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The question is:  

Was “true revolution” in the cancer bone field? 

The house believes: 

Yes, it was a “biological revolution” 

 



From seed and soil “era”: where we were 

Where we are going to….. 
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The first question is: when the cancer cells arrive? 
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Endothelial cell 

Sinusoid in  bone 

metaphysis  

Bertoldo F, Santini D .Textbook of Osteoncology 2010 
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The second question is: how the cancer cells are 

attracted in the bone niche? 
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The third question is: how the cancer cells go away? 



PTHrP 
IL-6 

IGF1 

 TGFb-1 

 

IGF1 

 TGFb-1 

 

ET1 

uPA 

 

Osteocalcina  

ALP 

TGF-b1 

 

Bertoldo F, Santini D   Textbook of Osteoncology 2010 

>RANKL/<OPG 

THE FOURTH QUESTION IS: 

 HOW THE CANCER CELLS ENTER INTO THE MODERN 

“VICIOUS CYCLE”? 



Was “true revolution” in the cancer bone field? 

The house believes: 

Yes, it was a “therapeutic revolution” 

 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate  and Enzalutamide ) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



1) Reduce tumour 
cell homing to  

bone? 

3) Support 
tumour cell 

dormancy?  

DTC	

5) Reduce resorption-mediated 
release of tumour growth factors  

2) Induce tumour 
cell death 

 

4) Reduce numbers 
of CTCs? 

CTC	

	Poten al	effects	of	BP	in	bone	metastases	

Other	cell	types	in	the	bone/tumour	microenvironment	shown	to	be	affected	by	BPs:	
• Osteoblasts:	Reduced	by	a	single	dose	of	Zol	in	vivo	(54)	
• Macrophages:	Increased	polarisa on	to	M2	an -tumour	phenotype	in	mammary	tumour,	no	evidence	from	

bone	metastasis	models	(58) 		
• Immune	cells:	S mula on	of	immune	cells	by	BPs	affects	tumour	growth	specifically	in	those	tumours	outside	

bone	(59)	

Courtesy by I. Holen, Sheffiled, UK 

Bisphosphonates in preclinical animal models can modify the 

bone microenvironment  
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Data received: 18,766 women 

   
   Studies identified    Studies with data received   

Trials Patients  Trials Patients % Years 

     

<1 year clodronate     2     120      1     72 60   0·5 

<1 year aminobisphosphonate     2     208      1     40 19   0·1 

  1 year aminobisphosphonate     7   1088      3    448 41   1·0 

Subtotal: ≤1 year of treatment   11   1416      5    560 40%   0·9 

2 years clodronate     4   3978      3   3912 98   2·0 

3-5 years clodronate     1   1069      1   1069 100   3.0 

 2 years aminobisphosphonate   10   3654      8   3514 96   2·0 

3-5 years aminobisphosphonate   12 11 910      9   9711 82   4·5 

Subtotal: 2-5 yrs of treatment   27 20 611     21 18 206 88%   3·5 

Any clodronate regimen     7    5167       5     5053 98   2·6 

Any aminobisphosphonate‡    31 16 860     21  13 713 81   3·8 

 Total: All regimens    38 22 027     26  18 766 85%   3·4 



Other distant 
 recurrence 

Bone recurrence 

Bisphosphonates reduce bone recurrences  



Benefits on bone recurrences appear to be 

confined to postmenopausal/ older women 

 

Premenopausal Postmenopausal 



Among postmenopausal women, significant 

reductions in breast cancer mortality 

 

Premenopausal Postmenopausal 



Adjuvant bisphosphonates in early breast cancer: 

Consensus from a European Panel. 

 

P Hadji, RE Coleman, D. Santini  Ann Onco 2015 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate  and Enzalutamide ) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



Denosumab interrupt the ‘vicious cycle’ and 

change the bone microenvironment 
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Adapted from Boyle WJ, et al. Nature 2003;423:337–42; 

Roodman GD. N Engl J Med 2004;350:1655–64; 

Roodman GD. Leukemia 2009;23:435–41. 

Potential indirect and direct effects 

on tumourigenesis 

RANK Ligand 

RANK 

BP, bisphosphonate. 



