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DISCLOSURE

| have served in Advisory Boards for Novartis and Lilly



OUTLINE

1. Introductory notes to the Pharmacology of the Pi3K
pathway: Family tree of PI3BK-AKT-MTOR (PAM)
Inhibitors

2. Personalized Medicine with PI3K pathway inhibitors?

Matching drug and genotype.

3. Drugs with unique properties.
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BETTER MEDICINE

o (PAM) Inhibitors

European Society for Medical Oncology

m Family tree of PISBK-AKT-MTOR
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PanPI3Ki

Isophorm- _
specific PI3Ki PIBK/mTORI
| — Catalytic
¥ TORC1/2
: Allosteric/
Catalytic AKT] MTORi ==  Rapalogues
TORC1
Allosteric
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MTOR inhibitors

Rapamycin OSI-027

p-PRAS40 (246)

IECEQaERg #—————— —————

mTORC2

p-4E-BP1 (65

Total 4E-BP1

mMTORCA1

B-actin

* Partial mTORC1 inhibition
* Decreased translation

* PI3K activation

* Increased survival

* FullmTORC1 and mTORC2
inhibition

* Decreased translation

= PI3K activation

= Akt function impaired

— Catalytic
TORC1/2

Allosteric/

Rapalogues
TORC1

CC-115

AZD-8055
0sl1-027
INK-128
PP-242
CC-223

Rapamycin
(Sirolimus)
CCI-779
(Temsirolimus)
RADO001
(Everolimus)
AP-23573
(Ridaforolimus)
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LY294002 GSK1059615
(NVP)-BKM120 CH5132799
PWT-458 GDC-0941
XL-147/ BAY 80-6946
SAR245408
Z5TK474
GSK615 /
CAL-101 Wortmannin
BYL719 PI-103
INK1117 (NVP)-BEZ235
AS-252424 XL765/ SAR254409
GSK2636771 . GDC-0980
TGX-221 PanPI3Ki GSK1059615
PKI-587/ PF-05212384
Isophorm- _ PF-04691502
P | PI3K/MmTORI
specific PI3Ki
XL7
PI3K e , Table 1. IC;, of XL765 65
BYL719 ICs0 (NM) Kinase ICs0 (nM)
\
PI3Ka 5 , AN PI3Ka 39
o w Er T
3 43
PI3K3 290 RS
PI3Ky 9
PISKY 250 Selectivity VPS34 9000
Vps34 >9100 : -
Kinase IC. (nM) bk 120
mTOR >9100 — mTOR 157°
PI3Ka 0.5
PI3K[B 3.7
PI3Ky 6.4
PI3K& 0.7
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Comparison of selectivity of some PI3K Inhibitors

Drug p110a p110B p1106 p110y

BEZ235 (NVP-BEZ235, Dactolisib) + + + +
GDC-0941 + + + +
Z5TK474 ++ ++ ++ ++
XL147 +

TGX-221 +++

GSK1059615 44+ tbdE b
AZD6482 + + + +
SAR245409 (XL765) + + + +
CAL-101 (Idelalisib, GS-1101) +

BKM120 (NVP-BKM120, Buparlisib) +++ ++ ++ +
PF-05212384 (PKI-587) ++++ +++
GSK2126458 (GSK458) + + + +
GDC-0980 (RG7422) + + + +
CH5132799 +++ ++ ++ +++
PKI-402 +++ 4+ ++ ++
PF-04691502 +++ ¥+ ot
BAY 80-6946 (Copanlisib) + +

