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ABSTRACT 

 

Background and Aim 

International practice guidelines recommend administration of bone modifying agents (BMA) in metastatic breast 

cancer (MBC) patients with bone metastases to reduce skeletal related events (SRE). Optimal delivery of BMA in 

routine clinical practice including agent selection and prescribing intervals remains unclear. We aim to describe 

real-world practice of Australian breast oncologists.  

 

Methods 

Prospective data from February 2015 to July 2020 on BMA delivery to MBC patients with bone metastases was 

analysed from TABITHA, a multi-site Australian HER2+ MBC registry.  

 



 
 

Results 

Of 333 HER2+ MBC patients, 171 (51%) had bone metastases at diagnosis, with a mean age of 58.1 years [range 

32-87]. 130 (76%) patients received a BMA, with 90 (69%) receiving denosumab and 40 (31%) receiving a 

bisphosphonate. Patients who received a BMA were more likely to have received concurrent first line systemic 

anti-HER2 therapy (95% vs 83%, p=0.04), to present with bone-only metastases at diagnosis (24% vs 7%, p=0.02) 

and less likely to have visceral metastases (51% vs 71%, p=0.03). Ten of 40 (25%) bisphosphonate patients and 45 

of 90 (50%) denosumab patients received their BMA at the recommended 4-weekly interval. Prescribing intervals 

varied over time. Adverse events reported were consistent with clinical trial data. 

 

Conclusion 

Three-quarters of Australian HER2+ MBC patients with bone metastases receive a BMA, often at different 

schedules than guidelines recommend. Further studies, including of all MBC subtypes, are warranted to better 

understand clinicians’ prescribing rationale and potential consequences of current prescribing practice on SRE 

incidence. 

 

BACKGROUND 

 

Bone metastases occur frequently in patients with solid tumours but are most prevalent in breast (65-70%), 

prostate (65-70%) and lung (30-40%) cancers (1). The use of bone modifying agents (BMAs), in the form of potent 

osteoclast inhibitors, has become an important component of managing patients with bone metastases. The two 

classes of agents used for osteoclast inhibition in patients with bone metastases are the bisphosphonates, for 

example zoledronic acid, and the Receptor Activator of Nuclear factor Kappa-B Ligand (RANKL) monoclonal 

antibodies, for example, denosumab (2).  The aim of BMA use is to reduce the frequency of additional bone 

metastases, relieve bone pain and delay the onset of skeletal related events (SRE) defined as pathological 

fractures, need for radiation therapy or surgery to the bone, spinal cord compression and hypercalcaemia of 

malignancy.  

 

International practice guidelines, including the recent ESMO publication of ‘Bone Health in Cancer’ (3), 

consistently recommend the use of BMAs for patients with metastatic breast cancer (MBC) with bone 

metastases (4,5). Whilst denosumab has demonstrated superiority over zoledronic acid in time to SRE (6), there 

was no survival advantage and thus, there is not a preferred agent due to ‘insufficient evidence of a clinical 

meaningful benefit’ of one agent over another (4,5). In Australia, both bisphosphonates (zoledronic acid and 

ibandronate) and the RANKL monoclonal antibody (denosumab) have been approved for use in patients with 

MBC and bone metastases. In landmark MBC clinical trials, zoledronic acid (dose 4mg intravenously) and 

denosumab (dose 120mg subcutaneously) have been administered every 4 weeks (7,8).  

 

Randomised controlled trials exploring bisphosphonate treatment intervals in MBC patients, such as ZOOM(9) 

and OPTIMIZE-2(10) were ultimately underpowered to demonstrate non-inferiority of the less intensive schedules 



 
 

but did suggest that de-escalating zoledronic acid from a 4 weekly to a 12 weekly dosing interval (after 12-15 

months at a 4 weekly interval) may be a clinically acceptable alternative. Subsequently, CALGB 70604 (11) which 

included patients with MBC, castrate resistant prostate cancer and multiple myeloma, randomised patients at 

initiation of zoledronic acid to 4-weekly or 12-weekly dosing intervals. This larger non-inferiority trial 

demonstrated that 12-weekly dosing of zoledronic acid was not associated with higher rates of overall SRE when 

compared with 4-weekly dosing in the first two years of follow up, but there was a greater proportion of patients 

requiring surgical treatment with the longer dosing interval.  Given that follow-up for all 3 trials was relatively 

short (1-2 years) and uncertainty persists regarding the higher rate of more serious SRE, recent guidelines have 

advised an initial 4-weekly treatment for 3-6 months, prior to de-escalating to 12 weekly treatment (3). 

