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1. Specific Aims 
Tumor-infiltrating immune cells in adult cancers are associated with favorable prognosis and response to 
immunotherapy.  In pediatric neoplasms, the immunobiology of the microenvironment and its effect on 
outcome remain less clear. We have analyzed the prognostic strength of a T-cell expression gene signature and 
neoantigen load as well as identified signaling pathways inversely associated with immune cell infiltration in a 
discovery cohort of patients with neuroblastoma using the Therapeutically Applicable Research to Generate 
Effective Treatments (TARGET) database at The Genomic Data Commons (GDC). We now seek to validate our 
findings using genomic data from an independent cohort in the Gabriella Miller Kids First (GMKF) Data 
Resource Portal and outcome data from the INRG Data Commons. 
 
The specific aims of this study are to: 

1. Validate the prognostic strength of a T-cell expression gene signature and neoantigen load in an 
independent cohort derived from the GMKF Data Resource Portal. 

2. Validate the signaling pathways inversely associated with immune cell infiltration in an independent 
cohort derived from the GMKF Data Resource Portal.  

 
2. Hypothesis 
We hypothesize that a T-cell expression gene signature and neoantigen load will correlate with outcomes as 
demonstrated in our discovery cohort.  We also hypothesize that the signaling pathways associated with a lack 
of T-cell infiltration will be replicated in the validation cohort.   
 
3. Patient Cohort (Eligibility Criteria) 
The Gabriella Miller Kids First (GMKF) Pediatric Research Program was established by the NIH to enable 
researchers, clinicians, and patients to work together to accelerate research and promote discoveries for 
children affected with cancer and structural birth defects. This dataset provides a variety of next-gen 
sequencing data, including somatic RNA analyses. However, the GMKF repository does not house rich clinical 
annotation. The GMKF dataset includes a publicly available Universal Specimen Identifier (USI) for each tumor 
sample analyzed. USI numbers are also linked to the clinical data from Children’s Oncology Group patients in 
the INRG Data Commons. We are requesting the INRG Data Commons clinical phenotype data that can be 
mapped to the GMKF genomic data using the USI numbers. For this project, we are requesting clinical 
phenotype data for 209 patients for which RNAseq neuroblastoma tumor data is available in the GMKF Data 
Resource Portal.  
 
4. Background 
The presence of effector T cells in the tumor microenvironment has been associated with improved  survival in 
adults with many types of cancer.1-3 Several studies conducted in melanoma and other solid tumors have 
demonstrated that expression of dendritic cell and CD8+ T cell associated genes, or a T cell inflamed gene 
signature, is correlated with favorable prognosis and response to immunotherapy with checkpoint blockade  
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therapy or tumor vaccines.4-8 Alternatively, non-T cell inflamed signatures have been correlated with resistance 
to immunotherapy. There is increasing evidence that signaling pathways intrinsic to the neoplastic cells may 
impair the local immune response in tumors. Tumor cell-intrinsic activation of the WNT/b-catenin pathway has 
been associated with a lack of T cell infiltration in melanoma and bladder cancer.9,10 Activation of the PI3K 
signaling pathway through loss-of-function mutations in PTEN can likewise mediate a non-T cell-inflamed 
tumor microenvironment in melanoma11 and  activation of LKB1 can have a similar effect in lung 
adenocarcinoma12. Further, in lymphoma diminished activation and recruitment of T cells has been reported 
with c-myc activation, largely through inhibition of macrophage activation.13   
 
In contrast to adult cancers, pediatric neoplasms have low mutational burden and are non-T cell-inflamed or 
“cold”, with scarce tumor infiltrating lymphocytes amongst anti-inflammatory M2 tumor associated 
macrophages.14,15 Although the response to immune checkpoint inhibition is poor for most pediatric 
cancers16,17, post-consolidation immunotherapy with a monoclonal antibody targeting the GD2 ganglioside 
combined with cytokines significantly improves survival for children with high-risk neuroblastoma18. Further, 
high response rates were observed in newly diagnosed patients in a single institutional study with induction 
chemotherapy combined with anti-GD2 antibody19, and significant anti-tumor activity was observed in a 
Children’s Oncology Group (COG) clinical trial testing irinotecan and temozolomide combined with anti-GD2 
antibody and GM-CSF in patients with relapsed/refractory neuroblastoma20,21.  
 
