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Abstract
Background Non-small cell lung cancer (NSCLC) is a prevalent form of cancer, often leading to brain metastases 
(BM) and a significant decline in patient prognosis. Whether immune checkpoint inhibitors (ICIs) combined with brain 
radiotherapy is superior to conventional chemotherapy combined with brain radiotherapy in those patients remains 
to be explored.

Materials and methods Our study enrolled 161 NSCLC patients with BM who underwent either ICIs combined with 
brain radiotherapy or chemotherapy combined with brain radiotherapy. End points included overall survival (OS), 
progression-free survival (PFS), intracranial PFS (IPFS), and extracranial PFS (EPFS). Univariate and multivariate Cox 
regressions were employed to identify prognostic risk variables.

Results Patients receiving ICIs combined with brain radiotherapy exhibited significantly longer OS compared to 
those receiving chemotherapy combined with brain radiotherapy (34.80 months vs. 17.17 months, P = 0.005). In the 
Cox regression analysis, chemotherapy combined with brain radiotherapy (HR, 1.82; 95% CI, 1.09–3.05; P = 0.023), 
smoking (HR, 1.75; 95% CI, 1.02–2.99; P = 0.043) and squamous cell carcinoma (HR, 2.59; 95% CI, 1.31–5.13; P = 0.006) 
were associated with a worse prognosis. After propensity score matching (PSM), this finding remained consistent 
with before PSM (43.73 months vs. 17.17 months, P = 0.018). Squamous cell carcinoma (HR, 2.46; 95% CI, 1.15–5.26; 
P = 0.021) and CT + RT (HR, 2.11; 95% CI, 1.15–3.88; P = 0.016) were associated with a less favorable prognosis.

Conclusion The study suggests that the combination of ICIs and brain radiotherapy provides superior OS for NSCLC 
patients with BM, compared to the chemotherapy combined with brain radiotherapy.
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Background
Lung cancer is currently the second most common can-
cer worldwide, following breast cancer, with 85% of 
cases being non-small cell lung cancer (NSCLC) [1, 2]. 
Brain metastasis (BM) is very common in NSCLC, with 
approximately 10–20% of NSCLC patients already having 
BM at the initial diagnosis [3], and 25–40% of patients 
developing BM during the course of the disease [4]. 
NSCLC patients with BM have a poor prognosis, and 
those with symptomatic BM experience a rapid deterio-
ration in their quality of life [5].

Surgery can improve the survival outcomes of patients 
with a single brain metastatic lesion, good Eastern Coop-
erative Oncology Group Performance Status (ECOG PS) 
score, and limited extracranial metastases [6, 7]. Whereas 
brain surgery is costly, carries higher risks, and requires 
patients to be in better physical condition. Conversely, 
brain radiation therapy has lower economic and physi-
cal requirements for patients. With advancements in 
radiation therapy techniques, especially, Stereotactic 
Radiosurgery (SRS) can accurately target tumor lesions, 
delivering high doses to the tumor while sparing normal 
tissues, thereby greatly improving patients’ quality of life 
and prognosis [8, 9]. Therefore, most patients with BM 
will receive brain radiation therapy.

The emergence of immune checkpoint inhibitors (ICIs) 
has changed the treatment strategies for NSCLC. ICIs-
based regimen has become the first-line treatment for 
driver gene-negative patients [10–14]. And for locally 
advanced NSCLC, from maintenance regimen to neoad-
juvant therapy, ICIs have also shown promise [15, 16]. In 
recent years, there has been increasing research on ICIs 
in NSCLC patients with BM, demonstrating superior effi-
cacy compared to traditional chemotherapy [17], such 
as the OAK trial showed longer overall survival (OS) in 
the atezolizumab treatment group compared with the 
docetaxel chemotherapy group (16.0 months vs. 11.9 
months) and longer time to intracranial lesion progres-
sion (not reached vs. 9.5 months) [18]. Moreover, numer-
ous preclinical studies have indicated a synergistic effect 
between radiation therapy and ICIs. Radiation therapy 
can enhance the release and presentation of tumor anti-
gens [19, 20], promote the activation and initiation of 
immune cells [21, 22], increase the density of tumor-infil-
trating lymphocytes [23, 24], facilitate T cell recognition 
of tumor cells, and enhance anti-tumor effects [25, 26]. 
Therefore, the combination of radiation therapy and ICIs 
is a highly promising treatment approach. Many preclini-
cal and prospective clinical studies are currently under-
way, yielding promising research outcomes.

However, most clinical trials have excluded patients 
with BM, limiting the research on the combination of 
ICIs and brain radiation therapy in NSCLC patients with 
BM. Currently, data on the combination of radiation 
therapy and ICIs mainly come from subgroup analyses of 
clinical trials or retrospective studies with small sample 
sizes. Many studies also include other tumor types that 
are prone to BM, such as melanoma and renal cell car-
cinoma, rather than focusing solely on NSCLC. Even in 
studies focusing on NSCLC patients with BM, the sample 
sizes are often small, making it difficult to provide robust 
evidence. Many questions regarding the combination of 
brain radiation therapy and ICIs in BM are still unclear. 
For example, it is unknown whether combination therapy 
provides additional benefits, whether the side effects of 
combination therapy are tolerable, and the optimal tim-
ing for combination therapy is unclear.

In this study, we aimed to investigate whether the effi-
cacy of ICIs combined with brain radiation therapy is 
superior to chemotherapy combined with brain radia-
tion therapy in patients with NSCLC and BM. And we 
explored risk factors associated with survival prognosis.