 

In addition, the evidence to date for de-escalation appears to be more robust for zoledronic acid as compared to 

denosumab (12-13). This is largely due to the differing pharmacokinetics; zoledronic acid as a bisphosphonate 

accumulates in the bone and thus has a long skeletal half-life whereas denosumab as a RANKL antibody is not 

incorporated into bone, and this argues against intermittent dosing intervals for denosumab. (14-16).  

 

Despite trial evidence, the BMA prescribing preferences of Australian clinicians in routine clinical care has not 

been well defined, and little is known about the justification for choice of agent, timing of initiation, dose, 

schedule, monitoring of bone health and incidence of adverse effects. Given the prevalence of bone metastases 

in MBC patients, and the lack of consensus on many issues surrounding use of BMAs, we aimed to improve our 

understanding in the variation of use in routine clinical practice.  

 

METHODS 

 

The Treatment of Advanced Breast Cancer in the HER2 Positive Australian patient (TABITHA) registry was 

established in 2015 as a collaboration between clinicians at Walter and Eliza Hall Institute and BioGrid Australia 

with funding from a pharmaceutical industry sponsor. This is a prospective multi-centre initiative collecting data 

on patient characteristics, disease presentation, treatment patterns and outcomes of patients with HER2 positive 

MBC treated in routine care at 16 sites across Australia. Data collected includes management of bone metastases 

and bone health, such as DEXA scans and vitamin D and calcium prescription. Data on consecutive metastatic 

HER2+ breast cancer patients with bone metastases between February 2015 to July 2020 were analysed. This 

study and its reporting have been approved by Melbourne Health HREC, an institutional ethics committee. 

 

The primary objective of the current study was to understand prescribing patterns of BMA in real world practice, 

by describing selection of agent, timing of initiation and treatment intervals. Secondary objectives include 

comparing clinical characteristics between patients who received BMA and those that did not, documented 

reasons for non-initiation of BMA, receipt of radiation for bone metastases, uptake of bone health interventions 

and incidence of BMA adverse effects, namely hypocalcaemia and osteonecrosis of the jaw. We did not explore 

the impact of BMA use on the rate of SRE, given that SRE data was not captured prospectively and our sample 



 
 

size would also be too small to support any robust conclusions given the very mixed patient population receiving 

and not receiving a BMA. SAS® Enterprise Guide® and GraphPad Prism 8 version software was used to analyse the 

data. Fisher’s exact test was used to determine statistical significance for categorical data, one-sample Wilcoxon 

signed rank test was used to compare between non-Gaussian continuous data and paired t tests for Gaussian 

continuous data. Overall survival and progression-free survival analyses used Kaplan-Meier methods. Statistical 

significance was reported when p<0.05. 

 

RESULTS 

 

Of 333 HER2+ MBC patients, 171 (51%) patients had bone metastases at the time of diagnosis of metastatic 

disease. Of these 130 (76%) received bone modifying agents (BMA) at some point in the treatment course (Figure 

1) 

Clinical characteristics of patients who received a bone modifying agent 

 

Clinical characteristics comparing patients who did (n=130) and did not (n=41) receive a BMA are demonstrated 

in Table 1. Patients who received a BMA were more likely to have bone-only metastases at metastatic breast 

cancer diagnosis (24% vs 7%, p=0.02) and less likely to have presence of visceral metastases (51% vs 71%, p=0.03).  

 

The 41 patients (24%) who did not receive a BMA were more likely to have not received any first line systemic 

chemotherapy (24% vs 10%, p=0.03) or any anti HER2+ treatment (17% vs 5%, p=0.04). For 15 of 41 (37%) patients 

who did not receive BMA, a justification was provided by the treating clinician and captured in the registry 

database. These were ‘low volume disease’ (n=7), ‘poor performance status’ (n=2), ‘older age’ (n=2), patient 

declined (n=2)’, ‘poor renal function’ (n=1) and ‘clinician decision’ (n=1). 

