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Background: The data about efficacy of immunotherapy for non-small cell lung cancer with brain 
metastases (BMs) from real-word settings are controversial. This real-word study is aimed to evaluate the 
clinical outcome of immune checkpoint inhibitor (ICI)-based treatment in lung adenocarcinoma patients 
with brain metastases (BMs) and explore potential risk factors, with a focus on the spatial distribution of BMs 
as previous studies suggested spatial heterogeneity on the brain immune microenvironment. 
Methods: Advanced lung adenocarcinoma patients with non-oncogene-addicted, who received ICI 
monotherapy or plus chemotherapy, were enrolled. Efficacy was assessed by Response Evaluation Criteria in 
Solid Tumors version 1.1. Intergroup comparisons were performed using Pearson’s χ2 or Fisher’s exact tests 
for categorical variables. The progression-free survival (PFS) was estimated using Kaplan-Meier method and 
compared using log-rank test. Cox proportional hazards model was used for multivariate analyses. Peripheral 
blood was collected from 15 patients with BMs. Tumor-derived exosomes in plasma were isolated by size 
exclusion chromatography and the cDNA library preparations for miRNA were sequenced on an Illumina 
Hiseq platform. Differentially expressed genes in the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathways were analyzed.
Results: A total of 198 patients were enrolled and brain metastasis occurred in 20.7% patients (N=41). 
Compared with patients without BMs, those with BMs had a comparable objective response rate (ORR; 29.3% 
vs. 43.9%; P=0.089), a lower disease control rate (DCR; 58.5% vs. 78.3%; P=0.01), and a shorter PFS (3.6 vs. 
8.6 months; P=0.069). For patients with BMs, factors, including the presence of neurological symptoms, the 
treatment of intracranial radiotherapy, and the combination of ICI with chemotherapy, had no impact on PFS, 
whereas cerebellum metastasis was significantly associated with shorter PFS (2.8 vs. 13.8 months, P=0.007). 
Six upregulated miRNAs were identified in patients with cerebellum metastases (N=8) compared with those 
without (N=7). The enrichment of differentially expression genes in the KEGG pathways indicated upregulated 
sulfur metabolism pathway in patients with cerebellum metastases.
Conclusions: For lung adenocarcinoma patients, those with BMs have inferior response to ICI-based 
treatment, but not significantly, and cerebellum metastasis is an independent risk factor with poor outcome 
for such patients, might attributing to the upregulated sulfur metabolism. 
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Introduction

The brain is one of the most common sites of distant 
metastasis for non-small cell lung cancer (NSCLC) (1). 
With improvements in systemic therapy, the longer 
survival of patients also translates to increased incidence 
of brain metastasis (BM). A large study, involving 457,481 
patients with NSCLC, reported that BM was detected 
in 26% of patients with stage IV disease at presentation, 
and adenocarcinoma histology was significantly associated 
with the presence of BM compared with squamous cell 
lung cancer (26.8% vs. 15.9%, odds ratio 2.93) (2). BM 
is traditionally considered a negative factor for treatment 
efficacy and survival prognosis, but unprecedented 
achievements in the use of immune checkpoint inhibitor 
(ICI) in lung cancer patients have propelled this issue into a 
new clinical practice setting. 

ICI was believed to be ineffective for intracranial 
lesions since brain was thought as an immune-privileged 
site due to the blood-brain barrier. In addition, the large 
molecular size of the antibody reduced intracerebral drug 
availability (3). However, retrospective analysis of clinical 
trials [KeyNote 024 (4) and KeyNote 189 (5)] suggested 
that NSCLC patients with brain metastases (BMs) could 
derive survival benefits from ICI-based treatment compared 
with chemotherapy. A pooled analysis (6) of KeyNote-001, 
-010, -024, and -042 studies also indicated that for patients 
with high programmed cell death ligand-1 (PD-L1) 
expression, the advantages of overall survival (OS) gained 
from pembrolizumab over chemotherapy were comparable 
between patients with and without BMs [hazard ratio (HR) 
0.83 versus 0.78]. Nevertheless, the population from clinical 
trials has been selected by rigorous criteria, much differing 
from that in real-word practice. Clinically, the presence 
of neurological symptoms, the use of glucocorticoid and 
the treatment of intracranial radiotherapy are important 
for the prognosis of patients with BMs. Some studies have 
proved that the treatment of glucocorticoid or intracranial 
radiotherapy had influences on activity of ICI (7,8). But, in 
fact, only 6.2–17.5% of the patients enrolled in the pivotal 
NSCLC ICI trials had asymptomatic or previously treated 
or stable BMs, and none of them allowed patients with 
symptomatic or untreated BMs (9). Recently, a prospective 

phase II study (10) examined the efficacy of ICI in advanced 
NSCLC patients with untreated BMs and showed an 
intracranial response of 29.7%, but it still required patients 
be no neurologic symptomatic. The data from real-word 
practice about efficacy of ICI on patients with BMs remain 
limited and controversial. For example, a subgroup analysis 
from Qiao et al.’s study (11) indicated that NSCLC patients 
with BMs had significantly shorter progression-free survival 
(PFS) and OS than those without, whereas another real-
word study by Sun et al. suggested a comparable objective 
response rate (ORR), PFS, and OS between patients with 
and without BMs (12). Therefore, further studies are 
needed to better clarify the efficacy of ICI for NSCLC 
patients with BMs and to identify the relevant risk factors in 
a clinical practice setting.

