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Introduction

Brain metastasis (BM) is the most common type of 
intracranial tumor and mainly originates from melanoma 
and lung cancer. As patients with BM have a short 

survival time, improving the treatment effect for BMs has 

gradually become a major focus of research. At present, 

immunotherapy shows good therapeutic prospects for 

malignant tumors. However, its role in BMs has been 

Original Article

Intracranial radiotherapy with or without immune checkpoint 
inhibition for brain metastases: a systematic review and  
meta-analysis

Qian He, Chi Zhang, Sheng Tang, Jiayi Li, Qinglan Ren

Department of Oncology, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (III) Provision of study materials or patients: Q He, C 

Zhang; (IV) Collection and assembly of data: Q He, S Tang, J Li; (V) Data analysis and interpretation: Q He, Q Ren; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Qinglan Ren. No. 1 Youyi Road, Yuanjiagang, Yuzhong District, Chongqing 400016, China. Email: renqlwu@163.com.

Background: With the development of immunotherapy in recent years, the prognosis of patients is 
expected to improve due to immune checkpoint inhibition (ICI) combined with radiotherapy (RT). However, 
studies on combination therapy (ICI + intracranial RT) have reported inconsistent results, and it is unclear 
whether the combination has increased toxicity. By analyzing the latest relevant literature, we performed a 
meta-analysis to further clarify the effectiveness and safety of intracranial RT combined with ICI in patients 
with brain metastases (BMs).
Methods: We searched PubMed, Embase and the Cochrane Library for published studies that compared 
the efficacy and safety of intracranial RT combined with ICI versus intracranial RT alone in the treatment of 
BMs. Overall survival (OS), local brain failure (LBF), distant brain failure (DBF), and radiation necrosis (RN) 
were pooled with the use of the hazard ratio (HR) or odds ratio (OR).
Results: A total of 26 retrospective observation cohort studies were included, and over 1,500 patients who 
received ICI and intracranial RT were evaluated. Compared with intracranial RT alone, RT combined with 
ICI significantly improved OS in patients with BMs [HR =0.55, 95% confidence interval (CI): 0.48–0.64, 
P<0.001 when OS was defined from the date of diagnosis of BMs; HR =0.45, 95% CI: 0.39–0.52, P<0.001 
when OS was defined from the date of RT], though the risk of RN was similar to that of RT alone (HR 
=1.27, 95% CI: 0.58–2.79, P=0.55). However, significant improvement in LBF and DBF was not obtained 
with RT combined with ICI (1-year LBF: OR =1.71, 95% CI: 0.38–7.67, P=0.48; LBF: HR =0.49, 95% CI: 
0.28–0.87, P=0.01; 1-year DBF: OR =1.05, 95% CI: 0.47–2.33, P=0.90).
Conclusions: ICI combined with intracranial RT confers a significant OS benefit for patients with BMs 
without significantly increasing treatment-related toxicity, but further research regarding the specific details 
of combined treatment application is needed to improve the survival and quality of life of patients with BMs.

Keywords: Immune checkpoint inhibition (ICI); intracranial radiotherapy; radiation therapy; stereotactic 

radiosurgery (SRS); brain metastases (BMs)

Submitted Feb 07, 2020. Accepted for publication Sep 02, 2020.

doi: 10.21037/tcr-20-902

View this article at: http://dx.doi.org/10.21037/tcr-20-902

5924

mailto:renqlwu@163.com
https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-20-902


5910 He et al. RT plus immunotherapy for BMs

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(10):5909-5924 | http://dx.doi.org/10.21037/tcr-20-902

overlooked, as it is generally believed that antitumor drugs 
exert minimal efficacy through the blood-brain barrier 
(BBB). Nonetheless, recent data have shown that the BBB 
can be destroyed by BMs, tumor-infiltrating lymphocytes 
(TILs) are significant in BMs, and the brain is no longer 
a strict “immune privilege” environment (1). Indeed, a 
certain level of BBB permeability of immune checkpoint 
inhibition (ICI) has been reported in BM (2). Clinical trials 
(CheckMate 017 and CheckMate 057) have also indicated 
that some patients with BMs experience improved overall 
survival (OS) after using nivolumab (3). Furthermore, 
an increasing number of studies have reported a certain 
response rate for intracranial tumors with various immune 
checkpoint inhibitors, possibly enhancing the survival time 
of patients (1,4-6).

