
Exploring and Exploiting the Immune Landscape in Brain 
Cancers

Prof. Johanna Joyce

Department of Oncology and Ludwig Institute for Cancer Research
Agora Cancer Centre, University of Lausanne, Switzerland

www.joycelab.org              @Johanna_A_Joyce, @Joycelab





Adapted from: 
Quail & Joyce, Nature Medicine (2013)
Quail & Joyce, Nature Reviews Cancer (2017)

TAM: Tumor-associated macrophage
CAF: Cancer-associated fibroblast
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• Normal cells in the tumor microenvironment can be ‘educated’ or converted by cancer cells to promote malignant 
progression.

• Microenvironment cells represent a comparatively simple target relative to genetically unstable cancer cells, 
and should not acquire mutations that drive therapeutic resistance.
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Aldalpe et al, Nature Reviews Clinical Oncology (2019)
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- How does the brain TME evolve with disease progression?  

- Is the TME of different brain malignancies sculpted in a disease-specific or tissue-specific manner? 

- Do metastases originating from different primary sites sculpt the brain TME through similar or distinct 

mechanisms?

- How can we overcome the immune-suppressive brain microenvironment?
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Does the brain microenvironment represent 
an actionable target?

Which cell types/ pathways should therapeutic 
interventions be directed towards?
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Healthy blood controls: healthy volunteers

n > 100 clinical samples
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Major immune cell populations Microglia (MG) and MDMs

Cell type-specific and disease-specific patterns of TAM ‘education’ 
as well as shared pathways between MG & MDMs
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Klemm et al, Cell (2020)
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A major driver of TAM phenotypes is the 
disease of origin
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TAMs collectively comprise ~25-80% of immune cells across these brain 

malignancies

Are they an actionable therapeutic target?

Diverse immune landscapes across 
different brain cancers

A major driver of TAM phenotypes is the 
disease of origin
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Quail & Joyce, Clinical Cancer Research (2017)

Tumor-modulatory functionsTumor-modulatory functions

Angiogenesis, Invasion

Metastasis
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Longitudinal MRI throughout 
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P < 5x10-17

Quail et al, Science (2016); Pyonteck et al, Nature Medicine (2013)
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Cassetta and Pollard, Nat Rev Drug Discovery (2018)

Tap et al, NEJM (2015)

Mean decrease: 61%

Tenosynovial giant cell tumor/ PVNS 

4 mth tumor volume: 85% decrease

How do standard of care therapies change the TME, including

TAMs?

Do these alterations modulate therapeutic efficacy?



Longitudinal Analyses of TME Alterations Following Therapeutic 

Intervention

Longitudinal Analyses of TME Alterations Following Therapeutic 

Intervention

Ink4a/Arf KO; PDGF-B GEMM
p53 KD; PDGF-B GEMM

PDX models

Gene expression of TAM populations

Matched tissue samples

Whole genome expression with 
computational deconvolution

T
um

or
 p

ro
g

re
ss

io
n

Treatment-
naive 

Residual 
tumor 

Resistance

Response

Quiescence

Recurrent  
disease 

Rebound tumor Regressed tumor

Leila Akkari

Science Translational Medicine
(2020)

Naïve glioma



Longitudinal Analyses Following Radiation Therapy: Response and 

Recurrence

Longitudinal Analyses Following Radiation Therapy: Response and 

Recurrence



Longitudinal Analyses Following Radiation Therapy: Response and 

Recurrence

Longitudinal Analyses Following Radiation Therapy: Response and 

Recurrence

Total TAMs Monocytes Neutrophils Lymphocytes PDG-Ink4a/Arf KO PDG-p53 KD



Blocking Infiltration of Monocyte-Derived Macrophages (MDMs) in 

Gliomas

Blocking Infiltration of Monocyte-Derived Macrophages (MDMs) in 

Gliomas

Total TAMs Monocytes Neutrophils Lymphocytes PDG-Ink4a/Arf KO PDG-p53 KD

Integrin a4
(CD49D)

Integrin b1
(CD29)

Does blockade of MDM infiltration have an effect on glioma recurrence post-

irradiation?

VLA-4
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Preclinical Trial Designs Combining CSF-1R Inhibition with Radiotherapy
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Akkari et al, Science Translational Medicine (2020) Quail et al, Science (2016)

P < 5x10-17
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Daily Administration of CSF-1R Inhibitor is Critical for EfficacyDaily Administration of CSF-1R Inhibitor is Critical for Efficacy
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