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• Introduction

• Clinical use of BTAs in breast cancer

– Early (curable) disease

» Preventing cancer treatment induced bone loss

» Preventing metastatic disease recurrence

– Metastatic (incurable) disease

BTAs in breast cancer

• Summary



<0.01% of cells that enter the circulation will be able to form bone metastases

Process of spread of breast cancer from 
primary site to bone



Tumour cells 
home to specific 

bone niches

HSC

2) Stay 
dormant?

DTC

4) Proliferate and 
cause bone disease?

1) Die? 3) Return to the 
circulation? 

CTC

The bone microenvironment regulates all these processes 

Tumour cells in bone have 4 options

Modifying the bone microenvironment by 
inhibiting osteoclasts will also affect tumour

cell fate

Osteoclast

Adjuvant cancer treatment Metastatic cancer treatment

Slide provided by Prof I Holen



BTAs in early breast cancer

Clinical use of bisphosphonates and denosumab in breast cancer



What BTAs do we use in the clinical setting for breast 
cancer patients?



Preventing cancer 
treatment induced 

bone loss

Premenopausal women with POF 
from chemotherapy/ovarian suppression.
Regulatory approval; none

Postmenopausal women receiving AI therapy
Regulatory approval; denosumab.

Indications for use of BTAs in early breast cancer

Preventing the 
formation of 
metastases

Postmenopausal women (naturally or 
chemically induced)
Regulatory approval; none

Preventing skeletal 
related events as a 

result of bone 
metastases

All patients (pre- and postmenopausal)

Regulatory approval; denosumab, 
zoledronic acid, pamidronate, 
ibandronate

Adjuvant
curative
treatment 

Palliative
metastatic
treatment 



Preventing 
cancer treatment 

induced bone 
loss

Cancer therapy results in more dramatic bone 

loss than associated with postmenopausal 

status 

1. Kanis JA. Osteoporosis.1997:22-55.;  2. Eastell R et al. J Bone Mineral Res. 2002.; 3. Gnant M. San Antonio Breast Cancer Symposium, 2002.; 4. Shapiro 

CL et al. J Clin Oncol. 2001;19:3306-3311.
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Postmenopausal
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Naturally occurring 

bone loss
CTIBL



Preventing 
cancer treatment 

induced bone 
loss
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Reprinted from Gnant MF, et al. J Clin Oncol. 2007;25:820-828.

The most potent BP can reverse 
CTIBL in premenopausal women



Clodronate (1600mg/day) cannot reverse BMD loss in 

premenopausal women with chemotherapy-induced 

ovarian failure (N = 73)

Vehmanen L, et al. Eur J Cancer. 2001;37(18):2373-

2378.
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P = .003 P = .86 P = .008 P = .91
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BMD, bone mineral density; PO, orally; LS, lumbar spine; FN, femoral neck; CLO, clodronate.

Preventing 
cancer treatment 

induced bone 
loss

Premenopausal women

Less potent oral BPs cannot reverse CTIBL in premenopausal women
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Ibandronate

Placebo

Double-blind, randomized, placebo-controlled study of oral ibandronate (150 mg 

monthly) in postmenopausal women with osteopenia receiving adjuvant 

anastrozole

1 year 2 years

Lumbar spine Lumbar spineTotal hip Total hip

Δ 5.4% Δ 3.3% Δ 6.2% Δ 4.5%

P < .01P < .01P < .01P < .01

BMD, bone mineral density.

Lester JE, et al. Clin Cancer Res. 2008;14(19):6336-6342.

Preventing 
cancer 

treatment 
induced bone 

loss

Postmenopausal women

Less potent oral BPs can reverse CTIBL in postmenopausal women



SEM = Standard error of the mean; BMD = Bone mineral density; ZOL = Zoledronic acid.; *P values correspond to intergroup comparisons.

†Adapted from Brufsky A, et al. Presented at: 29th Annual SABCS; 2006; Abstract 5060.; ‡Adapted from Brufsky A, et al. Presented at: 30th Annual SABCS; 
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Preventing 
cancer 

treatment 
induced bone 

loss

Postmenopausal women

The most potent 
BP can reverse 
CTIBL in 
postmenopausal 
women



Preventing 
cancer 

treatment 
induced bone 

loss

What to use?

BMD is a surrogate end point for fracture risk

Can any bone targeted therapies prevent

fractures as the clinical endpoint? 

This is what we want to prevent in the clinics



AZURE. Pre and postmenopausal women treated with 
adjuvant zoledronic acid +SOC for 5 years.

The 5-year fracture rate was reduced from 5.9% 
(95%CI 4.8, 7.1%) (control) to 3.8% (95%CI 2.9, 4.7%) 

with ZOL. (~35% reduction in 5 year fracture 
rate)

ZOL significantly increased time to first fracture (HR 
0.69, 95% CI 0.53-0.90 p=0.0053) but the majority of 

fracture prevention benefit occurred after a DFS 

event (HR 0.3; 95%CI 0.17, 0.53 P<0.001). Fracture 
benefits from ZOL were similar across menopausal 
sub-groups. 