Methods
Patient cohort and study variables
NSCLC patients with BM who were treated in the 
Department of Pulmonary Oncology, Zhongnan Hos-
pital of Wuhan University from January 2013 to April 
2023 were included in our study, with data censoring 
on April 16, 2023. The inclusion criteria were as follows: 
(1) Pathologically confirmed NSCLC; (2) brain metasta-
sis confirmed by enhanced magnetic resonance imaging 
(MRI) or computed tomography (CT); (3) Patients who 
received brain radiotherapy after BM and underwent sys-
temic treatment mainly consisting of ICIs and/or chemo-
therapy; (4) Performance status (PS) score ranging from 
0 to 2. The exclusion criteria were: (1) Use of small-mol-
ecule inhibitors (SMIs) treatment after BM; (2) Incom-
plete follow-up information.

Based on the different systemic treatment modalities, 
the included patients were divided into two groups: the 
ICIs-based regimen combined with brain radiotherapy 
group (referred to as the ICI + RT group) and the chemo-
therapy alone combined with brain radiotherapy group 
(referred to as the CT + RT group). Detailed patient 
information, including age, gender, smoking history, PS 
score, driver gene mutation, number of BM, type of brain 
radiotherapy, sequence of treatment, extracranial metas-
tases, and symptoms of BM, was collected in our study, 
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as shown in Table  1. The baseline characteristics of the 
patients were defined at the time of diagnosis of BM.

Treatments
About the ICIs-based regimen, the administration of 
anti-PD-1 or anti-PD-L1 antibodies alone or in combina-
tion with chemotherapy is employed. The chemotherapy 
regimen is decided based on the patient’s pathological 
type and condition, primarily consisting of platinum-
based dual-drug chemotherapy, as well as monotherapy 
with drugs such as pemetrexed, albumin-bound pacli-
taxel, docetaxel, and gemcitabine. Types of brain RT 
include whole-brain radiation therapy (WBRT) and ste-
reotactic radiosurgery (SRS). WBRT is administered at a 
dose of 30 Gy, divided into 10 fractions, given 5 times a 
week. SRS is administered at a dose of 18–40 Gy, divided 
into 3–5 fractions, or as a single dose of 15 to 24  Gy, 
depending on the volume of the patient’s lesions.

Patients’ follow-up
Regular follow-up is conducted on patients. Radiological 
examinations include enhanced computed tomography 
(CT) scans of the chest and upper abdomen, as well as 
magnetic resonance imaging (MRI) of the brain for dis-
ease assessment, which are repeated every 2–3 months. 
If necessary, bone emission computed tomography (ECT) 
and positron emission tomography-computed tomogra-
phy (PET-CT) scans are performed. If there is progres-
sion observed during the imaging examinations, the date 
of the examination is recorded as the date of progression.

Statistics analysis
The primary objective is overall survival (OS), defined 
as the time from diagnosis of BM to death from any 
cause. The secondary objective is progression-free sur-
vival (PFS), defined as the time from diagnosis of BM to 
progression of any systemic lesions or death. Intracra-
nial progression-free survival (IPFS), is defined as the 
time from diagnosis of BM to progression of intracranial 
lesions. Extracranial progression-free survival (EPFS), is 
defined as the time from diagnosis of BM to progression 
of extracranial lesions or death. Chi-square or Fisher’s 
exact tests are used to compare categorical data, while 
the Mann-Whitney U test is used to compare continu-
ous data between groups. Kaplan-Meier analysis is used 
to construct survival curves, and the log-rank test is used 
to analyze differences between groups. Univariate and 
multivariate Cox regression analyses are used to deter-
mine prognostic risk factors. PSM is used to balance 
baseline differences between different treatment groups. 
A P-value of < 0.05 is defined as statistically significant. 
Data analysis is performed using R 4.2.1 software and 
SPSS 26.

Result
Characteristics
From January 2013 to April 2023, a total of 734 patients 
with NSCLC and BM were included in the study. After 
screening, 187 patients who developed BM received sys-
temic treatment primarily consisting of ICIs or chemo-
therapy. Among them, 21 patients did not receive brain 
radiotherapy after the occurrence of BM, and 5 patients 
had previously received TKI treatment after BM, result-
ing in a final inclusion of 161 patients who met the study’s 
inclusion and exclusion criteria (Fig.  1). In the ICI + RT 
group, 86 patients received immunotherapy combined 
with chemotherapy, while 14 patients received immuno-
therapy alone.

The median follow-up time for the entire cohort was 
18.27 months (95% CI, 13.77–22.76), up until April 16, 
2023. Among the patients, 64 (39.75%) died, while 97 
(60.25%) either continued to be followed up or were 
lost to follow-up and marked as censored. In the entire 
cohort, there was a predominance of male patients (130 
cases, 80.7%), with only 31 female patients (19.3%). At the 
time of BM diagnosis, 71 patients (44.1%) had extracra-
nial metastases. Of the patients, 120 (74.5%) were adeno-
carcinoma, 26 (16.1%) were squamous cell carcinoma, 
and 15 (9.3%) were other non-specified types of NSCLC. 
Among the patients, 28 (17.4%) had driver gene muta-
tions, 94 (58.4%) had no mutations, and 39 (24.2%) did 
not undergo genetic testing. Other clinical information, 
such as age, gender, and smoking history, is presented in 
Table 1.

