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Abstract

Purpose/Objectives—We aimed to assess the predictive value of a lung cancer gene panel for 

the development of brain metastases.

Materials/Methods—Between 2011 and 2015, 102 patients with lung cancer were prospectively 

enrolled in a clinical trial in which a diagnostic fine-needle aspirate was obtained. Gene expression 

was conducted on all samples that rendered a diagnosis of non-small cell lung cancer (NSCLC). 

Subsequent retrospective analysis of brain metastases-related outcomes was performed by 

reviewing patient electronic medical records. A competing risk multivariable regression was 

performed to estimate the adjusted hazard ratio for the development of brain metastases and non-

brain metastases from NSCLC.

Results—A total of 49 of 102 patients had died by the last follow-up. Median time of follow-up 

was 13 months (range 0.23– 67 months). A total of 17 patients developed brain metastases. 

Median survival time after diagnosis of brain metastases was 3.58 months (95% confidence 
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interval (CI) 2.17, not available). A total of 30 patients developed metastases without any evidence 

of brain metastases until the time of death or last follow-up. Competing risk analysis identified 

three genes that were downregulated differentially in the patients with brain metastases versus 

non-brain metastatic disease: CD37 (0.017), cystatin A (0.022), and IL-23A (0.027). Other factors 

associated with brain metastases include: stage T (P ⩽ 8.3e−6) and stage N (P= 6.8e−4).

Conclusions—We have identified three genes, CD37, cystatin A, and IL-23A, for which 

downregulation of gene expression was associated with a greater propensity for developing brain 

metastases. Validation of these biomarkers could have implications on surveillance patterns in 

patients with brain metastases from NSCLC.

Keywords

Lung cancer; brain metastases; non-small cell lung cancer; gene expression; survival

Introduction

Nearly 100,000 patients with lung cancer are diagnosed with brain metastases (BM) in the 

USA each year.1 Even with improving therapies, outcomes are often poor with a median 

survival of 1 year or less.2 When symptomatic BM are identified, patients often experience a 

worsening of quality of life, a shorter survival time, and an increased financial burden.3 

Conversely, early detection of asymptomatic BM may allow for the preservation of quality 

of life and neurological function. Furthermore, if patients at increased risk for the 

development of BM could be identified, brain-image-guided surveillance could be 

performed to intervene prior to metastases becoming symptomatic. Current data suggest that 

this approach may decrease the number of patients that die of BM.4

While patients with locally advanced and metastatic non-small cell lung cancer (NSCLC) 

are generally staged with brain magnetic resonance imaging (MRI) at the time of diagnosis, 

there is no clear consensus on whether to obtain further brain imaging should no metastases 

be discovered at the initial staging. Patients with early stage disease at diagnosis generally 

do not require neuroimaging because of the low rate of brain metastases at the time of 

diagnosis. However, up to 40% of patients with lung cancer will ultimately develop brain 

metastases.5 Given the number of patients with NSCLC, it would be costly to perform 

image-guided surveillance on all lung cancer survivors with local or locally advanced treated 

disease. As such, there is great interest in the identification of biomarkers that predict a high 

risk for BM. Recent studies of BM from primary lung cancer suggest that there are brain 

metastasis-specific mutations.6 The existence of such mutations suggests that the 

identification of a biomarker may be feasible.

Our institution sought to identify genetic and/or molecular biomarkers for BM by correlating 

gene expression from patients with NSCLC who subsequently developed BM.
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Methods

Patient Population

Institutional Review Board approval was obtained for this trial that was undertaken between 

2011 and 2015. A total of 102 patients with suspected radiographic lung cancer were 

prospectively enrolled in a clinical trial in which a diagnostic fine-needle aspirate (FNA) was 

obtained. All patients underwent either computed tomography-guided trans-thoracic needle 

biopsy or endobronchial ultrasoundguided trans-bronchial needle sampling. A single 

dedicated final needle sample was placed entirely into RNAlater®. Key inclusion criteria 

included being older than 18 years and the ability to understand, and the willingness to sign, 

a written informed consent document. Exclusion criteria included patients whose FNA 

biopsy was unable to provide subtype classification by pathology or was non-diagnostic.

Patient characteristics including age, gender, primary histology, and cancer staging were 

abstracted from the electronic medical record. Medical records were also used to determine 

patient outcomes, including time to metastasis, time to brain metastasis, and brain metastasis 

number and diameter, plus time to last follow-up or death. Patient characteristics are 

summarized in Table 1.