Studies have revealed that radiotherapy (RT), as a 
mainstay in the treatment of BMs, is able to promote 
antitumor immune effects by inducing immunogenic 
ce l l  death ,  expos ing  tumor-assoc ia ted  ant igens , 
activating dendritic cells, reprogramming the tumor 
microenvironment ,  and enhancing express ion of 
intercellular adhesion molecule-1 (ICAM-1), Fas and 
major histocompatibility complex I (MHCI) (7,8). 
Additionally, based on preclinical models, high-dose 
fractionated RT is immunogenic, potentially opening 
the BBB to facilitate the entry of immune checkpoint 
inhibitors and TILs into BMs (9). Moreover, some studies 
have found that RT can upregulate expression of PD-L1 
and suppress antitumor immune effects (10). Interestingly, 
both the immune-enhancing effects and upregulation of 
PD-L1 expression after intracranial RT can theoretically 
increase the efficacy of immunotherapy. Therefore, RT 
combined with ICI may offer favorable benefits to patients 
with BMs.

Accordingly, the synergistic antitumor effect of RT 
and ICI in BMs is gradually being investigated. To date, 
quite a few studies have demonstrated that combination 
treatment is effective (11), though some have shown that 
combination therapy only improves the tumor regression 
rate and has no obvious effect on OS (12). Indeed, a small 
number of studies report that combined treatment has no 
significant advantage on either OS or the local control of 
intracranial BMs (13-16). In this systematic review and 
meta-analysis (SRMA), we aimed to further evaluate the 
efficacy and safety of ICI and intracranial RT combination 
therapy. We present the following article in accordance 
with the PRISMA reporting checklist (available at http://
dx.doi.org/10.21037/tcr-20-902).

Methods

Search strategy and selection criteria

We conducted a literature search in PubMed, Embase 
and the Cochrane Library from inception to November 
2019.  We used “immune checkpoint  inhibit ion”, 
“immunotherapy”, “intracranial radiotherapy”, “radiation”, 
“stereotactic radiosurgery”, and “brain metastases” as key 
words for our search.

The inclusion criteria of our search were designed 
around the “PICOS” principle, as follows: Population, 
patients with BMs; Intervention, ICI with intracranial RT; 
Comparison, intracranial RT alone; Outcome, the hazard 
ratio (HR) of OS, local brain failure (LBF) or radiation 
necrosis (RN); and Study, randomized trial or cohort 
study. All articles were independently reviewed by two 
investigators.

Exclusion criteria for the included articles were 
as follows: (I) repeated publication of data; (II) not a 
comparative study; (III) not published in English or 
Chinese; (IV) not treating BMs or including extracranial 
radiation; (V) not ICI combined with RT vs. RT alone; and 
(VI) not reported HRs for OS, LBF or RN.

Data extraction and quality assessment

Two investigators independently extracted the following 
data from each study: the publication year, number of 
institutions, type of study design, study period, number 
and median age of enrolled patients, median follow-up 
time, primary carcinoma of BM, radiation type, regimens 
of ICI, and outcomes of the various groups. Outcomes 
were extracted as follows: HRs for OS, LBF or RN 
and the incidence of 1-year LBF or 1-year DBF. When 
disagreements occurred, discussions were made with a third 
author to reach a consensus.

The quality of the studies (e.g., selection, comparability, 
and outcome) included was assessed using the Newcastle-
Ottawa Scale (NOS) by two independent investigators. The 
total score was 9, with 1–5 being of low quality and 6–9 of 
high quality. Disagreements were discussed with a third 
author to reach a consensus.