 

 

 

 

 

 

 

• Primary endpoint: time to first on-study SRE 

• Secondary endpoints: time to first and subsequent SREs, time to 

disease progression, overall survival, incidence of adverse events 

 

Denosumab* Phase III SRE prevention trials 

Three trials of identical design in patients with bone 

metastases from solid tumours or multiple myeloma 

1. Stopeck AT, et al. J Clin Oncol 2010;28:5132–9; 

2. Fizazi K, et al. Lancet 2011;377:813–22; 

3. Henry DH, et al. J Clin Oncol 2011;29:1125-32. 

†Excluding breast and prostate. 

MM, multiple myeloma; Q4W, every 4 weeks; SC, subcutaneously. 

*IV product dose adjusted as per zoledronic acid product labelling. 

Supplemental calcium and vitamin D 

Denosumab 120 mg SC Q4W 

+ 

 Placebo IV Q4W* 

Zoledronic acid 4 mg IV Q4W* 

+  

Placebo SC Q4W 

Study 1361 

Breast cancer 

(N = 2049) 

Study 1032 

Prostate cancer 

(N = 1904) 

Study 2443 

Other solid tumours†/MM 

(N = 1779) 
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Lipton et al ASCO, 2014 



Subgroup analyses by baseline characteristics. 
Denosumab significantly delayed patients’ time to SREs compared to 
ZA regardless of patient’s baseline status.  
 

Benefit of denosumab vs ZA on time to first on-study SRE 

Baseline characteristic HR (95% CI) P-value 

Axial bone mets only (n=1,422) 0.83 (0.70,1.00)  0.046 

Appendicular bone mets only 

(n=753) 0.78 (0.61,0.99)  0.042 

Both axial & appendicular 

bone mets (n=1,695) 0.83 (0.71, 0.97)  0.022 

≥2 bone mets (n=2,234) 0.81 (0.71,0.93)  0.003 

<2 bone mets (n=3,489) 0.84 (0.74,0.94)  0.003 

Visceral mets (n=2,341) 0.80 (0.69,0.93)  0.003 

No visceral mets (n=3,382) 0.84 (0.75,0.94)  0.002 

High uNTx (n=2,553) 0.86 (0.76,0.98)  0.028 

Low uNTx (n=2,553) 0.75 (0.65, 0.86) <0.001 

ECOG 0 (n=2,312) 0.82 (0.71,0.94)  0.006 

ECOG ≥1 (n=3,398) 0.84 (0.75,0.94)  0.002 
Lipton et al ASCO, 2014 



RANK is expressed in humans by cancer cells 

both at primary tumor and at bone metastases 

a. Relationships primary-bone 

metastases (all samples) 

 

b. Relationships primary-bone metastases 

(in the same patients) 

Santini D. et al. J Cell Phys, 2010 

PRIMITIVI PRIMITIVI METASTASI METASTASI 

(p= .194) (p= .528) 



Santini D, et al. PLoS One 2011;6:e19234. 

Low RANK expression was associated with better 
disease outcomes vs high RANK expression in 
human breast cancer patients 

Disease-free survival 
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HR, 0.675 

(95% CI, 0.449-1.015) 

Log-rank P = 0.059 
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… for these reasons the preneoplastic niche and the 

vicious cycle can be disrupted targeting T-cell 

rank/rankl mediated functions 

D’Amico L and Roato I, J of Immunology Research, 2015 



Slide 6 

Presented By Michael Gnant at 2015 ASCO Annual Meeting 

Trial Design ABCSG 18 



Slide 15 

Presented By Michael Gnant at 2015 ASCO Annual Meeting 

Primary End Point Results 

…. Waiting for outcome data 



ABCSG-18: Disease-Free Survival 

 ITT analysis consistent with sensitivity analysis in which pts switching to 
another bone-active treatment were censored 

– Hazard ratio, denosumab vs placebo: 0.807 (95% CI: 0.66-0.99; P = .0424) 

 

Gnant M, et al. SABCS 2015. Abstract S2-02. Reproduced with permission. 

Impact of Denosumab vs Placebo on DFS (ITT) 

100 

90 

80 

70 

60 

0 

D
is

e
a

s
e

-F
re

e
 S

u
rv

iv
a

l 
(%

) 

Mos Since Randomization 
90 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 

93.8% 
88.9% 

83.5% 
92.6% 

86.8% 

80.4% 

.0510 Placebo 

Denosumab 

Number of 

Events/Patients 

HR (95% CI) 

vs Placebo P value 

203/1709 

167/1711 

0.816 (0.66-1.00) 



ABCSG-18: DFS by Tumor Size > 2 cm and 

Other Subgroups With Significant HR  

Gnant M, et al. SABCS 2015. Abstract S2-02. Reproduced with permission. 

