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Multidisciplinary approach

Medical treatment

— Antineoplastic therapy
e chemotherapy
e “target therapies”
* hormonal treatment

— Analgesics

— “targeting bone metastasis”
Radiotherapy
Surgical treatment
Radiometabolic therapy
Interventional radiology



Therapeutic strategies for treatment
of bone metastases

Osteoclast inhibitors Other Cellular Targets
Bisphosphonates Platelets: LPA

Anti RANK Ligand MoAB Endotelial cells: PDGFR, PIGF
Endothelin A inhibitors Anti CTGF

Cathepsin K inhibitors CXCR4 antagonist

Src inhibitors HDAC inhibitors

PTHrP antibody Cox-2

Proteosome inhibition
Anti-integrin

TGF-B inhibitors

ETRA

Wnt inhibitors

PTHrP, parathyroid hormone-related peptide; LPA, lysophosphatidic acid; PDGFR, platelet-derived growth factor receptor; PIGF, placental
growth factor; CTGF, connective tissue growth factor; HDAC, histone deacetylase; TGFB, trasforming growth factor-beta; ETRA,
endothelin receptor A.



Therapeutic strategies for treatment
of bone metastases

Osteoclast inhibitors

Anti RANK Ligand MoAB

PTHrP, parathyroid hormone-related peptide; LPA, lysophosphatidic acid; PDGFR, platelet-derived growth factor receptor; PIGF, placental
growth factor; CTGF, connective tissue growth factor; HDAC, histone deacetylase; TGFB, trasforming growth factor-beta; ETRA,
endothelin receptor A.



RANK Ligand, an Essential Mediator of Osteoclast Activity

RANK Ligand Is Essential for Osteoclast Formation, Function, and Survival
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Osteoprotegerin (OPG) neutralize

effects of RANK Ligand

Osteoclast Formation, Function and Survival Inhibited by OPG
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Denosumab: a RANK ligand inhibitor

Model of Denosumab

* Fully human monoclonal
antibody

 High affinity for human RANK
Ligand
« High specificity for RANK Ligand

— No detectable binding to TNFa,
TNFP, TRAIL, or CD40L

* No neutralizing antibodies
detected in clinical trials to date

Bekker PJ, et al. J Bone Miner Res. 2004;19:1059-1066. .
Data on file, Amgen. TNF = tumor necrosis factor;

Elliott R, et al. Osteoporos Int. 2007;18:S54. Abstract P149. TRAIL = TNFa-related apoptosis-inducing Ligand
McClung MR, et al. New Engl J Med. 2006;354:821-31.



The “Vicious Circle” Hypothesis of Osteolytic Metastases

DENOSUMAB

Adapted from Mundy GR, et al. Nat Rev Cancer. 2002;2(8):584-593.



Denosumab Is Being Investigated in Several Conditions
of Bone Loss and Destruction

Treatment-Induced Bone Loss

Bone Erosion of RA

g
PR

RA = rheumatoi(0"8
Available at: www.clinicaltrials.gov. Accessed January 28, 2008.




Denosumab oncology programme overview

E1 TR T

Prostate cancer — delay of bone mets

Breast cancer - SRE

Prostate cancer — SRE
Solid tumours & MM - SRE

SRE = skeletal-related event

Body J J, et al. Clin. Cancer Res 2006; 12:1221-1228; ?Lipton A, et al. J Clin Oncol 2007; 25:4431-4437; 3Suarez T et al. J
Clin Oncol 2006;24(S18):6S:8562; “Fizazi K, et al. J Clin Oncol 2008; 26:(176S):3596 and poster; 5Vij et al. Blood 2007;
110(11):3604; 6Thomas et al. CTOS, 2007:787; “Ellis G, et al. J Clin Oncol 2008:epub, Aug 25.
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Among 111 patients accrued, the primary end point of uNTx levels lower than 50 nmaol/L BCEfmM

creatinine (uNTx < 50| at week 13 was achieved by 49 (71%) of 69 patients in the denosumab
arms, compared with 10 (29%) of 35 patients in the IV BP arm (P < .001). The proportion of
patients with uMNTx lower than 50 was maintained at week 25 (84% denosurmab arms; 37% [V BP
arm; P = .01). The incidence of SREs was six (8%) of 72 and six (17%) of 25 in the denosumab
group and IV BP group, respectively. Rates of adverse events were similar between treat-
ment groups.
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Among patients with elevated ulNTx despite ongoing IV BP therapy, denosumab normalized uMTx
levels more frequently than the continuation of [V EP. Fewer patients receiving denosumab
expenenced on-study SREs than those receiving IV BPs.
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20050136 BC