Preventing 
cancer 

treatment 
induced bone 

loss

Fracture prevention with zoledronic acid in pre- and 
postmenopausal women

AZURE&

ABCSG+12&

Zo+FAST&

Adjuvant zoledronic acid reduced the risk of clinical fractures in a mixed population of pre- and 

postmenopausal women, the majority of this protection occurred after disease 

recurrence. 



Fracture decrease of ~24% SRE decrease of ~50%

Preventing 
cancer 

treatment 
induced bone 

loss

Fracture prevention with denosumab in pre and 
postmenopausal women

Adjuvant denosumab reduced the risk of clinical fractures in a mixed population of pre-

and postmenopausal women, a greater protective benefit was seen after disease 

recurrence. 



Gnant M, et al. Lancet 2015;386:433–43 (and supplementary appendix).

Enrolled
N = 3425*

Denosumab
60 mg SC Q6M

n = 1711

Placebo
SC Q6M
n = 1709
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Daily supplementation with 
calcium (500 mg) and vitamin D (≥ 400 IU) were 

recommended throughout study treatment

Preventing 
cancer 

treatment 
induced bone 

loss

Fracture prevention with denosumab in postmenopausal 
women only

ABCSG-18

HR = 0.50 (95% CI: 0.39–0.65) 
P < 0.0001
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Placebo: n = 176
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Adjuvant 
denosumab 
reduced the risk 
of clinical 
fractures by 50 
percent in 
postmenopusal
women,



Guidelines for prevention of bone loss in cancer patients with treatments known to increase the risk of fractures 
(NCCN 2009, ESMO 2014, ASCO 2016, European joint position statement 2017)

When to use?

When to stop?

What to use?

How to select 
patients?

Preventing 
cancer 

treatment 
induced bone 

loss

Current clinical guidelines  



Preventing the 
formation of 
metastases

Three randomised breast cancer trials initiated in the 1990s assessed the use of the oral 
bisphosphonate clodronate in addition to standard adjuvant therapy.  The results were 
inconsistent. Zoledronic acid trials

Table reproduced from Hadji P et al Annals Dec 2015

Adjuvant bisphosphonate trials

What to use?

THE ABILITY OF ZOLEDRONIC ACID TO PREVENT METASTASES DEPENDS ON LEVELS OF FEMALE HORMONES



Premenopausal Postmenopausal

Meta analysis of 18,766 women treated with adjuvant bisphosphonates
Coleman RE et al The Lancet 2015doi.org/10.1016/S0140-6736(15)60908-4

Bone recurrence

Preventing the 
formation of 
metastases

What to use?

Zoledronic acid 9290 patients 
Clodronate 5053 patients
Ibandronate 3072 patients 
Pamidronate 953 patients
risedronate 398 patients



Distant recurrence outside bone

Premenopausal Postmenopausal

Preventing the 
formation of 
metastases

Meta analysis of 18,766 women treated with adjuvant 
bisphosphonates

Coleman RE et al The Lancet 2015doi.org/10.1016/S0140-6736(15)60908-4



Breast Cancer Mortality

Premenopausal Postmenopausal

Preventing the 
formation of 
metastases

Meta analysis of 18,766 women treated with adjuvant 
bisphosphonates

Coleman RE et al The Lancet 2015doi.org/10.1016/S0140-6736(15)60908-4



Incremental Benefits of Adjuvant Systemic 
Treatments

10 year risk reduction

Adjuvant CMF 12%

Adjuvant anthracyclines 14%

Adjuvant taxanes 16%

Bisphosphonates have a potential saving of up to 1000 lives 
per year in the UK alone in postmenopausal women

Adjuvant tamoxifen 31%

Trastuzumab (Herceptin) ≈25%

Adjuvant Bisphosphonates     18%

Slide provided by Prof RE Coleman and Prof I Holen

Preventing the 
formation of 
metastases



Preventing the 
formation of 
metastases

When to use and 
for how long?

• Treatment benefits from adjuvant BPs appeared early therefore start 
at the beginning of adjuvant therapy.

• There is insufficient data from trials of short-term (<2 years) adjuvant 
bisphosphonate use to recommend short durations of therapy.  Most 
of the data supports treatment for 2-5 years. 

• Success A trial. Phase III, 3754 women randomized to 2 years vs 5 
years of adjuvant zoledronic acid (post chemo) 3 monthly for 3 years 

then 6 monthly thereafter showed NO difference in DFS or OS
between 5 years and 2 years.