 

One in four patients with bone metastases received radiotherapy, with patients who received a BMA being more 

likely to receive radiation therapy for bone metastases (32% vs 12%, p=0.015). 

 

Prescribing patterns of bone modifying agents 

 

Of 130 patients who received BMAs, 121 (93%) were initiated at the time that first line systemic treatment was 

commenced after diagnosis of bone metastases. Seven were initiated during second line, and two were initiated 

during third line treatment. Of the nine patients starting after first line, three had documented reasons for 

delaying BMA commencement. These were: awaiting dental review’ (n=1), ‘refused dental extraction’ (n=1) and 

‘mild osteopenia with no bone pain’ (n=1). 

 

With regard to BMA selection, 40 of 130 (31%) patients received bisphosphonates and 90 of 130 (69%) received 

denosumab. Initial treatment interval varied amongst selected agent, with overall 56 patients (43%) commencing 

a BMA at the trial defined 4-weekly schedule (Table 2). 



 
 

 

Figure 2 demonstrates subsequent BMA use post systemic disease progression on their initial agent. Of the 87 

patients who progressed on first line systemic and initial BMA therapy, 62 (71%) developed progressive disease 

in the bone and 25 (29%) had progressive disease in non-bone sites. Of the 62 patients who had disease 

progression in the bone, either alone or with other sites, 37 (60%) continued on the same BMA, 6 (14%) switched 

BMA and 19 (31%) stopped their BMA. In comparison, of the 25 patients who had non-bone disease progression, 

11 (40%) continued on same BMA, 1 (4%) switched BMA and 14 (56%) stopped their BMA. All patients who 

switched bone therapy were initially prescribed bisphosphonate and switched to denosumab upon progression. 

Notably, no patients switched from denosumab to bisphosphonate upon progression. 

 

There was a trend that patients with progressive disease in the bone were more likely to continue on some form 

of BMA beyond first line, as compared to those with non-bone progressive disease sites (69% vs 48%, p= 0.06). 

Additionally, of the 33 patients that ceased BMA use, 20 (61%) also ceased all systemic HER2 directed treatment.   

 

For patients who continued to receive a BMA post systemic disease progression, subsequent treatment interval 

continued to vary as graphically demonstrated in the Sankey diagram in Figure 3. 

 

Management of bone health 

 

Documented tools used to assess bone health included dual energy X-ray absorptiometry (DEXA) scans and serum 

bone turnover markers (total procollagen type 1 N-terminal propeptide – P1NP, crosslinked C-telopeptide – CTX). 

For the 130 patients who received a BMA, 45 (35%) had DEXA scans and 9 (7%) had urinary bone turnover 

markers. 

 

Additional interventions for bone health for those receiving BMA were reported. Of the 130 patients, 13 (10%) 

were documented to have received Vitamin D supplements, 57 (44%) received calcium supplements, 9 (7%) 

received documented advice on weight bearing exercises.  

 

Treatment complications of bone modifying agents 

 

Specific treatment complications of hypocalcaemia and osteonecrosis of the jaw were prospectively collected 

(Table 3).  

 

DISCUSSION 

 

To our knowledge, this is the first study to delineate Australian clinicians’ prescription of BMAs in patients with 

HER2+ MBC with bone metastases. Whilst denosumab appears to be favoured by clinicians over bisphosphonates, 

and the majority of patients were initiated on a BMA at the time of diagnosis of bone metastases, one in four 



 
 

HER2+ MBC patients with bone metastases did not receive a BMA at any point in their treatment course. In 

addition, there was significant variation reported in BMA treatment intervals both at time of initiation and 

thereafter.  

