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Diverse Cell Types in the Tumor Microenvironment Regulate Cancer
Progression
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Quail & Joyce, Nature Medicine (2013)
Quail & Joyce, Nature Reviews Cancer (2017)



Rationale for Therapeutically Targeting the Tumor
Microenvironment

| Preventing tumor growth
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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.




Exploring and Exploiting the Brain Tumor Microenvironment (TME)

Adapted from:
Quail & Joyce, Cancer Cell (2017)
Aldalpe et al, Nature Reviews Clinical Oncology (2019)



Exploring and Exploiting the Brain Tumor Microenvironment (TME)

- 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-sunbnressive brain microenvironment?



Brain Malignancies Confer Poor Patient Prognosis
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Brain Malignancies Confer Poor Patient Prognosis

Glioblastoma:
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Genetic Alterations in Gliomas
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Older age
WT IDH1 = worse prognosis
Broader brain distribution

Younger age
Mutant IDH1 = better prognosis
Frontal lobe bias

Dunn et al, Genes Dev

(2012)



Brain Malignancies Confer Poor Patient Prognosis

2/3:
Metastatic
Tumors




Median survival (years)

Brain Malignancies Confer Poor Patient Prognosis
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Brain Malignancies Confer Poor Patient Prognosis

APPROXIMATELY

20-40%
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Does the brain microenvironment represent
an actionable target?

Which cell types/ pathways should therapeutic
interventions be directed towards?




Exploring and Exploiting the Brain Tumor Microenvironment
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Exploring and Exploiting the Brain Tumor Microenvironment
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Exploring and Exploiting the Brain Tumor Microenvironment
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Exploring the Microenvironmental Landscape ot Brain
Tumors
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Exploring the Microenvironmental Landscape ot Brain
Tumors
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Exploring the Microenvironmental Landscape ot Brain
Tumors
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Exploring the Microenvironmental Landscape ot Brain
Tumors

Patient diagnosed with - . . .
brain metastasis or glioma s \ Tumor Glioma Brain metastasis (BrM)
R [ay’:%_’ o Mutant wt Breast Lung Melanoma
l l \ o D _sp 46
?
80
60 TME component

CDA45- cells

40 Myeloid cells

m

L Lymphocytes
i I . .
0

Brain metastases (BrM): from lung, breast, melanoma

Gliomas: low- and high-grade gliomas (IDH mut LGG vs. IDH wt HGG)

Proportion of cells (% of total)

Non-malignant brain controls: epilepsy patients or rapid autopsy program

Healthy blood controls: healthy volunteers
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Exploring the Immune Landscape of Brain Tumors
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Exploring the Immune Landscape of Brain Tumors
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Exploring the Immune Landscape of Brain Tumors

Non-tumor
brain

Glioma
IDH1 status

BrM
Primary

Myeloid cells % of CD45* Lymphocytes
100% 0% 50%
e=s) [
Mutant (16
e I
Wild-ype (41) Il W
HGG
Breast (13) B I
Lung (16) I |
Melanoma (8) 4 =

-
>
(@)
w

Tumor cells

o, A
Microglia
\

:

A
¢ o)
e 8|

/ m

ndritic cells

9
o

(14 different immune cell types)

M Microglia

M MDM (Monocyte-derived macrophages)
B Neutrophils

¥ CD14low/CD16+ Mono

CD14+/CD16+ Mono

B CD16- Granulocytes
iMC
| DC

B CD4+T Cells
M Treg
CD8+ T Cells
DNT

M B Cells
B NK Cells

Klemm et al, Cell (2020)



EXploring the Immune Landscape ot Brain | umaors:

Computational Analyses of RNAseq Data in Different Immune
Populations
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EXploring the Immune Landscape ot Brain | umaors:

Computational Analyses of RNAseq Data in Different Immune
Populations
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EXploring the Immune Landscape ot Brain | umaors:

Computational Analyses of RNAseq Data in Different Immune
Populations
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EXploring the Immune Landscape ot Brain | umors:
Computational Analyses of RNAseq Data in Different Immune

Cell type

CD45- @ Neutrophils
® MG @ CD4 Tecells
@ MDM

Tissue

® Non-tumor /
Reference
Glioma

B BM

tSNE 2

CD8*Tcells 10

-10

Major immune cell populations

Populations

A
—~ 25
\ o\o
o
L
™
A " E;I’
A‘l'i‘- A% o "
TR "
e g A -25
-20 -10 0 L 20
tSNE 1

Klemm et al, Cell (2020)

Microglia (MG) and MDMs

- |
1
I
@
C "5..
%'~
4 *‘“;.'a
A. “AA ®
A Ate
% o e
oy ®
-60 -30 0 30

PC1 (49.81%)

Cell type

® MG

A MDM

Disease
Non-tumor/
reference

Glioma
IDH mut

- Glioma
IDH wt

® BrM

Cell type-specific and disease-specific patterns of TAM ‘education’
as well as shared pathways between MG & MDMs




Unraveling the Complexity of the Immune Landscape in Brain
Cancers

Gliomas IDH mutant (LGG) IDH wt (HGG)
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Klemm et al, Cell (2020)



Unraveling the Complexity of the Immune Landscape in Brain
Cancers
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Klemm et al, Cell (2020)



Unraveling the Complexity of the Immune Landscape Iin Brain

Cancers
liom
Gliomas IDH mutant (LGG) IDH wt (HGG)
= 1 Diverse immune landscapes across
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TAMs collectively comprise ~25-80% of immune cells across these brain
malignancies
Are they an actionable therapeutic target?




