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Background

» Heat shock protein (HSP) 90 was
Identified by chance in early 1960s

* One of a group of HSPs that were
Induced at elevated temperatures in the
salivary gland of the fruit fly Drosophilia
Melanogaster

— Provided protection from hyperthermia and
other cellular stresses



HSP90 expression

« Under normal conditions HSP90
represents 1-2%o of cytosolic proteins

 Increased up to 3 fold under stress
conditions

— Hypoxia
— Low Ph

— Inflammation



HSP90 function

« HSP90 is a molecular chaperone

* Playsarolein 2 principal areas

— Client protein holding

« Stabilises immature proteins preventing premature self-
associations and degradation

— Protein folding
« Requires chaperonin proteins (e.g. HSP60 & 70) to form a

complex in which the ‘client protein’ attains its correct
tertiary functional structure in an ATP dependent process

» Regulates the stability, localisation, activation
and degradation of client protein



Structural information on full-length proteins has been garnered for three nucleotide states of
Hsp90 (nucleotide free, ATP bound and ADP bound). Hence, a potential functional ATP cycle can be
assembled. The model was created using the crystallographic structures of the nucleotide-free
bacterial Hsp90 HtpG and the yeast Hsp90-ATP complex. The ADP states were determined by either
a crystallography reconstruction (extended state) or an EM reconstruction (compact state).

Klaus Richter et al, Nature Structural & Molecular Biology 14, 90 - 94 (2007)



Chaperones and relatives:

Aha1l and its homolog Hchi

Cdc37 (p50) and its relative Harc

p23 (=Sba1)

proteins with TPR motifs, including Hop
(=Sti1), FKBP52 (and high MW plant
homologs), FKBP51, FKBP8 (=FKBP38),
FKBP36 (= FKBP6), Plasmodium
FKBP35, cyclophilin-40 (Cpr6 and Cpr7),
PP5 (and yeast Ppt1), Tom70, XAP-2
(=AIP=ARAY9), Cns1 and its Drosophila
and human relatives Dpit47 and TTC4,
CHIP, GCUNC-45 (also UNC-45 and
Shed), DnaJC7 (=Tpr2=mDj11=CCRP),
CRN, WISp39 (=FKBPL), Tah1

(=Spaghetti), NASP, Toc64, TPR1 (=Ttc1),
CS-containing p23 relatives SGT1, SGT2,

RAR1, Siah-1-interacting protein (SIP),
Chp1, B-ind1, melusin

Hsp60

Hsc70/Hsp70/Hsp72

Human DnaJ homolog Hsjib

S100A1

Ssef

valosin-containing protein (VCP)/p97
NudC

Pih1 (=Nop17) (only through Tah1?)

Transcription factors:

12(S)-HETE receptor

all vertebrate steroid receptors (GR, MR,

ERa, PR, AR)

CAR

cytoplasmic v-erbA

EcR

PPARa (PPARB)

PXR

Hap1i

HSF-1

IRF3

Mal63

po3

PAS family members: Dioxin receptor
(=AhR), Sim, HIF-1c, HIF-2a, HIF-3a
Spi

Stat3 (also in caveolin-1 complexes in
rafts)

TonEBP/OREBP
Ure2

water mold Achlya steroid (antheridiol)
receptor

http://www.picard.ch/downloads/Hsp90interactors.pdf




Kinases:

- AkvPKB

- ASK1

- AuroraB

- Bcer-Abl

- casein kinase lla catalytic subunit

- Cdc2 (=Cdk1)

- Cdc25c

- Cdk2, Cdk4, Cdk6, Cdk9, Cdk11

- Chki1

- Cot=Tpl-2

- Death-associated kinases DAPK,
DAPK2, DAPK3

- death domain kinase RIP

- eEF-2 kinase

- elF2-a kinases HRI, Gen2, Perk, PKR

- ErbB2 (and mutant EGF receptor)

- ERK5

- Fit3

- Fused

- GRK2

- HER3

- IkBkinasesa,p, v, &

- Insulin receptor

- Insulin-like growth factor 1 receptor

- Integrin-linked kinase

- IP6K2

- IRAK-1

- lret

- JAK1

- JNK

- c-Kit

- KSR

http://www.picard.ch/downloads/Hsp90interactors.pdf

Lkb1

LRRK2

MEK

MEKK1 and MEKK3
Mik1

MLK3

MOK, MAK, MRK
c-Mos

NIK

Nucleophosmin-Anaplastic Lymphoma Kinase
pO0RSK

platelet-derived growth factor receptor o
PDK1

Pim-1

Pink1

PKCi and other PKCs

Plk1

pp60v-src, c-src

src related tyrosine kinases: fer, fes, fgr,
fps, Ick, yes

Raf-1, B-Raf, Ste11

RET/PTCH

Ron

Ryk

SGK-1

Sit2

SRPKA1

SSTK (= Tssk6)

