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Treatment of High-Grade Gliomas
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Technology Advances

AA=anaplastic astrocytoma; CT=computed tomography; GBM=glioblastoma multiforme; MRI=magnetic resonance
imaging; RANO=Response Assessment in Neuro-Oncology.



THERE IS NEW AMMUNITION
IN THE WAR AGAINST

GANGER.

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the
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Issues
New therapies and targets

New approaches to trial design



Reasons for Lack of Progress in Targeted Molecular
Therapies in Glioblastomas

Poor models

Blood-brain barrier

Co-activation of tyrosine kinases

Redundant signaling pathways

Spatial and temporal heterogeneity

Failure to genetically enrich patient population

Stem cells



Endothelial cell g

Endothelial cells forming the BBB:

* Express tight junctions

* Lack fenestra

* Lack transendothelial channels

* Lack pinocytic vesicles

* High levels of active efflux
proteins, Pgp)
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Figure 2 Transport mechanisms at the blood-brain barrier (BBB)
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Figure 5. Inhibition of Ficlatuzumab Brain Tumor Penetration by Anti-VEGF Inhibitors in
Orthotopic UST Model
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Low density Lipoprotein Receptor Related Protein
(LRP-1)

TPA

(tissue plasminogen activator) AngiOpep
a2-Macroglobulin /
(MW ~ 700 kDa) Transports small and large

\ " molecules (> 40 ligands)
a

One of the most expressed

Lactoferim—" «——Thyroglobulin receptor at the surface of the
BBB

Expressed on cancer cells

]

Cell Membrane

Expressed also in liver, lung and
ovarian tissues

LRP-1: ~600kDa
(a:515, B: 85)



ANG1005

Figure 3.1-1 Schematic Representation of ANG1005 Composed of Three Molecules of
Paclitaxel (in Blue) with its Succinyl Linker (in Green) Conjugated to
Angiopep2 (in Black)
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ANG1005

Brain side

Blood side



ANG1005

Brain side

I AngioPep
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Accumulation of [*H]Taxol and [’ I[JANG1005

Accumulation in mouse brain with NCI-
H460 tumours (lung tumour cell line)

3
J[3H]Taxol 5 mg/kg in DMSO

[25]JANG1005 10 mg/kg in
Solutol HS15

[ ]

Tissue distribution
(ug/g of tissue)

10 minutes post-IV injection



2013; 19(6):1567-1576
Phase | Study of GRN1005 in Recurrent Malignant Glioma
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Science 2011;344:1727

The Hedgehog Pathway Promotes
Blood-Brain Barrier Integrity and
CNS Immune Quiescence
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Pulse Dosing



RESEARCH ARTICLE

Differential Sensitivity of Glioma- versus
Lung Cancer-Specific EGFR Mutations
to EGFR Kinase Inhibitors
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SaraKubek®,Barbara Oldrini’, Milan 6. Chheda', Micalas Yonnuzzi', Hul Too®, Shagjun Zhu®, Akio wanam’,
Daisuke Kuga®, Julie Dang®, Alicia Pedraza®, Camercn W, Brennan®*, Adriana Heguy, Linda M. Liou”,

Fronk Lisberman™, W, K. Alfred Yung"®, Mark R. Gilbert"’, David A. Reardon™'*, Jon Droppatr', Patrick Y. Wen™,
Kathleen R. Lambarn™, SusanM. Chang'®, Michael D. Prados', Howard A_ Fine'”, Steve Horvath?, Nian Wu®
Andrew B. Lassmar’, Lisa M. DeAngelis”, William H. Yong®, John G. Kuhn™, Poul 5. Mische!®®, Minesh P. Mehta™,

Timathy . Claughess’, and ingo K Melinghaf =< Vivanco et al. Cancer
Discovery 2012;2:458-71

. EXTRACELLULAR DOMAIN (EC) _ . KINASE DOMAIN (KD)
An-;-ll_-l.n :l'!'ﬁd-l_"?dg
EGFR ToRAp SEoEY 4=T4E-T50  Lpsap
H + e v I
el E-273 (EGFRyIIl),

GBM Lung Cancer




Vivanco et al. Cancer Discovery 2012

EGFR TKI
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Are we delivering the drugs appropriately?