In addition, the reported risk factors affecting the 
prognosis of NSCLC patients with BMs include age, 
Karnofsky Performance Status, extracranial metastases, 
the number of BMs, molecular subtype, the method of 
intracranial radiotherapy, carcinoembryonic antigen 
levels, and so on (13-17), however, there is no study on the 
correlation between the location of BMs and prognosis. We 
notice that the tumor microenvironment in BMs is organ-
specific as there are some specialized resident immune cells, 
like astrocytes and microglia that are proved to be crucial 
in promoting tumor progression and immune evasion in 
NSCLC BMs (18,19). Previous studies suggested that these 
cells were much heterogeneous in their morphological 
and functional properties based on their different 
spatiotemporal distribution (20,21), existing influences on 
tumor microenvironment and malignant progression (22). 
Thus, we speculated that regional heterogeneity of the 
brain microenvironment might lead to different responses 
of metastatic tumors to immunotherapy. 

Collectively, this real-word study is aimed to evaluate 
the efficacy and clinical outcome of ICI-based treatment in 
lung adenocarcinoma patients with BMs and to explore the 
potential risk factors that affect those patients’ outcome, 
with a special focus on the spatial distribution of BMs. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-22-260/rc).
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Methods 

Patients

Patients with advanced lung adenocarcinoma who were 
admitted to the Shanghai Pulmonary Hospital between 
July 2018 and November 2020 were enrolled in this 
study. The following inclusion criteria were applied: (I) 
adenocarcinoma diagnosis confirmed by pathology; (II) 
stage IV disease according to the eighth edition of the 
TNM classification for lung cancer; (III) measurable 
lesions according to the Response Evaluation Criteria 
in Solid Tumors version 1.1 (RECIST v1.1); and (IV) 
received ICI-based treatment (ICI monotherapy or ICI 
plus chemotherapy). The exclusion criteria included the 
followings: (I) patients with oncogene-addicted, including 
epidermal growth factor receptor (EGFR), anaplastic 
lymphoma kinase (ALK), and c-ros oncogene 1, receptor 
tyrosine kinase (ROS1); (II) patient with insufficient data or 
follow-up time <3 months; (III) patients who had received 
other immunotherapy, including but not limited to vaccines 
and adoptive cellular immunotherapy; (IV) presence of 
active multiple primary malignancies; and (V) patients who 
was receiving intensive immunosuppressive agents. The 
patients were followed up by telephone consultation. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the ethics committee of Shanghai Pulmonary Hospital, 
Tongji University (No. 201907-0375). Informed consents 
were obtained from patients whose peripheral blood was 
collected for further exosome analysis and the other patients 
were informed by telephone because of the retrospective 
nature.

Efficacy assessment

Efficacy was assessed according to the standard of 
RECIST v1.1. An intracranial response was assessed by 
brain magnetic resonance imaging (MRI), using modified 
RECIST that defined target central nerve system lesions 
as lesion ≥5 mm in maximum diameter, with up to five 
lesions in patients with multiple lesions . The ORR was the 
proportion of patients who had complete response (CR) or 
partial response (PR) to treatment. The disease control rate 
(DCR) was the proportion of patients who had CR, PR, 
or stable disease (SD) to treatment. The PFS was defined 
as the interval from the initiation of ICI-based therapy to 
first RECIST v1.1-defined progression disease (PD) or 
death from any cause, whichever occurred first. If patient 

was not followed with PD, the data would be censored at 
the time of last chest computed tomography. The data of 
PD-L1 expression were collected which was evaluated by 
immunohistochemical (IHC) method using E1L3N or 
22C3 antibody.

Isolation and analysis of tumor-derived exosome

Exosomes were isolated by size exclusion chromatography 
(SEC) according to the manufacturer’s instructions (23). 
Briefly, 1 mL of 0.8 μm-filtered blood plasma was diluted 
1.5-fold with phosphate buffered saline (PBS) and further 
purified using Exosupur® columns (Echobiotech, China). 
Next, the samples were eluted with 0.1 M PBS and 2 mL 
eluate fractions were collected. Fractions were concentrated 
to 200 μL using 100 kDa molecular weight cut-off Amicon® 
Ultra spin filters (Merck, Germany).

Total RNA was extracted and purified from plasma 
exosome using miRNeasy Serum/Plasma Advanced Kit 
(Qiagen, cat. No. 217204) according to the kit instruction. 
RNA concentration and purity were evaluated using the 
RNA Nano 6000 Assay Kit of the Agilent Bioanalyzer 
2100 System (Agilent Technologies, CA, USA). For small 
RNA libraries, a total amount of 1–500 ng. RNA per 
sample was used for sample preparations. QIAseq miRNA 
Library Kit (Qiagen, Frederick, MD) was used to generate 
sequencing libraries and index codes were added to each 
sample. Reverse transcription (RT) primers with unique 
molecular indices (UMIs) were introduced to analyze 
the quantification of miRNA expressions during cDNA 
synthesis and PCR amplification. And then, library quality 
was evaluated on the Agilent Bioanalyzer 2100 and further 
verified by qPCR. acBot Cluster Generation System was 
used to cluster the index-coded samples through TruSeq PE 
Cluster Kitv3-cBot-HS (Illumina, San Diego, CA, USA) 
according to the instructions. At last, the prepared library 
was sequenced on an Illumina Hiseq platform to generate 
paired-end reads.

