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* Imatinib in CML and GIST — late emergence of
resistance

 BRAFi in melanoma — rapid resistance

* Two very different clinical scenarios driving
drug development?



Imatinib in CML and GIST
— |ate emergence of resistance



Disease defining mutation
Philadelphia Chromosome

« Present in 95% of chronic myeloid leukaemia and
5-10% acute lymphoblastoid leukaemia, BcrAbl re-
arrangement leading to an active kinase

« Imatinib competes at ATP binding site and inhibits
phosphorylation by the kinase
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The poster child of targeted therapy

THERE IS NEW AMMUNITION
IN THE WAR AGAINST

GANGER.

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC

combat cancer by targeting only the

diseased cells. Is this the breakthrough .
we've been waiting for? .




Early trials in CML

Phase | study in chronic, IFN refractory CML
25 to 600mg daily (n=61)
Side effects

= Anaemia

m Nauseal/indigestion
m Cramps/arthralgia/oedema

No MTD
Haematological response
In 31/31 >300mg

Phase | in CML

Drucker, ASH 1999
Buchdunger, AACR 2000
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* Treatment options as resistance emerges

— Increase imatinib dose from 600 mg to 800 mg

— Dasatinib (TKI) licenced 2006 for imatinib resistant
CML

— Nilotinib (TKI) licenced 2007 for imatinib resistant
CML

— Neither has activity if tumour acquires T315|
mutation
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Rare STS with incidence of 15 per million, median age at diagnosis
~60, most commonly found in the stomach but can be anywhere in Gl
tract

Most GISTs have a mutation in the KIT proto-oncogene (cKIT) that
translates into a gain-of-function constitutive activation of the KIT
kinase

Overexpress the KIT protein, a transmembrane tyrosine kinase
receptor for stem-cell factor (SCF). Immunohistochemical detection
of cKIT overexpression (CD117 antigen) considered diagnostic

Small proportion have mutations in PDGFR
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 Phasel
— Dose escalation in STS (range 400mg to 1000 mg)
— 36/40 patients in study had GIST
— 69% objective response,
— 81% progression free at a year.

e Phasell

— 800 mg o.d.
— 24 patients with GIST, 24 other STS
— 71% objective response rate in GIST

— 73% GISTs were progression free at 12 months

* No activity in non-GIST STS
 Few severe or very severe side effects

* No phase lll study required for registration

Van Oosterom et al. Lancet - October 2001
Judson et al. Proc ASCO 2002



EORTC Phase II: Time to Progression
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KIT and PDGRF structures and mutation sites

Extracellular domain

Transmembrane domain
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Tyrosine kinase | domain
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Gastrointestinal stromal tumor (GIST) kinase genotype correlates with event-free survival and
overall survival.

Overall PFS

PFS by mutation
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Heinrich M C et al. JCO 2003;21:4342-4349
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Resistance in GIST Newcastle
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* Development of mutations in the driver kinase
— Increase the dose 400 mg to 800 mg
— Sunitinib licensed in GIST 2006
— Nilotinib effective against Exon 17 mutation
— Dasatinib not FDA approved in this indication

* Development of further agents

— anti-KIT MAB
— HDACI, Hsp90i, mTORi
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Very effective first in class agent for both
diseases

Slow emergence of resistance (years)
Second generation drugs emerged after 5 years

No significant clinical advances in targeting any
other aspect of tumour biology



BRAFi in melanoma

— rapid resistance and subsequent drug sequencing
research



RAS-RAF-MEK-ERK pathway
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RAS-RAF
Growth
factors “Sa pathway
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Oncogenic BRAF Oncogenic BRAF

signaling

RTK )
. Activated
RAS

Normal activation of
RAS by extracellular
factors via receptor
tyrosine kinase
(RTK) at inner cell
membrane

signaling arrested

with RG7204

Constitutive activation — independent of extracellular factors, does not
respond to biochemical signals that would normally regulate activity
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RG7204 selectively
binds oncogenic
BRAF kinase,
blocking the
constitutively
activated pathway
and downstream
activity

Arrested cell
proliferation and
survival
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A Progression-free Survival

100+
90
80

Hazard ratio, 0.26; 95% CI, 0.20to 0.33;
P<0.001

Vemurafenib (N=275)

Progression-free Survival (%)
(%]
?