Before PSM
A total of 161 patients were included in the study, with 
100 (62.1%) in the ICI + RT group and 61 (37.9%) in the 
CT + RT group. The survival and treatment information 
of the two groups of patients were presented in a swim-
mer plot (Figure A.1). There were 53 patients (53.0%) 
in the ICI + RT group while 20 patients (32.8%) in the 
CT + RT group have smoking history (P = 0.019). In terms 
of the primary lesion location, 38 patients (38.0%) in 
the ICI + RT group had lesions in the left lung, while in 
the CT + RT group, 35 patients (57.4%) had lesions in 
the left lung (P = 0.026). There were 24 patients (24.0%) 
in the ICI + RT group with driver gene mutations and 
22 patients (22.0%) with unknown status, while in the 
CT + RT group, only 4 patients (6.6%) had driver gene 
mutations and 17 patients (27.9%) had unknown status 
(P = 0.018). In terms of type of brain radiotherapy, 46 
patients (46.0%) in the ICI + RT group underwent WBRT, 
while 54 patients (54.0%) underwent SRS. In the CT + RT 
group, 40 patients (65.6%) underwent WBRT and 21 
patients (34.4%) underwent SRS (P = 0.024). There were 
also differences between the two groups in terms of BM 
size (P = 0.001). There were no significant differences in 
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ALL ICI + RT CT + RT P value
N = 161 N = 100 N = 61

Age (IQR) 60 (54–66) 60 (65–70) 61(53-67.5) 0.920
Gender 0.919
Female 31 (19.3%) 20 (20.0%) 11 (18.0%)
Male 130 (80.7%) 80 (80.0%) 50 (82.0%)
PS score 1.000
 1 136 (84.5%) 84 (84.0%) 52 (85.2%)
 2 25 (15.5%) 16 (16.0%) 9 (14.8%)
Smoking history 0.019
 None 73 (45.3%) 53 (53.0%) 20 (32.8%)
 Yes 88 (54.7%) 47 (47.0%) 41 (67.2%)
Primary lesion 0.026
 Left lung 73 (45.3%) 38 (38.0%) 35 (57.4%)
 Right lung 88 (54.7%) 62 (62.0%) 26 (42.6%)
Surgery of lung 0.464
 None 120 (74.5%) 77 (77.0%) 43 (70.5%)
 Yes 41 (25.5%) 23 (23.0%) 18 (29.5%)
T stage 0.653
 1 22 (13.7%) 16 (16.0%) 6 (9.8%)
 2 43 (26.7%) 27 (27.0%) 16 (26.2%)
 3 35 (21.7%) 20 (20.0%) 15 (24.6%)
 4 56 (34.8%) 35 (35.0%) 21 (34.4%)
Unknown 5 (3.1%) 2 (2.0%) 3 (4.9%)
N stage 0.409
 0 44 (27.3%) 25 (25.0%) 19 (31.1%)
 1 11 (6.8%) 7 (7.0%) 4 (6.6%)
 2 59 (36.6%) 34 (34.0%) 25 (41.0%)
 3 45 (28.0%) 33 (33.0%) 12 (19.7%)
Unknown 2 (1.2%) 1 (1.0%) 1 (1.6%)
Extracranial metastases 0.395
 None 90 (55.9%) 59 (59.0%) 31 (50.8%)
 Yes 71 (44.1%) 41 (41.0%) 30 (49.2%)
Driver gene 0.018
 None 94 (58.4%) 54 (54.0%) 40 (65.6%)
 Yes 28 (17.4%) 24 (24.0%) 4 (6.6%)
 Unknown 39 (24.2%) 22 (22.0%) 17 (27.9%)
Pathological type 0.424
 Adenocarcinoma 120 (74.5%) 76 (76.0%) 44 (72.1%)
 Squamous carcinoma 26 (16.1%) 17 (17.0%) 9 (14.8%)
 NSCLC(NOS) 15 (9.3%) 7 (7.0%) 8 (13.1%)
Symptoms of BM 1.000
 None 100 (62.1%) 62 (62.0%) 38 (62.3%)
 Yes 61 (37.9%) 38 (38.0%) 23 (37.7%)
Type of brain radiotherapy 0.024
 WBRT 86 (53.4%) 46 (46.0%) 40 (65.6%)
 SRS 75 (46.6%) 54 (54.0%) 21 (34.4%)
Sequence of treatment 0.576
 Upfront RT 17(10.6%) 9(9.0%) 8(13.1%)
 Upfront ICI/CT 144(89.4%) 91(91.0%) 53(86.9%)
Number of BM 0.857
 1 70 (43.5%) 45 (45.0%) 25 (41.0%)
 2 24 (14.9%) 15 (15.0%) 9 (14.8%)
 >=3 67 (41.6%) 40 (40.0%) 27 (44.3%)

Table 1 The characteristics of all patients before PSM
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Fig. 1 Flow chart of screening patients. BM, brain metastasis; CT, chemotherapy; ICIs, immune checkpoint inhibitors; NSCLC, non-small Cell Lung Cancer; 
RT, radiotherapy; SMIs, small-molecule inhibitors. (The figure should be placed in the Result section behind Characteristics.)

 

ALL ICI + RT CT + RT P value
N = 161 N = 100 N = 61

Size of BM 0.001
 < 10 37 (23.0%) 28 (28.0%) 9 (14.8%)
 >=10, < 20 57 (35.4%) 37 (37.0%) 20 (32.8%)
 >=20, < 30 29 (18.0%) 21 (21.0%) 8 (13.1%)
 >=30 25 (15.5%) 12 (12.0%) 13 (21.3%)
 Unknown 13 (8.1%) 2 (2.0%) 11 (18.0%)
BM, brain metastasis; CT, chemotherapy; ICI, immune checkpoint inhibitor; NSCLC, non-small Cell Lung Cancer; NOS, not otherwise specified; PSM, propensity score 
matching; RT, radiotherapy; SRS, stereotactic radiosurgery; WBRT, whole-brain radiation therapy

Table 1 (continued) 
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other clinical characteristics between the two groups, as 
shown in Table 1.

The median OS for the entire cohort was 24.03 months 
(95% CI, 12.92–35.15). Specifically, the median OS in the 
ICI + RT group was 34.80 months (95% CI, 14.94–54.66), 
while in the CT + RT group, it was 17.17 months (95% CI, 
14.57–19.76), showing a significant difference (P = 0.005) 
(Fig.  2A). And our conclusions were further supported 
by the analysis of prognostic risk factors. The univari-
ate Cox regression analysis was performed on the clini-
cal characteristics of the patients related to OS, and then 
those significantly different variables were included in 
the multivariate Cox regression analysis. It was found 
that treatment modality was significantly associated with 
prognosis, with CT + RT having a worse prognosis com-
pared to ICI + RT (HR, 1.82; 95% CI, 1.09–3.05; P = 0.023). 
In addition, smoking (HR, 1.75; 95% CI, 1.02–2.99; 
P = 0.043) and squamous cell carcinoma pathology type 
(HR, 2.59; 95% CI, 1.31–5.13; P = 0.006) were also associ-
ated with a worse prognosis. The results are presented in 
Table 2.

