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Membrane receptor targets



IGF-1R and Downstream Signaling
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Pollak MN. Nat Rev Cancer 4, 505-518 (2004)



IGF & IGF-1R In CC

Tetrameric receptor cell membrane that
mediates cell proliferation, motility and
protection from apoptosis

IGF-2 mRNA and protein is expressed in 33%
CC (Lambert et al, IJC 1990)

IGF-1R protein expressed in 90% CC, no
expression in normal mucosa (Weber et al,
Cancer 2002; Ouban et al, Hum Pathology
2003)

IGF1 protects CC cells from apoptosis
(Remacle-Bonet et al, Cancer Res 2000)




IGF & IGF-1R In CC

e Overexpresion of IGF-1R is an independent factor for
OS (Takahari D et al, Oncology 2009)

— 91 patients with CRC; 53% overexpresion

e Expression of IGF/IGF-1R associated with proliferation
and tumor stage (Peters et al, Virchows A 2003)

— 713 patients with CRC
— IGF1in 7.5%, IGF2 in 12.6%, IGF-1R in 99.6%
— Association between IGF1 & Ki67 and IGF2 & stage

* Primary resistance to cetuximab/panitumumab)
associated with IGF-1 (Scartozzi et al, ASCO 2009)
expression but not with IGF-1R (Cappuzzo et al, BJC
2008)



IGF & IGF-1R In CC

* Blockade of IGF-1R in CC cells and xenografts
results in growth inhibition (Reinmuth, Clin
Cancer Res 2002; Bauer; ASCO Gl 2004)

« Activity of IGF-1R Iinhibitors in cancer cells
bearing K-Ras mutations



Anti IGF-1R compounds in clinical

development

Compound Type Manufacturer
IMC-A12 Human MoAb Imclone
CP-751871 Human MoAb Pfizer
AMG-479 Human MoAb Amgen

R1507 Humanized MoAb | Roche
MK-0646 Humanized MoAb | MSD
AVE1642 Humanized MoAb | Sanofi-Aventis
Insm-18 TKI Insmed
BMS-554417 TKIs BMS

BMS-536924




MK-0646 PNOO4

Randomized, Double-Blinded, Placebo-Controlled
Study of MK-0646 in Metastatic Colorectal Cancer

Phase Il

MK-0646: Arm A

MK-0646* + irinotecan + cetuximab
*10 mg/kg over 40 min, once weekly

MK-0646: Arm B

MK-0646* + irinotecan + cetuximab

*Loading dose of 15 ma/kg over 60 min; then 7.5 mg/kg
over &0 min every other week, alternating with placebo

Randomization
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CONTROL: Arm C
Placebo + irinotecan + cetuximab

A bL-week, open-label safety assessment will be conducted for each of the two MK-0646 treatment arms.

Amended for K-Ras wild type

ClinicalTrials.gov



Panitumumab + AMG479 vs
Panitumumab + AMG102 (anti-HGF)

P P B N * Global, multicenter, open-label
phase 1b and randomized,
double-blinded, 2 part, phase 2
study designed to evaluate the
safety and efficacy of AMG

102 or AMG 479 in
combination with panitumumab
versus panitumumab alone in
subjects with mCRC whose
tumors are wt K-Ras status

e 132 patients refractory to Iri-
and/or Oxl-based
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ClinicalTrials.gov



FOLFIRI + placebo vs FOLFIRI + AMG479
vs FOLFIRI + AMG655 (DR5)
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ARM A
FOLFIRI + AMG 655

10 ma/kg + Placebo Q2W

ARM B:
FOLFIRI + AMG 479

12 mg/kg + Placebo Q2W

Phase 2, multicenter, randomized,
double-blind, double-dummy,
placebo-controlled, three-arm trial
to be conducted in the United
States, Europe, and Asia.

Approximately 150 eligible K-Ras
mutant mMCRC subjects who have
failed first line fluoropyrimidine and
oxaliplatin-based regimen with or
without bevacizumab will be
randomized in a 1:1:1 ratio to
receive AMG 655 with FOLFIRI, or
AMG 479 with FOLFIRI, or placebo
with FOLFIRI

ClinicalTrials.gov



PDGFR

5 dimeric isoforms of PDGF, 2 receptors (a & [)
Downstream signaling through Src and PI3K/Akt
Involved in cellular proliferation, survival and migration

PDGF expressed in 83% CC and related to microvessel
density (Takahashi, JINCI 1996)

Stimulation of PDGF increases CC cell growth in vivo
(Hsu, J Cell Physiol 1995)

Compounds in development:

— Imatinib (STI571) — Vatalanib (PTK787)
— Sumatinib (SU011248) — AG-013736

— Sorafenib (BAY 43-9006) — AMG706

— CP868596 — MLN518



c-Met and HGF

c-Met is a high affinity tyrosine kinase receptor
(TKR) for the hepatocyte growth factor/scatter
factor (HGF/SF)

HGF was originally described as a mitogenic
factor of hepatocytes during liver regeneration

Released in response to partial hepatectomy
and liver injury

HGF signaling contributes to tumor progression
and metastasis In several human cancers




c-Met Oncogene

= Oncogene implicated In:

Primary Tumor

_ i i MET Expression MET Mutation MET Amplification
Tumor InvaSIVeneSS’ ] Tumor Type (% patients) (% patients) (% patients)
metastasis and proliferation g 54-88 09 9-20
. . Head & Neck 52-68 11-27 n/a
B AnglogeneSIS Mesothelioma 74-100 0 n/a
- Resistance to apoptosis Lng 7 &1 0
Thyroid 40-91 6-10 n/a
and chemotherapy Breast 25-60 0 /a
. _ Renal Cell 54-87 13-100 (Trisomy 7)
= Activation occurs through both EEEeue 68-69 030 n/a
autocrine and paracrine Cervical 3072
; ; Ovarian 64
Slgna“ng (HGF) Sarcoma 20-87
. Melanoma 17-39
= c-Met overexpression or Multiple Myeloma 48-80

mutation/amplification found in K& 75-90
many tumors

Salgia R. Proc ASCO 2008



c-Met/HGF Inhibitors in the Clinic

= Anti-HGF MoAD:
= AMG102
= SCH900105
= Anti c-Met MoAD:

» RTK Inhibition
= Met MoADb oo
= c-Met TKis: ,’,’
= SU11274 o ownste o
= PF2341066
= ARQ197
= SGX523
= XL880
= XL184

= MK-2461



Tumor necrosis factor-related apoptosis
iInducing ligand (TRAIL) & receptor)

« Membrane-bound pro-apoptotic receptor member of the
TNF-family

4 receptors: TRAIL-R1, -R2, -R3 & —R4
— 2 active: TRAIL-R1 & -R2

 Binding TRAIL-TRAIL-R recruit pro-apoptotic caspases
that activate Bid & Bax

e TRAIL-R1 expression correlates with T DFS in stage II-II
CC (strater, Clin Cancer Res 2002)

e TRAIL results in CC cell growth inhibition (Naka, Cancer Res
2002)

o Synergistic effects with 5FU & irinotecan (Gliniak, Cancer Res
1999)



TRAIL & TRAIL-R directed
compounds

Mapatumumab (HGS-ETR1, TRM-1 MoADb):
— Human MoADb directed to TRAIL-R2

— Preclinical activity in CC models

— Phase | & Il completed (Tolcher, JCO 2007)

AMGG655:

— Human MoADb directed to TRAIL-R2: metabolic PR in CC
(LoRusso; Proc ASCO 2007)

— Phase | combos & phase Il ongoing

HGS-ETR2 .

— Human MoAD directed to TRAIL-R1

— Preclinical activity in CC models

— Clinical development ongoing (Patnaik; Proc ASCO 2007)

Apo2L/TRAIL: recombinant TRAIL (Herbst; Proc ASCO 2007)



Downstream intracellular
signaling targets



Receptor-driven signal transduction
pathway in CRC

TGF-a .
"

EGFR expression (IHC): 27-90%
EGFR mutations: Anecdotic
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Ras mutation
» K-Ras mutation (40%)
* N-Ras mutation (<5%)

B-Raf mutation: 10%

’ ’
*Mutated 4 //, @ //, @‘,

EGFR = epidermal growth factor receptor
TGF-a = transforming growth factor-a

Adapted from Roberts, Oncogene 2007



European Database

Mutations included % coverage of

Mutation rate

potential mutations | detected

(Cosmic)

G12S, G12R, G12C, G12D , G12A, G12V , G13D, A146T, G13A,
G13V, A59T, Q61K , Q61E, Q61P, Q61R, Q61L, Q61H

V600E ,K601E, D594G ,V600M 97%
BRAF

NRAS Q61P,Q61L,Q61H,Q61H,Q610Q,Q61E,G13S,G13C,G13R,Q61K,Q61R, 97%
G12D,G12S ,G12C

H1047R, H1047L , K179T, P539R,Q546K,Q546E, E81K,
R88Q,G106V,N345K, R93W, S158L, H160N,R38H,E542K,
E542Q,E545K,E545Q, G118D, G12D,K567R,H1047Y, P134S, R108H,
C420R,H701P,K184E, C901F,M1004I, G1049R, G1007R, G1049S

Data from 580 tumors

36.5%
(622 samples)

2%

(589 samples)

6%

(261 samples worked)

13%
(578 samples)

Lambrechts et al. Proc ASCO 2009



Downstream intracellular signaling
targets

e Ras-Raf-MEK-MAPK pathway:
— Ras
— Raf
— MEK

o PI3K-Akt-mTOR pathway:
— PI3K
— Akt
— mTOR, complexes mTORC1/2

e Src

> Converge in the nucleus driving cell proliferation,
survival, angiogenesis, invasion & metastasis



Ras: why Is important?

