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ABSTRACT

Lung cancer is one of the most common causes of brain metastases and is always associated with poor
prognosis. We investigated the immunophenotypes of primary lung tumors and paired brain metastases,
as well as immunophenotypes in the synchronous group (patients with brain metastases upon initial
diagnosis) and metachronous group (patients developed brain metastases during the course of their
disease). RNA sequencing of eighty-six samples from primary lung tumors and paired brain metastases of
43 patients was conducted to analyze the tumor immune microenvironment. Our data revealed that
matched brain metastases compared with primary lung tumors exhibited reduced tumor infiltrating
lymphocytes (TILs), a higher fraction of neutrophils infiltration, decreased scores of immune-related
signatures, and a lower proportion of tumor microenvironment immune type | (high PD-L1/high CD8A)
tumors. Additionally, we found a poor correlation of PD-L1 expression between paired brain metastases
and primary lung tumors. In addition, gene set enrichment analysis (GSEA) showed that some gene sets
associated with the immune response were enriched in the metachronous group, while other gene sets
associated with differentiation and metastasis were enriched in the synchronous group in the primary
lung tumors. Moreover, the tumor immune microenvironment between paired brain metastases and
primary lung tumors displayed more differences in the metachronous group than in the synchronous
group. Our work illustrates that brain metastatic tumors are more immunosuppressed than primary lung
tumors, which may help guide immunotherapeutic strategies for NSCLC brain metastases.

KEYWORDS

Brain metastases; non-small
cell lung cancer; immune
microenvironment;
immunotherapy

Introduction . :
metachronous brain metastases represent different subtypes

Lung cancer is one of the most common causes of brain metas-
tases (BMs) and is always associated with poor prognosis." In the
last decades, the patients with brain metastases have been
increasing due to the advancements in neuroimaging and sys-
temic treatment.>” Patients with identified of brain metastases at
their initial diagnosis were classified as synchronous brain
metastases. The other part of patients who developed brain
metastases during or after treatment for primary cancers were
classified as metachronous brain metastases.>* In previous stu-
dies, patients with metachronous brain metastases manifested
different clinicopathologic characteristics and have more favor-
able prognosis compared to synchronous brain metastases.””
Besides, the study for brain metastases of clear-cell renal-cell
carcinoma showed that metachronous and synchronous groups
harbor different chromosomal aberrations and mutational pat-
terns, with significant inferior outcomes in the synchronous
brain metastases.® Thus, whether synchronous and

with respect to their biological behavior is imperative as it
might have significance in clinical practice.

Recent studies have revealed that immune checkpoint inhi-
bitors (ICIs) are promising effective treatments for various
advanced cancer types, and ICI combination strategies have
become the standard first-line treatment for advanced non-
small cell lung cancer (NSCLC) without driver mutations.” !
However, for patients with brain metastases, the evidence for
immune checkpoint inhibitor efficacy has been limited to sub-
group or retrospective analyses, and their intracranial efficacy
has not yet been fully validated.'>"?

Various biomarkers have been reported to be associated
with the efficacy of immune checkpoint inhibitors, including
tumor-infiltrating lymphocytes (TILs), tumor mutation bur-
dens, PD-L1 expression, and other immune-related gene
expression.'* Compared to extracranial tissues, there are dis-
tinctive tissue-resident cell types, such as microglia, astrocytes,
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and neurons, in the brain microenvironment. The brain is
considered a specific immune-privileged organ and can be
sheltered from immune surveillance and attack by the blood-
brain barrier (BBB).!”> However, Antoine et al. recently
reported functional lymphatic vessels in the dural sinuses of
mice.'® Furthermore, in brain tumors, the blood-brain barrier
is often destroyed, and there can be an abundant infiltration of
immune cells from the peripheral circulation.'” A better under-
standing of the intracranial immune microenvironment might
contribute to the exploration of biomarkers for immunother-
apy and novel therapeutic options for patients with brain
metastases. Several studies have reported significant differences
between primary tumors and brain metastases in the tumor
microenvironment.'®'° However, previous studies had limited
sample sizes, and the results were controversial. The tumor
immune microenvironment between the metachronous and
synchronous groups has not been investigated as well.
Additional studies including larger patient cohorts need to be
performed. In this study, we enrolled a cohort of 43 patients
with NSCLC brain metastases to perform a comprehensive
tumor microenvironment analysis between primary lung
tumors and paired brain metastasis tumors.