TAK1

TBK1

TGFp receptors | and |l

trkB

Tyk2

VEGFR1, VEGFR2

Weel, Swel

ZAP-70



Others:

Annexin Il

ANP receptor

Apaf-1

apoB

Argonaute-2 (= GERp95)

Bel-xL

Bid

BLM helicase

calcineurin (Cna2; catalytic subunit)
calmodulin

calponin

CB2 cannabinoid receptor

CcD91

Cdc13

Cdkb activator p35

CFTR (nascent polypeptide)
Chronophin

CIC-2 chloride channel

COG complex

Ctf13/Skp1 component of CBF3
Cup

cyclin B

cyclophilin D (mitochondrial)
cytoskelettal proteins: actin, tubulin
(including ciliary p4-tubulin), myosin
Dengue virus protein E

DNA polymerase a

DNMT1

eNOS, nNOS (?)

ether-a-gogo-related cardiac potassium
channel

FLIPg and FLIP,

free By subunit of G protein

Guo, G(I-]z

glutathione S-transferase subunit 3 (KS type)
HDACG

Hepatitis virus C protein NS3

HERG

Histones H1, H2A, H2B, H3 and H4
c-1AP1

Inositol 1,4,5-trisphosphate receptor 3
Kir6.2

knob complexes (in the membrane of
Plasmodium-infected erythrocytes)

LAMP-2A

macromolecular aminoacyl-tRNA
synthetase complex

Macrophage scavenger receptor
Mdmz2

MMP2

MRE11/Rad50/NBS1 (MRN) complex
Msps/XMAP215/ch-TOG

MTG8

MUCA

Na'-K*-CI" cotransporter 1

NB-LRR proteins: RPM1 and RPS2,

Nod1, Nod2, NALP2, NALP3, NALP4,

NALP12, IPAF

Neuropeptide Y

N-WASP

P1 (picornaviral capsid precursor protein P1)
p300

P450 CYP2E1

P2X; purinergic receptor

PB2 subunit of influenza RNA pol.
perilipin

Mgz+-dependent phosphatidate
phosphohydrolase

polysomal ribonuclease 1 (PMR1)
PRMTS

prolactin receptor

proteasome

R2TP complex through Pih1
Rab-aGDI

Rab11a

Rac/Rop GTPase Rac1 (rice)
Ral-binding protein 1

reovirus protein o1

reverse transcriptase of hepatitis B virus

ribosomal proteins S3 and S6
ricin catalytic A chain

RIG-I

R-protein I-2

SIR2 (SIR2RP1 in Leishmania)
SKP2 complexes

SMYD1, SMYD2, SMYD3
snoRNP complexes

DNA helicase Ssl2

survivin

SV40 large T-antigen
a-synuclein

Tab2/3

Tau protein

telomerase

thiopurine S-methyltransferase
thrombin receptor (PAR-1)
TLR4/MD-2 complex

TOMA40

Trithorax (and ortholog MLL)
Tyrosine hydroxylase

UCH-L1

Uroporphyrinogen decarboxylase
(HemE) [in cyanobacterial
Vaccinia core protein 4a
misfolded VHL

Vimentin

http://www.picard.ch/downloads/Hsp90interactors.pdf



Hsp90 involved in :

(1) signal transduction
cascades (such as receptors,
kinases, oncogenes/proto-
oncogenes and mitogenic
pathways),

(2) DNA replication and repair
(3) Transcription
(4) telomere maintenance

(5) entry into and quality control
within the secretory pathway,

(6) vesicular trafficking through
the secretory pathway,

(7) import into chloroplasts
(8) folding in mitochondria.

