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Mission

To accelerate:

 Biological understanding of neurological disorders and
cancer

* Drug discovery for various diseases

 Clinical development of drugs, devices in neurological
diseases and cancers
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Barriers

 Tumor/Disease heterogeneity
 Blood-brain barrier

* |Immunosuppressive
microenvironment

e Steriod use

e Radiation/Chemotherapy

Tumors are different genetically
Limits drug access

Immune system inhibited
Immune system inhibited

Immune system inhibited/
Promotes aggressive recurrence

Better Drugs are Needed!
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2"d Profiling: OS 34 months
EGFR mut gone
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Progressed on Profiling: 0S>21.3
XRT +Temodar TOPO1+, months
PFS 6.9 months

Treatment with
Irinotecan +

Surgery
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Precision Medicine Pathway:
NextGen GBM Signature Biomarker-Driven Trials

Newly-
diagnosed
GBM

BIOMARKER —

Erlotinib J { Imatinib J { Tivatinib J { Everolimus J {ImmunotherapyJ

Treat patients individually based on their own unique characteristics

THERAPY
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Barriers

e Tumor/Disease heterogeneity
e Blood-brain barrier

 Immunosuppressive
microenvironment

e Steriod use

e Radiation/Chemotherapy
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Tumors are different genetically
Limits drug access

Immune system inhibited
Immune system inhibited

Immune system inhibited/
Promotes aggressive recurrence
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Progress in Immuno-Oncology

Antibodies
VEGF
EGFR
PDGFR
Vaccines
*Peptide/Protein/Tumor cell lysates
Viral
*Dendritic Cell
*Oncolytics
Small molecule agonists and inhibitors
*IDO
*TGF-beta
Cytokines
o|L-2
Immune checkpoint modulation
*CTLA-4
PD-1, PD-L1
*TNFSRF
Cellular therapy
*CARs, TCRs
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Brain Cancers

* We have tried them all

* Need complete removal

e  Steriods limiting

»  Toxicity limiting with newer agents

I Hematopoetic origin

* Mastcell *Bcell *Macrophage *CTL *Tey = Dendriticcell *MDSC

e \\“\Q\@)k__ y l
AL St Wy ascular
\\( endothelium

Tumor
microenvironment

* Pericyte

Mesenchymal origin |: « Fibroblast

Suppressive mechanisms

MDSC cell (@)
« Secretion of NO, arginase and ROS
= Sequestration of cysteine

« Impaired differentiation

= Defective antigen presentation

Trug CEN

= Secretion of suppressive
cytokines (TGF-fi, IL-10)

* Sink for IL-2, IL-7, IL-12, and IL-15

* Impaired activation of CTLs

Macrophage " J, !

» M2 differentiation/cytokine pruﬁla‘
= Defective antigen presentation

* Lack of costimulation for T cells

* Impaired tumorocidal activity

Dendritic cell />

= IDO expression; induction of Tregs
* Impaired maturation

» Defective antigen presentation

* Lack of costimulation for T cells

DI

Cancercell |\ war

* Loss of MHG class | and antigen
processing machinery

= Antigen loss variants

* Secretion of VEGF, GM-CSF,
G-CSF and gangliosides
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e 70 yo fireman with
PCNSL that relapsed
following kitchen sink
including
chemotherapy,
transplant and
radiation.

e Started Nivolumab
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Immune Checkpoint Inhibition for Hypermutant 2.0 -
Glioblastoma Multiforme Resulting From Germline Biallelic
Mismatch Repair Deficiency

Eric Bouffet, Valérie Larouche, Brittany B. Campbell, Daniele Merico, Richard de Borja, Melyssa Aronson, [

Carol Durno, Joerg Krueger, Vanja Cabric, Vijay Ramaswamy; Nataliya Zhukova, Gary Mason, Roula Farah, [ [

Samina Afzal, Michal Yalon, Gideon Rechavi, Vanan Magimairajan, Michael F. Walsh, Shlomi Constantini, P< 001 P 001
Rina Dvir, Ronit Elhasid, Alyssa Reddy, Michael Osborn, Michael Sullivan, Jordan Hansford, Andrew Dodgshun, : :
Nancy Kiauber-Demore, Lindsay Peterson, Sunil Patel, Scott Lindhorst, Jeffrey Atkinson, Zane Cohen,