Materials and methods
Patients

Forty-three Chinese patients with NSCLC who had brain
metastasis at presentation or during the course of their disease
were admitted to the Sun Yat-Sen University Cancer Center
(Guangzhou, China) from 2000 to 2019, and they were retro-
spectively studied in this report. Archived, formalin-fixed, par-
affin embedded (FFPE), surgically resected primary lung
tumors and paired BM samples were available for all patients.
Brain metastasis was identified by a pathologist and confirmed
by magnetic resonance imaging. The clinical characteristics of
the 43 patients are summarized in Table 1. This study was
approved by the Guangdong Association Study of Thoracic
Oncology (identifier GASTO 1060) and were performed in
accordance with the Declaration of Helsinki. At the time of
sample collection, all patients provided informed written con-
sent to participate in the study.

RNA sequencing and sequencing data processing

Total RNA was extracted from FFPE samples using
a RNeasy FFPE Kit (Qiagen) according to the manufac-
turer’s instructions. The RNA was quantified on a Qubit
3.0/4.0 (Life Invitrogen) and assessed on a 2100 Bioanalyzer
(Agilent). Then, 50ng of total RNA was used with the
SMARTer Stranded Total RNA-Seq Kit v2 (Takara) in
accordance with the low-throughput protocol. After PCR
enrichment and purification of adapter-ligated fragments,
RNA-seq libraries were paired-end sequenced using the
[lumina NovaSeq 6000 Sequencing System.

To ensure data quality, raw reads were preprocessed by
removing adaptor sequences and low-quality reads using
Trimmomatic (version 0.36),2° RSeQC (version 2.6.4)!
and bowtie2 (version 2.3.4.1)*> by using default parameters

to obtain high-quality sequences (clean reads), and all sub-
sequent analyses were based on clean reads. Reference gene
and genome annotation files were downloaded from the
GENCODE website (https://www.gencodegenes.org/
human/). Clean data were aligned to the reference genome
(GRCh37.p13.genome) by HISAT (version 2.1.0).2
FeatureCounts** was used to estimate the expression level
of each gene by using default parameters. The quantifica-
tion of gene expression was performed using the TPM
(transcripts per million) method. All the sequencing data
used in this study passed the quality control, with clean
data > 3 G, and uniquely mapping rate > 60%.

Differential Gene Expression Analysis

The input data for differential gene expression analysis were
read counts from gene expression level analysis. The
DESseq2 (version 1.20.0)>° package in R software (version
3.6.3) was used to screen differentially expressed genes
between comparisons. Data were normalized by a negative
binomial distribution statistical method. The resulting
P values were subjected to multiple test corrections accord-
ing to the Benjamini and Hochberg methods to exclude
false positives. The differentially expressed genes were iden-
tified when adjusted P value < 0.05 and |log,(Fold Change)
> 1

Gene Set Enrichment Analysis

Gene Set Enrichment Analysis (GSEA) (http://software.
broadinstitute.org/gsea/index.jsp)*® (version gsea-3.0.jar)
was conducted based on the expression results by using
default parameters on C5 gene sets in the Molecular
Signatures Database (MSigDB) (http://software.broadinsti
tute.org/gsea/msigdb) (version v6.2). GSEA analyzed ranked
gene lists using a permutation-based test. GSEA plots, ES
(enrichment score), NES (normalized enrichment score),
nominal p-value and FDR g-value are shown in the enrich-
ment results.

Immune cell infiltration analysis

Single-sample gene set enrichment analysis (ssGSEA) (R library
GSVA, method = “ssgsea”)”’ was used to quantify the relative
infiltration of 28 immune cell types in the tumor microenviron-
ment. Feature gene panels for each immune cell type were
obtained from a recent publication,”® and were provided in
Table S1. QuanTTIseq, (R library IOBR,
method = “quantiseq”)*>*° was used to estimate the absolute
proportions of 10 immune cell types in samples based on the
expression data.