Data analyses and statistical methods

Meta-analyses were conducted with RevMan 5.3 software 
(The Nordic Cochrane Center, Cochrane Collaboration). 
HRs were used to evaluate OS (primary endpoint), LBF 
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and RN. Subgroup analyses were applied to assess the 
results for patients with different RT forms and primary 
tumor types. The incidence of 1-year LBF and 1-year 
DBF was evaluated through the odds ratio (OR). All data 
were extracted from the studies, and the 95% CI was 
collected. When I2<33, the fixed-effects (FE) model was 
employed to pool the outcomes of the studies included in 
the meta-analysis; when I2≥33, the random-effects (RE) 
model was applied. The outcomes are shown as forest 
plots, which also represent the heterogeneity statistics. 
Heterogeneity was estimated through the chi-squared test 
and I2 statistics, whereby the larger I2 was, the greater was 
the heterogeneity; I2=0% was considered no heterogeneity, 
and I 2>50% was  cons idered  h igh heterogenei ty. 
Significance was set at P<0.05. A funnel plot was used to 
assess publication biases for primary outcomes. Each study 
was removed sequentially for sensitivity analysis. If bias 
was suspected, the pooled effect size was recalculated with 
the trim-and-fill method.

Results

Included studies and study quality

A total of 1,785 relevant studies were retrieved from 
databases, and 1,295 articles remained after eliminating 
duplicate studies using literature management software. 
We removed 1,012 papers by abstract screening and then 
assessed the full texts of the remaining papers using the 
selection criteria. Ultimately, 26 retrospective observational 
cohort studies were included (Figure 1), and over 1,500 
patients who received combination treatment of ICI and 
intracranial RT were assessed. Table 1 summarizes the main 
baseline characteristics and survival outcomes. The cohort 
studies that we included were generally of high quality, with 
NOS scores greater than 6 (Table S1).

OS

The HR of OS was calculated in 22 studies, and OS 

Records identified through database searching
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Records after duplicates removed

(N=1,295)
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Full-text articles excluded with reasons:

	Not comparative study (N=49)

	Not published in English or Chinese (N=5)

	Not treating BM/including extracranial 

metastasis (N=24)

	Not radiotherapy + ICI (N=51)

	Not radiotherapy vs. radiotherapy + ICI 

(N=64)

	No OS/LBF/DBF/RN hazard ratio (N=64)

Figure 1 The flow diagram described our process of selection studies. We finally included 26 retrospective cohort studies involving 
approximately 1,500 patients who received a combination of ICI and intracranial RT. BM, brain metastases; DBF, distant brain failure; ICI, 
immune checkpoint inhibition; LBF, local brain failure; N, number; RN, radiation necrosis.
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was defined from the date of diagnosis of BMs (n=5) 
(17-21) or the date of intracranial RT (n=15 studies)  
(12,18,22-34).  As statistical  heterogeneity among 
the study outcomes was not high (I2=0%; I2=29%, 
respectively), the FE model was applied. The pooled 
HR demonstrated that the use of ICI significantly 
lowered the risk of death, regardless of whether OS 
was defined from the date of diagnosis of BMs or the 
date of RT (HR =0.55, 95% CI: 0.48–0.64, P<0.001; 
HR =0.45, 95% CI: 0.39–0.52, P<0.001, respectively)  
(Figure 2). OS was not clearly defined in three studies 
[Goel 2017 (35), HR =0.40, 95% CI: 0.17–0.94; Henson 
2016 (36), HR =0.51, 95% CI: 0.32–0.82; Patel 2017 (37), 
HR =1.07, 95% CI: 0.56–2.06]; therefore, these studies 
were not included in the pooled HR. Through subgroup 
analysis (Figures 2,3), we also found that ICI significantly 
reduced the risk of death when combined with stereotactic 
radiosurgery (SRS), and the pooled HR of OS in the SRS 
subgroup was 0.46 (95% CI: 0.39–0.53, P<0.001, I2=31%) 
and 0.59 (95% CI: 0.44–0.80, P<0.001, I2=41%, RE model, 
Figure 3) when OS was defined from the date of RT (n=14 
studies) and the diagnosis of BMs (n=4 studies), respectively. 
When ICI was combined with whole-brain radiotherapy 
(WBRT), there was no obvious difference in survival when 
OS was defined from the date of RT (n=1 study, HR =0.56, 
95% CI: 0.25–1.23, P=0.15). When OS was defined from 
the date of diagnosis of BMs, combination therapy appeared 
to have a survival advantage in the WBRT subgroup (n=2 
studies, HR =0.53, 95% CI: 0.44–0.63, P<0.001, I2=0%). 
Additionally, compared to RT alone, the OS benefit (defined 
from the date of RT) of combination therapy was significant 
in both the melanoma subgroup (n=13 studies) and in the 
other cancer subgroup (lung cancer and/or melanoma and/
or renal cell carcinoma, n=2 studies), with pooled HRs of 
0.40 and 0.64, respectively (95% CI: 0.34–0.47, P<0.001, 
I2=8%; 95% CI: 0.48–0.86, P=0.003, I2=0%, respectively).