Continuous dosing versus pulse dosing

Administer targeted drug before or after chemotherapy

NSCLC
Solit et al CCR 2005;11:1983

Riely JCO 2009:27;264

Pulse Erlotinib Before and After Chemotherapy

Erlotinib 150 mg Carboplatin AUC 6
days 1&2 Paclitaxel 200 mg/m?

. . Erlotinib 1,500 mg Carboplatin AUC6
Eligible Patients days 1&2 Paclitaxel 200 mg/m?
Carboplatin AUC 6 Erlotinib 1,500 mg

Paclitaxel 200 mg/m? days 2 &3

>

Overall Survival (%)
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Targeted Molecular Therapies
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Cytogenetics
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Failure To
Genotype Patients

§ Cheney wounds
hunting buddy
in accident

;=

=’DUCK! IT’S DICK

w 00ps, Cheney shoots pal during hunt see pace 5
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New Targets

PI3K
FGFR/TACC
BRAF
CDK4

Weel



P13 Kinase Inhibitors

Growth Factors, etc

PI13K inhibitor

XL765

XL147

BKM120 P 1 L
PX866 -
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BKM120

Oral pan-class I phosphatidylinositol-3-kinase (PI3K)
inhibitor belonging to the 2,6-dimorpholino pyrimidine
derivative family

Inhibits pl110a, p110B, p1100 and p110y
Cross the blood-brain barrier (brain/blood ratio 2)

Taken orally once daily

Inhibits the growth of US7MG and GBM explants in vivo

39



Ivy Foundation Early Phase Clinical Trials Consortium
A Phase Il study of BKM120 for patients with recurrent glioblastoma and
activated PI3K pathway
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BKM 120 Trial
Patient Eligibility
Activation of PI3K pathway:
PIK3CA/PIK3R1 mutation or

PTEN mutation, loss of PET by FISH, or PTEN IHC
negative

Goal
30 PTEN loss
20 PIK3CA/PIK3R1 mutants

44



Next Steps

Isoform specific Inhibitors
? Beta specific 1soforms better for PTEN loss

? Alpha specific 1soforms for PI3Ca mutants

Combinations

NI/ N AT T\"I"IT\ r7

NN A
DINIVITIZVU TIN1T11V1ZL

BKM120 + LDE225 (SMO 1nhibitor)
BKM120 + INC 280 (MET inhibitor)




Transforming Fusions of FGFR and
TACC Genes in Human Glioblastoma

Devendra Singh,™ Jose1ph Minhow Chan,?* Pietro Zoppoli,"™ Francesco
Niola,”*+ Ryan Sullivan,' Angelica Castano,’ Eric Minwei Liu,? Jonathan
Reichel,?® Paola Porrati,* Serena Pellegatta,* Kunlong Qiu,® Zhibo Gao,*
Michele Ceccarelli,® Riccardo Riccardi,” Daniel J. Brat,® Abhijit Guha,® Ken
Aldape,’® John G. Golfinos,"' David Zagzag,'"'? Tom Mikkelsen,' Gaetano
Finocchiaro,* Anna Lasorella,"'*"°t Raul Rabadan,?t Antonio lavarone,’'>'%t

Science 2012
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Patients with

Prescreening
FGR1,2,3,4

recurrent GBM with
FGFR 1,2,3,4
amplified/translocate
d

y

GROUP 1 (non-surgical)
unresectable disease N ~24

BGJ398 125 mg p.o., q.d., 28 d cycle, 3
weeks on 1 week off

N

GROUP 2 (surgical), resectable disease N
~10

Pre-Surgery
BGJ398 125 mg p.o.,9.d. x 5to 10 d

SURGERY

BGJ398 125 mg p.o.q.d.,, 28 d cycle, 3
weeks on 1 week off




TCGA
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The Cancer Genome Atlas Research Network. Nature. 2008:;455:1061-1068;



PD-0332991 (CDK 4/6 inhibitor)

Michaud et al:

Cancer Res 2010;70:3228
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LY2835219 (CDK4/6 Inhibitor)
Sanchez Martinez et al

Dose-dependent efficacy of LY2835219-MsOH in a rat orthotopic

glioma model

1.1 20mg/kg(CDK4—
1.0 40mg/kg(CDK4—
0.9 80mg/kg(CDK4—
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g}D.?'—
s 0.6
E 0.5 Group Median | SE P value | p value
w 0.4 Survival Log- Wilcoxon
D. 3 (days) rank
0.2 | Vehicle 25.14 2.82 - -
_ 20mg/kg 29.83 0.70 0.5 0.146
0.1 Rx days 4-25
0.0 — y O R U SR E—. 40mg/kg 33.5 1.32 0.0316 |0.0333
10 15 20 25 30 35 40 43 80mg/kg 36.86 1.28 0.0006 |0.0010
Survival Time in Days