GSK2636771 +



http://www.selleckchem.com/products/BEZ235.html
http://www.selleckchem.com/products/BEZ235.html
http://www.selleckchem.com/products/BEZ235.html
http://www.selleckchem.com/products/BEZ235.html
http://www.selleckchem.com/products/BEZ235.html
http://www.selleckchem.com/products/GDC-0941.html
http://www.selleckchem.com/products/GDC-0941.html
http://www.selleckchem.com/products/GDC-0941.html
http://www.selleckchem.com/products/ZSTK474.html
http://www.selleckchem.com/products/XL147.html
http://www.selleckchem.com/products/TGX-221.html
http://www.selleckchem.com/products/TGX-221.html
http://www.selleckchem.com/products/TGX-221.html
http://www.selleckchem.com/products/GSK1059615.html
http://www.selleckchem.com/products/azd6482.html
http://www.selleckchem.com/products/XL765(SAR245409).html
http://www.selleckchem.com/products/CAL-101.html
http://www.selleckchem.com/products/CAL-101.html
http://www.selleckchem.com/products/CAL-101.html
http://www.selleckchem.com/products/CAL-101.html
http://www.selleckchem.com/products/CAL-101.html
http://www.selleckchem.com/products/CAL-101.html
http://www.selleckchem.com/products/CAL-101.html
http://www.selleckchem.com/products/BKM-120.html
http://www.selleckchem.com/products/BKM-120.html
http://www.selleckchem.com/products/BKM-120.html
http://www.selleckchem.com/products/BKM-120.html
http://www.selleckchem.com/products/BKM-120.html
http://www.selleckchem.com/products/pki587.html
http://www.selleckchem.com/products/pki587.html
http://www.selleckchem.com/products/pki587.html
http://www.selleckchem.com/products/pki587.html
http://www.selleckchem.com/products/pki587.html
http://www.selleckchem.com/products/gsk2126458.html
http://www.selleckchem.com/products/GDC-0980-RG7422.html
http://www.selleckchem.com/products/GDC-0980-RG7422.html
http://www.selleckchem.com/products/GDC-0980-RG7422.html
http://www.selleckchem.com/products/ch5132799.html
http://www.selleckchem.com/products/pki-402.html
http://www.selleckchem.com/products/pki-402.html
http://www.selleckchem.com/products/pki-402.html
http://www.selleckchem.com/products/pf-04691502.html
http://www.selleckchem.com/products/pf-04691502.html
http://www.selleckchem.com/products/pf-04691502.html
http://www.selleckchem.com/products/bay80-6946.html
http://www.selleckchem.com/products/bay80-6946.html
http://www.selleckchem.com/products/bay80-6946.html
http://www.selleckchem.com/products/bay80-6946.html
http://www.selleckchem.com/products/bay80-6946.html
http://www.selleckchem.com/products/bay80-6946.html
http://www.selleckchem.com/products/bay80-6946.html
http://www.selleckchem.com/products/gsk2636771.html

GDC-0032

GDC0032

“Isophorm
selective”

Isophorm-

PanPI3Ki

PX-866: Irreversible PI3Ki

SF1126: Vascular Targeted Pan-PI13K/mTOR Inhibitor
linked to an integrin-binding component

specific PI3Ki

PISK/mTORI
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PC-3 (PTEN-)

AKT inhibitors

DMSO
0.0038
0.011
0.034

GDC-0068 (M)
pAKtS473
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Dose-dependent increase in a non-signaling hyper phosphorylated AKT (S473

and T308), and subsequent decrease in phosphorylated downstream targets



LY294002 GSK1059615
(NVP)-BKM120 CH5132799
PWT-458 GDC-0941
XL-147/ BAY 80-6946
SAR245408
ZSTK474
GSK615 /
CAL-101 Wortmannin
BYL719 PX-866 PI-103
INK1117 GDC0032 SF1126 (NVP)-BEZ235
AS-252424 “sophorm XL765/ SAR254409
GSK2636771 selective” ) GDC-0980
TGX-221 PanPI3Ki GSK1059615
PKI-587/ PF-05212384
- PF-04691502
Isophorm- | PI3K/mTORi
specific PI3Ki
CC-115: TORC1/2 + DNAPK
AZD-8055
0S1-027
_ INK-128
— Catalytic PP-242
TORC1/2 cC-223
Allosteric/ Rapamycin
GDC-0068 — Catalvtic . . J— (Sirolimus)
GSK690693 y AKTi MTOR| = Rapalogues | ¢g.779
TORC1 (Temsirolimus)
MK-2206 [~ Allosteric vQD-002 (API-2)/ RADO01
Triciribine (Everolimus)
AP-23573
Perifosine (Ridaforolimus)
(KRX-0401)
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New kids on the block