During the course of treatment until the end of follow-
up, 75 patients (75.0%) in the ICI + RT group experienced 
disease progression, including fatalities, with 14 patients 
(14.0%) only showing the progression of brain lesions, 36 
patients (36.0%) only showing extracranial progression 
and 25 patients (25.0%) developing both intracranial and 
extracranial disease progression. In the CT + RT group, 
54 patients (88.5%) experienced disease progression, 
including fatalities, with 8 cases (13.1%) having progres-
sion of brain lesions, 26 cases (42.6%) developing extra-
cranial disease progression, and 20 cases (32.8%) showing 
both intracranial and extracranial disease progression. 

Overall, the recurrence rate was lower in the ICI + RT 
group. However, there were no statistically significant dif-
ferences in PFS, IPFS, and EPFS between the two groups. 
Specifically, the PFS for the ICI + RT and CT + RT groups 
was 8.17 months (95% CI, 6.67–9.66) and 6.73 months 
(95% CI, 5.25–8.22), respectively (P = 0.497), as shown in 
Figure A.3 A. The IPFS was 24.47 months (95% CI, 14.63–
34.31) for the ICI + RT group and 21.73 months (95% CI, 
6.68–36.79) for the CT + RT group (P = 0.270), as depicted 
in Figure A.4  A. The EPFS was 10.83 months (95% CI, 
9.65–12.02) for the ICI + RT group and 10.50 months 
(95% CI, 7.37–13.63) for the CT + RT group (P = 0.275), as 
depicted in Figure A.5 A. We conducted univariate and 
multivariate COX analyses to explore factors associated 
with PFS, IPFS, and EPFS. For PFS, squamous carcinoma 
(HR, 2.64; 95% CI, 1.60–4.38; P < 0.001) and Upfront ICI/
CT (HR, 3.39; 95% CI, 1.90–6.04; P < 0.001) were associ-
ated with a higher risk of lesion progression, as shown 
in Table A.1. For IPFS, both univariate and multivari-
ate COX analyses revealed associations with male gen-
der (HR, 3.61; 95% CI, 1.54–8.49; P = 0.003), squamous 
carcinoma histology (HR, 23.36; 95% CI, 4.34-125.77; 
P < 0.001) and upfront ICI/CT (HR, 8.62; 95% CI, 4.58–
46.23; P < 0.001), resulting in a higher risk of intracranial 
lesion progression, as presented in Table A.2. We did not 
obtain variables that were significantly associated with 
EPFS, as detailed in Table A.3.

Subsequently, we will employ the prognostic-associated 
factors of smoking history, treatment modality, and path-
ological type as covariates for conducting PSM to ensure 
a balanced comparison of patient baseline characteris-
tics between the ICI + RT group and the CT + RT group. 
Furthermore, our analysis will incorporate additional 

Fig. 2 Kaplan-Meier curves for OS before and after propensity score matching. (A) OS of the 2 cohorts of interest (ICI + RT vs. CT + RT) before propensity 
score matching; (B) OS of the 2 cohorts of interest (ICI + RT vs. CT + RT) after propensity score matching. CT, chemotherapy; ICI, immune checkpoint inhibi-
tor; OS, overall survival; RT, radiotherapy. (The figure should be placed in the Result section behind Before PSM.)
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Univariate COX regression analysis Multivariate COX regression analysis
Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Age 0.99 0.96–1.02 0.529 NA NA NA
Gender
 Female Reference
 Male 1.38 0.72–2.65 0.332 NA NA NA
PS score
 1 Reference
 2 0.92 0.47–1.81 0.804 NA NA NA
Driver gene
 None Reference
 Yes 0.71 0.35–1.41 0.328 NA NA NA
 Unknown 1.30 0.78–2.16 0.322 NA NA NA
Pathological type
 Adenocarcinoma Reference
 Squamous carcinoma 2.20 1.13–4.28 0.021 2.59 1.31–5.13 0.006
 NSCLC (NOS) 0.29 0.04–2.09 0.217 0.29 0.04–2.13 0.225
Primary lesion
 Left lung Reference
 Right lung 0.87 0.53–1.43 0.593 NA NA NA
T stage
 T1 Reference
 T2 0.74 0.31–1.76 0.493 NA NA NA
 T3 1.05 0.44–2.51 0.912 NA NA NA
 T4 1.67 0.75–3.72 0.206 NA NA NA
N stage
 N0 Reference
 N1 0.25 0.03–1.87 0.177 NA NA NA
 N2 1.22 0.66–2.27 0.528 NA NA NA
 N3 1.05 0.53–2.09 0.882 NA NA NA
Extracranial metastases
 None Reference
 Yes 1.12 0.68–1.84 0.654 NA NA NA
Number of BM
 >=3 Reference
 1 1.23 0.72–2.11 0.443 NA NA NA
 2 1.06 0.49–2.26 0.884 NA NA NA
Size of BM
 < 10 Reference
 >=10, < 20 0.97 0.48–1.99 0.942 NA NA NA
 >=20,<30 1.02 0.45–2.33 0.958 NA NA NA
 >=30 1.11 0.49–2.49 0.800 NA NA NA
Smoking history
 None Reference
 Yes 1.95 1.16–3.30 0.013 1.75 1.02–2.99 0.043
Treatment modality
 ICI + RT Reference
 CT + RT 1.86 1.14–3.06 0.014 1.82 1.09–3.05 0.023
Type of brain radiotherapy
 WBRT Reference
 SRS 1.19 0.72–1.95 0.497 NA NA NA
Sequence of treatment
Upfront brain RT Reference
Upfront ICI/CT 1.31 0.56–3.05 0.532 NA NA NA

Table 2 Univariate and multivariate COX regressions for the factors associated with OS before PSM
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covariates, including age, PS score, primary location, sur-
gery of lung, T stage, N stage, extracranial metastases, 
gender, symptoms of BM, type of brain radiotherapy, size 
and number of BM, as well as driver gene mutations.