Klaus Richter et al. Nature Structural & Molecular Biology 14, 90 - 94 (2007)
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HSP90 and Malignancy

 HSPI90 is a chaperone protein to “client
proteins” which are involved in all 6
hallmarks of cancer:
— Growth factor independence
— Inhibition of apoptosis
— Resistance to anti-growth signals
— Tissue invasion and metastasis
— Sustained angiogenesis
— Unlimited replicative potential



* Present in normal cells

Normal vs Cancer Cells
HSP90 tends to be overexpressed in cancer cells

* Overexpressed
mutated oncoproteins
* Micro-environmental stress

s
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Client protem

Native form Super-chaperone complex

* Present in malignant cells

* Low ATPase

« High ATPase

Low ATP/ADP affinit
/ * High ATP/ADP affinity



High/Low
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P=0.0326
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Kaplan-Meier survival
curves for HSP90 AQUA
scores divided by the
median score for:

(A) the entire cohort of
patients

(B) node-negative patients

(C) node-positive patients

Pick, E. et al. Cancer Res 2007;67:2932-2937



In many cancers disease proliferation dependent on aberrant
expression or mutation of one or more oncoproteins e.g. HER2 in
breast cancer. Mature function dependent on HSP 90

. “

~
{ 'f“ Oncoprotein
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HSP90 chaperone stabilizes the oncoprotein within a complex, folding it
Into a mature form enabling growth signalling and tumour cell
proliferation. Therefore HSP90 plays a central role in cancer cell survival




Currently targeted therapies such as tyrosine kinase inhibitors (TKIs)
and monoclonal antibodies (MADs) inhibit oncoproteins in distinctly
different ways without affecting the critical function of HSP90




Crystal structure of Heat Shock Protein 90 (Hsp90) inhibitor, geldanamycin, bound to the Hsp90
receptor. Red dots correspond to water. Yellow dashed lines represent hydrogen bonding

http://www.emory.edu/chemical-biology/project_cyclel fluorescence.html



HTS90 - Biology

Intermediate
complex

Causes closed HSP90
conformation

Open conformation

TRENDS i Matecidar Meadicing

«ATP regulates HSP90 conformation and client release
eMany other proteins involved in its activity



HTS90 - Biology

* Overexpressed
mutated oncoproteins

« Micro-environmental stress @ @
_
> @
Native form Super-chaperone complex
Present in normal cells * Present in malignant cells
Low ATPase

High ATPase
Low ATP/ADP affinity

Low 17AAG affinity

Low impact on proliferation

* High ATP/ADP affinity
High 17AAG affinity

High impact on proliferation



Oncoproteins can now be targeted from an entirely new angle through the
inhibition of HSP90

Hsp90 chaperone inhibitor

2




When the chaperone function of HSP9O0 is inhibited, oncoproteins become
unstable, unfolded, and unable to signal




Unfolded oncoproteins are then degraded rapidly by the proteosome and
tumour cell growth is arrested




Key Client Proteins of HSP90 and
Assoclated Diseases

Breast N, SR . NS 5 R
DIOC U v D10

Stomach R et, A PDGFR

NSCLC R : R, K-Ra

Pancreas - R

Myeloma R OR Raf, A

Glioblastoma R R, PDGFR A

NSCLC, non-small cell lung cancer



Table 2. Phasel and Il clinical trials exploring the role of HSP90 inhibitors In solid tumors.

HSP20 inhibitor Administration Phase Combinations Recommended dose

route

DLTs/SE/efficacy

17-AAG .
(Goetz MP at al)

17-AAG

{Banerji L et al}

17-AAG

(Gram JL af al)

17-8AG
{(Ramanathan RK ef al)

17-84AG
(Musquire La et al.)

17-AAG
(Solit DB et al)

17-A80G
(Haluska P et al)

17-840G
(Heath El et a/.)

TAM (Modi S et all)

CHMF1010
{(Saif MW et al.)

17-DMAG
{(Flaherty KT et al.)

IPI-504
Wagner Al et al)

IPI-504
Dametri GD et al.)

SNX-5422 p.o
Bryson IC et al)

BIBDZ1 (Elfiky A et al) po

Faclitaxel (80 mg/m?) Iweek/dweek

Docetaxel (50 — 70 mo/m?) d1/2week

Gemcitabine (750 — 1000 mg/m?) + dsplatin (40 mgim?)

Transtuaumab (standard doselfs

308 mg/m2hwesk
450 mg/m?iweek

40 mg/m?
5 consecutive days/2 1days

150 mag/m? biveskly (3widw)

or 200 mg/m? twicerweek
(2weekSweek)

175 mgim? bivweskly
200mogim? d1/2week

154 mg/m? d1, 83week
300 mg/m? 3weskidweek
450 mg/m?iweek

175 mg/m?