Exposure Summary US7MG Orthotopic Glioma Model
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Sanchez-Martinez et al

Combinations of LY2835219-MsOH and temozolomide are additive
In a rat orthotopic glioma model
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BRAF and/or MEK inhibitors for BRAFV600E
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Flaherty et al. Combined BRAF and MEK Inhibition in
Melanoma with BRAF V600E Mutations
NEJM 2012; 2012 Nov;367(18):1694-703
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A Phase 11, Open-label Study in Patients with BRAF
V60EMutated Rare Cancers with Several Histologies to
Investigate the Clinical Efficacy and Safety of the Combination
Therapy of Dabrafenib and Trametinib

¥ RTK
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Histoloaies
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Anaplastic Thyroid Carcinoma
Biliary Tract Cancer

Diffuse Large B Cell Lymphoma
GIST

Hairy Cell Leukemia

High Grade Glioma (GBM, Anaplastic PXA, Anaplastic
ganglioglioma)
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Astrocytoma)

Multiple Myeloma

NSGCT/NGGCT

Small Intestine Adenocarcinoma



Plummer: Clin Cancer Res 2010:16(18): 4527-31
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Plummer: Clin Cancer Res 2010;16(18); 4527-31
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Increasing Cytotoxicity of TMZ and RT

PARP Inhibitors

ABT 888 (ABTC; RTOQG)
Weel Inhibitor

MK1775
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Glioma Initiating Cells

Normal
developmental
pathways

Activation
of ancogenic
pathways

Standard "
radiotherapy and
chemotherapy

5

Stem-cell-
directed therapies

Durable tumor
regression

Wen PY, Kesari S. N Engl J Med 2008;359:492-507
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BKM120+LDE225 In vivo data: orthotopic xenograft
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Mariella Gruber-Olipitz et al. Nature Med. In Press



LDE225+BKM120
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Many choices;
limited resources



Challenge

1 1C11 IH

Phase II trials often not predictive of positive outcome 1n
phase III studies

Imatinib mesylate and hydroxyurea
Enzastaurin
Cediranib
Cintredekin Besudotox (IL13-PE38QQR)
Cilengitide

More drugs and more combinations

Limited resources

Need more efficient trial designs

Need better response criteria, endpoints and more efficient
trials and design



GLASBERGEN

“I want you to find a bold and innovative way to do
everything exactly the same way it’s been done for 25 years.”



® Improve efficiency
® Rapid elimination of ineffective regimens
® Test multiple combinations simultaneously
® Shorter path to definitive testing
¢ Designs
¢ “Pick the Winner”
® Seamless integration of phase II/III trials
® Sequential Accrual Design for Phase I/II studies

® FactorialDesigr

Adaptive Randomization




Adaptive Randomization Strategies

Multiple arm study

Allocation of patients based on Bayesian probability of treatment
efficacy

Treatment arms with success are more likely to accrue patients

Treatment arms with poor results are dropped, alternative arms
added, and accrual continues until clear evidence of superior
treatment(s) emerge

................. N
A+C
A+B+C

Adaptive Randomized “Bayesian” Design




Trippaetal (JCO 2012; 30:3258-3263)
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p( type Il error: ADAPTIVE )

BALANCED RANDOMIZATION: minimum sample size such that

p( type Il error; BALANCED ) <

Trippa et al (JCO 2012;30:3258-3263)

BAYESIAN ADAPTIVE: overall sample size
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Trippa et al (JCO 2012;30:3258-3263)

Control arm
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Ideally we can have trials that evaluate
multiple drugs efficiently and identify
predictive biomarkers



RESEARCH ARTICLE

The BATTLE Trial: Personalizing
Therapy for Lung Cancer

I-SPY 2: An Adaptive Breast Cancer Trial Design
in the Setting of Neoadjuvant Chemotherapy
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, or C (4 cycles)
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| @

Patient I
. EI‘il‘O"Gd Paclitaxel £ New Drug C, D, or E AC
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|

Tissue biopsy; MRI MRI MRI
Blood specimen Biopsy

Edward 5. Kim"*, Roy SJm |g|a:ml Mstubu‘
l;a"v;iﬂ,:_ S;‘ew;.r; hrgrshnll E. Hicks", Jerei c

ang’, Fadlo T Tran', oh
Vessiliki Popodimitrakapoulou'

Translational Medicine Bharmacology herape 6, 1, 97-100, 2009




What Molecular Subgroups?