Parameter Significant HR 

No AI prior to randomization 0.61 

T-stage T2/T3/T4 0.66 

Ductal invasive histology 0.79 

ER+/PgR+ status 0.75 
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• Primary endpoint: BMFS 

• Secondary endpoints: DFS, overall survival, distant recurrence-free survival, 

safety, patient-reported outcomes (pain, health utilities) 

• Exploratory: breast density, time to SREs, biomarkers 

 

…Waiting for D-CARE: study design 

N = 4500 

5 years 0 

Key eligibility criteria 

• Stage II/III breast cancer 

• High risk risk 

of recurrence 

Standard 

(neo)adjuvant therapy 

+ 

Denosumab 120 mg SC 

6 doses Q4W then Q3M 

Standard 

(neo)adjuvant therapy 

+ 

Placebo SC 

6 doses Q4W then Q3M 
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Standard of 

care annual 

mammograms, 

bone scans 

and CTs or 

MRIs of the 

chest and 

abdomen 

Goss P, et al. ASCO 2013 (Abstract TPS662 and poster); 

NCT01077154. 

Denosumab (120 mg Q4W) is currently not approved for prevention of bone metastases. 

Denosumab is investigational in that setting 

BMFS, bone metastasis-free survival. 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate  and Enzalutamide ) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



M-CSF, TNF-alfa and RANK ligand  promote osteoclast survival 

by signaling through  mTOR/S6 kinase.  

F. Bertoldo and D. Santini, BBA Reviews on Cancer, 2014 



mTOR Inhibition  Bone Resorption,  Osteoclast Maturation, 

and  Osteoclast Apoptosis (Mouse Models) 

 Formation and enzymatic activity 
of mature osteoclasts 

 Osteoclast apoptosis 
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Abbreviations: CTX, C-telopeptide of type I collagen; h, hour; mTOR, mammalian target of 
rapamycin; TRAP, tartrate-resistant acid phosphatase. 

Adapted/Reprinted from Glantschnig H, et al. Cell Death Differ. 2003;10(10):1165-1177. 



Everolimus Treatment  Bone Loss Associated 

With Estrogen Deprivation (Rat Models)  

Control 

Abbreviation: OVX, ovariectomized. 

Adapted from Kneissel M, et al. Bone. 2004;35(5):1144-1156.  

Estrogen-deprived Estrogen-deprived 
+ everolimus 



Rapamycin decreased osteolysis associated with experimental 

bone metastasis in a mouse mammary carcinoma 

Hussein O et al. Cancer Letters, 2011 



mTOR inhibition and bone microenvironment 

F. Bertoldo and D. Santini, BBA Reviews on Cancer, 2014 



Effect of Everolimus on Bone 

Marker Levels and Progressive 
Disease in Bone in BOLERO-2 

Michael Gnant, Jose Baselga, Hope S. Rugo, Shinzaburo Noguchi, Howard A. 
Burris, Martine Piccart, Gabriel N. Hortobagyi, Janice Eakle, Hirofumi Mukai, 

Hiroji Iwata, Matthias Geberth, Lowell L. Hart, Peyman Hadji, Mona El-
Hashimy, Shantha Rao, Tetiana Taran, Tarek Sahmoud, David Lebwohl, Mario 

Campone, Kathleen I. Pritchard 

  

Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026. 



EVE  Bone Turnover Marker Levels  
at 6 and 12 Weeks (Overall Population) 

Δ26.4% Δ55.9% Δ35.9% Δ20.3% Δ66.2% 
Δ40.5% 

Data from full analysis set. 
Proportions of patients with bone metastases or bisphosphonate use reflect the status at study entry among patients with baseline bone marker assessments. 
 
Abbreviations: BSAP, bone-specific alkaline phosphatase; CTX, C-terminal cross-linking telopeptide of type I collagen; P1NP, amino-terminal propeptide of type I collagen. 
 
Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026. 



