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Abstract

Objective Stereotactic radiotherapy (SRT) is fast gaining attention as a preferred treatment alternative for patients with
brain metastases (BM) from non-small cell lung cancer (NSCLC). In this study, we examined the efficacy and safety of
combining SRT with immunotherapy (IT) and targeted therapy (TT), either separately or concurrently with the aim to
formulate an optimal therapeutic regimen for patients with NSCLC BM.

Methods The combination therapy were comprised of IT and TT agents. For the SRT-combined TT agents group, TT
was limited to third-generation EGFR-TKIs. The administration of these drugs within 30 days before or after SRT was
defined as combination therapy. The primary endpoint was 1-year progression-free survival (PFS), which was evaluated by
a blinded independent review committee and categorized into local recurrence at the radiation site and the emergence of
new distant intracranial metastases. Secondary endpoints included confirmed intracranial objective response rate (IORR)
and intracranial disease control rate in the overall population. Post-treatment grading was performed according to CTCAE,
and the levels of radiation necrosis were differentiated.

Results The 266 patients with NSCLC BM were categorized into the following four groups based on their treatment
methods: SRT alone, SRT combined with IT, SRT combined with third-generation EGFR-TKIs, and SRT combined with
both IT and TT. For the local radiation range, the 1-year PFS of these four groups were 77.89% (P=0.239), 88.75%
(P=0.266), 88.01% (P=0.210), and 91.97% (P=0.057), respectively. For new intracranial metastases outside of the
radiotherapy site, the corresponding values were 63.96% (P=10.039), 74.17% (P=0.258), 88.70% (P=0.024), and 87.81%
(P=0.015), respectively. By the end of the study period, the IORR increased from 32% with SRT alone to 46% in the IT
group, 58% in the TT group, and 61% in the SRT combined with both the IT and TT groups. However, the group that
received SRT in combination with IT and TT exhibited a higher occurrence rate of grade 3 adverse events, and a statistically
significant difference was observed in grade 3 radiation necrosis.

Conclusion For NSCLC BM, IT, TT, or both together with SRT increased the distant intracranial tumor control. Nonethe-
less, combining SRT with both IT and TT increased the occurrence rate of acute adverse events. Thus, while SRT provided
good local control independently, the incidence of symptomatic RN was low.

Keywords Stereotactic radiosurgery (SRT) - Immunotherapy (IT) - Targeted therapy (TT) - Non-small cell lung cancer
(NSCLC) - Brain metastases (BM)
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Introduction

Primary lung cancer is a common tumor type with hyper-
malignancy and occupies the second position globally in
terms of incidence and mortality rates [1]. Non-small cell
lung cancer (NSCLC) with brain metastases (BM) occurs
in 30-64% of advanced NSCLC cases [2, 3]. The central
nervous system (CNS) is a common location for NSCLC
metastases in the late stages [4, 5]. Without timely treat-
ment, the median survival is only 1-5 months [6, 7]. The
primary treatments for NSCLC BM include whole-brain
radiation therapy (WBRT), stereotactic radiotherapy (SRT)
[8], targeted therapy (TT), and immunotherapy (IT) [4].
When compared with WBRT, SRT offers advantages such
as higher precision, rapid dose fall-off, fewer cognitive side
effects, and better preservation of healthy tissues [9, 10].
SRT is usually used to treat patients with <4 BM. How-
ever, recent studies evaluated the therapeutic effect of SRT
in treating patients with =15 BM [11]. Radiation primarily
causes cell death via DNA damage, as well as facilitates an-
titumor immunity by releasing tumor antigens, enhancing
antigen presentation, and releasing proinflammatory signals
[12]. Furthermore, SRT may alter the tumor microenviron-
ment to enhance the invasion of activated T cells [13]. Ow-
ing to this immunomodulatory effect, the combined appli-
cation of radiation therapy and IT has become an attractive
option [14]. Although SRT has demonstrated efficacy, sys-
temic treatments continue to face considerable challenges.
Because of the presence of the blood-brain barrier (BBB),
several systemic agents cannot reach intracranial blood lev-
els, which makes the CNS a refuge for metastases [15].
This barrier limits the effectiveness of systemic therapies

for BM. Recently, EGFR-TKIs were identified as an effi-
cient treatment for patients with NSCLC BM in the AURA3
and FLAURA studies [16]. Osimertinib has great BBB pen-
etrability into the CNS [17] and could prolong the median
overall survival by 6.8 months and reduce the risk of mortal-
ity by 20% [18]. In addition to the survival benefit, TT can
enhance the modulation of tumor-adaptive immunity [19,
20]. However, there is a dearth of research on the efficacy
and adverse reactions of combining SRT with IT and TT for
NSCLC BM. Therefore, this study focused on NSCLC BM
treatment efficacy and the safety of patients treated with
SRT combined with different treatment modalities.