LBF

LBF was defined as the date of first tumor progression in 
the radiation field, and LBF was evaluated in 7 studies. 
Three of the studies calculated the incidence of 1-year LBF 
for 420 patients (26,28,30), and heterogeneity between 
the results was high (I2=84%). RE model analysis revealed 
no significant difference in 1-year LBF between the two 
groups (OR =1.71, 95% CI: 0.38–7.67, P=0.48) (Figure 4). 
Interestingly, four other studies with some heterogeneity 
(I2=51%) calculated the HR of LBF (17,22,38,39) and found 

that combination therapy may be a favorable predictor of 
LBF risk reduction (HR =0.49, 95% CI: 0.28–0.87, P=0.01, 
RE model) (Figure 5).

Distant brain failure (DBF)

DBF was defined as the emergence of a new BM or tumor 
progression outside the prior radiation treatment field in 
the brain. Seven articles (n=671 patients) assessed DBF 
(12,18,23,26,28,30,37). An RE model was used for the 
meta-analysis due to high heterogeneity (I2=73%), and the 
outcomes suggested no significant advantage in 1-year DBF 
between patients who received combination therapy and 
those who received RT alone (OR =1.05, 95% CI: 0.47–
2.33, P=0.90) (Figure 6).

Toxicity

RN was defined based on pathological and/or radiographic 
evidence, and enhanced circular lesions usually indicate 
RN. Short-term follow-up using an institutional algorithm, 
positron emission tomography (PET), cerebral blood 
volume MRI, or surgical assessment (biopsy or resection) 
is essential for distinguishing tumor recurrence or 
progression from RN. Five studies analyzed RN, three of 
which included the HR (17,40,41). The RE model was used 
because of high heterogeneity (I2=49%), and the pooled 
HR of RN showed no significant difference in RN between 
the two groups (HR =1.27, 95% CI: 0.58–2.79, P=0.55), 
revealing that combination therapy did not increase the risk 
of RN (Figure 7).

Publication bias and sensitivity analysis

A funnel plot was constructed for OS (defined from the 
date of RT). The funnel plots were basically symmetrical, 
suggesting no significant publication bias (Figure 8). 
Sensitivity analysis was performed by removing each study 
sequentially, with consistent outcomes.

Discussion

Although some studies have shown that ICI combined with 
RT can bring clinical benefits to patients with BMs and 
that the toxicity is acceptable, no large-scale randomized 
controlled trial (RCT) has yet to confirm this finding. 
Therefore, the clinical effect and toxicity of combined 
therapy need to be further examined to improve the level 
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Figure 3 Forest plot for OS. SRS combined with ICI also showed OS advantages compared with SRS alone, when OS is defined as starting 
from the diagnosis of BMs. ICI, immune checkpoint inhibition; SRS, stereotactic radiosurgery; BMs, brain metastases.

Figure 4 Forest plot for 1-year LBF. There was no significant difference in 1-year LBF between the ICI combined with RT group and RT 
alone group. ICI, immune checkpoint inhibition; RT, radiotherapy; LBF, local brain failure.

Figure 5 Forest plot for the pooled HR of LBF. The combination of ICI and RT may be a favorable predictor of LBF risk reduction. HR, 
hazard ratio; LBF, local brain failure; ICI, immune checkpoint inhibition; RT, radiotherapy.
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of evidence and guide clinical practice. A previous meta-
analysis that included studies before April 2018 evaluated 
the efficacy and safety of combination therapy for  

BMs (42), in which the primary endpoints were the median 
OS and 1- and 2-year OS rates. Because ICI combined 
with RT for BMs has become a focus and outcomes of 
related studies have been released successively, we designed 
and implemented this meta-analysis to include the latest 
research outcomes. The primary endpoint of this meta-
analysis was the pooled HR for OS, which is highly capable 
of assessing survival benefits; the toxicity of combined 
therapy was assessed at the same time. This meta-analysis 
provides the latest data on the safety of treatment and its 
impact on patients’ quality of life.