Dose escalation continues

Daily administrationsevery
cther day dweek/Gweek
Dose escalation continues

400 mg/m? twice weekly
2wl 3w

Dose escalation

Dose escalation continues

B00 mgitwiceiveek

Hepatic dysfunction, anemia,
miyalgias, vomiting

Diarrhiea, hepatotoxicity
Hepatic transaminitis

Thrombocytopenia, abdominal pain,
headache, vomiting

Chest pain, fatiguedefficacy present
Manageable toxicityefficacy present

Increased toxicity, no further
evaluation

Mo response, nofurther evaluation
in prostate cancer
Manageable toxicity/positive results

Gl toxicities, reversible hepatic
dysfuction, fatigue, anemia,
hyperglycemiadefficacy present
Fatigue, nausea, anorexia,
proteinuria, peripheral edema

Well-tolerated insarcoma and
TEl-resistant GIST pts

well-tolerated, efficacy present
in patients with progressive GIST
after sunitibvimatinib

Mo DLTs, well tolerated

well-4tolerate d/biclogic activityfurther
evaluation with chemotherapy

17-A40G: 1 7-Alylamino-17-demethoggeldamycing 17-DMAG: 17-Demethoxygeldanamycing BIBO21: Fully synthetic non-anamydn HSP20 inhibitor, CNF1010; Lipid forrulation of 17-24G; DLTs: Dosedimiting toxcities;
A Gastrointestinal; GIST: Gastraintestinal stroma tumaors; v Intravenows; 1A-504: Water soluble HSPA0 inhibitor; poo.: Per os; SE Side effeds; SHX-5422: Syrthetic inhibitor of HSP20; TAN: Tanespimycing

TEl: Tyresine-kinasa inhibitor,

Karapanagiotou et al, Expert Opinion Investig Drugs 2009, 18, 161




PK of HSP90 inhibitors in tumor-bearing animals

AUY922 levels in BT-474
breast cancer xenografts)

AUY922 conc. (nmol/g)

—— Plasma

—&— Tumor
—— Liver
—— Muscle
-0- Heart

-o—Lung

e Fast clearance from
plasma and normal

tissues

* Strong Retention in

0.001 | — tumor tissue
0 12 24 36 48
Time after dosing (hours)
C,ax [ mMol/L or nmol/g] 14.08 16.36 30.94 27.45 36.86 48.48
+4.14 + 3.84 +5.58 + 6.64 +7.42 +10.11

ty, ciims. 2 LN] 10.3 30 7.7 8 5.6 5.5
AUC,., [hepmol/L or 73 345 53 35 32 71
henmol/g]




Proof of Principle Study

* Phase Il study of Tanespimycin (Tan) (17-
AAG In chremophor) and trastuzumab

— 29 breast cancer patients with trastuzumab
resistant HER2+ breast cancer

— Weekly trastuzumab + Tan 450mg/m?

* 5 PRs and 5 SDs observed in initial report

Modi et al, ASCO 2008



Rationale for HSP90 Inhibitors in NSCLC

Mutated EGFR Is a sensitive client protein of Hsp90

T790M mutations and Met amplification, both
mechanisms of EGFR TKI resistance, are susceptible to
Hsp90 inhibition

(Park et al, Abstract 2450 AACR 2008)

EGFR wild type NSCLC cells sensitive to I1P1-504 in vitro

Proteins important in NSCLC progression are Hsp90
client proteins

— HERZ2; p-AKT; c-RAF; EML4-ALK, IGF-1R



Preclinical — non-small cell lung cancer
IP1-504 regresses tumor growth

1 NCI1975 T790M model (Tarceva, Iressa-resistant)

== \/ehicle

== |P|-504 at 25mg/kg
IPI-504 at 50mg/kg
IP1-504 at 100mg/kg
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Days Post Implant

Control

25% TGl (total
growth inhibition)

72% TGl

' 95% TGI

IP1-504 (retaspimycin hydrochloride) the hydroquinone hydrochloride salt of
17-AAG, also delays tumor growth in a xenograft model of NSCLC containing

mutant EGFR (del 746-50)




Methods: Study Design

Histologically confirmed NSCLC, stage Il11b (with effusion) or 1V

— Failed prior EGFR TKI therapy
— No limit to the number of prior therapies
— RECIST-measurable disease
— Tissue available for EGFR mutation analysis (EGFR status not required for study entry)
— No untreated brain metastasis
— Baseline adequate renal, hepatic and marrow function, including:

« T.Bili<1.5x ULN

* AST/ALT< 2.5 x ULN (or 3 x ULN if liver metastases)