Everolimus + Exemestane (n = 485) 

Placebo + Exemestane (n = 239) 

P = .04 (Gray’s test, 2-sided) 

Patients at risk 

Everolimus + Exemestane 

Placebo + Exemestane 

485 436 366 304 257 221 185 158 124 91 66 50 35 24 22 13 10 8 2 1 0 

239 190 132 96 67 50 39 30 21 15 10 8 5 3 1 1 1 0 0 0 0 

At 54 weeks: 

CR = 0.1241 (95% CI, 0.0941-0.1583) for everolimus + exemestane 

CR = 0.2122 (95% CI, 0.1596-0.2698) for placebo + exemestane 

EVE  Disease Progression in Bone:  
Overall Population (N = 724) 

Cumulative incidence of disease progression was determined using the competing risk method; exploratory P = .036 by Gray’s test. 

Abbreviations: CI, confidence interval; CR, competing risk estimate. 

Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026. 
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Time, weeks 
Patients at risk 

Everolimus + Exemestane 

Placebo + Exemestane 

317 327 278 230 200 172 144 122 95 69 50 45 25 15 13 8 6 5 0 0 0 

185 135 91 69 47 36 26 20 13 10 5 3 3 2 1 1 1 0 0 0 0 

Everolimus + Exemestane (n = 371) 

Placebo + Exemestane (n = 185) 

P = .02 (Gray’s test, 2-sided) 

At 54 weeks: 

CR = 0.1551 (95% CI, 0.1773-0.1977) for everolimus + exemestane 

CR = 0.2697 (95% CI, 0.2028-0.3409) for placebo + exemestane 

EVE  Disease Progression in Bone: Patients 
With Bone Metastases at Baseline (n = 556) 

38 

Cumulative incidence of disease progression was determined using the competing risk method; exploratory P = .0165 by Gray’s test. 

Abbreviations: CI, confidence interval; CR, competing risk estimate.  

Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026. 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate  and 

Enzalutamide ) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



Radium-223 Targets Bone Metastases 

• Radium-223 
functions as a 
calcium mimic  

 

• Targets sites of new 
bone growth within 
and around bone 
metastases 

 

• Excreted by the 
small intestine 

Ra 

Ca 

Parker C, et al. 2012 ASCO GU Cancers Symposium. Abstract 8.  



Radium-223 Targets Bone Metastases 

• α-particles cause double-strand DNA breaks in nearby tumour cells 

– Limited penetration of α emitters (~ 2-10 cell diameters) results 
in highly localized killing of tumor cells with minimal collateral 
damage to normal tissue in surrounding area 

Range of α-particle 

Radium-223 

Bone surface 

Parker C, et al. 2012 ASCO GU Cancers Symposium. Abstract 8. Perez CA, et al. Principles and 

practice of radiation oncology. 5th ed. 2007. 



Parker C, et al. ASCO GU 2012. Abstract 8. 

Patients with symptomatic 
CRPC and ≥ 2 bone 

metastases with no known 
visceral metastases, either  

post-docetaxel or unfit  
for docetaxel 

(N = 921) 

 Primary endpoint: OS 

 Secondary endpoints: time to first SRE, time to total ALP progression, total ALP 
response, ALP normalization, time to PSA progression, safety, QoL 

Radium-223 50 kBq/kg +  

BSC 

Placebo (saline) +  

BSC 

Stratified by total ALP, previous docetaxel, and 

bisphosphonate use; randomized 2:1 

Up to 6 treatments at 4-wk intervals 

ALSYMPCA: Phase III Trial of Radium-223 in 

Symptomatic Prostate Cancer 



ALSYMPCA: Overall Survival 

   Radium-223 541 450 330 213 120 72 30 15 3 0 

   Placebo 268 218 147 89 49 28 15 7 3 0 

Parker C, et al. 2012 ASCO GU Cancers Symposium. Abstract 8.  
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ALSYMPCA: Time to First SRE 

    Radium-223 541 379 214 111 51 22 6 0 

    Placebo 268 159 74 30 15 7 2 0 
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HR: 0.610 (95% CI: 0.461-0.807;  
P = .00046) 

Radium-223 (n = 541) 
Median: 13.5 mos 

Placebo (n = 268) 
Median: 8.4 mos 
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Sartor O, et al. ASCO GU 2012. Abstract 9. 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate  and Enzalutamide ) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



 ETB receptor ETA receptor 

Apoptosis 

Clearance 

Angiogenesis 

Proliferation 

Migration, invasion  

and metastasis 

Bone ‘vicious cycle’ 