Methods
Patient sample

Detailed patient characteristics are presented in Table 1. In
this study, data were retrospectively collected and analyzed
from 645 patients diagnosed with NSCLC-related BM at
the Harbin Medical University Affiliated Cancer Hospital
from February 2020 to March 2024. In accordance with
the inclusion criteria, 266 patients with a total of 501 brain
lesions were enrolled in the study, and the main patho-
logical subtype was identified to be lung adenocarcinoma.
The major exclusion criteria are illustrated in Fig. 1. Pa-
tients included in the study did not exhibit any signs of
herniation, had an anticipated survival period of at least
3 months, had not undergone surgical treatment for cere-
bral metastatic lesions, and had a Karnofsky Performance
Status score of =70. All patients had primary histologic

Fig. 1 Exclusion criteria

lung cancer BM patients first treatment with SRT
(n=645)

Do not match the pathological type

-124

Non-small cell lung cancer with brain metastasis
(n=521)

no record of the type of TT/IT -78

patients record data of with or without IT/TT
(n=443)

use first or second generation of

TT -120

patients treatment with IT combined with third
generation TT or single use TT/IT
(n=323)

Irregular follow-up after

treatment -57

have complete FU data patients
(n=266)
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Table 1 Characteristics of patients in different groups

Patients treated by SRT Patients treated by SRT Patients treated by SRT Patients
without TT/IT with IT with TT treated by SRT with IT and TT
(n=173) (n=65) (n=62) (n=66)
Age 60 58 56 62
In years median (43-79) (43-79) 47-63) (53-70)
Female/male ratio 36:37 30:35 30:32 41:25
KPS 81 81 79 80
in % (70-93) (71-96) (70-90) (70-94)
Pathological type
Adeno carcinoma 45 47 45 42
Squamous 9 3 10 10
Neurendocrine 10 7 2 4
Large cell lung 6 4 2 6
cancer
Adenosquamous 3 4 3 4
carcinoma

Number of brain metastases

Single metastases 18 15 14 18
Multiple metas- 55 50 48 48
tases

Multiple other 6 15 8 26
metastases

Size of brain metastases(cc)

0~1 18 12 15 13
1~2 18 10 8 10
2~3 19 17 19 22
3~4 51 26 17 14
4~10 10 53 62 45
>10 4 9 12 17
Location of brain metastases

Frontal 23 30 25 39
Parietal 21 23 20 23
Occipital 21 19 15 25
Temporal lobe 15 21 33 26
Basal ganglia 12 7 10 9
Brainstem 6 4 7 6
Parencephalon 10 16 25 10
EGFR mutation

EGFR-wt 34 16 2 5
EGFR-mut 23 9 54 50
Unknown/NA 16 40 6 11
Diagnosis-specific, DS-GPA

3~4 23 16 14 16
2~3 12 23 29 19
1.5~2 18 14 10 11
1~1.5 14 9 4 12
0~1 6 3 5 8

types limited to NSCLC. The patients were accordingly  IT and TT. Concomitant medication was defined as drugs
categorized into the following four groups depending on  administered during SRT or within 30 days before or after
the treatment modalities: SRT-alone, SRT combined with SRT.

IT, SRT combined with TT, and SRT combined with both
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Figure 1 shows the exclusion criteria for patients—a to-
tal of 645 patients first treatment with SRT. Among these
patients, 124 patients did not match the pathological type
of NSCLC; 78 patients had no medication records; 120 pa-
tients had not applied third-generation EGFR-TKIs; 57 pa-
tients lost follow-up data.

