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Incidence of bone metastases highest in prostate and breast cancers
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Coleman RE. Clin Cancer Res 2006;12:6243s–9s; Coleman RE. Cancer Treat Rev 2001;27:165–76; Scher HI, et al. Clin Cancer Res 2005;11:5223–32.
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SRE Potential complications

Pathological fracture Extended healing time  
Reduced survival1,2  

Loss of mobility
Need for care/nursing home residence (especially hip fracture)3

Radiation to bone Potential for “pain flare” after therapy4  

Myelosuppression5

SREs create additional complications

Surgery to bone Hospital stay
In-hospital mortality rate ≅8%6

High rate of surgical complications6,7

High failure rate; inability to restore function6

Spinal cord
compression

Excruciating pain7

Need for steroidal medications7  

Repeat visits for radiotherapy8  

Irreversible paraparesis or paraplegia7  

Loss of contincence8

1. Gainor BJ, et al. Clin Orthopaed Rel Res 1983;178:297–302; 2. Saad F. et al. Cancer 2007;110:1860–7; 3. Poor G, et al. Osteoporos Int 1995;5:419–
26; 4. Loblaw DA, et al. Supp Care Cancer 2007;15:451–5; 5. Hellman D, et al. J Palliat Med 1998;1:277–83; 6. Katzer A, et al. Arch Orthopaed Trauma

Surg 2002;122:251–8; 7. Loblaw DA, et al. J Clin Oncol 2005;23:2028–3; 8. Maranzano E, etal. Tumori 2003;89:469–75.



Risk
increase P value

Prostate cancer, n=640 29% 0.04
1.29

1.52

Pathologic fractures correlate with reduced survival in 

patients with malignant bone disease

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Hazard ratio

Decreased mortality Increased mortality

Adapted from Saad F, et al. Cancer2007;110:1860–7.

Breast cancer, n=1130 52% < 0.01
1.52





P ValueRisk Reduction, %

Zoledronic acid 4 mg
Kohno 2005

Pamidronate 90 mg
Aredia study 18 and 19

Ibandronate IV 6 mg
Body 2003

Ibandronate Oral 50 mg
Body 2004

0.77

0.82

0.86

0.59
41

23

18

14

0.001

< 0.001

0.04

0.08

SRE risk reduction in breast cancer

Oral Clodronate 1600 mg
Kristensen 1999

Paterson 1993

Tubiana-Hulin 2001

0.03 (pooled)

0.69

0.83

0.92

31
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17
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Cochrane database comparing placebo-controlled trials in breast cancersetting.
Adapted from Pavlakis N, et al. Cochrane Database Syst Rev2005:CDC003474.

• Zoledronic acid is the most effective bisphosphonate for prevention of morbidity 

from metastatic bone disease  (ESMO 2014)

• Evidence is insufficient to support the use of one BMA over another (ASCO2017)



Denosumab vs Zoledronic acid in patients with 

bone metastsases from BC

N=2046 

Advanced breast 

cancer and 

confirmed bone 

metastases, no 

N=2046 

Advanced breast 

cancer and 

confirmed bone 

metastases, no 

Denosumab 120 mg sc and IV placebo q4wksDenosumab 120 mg sc and IV placebo q4wks

Zoledronic acid 4 mg iv and sc placebo q4wksZoledronic acid 4 mg iv and sc placebo q4wks

Calcium and Vit d supplementation recommended

metastases, no 

previous BPS

metastases, no 

previous BPS

Stopeck A. et al. JCO, 2010 

1° end-point: 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)



Denosumab vs Zoledronic acid in patients with 

bone metastsases from BC

Stopeck A. et al. JCO, 2010 



When to start

Evidence-based treatment guidelines recommend that treatment with 

bone-targeted therapy should start  immediately following evidence of 

bone metastasis

• Patients with breast cancer who have evidence of bone metastases 

should be treated with BMAs (ASCO 2017)

• Bone-targeted therapy should be commenced at diagnosis of • Bone-targeted therapy should be commenced at diagnosis of 

metastatic bone disease (ESMO 2014)

Treatment decisions should be individualized according to each patient’s 

clinical presentation, comorbidities, PS, and optimal method of 

administration. 



Treatment de-escalation

Three randomized clinical trials investigated zoledronic
acid dosed every 4 weeks versus every 12 weeks

• ZOOM

• OPTIMIZE-2•

• CALGB (Alliance)

Ongoing non-inferiority randomized clinical trials investigated 
denosumab every 4 weeks versus every 12 weeks

• ReACT (NCT02721433)

• REDUSE (NCT02051218)