Currently, the immunobiology of the neuroblastoma microenvironment and its association with treatment 
response and survival remains poorly understood. Asgharzadeh et al., have demonstrated that metastatic 
neuroblastoma tumors have higher tumor-associated macrophages (TAMs) identified by IHC than locoregional 
tumors. In addition, these authors found that metastatic MYCN non-amplified tumors in patients >18 months 
of age had higher expression of inflammation genes associated with monocyte/ macrophage, myeloid, and B 
cells compared to patients <18 months of age, suggesting that TAMs contribute to the age-associated clinical 
behavior of these tumors.22  In another study, RNAseq data revealed higher levels of cytotoxic tumor 
infiltrating lymphocytes (TILs) in MYCN non-amplified versus MYCN amplified neuroblastoma tumors. In that 
cohort, high TIL levels were found to be associated with improved outcomes in children with MYCN-
nonamplified high-risk neuroblastoma.23 We have analyzed the prognostic strength of a T cell expression gene 
signature in a discovery cohort and now seek to validate our findings  in an independent cohort utilizing 
genomic data available from the GMKF Data Resource Portal and clinical information in the INRG Data 
Commons. 
 
5. Significance 
While there has been progress made in understanding the biologic features of neuroblastoma, as well as 
evolution of therapeutic strategies, approximately 25-30% of patients with high-risk disease will still 
experience recurrence despite intensive, multimodality therapy, and long-term survival for these children is 
dismal. Continued understanding of the biological underpinnings of the disease, such as the immunobiology of 
the tumor microenvironment, will aid in better risk stratification and identification of factors associated with 
response to therapy. Ultimately, this work may also provide insight for new candidate targets for immune 
potentiation. Further, this study will help elucidate signaling pathways that may lead to immune evasion in 
neuroblastoma.   
 
6. Proposal description 
The GMKF project includes clinical and genomics data generated from approximately 584 children diagnosed 
with neuroblastoma. For our project, we will use the RNA from 209 diagnostic biopsies with RNA-seq data 
available (https://portal.kidsfirstdrc.org). The publicly accessible preprocessed expression TSV files quantified 
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by Kallisto or RSEM algorithms have been downloaded. We will normalize the RNAseq expression data across 
all samples using TMM, followed by log2 transformation. Using a defined T cell-inflamed gene expression 
signature 24, we will categorize patients into T cell-inflamed, non-T cell-inflamed, and intermediate groups. We 
will perform an unbiased discovery to identify pathways associated with immune exclusion in neuroblastoma 
tumor microenvironment following protocols previously established by our group 25. In brief, we will contrast T 
cell-inflamed and non-T cell-inflamed tumors to identify genes significantly differentially expressed between 
the two groups using limma voom with precision weights (fold change ≥ 1.5 or ≤−1.5, FDR 0.05). We will 
identify pathways significantly activated in non-T cell-inflamed relative to T cell-inflamed tumors using causal 
network analysis 26 (activation z-score ≥1.95, FDR 0.05). We will use USI numbers to link the genomic data from 
GMKF with the demographic, treatment, and outcomes information in the INRG data commons to create 
genomic data with robust clinical annotation.  
 
To date, we have analyzed genomic data from neuroblastoma tumors in the TARGET dataset and have found 
significant differences in overall survival in the cohort of patients with tumors that were categorized as non-T 
cell-inflamed, T cell-inflamed, and intermediate using a T-cell expression signature. We also found neoantigen 
load was significantly associated with survival.27 Multivariate models adjusting for age, gender, and relevant 
clinical factors demonstrated that the genomic category maintained independent prognostic significance in 
this cohort (p-value<0.05). We have also identified several signaling pathways that are strongly associated with 
a lack of T cell inflammation. We will validate these findings using the independent GMKF neuroblastoma 
cohort. P-values will be corrected by the BH-FDR method for multiple comparisons when appropriate. Adjusted 
p-values < 0.05 will be considered statistically significant.  
 
7. Data Requested 
Patient demographics, tumor biology, treatment, and outcomes for all patients identified in our validation 
cohort derived from the GMKF Data Resource Portal. 
 
Bioinformatician: Riyue Bao, PhD 
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