* Creatinine < 1.5 x ULN

+ ANC=>1500

Mutant EGFR Cohort

If >1 CR, PR, or SD for

at least 3 months
Enroll 10 patients — EXgaciiofayiotator
29 patients

Wild-Type EGFR Cohort

If >1 CR, PR, or SD for

at least 3 months
Enroll 10 patients — Expand to a total of
29 patients

Sequist et al, Abstract #3547, ASCO 2009



EGFR TKI Treatment History

EGFR
Status
EGFR EGFR Pending/
Mutant Wild-Type Unknown
N 19 28 10 57
Prior treatment TKI 100% 100% 100% 100%
Best response to CR 5.3% 0% 0% 1.8%
TKI PR 57.9% 7.1% 20% 26.3%
Medlgn. month_s on TKI- 20.9 33 19 0.5
containing regimen
1 73.7% 89.3% 90% 84.2%
# of prior TKIs 2 15.8% 10.7% 10% 12.3%
>2 10.6% 0% 0% 3.6%

30



Investigator-Assessed Radiographic

Responses by RECIST
EGFR
Status
EGFR EGFR Pending/
Mutant Wild-Type  Unknown Overall
N 19 28 10 57
ORR! 4 (14.2%) 4 (7%)
Confirmed ORR? | 0 2 (7.1%)3 2 (3.5%)
Stable disease 0\ 045 04\ 0/
lasting > 3 months 6 (31.6%)* | 6 (21.4%) 1 (109%0) 13 (22.8%)
Clinical benefit® 6 (31.6%) |10 (35.7%) |1 (10%o) 17 (29.8%)

ORR=overall response rate.

31



Best Percent Change From Baseline in Target Lesions

Patients who had at least 1 dose and at least 1 post-baseline imaging assessment

[0 No EGFR Mutation
B EGFR Mutation
0 Unknown/pending




LVSequistabstract #7517 Biomarkers

Safety
w Three deaths have |[FSem.

DEENTEPOMEAON  [nasea 609
study. All were
assessed as possibl
related to IP504

Diarrhoea

Arthralgia

Abdominal pain

Dyspnoea 6 (7.9)

Musculoskeletal chest pain




Laboratory abnormalities: increases to a Grade 3 or 4
occurring in > 2 patients regardless of relationship (n=57)

Laboratory test
PTT 6 (10.5%)! |0
Hyperglycemia 6 (10.5%)> |0
Aspartate aminotransferase |2 (3.5%) 2 (3.5%0)
Alanine aminotransferase 2 (3.5%) 1 (1.8%)
Alkaline phosphatase 2 (3.5%) 0
INR 2 (3.6%0)3 0
Lipase 2 (3.6%0) 0
Hypophosphatemia 2 (3.6%0) 0
Hypokalemia 2 (3.6%) 0

1All 6 resolved with the next laboratory draw and were felt to be artifactual or due to a heparinized port
2Non-fasting hyperglycemias. 3 are from patients with known diabetes
3Both in patients on warfarin 34



Biomarkers

Association between anaplastic lymphoma Kkinase
rearrangements (rALK) and the clinical activity of IPI-
504 (retaspimycin hydrochloride), a novel Hsp90
Inhibitor, in patients with non-small cell lung cancer
(NSCLC)

LV Sequiset al.

Study aim

To investigateoncogenic ALK gene rearrangements in patients with
NSCLC, particularly nesmoking patients with epidermal growth factor
receptor (EGFR) wiltd/pe tumors.

Hsp90 is a protein chaperone that maintains proper folding, function
and stability of key oncoproteins.

Nonrandomized phase Il trial, #7517



LV Sequist, abstract #7517 Biomarkers

* Response

WT Mutant WT Mutant WT Re-
arranged

Patients 76 40 (53) 28 (37) 26 (34) 12 (16) 12 (16) 3(4)
OR 5(7) 4 (10) 1(4) 3(12) 0 (0) 1 (8) 2 (67)
SD >3 18 (24) 10 (25) 3 (25) 3 (100)
months

Median 2.9 2.9 2.8 2.9 3.9 2.4 Unable to
PFS deter-
(months) mine



LV Sequist, abstract #7517 Biomarkers

» Tumour response

70%0 Colour by ALK FISH status
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LV Sequist, abstract #7517 Biomarkers

Summary

 This is the first trial of an Hsp90 inhibitor In

molecularly-defined cohorts of patients with
advanced NSCLC

» IP1-504 is generally well tolerated with
Indications of activity

o particularly in patients with tumours habouring

anaplastic lymphoma kinase rearrangements
(rALK)



Biomarkers



AUY922: Effect on Oncogenic Proteins
After Treatment

AUY922

17-MG AUY922 Vehicle 50 (qw) 75 (qw) 50 (3qw)

S Ll L

o) ()

PAKT WM i o e
cacin DD -

AUY922 induces * The levels of the HSP90 client proteins
disassociation of the EGFR1 and P-AKT were determined
p23-HSP90 complex 6 hours after last treatment

at lower . Reduced amounts of both PD markers
concentrations than observed at all dose levels, consistent
17-AAG with the antitumor effect

Jensen MR, et al. AACR 2009. Abstract # 5649.