Denosumab Versus Zoledronic Acid for the Treatment of Breast Cancer Patients with
Bone Metastases: Results of a Randomized Phase 3 Study

Stopeck A, et al. Eur J Can Suppl. 2009;7:2.
Abstract 2LBA and Oral Presentation ECCO 15/ESMO 34 2009

N=1026 Denosumab 120 mg SC and

Key Inclusion Placebo IV* every 4 weeks
Adults with advanced breast cancer
and confirmed bone metastases Supplemental Calcium and Vitamin D
Key Exclusion
Current or prior intravenous N =1020 Zoledronic acid 4 mg IV* and SC
bisphosphonate administration placebo every 4 weeks

1° Endpoint Time to first on-study SRE (non-inferiority)

2° Endpoints Time to first on-study SRE (superiority)

Time to first and subsequent on-study SRE (superiority)

*IV product dose adjusted for baseline creatinine clearance and subsequent dose intervals
determined by serum creatinine (per Zometa® label)

Denosumab is investigational and is not marketed anywhere in the world.



Time to First On-Study SRE

* Adjusted for multiplicity
1.00— HR 0.82 (95% CI: 0.71, 0.95)
o P < 0.0001 (Non-inferiority)
@ P = 0.01 (Superiority)*
>
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Subjects at risk Months
Zoledronic Acid 1020 829 676 584 498 427 296 191 94 29
Denosumab 1026 839 697 602 514 437 306 189 99 26

Stopeck A, et al. Eur J Can Suppl. 2009;7:2. Abstract 2LBA and Oral Presentation.



Time to First and Subsequent On-Study

SRE* (Multiple Event Analysis)

* Events that occurred at least 21 days apart
1.5 1 Total # of Events
=== Denosumab 474
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Stopeck A, et al. Eur J Can Suppl. 2009;7:2. Abstract 2LBA and Oral Presentation. T Adjusted for multiplicity



Adverse Events of Interest

Event, n (%) Zoledronic Acid | Denosumab
- (N=1013) | (N =1020)

Infectious AEs 494 (48.8) 473 (46.4)
Infectious serious AEs 83 (8.2) 71 (7.0)
Acute phase reactions (first 3 days) 277 (27.3) 106 (10.4)
Potential renal toxicity AEs* 86 (8.5) 50 (4.9)
Renal failure 25 (2.5) 2(0.2)
Acute renal failure 7 (0.7) 1(<0.1)
Cumulative rate of ONJT 14 (1.4) 20 (2.0)
Year 1 5 (0.5) 8 (0.8)
Year 2 12 (1.2) 19 (1.9)
New primary malignancy 5 (0.5) 5 (0.5)

*Includes blood creatinine increased, hypercreatininemia, oliguria, renal impairment, proteinuria, renal failure, urine
output decreased, creatinine renal clearance decreased, renal failure acute, renal function test abnormal, anuria, blood
urea increased, renal failure chronic

No neutralizing anti-denosumab antibodies were detected

Stopeck A, et al. Eur J Can Suppl. 2009;7:2. Abstract 2LBA and Oral Presentation. T P = 039



20050244 ST

A Double-Blind, Randomized Study of Denosumab Versus Zoledronic Acid for
the Treatment of Bone Metastases in Patients With Advanced Cancer

(Excluding Breast and Prostate Cancer) or Multiple Myeloma
Henry D, et al. Eur J Can Suppl. 2009;7:11.
Abstract 20LBA and Oral Presentation. ECCO 15/ESMO 34 2009

Key Inclusion N =886 Denosumab 120 mg SC and
Adults with solid tumors and bone Placebo IV* every 4 weeks

metastases (excluding breast and

prostate) or multiple myeloma Supplemental Calcium and Vitamin D

Key Exclusion
N =890 Zoledronic acid 4 mg IV* and SC

Current or prior intravenous placebo every 4 weeks

bisphosphonate administration

1° Endpoint Time to first on-study SRE (non-inferiority)

2° Endpoints Time to first on-study SRE (superiority)
Time to first and subsequent on-study SRE (superiority)

*IV product dose adjusted for baseline creatinine clearance and subsequent dose intervals
determined by serum creatinine (per Zometa® label)

Denosumab is investigational and is not marketed anywhere in the world.