Immune gene signatures calculation

The gene sets utilized for the immune signature score are
presented in supplemental Table S2. These gene sets were
defined as previously reported.”®*'™*> For each patient, the
signature score was calculated as the mean of the expression
levels [log, (TPM+1)] of the included genes.
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Table 1. Clinical characteristics of patients used in this study.
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Synchronous Metachronous
Characteristic Total (n=15) (n =28) P value*
Gender, No. (%) 1
Male 29 (67.4) 10 19
Female 14 (32.6) 5 9
Age, No. (%) 0.835
260y 21 (48.8) 7 14
<60y 22 (51.2) 8 14
Age, median (range), y 58 (29-72) 52 (29-70) 59 (33-72)
Smoking history, No. (%) 0.543
Smoker 26 (60.5) 10 16
Never smoker 17 (39.5) 5 12
KPS score, median (range) 90 (80-100) 90 (80-90) 90 (90-100)
Histology, No. (%) 0.84
Adenocarcinoma 34 (79.1) 1 23
Squamous cell carcinoma 4(9.3) 2 2
Adenosquamous carcinoma 2(4.7) 1 1
Others 3(7.0) 1 2
Stage at initial diagnosis, No. (%) < 0.001
111 25 (58.2) 0 25
\Y 17 (39.5) 15 2
NA 1(2.3) 0 1
Interval time between operation for lung cancer and diagnosis of brain metastases, median 380 (163- 0 622 (163-2888)
(range), day 2888)
Treatment before brain surgery, No.
Chemotherapy 19 0 19
Targeted therapy 5 1 4
Radiotherapy 1 0 1
No systemic treatment 19 14 5
* Chi-square test was used to calculate the p-values.
Normal lung and brain tissues expression data collection In this cohort, 26 patients (60.5%) were smokers.

and processing

The gene expression data of normal lung and brain tissues were
obtained from the Genotype-Tissue Expression (GTEx) portal
(https://gtexportal.org/), including 288 normal lung tissues and
1141 normal brain tissues. Detailed sample information we
used from GTEx is shown in Table S3. The immune cell
infiltration analysis and immune gene signatures calculation
of the normal lung and brain tissues were calculated as well as
paired BM and primary lung tumors mentioned above.

Statistical analysis

All statistical analyses were performed using R software, version
3.6.3. The paired Wilcoxon signed-rank test or the Wilcoxon
rank-sum test was carried out to compare values of immunologi-
cal characteristics between paired comparisons or independent
comparisons, and the resulting P values were adjusted with
Benjamini and Hochberg (BH) method for multiple testing to
minimize false positives. The chi-square test was used to test the
association between two categorical variables. Pearson correlation
was used to test the correlation of PD-L1 expression between
paired brain metastases and primary lung tumors. All P-values
were two-sided, and P-values of < 0.05 denoted statistical
significance.

Results
Patients’ characteristics

The clinicopathological characteristics of 43 Chinese patients
with NSCLC are summarized in Table 1. This cohort included
29 male and 14 female patients, with a median age of 58 years.

Adenocarcinoma (n = 34 [79.1%]) was the most common
histological subtype of primary NSCLC confirmed upon the
initial diagnosis. Fifteen patients (35%) had synchronous meta-
static brain tumors at the diagnosis of their primary NSCLC
and were defined as the synchronous group. These patients
underwent concurrent resection of the primary lung tumor
and brain metastases at their initial diagnosis. Whereas the
remaining twenty-eight patients (65%) developed brain metas-
tasis during the course of their disease and were defined as the
metachronous group. All patients in the synchronous group
had stage IV disease, whereas patients in the metachronous
group exhibited stage I to III disease (P< .001). The median
interval time between surgery for lung cancer and the diagnosis
of brain metastases in the metachronous group was 622 days
(complete range 163-2888 days). In metachronous group, no
patients received neoadjuvant therapy for primary tumors
prior to surgical resection. Besides, there were nineteen
patients received adjuvant chemotherapy, four patients
received adjuvant targeted therapies with tyrosine kinase inhi-
bitors (TKIs), and one patient received the intracranial radio-
therapy before brain surgery in metachronous group.