50% of CC have mutated Ras, the most frequent
K-Ras

Early process in tumorigenesis
FT activity is higher in tumor than in normal cells

Many proteins are prenylated (farnesylated or
genarylated)

Many efforts in preclinical and clinical
development

Clinical trials with FTls failed



Raf

3 functional Raf proteins: A, B & C
B-Raf the principal isoform linked to MEK signaling
B-Raf mutations in 10% CC

Compounds in clinical development:

— Antisense strategies: ISIS-5132. Negative results
(Cripps, Clin Cancer Res 2002)

— Liposomal antisense strategies

— TKiIs: Sorafenib (BAY 43-9006), RAF265.

Randomized sorafenib phase Il study: negative
(Ratain, Proc ASCO 2004)

— Compounds revisited due to the presence of K-Ras,
N-Ras and B-Raf mutations



MEK

MAPK (ERK1 and ERK2) only substrates

Downstream position minimizes bypass activation

In preclinical models MEK inhibition results in cell death
(especially in p53 wild type)

Compounds in clinical development:

— CI-1040. Negative results (Rinehart, JCO 2004)

— ARRY-142886

— PD-032590150

— AZD6244
— AS703026



PI3K-Akt-mTOR pathway

Growth

. :
Factors Rapamycin ana|OqS

GfSZ”JSpTZ‘fé‘” e Inhibit the
PI3K/AKT/mTOR

signaling pathway

e Broad antiproliferative
& antitumor properties:

e Direct inhibition of
cell growth

e Antiangiogenic

Transcription Process Translation Process




MTOR complexes

« MTOR exists in 2 different multiprotein complexes:

Rapamycin-sensitive
MTORCc1

Rapamycin-insensitive

MTORCc2

-

— — —
— — —

SR

Rho GTPases

Raptor: Regulatory-associated protein of mTOR
Rictor: Rapamycin insensitive companion of mTOR
Dual mMTORC1 and mTORC2 inhibitors in the clinic in phase |



PI3K-Akt-mTOR pathway
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PI3K-Akt-mTOR in CC

Pathway overexpressed in most CC compared with normal mucosa

40% of CRC bear alterations in one of PI3K pathway genes (ex:
PIK3CA, PTEN, PDK1, Akt2). High incidence of PIK3CA (p110a 15—

20%)
Compounds in clinical development:
— PI3K inhibitors, initial formulation problems, now in the clinic:
« GDC-0941
« BEZ235, BGT226, BKM120
o XL147, XL765
— mMTOR inhibitors:
« Rapamycin (sirolimus)
e Temsirolimus (CCI779)
e Everolimus (RADO0O1)
o Deforolimus (AP23573)
— Dual mTORC1 and mTORC2 inhibitors
— Akt inhibitors:
* PBI- 05204 (oleandrin)
 MK-2206
« GDCO0068



Intranuclear targets



The Phases of Mitosis

Interphase Prophase
Entry into
mitosis
Microtubule capture
and spindle-pole
separation

Telophase and
cytokinesis

.

= [PLKT] [PLK3

Aurora B

KSP
"CENPE | | PLKI

Aurora B -

Aurora B

-

-

Prometaphase

Chromosome
alignment




Aurora-Kinase

Seronine/threonine protein kinases
There are three Aurora family members: A, B and C

These proteins are involved in the regulation of multiples
steps of mitosis

The expression levels of human Aurora-Kinase are
elevated In certain types of cancer: overexpressed in
>50% CC (Bischoff et al, EMBO J 1998)

Overexpression correlated with poor prognosis (Katayama
et al, INCI 1999)



Aurora kinase inhibitors

Compound ZMA447439 Hesperadin | MK0457/VX-680 MLN8054 AZD1152
(Manufacturer) (Astra (Boehringer (Merck (Millenium (Astra
Zeneca) Ingelheim) MSD/Vertex) Pharmaceuticals) Zeneca)
Chemical class Quinazoline Indolinone 4,6 Diamino Pyrimidoamino | Quinazoline
derivative pyrimidine benzoate derivative
AK-A IC,, 110 nM NA 0.6 nM 34 nM 27 nM
AK-B IC,, 130 nM 259 nM 18 nM 5700 nM 3.7nM
AK-C IC,, NA NA 4.6 nM NA NA
Other targets MEK (1790 AMPK, LCK, FLT3 (30 nM) NA NA
nM) MKK1,
SRC (1030 MAPKAP-K1,
nM) CHK1 & PHK
LCK (880 nM) (1000 nM)
CycB/CDK1

(2800 nM)




Summary

Target discovery has resulted in numerous novel
drugs in clinical development

Signal transduction inhibition does not
guarantee tumor response:

— Target presence and dependence

— Redundancy

— Cross-talk

Need for enrichment

Combinations: mechanistic interactions
Surrogate tissues for efficacy



B Ut

Exciting compounds yet in clinical development:
IGF1R, HGF/c-Met, Raf, MEK, PI3K, Akt, mTOR,
dual mTORC, Sr c, Mdm2, AK

KIT inhibition and treatment of GIST Is the paradigm
— for oncogene-addicted cancer. Is CRC the same?

Tumor dysregulation (mutation/amplification, loss of
function) is likely to be key factor; preliminary results
with c-Met & PI3K inhibitors are encouraging

In the future, the message will be patient selection

Multiple opportunities with targeted-designed drugs
combinations .. and sci
clinical trials!!!