Time to First On-Study SRE
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*Due to multiplicity adjustment
Henry D, et al. Eur J Can Suppl. 2009;7:11. Abstract 20LBA and Oral Presentation.



Time to First-and-Subsequent On-Study SRE (Multiple
Event Analysis)
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Henry D, et al. Eur J Can Suppl. 2009;7:11. Abstract 20LBA and Oral Presentation.



Study Schema
20050103: Advanced Prostate Cancer — delay of SRE

Randomised, active-controlled,
double-dummy, double-blind
Event-driven analysis

Key Eligibility Criteria
Histologically-confirmed PC

Hormone refractory
Bone metastasis
No prior IV bisphosphonate

Z0—=->»N—-=002Z2>2x

935 pts - Denosumab
120 mg SC Q4M
+
Placebo IV Infusion
Q4w

oZ2m

pe)

<0OCHW®W

935 pts - Zoledronic Acid
4 mg IV

Screening/Enroliment
Amgen Press Release Feb 8, 2010

*Event-driven

Treatment Period End of End of
Treatment Study*

Ibrahim T, Personal communication, Milan 2010



Phase 3 Study Comparing Denosumab with Zoledronic Acid in
the Treatment of Bone Metastases in Patients with Advanced
Prostate Cancer: Results

Study met primary and secondary endpoints

Denosumab demonstrated superiority for both delaying the time to the first
on-study SRE and delaying of time to the first-and-subsequent SREs

Both results were statistically significant

Endpoint HR (95% CI)
Delaying the time to first on-study 0.82 (0.71,0.95)
SRE
Delaying the time to first-and- 0.82 (0.71,0.94)
subsequent SREs

Amgen Press Release Feb 8, 2010

“‘Denosumab is investigational and is not marketed anywhere in the world”
Ibrahim T, Personal communication, Milan 2010



Therapeutic strategies for treatment
of bone metastases

Osteoclast inhibitors

Endothelin A inhibitors

PTHrP, parathyroid hormone-related peptide; LPA, lysophosphatidic acid; PDGFR, platelet-derived growth factor receptor; PIGF, placental
growth factor; CTGF, connective tissue growth factor; HDAC, histone deacetylase; TGFB, trasforming growth factor-beta; ETRA,
endothelin receptor A.



REVIEWS

Endothelin axis

Kidney
Endothelisl cells epithelisl cells
Vascular smoath- Gastrointestinal
. . stromal cells
» The endothelins (ETs) comprise a muscle cells
family of three small (21-amino-acid) gt : o ot
Eidney P
peptides: ET-1, ET-2 and ET-3. epithelial cels E
Gastrointestinal
KNeurcns
. tromal cel
> ET-1 is a potent endogenous Astrocytes stromal cells Cia

vasoconstrictor and a progression factor J
in many tumour types

> ETA-receptor activation by ET-1
contributes to tumour growth and
progression

>ETB: decoy receptor for ET1 and
clearance mechanism

['u'aa:uc-:unz.t'ii:ﬁm] [Elactrculj.rte I:lalan-:e: [Aut-:inducti:-n af ET-1] ;L-ET clearance]
> ETa-receptor blockade might improve = - : . — . e
I:Ercrcl'r:-:-:-nstrr:h-:n] [Mam;c I‘I:-rmatcn] | (Vasooconstriction) | Vasodilation
cancer treatment e — e
Mitcgenesis er e Andooeresis | Mitcaenesis)
I ICRSTLT EE
Acuteor {Inﬂammatn:-r_-.- pain]
neurcgathic pan |ﬁ.rgi:-genesis. .