Phase III ZOOM trial: ZA q 4 vs q 12 wks after 1 year 
standard treatment

N=425

Breast cancer and  

bone metastases 

who received

zoledronic acid (9-

12 doses) in past 

N=425

Breast cancer and  

bone metastases 

who received

zoledronic acid (9-

12 doses) in past 

Zoledronic acid 4 mg iv q 12 wksZoledronic acid 4 mg iv q 12 wks

Zoledronic acid 4 mg q 4 wksZoledronic acid 4 mg q 4 wks

Amadori D  et al.,  Lancet Oncology 2013

12 doses) in past 

15 months

12 doses) in past 

15 months

Primary end-point: skeletal morbidity rate 
(#event/patient/year



Phase III ZOOM trial: SMR and safety

Amadori D  et al.,  Lancet Oncology 2013



Phase III ZOOM trial: time to first on study SREs

Amadori D  et al.,  Lancet Oncology 2013



Phase III ZOOM trial: median change in N-terminal 
telopeptide concentration 

Amadori D  et al.,  Lancet Oncology 2013



OPTIMIZE-2 Phase III study 

N=461

Breast cancer and  

bone metastases 

who received

zoledronic acid (9-

12 doses) in 

N=461

Breast cancer and  

bone metastases 

who received

zoledronic acid (9-

12 doses) in 

Zoledronic acid q 4 wks for 52 wksZoledronic acid q 4 wks for 52 wks

Zoledronic acid q 12 wks and placebo for 

interim infusions for 52 wks

Zoledronic acid q 12 wks and placebo for 

interim infusions for 52 wks

Hortobagyi G. et al.,  JAMA Oncology 2017

12 doses) in 

previous yr

12 doses) in 

previous yr

interim infusions for 52 wksinterim infusions for 52 wks

Primary end-point: time to first SRE



OPTIMIZE-2 Phase III study 

Hortobagyi G. et al.,  JAMA Oncology 2017



CALGB 70604 Phase III trial

N= 1822

Patients with 

metastatic breast 

or prostate cancer 

or MM with bone 

involvement, no 

N= 1822

Patients with 

metastatic breast 

or prostate cancer 

or MM with bone 

involvement, no 

Zoledronic acid 4 mg iv q 4 wksZoledronic acid 4 mg iv q 4 wks

Zoledronic acid 4 mg q 12 wksZoledronic acid 4 mg q 12 wks
involvement, no 

previous IV BPS

involvement, no 

previous IV BPS

Primary end-point: proportion of patients with ≥ 1 SRE within 2 

years of randomization

Himelstein A. et al.,  JAMA 2017



CALGB 70604 Phase III trial

Himelstein A. et al.,  JAMA 2017



Markov model to calculate

the costs per SRE avoided the costs per SRE avoided 

for the three treatments



The mean costs of the denosumab treatment strategy are nine-fold higher
than generic ZA every 3 months.
Quality-adjusted life-years were virtually identical in all the three treatment
arms; hence, the optimal treatment would be ZA every 3 months because it
was the least costly treatment.
The sensitivity analyses showed that relative to ZA every 3 months, the
incremental costs per mean SRE avoided for denosumab ranged from
$162,918 to $347,655.



Recommendation updated for 2017 guideline. As recommended in the 2011 version of

the ASCO BMAs guideline, patients with breast cancer who have evidence of bone

metastases should be treated with BMAs. One BMA is not recommended over another. If

patients are treated with zoledronic acid, 4 mg intravenously administered over no less

than 15 minutes, dosing options are every12 weeks or every 3 to 4 weeks (Type:than 15 minutes, dosing options are every12 weeks or every 3 to 4 weeks (Type:

evidence based; benefits outweigh harms; Evidence quality: high; Strength of

recommendation: strong).
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La nuova schedula di acido zoledronico ogni 3 mesi dopo 9-12
somministrazioni della schedula mensile nel tumore della mammella
potrebbe rappresentare oggi una opzione terapeutica. Tuttavia tale
schedula non è approvata dagli enti regolatorischedula non è approvata dagli enti regolatori

La nuova schedula di acido zoledronico ogni 3 mesi upfront nei
tumori della mammella, prostata e MM […….] potrebbe
rappresentare oggi una alternativa terapeutica alla schedula
mensile in casi selezionati di pazienti che non possono assumere la
formulazione mensile. Tuttavia tale schedula non è approvata dagli
enti regolatori



BMAs: how long?

• Patients with metastatic cancer are living longer and with
improved quality of life

• Bone metastases and the risk of SREs continue
throughout the trajectory of metastatic breast cancer

Himelstein A. et al.,  JAMA 2017

throughout the trajectory of metastatic breast cancer

• Optimal treatment duration should be considered in view
of toxicity, costs, and expected benefits









Optimal duration of BMAs therapy

The necessary duration of BMAs therapy remains unclear

• Reconsider bisphosponate therapy at 2 yrs: continued bisphosphonate 
treatment should be considered in pts with active cancer (NCCN 2009) 

• Once initiated, bone –modifying agents should be continued until 
evidence of substantial decline in performance score (ASCO 2011, evidence of substantial decline in performance score (ASCO 2011, 
ASCO 2017)

• Bone-targeted therapy for metastatic bone disease should continue 
indefinitely and throughout the course of the disease (ESMO 2014)
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