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Overview: 

bone health and new target molecules

• Anti RANKL MoAb (Denosumab)

• Cathepsin K inhibitors (Odanacatib)

• Src inhibitors (Saracatinib, Dasatinib)

• New drugs in prostate cancer  (Abiraterone, 
enzalutamide, cabozantinib, radium-223)



Denosumab: anti RANKL MoAb 

• Fully human monoclonal antibody

• IgG2 isotype

• High affinity for human RANKL

• High specificity for RANKL

– No detectable binding to TNFα, 

TNFβ, 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.

Elliott R, et al. Osteoporos Int. 2007;18:S54. Abstract  P149.

McClung MR, et al. New Engl J Med. 2006;354:821-31.

Model of Denosumab

TNF = tumor necrosis factor; 

TRAIL = TNFα-related apoptosis-inducing Ligand



Denosumab Binds RANK Ligand and

Inhibits Osteoclast-Mediated Bone Destruction

RANKL

RANK

Denosumab

Bone Formation

Hormones

Growth factors

Cytokines

Bone Resorption 

Inhibited

Osteoclast Formation, Function, 

and Survival Inhibited

CFU-M Pre-Fusion

Osteoclast

Provided as an educational resource.  Do not copy or distribute.

Osteoblasts



PDGF, BMPsPDGF, BMPs

TGFTGF--ββ, IGFs, IGFs

FGFs, CaFGFs, Ca2+2+

RANKL Inhibition May Interrupt The “Vicious Cycle” of 

Cancer-Induced Bone Destruction
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Zoledronic acid 4 mg IV* and            
Placebo SC every 4 weeks (N = 2862)

Denosumab 120 mg SC and   
Placebo IV* every 4 weeks (N = 2861)

Daily Supplements of Calcium and Vitamin D

Key Inclusion Criteria

• Adults with breast, 
prostate, other solid 
tumors, or multiple 
myeloma and ≥ 1  bone 
metastasis / lesion

Key Exclusion Criteria

• No current or prior IV 
bisphosphonate 
administration for 
treatment of bone 
metastases

* Per protocol and Zometa® label, IV product was dose adjusted for baseline creatinine clearance and subsequent dose intervals were 
determined by serum creatinine levels.  No SC dose adjustments were required.

1:1

Blinded Study Periods

Breast Cancer: April 2006 to March 2009 

Prostate Cancer: May 2006 to October 2009

Other Solid Tumors and Multiple Myeloma: June 2006 to April 2009

Phase III studies in solid tumoursPhase III studies in solid tumours

Integrated analysis Integrated analysis –– Study DesignStudy Design

Lipton et al. ESMO, 2010



Time to First OnTime to First On--Study SREStudy SRE

Lipton et al. ESMO, 2010

Patients at Risk:
Zoledronic Acid 2861 1596 991 522 178 26
Denosumab 2862 1666 1077 570 197 22
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Denosumab Denosumab �� Mortality vs ZOL in MM PatientsMortality vs ZOL in MM Patients

• Dmab � the risk of death by 2.3-fold vs ZOL, and 

Dmab is not indicated for prevention of SREs in 

patients with MM (n = 180)1

10

Abbreviations: Dmab, denosumab; MM, multiple myeloma;  SRE, skeletal-related event; ZOL, zoledronic acid.

1. Xgeva™ (denosumab) injection, for subcutaneous use [package insert]. Thousand Oaks, CA; Amgen Inc; 2010.

Hazard ratio (Dmab vs ZOL)

0.1 1 2 3 10

P value

In favor of Dmab In favor of ZOL

< .05

2.26

OS

0.2



Abbreviation: AE, adverse event; BC, breast cancer; BP, bisphosphonate; CRPC, castrate-resistant prostate cancer; Dmab, denosumab; MM, multiple myeloma; ONJ, osteonecrosis of the jaw; OST, other 

solid tumors (not breast or prostate cancer); ZOL, zoledronic acid.