« = »
’ Nelson, Cancer Treat Rev 2006



Endothelin A (ET-1) receptor antagonist
ET-1: direct effects on tumour cells

Tumour cell

/ Cell death

Anti-apoptosis —— Cell survival

ET-1 ET; @ Apoptosis

ET-1 — ET,
Mitogenesis \
PKC, MAPK, Cell proliferation
IGF-1,EGF
ET, = endothelin receptor A; Nelson JB, et al. Nat Med 1995;1(9):944-9;

Del Bufalo D, et al. Mol Pharmacol 2002;61(3):524-32



ET-1: indirect effects on tumour cells

I1F-1 = hypoxia-dnducible
tactor-1.; WVLGE = vascular
endothelial growth factor;

MWP — mializ melalloproleingse,

uPA=wokinase plasminogen
activator

Vasoconstriction
‘wascular steal

ETa

""'"‘ Endothehal cell

HIF-1e MMP
Mitogenesis aind
VEGF UPA

Increased angiogenasis Increased nvasvenass
and tumour growth and metastasis

SpinellaF, et al. J Biol Chem 2002:277(31 ):27350-5;
Raosanol, etal. CancerRes2001:81(22)8540-6

Galluzzo S., Personal communication, Forli 2009




ET1 activity in bone remodelling

ET-1

stimulates I
mitogenesis in FTH ; [ TGFp
osteoblasts -
' |———= -1
o] — «——[EIP
Cetachlast

¥
* M O 8 DSEE*:":I'F[

# Increasad cell proliferstion
# Mew bone formation

« Decressad I:u:une- resarption
« Decreased motility

>ET-1 increases in the circulation of some patients with PC
>Both ET1 and ETA are overexpressed in PC cells and bone mets
>In vivo : ETA antagonists inhibit experimental models of bone mets

Nelson, Cancer Treat Rev 2006



Endothelin A (ET-1) receptor antagonist: atrasentan

O M96-594: Fase Il Atrasentan (2.5 mg/10mg) vs placebo 288 pz con HRPC asintomatici

+M1> ANTTP

Probability of Mo Disease Frugnfﬁ.\iiun

Carducci, JCO 2003

o

| | ‘\L Placebo
08 1

Afrasentan 2.5 mg
(p=0.035 vs. placebo)

— Afrasentan 10 mg

0.6 -

(p=0.021 vs. placebo)
04
0.2 —
0.0 i r ———————— —
0 100 200 300 400

Drays Since Randomization

O MO00211: Fase Il Atrasentan (10mg) vs placebo 809 pz. con HRPC asintomatici + M1->

A\ TTP (significativo solo in M1 ossee)

Carducci, JCO 2004

0 Studio combinato M96-594/ M00211: 1002 pz (10 mg) 2>\ TTP; AA TT”bone pain”;
AN TT “PSA progression” Vogelzang, 1CO 2005

ONGOING:

M00244: Fase lll, in non M1 PC con “rising PSA” > TTP
SWOG 0421: Fase lll Atrasentan + TXT vs placebo + TXT = OS + TTP CHIUSO 1/2010



ZD4054 (zibotentan)— a specific-ET AR antagonist

Metastasis VasodIllatation
Disease progression Apoptosis
Anglogenesis Clearance of ET-1
Osteoblast stimulation
Invasion

ZD4054 specifically blocks ET,R, with no detectable activity at ETgR

Mormis CD et al. BrJ Cancer2005;92: 21482152
Galluzzo S., Personal communication, Forli 2009




available at www.sciencedirect.com .
journal homepage: www.europeanurology.com EUROPEAN

el ..
T * Composite endpoint

Clinical progression (requiring
Safety and Efficacy of the Specific Endothelin-A Receptor surgery or radiotherapy)
Antagonist ZD4054 in Patients with Hormone-Resistant Pain requiring opiates
Prostate Cancer and Bone Metastases Who Were Pain Free or Soft tissue metastases
Mildly Symptomatic: A Double-Blind, Placebo-Controlled, Death in absence of progression

Randomised, Phase 2 Trial”