Firstly raw data in fastq format were processed using in-
house perl scripts to filter out reads containing adapter, 
reads containing ploy-N and low-quality reads. The 
obtained clean data were used to calculate Q20, Q30, GC-
content and sequence duplication level. All the downstream 
analyses were based on these high quality clean data. Paired-
end clean reads were aligned to the reference genome-
GRCh38 using TopHat2/Bowtie2 (24). Mapped reads were 
used for the Quantification of gene expression level and 
Differential expression analysis. Bowtie tools soft was used 
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to make sequence alignment for the clean reads respectively 
with Silva database, GtRNAdb database, Rfam database 
and Repbase database, to filter out ribosomal RNA (rRNA), 
transfer RNA (tRNA), small nuclear RNA (snRNA), small 
nucleolar RNA (snoRNA) and other ncRNA and repeats. 
Known miRNAs were detected and new miRNAs were 
predicted in the remaining reads by sequencing alignment 
with miRbase and Human Genome (GRCh38), respectively. 
Expression matrix of quantified UMI counts of miRNAs 
was normalized to counts per million (CPM) and calculated 
to relative log expression via the EdgeR package.

The Kyoto Encyclopedia of Genes and Genomes  
(KEGG) (25) is a database resource that is used to analyze 
high-level functions and utilities of the biological system 
including from molecular-level information, especially large-
scale molecular datasets generated from genome sequencing 
or other high-throughput experimental technologies (http://
www.genome.jp/kegg/). The KOBAS (26) software was 
used to assess the statistical enrichment of the differentially 
expressed genes in the KEGG pathways.

Statistical analysis

The SPSS software (version 22.0) was used for statistical 
analyses. Differential expression analysis of two groups was 
performed using the Mann-Whitney U test with cutoff 
FPKM >5, P value <0.05, and fold change >1.5 (the FPKM 
represented the fragments per kilo-base of exon per million 

fragments mapped, and is calculated based on the length of 
the fragments and read counts mapped to this fragment). 
Intergroup comparisons were performed using the Pearson’s 
χ2 or Fisher’s exact tests for categorical variables. The PFS 
and OS were estimated using the Kaplan-Meier method and 
compared using log-rank test in univariate analyses. Factors 
with P value <0.1 in the univariate analysis were included 
for multivariate analysis using the Cox proportional hazards 
model, which was also used to calculate the HR and 
corresponding 95% confidence interval (CI). A two-sided P 
value <0.05 was considered significant.

Results

Characteristics of the study population

A total of 198 patients with advanced lung adenocarcinoma 
were enrolled into this study and BM was detected in 
20.7% of patients (N=41; Figure 1). Of the 41 patients, 13 
had neurological symptoms before ICI-based treatment, but 
only 2 patients were administered corticosteroid. Brain MRI 
was performed within 6 weeks prior to ICI-based treatment 
in 36 (87.8%) patients. Twenty-one (51.2%) patients had 
received intracranial radiotherapy, 13 of whom received 
concurrent intracranial radiotherapy with ICI-based 
treatment, which was defined as less than 3 months between 
the initial of ICI and intracranial radiotherapy. Majority of 
patients (63.1%) received ICI plus chemotherapy. Notably, 
only 6 patients received ICI monotherapy as first-line 

447 NSCLC patients received ICI-based treatment

198 adenocarcinoma patients

Excluded: 
• 86 with squamous cell lung cancer 
• 6 with large cell lung cancer
• 56 had EGFR/ALK/ROS1 mutation 
• 54 not stage-IV
• 39 without efficacy data or follow-up time <3 month
• 7 with other malignant tumors
• 1 received ACT

157 patients without BMs 41 patients with BMs

28 patients with asymptomatic 13 patients with symptomatic

Figure 1 Flowchart of the study. NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor; EGFR, epidermal growth factor 
receptor; ALK, anaplastic lymphoma kinase; ROS1, c-ros oncogene 1, receptor tyrosine kinase; ACT, adoptive cell therapy; BMs, brain 
metastases.



Zhou et al. Cerebellum metastasis correlated with poor outcome of ICI660

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2022;11(4):656-669 | https://dx.doi.org/10.21037/tlcr-22-260

treatment, while 67 patients were treated ICI monotherapy 
as posterior-line therapy. Clinical characteristics before 
ICI-based treatment were compared between patients 
with and without BMs (Table 1). Patients with BMs had 
poorer Eastern Cooperative Oncology Group (ECOG) 
score (P<0.001) and more extracranial metastases (ECM) 
(P<0.001) compared to those without. Other characteristics 
such as age, gender, smoking history, gene type, and PD-L1 
expression were balanced between the two groups.