What to use?
Preventing the 
formation of 
metastases

Gralow J et al JNCI J Natl Cancer Inst (2020) 112(7): djz215 

Patients with stage I–III breast cancer were randomly assigned to 3years of intravenous zoledronic acid, oral 
clodronate, or oral ibandronate. The primary endpoint was disease-free survival (DFS) with overall survival as a 
secondary outcome. 
Total of 6097 patients enrolled. 

Analyses based on age and tumor subtypes showed no treatment differences. 



How to select 
patients?

Preventing the 
formation of 
metastases

Selec on	of	pa ents	suitable	for	adjuvant	bisphosphonates	to	prevent	metastases	

Postmenopausal*	

No	

Yes	

Oral	
ibandronate		
50mg	for	3	

years/
dura on	of	

GnRH	
analogueδ	

Adjuvant	treatment	plan	includes	GnRH	analogue	

*	If	not	clinically	
assessable	i.e.	

hysterectomy/
IUD	then	ensure	
age	>55	+/or	
serum	FSH	is	in	
postmenopausal	
range	(pa ent	

must	not	be	
receiving	
concurrent	
therapies	that	
can	affect	the	

HPG	axis)	
	

δ	Include	vitamin	

D	1000-2000IU	
(	+calcium	
1000mg	daily	if	
low	calcium	diet)	

	
CTIBL;	cancer	
therapy	induced	
bone	loss	

	
IV;	intravenous	

Chemotherapy	planned	

No	

Yes	No	

Adverse	
prognos c	
factors	for	

recurrence	

Yes	 No	

Assess	
fracture	risk	
and	use	BPs/
denosumab	
according	to	

CTIBL	
guidelines.		

Assess	
fracture	risk	
and	use	BPs/

denosumab	
according	to	
CTIBL	
guidelines.		

Prescribe	IV	
zoledronic	acid	
4mg	every	6	

weeks	during	
chemotherapyδ	

Oral	
ibandronate		
50mg	for	3	

years/dura on	
of	GnRH	

analogueδ	

End	of	chemotherapy	
pa ent	can	choose	
either	of	op ons	below	

IV	zoledronic	
acid	4mg	every	
6	months	for	3	

years/dura on	
of	GnRH	

analogueδ	

Yes	

Adapted from Hadji P, Coleman RE , Wilson C  et al.  Annals Oncology 2016 doi 10.1093/annonc/mdv617 



1,116 patients were enrolled, 565 to ET with ibandronate (ibandronate arm) and 551 to ET alone (control arm). 

Median follow-up was 8.5 years. 

Primary endpoint was DFS @3 years

DFS was not significantly different between the ibandronate and control arms (HR 0.97; 95% CI, 0.76 to 1.24; 
log-rank P = .811).

But; Slow accrual – initial study was designed with a larger n number. ? Underpowered to answer definitively

DOI: 10.1200/JCO.21.00311 Journal of Clinical Oncology - published online before print April 20, 2022

What to use?
Preventing the 
formation of 
metastases



DFS (ITT analysis*) 

Gnant M, et al. Oral presentation at San Antonio Breast Cancer Symposium,
8‒12 December 2015. Abstract S2_02.

*Time-driven interim analysis 18 months after PADCD. ITT, intention-to-treat.
Stratified by hospital type, use of prior aromatase inhibitor,

and baseline lumbar spine bone mineral density.
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Adjuvant Denosumab
ABCSG-18. Postmenopausal only
6 monthly 60mg dose

Preventing the 
formation of 
metastases

What to use?

Denosumab has a potential similar benefits to adjuvant BPs 
in postmenopausal women at 60mg 6 monthly



Pre- and postmenopausal women

Preventing the 
formation of 
metastases

Adjuvant denosumab. D-CARE study

What to use?

No benefit according to menopausal status

Note dosing 
difference to 
ABCSG-18

Denosumab does not improve survival or prevent metastases in a mixed pre-
and postmenopausal population at 120mg intensive dose schedule



Guidelines for prevention of metastases in breast cancer

When to use?

When to stop?

How to select 
patients?

What to use?

Preventing the 
formation of 
metastases



Summary of the role of BTAs in 
breast cancer

Preventing SREs 
from breast cancer 
bone metastases

Yes

Pre- and 
postmenopausal 

women

Yes 

Pre- and 
postmenopausal 

women

METASTSTIC TREATMENT

Preventing cancer treatment 
induced bone loss

Preventing breast cancer 
metastases

Denosumab
Yes

Low recurrence risk 
postmenopausal women on AIs

Yes……in postmenopausal T1N0 

grade 1-2 on AIs for ER positive HER2 
negative disease….but cost high and 

efficacy equivalent to BPs

Bisphosphonates
Yes

Premenopausal = Zoledronic acid
Postmenopausal = Oral/IV BP

Yes 

All  postmenopausal women (natural 
or biochemical), any tumour subtype 

at moderate to high risk of disease 
recurrence