Table 1 describes the details of characteristics of the
four groups including those with patients treated with
SRT and SRT combining IT or TT and those who were
treated with a combination of SRT and IT with TT. Di-
agnosis-specific, DS-GPA: Regarding the GPA scoring
system for lung cancer BM, the scores were assigned as
follows: age: >60 years: 0 points; 50-60 years: 0.5 points;
<50 years: 1 point; Karnofsky Performance Status (KPS):
<70: 0 points; 70-80: 0.5 points; 90—100: 1 point; number
of BM: >3: 0 points; 2-3: 0.5 points; 1:1 point; Extracranial
Metastases: Present: 0 points; Absent: 1 point. The total
score of these parameters constitutes the DS-GPA score.

Stereotactic radiotherapy

A novel fixation method was adopted for SRT, which in-
cluded a thermoplastic mask, a headrest, and a shield ad-
juster that connected the mechanical interface to the ther-
apy device (all provided by Elekta). The patients were
positioned using the mask on a 1.5-Tesla magnetic reso-
nance imaging (MRI) scanner, and gadolinium-enhanced
T1-weighted MRI sequences were used to acquire local-
ization images. After determining the BM treatment plan,
CBCT was performed in Leksell Gamma Plan® to obtain
stereotactic references during the treatment and for planning
purposes, ensuring 100% coverage of the lesion. The treat-
ment was administered using the Leksell Gamma Knife®
Icon™., The BMs were planned on isodose lines at 50%
(SRT: 50, 40-90%; IT: 50, 40-90%; TT: 50, 40-90%; TT +
IT: 50, 40-90%). The median prescribed dose was 18 Gy
(SRT: 18, 10-20Gy; TT: 18, 8-20Gy; IT: 18, 8-20Gy; TT +
IT: 18, 6-21Gy), and the median central dose was 36 Gy
(SRT: 30, 20-42Gy; TT: 36, 24-60Gy; IT: 36, 24-60 Gy;
TT+IT: 36, 28-70Gy). Selection criteria for single-frac-
tion treatment included total lesion volume <25cc, good
patient condition, minimal edema, the target being distant
from critical structures (e.g., brainstem, optic nerve), and
total treatment time <30min. The prescribed dose ranged
from 18 to 21 Gy. For other patients, multi-fraction SRT
was used, with regimens such as 10 Gy for 2 days consec-
utively, 9Gy for 3 fractions with 1-day intervals, 8 Gy for
4 fractions, or 6 Gy for 5 fractions, with a 1-day interval.

Follow-up and assessment results

Endpoint analysis included the assessment of progression-
free survival (PFS), which were comprised of progression at

@ Springer

the local radiation site and distant intracranial progression
outside the irradiated area. Death was a reason to censor
in the K-M curve. The next endpoints were the IORR and
intracranial disease control rate (IDCR). IORR denoted the
proportion of patients achieving complete response (CR) or
partial response (PR) in the intracerebral lesions after treat-
ment. On the contrary, IDCR signified the proportion of
patients achieving CR, PR, and stable disease (SD) in the
intracerebral lesions after treatment. Both endpoints were
applied to evaluate the response of the intracerebral lesions
to treatment. Following SRT, patients underwent a brain
MRI every 3 months. Using a 3D-slicer, post-treatment tu-
mor volumes were calculated from the MRI images ac-
quired 3 months after SRT and then compared with the
pretreatment volumes documented in the Leksell Gamma
Plan®. All CNS scans were evaluated by an independent
neuroradiologist (CNS BICR) according to the revised RE-
CIST 1.1 guidelines. The treatment efficacy was assessed
by comparing the tumor volume changes after 3 months of
SRT-alone, SRT combined with IT, SRT combined with TT,
and SRT combined with both IT and TT. The intracranial
objective response rate (IORR) were comprise of the fol-
lowing four key components: CR: complete regression of
the tumor, which lasted >4 weeks; PR: the summation of
the target lesion diameters decreased by =30%, which was
maintained for at least 4 weeks; SD: between the range of
PR and PD; progressive disease (PD): the summation of the
target lesion diameters increased by =20% or new lesions
appeared. Patient status was decided according to CTCAE
v4.03.