The outcomes of ICI-based treatment

The median follow-up time was 31.7 months. In total, 
progression events occurred in 32 (78%) patients with 
BMs and 125 (79.6%) patients without BMs. Patients with 
and without BMs had comparable ORR (29.3% vs. 43.9%; 
P=0.089). However, patients with BMs showed a lower 
DCR (58.5% vs. 78.3%; P=0.01) and shorter a PFS (3.6 vs.  
8.6 months; P=0.069; HR =1.428; 95% CI: 0.924 to 2.207; 
Figure 2A,2B). Intracranial efficacy was assessed in 31 
patients and the majority had concordant responses to ICI-
based treatment between intracranial lesion and primary 
lung lesion (77.4%; Figure 2C), with an intracranial ORR of 
35.5% and an intracranial DCR of 71.0%. 

The analysis of risk factors

For patients with BMs, those who presented with 
neurological symptoms had similar PFS to asymptomatic 
patients (3.0 vs. 4.4 months; P=0.553; Figure S1A). There 
was also no difference in PFS between patients who received 
intracranial radiotherapy and those who did not (Figure 
S1B). Patients who received combination therapy appeared 
to have superior PFS compared to patient who received ICI 
monotherapy (6.3 vs. 2.9 months; P=0.069; Figure S1C), 
however, it should be noted that there was only 1 patient 
who received first-line treatment in the monotherapy 
group, whereas 48.0% in the combination group. Further 
analysis in patients who received posterior-line ICI-based 
treatment suggested that there was no significant difference 
in PFS between the combination and monotherapy groups 
(Figure S1D). 

The progression of intracranial lesion was confirmed in 
17 patients (41.5%) and the median intracranial PFS (icPFS) 
of patients with BMs was 12.9 month (Figure S2A). No 
difference in median icPFS was observed between patients 
with symptomatic and asymptomatic BMs (Figure S2B). 
Neither combination therapy nor intracranial radiotherapy 

was associated with intracranial survival (Figure S2C,S2D). 
In addition, the progression of intracranial lesion was more 
common in patients with BMs than in patients without BMs 
(40.6% vs. 4.8%; P<0.001). The progression patterns of 
these two groups are shown in Figure S3.

The impact of BMs’ spatial distribution on ICI-based 
treatment outcomes

To investigate the impact of different regions involved in 
BMs on the clinical outcome of ICI-based treatment, five 
functional lobes were assessed, including frontal, parietal, 
temporal, occipital, and cerebellum. The distribution of 
BMs for patients with baseline brain MRI is showed in 
Figure 3A. The most frequency site of BM was the frontal 
lobe, followed by the parietal, temporal, occipital, and 
cerebellum. The impacts of each region involvement on 
the PFS are shown in Figure 3B-3F. The results suggested 
that only cerebellum metastasis was significantly associated 
with shorter PFS of ICI-based therapy (2.8 vs. 13.8 months; 
P=0.007). However, it was noted that cerebellum metastasis 
was often accompanied with extensive BMs. Among the 15 
patients with cerebellum metastases, 7 (46.7%) patients had 
concurrent metastases in all the above five regions, and the 
median PFS for these patients was significantly shorter than 
those without extensive metastases (less than five functional 
regions) (2.8 vs. 5.6 months; P=0.021; Figure 3G). Analysis 
of baseline characteristics also suggested that the number 
of BMs was greater in patients with cerebellum metastases 
than that in patients without (P=0.001; Table 2). Nevertheless, 
when these 7 patients with extensive BMs were excluded, 
the median PFS of the remaining 8 patients was still  
2.8 months. Specifically, PFS of all these patients were 
shorter than 6 months, except for 1 patient who had a PFS of  
13.3 months. Univariate and multivariate analyses 
demonstrated that cerebellum metastasis was an independent 
risk factor for PFS of ICI-based treatment (Table S1). As 
for the impact of different regions on icPFS, the results 
also suggested that cerebellum metastasis was the only risk 
factor (Figure S4A-S4F). Together, these data suggested 
that cerebellum metastasis is a poor factor for the clinical 
outcome of ICI-based treatment in lung adenocarcinoma 
patients with BMs.

The differences in the tumor-derived exosomes between 
patients with and without cerebellum metastases 

We had collected plasma samples from 15 patients with 
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Table 1 Baseline characteristics of all patients

Characteristics Total (n=198), n (%) Without BMs (n=157), n (%) With BMs (n=41), n (%) P value

Age, years 0.073#1

<50 34 (17.2) 22 (14.0) 12 (29.3)

50–60 73 (36.8) 60 (38.2) 13 (31.7)

>60 91 (46.0) 75 (47.8) 16 (39.0)

Sex 0.846#1

Male 143 (72.2) 114 (72.6) 29 (70.7)

Female 55 (27.8) 43 (27.4) 12 (29.3)

Smoking 0.100#1

No/light 126 (63.6) 95 (60.5) 31 (75.6)

Heavyϯ 72 (36.3) 62 (39.5) 10 (24.4)