HSP90 Inhibition Impacts on HSP70

Disruption of HSP90
chaperone hetero-complex
results in loss of repression
of heat shock factor-1
(HSF1) and subsequent
Induction of HSP70

Historically, HSP70 has
proven to be a reliable
marker of HSP90 inhibition

HSP70 can thus be used as a
PD marker of AUY922
activity

Ide et al, ASCO 2009, Abstract 3533



Figure A - Highest HSP70 induction calculated by
fold change from baseline.

Figure B - Highest HSP70 induction calculated by
absolute change from baseline
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Representative soluble HER-2 data from one
colorectal patient in the 40 mg/m? dose cohort

Baseline
level was

Baseline Cc2D1 C2D1 5h C2D3 End of study
pre-dose post-dose




Biomarker Summary

 HSP70 is reproducibly induced In
PBMCs In patients

* The soluble form of HER-2 may serve as
a potential ‘universal’ HSP90 client
assay, detecting the effect of HSP90
Inhibition on HER-2 modulation in both
normal and tumor tissue



DMAG sensitizes lung cancer cell lines to radiation
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Koll T. T. et.al. Mol Cancer Ther;2008;7:1985-1992



Radiosensitization by DMAG does not require functional p53
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DMAG induces down-regulation of cell survival proteins regardless of
the schedule of administration
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PU24FCI

17-DMAG R = NHCH2CH2N(CHg)z §,
17-AAG R = NHCH,CH=CH,
Geldanamycin R=0CHg

Workman & Powers. Nature Chemical Biology 3, 455 - 457 (2007)
Rodina et al. Nature Chemical Biology 3, 498-507



Schematic representation of HSP90 binding to client proteins, how these proteins affect six
hallmarks of cancer, and drug target sites within HSP90
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Shames D. S., Minna J. D. PNAS;2008;105:1389-1390
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HIF-1C

DECREASED

PANOBINOS IAT DECREASED ONCOPROTEIN

aTubulin ANGIOGENESIS

DECREASED DA C 953
MOTILITY and
INVASION
Histonos

APOPTOSIS

CELL-CYCLE ARREST

HDAC inhibitors such as vorinostat and panobinostat induce
hyperacetylation of HSP90 inhibiting function resulting in downregulation
of oncoproteins




Heat shock protein vaccines as new agents in
cancer treatment.

Table 3. HSP vaccination Phase 11 and 11l clinkcal trials.

Trial

Phase

Line

Cancer type

Design

Number of
patients

End point

Wood C
C-100-12 RCC
Study Group (2008)

lonach E {2008)
Testori A, C-100-21
Study group (2008)
Filla L (2006}

santis G.

Mazzaferro V (2002)

Mon-randomized
stucly

Adj

Indifferent

Localized RCC after
nephrectormy

Metastatic RCC after
nephrectormy

Previously untreated
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Conclusions

« HSP90, through maintaining oncoprotein
function, Is a target for therapy

« HSP90 inhibitors selectively accumulate In
tumour tissue due to high ATPase/high
ATP/ADP affinity

« Combination therapies with cytotoxic and
targeted therapies including HDACI have real
potential for the treatment of NSCLC and

SCLC
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Table 1. HSP90 functions in normal and malignant cells.

HSP90 functions in normal cell
Prevents proteins from unfolding during heat shock

Stabilizes the fragile structures of many of the receptors/protein
kinases/transcription factors

Maintains signal proteins in an active conformation

Regulates mitogenesis (mediator of proliferation),
gene transcription/cell requlation

HSP90 functions in malignant cell
Inhibits apoptosis via inhibition of several pathways

Stabilizes the conformation of mutant proteins
(capacitor of evolution)

Sustains angiogenesis
Enhances invasion and metastasis

Permits limitless replicative potential

Heat shock protein inhibitors and vaccines as new agents in cancer treatment.
Karapanagiotou EM, Syrigos K, Saif MW.
Expert Opin Investig Drugs. 2009 Feb;18(2):161-74



Targeting specific oncogenic Hsp90

Disease

GIST

NSCLC

CML

HER2 pos.