1. Hoff AO, et al. JBMR 2008;23(6):826-836; 2. McArthur HL, et al. ASCO 2008, abstract 9588; 3. Stopeck A, et al. JCO. 2010;28(35):5132-5139; 4. Henry D, et al. ECCO-ESMO 2009, abstract 20LBA; 

5. Fizazi K, et al. ASCO 2010, abstract LBA4507; 6. Lipton A, et al. ESMO 2010, abstract 1249.

3 4 5 6

� Uncommon condition in cancer patients receiving complex treatment regimens 

such as BPs, Dmab, sunitinib, and bevacizumab1-5

11

Denosumab and ONJ risk



Overview: 

bone health and target molecules

• Anti RANKL MoAb (Denosumab) 

• Cathepsin K inhibitors (Odanacatib)

• Src inhibitors (Saracatinib, Dasatinib)

• New drugs in prostate cancer  (Abiraterone, 
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Cathepsin K inhibitors

• Cathepsin K is a cysteine proteinase expressed predominantly in osteoclasts

• Cathepsin K plays a critical role in the degradation of bone

• Cathepsin K is expressed by cancer cells that metastasize to bone

Le Gall C and Clezardin P.  Curr Opin Support Palliat Care, 2008



Data in metastatic bone disease

• Catk is highly expressed in breast and prostate tumors 
at comparable levels as osteoclast in human bone and 
osteoclastoma.

• Role of CatK in tumor invasion 

• Potential therapeutic target in bone metastasis





Copyright ©2007 American Association for Cancer Research
Le Gall, C. et al. Cancer Res 2007;67:9894-9902

L-006235: in vivo POC study for treatment of osteolysis 

and tumor growth in metastatic bone disease





L-006235: as an add-on therapy in 

metastatic bone disease

• CatK inhibitors as an add-on therapy to Breast 

cancer already on ZA therapy 

ZA 12 ug/kg

plus

L235 30 
mg/kg

ZA12ug/kg

% normal 

bone

100% 90%

Sequential treatment  ZA 
(12ug/kg) plus L235 (30 
and 100) demonstrated 
additive efficacy: 

-Protection osteolysis

- Tumor volume (CT)
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Evidence for a Role of Src in Bone Metabolism 

and Metastatic Bone Disease

• Src kinase is a nonreceptor tyrosine kinase, 

highly expressed in normal osteoclasts1,2

• Src plays an essential role in RANKL-mediated

osteoclast activation3 and perhaps survival4

• Src knockout mice are osteopetrotic5

• Src may be critical for tumor cell survival in bone 

microenvironment6

1. Horne WC, et al. J Cell Biol. 1992;119(4):1003-1013; 2. Tanaka S, et al. FEBS Lett. 1992;313(1):85-89;

3. Boyce BF, et al. J Clin Invest. 1992;90(4):1622-1627; 4. Wong BR, et al. Mol Cell. 1999;4(6):1041-1049; 

5. Lowe C, et al. Proc Natl Acad Sci U S A. 1993;90(10):4485-4489; 6. Zhang XH, et al. Cancer Cell. 2009;16(1):67-78.



Role of Src in Prostate Tumor Cell and 

Osteoclast Activities
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Tumor cells
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Dasatinib in PC: Inhibition of Tumor Cells 

and Osteoclast Activity Through Src

Dasatinib

Dasatinib



A Phase II, randomized, open-label, pilot study to 

evaluate the safety and the effects on bone resorption 

of SARACATINIB (AZD0530) in patients with prostate 

cancer or breast cancer with metastatic bone disease

Results
CTX decrease: by 74% from baseline (SAR) versus 68% (ZOL)

The CTX decrease was acute for ZOL, slower for SAR

Nausea (24%); GOT/GPT increase (6%); creatinine increase (6%)

Saracatinib per os

175 mg once daily for 28 d

69 patients

Patients with 

CRPC/ABC 

Bone met

Bone resorption

evaluation

4 wks

Zoledronic acid 

4 mg i.v. single infusion

70 patients

Aklilu M et al. CIBD 2010





Doc + P vs Doc + P + DASATINIB 

Preliminary results:

• 4.8 months OS improvement with the combination

• Longer PFS with the combination

• Median time to SRE longer (7.5 vs. 6.0 months)

Phase III study: READY (ongoing)
(metastatic hormonorefractory prostate cancer patients)



Overview: 

bone health and target molecules

• Anti RANKL MoAb (Denosumab)

• Cathepsin K inhibitors (Odanacatib)

• DKK inhibitors and WNT/beta-catenin agonist (mAbs)

• Src inhibitors (Saracatinib, Dasatinib)

• New drugs in prostate cancer  (Abiraterone, 
enzalutamide, cabozantinib, radium-223)



Meccanismo azione abiraterone
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Yang, Drugs. 2011; Attard, JCO 2008

• Gli androgeni che stimolano la 
proliferazione tumorale sono prodotti in 
tre siti critici:

– Testicoli

– Ghiandola surrenale

– Cellule tumorali prostatiche

• Abiraterone inibisce la sintesi degli 
androgeni in tutti e tre i siti

Testosteronemia < 1ng/dl



Overall Study Design

AA 1000 mg daily

Prednisone 5 mg BID

n = 797

Primary end point:

• OS

Secondary end points:

• PSA response

• rPFS

Tertiary end points:

• Pain

• SREs

Efficacy end points

Placebo daily

Prednisone 5 mg BID

n = 398

R
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Z
E
D

(N = 1195)

Patients

Baseline, Cycle 1 (Day 15), subsequent treatment cycles (Day 1)

BPI questionnaire

de Bono et al. NEJM 2011



Overall survival 

AA/Pdn 797 736 657 520 282 68 2 0

Placebo/Pdn398 355 306 210 105 30 3 0

21

Hazard ratio = 0.646 (0.54-0.77)  P < 0.0001

Placebo + prednisone 
OS 10.9 mesi

(95% CI, 10.2-12.0)

Abiraterone + prednisone 
OS 14.8 mesi

(95% CI, 14.1-15.4)
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Braccio Abiraterone

+ 3.9 mesi 



Symptomatic Improvement -

Pain Intensity Palliation
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Results

AA

(n = 797)

Placebo

(n = 398)

P Value

Overall survival

Median, months  14.8 10.9 < 0.0001

PSA response rate

Total 38.0% 10.1% < 0.0001

Confirmed 29.1% 5.5% < 0.0001

Radiographic PFS

Median, months 5.6 3.6 < 0.0001

Time to first SRE (pathologic fracture/spinal cord compression/ palliative 

radiation/bone surgery)

25th percentile, days  301.0 150.0 < 0.0001

Logothetis et al. JCO 2011; 29 (Suppl): Abst4520 (oral)



HI SCHER, NEJM, 2012



HI SCHER, NEJM, 2012



HI SCHER, NEJM, 2012



HI SCHER, NEJM, 2012



Autori, Matthew Raymond Smith, Christopher Sweeney, Dana E. Rathkopf, Howard I. 

Scher, Christopher Logothetis, Daniel J. George, Celestia S. Higano, Evan Y. Yu, 

Andrea Lynne Harzstark, Eric Jay Small, A. Oliver Sartor, Michael S. Gordon, 

Nicholas J. Vogelzang, David C. Smith, Maha Hussain, Johann Sebastian De Bono, 

Naomi B. Haas, Christian Scheffold, Yihua Lee, Paul G. Corn; 

ASCO 2012

Abstract 4513

Cabozantinib (XL184) in chemotherapy-

pretreated metastatic castration 

resistant prostate cancer (mCRPC): 

Results from a phase II nonrandomized 

expansion cohort (NRE).



Risposta sulle lesioni ossee 

(revisione indipendente)



A.O. Sartor et al, ASCO GU, 2012

Radio-223



Analisi aggiornata della sopravvivenza globale

C Parker et al, ASCO, 2012



Analisi aggiornata del tempo allo 

sviluppo del primo evento scheletrico

C Parker et al, ASCO, 2012



Nuovi farmaci per nuovi e 

vecchi Target

Santini D et al. Cancer Treat Reviews, 2010



Thank you very much for your attention


