher’s exact test.
Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status.

having mass effects and neurological symptoms from their brain metastases, and most of them have a poor prognosis.
Our study identified three favorable prognostic factors for lung cancer patients newly diagnosed via brain metastasis
decompression surgery: age <65 years, ECOG PS 0-1, and presence of druggable mutations. In the subgroup analysis
among patients with druggable mutations, post-operative cranial radiotherapy did not demonstrate a statistically sig-
nificant improvement in overall survival.

Retrospective studies have reported varied outcomes for NSCLC patients undergoing surgical resection of brain
metastases. Huang et al showed a 24-month median post-resection survival in a cohort with 59.6% synchronous and
40.4% metachronous brain metastases.'® In contrast, Shah et al reported a short 9.7-month median post-resection survival
in a group comprising 35% synchronous and 65% metachronous brain metastasis.”' Perng et al found a middle ground,
with a 17-month median post-operative survival in a cohort split nearly evenly between synchronous (47%) and
metachronous (53%) brain metastases.'” In our study, we uniquely focused on patients whose lung cancer was initially
diagnosed through pathological examination of their brain metastases, all of which were precocious and synchronous. In
this specific group, we found a median OS of 19.6 months. These inconsistencies of post-resection outcomes across
studies might be attributed to differences in initial disease stage, patient performance status, timing of brain metastasis,
and prevalence of known druggable mutations.

Nowadays, the treatment for advanced NSCLC patients is individualized and based on findings of their molecular
biology. A previous study reported longer OS in patients with lung adenocarcinoma and a druggable driver mutation after
receiving matched targeted therapy.”” In NSCLC patients undergoing surgical resection of brain metastases, Shah et al
found similar OS between patients with EGFR mutation and patients with EGFR wild-type [HR 0.89 (95% CI 0.45 to
1.76), p =0.74]. However, the subgroup of patients with EGFR mutation taking EGFR-TKIs experienced a significantly
longer OS than those without driver mutation and without EGFR-TKIs treatment [adjusted HR 0.42 (95% CI 0.18 to
0.99), p =0.047)].>! Furthermore, Perng et al found that the EGFR mutation is associated with longer survival with an
adjusted HR 0.41 (95% CI 0.20 to 0.85) in patients with NSCLC brain metastases suitable for surgical treatment,
especially in patients having exon 19 deletion subtype.'® Hsu et al reported a 34.4-month median post-resection survival
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in patients with driver mutation.'” In our study, 38 patients (59.4%) had a druggable mutation, and all of them had
received matched target therapies. The median OS was 46.0 months in patients with a druggable mutation and 14.5
months in patients without such mutations. From multivariate analysis, we found that patients without druggable
mutations had a significantly shorter OS, with an adjusted HR 7.90 (95% CI 1.85 to 33.70, p =0.005). (Table 2) Our
findings also highlight the importance of molecular tests in lung cancer patients who were initially diagnosed via brain
metastasis surgery.

For patients receiving complete surgical resection of brain oligo-metastases, previous clinical trials showed that
cranial radiotherapy, including WBRT and SRS, significantly reduces intracranial local recurrence.”*** Some retro-
spective studies suggest that cranial radiotherapy may extend survival in post-craniotomy patients. However, the actual
survival benefits of radiotherapy are still unclear.>*** In our study, for patients with druggable mutation, post-craniotomy
radiotherapy did not significantly prolong OS, with an adjusted HR 0.54 (95% CI 0.18 to 1.63, p =0.274). (Table 3)
Furthermore, among patients with druggable mutations, we found no significant differences in characteristics (including
the number of brain metastases) between those who received post-resection cranial radiotherapy and those who did not.
The prolonged OS in our patients was likely related to the revolution of small molecular medication, so-called target
therapy. Preclinical studies demonstrated the blood—brain barrier penetration ability of target therapies,”*?’ and the
clinical efficacies of target therapies were confirmed by clinical trials.”* In EGFR-mutant carrying NSCLC patients with
brain metastasis, combined therapy of SRS or surgery and EGFR-TKIs could provide extra-survival benefits.?®** All
patients enrolled in our study were symptomatic due to mass effect/brain swelling and underwent brain tumor resection
for decompression. Specifically, all these patients underwent neurosurgery for local control before receiving their lung
cancer diagnosis. Therefore, the clinical benefits of post-craniotomy radiotherapy might have been attenuated. In current
clinical guidelines, focal therapy for symptomatic brain metastasis, including radiosurgery, radiotherapy, and surgery, is
recommended; focal therapy for asymptomatic brain metastasis could be deferred if a high potency target therapy is
taken.'* In brief, the role of post-craniotomy radiotherapy for this subgroup is inconclusive. Our results indicated that
post-craniotomy radiotherapy could be deferred in druggable brain metastasis-diagnosed lung cancer patients. This is the
first study to examine the prognosis of lung cancer patients who were newly diagnosed through pathological examination
of brain metastases at initial encounter, and more prospective clinical trials are needed to complement the current
treatment guidelines.

As a single-center retrospective study, it may have selection bias, particularly regarding patient race and location. The
small sample size limits the study’s statistical power and ability to detect some significant clinical factors. Some clinical
data containing detailed neurological symptoms and patient-reported questionnaires might not be available. The decision
to use cranial radiotherapy was made by the team of our neuro-radiation oncologists, which could introduce treatment
selection bias. Finally, our study specifically enrolled patients who underwent surgical decompression as an inclusion
criterion, which limits our ability to include a non-surgical cohort as comparison. Despite these limitations, our findings
offer valuable insights into this unique patient group. We recommend larger, multi-center prospective trials, which could
address our study’s limitations and better explain how different factors affect patient outcomes.

Conclusion

Our study shed light on the favorable survival outcomes in patients with druggable mutations who were diagnosed
through surgical resection of brain metastatic lesions for decompression. Additional factors associated with favorable
survival outcomes included age < 65 years and ECOG PS 0-1. Notably, post-operative radiotherapy may not significantly
prolong OS among patients with druggable mutations. Further prospective clinical trials should be conducted to confirm
our findings.
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