Genomic Data Acquisition

Genomic analysis was performed on the RNA from a diagnostic FNA of the tumor as 

previously described.7 All samples were reviewed by a faculty cytopathologist for 

significant tumor cellularity in the diagnostic sample prior to proceeding with the extraction 

of RNA. Tumor tissues samples collected as the study samples were stored in RNAlater® at 

4°C until pathologic confirmation was achieved. Once confirmed that the biopsy was 

diagnostic, the samples were batched for RNA extraction and individual samples were 

homogenized according to the Qiagen QIAshredder protocol. Total RNA (approximately 1–

10 ug per sample) was isolated from each tumor sample according to the Qiagen RNeasy 

Microarray Tissue Mini Kit protocol. Once an adequate quantity was confirmed using an 

Eppendorf BioPhotometer, the quality of the RNA was assessed using an Agilent 2100 

Bioanalyzer. RNA suitable for evaluation were selected using the following criteria: (a) 

RNA integrity number (RIN) >8.0; and (b) absorbance ratio (A260/A280) between 1.8 and 

2.1.7 RNA from FNA were processed for gene expression analysis. A gene panel was used 

to generate transcriptome data using the NanoString platform (see Table 2). The selection of 

the genes was based on their ability to be histotype-specific, immune, and survival 

correlates. For each sample, original expression of all genes was log2 transformed, 

normalized against the mean of the four housekeeping genes, and z-transformed. Cross-

sample normalization was avoided to simplify clinical implementation. Next, nCounter data 

analysis was conducted using biometric research program array tools. The gene expression 

data will be submitted to the Gene Expression Omnibus for open public access.

Brain Metastasis Surveillance and Endpoints

Patients underwent staging MRI following the diagnosis of NSCLC. Based on provider 

practice standard care, patients with stage II or greater underwent staging MRI of the brain. 

If patients had a negative initial MRI of the brain, re-imaging of the brain was done either at 
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the time of the development of metastatic disease (incidental finding) or when indicated for 

neurologic symptoms.

Statistics

A competing risk analysis was performed for the effects of the prognostic factors, including 

pathological stages and histology (adenocarcinoma vs. squamous cell carcinoma) on the risk 

of developing brain metastasis versus other types of metastasis. Cumulative incidence 

functions of both metastasis types in each subgroup were estimated for every prognostic 

factor. Gray’s test was used to assess the statistical significance of these prognostic factors in 

competing risks.

The genes that were differentially expressed at mRNA level in tumor tissues that 

subsequently developed brain metastasis were sought using empirical Bayes linear model8 

using R (version: 3.3.1) package “limma” (version: 3.30.13). Top genes that showed both 

biological significance (absolute log fold changes of expression larger than 1) and statistical 

significance (P ⩽ 0.050) were selected as potential differentially expressed genes.

Results

Clinical Outcomes

A total of 49 of 102 patients had died by the last follow-up. The median time of follow-up 

was 13.0 months (range 0–67 months). A total of 17 patients developed BM. The risk of 

developing BM was lower than 50% (1–0.84 = 0.16), so no median survival time is available 

(Figure 1). Median survival time after diagnosis of BM was 3.58 months (95% confidence 

interval (CI) 2.17, not available) (Figure 2). A total of 30 patients developed metastases 

outside the brain without any evidence of BM until the time of death or last follow-up.

Factors Associated with Brain Metastasis Development

Competing risk analysis revealed the cumulative incidence of BM to be associated with 

higher stage T (P ⩽ 8.3e−6) and higher stage N (P = 6.8e−4). The effect of stage M (P = 0.42) 

or adenocarcinoma versus squamous histology (P = 0.25) were not statistically significant. 

Competing risk analysis identified three genes that were downregulated differentially in the 

primary tumor tissues of patients who later developed BM versus non-brain metastatic 

disease: CD37 (0.017), cystatin A (CSTA) (0.022), and IL-23A (0.027). The expression 

levels of these three genes were also significantly down-regulated in the primary tumor 

tissues of patients who later developed BM versus non-brain metastatic disease, with log 

fold changes of −1.3, −1.4, and −1.3, respectively (Figure 3). There was no significant 

expression difference of these three genes in adenocarcinoma versus squamous histology.

Discussion

This study represents a retrospective analysis of a prospective study that sought to evaluate 

potential biomarkers related to histology, immune function, and survival.
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Our study identified three downregulated genes that were associated with BM: CSTA 

(0.022), IL-23A (0.027), and CD37 (0.017). Each of these genes has a plausible mechanism 

for furthering the metastatic phenotype.