Exploring and Therapeutically Exploiting the Tumor
Microenvironment
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Targeting TAMs using Inhibitors of Colony Stimulating Factor-1 Receptor
(CSF-1R)

-3¢ &3 &3 CSF-1/ M-CSF
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"""" Akkari et al, Science Translational Medicine
Juxtamembrane 2020)
ATP binding . Klemm et al, ms in revision

Kinase insert

* ATP competitive kinase inhibitors

Major kinase . .
* Blood-brain barrier permeable
Carboxyl terminus
[ ]

BLZ945: highly selective for CSF-1R, biochemical IC50 =1nM; PLX3397 1C50
=20nM




Targeting TAMs using Inhibitors of Colony Stimulating Factor-1 Receptor
(CSF-1R)
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ATP binding . Klemm et al, ms in revision
e * ATP competitive kinase inhibitors
Major kinase
J * Blood-brain barrier permeable
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' * BLZ945: highly selective for CSF-1R, biochemical IC50 =1nM; PLX3397 1C50
=20nM
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CSF-1R Inhibition Regresses Established High-Grade Preclinical
Gliomas
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CSF-1R Inhibitors/ TAM-Targeted Therapies in Clinical Development

Recruitment - £ ) Survival Reprogramming
< I~ @ : @ @ Tenosynovial giant cell tumor/ PVNS
Monocyte o TAM Apoptosis Pro-tumoural Tumoricidal ’ | ‘ '.-‘": i
macrophage macrophage
type Drug name Target Inhibitor type  Drug name Inhibitor type
Carlumab CCL2 mAb Clodronate NA Small molecule Hu5F9-G4 CD47 mAb
PF04136309 CCR2 Small molecule Zoledronic acid  NA Small molecule CC-90002 CD47 mAb
PLX3397 CSF1R Small molecule Trabectedin Caspase 8  Small molecule TT1-621 SIRPa Fusion protein 4 mth tumor VOIUme: 85% decrease
PLX7486 CSF1R Small molecule PLX7486 CSF1R Small molecule CP-870,893  CD40 Agonistic antibody
JNJ-40346527  CSF1R Small molecule INJ-40346527 CSF1R Small molecule RO7009789  CD40 Agonistic antibody
ARRY-382 CSF1R Small molecule ARRY-382 CSF1R Small molecule Imiquimod TLR7 Small molecule A Change in Tumor Volume Score
BLZ945 CSF1R Small molecule BLZ945 CSF1R Small molecule 852A TLR7 Small molecule £ e
IMC-CS4 CSF1R mAb IMC-CS4 CSF1R mAb IMO-2055 TLR9 Small molecule § 25
R05509554 CSF1R mAb R05509554 CSF1R mAb BLZ945 CSFIR  Small molecule §
RG7155 CSF1R mAb RG7155 CSF1R mAb __>°_ 50
FPA008 CSF1R mAb FPA008 CSF1IR mAb g
;n 25+
setta and Pollard, Nat Rev Drug Discovery (2018) 2 , ‘

Month

How do standard of care therapies change the TME, including
TAMs?
Do these alterations modulate therapeutic efficacy? Tap et al, NEJM (2015)

Mean decrease: 61%
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Longitudinal Analyses Following Radiation Therapy: Response and
Recurrence
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Longitudinal Analyses Following Radiation Therapy: Response and
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Blocking Infiltration of Monocyte-Derived Macrophages (MDMSs) in
Gliomas
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Blocking MDM Infiltration into Gliomas Following Radiation Enhances
Survival
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Analysis of Phenotypic Alterations in the Irradiated Glioma
Microenvironment

TAM-IR signature (64 genes)
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Analysis of Phenotypic Alterations in the Irradiated Glioma
Microenvironment

TAM-IR signature (64 genes)
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CSF-1R Inhibition in Combination with Radiation Enhances Survival

High grade
glioma 2 sxoay
= ® & 7 e
MRI (Regular imaging by MRI) MRI
Sacrifice when symptomatic
PHEREAREEEEEMEAREIIAE $AARE RIS el oo
(26 weeks of age)
Treatment started Tu mor  Treat
i( Initiation BLZ945
_ 100 : . 100 Vehicle
s 80 80 B BLZ945
: . 3 .
7] —— Vehicle (n=10) s m:
o 60- = 60- 03
g — IR (n=21) x 2 CH
£ — IR+BLZ945 (n=28) L" = g:
S 401 Q404 g
a = g: n=90
; & I: P < 5x10°17
@ 204 201
£ : . . ] =30
0O 4 8 12 16 20 24 0 20 40 60 80 100 120 140 160 180 200
Time after tumor initiation (weeks) Days

Akkari et al, Science Translational Medicine (2020) Quail et al, Science (2016)



Daily Administration of CSF-1R Inhibitor is Critical for Efficacy
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