Statistical analysis

Descriptive statistics were applied to analyze the patients in
different groups, including the median and range of succes-
sive variates or the count and percentage of categorical vari-
ates. The Kaplan-Meier method was employed to compute
the time from the diagnosis of BM to progression. Patients
without progression, those who were lost to follow-up, and
deaths due to reasons other than SRT were censored. Uni-
variate analysis was performed using the Cox proportional
hazards model, and clinically relevant variables were in-
cluded in the multivariate Cox proportional hazards model.
Furthermore, rank tests were performed to assess otherness
between different groups. SPSS version 22 was used for the
analysis. Waterfall plots were used to compare the IORR,
and statistical significance was defined as p<0.05.
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Fig.2 Intracranial PFS
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Results
Patients

Initially, the 266 included patients were categorized into
four groups based on their treatment methods. The median
time from first diagnosis of BM to treatment was 1 month
(0-9 months). There were 42/501 lesions of >10cc, 645
patients with lung cancer BM in the institution, and 124 pa-
tients who did not match the pathological type of NSCLC.
Moreover, there were 78 patients with no records of im-
munologic or targeted drug use, 120 patients who were
still on first-generation or second-generation EGFR-TKIs,
57 patients who were lost to follow-up, and 266 patients
who were eligible for the study. A total of 73 (27%) pa-
tients were treated with SRT-alone; 65 (24%) were treated
with SRT combined with IT, 62 (23%) were treated with
SRT combined with TT, and 66 (25%) were treated with
SRT combined with IT and TT. The SRT combined IT and
TT treatment group included two subgroups: one receiving
first-line combined IT and TT before SRT and the other
receiving oral TT before SRT followed by IT. However,
there was no significant difference in the recurrence rates
between the two subgroups. (P=0.059).

Progression-free survival
A total of 42% (113/266) of patients included in the study

developed intracranial progression, which included 76 pa-
tients who developed intracranial progression within 1 year,

accounting for 67% of the patients who relapsed at the
study endpoint. Of these, 35.5% (27/76) patients developed
progression locally at the irradiated sites within 1 year
and 64.5% (49/76) developed intracranial progression at
distant sites without radiation within 1 year. Thirty-five
patients who were newly diagnosed with BM underwent
SRT therapy again, and the median follow-up time for
PFS was 10.50 (0-36) months in SRT-alone group, 13.50
(0-35) months in SRT combined with IT group, and 13.75
(0-36) months in SRT combined with TT group. The me-
dian follow-up time in SRT combined with the IT and TT
group was 14.75 (0-38) months. For these four different
groups, SRT-alone, SRT combined with IT, SRT combined
with TT, and SRT combined with IT and TT, the over-
all 12-month PFS was 49.73%, 65.89% (HR, 0.63 [95%
CI: 0.32-1.24]. P=0.183), 78.05% (HR, 0.38 [95% CI:
0.18-0.76]; P=0.007), and 80.76% (HR, 0.32 [95% CI:
0.16-0.65]; P=0.001) (Fig. 2). The 1-year PFS of the local
intracranial radiation site in these four groups were 77.89%
(P=0.239), 88.75% (HR: 0.607, 95% CI [0.251-1.465],
P=0.266), 88.01% (HR: 0.556, 95% CI1 [0.221-1.394], P=
0.210), and 91.97% (HR: 0.366, 95% CI [0.130-1.029],
P=0.057) (Fig. 3), respectively. The 1-year PFS of new
intracranial (distant intracranial failure outside of the ra-
diotherapy site) BM in the respective groups were 63.96%
(P=0.039), 74.17% (HR: 0.726, 95% CI [0.417-1.264],
P=0.258), 88.70% (HR: 0.480, 95% CI [0.253-0.908], P=
0.024), and 87.81% (HR: 0.459, 95% CI [0.246-0.858], P=
0.015) (Fig. 4). Patients treated with SRT combined with IT
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and TT displayed better PFS than those treated with SRT-
alone, SRT combined with IT, and SRT combined with TT.

Figure 2 shows the overall intracranial PFS. The 1-year
PFES rate for SRT-alone was 49.73%, that for SRT combined
with IT group was 65.89% (HR 0.63 [95% CI: 0.32-1.24];
P=0.183), that for SRT combined with TT group was
78.05% (HR 0.38 [95% CI: 0.18-0.76]; P=0.007), and
that for SRT combined with both IT and TT was 80.76%
(HR 0.32 [95% CI: 0.16-0.65]; P=0.001).