EGFR amplification (45%) or mutation (20%)

PTEN loss (40%) / PIK3Ca or PIK3R1 mutations
(15%)

CDKA4/6 amp (18%); P16/15 loss (50%)
MDMZ2 amplification (15%) (with intact p53
PDGFRao amplification (13%)

Other less common subgroups



Predictive or Prognostic Biomarkers

Percent Survival

Time (years)

Predictive

--- Exper Tri
—— Std of Care

Prognostic

Percent Survival
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1 (1%)
+ + + - 3 (3%)
+ + - + 3 (3%)
+ + - - 11 (12%)
+ - + + 4 (4%)
+ - + - 0 (0%)
+ - - + 1(1%)
+ - - - 18 (20%)
- + + + 2 (2%)
- + + - 1(1%)
- + - + 0 (0%)
; + - - 17 (19%)
- - + + 1(1%)
- - + - 1(1%)
- - - + 4 (4%)
- - - - 24 (26%)

41 (18) 38 (17) 13 (1) 16 (4) 91

TCGA (all)

Courtesy of
Brian Alexander



How to prioritize overlapping classification

Adaptive design with equal or weighted
randomization will allow each subgroup to be
evaluated



Biomarkers

EGFR Pik3Ca/PIK3R1 CDK4/6
amplification/ mutations/ PTEN amplification/P16

mutation loss loss

+ + +
+ + 0
+ 0 +
+ 0 0
0 0 +
0 + 0
0 + +
0 0 0



Recurrent GBM



E] Cancer Cell

Mosaic Amplification of Multiple Receptor
Tyrosine Kinase Genes in Glioblastoma

Matija Snuderl,'# Ladan Fazlollahi,'% Long P. Le,' Mai Nitta,' Boryana H. Zhelyazrkova,! Christian J. Davidson,!
Sara Akhavanfard,! Daniel P. Cahill > Kenneth D. Aldape ?* Rebecca A. Betensky,” David M. Louis," and A. John lafrate!-*

810 Cancer Call 20, 810817, Decamber 13, 2011 ©2011 ElseviarInc.

Red: EGFR Amplification
Green: PDGFRA Amplification



PNAS 2013;110:4013

Intratumor heterogeneity in human glioblastoma
reflects cancer evolutionary dynamics

Andrea Sottoriva®®<", Inmaculada Spiteri®", Sara G. M. Piccirillo®, Anestis Touloumis®®, V. Peter Collins’,
John C. Marioni®, Christina Curtis, Colin Watts®“%2, and Simon Tavaré®P"2
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Recurrent GBM

Reoperation and Genotype

3-5 weeks RANDOMIZE
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Surgical Study



Possible Studies

PI3K + MEK
EGFR/mTOR inhibitor + Arsenic Trioxide

etc



PML mediates glioblastoma resistance to mammalian
target of rapamycin (mTOR)-targeted therapies

Akio lwanami?®, Beatrice Gini®®", Ciro Zanca®™', Tomoo Matsutani®, Alvaro Assuncao?, Ali Nael®, Julie Dang’,

Huijun ‘fangb, Shaojun Zhu¥, Jun Kohyama®, Issay HitabayaShih, Webster K. Cavenee™ Timothy F. Cloughesy/,

Frank B. Furnar‘ih"", Masaya Nakamura®, Yoshiaki Toyama®, Hideyuki Dkann', and Paul S. Mischel®*2

PNAS 2013; 110:4339-4344



lwanami et al:
Cell Cycle 2013:12:10, 1473-1474
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Figure 1. PML mediates resistance to mTOR targeted therapies in GBM, which is reversed by ATO. (A) Schematic diagram showing that persistent
mTOR signaling promiotes tumor cell proliferation, while PML opposes it. (B) In GBMs treated with mTOR inhibitors or EGFR inhibitors such as erlotinib
that also block mTOR signaling, PML is upregulated, promaoting tumar cell arrest. {(C) ATO, which leads to degradation of PML protein, synergizes with
mTOR inhibitors, potently causing tumor cell death.
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“We're making progress—ie set off the mation detector this merning.”