 

The proportion of MBC patients not receiving a BMA has varied from 4% to 45% in routine practice in studies 

from the United States of America and Europe (17-21). Unlike previous studies which have reported that elderly 

breast cancer patients were less likely to receive BMA (17,22), we did not observe an age difference between 

patients who received BMA as compared to those that did not. McGrath et al (17) reported in an American cohort 

that patients were less likely to receive a BMA if they had non-bone metastases. Similarly, in our Australian cohort, 

of those that did not receive a BMA, there was a lower proportion of patients with bone-only metastases, and a 

higher proportion of patients with visceral metastases. The prioritisation of systemic chemotherapy or HER-2 

directed therapy in context of visceral disease may be a potential explanation for this finding, with clinicians 

electing to withhold BMA, for fear of adding complexity to the existing systemic treatments. Other reasons could 

include low perceived risk of bone complications or wanting to wait until first-line systemic treatment has failed 

before initiating a BMA (23). 

 

Conversely, a significant proportion of patients who did not receive a BMA also did not receive any systemic 

therapy (either anti-HER2 agents or chemotherapy). This is likely to reflect a cohort of patients who, whether 

through preference or performance status, are unsuited for systemic anticancer treatment and are treated with 

best supportive care (BSC) alone. Whilst the primary analgesic role of BMA in the management in acute bone 

metastases is unclear, palliative care guidelines advocate for use of long-term BMA treatment in combination 

with analgesia, to delay onset of malignant bone pain (24-26). However, mandatory prescribing of BMA to patients 

with a poor overall prognosis needs to be carefully considered as it may be burdensome both to patients and 

health systems, with limited clinical or symptomatic benefit to the patient. Short life expectancy was given as one 

of the main reasons for not prescribing BMAs for MBC in a cross-sectional European physician survey (27). The 

Cochrane meta-analysis on BMAs and breast cancer demonstrate that despite BMAs reducing the overall absolute 

risk of SRE by 14-22%, there is only a modest improvement in bone pain for BMA in isolation, with quality-of-life 

scores only slightly better and the difference in scores decreasing during course of studies (28). Studies comparing 

bisphosphonates to placebo have demonstrated that it can take 3 months on treatment to report a definitive 

reduction in SRE in the bisphosphonate arm (6,7) and thus a proportion of patients on a BSC pathway may not 

survive to receive this benefit. Further research is warranted on the optimal selection of patients that will benefit 

most from BMA in the BSC setting.   

 

The most common documented reason for non-initiation of BMA was low burden of bone metastases. Whilst 

there is no clinically validated algorithm to predict which MBC patients with bone metastases will develop an SRE, 

previous studies suggest that SRE often occurs early, at a median time of 2 months from initial diagnosis (8). Given 

that the initial landmark BMA studies in breast cancer demonstrated a delay in the median time to the occurrence 



 
 

of the first SRE by almost 50%, patients are recommended to start BMAs from first radiological confirmation of 

bone metastases, regardless of the presence of symptoms (3,29). 

 

Denosumab was favoured over bisphosphonates in our study. Potential explanations for this preference may be 

the convenience of subcutaneous administration of denosumab, or the reported superiority of denosumab in 

delaying SREs compared with the intravenous bisphosphonates (6,8,16). However, despite the landmark trials 

utilising 4-weekly administration of BMA, the majority of patients in our registry were not initially prescribed a 

BMA at this treatment interval. This was especially true of patients commencing a bisphosphonate, where only 

25% commenced on a 4-weekly schedule. It is important to note that our data was obtained from a HER2+ MBC 

registry, where HER2+ directed agents are commonly given at 3-weekly schedules, which may explain why 50% 

of bisphosphonate patients and 32% of denosumab patients received their BMA at a 6-weekly interval. It is likely 

then that clinicians’ BMA selection of prescribing interval is largely dependent on the convenience of coinciding 

administration with scheduled visits for systemic therapy. A study from United States on multiple myeloma 

patients (30), reported that patients had better adherence to BMA when this coincided with anti-myeloma 

systemic therapy administered at the same dosing schedule. 