@ Springer

Figure 3 depicts local radiation-range recurrence in dif-
ferent treatment modalities. The 1-year PFS for local recur-
rence at the radiation site was 77.89% for SRT-alone (P=
0.239); 88.75% for SRT combined with IT (HR: 0.607,
95% CI [0.251-1.465], P=0.266); 88.01% for SRT com-
bined with third-generation EGFR-TKIs (HR: 0.556, 95%
CI [0.221-1.394], P=0.210), and 91.97% for SRT com-
bined with both IT and third-generation EGFR-TKIs (HR:
0.366, 95% CI [0.130-1.029], P=0.057).
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Table2 BM response of different treatments assessed by BICR

SRT(n=73) IT+ SRT(n=65) TT+ SRT(n=62) IT+ TT+ SRT(n= 66)
Best objective response, No. (%) 23 (32) 30 (46) 36 (58) 40 (61)
CR 4 8 15 17
PR 19 22 21 23
IORR, % (95%CI) 32 (21 to 42) 46 (34 to 59) 58 (45to0 71) 61 (49 to 73)
OR (95%CI) - 0.54 (0.27 to 1.07) 0.33 (0.16 to 0.67) 0.32 (0.16 to 0.64)
P - 0.08 0.002 0.001
IDCR, % (95%CI) 44 (32 to 55) 52 (40 to 65) 66 (54 to 78) 71 (60 to 82)
OR (95%CI) - 0.71 (0.36 to 1.39) 0.40 (0.20 to 0.81) 0.34 (0.17 to 0.68)
P - 0.321 0.010 0.002

CR Complete Response, PR Partial Response, JORR Intracranial Objective Response Rate, OR Odds Ratio, IDCR Intracranial Disease Control

Rate

Figure 4 depicts distant intracranial recurrence beyond
the local radiation range. For new intracranial metastases,
the 1-year PFS was 63.96% for SRT-alone (P=0.039);
74.17% for SRT combined with IT (HR: 0.726, 95%
CI [0.417-1.264], P=0.258); 88.70% for SRT combined
with third-generation EGFR-TKIs (HR: 0.480, 95% CI
[0.253-0.908], P=0.024); 87.81% for SRT combined with
both IT and third-generation EGFR-TKIs (HR: 0.459, 95%
CI [0.246-0.858], P=0.015).
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Fig.5 Objective response rate of intracranial tumors

Tumor intracranial objective response rate

Only 5% of the patients in the SRT-alone group achieved
CR at a median time of 8.9 (3—-13.5) months, 12% of the
patients in the SRT combined with IT group achieved CR
at a median time of 6.25 (2—-16) months, and 24% of the
patients in the SRT combined with TT group achieved CR
at a median time of 8.2 (1-17) months. In addition, 26%
of the patients in the SRT combined with IT and TT group
achieved CR, and the median time to CR was 14 (1-22)
months, which was longer than that in the other treatment
groups. This difference could be attributed to the higher

b IT+SRT
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Baseline MRI

First Postbaseline Scan
(7 weeks)

The Last Follow-up
(36 weeks)

T1 postcontrast

T1 postcontrast

T1 postcontrast

T2W-TSE

T2W-TSE

Fig.6 Actual case

baseline tumor volume in the SRT combined with the dual
therapy group. The tumor IORR in the SRT-alone group
was 32% (95% CI: 21-42) (Fig. 5a); in the SRT combined
with IT group, the IORR was 46% (95% CI: 34-59, OR
0.54 [95% CI: 0.27-1.07], P=0.08) (Fig. 5b); in the SRT
combined with TT group, the IORR was 58% (95% CI:
45-71, OR 0.33 [95% CI: 0.16-0.67], P=0.002) (Fig. 5c);
and in the SRT combined with IT and TT group, the IORR
was 61% (95% CI: 49-73, OR 0.32 [95% CI: 0.16-0.64],
P=0.001) (Fig. 5d). The IORR of patients treated with SRT
combined with IT and TT was higher than that of patients in
the other groups, which indicated that the combination ther-
apy markedly increased the IORR of the tumor (Table 2).
Figure 6 provides the image of a patient in whom CR was
recorded at the last follow-up.