Mutation
specific”
Irreversible
Isoform
specific”
Isoform
specific”
“Isophorm )
selective”balanced PanPI3Ki
Isophorm- .
P! | PI3K/mTORI
specific PI3Ki
Combo
; Pi3K-alpha+
! TORI )
| me — Catalytic
\ TORC1/2
_ Allosteric/
Catalytic AKTi mTORi ==  Rapalogues
Isoform
specific ) TORC1
Allosteric AKT/S6Ki
S6Ki ' PDK1i
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GOOD SCIENCE
BETTER MEDICINE
BEST PRACTICE

European Society for Medical Oncology

Matching Drug and Genotype?
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Monoallelic loss of PTEN

75%

Amplification of AKT3

Brezst D0%

Biallelic mutation of PTEN

koaa of oprion of PN mey ke fic o mumsdon, D7 o
crigenctic facicn 1uch mpromier hypomcthylaion or
e

Mutation of PIK3CA

Mutation of AKT1

1%
4%
1%
Ha

Mutation of AKT2

Colon 1%

Mutation of AKT3

hlelanoma 15%

...... 3 e,

GFR (EGFR, HER2, MET, FGFR

Loss of expression of
=z |NPP4B
|

*Apoptosis
*Cell cycle
*Metabolism

*Protein synthesis
*Cell growth
*Cell proliferation




y Trastuzumab :
/ Cetuximab : PanPI3K inhibitors
Y ’ : XL147
BKM120
. GDC0941 Isoform-specific PI3K
: GSK1059615 inhibitors
Erlotinib 'i CAL101 (p110&)
Lapatinib o INK1117 (p110a)
.......-----“-" PI2K/mTOR inhibitors BYL719 (p110a)
H BEZ235
E XL765
E GDCD390
472 E e essssssssmsmssssssssssssssSSSssAssASSS—SSSSS—SSA-SS—SSSsass—ssssss—. A
mTORC2 o
AKT inhibitors

s,
Setsana
Teag
“ag

Bl Rapalogues (TORCL inh) TORC1/2 inhibitors
E Sirolimus INK128
: Everclimus
H : AZDBOSS
l : Temsirolimus 0s1027
@ : Ridaforolimus

*Apoptosis *Protein synthesis
*Cell cycle *Cell growth
sMetabolism *Cell proliferation



PI3K signalling RTK-RAS signalling
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Predictors of sensitivity to pan-PI3K inhibitors
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Predictors of sensitivity to PI3K-a selective inhibitors

BYL719, PI3K alpha inhibitor

a Breast  Melanoma
Lung small cell Colorectal

Lung NSC

Other
Medulloblastoma

=

Head & neck
Endometrium
Multiple myeloma
Lymphoma other Lymphoma DLBGL
Esophagus _ Soff tissue

. | Kidney
Urinary tract Liver

PIK3CA mutation and PIK3CA
and ERBB2 amplification
associated with BYL719

sensitivity

BYL719 Amax (% inhibition)

BYL719

Compounds (~1300)

74% mutant PIK3CA (26/35)
31% wild type PIK3CA (106/339)

Color b
PIK3CA wt PI}:.?CAymut
W Mut
H wt
., ¥ sias U8 - Sensitive
26 (74%) 106 (31%)
2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
BYL719 EC50 (uM) BYL719 EC50 (uM)

p=1x10-°by Fisher's Exact Test (two tailed)