Rachel Laframboise, Peter Dirks, Michael Taylor, David Malkin, Steffen Albrecht, Ray W.R. Dudley, Nada Jabado,
Cynthia E. Hawkins, Adam Shlien, and Uri Tabori
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Fig 2 Tumor mutation and necantigen analysis. (A} Boxplot comparing the numberof mutations per tumor exome in several biallelic mismatch repair deficiency (bMMRD)
canger types with pediatric andadult brain turmors. (B} Ratio of the number of necantigens found inimmunones ponsive tumors from malanoma = 27), lung cancer (n= 14}, and
colon cancer (n = 7] data sats corpanad with median numibar of necantigens in bMMRD glioblastoma miultiformme (GBM; n = 13). ATRT, atypical teratoid rhabdaid tumor, DIPG,
diffuse intrinsic pontine glioma; L1, leukemiafymphoma; LGG, lowsgrade glioma; MB, medulloblastoma; PA, pilocytic astrocytoma; PNET, primitive neuroectodemnal tumor.
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JiY After radiotherapy Recurrence 12 weeks of
nivolumab

A Prenivolumab 11 days of 12 weeks of

Immune Checkpoint Inhibition for F nlvclurr?al:r ik

Glioblastoma Multiforme Resulting F:
Mismatch Repair Deficiency

Eric Bouffet, Valérie Larouche, Brittany B. Campbell, Daniele Mericc
Carol Durno, Joerg Krueger, Vanja Cabric, Vijay Ramaswamy; Natal
Samina Afzal, Michal Yalon, Gideon Rechavi, Vanan Magimairajan,
Rina Dvir, Ronit Elhasid, Alyssa Reddy, Michael Osborn, Michael Sulh
Nancy Klauber-Demore, Lindsay Peterson, Sunil Patel, Scott Lindhor.
Rachel Laframboise, Peter Dirks, Michael Taylor, David Malkin, Steffer.
Cynthia E. Hawkins, Adam Shlien, and Uri Tabori

Prenivolumab 12 days of 8 weeks of
ni:glgmab nivolumab

=] Afterradiotherapy  Recurrence 8 weeks of
nivolumab
P

#

Fig 3 Initial changes and resolution of magnetic resonance imagng findings
during treatment with nivolumab. (A) T2 flair sequences pratreatmeant, during
clinical qemriﬁran.'{maftgr Lre.ahnant initiatian., and resolution in sybf.-‘equentgcans Fig 4. Tumor response by magnetic resonance imaging. (Al Gadolinium-
for the index patient with glioblastoma multiforme (GBM). (B} Similar sequences enhanced T1 sequences of the index case showing tumor status after initial
for the patient's brother with GBM. radiation therapy, at relapse, and on the recent scan during treatment. (B) Similar
sequences for the patient's brother's tumar. Red arrows indicate enhancing tumor.
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Precision Immunotherapy:
NextGen GBM Signature Biomarker-Driven Trials

Newly-
diagnosed
GBM

Marker #4 AT

BIOMARKER

W\ ETL GRS

THERAPY

ImmuneRx #1 J

ImmuneRx #2 J { ImmuneRXx #3 J ImmuneRx #4 J {ImmunotherapyJ

Treat patients individually based on their own unique immune characteristics
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Newly Diagnosed
Glioma Patients

4

Imaging/Labs

4

Surgical resection

Genomic, Proteomic
Tumor Profiling

Modeling-driven Stratification:
Targeted Personalized Therapy



EGFR
inhibitors

Cyclin-dependent
kinase inhibitors

|

4

Sustaining Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

Avoiding
immune
destruction

Proapoptotic F'ESiSltli"g E”Ii“b“ﬁg Telomerase
BH3 mimetics o Bpicative Inhibitors
death immortality
Genome Tumor
instability & _pramating g
mutation inflammation yeIIow - CDS8
PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

f

a

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

pink = CD163

Advanced genomics, informatics, and Big data analytics are

helping us unravel this complexity

PACIFIC

JOHN WAYNE
CANGER INSTITUTE

at Providence Saint John’s Health Cente:

NEUROSCIENCE
INSTITUTE™




Experimental Design: Translational Research

Gene Exp. analysis

Tumor IHC /mRNA ISH
Biopsy/Surgery
TCRB sequencing
g Exome/RNA sequencing

\ Peripheral |/>
Blood |

Flow cytometry
CyTOF

CSF

Proteomics

Clinical data

Drug Levels
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