Time to
P
Asymptomatic or
mildly symptomatic
HRPC patients with
bone metastases

ZD4054 10mg
orally once daily

Double blind ZD4054 15mg
randomisation orally once daily

receiving castration
therapy

No prior
chemotherapy

Placebo
orally once daily

r
o
g
r
e
s
s
i
o
n
%*

* Primary Endpoint
** Secondary Endpoint (along with safety, PSA progression)
Study sized around alpha level of 0.2 for phase Il setting 312 pts

James, Eur Urol 2009



Primary endpoint: Progression-free survival
Updated analysis

312 pts

10 mg: 4 mos

15 mg: 3.8 mos
placebo : 3.6 mos

— Placebo
ZD4054 15myg
ZD4054 10mg
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James, Eur Urol 2009
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Updated analysis
Secondary endpoint: OS

; : Placebo
0.9 1 BT ZD4054 15mg
FDA405410mg

0.7 1

0.6 | = )
Reduction nsk for

0.5 | e oL
ZD4054 10 mg vs
0.4 - placebo

0.3 |

0.2 1
ZD4054 15 mg versus placebo: HR=0.65 80%CI=(0.49, 0.86); P=0.052

ZD4054 10 mg versus placebo: HR=0.55 80%CI=(0.41, 0.73); P=0.008

0.1

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Time to death (days)

ZD4054 | ZD4054 | Placebo
15mg 10mg

Median
o5

14° European cancer conference 2007

James, Eur Urol 2009




ENTHUSE (Endothelin A receptor Antagonist Use)

The Phase lll Clinical Trials to Evaluate a Specific Endothelin A Receptor
Antagonist (ZD4054) in Hormone Resistant Prostate Cancer (rising PSA on
a background of stable castration therapy for whom no curative treatment is indicated)

PRIMARY ENDPOINT: SURVIVAL

No Metastases (MO0) Metastatic (M1)
No Symptoms No symptoms

ENTHUSE MO (15) ENTHUSE M1 (14) ENTHUSE M1C (33)
ZD4054 vs placebo ZD4054 vs placebo ZD4054 + docetaxel vs
docetaxel + placebo

Asymptomatic or mildly

symptomatic metastases Metastatic  patients
for whom chemotherapy for whom docetaxel
not yet appropriate is appropriate




Therapeutic strategies for treatment
of bone metastases

Osteoclast inhibitors Other Cellular Targets

Cathepsin K inhibitors

PTHrP, parathyroid hormone-related peptide; LPA, lysophosphatidic acid; PDGFR, platelet-derived growth factor receptor; PIGF, placental
growth factor; CTGF, connective tissue growth factor; HDAC, histone deacetylase; TGFB, trasforming growth factor-beta; ETRA,
endothelin receptor A.



Cathepsin K inhibitors

Cathepsin K: _—

* is acysteine protease expressed by @B
the osteoclast (OC) siid

* is capable of degrading type-1
collagen

* The enzyme can be detected:

— extracellularly in bone resorption
lacunae

— intracellularly (OC) in vesicles,
granules, and vacuoles

* s often upregulated in many tumors

Eione matrix |

Animal studies have shown that
inhibition of cathepsin K = dose T SErat it st gtk GG7 sete
A AAME, o THF raceploramily mambar  CAll = carbenio ariscmse ||
dependent reduction in bone

resorptlon (‘LSCTX) Stoch SA Clin Pharmacol & Therapeutics 2008



odanacatib (Cathepsin K Inhibitor)

— Preclinical studies in in breast cancer models:

* Catepsine K is expressed also by bone-resident cancer cells

* Increased Cat K expression in BC is associated with tumor invasiveness and
increased risk of bone metastases

* Cathepsine K inhibitors reduce the breast cancer-induced osteolysis and
skeletal tumor burden

DUAL BENEFIT in OSTEOLYIC BONE METS
(Le Gall C, Clezardin P, Cancer Res 2007)

— Reductions in bone resorption markers and increases in BMD
in humans



odanacatib (Cathepsin K Inhibitor)

A Randomized, Double-Blind, Placebo-Controlled Study of Odanacatib (MK-
822) in the Treatment of Postmenopausal Women With Low Bone Mineral
Density: 24-Month Results. Abstract 1291