Barretina et al. Nature 2012
Huang et al. Proc AACR 2012



Predictors of sensitivity to PI3K-B selective inhibitors

KIN-193, a PI3K beta inhibitor

0
1
I
= \N N/\I
0O HN k/O
HOJ\©
KIN-193
Kinase | ICsp (nmol/L)
PI3K« 136
PISKB 0.69
PI3K3 13.6
PI3Ky 47 .8
Pl4K« 8830
Pl4KB >10000
PI3K-C2«a >10000
PI3K-C2 54 1
mTOR 3930
DNA-PK 53.7
hVPS34 3390

g -
it
©
E 77
=2
g 57
O
4
3 35% mutant PTEN (20/57)
: 16% wild type PTEN (58/365)
1
0
= N T T C - Y & "
PTEN-negative cells
§ KIN-193 GDC-0941 PIK-75 IC87114
S 0105 0105 0105 05 Dose(umollL)
— —""] pAktT308
g — — —-d‘. pAktS473
:LE) < <———— Akt
——————————————— | T b ulin
0 ' e sl pAKtT308
© :
o — e AK{S473
=
o | | ——— . e e | At
D —_—_——
= I_—....: a-Tubulin

Ni J et al. Cancer Discovery 2012
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Intertumoural heterogenelty Intratumoural heterogenelty Intratumoural spatial
between patlents between primary and heterogenelty
metastatic sites

Space 4 w
reliability

Progression
after response




Intra-patient tumor heterogeneity

Q weQ
Qmetastases
M2a
(o] Q
Chestwall °

M2b IeLastasis

Prevalence Prevalence in Prevalence Prevalence
in TCGA all M-seq in cases based cases/prevalence
samples samples on M-seq M-seq

(n =102 samples) (n =79 samples) (n =10 cases) samples
A o, o, Q,
Space PBRM1 A42% 39% 60% 1.5
. . e SETD2 18% 27% 30% 1.1
reliability -7 ) 21% 23% 40% 1.7
 arepsct  KDM5C 7% 11% 10% 0.9
s TP53 5% 6% 40% 6.7
e ATM 3% 4% 10% 2.5
ARIDIA 6% 1% 10% 10.0

PTEN 20%
MTOR 10%
PIK3CA 3% 4% 20% 5.0

2% 8% ° 1.7
PI3K-mTOR pathway 18% 28% 60% 2.1
——

Gerlinger, N Engl J Med 2012

L e Gerlinger, Nat Gen, 2014



Space
reliability

A

‘pas:

Temporal tumor heterogeneity and clonal

evolution

Last clonal

Initiating ~ ‘driver’ events  ‘4rjyer’ events l
‘Ariver’ euveant / \ |
‘ Description of tissue tumor DNA and plasma-deri"'ﬁé‘éﬁe"{ Fom merbnbice necbonio M--~—b~=- of samples (%)

Number of samples with adequate archival tissue av {breast cancer, stud'j.r 1D: []I:_TEDT-S?} 1/60 (85)
Number of samples with adequate plasma available - /60 (100)
Number of PIK3CA mutations identified by sequencil i . i /51 (27.4)
Number of PIK3CA mutations identified by BEAMing Epirubicin Paclitaxel /60 (28.3)
Number of samples that were PIK3CA wild-type by ¢ ' ! _ 151 (72.5)

PIK3CA wild-type by BEAMing of plasma-derived
Number of samples that were PIK3CA mutant by sec

PIK3CA mutant by BEAMing of plasma-derived ctl
Number of samples that were PIK3CA wild-type on ¢
PIK3CA mutant by BEAMing of plasma-derived ctl

Number of samples that were PIK3CA mutant on sex
PIK3CA wild-type by BEAMing of plasma-derived

>
Time reliability

L
<L

R
<L

06

0.4

0.2

00"
0.4,

03¢

0.2

01¢

0.0"

51 (15.6)

51 (15.6)

51 (11.7)

——SMC4 —=—FANCD2
—+— PIK3CA

441 665
Days of follow up

Murtaza. NATURE. VOL 497. 2 MAY 2013
Michaela J. Higgins Clin Cancer Res; 18(12) June 15, 2012
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Conventional Drug Discovery Is Simplistic and Artificial

%“
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Conventional Drug Discovery Is Simplistic and Artificial




The Problem: Enormous Complexity of Real-Life Drug Action

VYV&}” VVW"M/ x AR )

uy w wqy “d'”
e Py
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Best % SLD Change

o
= B Breast X PIK3CA wild type
m CRC A PIK3CA mutant
B HNSCC A KRAS mutant
m NSCLC H HER2+
m OVC
m Other