After PSM
After the matching process, each group comprised 61 
patients, and there were no significant differences in 
prognostic-related variables between the two groups. 
Some disparities still persisted in terms of the type of 
brain radiotherapy (P = 0.068) and the number of BM 
(P = 0.073), although these differences were less pro-
nounced compared to the pre-matching. A comprehen-
sive presentation of the clinical characteristics of both 
groups of patients is available in Table 3. The survival and 
treatment information of the two groups of patients after 
PSM were presented in a swimmer plot (Figure A.2).

Following PSM, the median OS for the entire cohort 
was calculated as 24.03 months (95% CI, 11.45–36.62). 
Specifically, the ICI + RT group exhibited a median OS of 
43.73 months (95% CI, 14.34–73.13), while the CT + RT 
group had a median OS of 17.17 months (95% CI, 14.57–
19.76) (P = 0.018) (Fig.  2B). Additionally, we conducted 
univariate and multivariate COX regression analyses 
related to OS after PSM, and the results resembled those 
observed before PSM. Squamous cell carcinoma (HR, 
2.46; 95% CI, 1.15–5.26; P = 0.021) and CT + RT (HR, 
2.11; 95% CI, 1.15–3.88; P = 0.016) were both associated 
with a less favorable prognosis. Smoking (HR, 1.91; 95% 
CI, 0.98–3.75; P = 0.059) also demonstrated a connection 
with inferior OS, although the statistical significance was 
not achieved. The results are displayed in Table 4.

Following PSM, there were no statistically significant 
differences observed between the two groups in terms 
of PFS, IPFS, and EPFS. Specifically, the PFS for the 
ICI + RT and the CT + RT groups were 9.10 months (95% 
CI, 6.42–11.78) and 6.73 months (95% CI, 5.25–8.22), 
respectively (P = 0.229), as illustrated in Figure A.3B. The 
IPFS for these groups were 18.83 months (95% CI, 9.80-
27.87) and 21.73 months (95% CI, 6.68–36.79), respec-
tively (P = 0.156), as shown in Figure A.4B. The EPFS for 
these groups were 13.47 months (95% CI, 7.11–19.82) 

and 10.50 months (95% CI, 7.37–13.63), respectively 
(P = 0.226), as shown in Figure A.5B. Regarding the Cox 
regression analysis for PFS, similar to before PSM, squa-
mous carcinoma (HR, 2.93; 95% CI, 1.62–5.29; P < 0.001) 
and upfront ICI/CT (HR, 4.16; 95% CI, 2.16–7.99; 
P < 0.001) were associated with a higher risk of recur-
rence. Notably, after PSM, positive driver gene status 
(HR, 2.21; 95% CI, 1.10–4.44; P = 0.026) was also associ-
ated with a higher risk of recurrence, as shown in Table 
A.4. For IPFS, the results after PSM were largely similar 
to those before PSM. Male gender (HR, 3.77; 95% CI, 
1.27–11.19; P = 0.017), squamous carcinoma histology 
(HR, 3.18; 95% CI, 1.41–7.19; P = 0.005), and upfront ICI/
CT (HR, 8.46; 95% CI, 4.04–17.72; P < 0.001) were asso-
ciated with a higher risk of intracranial lesion progres-
sion. Additionally, positive driver gene status (HR, 3.78; 
95% CI, 1.37–10.44; P = 0.010) and SRS (HR, 1.83; 95% CI, 
1.01–3.32; P = 0.045) were also associated with a higher 
risk of intracranial recurrence, as detailed in Table A.5. 
As before PSM, we did not obtain variables significantly 
associated with EPFS, as shown in Table A.6.

Discussion
Relative to the ICI + RT group, patients in the CT + RT 
group were treated at an earlier time. The increase in 
lung cancer incidence can be attributed to various factors 
beyond smoking, including environmental pollution, life-
style changes, and increased stress. This also explains why 
there are fewer smokers in the ICI + RT group. Patients in 
the CT + RT group generally had larger BM and received 
WBRT more frequently. With the advent of the immuno-
therapy era, advances in treatment and improved medical 
quality have allowed for earlier detection of BM, espe-
cially asymptomatic ones. This has led to an increased 
use of SRS, which requires greater precision in radiother-
apy. We believe these factors contribute to the baseline 
differences between the two groups. To address this, we 
utilized PSM to minimize baseline imbalances and derive 
more objective conclusions.

Although there is an increasing amount of research 
investigating treatment strategies involving the combi-
nation of ICIs and brain radiotherapy in patients with 

Univariate COX regression analysis Multivariate COX regression analysis
Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Symptoms of BM
 None Reference
 Yes 1.30 0.78–2.16 0.321 NA NA NA
Surgery of lung
 None Reference
 Yes 0.98 0.56–1.71 0.940 NA NA NA
BM, brain metastasis; CT, chemotherapy; ICI, immune checkpoint inhibitor; NSCLC, non-small Cell Lung Cancer; NOS, not otherwise specified; OS, overall survival; 
PSM, propensity score matching; RT, radiotherapy; SRS, stereotactic radiosurgery; WBRT, whole-brain radiation therapy

Table 2 (continued) 
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ALL ICI + RT CT + RT P value
N = 122 N = 61 N = 61