Figure 5 presents the IORR of four different treatments,
including a visual comparison of CR PR SD PD of every
group. (a) The application of SRT-alone; (b) SRT combined
with IT monotherapy; (c) SRT combined in the application
of third-generation EGFR-TKIs; (d) SRT combined with
both IT and TT.
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T2W-TSE

Figure 6 illustrates a patient with BM associated with
NSCLC. Following the initial discovery of BM via MRI,
SRT was promptly administered. The patient subsequently
commenced regular oral administration of osimertinib in
conjunction with treatment with the IT agent, avelumab.
At the 7-week follow-up, a reduction in tumor volume and
a decrease in the peritumoral edema were recorded. By
the 36-week follow-up, the tumor had completely regressed
with no residual lesions, and the peritumoral edema had
subsided, achieving a CR.

Disease control rate of BM

IDCR was defined as the proportion of intracranial le-
sions that achieved CR, PR, and SD after treatment. In
those treated with SRT-alone, IDCR was 44% (95% CI:
32-55), whereas patients treated with SRT combined with
IT achieved an IDCR of 52% (95% CI: 40-65, OR 0.71
[95% CI: 0.36-1.39], P=0.321). In patients treated with
SRT combined with TT, the IDCR was 66% (95% CI:
54-78, OR 0.40 [95% CI: 0.20-0.81], P=0.010) and in
those simultaneously treated with SRT combined with IT



Strahlentherapie und Onkologie (2025) 201:645-655

653

Table 3 Radiation-related adverse reactions

SRT(n=73) SRT +IT(n=65) SRT+TT(n=62) SRT+IT+TT(n=66) P value

Radionecrosis  Total 10 14 11 17 P=0.324

Mild 5 6 9 4 P=0.336

Moderate 5 7 3 10 P=0.190

Severe 0 0 3 P=0.026
Grade of Grade 1-2 60 54 41 35 P<0.001
adverse Grade 3 12 15 17 P<0.01
reaction Grade 4 1 5 10

Grade 5 0 0

and TT, the IDCR was 71% (95% CI: 60-82, OR 0.34
[95% CI: 0.17-0.68], P=0.002). Furthermore, the IDCR in
the SRT combined with IT and TT group surpassed that
of patients treated with SRT-alone or SRT combined with
either IT or TT (Table 2).

Safety

In the enrolled patients, brain MRI was reviewed every
month during the first 3 months after SRT and then every
3 months to monitor the radiation reactions at the brain
treatment site. Symptomatic and asymptomatic radionecro-
sis was mainly observed, which was classified into three
grades based on its severity, and the observation of toxicity
and side effects was categorized into radiation-related re-
actions directed at SRT. According to the CTCAE grading
standard, the classification included grade 1-2 and grade
>3 adverse reactions. Grade >3 adverse effects encompass
severe coma, generalized seizures, delirium, hypertensive
crises, ataxia impairing self-care, cognitive impairment af-
fecting daily activities, and intracranial hemorrhage. Ad-
verse symptoms after combined use are shown in Table 3.
A statistically significant difference was not noted in the
overall occurrence of radionecrosis among the four groups,
but three cases of severe occurred in the SRT combined
with IT and TT group (P=0.026). No severe radionecro-
sis occurred in the other groups. According to the CTCAE
scores, grade 1-2 patients in various groups presented ob-
vious differences, and there were also significant statistical
differences in = grade 3 adverse reactions.

Discussion

This retrospective study was conducted to contrast the ther-
apeutic effect and safety of SRT-alone, SRT combined with
either IT or TT and SRT combined with both IT and TT.
On Kaplan-Meier analysis, SRT combined with IT, TT, and
SRT combined with IT and TT was associated with re-
duced distant intracranial metastases outside of the radio-

therapy site. For local recurrence, SRT provided good lo-
cal control independently, but it did not remain statistically
significant among the four study groups, possibly because
of the fewer numbers of patients with local relapses. In
terms of safety, SRT, when combined with the third-gen-
eration EGFR-TKIs, exhibited a favorable safety profile in
the occurrence of radionecrosis and radiation-related ad-
verse events.