Inhibition of apoptosis 

ET-1 ET-1 

Nelson JB, et al. Nat Med 1995;1(9):944–9; 

Okazawa M, et al. J Biol Chem 1998;273(20):12584–92; 

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

ET-1: direct effects on tumour cells 



Metastatic 

tumour cell 

ET-1: a role in bone metastasis 

Nelson JB, et al. Urology 1999;53(5):1063–9 

Bone 

ETA 

Osteoblast 

ET-1 Growth 

factors 

Tumour 

Growth 



ZD4054 (Zibotentan)– a specific-ETAR antagonist 

ETAR ETBR 

ET-1 ET-1 

Metastasis 

Disease progression 

Angiogenesis 

Osteoblast stimulation 

Invasion 

Vasodilatation 

Apoptosis 

Clearance of ET-1 

ZD4054 specifically blocks ETAR, with no detectable activity at ETBR 

Morris CD et al. Br J Cancer 2005;92:2148–2152  

Targets: endothelial cells, osteoblasts, cancer cells 



ENTHUSE M0 (15) 

ZD4054 vs placebo 

Metastatic (M1)  

No symptoms 

No Metastases (M0) 

No Symptoms 

Metastatic (M1) 

Symptomatic 

ENTHUSE M1 (14) 

ZD4054 vs placebo 

ENTHUSE M1C (33) 

ZD4054 + docetaxel vs  

docetaxel + placebo 

ENTHUSE (Endothelin A receptor Antagonist Use)   

 
The Phase III Clinical Trials to Evaluate a Specific Endothelin A 
Receptor Antagonist (ZD4054) in Hormone Resistant Prostate 

Cancer 

Asymptomatic or mildly 
symptomatic   metastases 
for whom chemotherapy 
not yet appropriate 

Metastatic patients 
for whom docetaxel 

is appropriate 

PRIMARY ENDPOINT: SURVIVAL 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate  and 

Enzalutamide ) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



• Src kinase is a non-receptor tyrosine kinase, highly 

expressed in normal osteoclasts1,2 

 

• Src plays an essential role in RANKL-mediated osteoclast 

activation3 and osteoblast inhibition4 

 

• Src knockout mice are osteopetrotic5 

 

• Src may be critical for tumor cell survival in bone 

microenvironment6 

Evidence for a Role of Src  in Bone Metabolism  

and Metastatic Bone Disease 

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. 



Tumor cells 

Systemic factors Local factors 

Osteoclast  activity 

Growth 

factors 
Osteolysis 

Direct bone  

destruction 

Bone 

Src  

  
 

  

  

 

Src  

DASATINIB in PC:  
Inhibition of Tumor Cells  

and Osteoclast Activity Through Src 

Dasatinib 

Dasatinib 



Docetaxel and dasatinib or placebo in men with metastatic 

castration-resistant prostate cancer (READY): a randomised, 

double-blind phase III trial. 

Araujo JC et al, Lancet Oncol. 2013 

Patients with 
chemotherapy-naive, 

metastatic, 

 castration-resistant 
prostate cancer,  

(N = 1522) 

Docetaxel (75 mg/m2) 3w +  

oral prednisone 5 mg bid 

+   

Placebo 

Docetaxel (75 mg/m2) 3w +  

oral prednisone 5 mg bid 

+   

Dasatinib 
(100 mg orally bid)  

Median overall survival was 21·5 months  in the dasatinib group and 21·2 months  in the placebo 

group   

The addition of dasatinib to docetaxel did not improve overall survival for chemotherapy-naive men 

with metastatic castration-resistant prostate cancer. This study does not support the combination 

of dasatinib  
 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate and Enzalutamide) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



Abiraterone Inhibits Androgen Biosynthesis 

Through CYP17: 17α-Hydroxylase/17,20-lyase 

Abiraterone inhibits biosynthesis of 

androgen produced at 3 critical sites: 
• Testes 

• Adrenal Gland 

• Prostate Tumor Cell 

Modified from Attard G. et al. J Clin Oncol 2008 



Enzalutamide impacts multiple steps in  

AR signaling pathway 

Enzalutamide 
1 

T 

AR 

T 

Cell nucleus 

Inhibits Binding of  
Androgens to AR 

Inhibits Nuclear  
Translocation of  AR 

Inhibits Association 
Of AR with DNA 

AR 

Cell cytoplasm 

2 

3 

And Uniquely 

Modified from Tran et al. Science 2009 



Abiraterone post-docetaxel does delay SREs 

 