 

Moreover, as BMAs have not been demonstrated to impact on overall survival, clinicians may be more 

comfortable with varying dosing intervals and duration from guidelines. A survey of Canadian oncologists reported 

that the most common prescribing intervals were denosumab 4-weekly for 3-4 months followed by de-escalation 

to 12-weekly for patients with MBC, with the majority of clinicians uncertain of the benefit of continuing BMA 

therapy after 2 years (31). In contrast, a Swiss survey of uptake of BMA in all solid tumour types found that only 

8% of oncologists de-escalated to 12-weekly after the first 3 months, and only 1 in 3 de-escalating to 12-weekly 

interval after 2 years (32).  

 

Another key concern is the perceived cost-effectiveness of BMA balanced with the health and financial burden of 

SRE. Extending dosing intervals, choice of BMA or planned cessation are potential solutions to help decrease the 

overall drug cost on national healthcare benefit schemes. Shapiro et al (33) performed a cost-effectiveness 

analysis comparing 3 monthly zoledronic acid versus monthly denosumab in a retrospective observational study 

from a US payer perspective, concluding that generic zoledronic acid every 3 months was more cost effective in 

reducing the risks of SRE than monthly denosumab. When evaluating the number needed to treat (NNT), 7 

patients would have to be treated with a bisphosphonate to avoid one more patient developing a SRE (28). When 

comparing 4-weekly zoledronic acid to 4-weekly denosumab, 18 patients would have to be treated with 

denosumab as an alternative to zoledronic acid for 34 months to avoid one more patient developing an SRE, with 

NNT of 27 to avoid radiation therapy to bone, and NNT of 39 to avoid pathologic fracture (8, 34). However, this 

may be offset by longer time to SRE and ease of access with subcutaneous delivery. Likewise, there are marked 

variables on the financial burden of SRE, include the location of bone metastases, type of SRE, hospitalisation 

costs and need for surgery or radiation therapy (35). Further research is required to help delineate the cost-



 
 

effectiveness of BMA in an Australian setting, coupled with ongoing research identifying a subset of patients that 

would benefit from de-escalation of dosing intervals and early BMA cessation.    

 

Whilst guidelines have supported a de-escalation of zoledronic acid treatment intervals to 12-weekly, after initial 

4-weekly dosing for 3-6 months (3), de-escalation of denosumab treatment interval is less clear. The recently 

published ReACT BTA trial reported non-inferiority in health-related quality of life and physical functioning 

between 4-weekly and 12-weekly dosing intervals of both bisphosphonates and denosumab from prescribing 

onset for patients with MBC or castrate resistant prostate cancer (36). Results from the prospective phase 3 

randomised controlled trial, SAKK 96/12 REDUSE study (Clinicaltrials.gov identifier: NCT0205128) comparing 

symptomatic SRE when de-escalating denosumab from 4-weekly to 12-weekly is eagerly awaited. However of 

concern, discontinuation of denosumab, when prescribed for osteoporosis or in the adjuvant breast cancer 

setting with the aim of decreasing skeletal metastases, has been associated with a small increase in spontaneous 

vertebral crush fractures and an increase in bone turnover markers, due to rapid rebound bone osteolysis (37-

40). This risk has not yet been delineated in the metastatic setting, although guidelines recommend short-term 

bisphosphonate therapy in this setting to mitigate this risk (3).  

 

The majority of patients continued to receive a BMA past first systemic progression, especially those who 

demonstrated bone-specific progressive disease. There were 7 patients who switched from bisphosphonate to 

denosumab and no patients switching from denosumab to bisphosphonates. Guidelines recommend that patients 

should remain on a BMA indefinitely unless contraindicated, with clinically significant benefits and with no 

significant increase in serious adverse events, however treatment interruption can occur in patients with good 

prognostic features such as oligometastatic disease and durable response to systemic treatment (3). With regards 

to switching BMA therapy post progressive skeletal metastases, there is a paucity of data to create guidelines and 

inform practice. Mjelstad et al (41) in a single centre retrospective cohort study of 255 patients with bone 

metastases (37% had breast cancer) demonstrated that switching from a bisphosphonate to denosumab after 

first SRE or skeletal disease progression was independently associated with longer time to SRE compared to 

continuation with the same bisphosphonate (HR 0.47, 95% CI 0.25-0.88, p=0.019). In addition, a phase 2 

randomised controlled trial by Fizazi et al (16) enrolled 111 patients with bone metastases (41% had breast 

cancer) who were at high risk of SRE due to elevated urinary bone turnover markers receiving a bisphosphonate. 