Dacarbazine (N=274)

104
0 T T T T T T T T T T T |
0 1 2 3 4 5 [ 7 8 9 10 11 12
Months
MNo. at Risk
Dacarbazine 274 213 85 48 28 16 10 [ 3 0 0 0 0
Vemurafenib 275 268 211 122 105 50 35 16 4 3 0 0 0

Vemurafenib licence 2011, dabrafenib licence 2013



A 38-year-old man with BRAF-mutant melanoma and miliary, subcutaneous metastatic
deposits.

Baseline 15 weeks 23 weeks

Wagle N et al. JCO 2011;29:3085-3096

©2011 by American Society of Clinical Oncology



Targeting RAS/RAF/MEK and PI3K
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Combined Secondary Initial Initial Secondary Combined
Therapy Mutation, Event Mutation Mutation Mutation, Event Therapy

B-Raf Mutated or B-Raf &
& PRK Overexpressed Overexpressed GFR PI3K or
Inhs. Ras {IGF-1R, PDGFR]) Receptor
Inhs.
Switch from Ang
B-Raf B-Raf to MEK &
B-Raf or Ki-Ras
by fald or ARS or MEK Binding pocket B-Raf or
Inhs. Raf heterodimers : ERK Inhs.
mutations
B-Raf Deleted, Mutated
& MEK Overexpressed or Silenced PTEN,

Overexpressed
PRKD3

PIK3CA B-Raf & PI3K,
mutations Akt, or mTOR

I PRASIODEFTOR
Overexpressed : ’ Sy MTOR. €.ETIETs L) *s
coT

; e Multiple
."MEK.I.ERK activation Inh. &
resistance to MEK
rapamycin and other
therapeutics

Dverexpressed

Raf-1 & Bel-2 Ik s,

Increased:
Cyclin D1, Mel-1, COT,
IGF-1R, Akt, Raf-1, A-Raf, 56
Decreased: Bim, Foxo3A

McCubrey et al Oncotarget 2012



Sequencing MEKi with rather than after BRAFi (dabrafenib) {‘}g}{’,‘e";‘gﬂg
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BRAFi (Vem) Vs DTIC

BRAFi Naive Pts
Chapman (BRIM 3 ) NEJM 2011

MEKIi (Trametinib) v Chemo

BRAFi Naive Pts
Flaherty NEJM 2012

MEKi (Trametinib)
BRAFi RESISTANT Pts
Kim, Kefford, Pavlick, J Clin Oncol

MEKIi (Trametinib)+BRAFi (Dabraf)

BRAFi RESISTANT Pts
Flaherty Soc Melanoma Res 2011

Slide courtesy of Dr Paul Donnellan



Rapid emergence of resistance
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Signal transduction
inhbiors

‘Immune checkpoint e
inhibitors Immunotherapy

Chemotherapy

Melanoma cell

Nature Reviews | Cancer
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* Understanding tumour biology has
revolutionised treatments in last decade

e Resistance seems inevitable!

e Speed of resistance development appears to
have been a key driver in further drug
discovery
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Thank you
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TAT & 2015 " Hrgted Antcanter Thrape

Paris, France
March 2-4, 2015

New molecular targets and innovative
cancer therapeutics in early-phase
clinical development

» Medium-sized meeting of academic and industry
drug development experts

* No parallel sessions
 Run by the world’s leading phase 1 investigators
 Excellent networking opportunities

: GUSTAVE/
Congress by design www.fafcongress.org ROUSSY

CANCER CAMPUS / \
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TAT & 2015 " Hrgted Antcanter Thrape

This year’s main themes: 1 Par iS, France

 New frontiers in immunotherapy 1 | March 24/ 2015
 New drugs and targets in hematological malignancies N

» CDK targeting agents

* DNArepair targets

 Epigenetics and chaperones

» Mutant-specific kinase inhibitors
 Targeting cancer metabolism dysfunctions

» Beyond RECIST: Novel approaches for evaluating tumor
response to molecular targeted agents

Abstracts across entire spectrum of targeted therapy welcome
until December 31!

/
Congress by design www.tatcongress.org ROUSSY

CANCER CAMPUS / \
GRAND PARIS