GDC-0032, a panPI3K-beta sparing inhibitor in all A
solid tumors




m i The Devil is in the Details:

Drugs with “unique” properties

European Society for Medical Oncology
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The promise of PI3K irreversible inhibitors

In-vivo irreversible c e d
Synthesis of PX-866 reaction between PX- s !"I Ll
PX866 866 and PI-3 kinase CCIpIex
a [i]
o 7 d o o
m\! "
]
H 2

Irreversible pan-PI3K inhibitor

i
H

. Preclinically: Inhibition of p-AKT (S473) (' f

was observed for up to 48 hours after e
. . - alviamine Diallylamine
PX-866 dosing in HT29 tumor models. L ) N i )
] Kd (nM) PX-866 17-OH 866

* Phase I trial: PIK3CA WT 110 38

* DLTs of diarrhea ';‘:i‘;{: 17020 ;ﬁl

» No hyperglycemia or skin toxicity e = =

« T1/2+=2.2-3.8h = = =

* Inhibition of p-AKT was observed within N'm:l 99820 35230

4 hours in 7 patients with p-AKT/T-AKT Q546K a1 a4

ratio decreases of 13% to 94% mTOR e

ESMO Signalling Pathways 2014




Off target effects

XL147 (panPI3Ki) and XL765 (PISBK/mTORi) and BKM120 (panPi3Ki) and the antitubulin effect
activity on MAPK.

Pre-Dose Day 27
80% ¢

a-Tubulin

Control
56% |
..
eon i -~ | . 60%!
DAP' pERKHUZ,’YZD"-
BKM120

XL765 XL147

BKM120 causes more cell death than other P13k
In vitro, irrespective of their level of PISK
addiction.

Similar pERK reduction in:

* Mucinous breast carcinoma (74%) and rectal
carcinoma (62%) treated with XL765

« Merckel Cell and Leiomiosarcoma treated with XL.147 It displays tubulin-binding and microtubule-

estabilizing activities, but at concentrations that
may not be reached in the clinic

ESMO Signalling Pathways 2014




PI3K/PIM inhibitors

* PIM expression is regulated by JAK- » Cross-talk between PIM and PI3K.

STAT and NF-KB1 pathways + PIM Kinases are described as drivers of

* Promote pro-survival signaling through PI13k/AKT drug resistance
regulation of BCL2 family

* Increased cap-dependent protein
synthesis through phosphorylation and
thus inhibition of translation repressor
4E-BP1 (By-pass Pi3K signaling)

GDC-0941, panPI3K IBL202, panPI3K/PIM

inhibitor 0 Oolllnol;lj?goo-i;o 111 333 10 pm
P-AKT (Ser473) ECso (MM)
GSK 690693, PI3K inhibitor T o ey o = = = e e e e
AKT T — — W —— T e e = T e e
0 062512525 5 10 20 (umoll) B

N 1 | | CCRIAG i ———
D D o = @ e == | GAPDH AE-BPL(SEr05) wmm e s . dv. s = 9770 M —— s s -
4E-BP1 Y ¥ ¥ ¥ ¥V PN P — - —— — —
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Log PF-05212384 plasma

Pharmacological properties

Intravenous PI3K inhibitors
(PF-05212384 and BAY 80-6946)

PF-05212384 is an intravenous, ATP-competitive, highly
selective pan-class | isoform PI3K and mTOR inhibitor

The most common AEs (mucositis, hyperglycemia, and

liver enzyme elevations) are known class-related effects of

PI13K and mTOR inhibiton
Terminal T,,= 30-37 hours

Paired tumor biopsies at MTD group revealed a 35.9%
reduction in pAkt S473
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Brain-Penetrant PI3K Inhibitors
(BKM120, GDC0084)

As per TCGA, 75% of Glioblastoma cases have
alterations that activate the PI3K pathway
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Many lessons yet to be learn with Pi3K inhibitors...

QTS B o
SWPBE 3 o PHEs

But remember...

It Is the Pharmacology, stupid!*
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