~ 24-month Results: Lumbar Spine BMD
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American Society for Bone and Mineral Research (ASBMR) 30th Annual Meeting, 2008,
BMD, bone mineral density



odanacatib (Cathepsin K Inhibitor)

nature publishing group ARTICLES
Effect of the Cathepsin KInhibitor Odanacatib 49 pts

on Bone Resorption Biomarkers in Healthy

Postmenopausal Women: Two Double-Blind, — 49 once a week (5, 25,50, 100 mg)
Randomized, Placebo-Controlled Phase | Studies — 30daily (0.5, 2.5, 10 mg)

SA Stochl, § Zajicl, ] Stone!, DL Miller!, K Van Dyck!, M] Gutierrez?, M De Decker?, L Liu!, Q Liu!,
BB Scott!, D Panebiancol, B Jin!, LT Duong!, K Gottesdiener! and JA Wagner!

»Pronounced reductions in C-terminal telopeptide of type | collagen and N-terminal telopeptide of
type | collagen 2> weekly administration.
> Robust reductions in CTx and NTx = daily administration.

> ODN exhibits robust and sustained suppression of bone resorption biomarkers (CTx and NTx/Cr) at
weekly doses 225 mg and daily doses 22.5 mg.

—cTx |
Cat K S gt
i o reTe g | —+—CTX
MMP- = —=— NTX
201314 1 = —e= 1-CTP
M-talopaptide E "-:-;_,H_______
................... = [ B |
Time

VOLUME 86 NUMBER 2| AUGUST 2009



Phase Il of odanacatib in metastatic bone disease

Odanacatib 5 mg (once daily)

Baseline Wk 4% Change (95% C.l.)
uNTX 140 48 -77 (-82, -71)
uDPD 18 13 -30 (-43, -15)
SBSAP 27 25 -9 (-17, -2)
S-1CTP 10 20 +93 (+70, +119)

Similar effects on uNTX, DpD and BSAP to zoledronic acid 4 mg

uNTX, urinary N-telopeptide of type | collagen
DPD, deoxypyridinoline
BSAP, Bone-Specific Alkaline Phosphatase

Adapted from Wynne et al ASCO 2008



Effect of Cathepsin K Inhibition on Suppression of Bone Resorption in Women with Breast Cancer and Established

Bone Metastases in a 4-Week, Double-Blind, Randomized Controlled Trial

Study Design

e Randomized, double-blind, parallel-arm, active comparator-controlled, multicenter study:.
e Treatment period: 4-week study, with a 2-week follow-up period.

e A 2:1 randomization to odanacatib or zoledronic acid (ZA) was performed.

Treatment
e Regimen A: Odanacatib 5 mg qd orally day 1-28 (N=29).
e Regimen B: IVZA 4 mg on day 1 (N=14).

Primary Endpoints
. Figure 1. Geometric Mean Percent Change from Baseline in
> Ma rke rs Of Bone Reso rptlon u-NTx/Creatinine Ratio (Least Square Mean 195% Cl)

> UNTx corrected for creatinine

—e— Odanacatib
—a— IV ZA

-0.241

»Odanacatib, significantly suppressed markers
of bone resorption

» The effects on bone resorption were similar
to IV zoledronic acid 4 mg.

» In this study, odanacatib was safe and well

tolerated. B 1' : ] ;

T 04

-0.64

-0.84

Geometric Weighted LS Mean Percent Change
from Baseline




New drugs: conclusions

»Denosumab is a promising agent for standard therapy of patients with bone
mets.

»Further clinical trials are needed to evaluate if Denosumab as well as
bisphosphonates may be effective not only in preventing bone loss, but also in
preventing the development of bone metastases (phase Il ongoing)

» Cathepsin K Inhibitors and Endothelin A receptor antagonists are potentially
important novel therapeutic approaches for treating bone metastases, and
further studies are warranted

»The activity of each drug has to be confirmed with a “head to head”
comparison with potent bisphosphonates (i.v. zoledronic acid )

»Next studies will be focused on the evaluation of concomitant or sequential
administration of different bone-targeted drugs