ECOG <0.001#2

0–1 181 (91.4) 150 (95.5) 31 (75.6)

2–3 17 (8.6) 7 (4.5) 10 (24.4)

Gene mutation 0.450#2

Wild type 150 (75.8) 120 (76.4) 30 (73.2)

KRAS 29 (14.6) 24 (15.3) 5 (12.2)

Other§ 19 (9.6) 13 (8.3) 6 (14.6)

PD-L1* 0.563#2

≥50% 12 (21.1) 9 (18.8) 3 (33.3)

1–49% 16 (28.1) 13 (27.1) 3 (33.3)

Negative 29 (50.9) 26 (54.2) 3 (33.3)

Unknown 141 (71.2) 109 (69.4) 32 (78.0)

ECM <0.001#1

Present 84 (42.4) 78 (49.7) 36 (87.8)

Absent 114 (57.6) 79 (50.3) 5 (12.2)

ICI line 0.370#1

1 76 (38.4) 63 (40.1) 13 (31.7)

≥2 122 (61.6) 94 (59.9) 28 (68.3)

ICI drug 0.707#2

Pembrolizumab 57 (28.8) 42 (26.8) 15 (36.6)

Nivolumab 25 (12.6) 19 (12.1) 6 (14.6)

Camrelizumab 71 (35.9) 59 (37.6) 12 (29.3)

Sintilimab 19 (9.6) 16 (10.2) 3 (7.3)

Tislelizumab 13 (6.6) 10 (6.4) 3 (7.3)

Toripalimab 10 (5.1) 9 (5.7) 1 (2.4)

Table 1 (continued)
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BMs, including 8 patients accompany with cerebellum 

metastases and 7 patients without. Considering that 

the important role of tumor-derived exosomes both in 

regulating immune cells (27) and promoting BM (28), we 

performed miRNA sequencing from the tumor-derived 

exosomes in plasma to explore the underlying mechanisms 

of the different prognosis between the two groups. In 

total, 1,113 miRNAs were detected, of which 1,081 were 

known and 52 were newly predicted. Differential expression 

analysis revealed that 6 upregulated miRNAs were 

expressed in patients with cerebellum metastases, including 

hsa-miRNA-331-5p, -542-5p, 26a-2-3p, -99a-3p, -184, and 

-3065-5p (Figure 4A,4B). A total of 29 target genes were 

predicted from these miRNAs (Table S2). The enrichment 

Table 1 (continued)

Characteristics Total (n=198), n (%) Without BMs (n=157), n (%) With BMs (n=41), n (%) P value

Others 3 (1.5) 2 (1.2) 1 (2.4)

Treatment regimen 0.856#1

Mono 73 (36.9) 57 (36.3) 16 (39.0)

Combination 125 (63.1) 100 (63.7) 25 (61.0)
ϯ, heavy smoking was defined as the package*year ≥30; §, other gene mutations included BRAF V600E (n=4), Her-2 mutation (n=6), Her-2 
amplification (n=2), RET fusion (n=4), TP53 mutation (n=2), MET mutation (n=1); *, antibodies for testing PD-L1 expression include E1L3N 
and 22C3. #1: using Pearson’s χ2 for variables that have no cell with expected count less than 5; #2: using Fisher’s exact for variables that 
have ≥1 cells with expected count less than 5. BMs, brain metastases; ECOG Eastern Cooperative Oncology Group; PD-L1, programmed 
cell death ligand 1; ECM, extracranial metastases; ICI, immune checkpoint inhibitor; Mono, monotherapy. 
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Figure 2 Clinical outcomes of ICI-based therapy comparison in patients with or without BMs. Response (A) and PFS (B) comparison. 
Responses in primary lung lesion and paired intracranial lesion (C). ORR, objective response rate; DCR, disease control rate; PD, 
progression disease; SD, stable disease; PR, partial response; CR, complete response; ICI, immune checkpoint inhibitor; BMs, brain 
metastases; PFS, progression-free survival; mPFS, median PFS.
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Figure 3 The region distribution of BMs for patients with baseline brain MRI (A). PFS comparison between patients with or without different 
region metastases: frontal lobe (B), parietal lobe (C), temporal lobe (D), occipital lobe (E), cerebellum (F), and concurrent the above five regions 
(G). M, metastases; BMs, brain metastases; MRI, magnetic resonance imaging; PFS, progression-free survival; mPFS, median PFS.

of differential expression genes in KEGG pathways analysis 
indicated that the sulfur metabolism pathway was the 
most significantly upregulated pathway in patients with 
cerebellum metastases (Figure 4C). 

Discussion

The efficacy of ICI on NSCLC patients with BMs remains 
controversial, since such patients are often excluded from 
clinical trials, or only patients with stable BMs are selected. 
The study from Hendriks et al. included a cohort of less-
selected NSCLC patients with BMs and demonstrated that 
such patients had shorter PFS and OS, similar overall ORR, 
and lower DCR compared to patients without BMs (7). This 
agrees with our current study demonstrating that patients 
with BMs had similar PFS and ORR, and higher DCR 
compared to patients without BMs. However, it worth noting 
that the former study excluded patients treated with anti-
PD-1 inhibitor plus chemotherapy, whereas about 63% of 
our cohort consisted of such patients. The different response 
between BMs and primary lung lesion is another focus of 

concern regarding immunotherapy in NSCLC. The study 
by Kim et al. (29) suggested that BMs are poorly responsive 
to anti-PD-1 therapy. Our present study showed major 
coincident responses of intracranial lesion and lung lesion, 
though discordant responses existed in minority of patients. 