Breast

Hsp90
client

KIT

MtEGFR

Bcr-Abl

HER?2

Targeted

agent

Gleevec
Sutent

Tarceva
Iressa

Gleevec,
Sprycel

Herceptin
Tykerb

client proteins

Mechanisms
of resistance

22 mutations in kinase
(e.qg.T670I)

22 mutations in kinase
(e.g., T790M), others

28 mutations in kinase
(e.g., T315I)

Multiple
(e.g., PTEN-, IGF1-R, p95,)

Resistance
EERISIN
susceptible
to Hsp90
inhibition

Wagner AJ, et al ASCO 2008
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Dose response effect of IP1-493 in a mouse
xenograft model of NSCLC cell line H1975 [EGFR
(L858R/T790M)]

3500
& 3000
E Dosing: QOD, PO, 10ml/kg Vehicle
o 2500
e
=
£ 2000
o)
e
S 1500 87%
s
S 50
E’ 1000
IP1-493
A
< ' 4 A 75 (mg/kg)
500 w |
- m100
0
18 21 25 28 32

Days Post Implant Lee J at al AACR/EORTC 2008

Subcutaneous xenografts tumors of the NSCLC cell line H1975 [EGFR (L858R/T790M)] were

established in athymic mice. Dosing schedule was QOD at 10ml/kg. Animals received

either vehicle or IPI-493 at tested dose levels. Tumor dimensions were measured twice

weekly 57



Interim results from a Phase 2 trial of IP1-504
(retaspimycin hydrochloride), a novel Hsp90
Inhibitor, in patients with relapsed and/or refractory
Stage I11b or Stage IV Non-Small Cell Lung Cancer
(NSCLC) stratified by EGFR mutation status
(Abstract #3547)

L. Sequist!, R. Natale?, S. Gettinger?, N. Senzer* , R. Martins®, R. Lilenbaum®, J.Gray’, P. Janne?,
T. Samuel®, H.Harper'?, J. Walker!?!, J.Sweeney!!, R. Ross!!, D. Grayzel'!, T. Lynch?;
IMassachusetts General Hospital, Boston, MA; ?Cedars Sinai Medical Center, Los Angeles, CA
3Yale Comprehensive Cancer Center, New Haven, CT; “Mary Crowley Cancer Research Center,
Dallas, TX; °Seattle Cancer Care Alliance, Seattle, WA; ®Mount Sinai Comprehensive Cancer
Center, Miami Beach, FL; "H.Lee Moffitt Cancer Center & Research Institute, Tampa, FL; 8Dana-
Farber Cancer Institute, Boston, MA; ®Medical College of Georgia, Augusta, GA; °Hackensack
University Medical Center, Hackensack, NJ Infinity Pharmaceuticals, Inc, Cambridge, MA.



IP1-504 delays tumor growth in a xenograft model of
NSCLC containing mutant EGFR (del 746-50)

3000

2500 == \/ehicle
=#= |PI-504 at 25 mg/kg

IPI-504 at 50 mg/kg
IPI-504 at 100 mg/kg

2000

1500
1000

500 /

0 22 27 29 33 36 40 43 47 50

Tumor Volume (mm3)

Days Post-Implant
* NCI-1650 xenograft
* IPI-504 PO QoD

Sequist L et al EORTC 2007 Abstract B79



Chemotherapy Treatment History

EGFR Status
EGFR EGFR Pending/
Mutant  Wild-Type Unknown Total
N 19 28 10 57
Prior treatment Chemotherapy 78.9% 96.4% 100% 91.2%
Best response to CR 5.3% 3.6% 0% 3.5%
chemotherapy o o o o
treatment PR 31.6% 35.7% 60% 38.6%
Median months on chemotherapy regimen 2.6 13.9 7.4 6.8
0 21% 3.6% 0% 8.8%
# of prior 1 31.6% 21.4% 0% 21.1%
chemotherapy . . . .
regimens 2 31.6% 25% 30% 28.1%
>2 15.8% 50% 70% 42.2%
Median # of chemotherapy regimens 1 2.5 4 2




Adverse Events Experienced by >15% of Patients on Study, by

Grade, Regardless of Relationship to IP1-504 (n=57)