Immune suppressive microenvironment in brain
metastases

To comparatively characterize the immunological characteris-
tics of the tumor microenvironment in brain metastases and
primary lung tumors, we conducted RNA sequencing (RNA-
seq) of 86 paired brain metastases and primary lung tumors
from 43 patients. We first quantified the relative infiltration of
28 immune cell subtypes in the tumor microenvironment
using single-sample gene set enrichment analysis (ssGSEA).*
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The relative abundance of each immune cell subtype was
represented by an enrichment score in ssGSEA. We found
that the enrichment score of each immune cell subtype was
significantly lower in brain metastases than in paired primary
lung tumors (Figure la). In order to check whether the
observed differences were attributed to tissue type, we obtained
the gene expression data of 1141 normal brain tissue samples
and 288 normal lung tissue samples from Genotype-Tissue
Expression (GTEx) data portal. The enrichment scores of 28
immune cell subtypes of normal brain and normal lung tissues
were also calculated using ssGSEA. We found that there was no
significant difference in the enrichment scores of immune cell
subtypes between normal brain and normal lung tissues sam-
ples (Figure S1). So, the results we found in ssGSEA TIL
infiltration were tumor-dependent. We then asked whether
there were differences in the cell composition of the immune
infiltrate between paired brain metastases and primary lung
tumors. We used quanTIseq, a deconvolution-based method,
to estimate cell fractions of 10 relevant infiltrating immune
cells relative to the total amount of sequenced cells in samples.
The differences of cell fraction of infiltrating immune cells
between brain metastases and primary lung tumors were
shown in Figure 1b. Higher fractions of neutrophils, CD4
T cells, and dendritic cells, and lower fractions of M1 macro-
phages and Tregs were observed in brain metastases. Similarly,
we also analyzed the differences of cell fraction between normal
brain and normal lung tissues, and found there were significant
differences in cell fraction of 7 infiltrating immune cells
between normal brain and normal lung tissues (Figure S2).
It’s worth noting that, comparing with normal lung tissues,
the fraction of neutrophils was significantly lower in normal
brain tissues, while the result of neutrophils in brain metastases
was the opposite of those from normal brain tissues
(Figure 1c), which revealed the findings of neutrophils infiltra-
tion in paired brain metastases and primary lung tumors were
tumor-dependent, not tissue-dependent.

It has been reported that some predetermined sets of genes,
including MHC molecules (class I, class II, and non-classical),
immunoinhibitors signature, immunocostimulators signature,
chemokines signature, adhesion molecules signature, cytolytic
activity signature, IFN gamma signature and T cell-inflamed
gene expression profiles (GEP) signature, are determinants of
tumor immunogenicity and predictors of response to immune
checkpoint blockade.?®>"** Here, we used these ten immune-
related gene signatures to evaluate the tumor immune envir-
onments (gene list of each signature see Table S2). Compared
with the primary lung tumors, the expression scores of
immune signatures, including the non-classical MHC signa-
ture, adhesion molecules signature, IFN gamma signature and
T cell-inflamed GEP signature, were significantly lower in
brain metastases (P < .05) (Figure 2a). We also examined the
expression scores of immune signatures in normal brain and
normal lung tissues, and found there were no significant dif-
ferences in all ten immune signatures between normal brain
and normal lung tissues (Figure S3).

In addition, we also analyzed the differential expression of
immune inhibitory checkpoint molecules between paired brain
metastases and primary lung tumors and found that the
expression of Cl0Oorf54 (VISTA) and CTLA4 was

downregulated in brain metastases compared with primary
lung tumors (Figure 2b). Furthermore, we checked the correla-
tion of PD-LI expression between brain metastases and pri-
mary lung tumors and found that there was a poor correlation
of PD-L1 expression between paired brain metastases and
primary lung tumors (Pearson R = 0.25, P = .10) (Figure 2c).