Compared to patients remaining on a bisphosphonate, those that were randomised to switching to denosumab 

had a reduced incidence of SREs at 25 weeks (8% vs 17%, HR 0.31, 95% CI 0.08-1.18). 

 

Our study demonstrated that there was a low proportion of patients who received tools used to monitor bone 

health. Whilst bone health monitoring, especially DEXA scans, is recommended for patients receiving BMA either 

for osteoporosis or to decrease risk of skeletal recurrence in the adjuvant breast cancer setting, the role of bone 

health monitoring tools in the MBC setting for management of bone metastases is not clearly defined. The uptake 

of additional interventions such as the prescription of Vitamin D in this cohort were lower than anticipated, as 



 
 

supplementation with calcium and vitamin D should be mandatory unless contraindicated. This likely reflects 

incomplete documentation in medical records.  

 

BMA adverse effects of hypocalcaemia and osteonecrosis of the jaw were infrequently seen in patients on both 

bisphosphonates and on denosumab, consistent with clinical trial data (8). No atypical femoral fractures were 

reported, although this adverse effect was not listed as a data item and would have been captured as an ‘other’ 

event, maybe making it less likely to be documented. Notably, randomised clinical trials evaluated for BMA 

adverse events when the duration of BMAs was delivered for 1-2 years, even though in routine clinical practice, 

duration of BMA for patients with bone metastases is commonly administered beyond 2 years. A recent 

systematic review on patients reported an increase in incidence of osteonecrosis of the jaw, from 1-4% in the first 

2 years to 3.8-18% beyond 2 years suggesting cumulative toxicity (42). Thus, whilst remaining on BMA does reduce 

risk of SRE, further studies are required to predict which patients would continue to symptomatically benefit to 

mitigate risk.  

 

There are several limitations to our study. Data may not be representative of all Australian practice, and as for all 

registry studies, data may be incomplete. This is particularly true regarding the incidence of SRE which was not 

collected prospectively and is the reason that this important endpoint is not reported here. Data are also lacking 

on the specific duration of BMA treatment, as data recorded on BMA use was related on changes to overall 

systemic treatment and timepoints of cancer progression. Data on baseline factors that may have impacted on 

use of BMA in the MBC setting such as dental consideration, and prior use of BMA for management of 

osteoporosis or for risk reduction in high risk early breast cancer was not routinely collected. Moreover, clinician 

rationale for the initiation, timing of cessation and choice of BMA treatment interval was not specifically collected 

in the TABITHA registry and thus, only potential descriptive hypotheses can be inferred from our data. 

Additionally, our cohort only included HER2+ MBC patients, and thus overall real-world management of all 

Australian MBC patients (including hormone positive and triple negative) would require further research.  

 

In conclusion, it is reassuring to see that three-quarters of Australian HER2+ MBC patients who fit guideline 

recommendations for BMA receive them in a timely manner, albeit for many at a different prescribing interval 

than recommended in international practice guidelines. Given these data, further studies are warranted to 

understand clinicians’ reasons for not prescribing BMAs and any impact of this on patient outcomes, including 

SRE rates. The impact of the variable selection of BMA agent and dosing interval is unknown but indicates 

persistent clinician uncertainty as to the optimal initiation and continuation of these agents. As part of WEHI 

clinical comprehensive registries, the newly recruiting Advanced Hormone Receptor Positive Breast Cancer 

Registry in Australia (ARORA) aims to build on the results collected from this study with updated data fields to 

help better understand clinician decision making including the incidence and nature of skeletal related events. 
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Table 1: Clinical characteristics comparing patients who did and did not receive BMA 

 

 All patients with 
bone metastases 
(n=171) 

Patients who 
received BMA 
(n=130) 

Patients who did not 
received BMA (n=41) 

P value 

Mean age in years (range) 58.1 (32 – 87) 58.2 (32-87) 57.9 (33-85) 0.91 
Eastern Cooperative Oncology Group 
performance status 
0-1 
2-4 

 
 
160 (94%) 
11 (6%) 