Age (IQR) 61.5(55–67) 62 (55.5–66.5) 61 (53-67.5) 0.783
Gender 1.000
 Female 23 (18.9%) 12 (19.7%) 11 (18.0%)
 Male 99 (81.1%) 49 (80.3%) 50 (82.0%)
PS score 0.807
 1 102 (83.6%) 50 (82.0%) 52 (85.2%)
 2 20 (16.4%) 11 (18.0%) 9 (14.8%)
Smoking history 0.572
 None 44 (36.1%) 24 (39.3%) 20 (32.8%)
 Yes 78 (63.9%) 37 (60.7%) 41 (67.2%)
Primary lesion 0.365
 Left lung 64 (52.5%) 29 (47.5%) 35 (57.4%)
 Right lung 58 (47.5%) 32 (52.5%) 26 (42.6%)
Surgery of lung 0.132
 None 94 (77.0%) 51 (83.6%) 43 (70.5%)
 Yes 28 (23.0%) 10 (16.4%) 18 (29.5%)
T stage 0.918
 1 11 (9.0%) 5 (8.2%) 6 (9.8%)
 2 31 (25.4%) 15 (24.6%) 16 (26.2%)
 3 28 (23.0%) 13 (21.3%) 15 (24.6%)
 4 47 (38.5%) 26 (42.6%) 21 (34.4%)
 Unknown 5 (4.1%) 2 (3.3%) 3 (4.9%)
N stage 0.919
 0 35 (28.7%) 16 (26.2%) 19 (31.1%)
 1 8 (6.6%) 4 (6.6%) 4 (6.6%)
 2 49 (40.2%) 24 (39.3%) 25 (41.0%)
 3 28 (23.0%) 16 (26.2%) 12 (19.7%)
 Unknown 2 (1.6%) 1 (1.6%) 1 (1.6%)
Extracranial metastases 0.362
 None 68 (55.7%) 37 (60.7%) 31 (50.8%)
 Yes 54 (44.3%) 24 (39.3%) 30 (49.2%)
Driver gene 0.627
 None 77 (63.1%) 37 (60.7%) 40 (65.6%)
 Yes 11 (9.0%) 7 (11.5%) 4 (6.6%)
 Unknown 34 (27.9%) 17 (27.9%) 17 (27.9%)
Pathological type 0.784
 Adenocarcinoma 88 (72.1%) 44 (72.1%) 44 (72.1%)
 Squamous carcinoma 20 (16.4%) 11 (18.0%) 9 (14.8%)
 NSCLC(NOS) 14 (11.5%) 6 (9.8%) 8 (13.1%)
Symptoms of BM 1.000
 None 75 (61.5%) 37 (60.7%) 38 (62.3%)
 Yes 47 (38.5%) 24 (39.3%) 23 (37.7%)
Type of brain radiotherapy 0.068
 WBRT 69 (56.6%) 29 (47.5%) 40 (65.6%)
 SRS 53 (43.4%) 32 (52.5%) 21 (34.4%)
Sequence of treatment 0.557
 Upfront RT 109(89.3%) 56(91.8%) 53(86.9%)
 Upfront ICI/CT 13(10.7%) 5(8.2%) 8(13.1%)
Number of BM 0.928
 1 51 (41.8%) 26 (42.6%) 25 (41.0%)
 2 19 (15.6%) 10 (16.4%) 9 (14.8%)
 >=3 52 (42.6%) 25 (41.0%) 27 (44.3%)

Table 3 The characteristics of all patients after PSM
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BM, most of these studies suffer from limited sample 
sizes. Furthermore, these studies often analyze cohorts 
that encompass a variety of cancer types prone to BM, 
such as melanoma and renal cancer. Our study, in con-
trast, incorporates a larger sample, focusing exclusively 
on patients with NSCLC who developed BM. Our study 
provides compelling evidence that the effectiveness of 
ICIs combined with brain radiotherapy is superior to 
that of traditional chemotherapy combined with brain 
radiotherapy. Among the 161 patients we examined, 
those in the ICI + RT group exhibited significantly longer 
median OS than those in the CT + RT group, with respec-
tive median OS of 34.80 months (95% CI, 14.94–54.66) 
and 17.17 months (95% CI, 14.57–19.76) (P = 0.005). 
This finding was further corroborated by univariate and 
multivariate COX regression analysis associated with 
OS, which consistently demonstrated a poorer progno-
sis for the CT + RT group (HR, 1.82; 95% CI, 1.09–3.05; 
P = 0.023). Even after conducting a 1:1 PSM, our study 
still arrived at the same conclusion. The ICI + RT group 
maintained a significantly longer median OS compared 
to the CT + RT group, with respective median OS of 
43.73 months (95% CI, 14.34–73.13) and 17.17 months 
(95% CI, 14.57–19.76) (P = 0.018). Likewise, the uni-
variate and multivariate COX regression analysis results 
associated with OS continued to emphasize the CT + RT 
group’s inferior prognosis (HR, 2.11; 95% CI, 1.15–3.88; 
P = 0.016). It becomes evident that patients with NSCLC 
and BM who undergo ICIs combined with brain radio-
therapy consistently achieve the most favorable survival 
outcomes. For instance, Julia Onken and her colleagues 
conducted a study involving 171 patients with NSCLC 
and BM who underwent adjuvant treatment following 
the resection of BM. Their findings demonstrated a sig-
nificantly superior OS in the ICIs combined with brain 
radiotherapy group compared to the chemotherapy 
combined with brain radiotherapy group, with median 
OS of 23.0 months (95% CI, 20.3–53.8) and 10.4 months 
(95% CI, 7.4–14.7; P < 0.001), respectively [27]. Some 
studies have also found that ICIs combined with brain 
radiotherapy is superior to radiotherapy alone, but they 
did not involve comparisons with the combination of 

chemotherapy and brain radiotherapy, and the sample 
sizes were relatively small [28–30]. And there were some 
small-sample studies that did not yield consistent conclu-
sions. For example, Veronica L. Chiang’s study suggested 
that the median OS for the ICIs group (N = 39) and che-
motherapy group (N = 46) were 10 months (95% CI 8.3–
13.2 months) and 11.6 months (95% CI 7.7–15.6 months), 
respectively (P = 0.23) [31]. In summary, the combination 
of radiotherapy and ICIs has demonstrated notable effi-
cacy, affording patients extended OS compared to other 
treatment modalities.