The classification of tumors into four different types based
on the presence or absence of CD8+ CTLs and PD-L1 expres-
sion was recently suggested. Tumors with high PD-L1 expres-
sion and the presence of CD8+ CTLs in the microenvironment
were classified as TME immune type I, and patients with this
type would benefit from anti-PD-L1/PD-1 therapies.***> Here,
we classified our cohort into four TME immune types (TMIT)
according to the median values of PD-L1 and CD8A expres-
sion, as previously reported™® (Figure S4, 2d). We found that
the distributions of TMIT in brain metastases and primary
lung tumors were different. The proportions of TMIT I (high
PD-L1/high CD8A), TMIT II (low PD-L1/low CDSA), TMIT
III (high PD-L1/low CD8A) and TMIT IV (low PD-L1/high
CD8A) in brain metastases were 23%, 40%, 19%, and 19%,
respectively, while those in primary lung tumors were 47%,
30%, 12%, and 12%, respectively. Brain metastases contained
a significantly lower proportion of TMIT I than primary lung
tumors (Figure 2d). Overall, these data indicated that brain
metastases display a suppressed immune microenvironment
compared with primary lung tumors.

Immunological characteristics in the synchronous group
and metachronous group of primary lung tumors

The patients with brain metastases could be divided into
a synchronous metastatic group and a metachronous meta-
static group according to the pattern of brain metastases.
However, little is known about the differences in the immune
microenvironment between synchronous and metachronous
primary lung tumors. Here, we compared the gene expression
profiles of primary lung tumors between the synchronous
group (n = 15) and metachronous group (n = 28). The differ-
entially expressed genes were identified when adjusted P value
<.05 and |log,(Fold Change) | > 1. We found that only one
gene, ALB (albumin), was significantly overexpressed in the
synchronous group, and none of the immune-related genes
were differentially expressed in primary lung tumors between
the synchronous group and metachronous group (data not
shown). We then used gene set enrichment analysis (GSEA)
to identify gene sets whose expression were enriched or
depleted in the metachronous group versus the synchronous
group. Some gene sets showing upregulation in the metachro-
nous group versus the synchronous group were implicated in
the immune response, such as regulation of type I interferon
production, regulation of interferon alpha production and
T cell homeostasis, while the gene sets associated with differ-
entiation and metastasis were downregulated in the metachro-
nous group versus the synchronous group (Figure 3a).

TIL infiltration analysis using ssGSEA approach and
quanTIseq approach all showed that there was no significant
difference in the infiltrating immune cell subtypes between
metachronous group and synchronous group (Figure S5,
Figure 3b). Additionally, immune gene signature analysis
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showed that none of immune signature scores were signifi-
cantly changed in the metachronous group versus the synchro-
nous group (Figure 3c). TMIT analysis suggested that the
proportion of TMIT I (CD8A high, PD-L1 high) was elevated
in the metachronous group compared to the synchronous
group (P = .011) (Figure 3d). These results implied that the
tumor immune microenvironment in the synchronous group
might be statistically comparable to those in the metachronous
group in primary lung tumors.

Immunological characteristics between paired brain
metastases and primary lung tumors in the synchronous
group and metachronous group