This meta-analysis indicated that in terms of OS 
benefits, combination therapy conferred a significant OS 
benefit compared with RT alone, regardless of whether OS 
was defined from the date of BM diagnosis or the date of 
RT (HR =0.55, P<0.001; HR =0.45, P<0.001, respectively), 
especially when combined with SRS (HR =0.46, P<0.001). 
No statistically significant difference in the OR of 1-year 
LBF (OR =1.71, P=0.48) or 1-year DBF (OR =1.05, 

Figure 6 Forest plot for 1-year DBF. There was no significant advantage in 1-year DBF between patients who received combination therapy 
and those who received RT alone. DBF, distant brain failure; RT, radiotherapy.

Figure 7 Forest plot for the pooled HR of RN. ICI combined with RT did not increase the risk of RN. HR, hazard ratio; ICI, immune 
checkpoint inhibition; RT, radiotherapy; RN, radiation necrosis.

Hazard ratio

SE [log (hazard ratio)]

OS defined from RT
Subgroups

0.02              0.1                           1                           10                  50

0.0

0.2

0.4

0.6

0.8

1.0

Figure 8 Funnel plot for OS defined from the date of RT. There 
was no significant publication bias. OS, overall survival; RT, 
radiotherapy.
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P=0.90) was found between the two groups, which suggests 
no corresponding significant trends in LBF or DBF. 
However, when the pooled HR was calculated to assess 
LBF, the combination therapy appeared to achieve better 
local control (HR =0.49, P=0.01). Although no significant 
improvement in intracranial control was found, there was 
still a survival advantage in the ICI group, indicating that 
these survival benefits may result from improvements in 
systemic disease control. This was consistent with the 
finding that the main limiting survival factor for patients 
with BMs is systemic disease rather than intracranial disease 
(26,43). Overall, there is no consensus to date on whether 
combination therapy will have better intracranial control. 
Some studies have reported no significant differences in 
LBF or DBF (37,44,45), whereas others have revealed 
that the appropriate timing of combination therapy might 
improve LBF or DBF (24,38,46). Nevertheless, most of 
these studies were retrospective and showed interstudy 
heterogeneity. Thus, further prospective studies are needed 
to further investigate intracranial control. Moreover, this 
meta-analysis detected no significant difference in RN 
risk between the two groups, indicating that combination 
therapy is generally safe and acceptable, consistent with 
previous studies (47).

When we analyzed the research, we found that the level of 
PD-L1 expression in tumors, which is closely related to the 
efficacy of immunotherapy, appeared to have no significant 
correlation with the efficacy of combination therapy. This 
may be partly due to the apparent heterogeneity of PD-L1 
in tumor tissues and the influence of specific antibodies used 
in immunohistochemistry (12). Notably, PD-L1 expression 
levels may change significantly during treatment. For 
example, animal trials have shown that PD-L1 expression 
increases after RT (48). Furthermore, clinical trials (e.g., 
the PEMBRO-RT study) comparing the efficacy of 
pembrolizumab with the combination of pembrolizumab 
and stereotactic body radiotherapy (SBRT) found that in the 
combination treatment group, PD-L1-negative advanced 
lung cancer patients had greater benefits than did PD-L1-
positive patients (49). Therefore, it is highly possible that 
more patients may benefit from the combination of ICI  
and RT.

