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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…..



Seed and Soil ….today’s perspective



Seed and Soil ….today’s perspective



Seed and Soil ….today’s perspective



Was “true revolution” in the cancer bone field?

The house believes:
Yes, it was a “therapeutic revolution”



Denosumab (OPG mimetic)

• Fully human monoclonal 
antibody to RANK Ligand

• IgG2

• High affinity for RANK Ligand (Kd 
3 x 10–12 M)

• Does not bind to TNFα, TNFß, 
TRAIL, or CD40L

Bekker PJ, et al. J Bone Miner Res.
Boyle WJ, et al. Nature. 2003
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RANK-RANKL axis: the beginning



Denosumab interrupt the ‘vicious cycle’ and 
change the bone microenvironment
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Adapted from Boyle WJ, et al. Nature 2003;

Roodman GD. N Engl J Med 2004
Roodman GD. Leukemia 2009

Potential indirect and direct effects
on tumourigenesis

Potential indirect and direct effects
on tumourigenesis
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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

New



RANK IS EXPRESSED IN BREAST CANCER CELL LINE
Immunofluorescence assays

Courtesy of Dott. M.Fioramonti



RANK expression in primary 
tumours is associated with bone 
metastasis occurrence in breast 

cancer patients

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

Years

HR, 0.675
(95% CI, 0.4491.015)

Log-rank P = 0.059
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Overall survival
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HR, 0.535
(95% CI, 0.3380.848)
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21 out of 28 CTC positive 
MBC patients were RANK-
positive 

Results

RANK expression is detectable by CellSearch on 
CTCs in MBC 

RANK-positive CTC at baseline

21
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Results

RANK positive CTCs number significantly decreased after 2 
days from denosumab starting therapy 
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Pantano et al . Scientific Report 2020



Results

Pantano et al . Scientific Report 2020

ΔAUC value 0 represents the absence of CTCs (n = 4) or an equal number of RANK-
positive and RANK-negative CTCs (n = 1). For categorized analyses, patients with positive 
ΔAUC value (ΔAUC > 0) - expression of RANK-positive CTCs persistence over the follow-
up period – were compared with which had negative or 0 ΔAUC (ΔAUC < 0).



Results

RANK positive CTCs number significantly decreased after 2 
days from denosumab starting therapy 



clinicaloptions.com/oncology
A Call to Action: Emerging Strategies to Optimize Bone Health in Breast Cancer

Denosumab Compared With Zoledronic Acid for the 
Treatment of Bone Metastases in Patients With Castration-

Resistant Prostate Cancer

Zoledronic acid 4 mg IV* and             
Placebo SC every 4 weeks (N = 951)

Denosumab 120 mg SC and   
Placebo IV* every 4 weeks (N = 950)

Key Inclusion
• Hormone-refractory 
(castration resistant) 
prostate cancer and bone 
metastases

Key Exclusion
• Current or prior IV 
bisphosphonate treatment

Fizazi K et al. LANCET, 2011

1° Endpoint

2° Endpoints

• Time to first on-study SRE (non-inferiority) 

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

Supplemental Calcium and Vitamin D



clinicaloptions.com/oncology
A Call to Action: Emerging Strategies to Optimize Bone Health in Breast Cancer

Time to First On-Study SRE

Zoledronic Acid 951 733 544 407 299 207 140 93 64 47

Denosumab 950 758 582 472 361 259 168 115 70 39

Subjects at risk:
Study Month
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clinicaloptions.com/oncology
A Call to Action: Emerging Strategies to Optimize Bone Health in Breast Cancer

Time to First and Subsequent On-Study SRE (Multiple Event 
Analysis)

Rate Ratio = 0.82 (95% CI: 0.71, 0.94) 

Study Month
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Bone Health in MCRPC
Zoledronic Acid in CRPC : Time to first SRE





AC ZOL do not improve SRE-Free survival, OS and PFS in mHSPC

Smith et al JCO 2014



Zol AC in mHSPC

James N Lancet 2016





clinicaloptions.com/oncology
A Call to Action: Emerging Strategies to Optimize Bone Health in Breast Cancer

Study Design (20050244)

1° Endpoint

2° Endpoints

• Time to first on-study SRE (non-inferiority) 

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

N = 890   Zoledronic acid 4 mg IV* and SC 
placebo every 4 weeks

N = 886    Denosumab 120 mg SC and 
Placebo IV*  every 4 weeks

Supplemental Calcium and Vitamin D

Key Inclusion
Adults with solid tumors and 
bone metastases (excluding 
breast and prostate) or multiple 
myeloma

Key Exclusion

Current or prior intravenous 
bisphosphonate administration

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

Henry D, et al. JCO, 2011



clinicaloptions.com/oncology
A Call to Action: Emerging Strategies to Optimize Bone Health in Breast Cancer

Primary end point: Time to First On-Study SRE

*Due to multiplicity adjustment 

Reduced risk: 16%
1° - HR: 0.84 (95% CI: 0.71–0.98)
P = 0.0007 Non inferiority

2° - Unadjusted P = 0.03 Superiority*
Adjusted P = 0.06

ZoledronicAcid

Subjects at Risk
890 578 376 261 194 126 86 47

Denosumab 886 582 387 266 202 134 96 55
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Initiate zoledronic acid or denosumab 
(daily oral ibandronate or clodronate 
may be considered in breast cancer)

Extensive 
extra-skeletal disease or life 

expectancy < 3months

Review need for 
BTA regularly

Initiate zoledronic 
acid 3 monthly

Consider interrupting 
BTA after 24 months*

Continue BTA 
(zoledronic acid 3 

monthly)

Resume BTA

Disease 
progression

Patient achieves 
CR or good PR

Bone Targeted Treatment For Metastatic Bone Disease
– ESMO 2020 Proposed Algorithm 

Multiple
bone metastases

Oligometastatic 
bone disease

Definite diagnosis of metastatic bone disease

Patient achieves 
CR or good PR

*Use follow-on bisphosphonates if discontinuing denosumab
BTA, bone targeted agent; CR complete response; PR, partial response

Coleman R et al 2020



• It is recommended to start zoledronate or denosumab in all breast cancer patients 
with bone metastases, whether they are symptomatic or not [I, A]. 

• BTAs should be initiated at diagnosis of bone metastasis and considered throughout 
the course of the disease [III, A]. 

• Zoledronate or denosumab is recommended in patients with CRPC and bone 
metastases, whether they are symptomatic or not [I, A].

• Zoledronate or denosumab is recommended in patients with advanced lung cancer, 
renal cancer and other solid tumours with a life expectancy of 3 months and clinically 
significant bone metastases [I, B].

Bone Health in Cancer: ESMO Clinical Practice Guidelines:
Use of Bone Targeted Agents

Coleman R et al 2020





 Most patients selected for treatment with zoledronic acid can de-escalate this agent 
safely to administration every 12 weeks, preferably after monthly treatment for 3-6 
months - (I,B). 

 Denosumab should be administered every 4 weeks. Extending intervals beyond this 
frequency cannot currently be recommended - (III,B).

 Discontinuation of treatment after an arbitrary duration, other than perhaps for 
those patients with oligometastatic bone disease in disease remission, is not 
recommended - (V,B).

Bone Health in Cancer: ESMO Clinical Practice Guidelines:
Scheduling of Bone Targeted Agents

Coleman R et al 2020



Multidisciplinary Team (MTD)

Coleman R et al 2020
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