According to the pattern of brain metastases, all the
patients in this cohort could be divided into
a synchronous group and a metachronous group. We next
checked whether there were differences in the immunolo-
gical characteristics described above between the paired
brain metastases and primary lung tumors in these two
groups. We found there were differences in the TILs infil-
tration in these two groups. The ssGSEA results showed
that only activated B cell and mast cell were significantly
less abundant in brain metastases in the synchronous
group, while the majority of the 28 immune cell subtypes
were significantly less abundant in brain metastases in the
metachronous group (Figure S6). The quanTIseq results
revealed that there was no significant difference in the cell
fraction between the paired brain metastases and primary
lung tumors in the synchronous group after multiple tests,
while there were several differences in the cell fraction
between the paired brain metastases and primary lung
tumors in the metachronous group (Figure 4a), including
higher fractions of monocytes, CD4 T cells, and dendritic
cells, and lower fractions of M1 macrophages and Tregs in
brain metastases. Interestingly, the expression scores of the
immune signatures described above also exhibited differ-
ences between the paired brain metastases and primary
lung tumors in these two groups. In the synchronous
group, there was no significant difference in the scores of
all ten immune signatures between paired brain metastases
and the primary lung tumors (Figure 4b). In contrast, the
scores of some immune signatures, including non-classical
MHC signature, adhesion molecules signature, IFN-gamma
signature and T cell-inflamed GEP signature, were signifi-
cantly reduced in the brain metastases in the metachronous
group (Figure 4b). Similarly, the expression of PD-L1
showed no correlation between paired brain metastases
and primary lung tumors in the synchronous group
(R = 0.054, P = .85) (Figure S7A), whereas there seemed
to be a moderate correlation of PD-L1 expression between
paired brain metastases and primary lung tumors in the
metachronous group (R = 0.38, P = .046) (Figure S7B). The
proportion of TMIT I (CD8A high, PD-L1 high) was not
significantly different between the paired brain metastases
and primary lung tumors in the synchronous group
(P = .213) (Figure S8A), while it was significantly lower in
brain metastases than in primary lung tumors in the meta-
chronous group (P < .001) (Figure S8B). Overall, these

results suggested that the tumor immune microenviron-
ment between paired brain metastases and primary lung
tumors displayed more differences in the metachronous
group than in the synchronous group.

Considering the adjuvant treatments following surgery may
influence the immune microenvironment of metastases, we
checked the effect of therapies on the immune profiles of brain
metastases in the metachronous group. As we summarized in
Table 1, there were nineteen patients received adjuvant che-
motherapy, four patients received adjuvant targeted therapy,
only one patient received radiotherapy before brain surgery,
and five patients receive no systemic treatment in metachronous
group. We compared the TILs infiltration and immune signatures
expression in metachronous metastatic patients who received
adjuvant chemotherapy and those who did not, and found that
except the cell fraction of NK cells, no significant difference was
found in the enrichment scores of immune cell subtypes, cell
fractions of immune cell subtypes, and the expression scores of
immune related signatures in brain metastases of metachronous
group (Figure S9 A-C). Similarly, we did not find significant
differences in the TIL infiltration and immune signatures expres-
sion in brain metastases of metachronous group between patients
who received targeted therapy and those who did not, as well as
patients who received the systemic therapy and those who did not
(Figure S10, S11). There was a trend toward lower expression of
cytolytic activity signature, chemokines signature, adhesion mole-
cules signature and T cell-inflamed GEP signature in brain metas-
tases of the patients who received targeted therapy. However,
these significances disappeared after multiple tests (Figure
$10C). Thus, our data showed that the impact of adjuvant therapy
about metachronous group is relatively low.

Discussion

In this study, we comprehensively analyzed the tumor
immune microenvironment of paired brain metastases and
primary lesions from 43 NSCLC patients using an RNA
sequencing platform. Our data showed that brain metastases
compared with primary lung tumors had i) reduced TILs
infiltration; ii) a higher fraction of neutrophils; iii)) reduced
expression scores of immune-related gene signatures (non-
classical MHC signature, adhesion molecules signature, IFN
gamma signature and T cell-inflamed GEP signature); iv)
suppressed expression of immune checkpoint molecules
(VISTA and CTLA4); and v) a lower proportion of TMIT
I (high PD-L1 and high CD8A expression). Our work
revealed that the brain tumors are further immunosup-
pressed compared with primary lung tumors, which indi-
cates poor anti-tumor immune response and are related to
tumor growth and metastases in previous study.’®

We used two methods to evaluated the immune cell infiltra-
tion in paired brain metastases and primary lung tumors. The
ssGSEA estimated the relative enrichment of each cell type in
samples from their gene expression profiles, but might fail to
estimate the cell fractions of cell types in samples. We found
that brain metastases exhibited a lower enrichment of total
immune cells compared to primary lung tumors, which was
in line with results presented in previous reports.””*® In addi-
tion, we further used quanTIseq methods to compare the cell
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Figure 4. Comparison of immunological characteristics between paired brain metastases and primary lung tumors in synchronous group and metachronous group,

respectively.