The heterogeneity of functional areas in the brain 
has been observed from several aspects. Gryglewski et al. 
discovered that gene expression exhibited a high spatial 
dependence among the cortical surface, subcortical regions, 
and cerebellum (30). Kleinridders and colleagues found 
significant regional differences in glucose metabolism 
between the thalamus and the cortex (31). However, to 
date, whether the heterogeneity across different regions of 
brain affects the intracranial efficacy of ICI-based therapy 
remains to be elucidated. To the best of our knowledge, the 
present study is the first to report that cerebellum metastasis 
is associated with poorer outcome after ICI-based therapy 
in lung adenocarcinoma patients with BMs. This may be 
caused by a more suppressive immune microenvironment in 
cerebellum, as suggested by Ayata et al., who demonstrated 
that microglia in cerebellum exhibited higher clearance 
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Table 2 Baseline characteristics of patients with BMs

Characteristics Total (n=41), n (%) Without cerebellum M (n=21), n (%) With cerebellum M (n=20), n (%) P value

Age, years 0.361#1

<50 12 (29.3) 4 (19.0) 8 (40.0)

50–60 13 (31.7) 8 (38.1) 5 (25.0)

>60 16 (39.0) 9 (42.9) 7 (35.0)

Sex 0.431#1

Male 29 (70.7) 16 (76.2) 13 (65.0)

Female 12 (29.3) 5 (23.8) 7 (35.0)

Smokingϯ 1.000#2

No/light 31 (75.6) 16 (76.2) 15 (75.0)

Heavy 10 (26.3) 5 (23.8) 5 (25.0)

ECOG 1.000#2

0–1 31 (75.6) 16 (76.2) 15 (75.0)

2–3 10 (24.4) 5 (23.8) 5 (25.0)

ECM 1.000#2

Present 10 (24.4) 5 (23.8) 5 (25.0)

Absent 31 (75.6) 16 (76.2) 15 (75.0)

No. of BMs 0.002#2

<5 22 (53.7) 16 (76.2) 6 (30.0)

5–10 13 (31.7) 5 (23.8) 8 (40.0)

>10 6 (14.6) 0 (0.0) 6 (30.0)

DS-GPA 0.342#2

0–1.0 7 (17.1) 2 (9.5) 5 (25.0)

1.5–2.0 25 (61.0) 15 (71.4) 10 (50.0)

2.5–3.0 8 (19.5) 4 (19.0) 4 (20.0)

3.5–4.0 1 (2.4) 0 (0.0) 1 (2.4)

Neurological symptom 0.265#1

Yes 13 (31.7) 5 (23.8) 8 (40.0)

No 28 (68.3) 16 (76.2) 12 (60.0)

Intracranial radiotherapy 0.085#1

Yes 21 (51.2) 8 (38.1) 13 (65.0)

No 20 (48.8) 13 (61.9) 7 (35.0)

ICI line 0.368#1

1 13 (31.7) 8 (38.1) 5 (25.0)

≥2 28 (68.3) 13 (61.9) 15 (75.0)

Treatment regimen 0.444#1

Mono 16 (39.0) 7 (33.3) 9 (45.0)

Combination 25 (61.0) 14 (66.7) 11 (55.0)
ϯ, heavy smoking was defined as the package*year ≥30. #1: using Pearson’s χ2 for variables that have no cell with expected count less 
than 5; #2: using Fisher’s exact for variables that have ≥1 cells with expected count less than 5. BMs, brain metastases; ECOG, Eastern 
Cooperative Oncology Group; PD-L1 programmed cell death ligand-1; ECM, extracranial metastases; DS-GPA, diagnosis-specific graded 
prognostic assessment; ICI, immune checkpoint inhibitor; Mono, monotherapy; M, metastasis.
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Figure 4 Differential analysis on miRNA of tumor-derived exosomes extracted from patients with or without cerebellum metastases (A,B). (C) 
Result of the KEGG pathways analysis based on the differential expressed miRNA. KEGG, Kyoto Encyclopedia of Genes and Genomes.

activity than that in the striatal or cortical (32). In addition, 
it was noted that patients with cerebellum metastases were 
inclined to develop extensive BMs, suggestive of a more 
invasive tumor. This newly identified risk factor may be 
partially responsible for the heterogeneous outcome of 
NSCLC patients with BMs, which may explain, at least to 
some extent, the conflicting data regarding the efficacy of 
CI-based therapy in such patients. 