 
 
123 (95%) 
7 (5%) 

 
 
37 (90%) 
4 (10%) 

 
 
0.29 

Oestrogen Receptor (ER) status 
ER+ 
ER- 
Unknown 

 
118 (69%) 
52 (30%) 
1 (1%) 

 
91 (70%) 
38 (29%) 
1 (1%) 

 
27 (66%) 
14 (34%) 
0  

 
0.56 

Metastatic sites at time of metastatic 
breast cancer diagnosis 
 
Bone only metastases 
Multiple metastatic sites 
 
Sites of non-bone metastases 
Visceral 
Brain/Leptomeningeal 
Nodal 
Other 

 
 
 
34 (20%) 
137 (80%) 
 
 
95 (56%) 
21 (12%) 
78 (46%) 
48 (28%) 

 
 
 
31 (24%) 
99 (76%) 
 
 
66 (51%) 
16 (12%) 
61 (47%) 
35 (27%) 

 
 
 
3 (7%) 
38 (93%) 
 
 
29 (71%) 
5 (12%) 
17 (41%) 
13 (32%) 

 
 
 
0.02* 
 
 
 
0.03* 
1.00 
0.59 
0.55 

First line systemic treatment for 
metastatic HER2+ breast cancer 
 
Patients who had 1L chemotherapy 
Docetaxel 
Paclitaxel 
Nab-paclitaxel 
Other 
None 
 
Patients who had anti HER2+ treatment 
Trastuzumab 

 
 
 

 
49 (29%) 
75 (43%) 
12 (7%) 
12 (7%) 
23 (13%) 

 
 

25 (15%) 

 
 
 
 

38 (29%) 
60 (46%) 
11 (8%) 
8 (6%) 
13 (10%) 

 
 

21 (16%) 

 
 
 
 

11 (27%) 
15 (37%) 
1 (2%) 
4 (10%) 
10 (24%) 

 
 

4 (10%) 

 
 
 
 

0.84 
0.37 
0.29 
0.48 
0.032* 

 
 

0.45 



 
 

Trastuzumab and pertuzumab 
Other  
None 

128 (75%) 
4 (2%) 
14 (8%) 

99 (76%) 
3 (2%) 
7 (5%) 

29 (71%) 
1 (2%) 
7 (17%) 

0.54 
1.00 
0.043* 

Received radiotherapy for bone 
metastases 

46 (27%) 41 (32%) 5 (12%) 0.02* 

Location of treatment 
Metropolitan 
Regional 
 
Victorian 
Non-Victorian 
 

 
157 (92%) 
14 (8%) 

 
111 (65%) 
60 (35%) 

 
119 (92%) 
11 (8%) 

 
79 (61%) 
51 (39%) 

 
38 (93%) 
3 (7%) 

 
32 (78%) 
9 (22%) 

 
1.00 

 
 

0.06 

Overall survival (median) 60.4 months 58.7 months 60.4 months 0.40 
Follow up (median) 39.5 months 39.5 months 36.9 months 0.16 

 

 

 

Table 2: Initial BMA treatment interval  

 

Initial BMA treatment 
interval 

Overall 
n=130 

Bisphosphonate  
n=40 

Denosumab  
n=90 

4-weekly 55 (42%) 10 (25%) 45 (50%) 
6-weekly 49 (38%) 20 (50%) 29 (32%) 
12-weekly 14 (11%) 5 (13%) 9 (10%) 
Other 4 (3%) 2 (5%) 2 (2%) 
Not recorded 8 (6%) 3 (8%) 5 (6%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Bone modifying agents: treatment complications 

 

Treatment complications Bisphosphonate 
n=40 

Denosumab 
n=90 

Hypocalcaemia 

 
Corrected calcium 1.5-1.74 mmol/L 
Corrected calcium 1.75-1.9 mmol/L 
Corrected calcium 2.0-2.1 mmol/L 

2 (5%) 

 
1 (3%) 
0 
1 (3%) 

7 (8%) 

 
2 (2%) 
1 (1%) 
4 (4%) 

Osteonecrosis of the jaw 0  3 (3%) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

  



 
 

 




