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P13k pathway regulates cell growth and survival
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Development of PI3K inhibitors

15t generation

A Wortmannin: a fungal
metabolite initially isolated
from Penicillium
wortmanni.

poor stability
poor selectivity

A LY294002: a synthetic
compound derived from
guercetin, a broad-
spectrum kinase inhibitor.

poor solubility
poor selectivity

2"d generation

o o Do o Do D>

Class | PI3K inhibitor

Class | PI3k/ mTOR inhibitor
Pan-PI13K inhibitor

Pan-PI3k/ mTOR inhibitor
PI3Ka , idoformg inhibitor

PI3K disoform inhibitor




Agent

PI3K inhibitors
BEZF235
BGT226
BKM120

XL765

XL147

GDCo941
SF1126

G5K1059615

PX-866

CAL-101

Target

Class | PI3K and
mIOR

Class | PI3K and
mIOR

Class | PI3K

Class | PI3K and
mlIOR

Class | PI3K

Class | PI3K

Pan-PI3K and
mlOR

Pan-PI3K

PI3K(a.6 and ¥
isoforms)

PI3K (§ isoform)

Sponsor

Novartis
Novartis
Novartis
Exelixis
Exelixis

Genentech
Semafore

GlaxaSmithKline

Oncothyreon

Calistoga

Phas=

Phase HI

Phase HI

Phaze | (in the first
quarter of 2009)
Phase |

Phase|

Phasel
Phaze |

Phase |

Phase |

Phase |

Cancer type or condition

Advanced solid tumours; edvanced breast cancer

Solid tumours; advanced breast cancer; Cowden's
syndrome

Solid tumours

Solid tumours; non-small-cell lung cancer; malignant
gliomas

Advanced solid tumours: endometrial carcinoma:
ovarian carcinoma; non-small-cell lung cancer

Advanced solid tumours; non-Hedgkin's lymphoma
Advanced solid tumours

Advanced solid tumours: metastatic breast cancer;
endometrial cancer; lymphoma

Advanced solid tumours

Chronic lymphocytic leukaemia; acute myeloid
leukaemia; non-Hodgkin's lymphoma

Jean J. Zhao et al., Nature Reviews Drug Discovery, 2009




Targeting PI3K pathway components

A AKT inhibitors

Perifosine AKT Keryx Phase H
{also known as

KRX-0401)

MKZ2206 AKT Merck Phase |
VQD-00z2 AKT VioQOuest Phaze |
{also known as API-2

and TCN)

XL418 AKT and S6K Exelixis Phase IF

A mTOR inhibitors

Rapamycin/sirolimus mITORC1 Whyeth Phase HI
{Rapamune)

Approved
Temsirolimus mITORC1 Wyeth Phase HII
(CCI-779/Torizel)

Approved
Everolimus mIORC1 MNovartis Phase HI
(RADOOL/ Afinitor)

Approved
AP23573 mITORC1 Merck/Ariad Phase HII
(also known as
deforolimus and
ME-B669)
AZDBO5S mIORC1 and AstraZeneca Phasze HI

mIORC2

05l-027 mITORC1 and sl Phase |

mlIORC2




Genetic alteration of PI3K pathway components in cancer
Feedback loops and signaling pathways crosstalk
Drug resistance mechanism behind Herceptin and others

Combination strategies

ATCC



Human cancer genome projects

Cancer
genome

A The Cancer Genome Atlas
A International Cancer Genome Consortium (ICGC)
A Cancer Cell Line Encyclopedia

A Catalogue of Somatic Mutations in Cancer (COSMIC)




Mutation
Amplification

Amplification

y clavity & expression

Genetic alteration

p110a (PIK3CA)
Mutations

Amplifications

p1108 (PIK3CB)
Amplifications

Increase in activity and
expression

Cancer type

Breast

Endometrial

Colon

Upper digestive tract
ric

Pancreas

Ovarian

Liver

Brain

Oesophageal

Lung

Melanoma

Urinary tract

Prostate

Thyroid

Lung (squamous cell)

Lung (adenocarcinoma)

Lung (small cell)

Lung (non-small-cell)

Cervical

Breast

Head and neck

Gastric

Thyroid

Oesophageal

Cervical

Endometrial

Ovarian

Clioblastoma

Ovarian
Breast

Colon
Bladder

Frequency

27% (468/1766)
24% (102/429)
15% (448/3024)
11%(38/352)
8% (29/362)

8% (8/104)

8% (61/787)

6% (19/303)
5.9% (59/996)
5% (13/239)

3% (28/962)

9% (24/278)
17% (28/162)
2% (1/57)

2% (7/394)

53% (40/75)
12.5% (15/120)
21.4%(3/14)
12.0%(11/92)
69% (11/16)
8.7%(8/92)
32.2%(52/161)
36% (20/55)
9% (12/128)
6% (5/87)

9% (2/22)

10% (3/29)
11.9% (16/134)
6.1%(21/344)

5%
5%

70% (7/10)
89% (8/9)