Exosomes derived from tumor cells are now known to 
play a crucial role in metastatic brain tumors (28,33-35). 
Fong et al. (36) showed that the level of miR-122 secreted 
by breast cancer cells into the circulation was associated 
with brain and lung metastasis. In our study, by performing 
miRNA-sequencing on exosomes extracted from the 
peripheral blood of patients, 6 upregulated miRNAs were 
identified in patients with cerebellum metastases compared 
to those without, suggesting differences in tumor biological 

characteristics. Moreover, the KEGG enrichment pathway 
analysis demonstrated that patients with cerebellum 
metastases had upregulated sulfur metabolism. Metabolic 
reprogramming, which is now well documented to be 
related to immune response (37,38), is also observed in BMs 
(39-41). However, it remains unknown whether metabolic 
dysregulation in BMs can affect the response to ICI. 
Indeed, the results in the present study suggested that sulfur 
metabolism was upregulated in patients with cerebellum 
metastases and might correlate with the poor outcome of 
ICI treatment. Previous studies have reported that sulfur 
and its intermediate metabolites are important for cellular 
metabolism, since they are not only required in oxidation/
reduction reactions, but also mediate inter- and intracellular 
signaling, and facilitate the epigenetic regulation of gene 
expression (42,43). The dysregulation of sulfur metabolism 
may contribute to tumorigenesis and progress (44). 
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Interestingly, sulfurous compounds are also essential for 
sustaining neurological functions. For example, disturbances 
in the hydrogen sulfide and trans-sulfuration pathways have 
been implicated in neurodegenerative disorders such as 
Alzheimer’s disease and Parkinson disease (45). Therefore, 
upregulated sulfur metabolism in patients with cerebellum 
metastases may lead to more aggressiveness tumors, 
which may also be related to the neurological symptoms 
commonly observed in such patients. However, the results 
of our KEGG analysis are limited by the sample size and 
the nature of this method, and further cell and animal 
studies are warranted to verify the role of exosome miRNA 
and sulfur metabolism in cerebellum metastasis.

In addition, the circadian rhythm and oocyte meiosis 
pathways were also upregulated in patients with cerebellum 
metastases as showed in KEGG analysis. Because the 
cerebellum contains a circadian clock, generating internal 
temporal signals, we firstly thought that the circadian 
rhythm pathway upregulation was attributed to occupied 
effect of metastatic brain tumors. Zhang et al. also found 
hyperactivated circadian rhythm pathway in lower grade 
glioma (46). However, many extracranial tumors, such 
like lung, breast, colorectal cancer, and head and neck 
squamous cell carcinoma, could also mediate the disruption 
of circadian rhythm, which influenced cancer development 
by regulating tumor cell apoptosis, immune infiltration, 
and tumor cell-host interactions (47-51). But the role of 
dysregulated circadian rhythms in metastatic brain tumor 
development and its immune response remains unclear 
and further studies are in needed. As for oocyte meiosis, 
although its enrichment was reported in some researches 
about lung cancer (52,53), further function and mechanism 
studies are lacked. The role of oocyte meiosis in BM or 
cerebellum is rarely studied, either.

Biomarkers are urgently needed to predict the efficacy 
of ICI-based therapy for NSCLC patients, especially 
those with BMs. Thus far, only PD-L1 expression has 
been shown to be associated with the clinical outcome of 
patients with BMs when treated with ICI monotherapy 
(6,54). Regrettably, the PD-L1 expression status was only 
available in 9 patients with BMs in our study, and thus 
we were not able to analysis the predictive role of PD-L1 
expression. However, because PD-L1 expression in BMs is 
different from that in primary lung tumors and sampling for 
BMs is extremely difficult, the predictive value of PD-L1 
expression is actually limited in such patients. Diagnosis-
specific graded prognostic assessment (DS-GPA) score is 
the most widely used prognostic stratification model for 

BMs. Some studies suggested higher DS-GPA scores were 
related to improved PFS when treated with ICI (7,15), 
however, no differences in the ORR nor the PFS based on 
DS-GPA score stratification were detected in our present 
study. Therefore, it is necessary to explore potential 
biomarkers that can predict the efficacy of immunotherapy, 
especially ICI-based combination therapy for lung cancer 
patients with BMs. Considering the significant difference 
in clinical outcome of ICI-based therapy between patients 
with and without cerebellum metastases, the 6 upregulated 
miRNAs identified in patients with cerebellum metastases 
may have potential predictive value to ICI-based therapy, 
but it needs further investigation.

The limitations of this study are as follows: (I) this study 
is a retrospective study; (II) the number of patients with 
BMs and patients with cerebellum metastases were small. 
Therefore, it was difficult to accurately distinguish whether 
the cerebellum itself was a poor prognostic factor or 
whether the prognosis was poor due to its high metastatic 
tumor burden; (III) we did not analyze the impact of 
cerebellum metastasis in patient cohort who were treated 
with only chemotherapy, so it is hard to discriminate 
whether cerebellum metastasis is an immunotherapy-
specific poor prognostic; (IV) only lung adenocarcinoma 
patients were included in this study, so the results of this 
study should not be interpreted as an extension of NSCLC. 