According to this meta-analysis, combination therapy 
was used mainly in patients with melanoma and non-small 
cell lung cancer (NSCLC), the treatment of which was 
associated with the mutation status of key driver genes. 
There is also evidence that BRAF mutation (BRAFmut) is 
a positive prognostic factor for melanoma (i.e., prolonged 

OS) when patients receive ICI and intracranial RT (33). 
Gaudy-Marqueste et al. studied the effect of ICI and/or 
targeted therapy (TT) on the survival of 179 patients with 
melanoma BMs who received intracranial SRS and found 
that BRAF wild-type (BRAFwt) patients who received anti-
PD-1 or BRAFmut patients who received anti-PD-1 and 
BRAF inhibition (BRAFi) therapy had the best OS (12.26 
and 14.82 months, respectively) (27). Furthermore, the 
multivariate analysis of Kotecha et al. (17) showed BRAFi 
and anti-PD-1/CTLA-4 therapies to be significantly 
associated with OS and BRAFmut status to be a predictor 
of a low risk of RN (HR =0.27, 95% CI: 0.07–0.84). 
Notably, outcomes in their study may have been affected 
by imbalanced baseline data. Additionally, Cinausero  
et al. found that in nonsquamous NSCLC, patients with 
KRAS mutation (KRASmut) had a better response to PD-1 
inhibition than did patients with KRAS wild-type (KRASwt), 
with prolonged progression-free survival (PFS) and OS. 
These authors considered KRAS mutations and deletions in 
ERBB family genes (including EGFR, ERBB2 and ERBB4) 
to be favorable predictors for PD-1 inhibition (50). These 
outcomes suggest that the detection of tumor-specific driver 
genes in different tumors during the combination of ICI 
and RT may help predict the efficacy of such combined 
therapy. We will further focus on related research in this 
area.

Although combination therapy may improve the OS 
of patients, different disease-specific grading prognostic 
factors (DS-GPAs) may lead to different efficacies of 
combination therapy. The latest versions of melanoma 
DS-GPA (melanoma-molGPA) (51) and lung cancer DS-
GPA (lung-molGPA) (52) share four important survival 
prognostic factors: age, Karnofsky performance status 
(KPS) score, extracranial metastases and number of BMs. 
Additionally, melanoma-molGPA includes BRAF status, 
and lung-molGPA includes EGFR and ALK statuses. 
Multivariate analysis has shown that higher DS-GPA scores, 
such as young age, no extracranial metastases, high KPS 
scores and few BMs, are significantly related to improved 
OS (17,27). Moreover, retrospective studies have found 
that patients with a KPS <90 (9) or <80 (Singh et al. 2019) 
or patients with lung-mol GPA score <1.5 (13) often have  
poor OS.

By analyzing the extracted literature in detail, we found 
that when ICI was combined with RT, the specific strategy 
of RT used (such as selection of the RT form, irradiation 
field, and timing and sequence of the combination therapy) 
also affected efficacy. Regarding the RT form, there 
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were limited data available for WBRT, and no consensus 
concerning whether WBRT combined with ICI could 
achieve similar survival benefits was reached (20,21,33,34). 
Regardless, this meta-analysis did reveal that SRS combined 
with ICI conferred a marked survival advantage for patients 
(HR =0.46, P<0.001; HR =0.59, P<0.001, when OS was 
defined from the date of RT or the date of diagnosis of 
BMs, respectively). The synergistic effect between RT 
and immunotherapy depends on the activation of immune 
cells (such as T lymphocytes), which are easily killed by 
RT. Moreover, RT kills not only TILs but also peripheral 
blood lymphocytes passing through the irradiation field 
and may induce lymphopenia. Of note, there are emerging 
data revealing that severe lymphopenia is associated 
with a poor prognosis in patients with different tumors  
(53-55). Therefore, the size of the radiation field should 
be reasonably limited when investigating combination 
therapy (7). We also need to pay attention to the timing 
of combination therapy. For instance, a preclinical study 
by Dovedi et al. using mouse models (56) indicated that 
the PD-L1 expression level gradually increased after RT, 
reached a peak after 72 hours, and gradually decreased after 
7 days. Their study also showed that compared with the 
RT-only group, ICI on the 1st or 5th day of the RT cycle 
improved OS but that no advantage was obtained with 
sequential treatment with ICI 7 days after RT completion. 
Subsequent analysis of the PACIFIC study also revealed 
that patients who received ICI within 14 days after the last 
RT before randomization benefited more than those who 
received ICI later (48). Additionally, many retrospective 
analyses suggest that concurrent combination therapy can 
better improve the prognosis of patients with BMs than can 
nonconcurrent therapy (57,58). Regarding the combination 
sequence, some scholars retrospectively analyzed 139 
melanoma patients with BMs who received ICI within  
6 weeks of RT and found no significant difference in the 
median survival time, regardless of whether ICI was used 
before, during or after RT (P=0.72) (33). However, more 
data are needed to clarify the timing and sequence of 
combination therapy. Nonetheless, studies on the toxicity 
and side effects of immunotherapy combined with RT 
report that neither the timing nor sequence of combination 
therapy significantly increase the risk of toxicity (47).