Logothetis et al. Lancet Oncology, 2012 

4.7 months of 

difference 



Enzalutamide Reduced Risk of First <br />Skeletal-Related Event* 

Beer TM et al. N Engl J Med. 2014          Presented By Andrew Armstrong at 2014 ASCO Annual Meeting   

Enzalutamide pre-docetaxel does delay SREs 



JS De Bono, ASCO, 2012 

Enzalutamide post-docetaxel does delay SREs 

3.4 months of  difference 

Pre-planned analysis 



Linee Guida - AIOM Carcinoma prostatico con 

metastasi ossee 

Le nuove molecole: abiraterone e enzalutamide 

L’abiraterone e l’enzalutamide sono capaci, nei pazienti 
affetti da tumore della prostata metastatico allo scheletro in 
fase di resistenza alla castrazione, di ritardare la comparsa 
degli SRE e la progressione scheletrica 
Livello di evidenza: 1+ 



  “Bone Health” and new drugs 

• Bisphosonates (Zoledronic Acid) 

• Anti RANKL MoAb (Denosumab)  

• mTOR inhibitor 

• Radiopharmaceutical (Radium-223) 

• Endothelin A receptor antagonist (Zibotentan) 

• Src inhibitors (Saracatinib, Dasatinib) 

• Novel Antiandrogens (Abiraterone Acetate  and 

Enzalutamide ) 

• Cabozantinib: MET/VEGFR-targeted agent 

 



Cabozantinib (XL184): Target Profile 

Data courtesy of Ron Weitzman and Dana Aftab. 

Kinase IC50, nM 

MET 1.8 

VEGFR2 0.035 

RET 5.2 

KIT 4.6 

AXL 7.0 

TIE2 14 

FLT3 14 

S/T Ks (47) >200 

ATP competitive, reversible 

RTK Cellular IC50, nM, 
Autophosphorylation 

MET 8 

VEGFR2 4 

Cabozantinib, mg/kg 

pMET 

MET 

 V       3     10    30   100       

VEGFR2 

pVEGFR2 

H441 
tumors* 

Mouse 
lung† 

*No growth factor stimulation. 
†VEGF-A administered 30 min prior to harvest. 



Androgen Deprivation Activates MET Signaling 

HGF 
(autocrine + paracrine) 

AR MET AR MET 

Stromal 
HGF 

Androgen deprivation X 

Zhang S, et al. Mol Cancer. 2010;9:9. 

Activated MET Is Highly Expressed in Bone Metastases 

ROLE OF MET IN PROSTATE CANCER AND BONE METASTASES  



CABOZANTINIB  
DEMONSTRATES SIGNIFICANT BONE EFFECTS 

Docetaxel pretreated 

Baseline Wk 12 Bone Scan Evaluable (N = 108)  n (%) 

Complete resolution 21 (19) 

Partial resolution 61 (56) 

Stable  23 (21) 

Progressive disease 3 (3) 

Pts With Baseline t-ALP  

Levels ≥ 2 x ULN and  

≥ 12 Wks of Follow-up (N = 28) 

 Samples From Wk 6 and 12  

(N = 118) 
Hussain M, et al. ASCO 

2011.  

Abstract 4516. 
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CABOZANTINIB:  
EFFECTS ON BONE PAIN AND NARCOTIC USE 

Randomized Discontinuation 

Trial; Post Hoc Investigator 

Survey 

n (%) 

 

Bone metastases and bone pain at 
baseline (n = 83): pain improvement 
at Wk 6 or 12 56 (67) 

Narcotics for bone pain at baseline 
(n = 67): pain improvement at Wk 6 
or 12 47 (70) 

Evaluable for narcotics change 

(n = 55): decrease or discontinuation 
of narcotics 31 (56) 

Nonrandomized Expansion Trial 

Prospective: Pts With Average  

Worst Pain ≥ 4 at Baseline 

Hussain M, et al. ASCO 2011. Abstract 4516. Basch EM, et al. 2011 AACR-NCI-EORTC 

Abstract B57. 