PIK3CA somatic mutation

Class |IA

(pN0ct, plOP and p1108)

iSH2 p85a or p85p
iSH2 p55c or p55y| p85 regulatory domain

iSH2 p50c

PISK fam”y Class IB

Regulatory domain
T G -+

ié

(p110y)

most frequent mutation

=

pll0a
Abrogation Activation

(P | K3CA) of inhibitory through
effect of the conformational
p85 subunit changes
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Amplification
y expression

Mutation
Amplification

Loss of heterozygosity
Deletion

Genetic alteration

PDPK1

Amplifications and
overexpression

AKT

AKT1 mutation (E17K)

AKT1 amplifications
AKT2 amplifications

AKT3 mutation (E17K)
AKT3 amplifications

p85a (PIK3R1)
Mutations

PTEN
Loss of heterozygosity

Mutations

Cancer type

Breast

Breast
Colon
Ovarian
Lung
Gastric

Ovarian
Pancreas

Head and neck
Breast

Skin
Glioblastoma

Glioblastoma
Ovarian
Colon

Gastric
Breast
Melanoma
Prostate
Glioblastoma

Endometrial
Brain

Skin
Prostate
Colon
Ovary
Breast
Haematopoietic and lymphoid tissue
Stomach
Liver

Kidney
Vulva
Urinary tract
Thyroid
Lung

Frequency

20%

3.7%(31/845)
2.8% (4/139)
2% (1/50)
1.9% (2/105)

20% (1/5)

14.1% (30/213)
20%(7/35)
30% (12/40)
3% (3/106)

1.5% (2/137)
2% (4/205)

9.9% (9/91): 8% (8/105)
4% (3/80)
2% (1/60)

25.3% (84/332)
24.9% (99/398)
37% (53/143)
30% (70/230)
28% (113/404)

38% (604/1569)
21%(611/2913)
17% (96/555)
14% (51/371)
13% (53/416)
9% (55/645)
6% (34/561)

6% (54/866)

6% (28/499)

5% (20/372)

5% (14/294)
65%(17/26)

9% (13/142)

5% (27/591)

9% (48/548)




Opportunities emerge with cancer genome projects

Sequencing data has spawned
ANew fields of inquiry
A New treatment targets
ANew drug development paradigms

Cancer genome

’ | iect
( Aung projects

Compound
libraries
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Cell line platforms for evaluating anticancer agents

Traditional tumor cell line panels developmental timeline

Timeline | History of the Mhpmanwms \
Animal call | DTP established™ | (2000-present)

culture | C:I:j'ing COMPARE OTP MNCIG0 operates
becomes Cell-free cell culture humgn tumour algorithm Clustered heat external 83 38TVICE 3Creen CMT1000
routine media developad cells §= MCTS reported maps reported review for drug profiling launched

1050 1951 1055 1063 ‘ 1086 1080 1000 1002 1005 1007 1008 2000 20

\

HeLa: first human Methods for (1086-1900) (1000-2000) Culturing JFCR30 Human tumour cell lines

cell line developed cryopreservation of NCI60 model NCI60 aza human tumour lzunched retain genomic features of

from a cancer mammalian calls development drug dizcovery cellsin PVDF the primary tumour from /

patient developed / screen® - hollow fibres which they waredari\red/
—

Maticnal Cancer Institute (NCl)-relsted events are indicted with blue boxes; Center for Molecular Therapeutics (CMT)-related events are indicated with red boxes.
DTE Developmental Therapeutics Program; JFCR. Japanese Foundation for Cancer Research; MCTS5, multicellular tumour spheroids; PVDF, polyvinylidene fluoride.

Sreenath V. Sharma et al., Nature Reviews Cancer , 2010
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Cell line platforms for evaluating anticancer agents

NCI60 Cell Panel

Leukaemia | Non-small-cell lung cancer, | Renal cancer |
CCRF-CEM A549 : 786-0
K-562 EKVX A498
MOLT-4 HOP-62 ACHN
RPMI-8226 HOP-92 CAKI-1
SR NCI-H226 RXF 393
| Melanoma | NCI-H23 SN12C
LOX IMVI NCI-H322M TK-10
MALME-3M NCI-H460 UO-31
M14 | Colon cancer || Prostate cancer |
SK-MEL-2 COLO 205 PC-3
SK-MEL-28 HCC-2998 DU-145
SK-MEL-5 BCT-116 | Breast cancer |
UACC-257 HCT-15 MCF7
UACC-62 HT29 NCI/ADR-RES
| Ovarian cancer | KM12 MDA-MB-231
IGROV1 SW-620 S578T
OVCAR-3 [ CNS cancer | MDA-MB-435
OVCAR-4 SF-268 BT-549
OVCAR-5 SF-295 T-47D
OVCAR-8 SF-539
SK-OV-3 SNB-19
SNB-75
U251




ATCC Tumor Cell Panels Initiative

| Pathology
Driver  targeted

Pathway

targete

¥

Unique tools

E-3

Alime savings
KConvenience

-modified circos cancer genome display
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ATCC Tumor Cell Panels
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