Event Grade 1-2 Grade 3 Grade 4 Total

Any 30 (52.6%) 16 (28.1%) 8 (14%) 54 (94.7%)
Nausea 30 (52.6%) 2 (3.5%) 0 32 (56.1%)
Fatigue 28 (49.1%) 2 (3.5%) 0 30 (52.6%)
Diarrhea 21 (36.8%) 7 (12.3%) 0 28 (49.1%)
Vomiting 20 (35.1%) 3 (5.3%) 0 23 (40.4%)
Cough 16 (28.1%) 1 (1.8%) 0 17 (29.8%)
Myalgia 14 (24.6%) 1 (1.8%) 0 15 (26.3%)
Abdominal pain 15 (26.3%0) 0 0 15 (26.3%0)
Headache 14 (24.6%0) 0 0 14 (24.6%)
Urine color abnormal 14 (24.6%) 0 0 14 (24.6%)
Constipation 13 (22.8%) 1 (1.8%) 0 14 (24.6%)
Anorexia 12 (21.1%) 1 (1.8%) 0 13 (22.8%)
Arthralgia 12 (21.1%) 1 (1.8%) 0 13 (22.8%)
Dyspnea 10 (17.5%) 1 (1.8%) 1 (1.8%) 12 (21.1%)
Back pain 12 (21.1%) 0 0 12 (21.1%)
Infusion site pain 11 (19.3%) 0 0 11 (19.3%)

Two deaths have been reported on study, both secondary to sepsis and assessed
by the investigator as unrelated to IPI1-504
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Nowly synthesized, |
but inactive, client

C% protein

a
Anti-aggregation
ggrega Membrane translocation,
intracellular disposition
OURELGA
Ubiquitylatio &

d
¢ Dynamic multiprotein L'ga”dhg'n?'ggh
Oogo chaperone-client pnosphoryiation,
o complex dimerization,etc

Proteasome-mediated Active state

degradation (protein turnover
and antigen processing)

Copyrignt © 2005 Nature Publishing Group
Nature Reviews | Cancer

Newly synthesized, conformationally labile client proteins associate with multi-protein complexes that contain various
chaperones, co-chaperones and accessory molecules (different coloured shapes). Dynamic association of a client with
chaperone complexes can prevent its aggregation (a) and assist in its intracellular trafficking, especially its translocation
across membranous structures (b). Association with the chaperone machinery maintains the protein in a meta-stable state -
allows it to be activated by specific stimuli such as ligand binding, phosphorylation or assembly into multisubunit signalling
complexes (c). In the absence of appropriate stimuli, chaperone complexes can target the client for degradation through the
ubiquitin—proteasome pathway, thereby regulating its steady-state cellular level (d).



Demographics and Baseline Characteristics

EGFR EGFR Status
EGFR Mutant Wild-Type Pending/Unknown
\ 19 28 10 57
S Male 73.7% 60.7% 60% 64.9%
ex
Female 26.3% 39.3% 40% 35.1%
Median age (years) 66 60 60 64
White 68.4% 85.7% 90% 80.7%
Race (%) Black 10.5% 3.6% 10% 7%
Asian 21.1% 10.7% 0% 12.3%
Non-smoker 68.4% 50% 60% 57.9%
Smoking : o o o o
history (%6)* Previous smoker 31.6% 50% 40% 42.1%
Current 0% 0% 0% 0%
Median months since diagnosis 23.6 24.5 25.7 24.5
Adeno 84.2% 82.1% 70% 80.7%
: BAC 10.5% 7.1% 0% 7%
Histology (%0)
Squamous 0% 10.7% 10% 7%
Other 5.3% 0% 20% 5.3%
1B 10.6% 0% 0% 3.6%
Stage (%)
\Y] 89.5% 100% 100% 96.5%

*Non-smoker < 100 cigarettes in lifetime; BAC=bronchioloalveolar carcinoma.



Infinity’s Hsp90 porttolio

IP1-504 (retaspimycin HCI)
Water-soluble 1V delivery

IP1-504 free base interconverts with 17-
AAG in vivo

Potent and selective Hsp90 inhibitor

Generally well tolerated with biologic and
clinical activity in Phase 1 & 2 trials

Development in NSCLC, Her2+ MBC
>260 pts treated to date

IP1-504

1P1-493

Oral delivery

Major metabolite of IP1-504

Potent and selective Hsp90 inhibitor
Phase 1 safety exploration ongoing

Biological activity observed (in preclinical
studies as observed by HSP70 induction)

Good exposure, increasing with dose
17 pts treated to date

IP1-493
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