7/27 (26%) patients discontinued 

narcotics entirely 
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Previous docetaxel 
Previous docetaxel + abiraterone 
and/or cabazitaxel 
*Previous radionuclide therapy 

Median best pain reduction from baseline: 46% 

 
                            



Patients with bone-metastatic 
CRPC, and previous treatment 
with docetaxel, abiraterone, 

or enzalutamide 
(N = 246) 

 OS Endpoint Trial[2] 

 Primary endpoint: OS 

 Secondary endpoints:  
bone scan response by  
IRF 

Cabozantinib 60 mg QD 

 + 

Placebo 

Prednisone 5 mg BID  

+ 

Placebo 

CABOZANTINIB: RANDOMIZED PHASE III TRIALS 



 

Which are the future molecular targets in bone 

metastases treatment?.  

Pantano F and Santini D, EOED, 2015 



Thank you 
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Alessandria 5 Maggio 2018 
 

Zoledronato trimestrale  
 e denosumab  

nel trattamento  
delle metastasi ossee 

 
Vittorio Fusco 

ASO Alessandria 



- Perché usiamo gli antiresorptive drugs 
(pamidronato, zoledronato, ibandronato, 
denosumab) nella malattia metastatica 
all’osso? 
 
- Perché li usiamo così (mensilmente) ? 
 
- Per quanto tempo? 
 
- Cosa possiamo cambiare?  



ZOLEDRONATO vs DENOSUMAB: 3 TRIALS 
Stopeck, JCO 2010 
2046 pts 
First on-study SRE: HR 0.82 
(26.4 months vs not reached) 

Fizazi, Lancet 2011 
1904 pts 
First on-study SRE: HR 0.82  
(17.1 vs 20.7 months)  

Henry, JCO 2011 
1776 pts 
First on-study SRE:  HR 0.8 (non inferiority)  
(16.3 vs 20.6 months)  

71 



CARCINOMA MAMMARIO   LG AIOM 2016 



CARCINOMA  PROSTATA                                  LG AIOM 2016 



JAMA 2017 : due studi  



Breast ZOOM (Amadori 

Lancet Oncol 

2013) 

 

425 pts  

in 62 centres  

in Italy  

2006-2009 

 
Pretrattati  

per 12-15 mesi 

OPTIMIZE-2 

(Horthobagyi, 

JAMA 2017) 

 

416 pts  

in 102 centres  

in USA  

2006-2013 

 
Pretrattati  

per 12-15 mesi 



Breast OPTIMIZE-2 

(Horthobagyi, 

JAMA 2017) 

 

416 pts  

in 102 centres  

in USA  

2006-2013 

 
Pretrattati  

per 12-15 mesi 

Forza :  

-placebo  (NB :  Zoom era open-label) 

 

Limiti : 

-Cambio sample size in corso di studio  

(sulla base di ZOOM …) 

-Assenza di dati a più lungo termine 



Himelstein et al, JAMA 2017   
CALGB 70604 [Alliance] 

1822 patients enrolled  
between May 2009  

and April 2012 
 

855 breast cancer 
689 prostate cancer 

279 myeloma 
   

A total of 260 patients (29.5%) in the 
zoledronic acid every 4-week dosing group 
and 253 patients (28.6%) in the every 12-
week dosing group experienced at least 1 
skeletal-related event within 2 years of 
randomization (risk difference of −0.3%[1-
sided 95%CI, −4%to ]; P < .001 for 
noninferiority).  
 
The proportions of skeletal-related events 
did not differ significantly between the 
every 4-week dosing group vs the every 12-
week dosing group for patients with breast 
cancer, prostate cancer, or multiple 

myeloma.  
 



Cosa usare Categorie Pazienti 

ZOLEDRONATO 
TRIMESTRALE 

“BASSO” RISCHIO 
Di SRE 

-Breast ER+ indolente 
-Prostate not aggressive 
- ??? 
-??? 

ZOLEDRONATO MENSILE 
(1-2 aa) 
Trimestrale ? 

 

RISCHIO  
INTERMEDIO 

-Breast (most) 
-Prostate “aggressive” 
-??? 

DENOSUMAB 
(1-2 aa) 
?? 

 

ALTO RISCHIO -Breast “aggressive” 
-??? 
-??? 

LG AIOM 2017 non si pronunciano su zoledronato trimestrale 

 

 

Proposta in discussione all’interno della Rete Oncologica 

Piemonte – VdA       (working in progress)   


