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Introduction
• Recurrent GBM is associated with a median survival of 6-9 

months
• PD-1 blockade as monotherapy has demonstrated benefit in 

multiple cancer types
• GBM is generally considered not to be immunogenic

– Relatively moderate mutational burden

• Only reported responses to immune checkpoint blockade in 
GBM have been case studies of individuals with 
hypermutated genotype and mismatch repair deficiency



Recent Developments in how the timing of checkpoint 
blockade can impact anti-tumor immune responses



Development of neoadjuvant surgery trial design to study the effects 
on the tumor microenvironment
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Exploratory Biomarkers to evaluate the influence of PD-1 

mAb on the TME and peripheral blood

• Gene expression profiling (Nanostring PanCancer Immune 
Profiling Panel and RNA-seq).  We will assess Gene Expression 
signature within tumors. Performed/Analyzed at UCLA

• Quantitative T cell receptor Sequencing (Performed at Adaptive 
Biotech./Analyzed at UCLA).  We will assess estimated TIL count 
and T cell receptor diversity.

• Multiplex Immunofluorescence.  We will quantitatively assess % 
CD8, %CD8+PD1+ TIL, %PD-L1+ cells (CD45 vs. GFAP). 
Performed/Analyzed at UCLA.

• Mass Cytometry.  High dimensional analysis of immune cell 
phenotypes after treatment. Performed at UCLA/Analyzed at 

UCLA with help from the Parker Institute.

6



Clinical Responsiveness:  Somatic mutations vs. IFN-g

Signature

•No difference in somatic 
mutation burden between 
groups
•Nanostring PanCancer Immune 

Profiling Panel
• IFN-g related Gene Expression 

Signature can predict “hot” and 
”cold” tumors
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Cell Cycle signature downregulation following neoadjuvant PD-1 

mAb blockade
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Extended Survival with neoadjuvant PD-1 mAb blockade
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In-Depth Analysis of the TME:
Digital Spatial Profiling
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• Ki67 discriminates therapy response from non-response in bulk 

mRNA

• Microscopically, Ki67 is only a marker for response in immune cell 

poor regions

• A deeper analysis revealed that proteins such as B7-H3, PTEN, and 

STING TEME173 determine the level of Ki67 in immune cell poor 

regions
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Immunophenotyping 
with CyTOF

DNA/RNA Collection

Ex vivo Tumor 
Infiltrating Lymphocyte 

Expansion

Immune Cell Isolation protocol from tumors
David Nathanson, Ph.D.
UCLA Pharmacology

Single cell RNA seq



Mass Cytometry – High Dimensional Analysis of 

PBMC and TIL

13 Alex Lee and Aaron Mochizuki





Mass Cytometry of tumor infiltrating immune cells
PD-1 Blockade alters the Myeloid cell:TIL Ratio
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Type Cell # Tumor #

AA.TIL 1286 2

GBM.new.TIL 41138 10

GBM.rec.TIL 24145 5

GBM.pembro.TIL 33325 9

met.pembro.TIL 27569 3

met.TIL 27355 7

OG.TIL 5249 1Parameters:
• 20% cutoff of mitochondria, giving a total of 160,067 cells

• Used the GBM.pembro.TIL (n=9) as reference to speed up 
computation. Memory required was ~ 100GB.

• The remaining mitochondrial percentage and the cell 
cycle score difference were regressed out.

• The clustering was done using PCA with 30 dimensions.

• UMAP was run using n.neighbors=10 and min.dist=0.1 
and seed.use=22. The clustering was done using 
resolution = 0.2.

Single cell RNA Seq of tumor infiltrating immune cells

Willy Hugo, Ph.D.

Unpublished



• C0 = Activated Effector CD8 (CD27, IFNG, CCL5, GZMK, PDCD1)

• C1 = Myeloid doublet (CD14, MHC II+, complement factors, APOE)

• C2 = Memory (IL7R, CD40LG, CCR7)

• C3 = NK and T gamma delta (CD16, TRDC, GNLY)

• C4 = Treg (FOXP3, IL2RA, CTLA4, TNFRSF4)

• C5 = FGFBP2+ NK cell

• C6 = Proliferating (MKI67+)

• C7 = B cells (CD79A/B, MS4A1, immunoglobulin, MHC II)
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CD8 T cells’ monocle2 trajectory 

(GBM recurrent without vs. with aPD1)
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Myeloid Cells

Aaron Mochizuki, D.O.
Pediatric Neuro-Oncology Fellow

Dendritic cell
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Tumor cell

T cell

Role of PD-1 Blockade, Interferon-gamma Receptor 

signaling, and Cell Cycle Activity
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Conclusions
• Neoadjuvant PD-1 mAb blockade is associated 

significant survival benefit over adjuvant therapy alone

• Benefit appears to be driven by systemic expansion of 
tumor-specific T-cells with high interferon-γ signaling 
and downregulation of the cell cycle signature

• See coordinated T cell responses only in the 
neoadjuvant treatment arm
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Cohort & Sample Overview

• 29 subjects have 1 tumor sample taken 
at time of surgery + 3 blood samples 
taken at baseline (pre-treatment), pre-
surgery, and at Cycle 2 post-treatment

T Cell Receptor Sequencing –

immunoSEQ platform

(Adaptive Biotechnologies)



Differential Abundance of TCR Clones
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Differential Abundance of TCR Clones
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Patient MA-31 (OS=58 days)

Tx Group B – Adjuvant only PD-1 mAb Blockade
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