Cystatin A (CSTA), also called Stefin A, functions as a cysteine protease inhibitor and has 

been shown to regulate tumor growth, invasion, and metastasis.9 Specifically, CSTA mRNA 

is detected in benign but not malignant lesions, suggesting that the loss of CSTA promotes 

tumorigenesis or tumor progression.10 It has been suggested that CSTA is an inhibitor of 

cysteine protease cathepsin B (CatB), and the decreased expression of CSTA causes 

increased CatB, which is associated with tumor malignancy in brain tumors.11 Studies have 

also indicated that CSTA suppressed ultraviolet-induced apoptosis in keratinocytes by the 

inhibition of caspase 3.12 A recent study in 2018 by Shiba et al.13 showed that the mRNA 

expression of CSTA was significantly decreased in esophageal squamous cell carcinoma 

with a P<0.001; however, some portions of the tumor tissues showed high CSTA expression 

levels, and these areas showed the most advanced tumor invasion. The authors felt that 

although a significant portion of cells in the tumor were attempting to downregulate CSTA, 

the cells unable to do so had advanced tumor progression. Therefore, this suggested that low 

mRNA expression levels in tumor tissue samples may not indicate expression levels in cells 

that have the greatest invasion potential. Further studies with immunostaining of tumor 

samples will be needed to further elucidate the role of CSTA in metastases.

We found a significant downregulation of IL-23 to be associated with BM; however, it is 

possible that similar to the results found by Shiba et al.,13 mRNA expression could be 

significantly decreased overall but still have areas within the tumor showing increased 

expression. Again, this suggests that further studies investigating the immunostaining of 

tumor samples may be beneficial.

Another possibility is that IL-23, like IL-12, is an antitumor agent and inhibits metastases. 

One study demonstrating this used mouse models with IL-23-induced tumor cells and 

showed that IL-23 was effective at inhibiting the growth of tumors and lung metastases by 

the mediation of CD8+ T cells.14 A study by Li et al.15 similarly found that high levels of 

IL-23 can inhibit lung cancer cell growth. They found that low concentrations of IL-23 

promoted the proliferation of IL-23 receptor-positive A549 and SPCA-1 lung cancer cells by 

binding to IL-23r, and that IL-23 regulated the growth of human lung cancer cells through its 

effects on STAT3 expression and phosphorylation in a concentration-dependent way.

Further, it has been demonstrated that IL-23 upregulates T Helper 17 cells16 and these cells 

have been shown to promote antitumor immunity.17 The downregulation of IL-23 could lead 

to the loss of this antitumor immunity.

CD37 is a transmembrane protein with known functions in the regulation of cell growth and 

motility. It is known as a pro-apoptotic signal, and the downregulation of CD37 has been 

shown to activate the IL-6 signaling pathway and to drive tumorigenesis.18 CD37 is also an 

important immune marker for T-cells, B-cells, macrophages/monocytes, and granulocytes. 

The low expression of CD37 may indicate the poor filtration of immune cells and 

suppressed immunity in the tumor tissue.
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These genes will require validation with a larger sample size. The goal is to identify a 

biomarker to predict the development of future BM in patients with NSCLC. These 

biomarkers could allow for increased surveillance in atrisk populations; this targeted 

surveillance could result in the earlier detection of BM. The benefits of earlier detection of 

BM may include: (a) a tendency for patients to have improved functional performance status 

at the time of diagnosis; (b) fewer and smaller metastases; and (c) quality-of-life-sparing 

treatment options.19–23 The early detection of BM allows for improved functional status of 

patients at the time of diagnosis as the tumor has had less time to cause neurological 

impairment. This would allow more patients to be surgical candidates, and surgical resection 

has been shown to improve local control, quality of life, and survival.24,25 Early detection of 

BM also minimizes the time allowed for the progression of metastatic disease and allows for 

treatment while BM are fewer and smaller. The smaller and fewer BM are when treated the 

better the patient performance outcomes, local control, quality of life, and survival.19,21–23

In addition to early detection, biomarkers could increase cost effectiveness. If biomarkers for 

BM could be proven to be sufficiently sensitive, a negative screening would eliminate the 

need for brain imaging for initial staging, and decrease the need for surveillance imaging. 

Considering the cost of an MRI of the brain is approximately US$3,000 and the cost of 

adding RNA analysis to FNA and would cost about $200, the savings would be substantial. 