Strengths and limitations

The main limitations of our study are as follows: (I) The 

studies included in this meta-analysis are all retrospective, 
and the results were limited by the preference of 
institutional treatment options. In some studies, the 
number of patients was small, patients were poorly 
matched, baseline data were incomplete, the timing of 
combination therapy differed, and the primary tumor types 
included were not sufficiently comprehensive. Overall, our 
analysis and findings are hypothesis generating, and large 
prospective randomized clinical trials will further validate 
the efficacy and safety of combination therapy. (II) The 
studies included a long-time span. The treatment strategy 
of ICI has gradually changed with its development, which 
may have affected the results. (III) The populations involved 
were not comprehensive, and whether different populations 
have similar effects needs further research. (IV) There 
were insufficient data for in-depth analyses of OS, LBF and 
DBF, and more clinical data are needed to screen the best 
beneficiaries and support the effect of combination therapy 
on intracranial control. (V) In our study, combination 
therapy toxicity was evaluated mainly through RN, and 
more data are needed to evaluate intratumoral bleeding and 
other acute or chronic toxicities.

Conclusions

In our meta-analysis,  the combination of ICI and 
intracranial RT for patients with BMs was associated with 
prolonged OS, and toxicity was tolerable. However, the 
efficacy of intracranial control needs further study. In the 
era of immunotherapy, larger prospective randomized trials 
are needed to further explore the strategy of combination 
therapy and optimize the combination plan to prolong the 
survival of patients and improve their quality of life.
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Supplementary

Table S1 The Newcastle-Ottawa Scale (NOS) to evaluate the studies included

Study
Selection Comparability Outcomes

NOS score Quality
1 2 3 4 5 6 7 8

Acharya 2017 (22) * * * – ** * * * 8 High

Ahmed 2016.1 (23) * * * – ** * * * 8 High

Ahmed 2016.2 (18) * * * – ** * – * 7 High

An 2017 (24) * * * – ** * * * 8 High

Chen 2018 (19) * * * – ** * * * 8 High

Choong 2017 (25) * * * – ** * * * 8 High

Diao 2018.1 (38) * * * – ** * * * 8 High

Diao 2018.2 (26) * * * – ** * * * 8 High

Gabani 2018 (20) * * * – ** * * * 8 High

Gaudy-Marqueste 2017 (27) * * * – * * * * 7 High

Glenn 2019 (41) * * * – * * – * 6 High

Goel 2017 (35) * * * – * * – * 6 High

Henson 2016 (36) * * * – * * – * 6 High

Kaidar-Person 2017 (28) * * * – ** * * * 8 High

Kim 2017 (40) * * * ** * – * 7 High

Knisely 2012 (29) * * * – ** * * * 8 High

Kotecha 2018 (17) * * * – ** * * * 8 High

Lanier 2019 (30) * * * – ** * – * 7 High

Nguyen 2018 (32) * * * – * * – * 6 High

Nguyen 2017 (31) * * * – * * * * 7 High

Patel 2017 (37) * * * – ** * * * 8 High

Rauschenberg 2019 (33) * * * – ** * * * 8 High

Shepard 2019 (12) * * * – ** * * * 8 High

Silk 2013 (34) * * * – ** * * * 8 High

Stokes 2017 (21) * * * – ** * * * 8 High

Yusuf 2017 (39) * * * – ** * * * 8 High

Notes: 1. Representativeness of the exposed cohort; 2. Selection of the non-exposed cohort; 3. Ascertainment of exposure; 4. Demonstra-
tion that outcome of interest was not present at start of study; 5. Comparability of cohorts on the basis of the design or analysis; 6. As-
sessment of outcome; 7. Was follow-up long enough for outcomes to occur; 8. Adequacy of follow-up of cohorts.