Radiotherapy, while killing tumor cells with high-energy
radiation, promotes the release of tumor-associated antigens
(TAAs) [21, 22]. However, it has not been proven whether
SRT+1IT has a synergistic (or additive) effect [23, 24]. In
our research, the 1-year PFS of the local irradiated site in
SRT combined with IT was 88.75% (HR: 0.607, 95% CI.
[0.251-1.465], P=0.266). The 1-year PFS in cases of dis-
tant intracranial metastases outside of the radiotherapy site
was 74.17% (HR: 0.726, 95% CI [0.417-1.264], P=0.258),
which was higher than that of SRT-alone, albeit there was
no statistical significance. This observation can be attributed
to IT resistance. Some patients exhibited drug resistance
after the initial administration of immune drugs. Subse-
quently, IT was discontinued or the regimen was switched
to other immune drugs. This result may also be associated
with the radiotherapy dosage.

The incidence of BM in patients with oncogene-driven
NSCLC had increased (29-35% at the time of diagnosis)
[25]. Nonetheless, most chemotherapy agents and effective
targeted agents cannot cross the BBB and enter the CNS
[26]. In this study, the 1-year PFS of local irradiated sites
in patients with NSCLC BM treated using SRT and third-
generation EGFR-TKIs was 88.01% (HR: 0.556, 95% CI
[0.221-1.394], P=0.210), which suggest a trend effect, but
did not reach statistical significance. This finding can be
ascribed to the characteristics of the patients included in
this group. The number of tumors treated was not limited,
and the focus was on their total volume. In this patient
cohort, only a few patients presented with multiple BM in
relative proximity, accompanied by moderate to severe cere-
bral edema, which resulted in the reduction of the central
dose. This implies an increased risk of local recurrence, and
further research is warranted on this hypothesis [27]. How-
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ever, for distant intracranial metastases, the 1-year PFS was
88.70% (HR: 0.480, 95% CI [0.253-0.908], P=0.024), and
the safety profile was good. The third-generation EGFR-
TKI targeting drugs displayed better penetration [28]. And
specifically designed to overcome resistance caused by the
T790M mutation and exhibit significantly improved blood-
brain barrier (BBB) penetration compared to earlier gener-
ations. These agents are particularly effective for treating
non-small cell lung cancer (NSCLC) patients with brain
metastases due to their higher CNS efficacy [29, 30].

Past studies have shown that targeted agents can mod-
ulate different components of the antitumor immune re-
sponse by suppressing the innate immune-escape program
of the tumor cells or by enhancing their antigenicity [31].
Furthermore, targeted agents act directly on immune effec-
tor and immunosuppressor cells; hence, combined targeting
and IT may improve drug action. STR, TT, and IT were si-
multaneaously applied to patients with NSCLC BM receiv-
ing SRT in this study, and the median time to reach CR was
14 months. This result can be attributed to the larger base-
line tumor volume in the SRT and dual-drug combination
group. However, in this group, the 1-year local radiation
site PFS of SRT combined with IT and TT was 91.97%
(HR: 0.366, 95% CI [0.130-1.029], P=0.057) and the dis-
tant intracranial metastases 1-year PFS was 87.81% (HR:
0.459,95% CI [0.246-0.858], P=0.015), thereby achieving
good clinical effect. In terms of safety, severe radionecroses
occurred, which may be related to the larger SRT dose ad-
ministered to the dual drug combination group. In terms of
safety, severe radionecroses did not occur in SRT combined
with single drug therapy, and the incidence of grade >3 ad-
verse reactions was also low. However, significant adverse
reactions were noted in the SRT combined with dual drug
therapy group, which could be due to the cumulative toxi-
city of the drugs when SRT was combined with dual drug
therapy.

Conclusions

For patients with NSCLC BM, IT or TT combined with
SRT increased the distant intracranial tumor control while
maintaining a favorable safety profile. When SRT was com-
bined with both IT and TT, good control over distant and
unirradiated areas was observed, albeit the incidence of ad-
verse reactions had increased. The control rate at locally
irradiated sites was similarly effective; SRT provided good
local control independently. The incidence of symptomatic
RN was low. However, no significant statistical differences
were observed among the different treatment modalities,
which may be attributed to the fewer numbers of patients
with local relapses. Hence, further large-scale studies are
required to establish the optimal radiation dose in relation
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to the tumor volume for SRT combined with IT or TT. This
dose standardization is essential for developing individual-
ized treatment protocols involving SRT combined with drug
therapy for different patients.
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