Conclusions

For lung adenocarcinoma patients, those with BMs 
have inferior response to ICI-based treatment, but not 
significantly. Among patients with BM, cerebellum 
metastasis is associated with an unfavorable outcome of ICI-
based therapy, and this may be related to dysregulation of 
sulfur metabolism. 
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Supplementary

Figure S1 PFS comparison in different subgroups of patients with BMs: patients who presented with or without neurological symptoms (A), 
patients who had received radiotherapy for intracranial lesion or not (B), patients who were treated with ICI monotherapy or combination 
therapy (C), patients who were treated with ICI monotherapy or combination therapy at posterior-line (D). PFS, progression-free survival; 
BMs, brain metastases; ICI, immune checkpoint inhibitor.

A B

C D

A B

C D

Figure S2 icPFS of all patients with BMs (A). icPFS comparison in different subgroups of patients with BMs: patients who presented with 
or without neurological symptoms (B), patients who were treated with ICI monotherapy or combination therapy (C), patients who had 
received radiotherapy for intracranial lesion or not (D). icPFS intracranial progression-free survival; BMs, brain metastases; ICI, immune 
checkpoint inhibitor.
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Figure S3 Progression patterns of patients with (A) or without (B) BMs after ICI-based treatment. For patients presented as “ECM PD”, 
the distribution of patients with different number of involved organs was showed in the right pie, and the table aside the pie listed the 
specific organs involved for each patient. For patients presented as “Brain + ECM PD”, the distribution of patients with different number 
of organs involved in ECM PD was showed in the left pie, and the table aside the pie listed the specific organs for each patient. BMs, brain 
metastases; ICI, immune checkpoint inhibitor; ECM, extracranial metastases; PD, progression disease.

A

B
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Table S1 Univariate and multivariate analysis of PFS in patients with BMs

Factor No. (%)
Univariate analysis Multivariate analysis

PFS HR (95% CI) P value HR (95% CI) P value

Age, years

<50 12 (29.3) 2.2 1.747 (0.763–4.002) 0.187

50–60 13 (31.7) 6.5 0.809 (0.339–1.929) 0.632

>60 16 (39.0) 4.4 –

Sex

Male 29 (70.7) 5.6 0.834 (0.380–1.829) 0.651

Female 12 (29.3) 3.0 –

Smoking

No/light 31 (75.6) 3.0 1.519 (0.655–3.523) 0.330

Heavy 10 (24.4) 12.9 –

ECOG

0–1 31 (75.6) 6.3 0.414 (0.182–0.939) 0.035 0.602 (0.251–1.441) 0.254

2–3 10 (24.4) 2.3 – –

ECM

Present 36 (87.8) 13.8 1.627 (0.562–4.711) 0.369

Absent 5 (12.2) 3.4 –

No. of BMs 0.159

<5 22 (53.7) 4.4 0.382 (0.142–1.028)

5–10 13 (31.7) 5.6 0.458 (0.162–1.298)

>10 6 (14.6) 2.8 –

DS-GPA

0–1 7 (17.1) 3.4 1.525 (0.506–4.596) 0.454

1.5–2 25 (61.0) 5.6 0.873 (0.364–2.098) 0.762

2.5–3.0 9 (21.9) 3.2 –

Cerebellum Metastasis

Yes 20 (48.8) 2.8 2.948 (1.326–6.556) 0.008 2.552 (1.128–5.772) 0.024

No 21 (51.2) 13.8 – –

Neurological symptom

Yes 13 (31.7) 3.0 1.259 (0.587–2.696) 0.554

No 28 (68.3) 4.4 –

Radiotherapy

Yes 21 (51.2) 4.4 1.181 (0.578–2.416) 0.648

No 20 (48.8) 3.0 –

ICI Line

1 13 (31.7) 3.5 0.828 (0.388–1.765) 0.625

≥2 28 (68.3) 3.4 –

Treatment regimen

Mono 16 (39.0) 2.8 1.925 (0.938–3.948) 0.074 1.518 (0.702–3.283) 0.289

Combination 25 (61.0) 6.3 – –

Factors with P value <0.1 in univariate analysis were included to multivariate analysis, but “No. of BMs” was excluded causing collinearity 
with “Cerebellum Metastasis”. PFS, progression-free survival; ECOG, Eastern Cooperative Oncology Group; ECM, extracranial 
metastases; BMs, brain metastases; DS-GPA, diagnosis-specific graded prognostic assessment; ICI, immune checkpoint inhibitor; Mono, 
monotherapy.
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Table S2 List of target genes predicted from the upregulated miRNAs in patients with cerebellum metastasis, compared with those without

KANSL2 BCAN RAB38 TSSC4 BHLHE40 ARHGEF19

TCTN2 AURKA BORCS5 GTF3A TMEM250 TSEN2

MYO15A FYCO1 COL16A1 COL16A1 MAEL DPYSL2

RPP25 HIP1R AGBL5 TCTN2 CFAP99 PAPSS1

RPUSD2 ADAMTSL5 BLACAT1 AKR1E2 GOLM1

A B C

D E F

Figure S4 icPFS comparison between patients with or without different region metastases: frontal lobe (A), parietal lobe (B), temporal lobe 
(C), occipital lobe (D), cerebellum (E), and concurrent the above five regions (F). icPFS intracranial progression-free survival.
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