Doing RNA analysis for biomarkers would be relatively easy as tissue from FNA has often 

already been taken for pathological diagnosis.

Several prior studies have attempted to identify a biomarker for BM, but none have been 

successfully validated for NSCLC. A prospective study at Memorial Sloan Kettering Cancer 

Center investigated six serum proteomic makers— NSE, CYFRA 21–1, Pro-GRP, SCC-Ag, 

TIMP1, and HE4— in volunteers with newly diagnosed stage IV NSCLC.26 None of these 

proteomic markers were significantly associated with the presence of BM on logistic 

regression analysis. Another study by Lee et al.27 demonstrated the correlation of pre-

treatment carcinoembryonic antigen to BM in NSCLC; however, no independent validation 

accounting for timing and survival has been conducted. A study from the Virginia Piper 

Cancer Center investigated microRNAs as a potential biomarker for the development of BM 

in NSCLC and compared microRNA microarray profiling in patients with BM and those 

without BM.28 This study identified miR-328 as a biomarker that was able to classify 

patients with BM in a small cohort (seven patients with BM, and six patients without BM). 

In the validation cohort (n=15), miR-328 was able to correctly classify 12 of 15 patients. 

Given the small numbers in this study, these findings are hypothesis-generating and likely 

need to be validated by a larger independent study before they can be clinically adopted.

This series has several limitations. This study is limited in power by the patient population 

size. As such, a larger population size will be necessary to validate the findings. As a single-

institution study, this series was subject to patient-selection bias. The patient tissue sample 

genetic evaluation was limited to using predetermined genes and thus narrowed the analysis. 

Patient follow-up was limited by not having a standardized schedule for brain imaging, thus 

patients could have developed asymptomatic BM not discovered with imaging. Despite the 

limitations of this study, we build on the current literature by identifying three genes (CD37, 

CSTA, and IL-23A) that are differentially expressed in patients with NSCLC who develop 
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BM compared with patients who develop non-brain metastatic disease. We theorize that the 

identification of NSCLC genes associated with increased brain metastasis potential could 

inform future protocols for image-guided surveillance and thus have the potential to identify 

BM before patients are symptomatic. Future retrospective and prospective studies with 

larger sample sizes are needed to further clarify these results.

Conclusions

We have identified three genes CD37, CSTA, and IL-23A for which the downregulation of 

gene expression was associated with a greater propensity for developing BM. Validation of 

these biomarkers could have implications on surveillance patterns in patients with BM from 

NSCLC.
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Figure 1. 
Kaplan Meier curve of survival time for patients developing BM. BM: brain metastasis.

Dohm et al. Page 9

Int J Biol Markers. Author manuscript; available in PMC 2020 July 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Kaplan Meier curve of time to development of BM. BM: brain metastasis.
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Figure 3. 
Box plots of the expression levels in BM cases comparing with other metastasis types for 

genes CD37, Cystatin A, and IL23A. BM: brain metastasis.
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Table 2.

Gene Panel.

CD37 molecule

Cystatin A (stefin A)

Interleukin 23, alpha subunit p19

Protein tyrosine phosphatase, receptor type, C

Plakophilin 1 (ectodermal dysplasia/skin fragility syndrome)

Major histocompatibility complex, class II, DP alpha 1

Major histocompatibility complex, class II, DP beta 1

Hydroxysteroid (17-beta) dehydrogenase 6 homolog (mouse)

Major histocompatibility complex, class II, DR alpha

Post-GPI attachment to proteins 1

Keratin 14

Creatine kinase, mitochondrial 1B

Lactate dehydrogenase A

CD9 molecule

Profilin 2

Interleukin 8

Keratin 6B

Transcribed locus

Glutathione peroxidase 2 (gastrointestinal)

Glycoprotein (transmembrane) nmb

Surfactant protein B

Colony stimulating factor 1 receptor

Kruppel-like factor 5 (intestinal)

Lectin, galactoside-binding, soluble, 4

Cytochrome P450, family 1, subfamily A, polypeptide 2

Vascular endothelial growth factor A

FXYD domain containing ion transport regulator 3

Paraneoplastic antigen MA2

Aldo-keto reductase family 1, member B10 (aldose reductase)

Folate receptor l (adult)

Phosphofructokinase, platelet

|MAPK1|Mitogen-activated protein kinase 1

|C8orf4|Chromosome 8 open reading frame 4

|UBE2S|Ubiquitin-conjugating enzyme E2S
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