Although the ICI + RT group exhibits a significant 
advantage in OS, it is important to note the benefits in 
terms of local lesion control. In our study, PFS, IPFS, and 
EPFS showed no significant differences between the two 
treatment modalities before and after PSM. This issue 
has also been a topic of debate in the existing research lit-
erature. Some studies have suggested that ICIs combined 
with brain radiotherapy can result in improved rates of 
local control [29, 30, 32, 33]. For instance, the research 
conducted by Andrew M. Baschnagel found that patients 
receiving ICIs combined with SRS achieved a higher 
2-year local disease control rate compared to those 
receiving SRS alone (97% vs. 86%, P = 0.046). Additionally, 
this combination therapy was associated with a lower 
2-year rate of distant brain lesion failure (39% vs. 66%, 
P = 0.016) [30]. However, some studies, like ours, have 
not found compelling evidence to support the notion that 
combination therapy yields a superior local control rate. 
For instance, Jason P. Sheehan’s study did not observe sig-
nificant advantages of ICIs combined with radiotherapy 
over radiotherapy alone in terms of IPFS (HR, 2.18; 95% 
CI, 0.72–6.62; P = 0.11) and the 1-year local tumor con-
trol rate (84.9% vs. 76.3%, P = 0.94) [34].

In theory, the combination of ICIs and brain radio-
therapy could produce a synergistic effect, leading to an 
improved local control rate. However, existing studies 
have not agreed on the impact of ICIs in conjunction with 
brain radiotherapy on local disease control in NSCLC 
with BM patients. In our study, the absence of signifi-
cant differences in PFS, IPFS, and EPFS between the two 
treatment groups may be attributed to several factors. It 

ALL ICI + RT CT + RT P value
N = 122 N = 61 N = 61

Size of BM 0.073
 < 10 20 (16.4%) 11 (18.0%) 9 (14.8%)
 >=10, < 20 45 (36.9%) 25 (41.0%) 20 (32.8%)
 >=20, < 30 21 (17.2%) 13 (21.3%) 8 (13.1%)
 >=30 23 (18.9%) 10 (16.4%) 13 (21.3%)
 Unknown 13 (10.7%) 2 (3.3%) 11 (18.0%)
BM, brain metastasis; CT, chemotherapy; ICI, immune checkpoint inhibitor; NSCLC, non-small Cell Lung Cancer; NOS, not otherwise specified; PSM, propensity score 
matching; RT, radiotherapy; SRS, stereotactic radiosurgery; WBRT, whole-brain radiation therapy

Table 3 (continued) 
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Univariate COX regression analysis Multivariate COX regression analysis
Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Age 0.99 0.96–1.03 0.756 NA NA NA
Gender
 Female Reference
 Male 1.71 0.77–3.80 0.190 NA NA NA
PS score
 1 Reference
 2 0.90 0.43–1.89 0.777 NA NA NA
Driver gene
 None Reference
 Yes 0.78 0.28–2.20 0.638 NA NA NA
 Unknown 1.28 0.72–2.27 0.393 NA NA NA
Pathological type
 Adenocarcinoma Reference
 Squamous carcinoma 2.25 1.10–4.60 0.026 2.46 1.15–5.26 0.021
 NSCLC (NOS) 0.26 0.04–1.94 0.191 0.34 0.05–2.52 0.291
Primary lesion
 Left lung Reference
 Right lung 0.90 0.51–1.57 0.703 NA NA NA
T stage
 T1 Reference
 T2 0.65 0.20–2.09 0.468 NA NA NA
 T3 1.06 0.34–3.29 0.915 NA NA NA
 T4 1.33 0.46–3.89 0.599 NA NA NA
N stage
 N0 Reference
 N1 0.00 0-Inf 0.997 NA NA NA
 N2 0.99 0.51–1.93 0.974 NA NA NA
 N3 0.74 0.33–1.69 0.479 NA NA NA
Extracranial metastases
 None Reference
 Yes 0.98 0.56–1.71 0.937 NA NA NA
Number of BM
 >=3 Reference
 1 1.31 0.73–2.36 0.371 NA NA NA
 2 0.61 0.23–1.62 0.323 NA NA NA
Size of BM
 < 10 Reference
 >=10, < 20 0.90 0.36–2.24 0.813 NA NA NA
 >=20,<30 1.28 0.46–3.55 0.633 NA NA NA
 >=30 0.86 0.31–2.34 0.765 NA NA NA
Smoking history
 None Reference
 Yes 2.31 1.21–4.43 0.012 1.91 0.98–3.75 0.059
Treatment modality
 ICI + RT Reference
 CT + RT 1.98 1.11–3.53 0.020 2.11 1.15–3.88 0.016
Type of brain radiotherapy
 WBRT Reference
 SRS 1.86 1.06–3.29 0.031 1.64 0.91–2.98 0.102
Sequence of treatment
 Upfront brain RT Reference
 Upfront ICI/CT 1.31 0.55–3.15 0.540 NA NA NA