composition of immune infiltrations between the brain meta-
static tumors and primary lung tumors, which was
a deconvolution-based algorithm, to generate the absolute
scores that can be interpreted as cell fractions and compared
both inter- and intra-samples. An elevated fraction of neutro-
phils infiltration in brain tumors was observed in our study,
which may exert main immunosuppressive roles in brain
microenvironment and be correlated to brain metastasis.
Neutrophils are most abundant innate immune cells in both
bone marrow and peripheral blood,* several studies showed
that tumor microenvironment may reprogram neutrophils and
shift them to immunosuppressive phenotype.** Tumor-

associated neutrophils (TANs) promote cancer growth and
metastasis by recruiting macrophages and Tregs, inhibiting
cytotoxic T cells and natural killer cells, and promoting
angiogenesis.* "** And several studies have demonstrated that
high neutrophil-to-lymphocyte ratio (NLR) is associated with
poor outcomes in patients with brain metastases.***> Recently,
various therapeutic approaches have been developed to inhibit
or modulate the phenotype of neutrophils,*® our findings of
increased fraction of neutrophils infiltration in brain metas-
tases suggest that targeting immunosuppressive TANs may be
a feasible immunotherapeutic approach for the clinical man-
agement of brain metastases in NSCLC.
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In this study, the expression scores of many immune-related
signatures, including non-classical MHC signature and adhe-
sion molecules signature, were decreased in brain metastases.
These findings indicated that metastatic lung cancer cells might
evade immune surveillance through multiple mechanisms,
including reduced antigen presentation and downregulation
of the expression of adhesion molecules, leading to an
immune-cell-depleted microenvironment. The IFN-gamma
signature and T cell-inflamed GEP signature are predictors of
the clinical response to ICIs.” Our results showed that the
scores of the IFN-gamma signature and T cell-inflamed GEP
signature were lower in brain metastases, indicating that the
responsiveness to ICIs may differ between brain metastases and
primary lung tumors, which was consistent with the results of
the clinical trial of pembrolizumab for the management of
patients with NSCLC and brain metastases.”” The immuno-
suppressed tumor microenvironment of brain metastases high-
lights the need for new therapeutic strategies aimed at
converting the immune-suppressive milieus into inflammatory
environments. As the results of several studies have shown,
radiotherapy may increase the release of damage-associated
molecular patterns or stress molecules, the expression of
MHC-I molecules for effective antigen presentation, the upre-
gulation of PD-L1 expression on cancer cells, and blood-brain
barrier permeability, allowing for better penetration of
immune checkpoint inhibitors into the brain.**>?
Chemotherapy may indeed enhance the effect of ICIs by
increasing T-cell responses and disrupting the activity of
TAMs.> Combining immunotherapy with other forms of che-
motherapy, radiotherapy may potentiate their effect in the
setting of brain metastases. To date, a number of clinical trials
have attempted to combine immunotherapeutic agents with
other forms of therapy to achieve a breakthrough.”

It has been proposed that four different types of tumor
microenvironments exist based on the presence or absence of
TILs and PD-L1 expression, which sheds light on new
approaches for rationally designing ideal combination cancer
therapies based on tumor immunology.”> Ock et al. classified
a large set of TCGA pan-cancer samples into four TME
immune types (TMIT) by measuring the mRNA expression
levels of PD-L1 and CDS8A and found that TMIT I (PD-L1
+/CD8A+) was associated with a high mutational burden, PD-
L1 amplification, and oncogenic viral infection.’® Our TMIT
analysis showed that the proportion of TMIT I (high PD-L1
/high CD8A expression) in brain metastases was significantly
lower than that in primary lung tumors, indicating that the
tumor microenvironment in brain metastases was immuno-
suppressed. Patients with TMIT I might be responders to
immune checkpoint blockade therapy.