Table 4 Univariate and multivariate COX regressions for the factors associated with OS after PSM
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is possible that patients with positive driver gene muta-
tions had more active brain metastases, while the higher 
proportion of patients with driver gene mutations in the 
ICI + RT group offset the effect of the combination of ICIs 
and brain radiotherapy, resulting in shorter PFS, IPFS 
and EPFS [35]. In the Cox regression analysis after PSM, 
driver gene positivity (HR, 3.78; 95% CI, 1.37–10.44; 
P = 0.010) was associated with a higher risk of intracranial 
lesion progression. Additionally, the choice of the type of 
brain radiotherapy could have affected the result. In the 
ICI + RT group, 54 patients (54.0%) received SRS, while in 
the CT + RT group, 21 cases (34.4%) received SRS. And 
in the Cox regression analysis after PSM, SRS (HR, 1.83; 
95% CI, 1.01–3.32; P = 0.045) was also associated with an 
increased risk of intracranial disease progression. In our 
study, systemic therapy and brain radiotherapy were not 
consistently administered concurrently to all patients; 
rather, they were at times delivered successively or inter-
mittently, thereby exerting a discernible influence on PFS. 
Whether the combination of ICIs and brain radiotherapy 
can indeed enhance local control in BM may necessitate 
further research to provide conclusive evidence. It’s grati-
fying to note that despite not improving local lesion con-
trol, the inclusion of ICIs significantly enhanced patients’ 
OS.

In our univariate and multivariate Cox regression 
analyses, we identified several factors that influence 
OS, including the treatment modality, smoking history, 
and the pathological type. Importantly, our conclu-
sions remained consistent both before and after PSM. 
Notably, patients with lung squamous cell carcinoma 
demonstrated a poorer prognosis, a finding that is con-
sistent with the results from Silvia Scoccianti’s study 
[32]. Additionally, other researchers have also identified 
factors such as a Karnofsky Performance Status (KPS) 
score below 70, the use of hypofractionated stereotactic 
radiotherapy (HFSRT), and a modified Graded Prognos-
tic Assessment (m-GPA) score of ≥ 1.5 as being associ-
ated with a worse prognosis [28, 31, 36, 37]. Furthermore, 
we conducted analyses related to PFS, IPFS, and EPFS. 
We found that squamous carcinoma, positive driver 
gene status, and delayed radiotherapy were associated 

with a higher risk of intracranial progression. This result 
remained consistent before and after PSM, also leading 
to an increased risk of disease progression. Some stud-
ies suggest that patients with EGFR mutations are more 
prone to intracranial metastasis, possibly resulting in a 
higher risk of intracranial progression for these patients 
[38–40]. Patients received upfront ICI/CT are more likely 
to experience intracranial progression due to less effec-
tive local control compared to upfront brain RT. Addi-
tionally, after PSM, we also found that male patients and 
those treated with SRS were associated with a higher 
risk of intracranial progression. We consider that SRS 
controls only the irradiated area, leaving non-irradiated 
intracranial regions susceptible to recurrence and metas-
tasis. However, it is important to note that our study is 
a retrospective analysis, which inherently includes selec-
tion bias, and thus the conclusions drawn should be 
interpreted with caution. We hope that these findings 
will serve as valuable references for future research.

Due to the incomplete record of central nervous system 
radionecrosis and systemic toxicity reactions in our data-
base, we regretfully did not provide a detailed analysis of 
these aspects in the results section. Martin performed 
a study that included patients with NSCLC, melanoma, 
and renal cell carcinoma, they conducted a dedicated 
analysis of the toxicity associated with combination ther-
apy. They found that among 115 patients who received 
ICIs, 23 cases (20%) experienced symptomatic radio-
necrosis, while among 365 patients who did not receive 
ICIs, 25 cases (6.8%) had symptomatic radionecrosis [41]. 
However, the aforementioned studies, along with several 
others investigating the combination of ICIs and brain 
radiotherapy, did not observe a significant increase in 
adverse reactions associated with this treatment modal-
ity [28, 37, 42–44]. It’s important to note that these stud-
ies are retrospective, introducing potential selection bias, 
and the reliability of toxicity outcomes remains subject 
to debate. Prospective studies are needed to investigate 
the toxicity profiles and feasibility of combination ther-
apy in a scientific manner. Additionally, the data regard-
ing patients’ PD-L1 expression status was missing in our 
clinical database, preventing us from further identifying 

Univariate COX regression analysis Multivariate COX regression analysis
Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Symptoms of BM
 None Reference
 Yes 1.03 0.58–1.85 0.915 NA NA NA
Surgery of lung
 None Reference
 Yes 1.26 0.68–2.35 0.465 NA NA NA
BM, brain metastasis; CT, chemotherapy; ICI, immune checkpoint inhibitor; NSCLC, non-small Cell Lung Cancer; NOS, not otherwise specified; OS, overall survival; 
PSM, propensity score matching; RT, radiotherapy; SRS, stereotactic radiosurgery; WBRT, whole-brain radiation therapy

Table 4 (continued) 



Page 13 of 15Wang et al. BMC Cancer         (2024) 24:1343 

whether the beneficial population is associated with 
PD-L1 expression.

Currently, ICIs in combination with radiotherapy 
has achieved promising results, notably with the recent 
groundbreaking findings from Professor Joy Yang’s Ste-
reotactic ablative radiotherapy with ICIs (I-SABR) study 
in lung cancer [45]. These developments have fueled our 
optimism for broader applications of combination ther-
apies. Based on the various studies published to date, 
combination therapy appears to offer superior treatment 
outcomes for NSCLC patients with BM and is gener-
ally well-tolerated. However, several questions remain 
to be explored. These include the optimal sequence and 
interval between radiotherapy and ICIs interventions, 
the potential impact of different radiotherapy modali-
ties on combination therapy outcomes, and whether 
combination therapy significantly increases toxicity. It is 
likely that combination therapy will become the main-
stream approach for the treatment of NSCLC patients 
with BM, particularly in those without driver gene muta-
tions or who have developed resistance to targeted ther-
apies. However, further collaborative research efforts 
are needed to enhance the effectiveness of combination 
therapy, maximize patient benefits, and identify which 
patient subgroups stand to gain the most.
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