PD-L1 expression is commonly used to predict the
response to immune checkpoint inhibitor therapy.
However, the dynamics of PD-L1 expression may limit its
use as a tissue-based predictive biomarker. We found that
the expression of PD-L1 in brain metastases was poorly
correlated with paired primary lung tumors. Our results
were consistent with those of previous reports in which it
was shown that there was temporal and spatial discordance
of PD-L1 expression between paired primary lesions and
brain metastases in lung cancer.'” Furthermore, our results

suggest that the responses to immunotherapy may be
inconsistent between primary and metastatic lesions due
to discrepancies in their tumor microenvironments. When
physicians decide to treat patients with lung cancer with
a PD-1 or PD-L1 inhibitor, they must consider the spatial
and  temporal  heterogeneity = of the  tumor
microenvironment.

Interestingly, we observed in this study that the tumor
immune microenvironment between paired brain metas-
tases and primary lung tumors displayed more differences
in the metachronous group than in the synchronous group.
And there was no significant difference in the expression
scores of the immune signatures between brain metastases
and primary lung tumors in synchronous group. Our
results indicated that brain metastases in the synchronous
group may produce an antitumor immune response similar
to that of primary lung tumors. A similar phenomenon was
also observed in other studies of metastatic cancers. Jiang
et al. investigated the heterogeneity of the neoantigen land-
scape between primary lesions and their matched metas-
tases in lung cancer and found that the counts, overall
distribution pattern and predicted HLA binding affinity of
neoantigens were similar between primary lesions and
metastases.””> All the samples they studied were collected
before any systemic therapy, which was equivalent to the
synchronous metastasis group. Shibutani et al. compared
the local immune status between the primary and meta-
static tumors in patients with stage IV colorectal cancer
who underwent concurrent resection of the primary
tumor and liver metastasis and found that the density of
the TIL subsets, as well as the activation/suppression status
of the lymphocytes of the primary tumor, were associated
with that of the metastatic tumor.’® Goto et al. found no
significant difference in the number of FoxP3-positive
tumor-infiltrating lymphocytes between right and left breast
cancers in patients with synchronous bilateral breast cancer,
where the tumors develop in the same host immune
environment.”” Chen et al. reported that patients with syn-
chronous head and neck squamous cell carcinoma
(HNSCC) and esophageal squamous cell carcinoma
(ESCC) had significant higher CD8+ TILs in HNSCC and
ESCC than metachronous patients. Furthermore, the
immunologic expression was significantly correlated
between the HNSCC and ESCC in synchronous patients.”®
There were differences in the immune microenvironment of
synchronous and metachronous groups of brain metastases
in NSCLC, suggesting that clinically different treatment
decisions should be made for synchronous and metachro-
nous brain metastases. However, more samples are needed
to verify this result, and more corresponding mechanistic
studies are necessary.

It has been reported that chemotherapy, radiotherapy,
and chemoradiotherapy are able to alter the composition of
the tumor immune microenvironment.”’ However, our data
showed that the impact of adjuvant therapy about meta-
chronous group is relatively low. In our cohort, for patients
with metachronous brain metastases, the intracranial radio-
therapy was mostly underwent followed by operation,
except for one patient. So, the impact of radiotherapy on



the brain immune microenvironment may be relatively low.
As for adjuvant therapy in metachronous group, there are
nineteen patients received adjuvant chemotherapy and four
patients received adjuvant targeted therapy. For patients
received adjuvant chemotherapy, there are at least more
than 6 months intervals between adjuvant chemotherapy
and the occurrence of brain metastases. Recent studies
have reported that the impact of chemotherapy and EGFR-
TKI on the tumor immune microenvironment is temporary
and disappeared as treatment continued in animal
models.®”"® One study also reported that just one cycle
of neoadjuvant chemotherapy induced an immune stimula-
tory microenvironment through serial tumor biopsies in
breast cancer patients.®* It would be better to evaluate the
impact of treatment regimens on brain metastases in appro-
priate cohort in future.

There are several limitations that should be pointed out.
First, the number of cases included in the current study is
relatively small for reaching a solid conclusion. Second, it
would be preferable to additionally analyze the tumor
immune microenvironment of patients who received ICI
treatment.

Conclusions

Our work illustrates the immune landscape of brain metas-
tases from NSCLC and suggests that the tumor immune
microenvironment in brain metastases compared with pri-
mary lung tumors is further immunosuppressed, which
may help guide immunotherapeutic strategies for NSCLC
brain metastases.
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